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“If I have seen further it is by standing on the 
shoulders of giants.”

(Sir Isaac Newton 1643–1727)

Cast thy bread
upon the waters:

for thou shall find it
after many days.
Ecclesiastes 11:1

Patrick D. Wall

Michiaki Takahashi

Harold Merskey

Stephen E. Straus Richard T. Perkin  

This book is dedicated to individuals who have played 
important roles in modern times in preventing, 

treating, and understanding the varicella zoster virus 
(VZV) and its complications:



vi

 

Michiaki Takahashi (1928–2013):  
Dr. Takahashi’s vision and courage inspired 
him to attenuate VZV over 40 years ago, in 
order to prepare a live vaccine against this 
virus. Guided by his experience with live 
attenuated measles and polio vaccines, he 
isolated VZV from a child with varicella and 
attenuated it by serial passage in human and 
guinea pig cells at reduced temperature. 
When first developed, the live attenuated 
VZV vaccine was highly criticized by many 
scientists. However, Dr. Takahashi and his 
colleagues persevered, demonstrating the 
vaccine’s safety and efficacy in preventing 
varicella in healthy children exposed to VZV 
at home and in school, in children 
hospitalized with a variety of illnesses, and, 
finally, in children with leukemia in whom 
varicella is associated with significant 
mortality. Dr. Takahashi and his colleagues 
also demonstrated the vaccine’s safety and 
immunogenicity in older adults already 
latently infected with VZV, an important 
preamble to its use to prevent herpes zoster. 

 Dedication
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Reassured by Dr. Takahashi’s pioneering 
studies in Japan and aided by  
Dr. Takahashi’s extraordinary generosity, 
physicians in the United States and 
throughout the world began to study the live 
attenuated Oka VZV vaccine, which has 
proven to be one of the safest and most 
effective vaccines in use today. It has saved 
millions of individuals worldwide from 
morbidity and mortality due to VZV. Its 
success in preventing herpes zoster and 
postherpetic neuralgia has served as a model 
for the development of newer VZV vaccines 
and encouraged investigators attempting to 
develop therapeutic vaccines for latent and 
persisting infections by other human 
herpesviruses. At this writing, VZV remains 
the only human herpesvirus for which there 
are licensed vaccines. Dr. Takahashi was an 
inspiring colleague and a warm friend.

  Dedication
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Dr. Stephen E. Straus (1946–2007) was a 
consummate physician-scientist whose 
career was devoted to innovative research on 
the molecular biology, pathogenesis, 
treatment, and prevention of human viral 
infections and immunological diseases. His 
research extended from the bedside to the 
laboratory bench and back to the bedside. 
He was a leading contributor to our 
understanding of VZV and the diseases it 
causes. Steve Straus and his colleagues 
cloned and mapped the complete VZV 
genome and constructed a detailed map of 
VZV’s transcripts. He was the first to prove 
by molecular techniques that the viruses 
causing varicella and a subsequent episode 
of herpes zoster in the same individual were 
identical. His studies of VZV latency in 
human sensory ganglia characterized the 
cells that were latently infected, determined 
the VZV copy number in individual neurons, 
mapped the VZV transcripts expressed 
during latency, and demonstrated 
fundamental differences between HSV and 
VZV latency. Steve played a leading role in 
the planning and execution of the Shingles 

  Dedication
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Prevention Study, which demonstrated the 
safety and efficacy of live attenuated Oka 
VZV vaccine in reducing the incidence and 
severity of herpes zoster and postherpetic 
neuralgia, and led to licensure of zoster 
vaccine in 2006. He served on the study’s 
planning and executive committees, the 
writing committee, and the clinical 
evaluation committee, which adjudicated 
every suspected case of herpes zoster, and he 
was the initial principal investigator of the 
National Institutes of Health study site. In 
1999, Steve was appointed the first director 
of the National Center for Complementary 
and Alternative Medicine, where he 
established the primacy of rigorous scientific 
research to ensure that therapies in this 
challenging area were evidence based.
Steve was diagnosed with a brain tumor in 
November 2004; yet, despite his illness, he 
continued to make major contributions to 
both basic and clinical research until his 
death in 2007. Steve was a wise mentor, a 
sterling role model, and a dear friend to 
scores of fellows, students, and colleagues, 
many of whom pursued successful careers in 
medical research inspired by his example.

  Dedication
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Harold Merskey (1929–) Harold is an 
inspiration and source of wisdom for his 
many friends, students, and colleagues 
because of the breadth of his scholastic 
ability, leadership, generosity, courage, feisty 
defense of the vulnerable, ongoing sage 
advice, and friendships over many decades. 
He collaborated on the original 
identification by randomized controlled trial 
of the independent analgesic effect of the 
antidepressant amitriptyline in postherpetic 
neuralgia. He has published as well 10 books 
and over 400 articles on various aspects of 
pain. The following quotation from Virgil is 
reminiscent of Harold: “It was his part to 
learn the powers of medicine and the 
practice of healing, and careless of fame, to 
exercise the quiet art.”

 Dedication 
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Richard T. Perkin (1931–2003): Dick Perkin 
was well known to many of the authors of 
this volume. The eldest son of an American 
entrepreneur who co-founded the company 
Perkin-Elmer in 1937, Dick like his father 
had a deep interest in science. A crater of the 
moon was named after his father. A graduate 
of Harvard College in 1954, Dick was also 
passionate about music, and he was strongly 
motivated to heal the world and make it a 
better place. After retiring from various 
executive positions, he devoted his life to 
philanthropic causes, particularly through 
Rockefeller University, the Wildlife 
Conservation Society, and the Juilliard 
School of Music. In 1991, at the age of 60, 
when his elderly mother developed vision-
threatening severe ophthalmic zoster with 
PHN, he decided to establish a research 
group dedicated to developing means to 
prevent zoster, through research and 
education. He assembled a group of 
internationally recognized academic 
physician-investigators with a similar 
interest and called it the Varicella Zoster 

  Dedication
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Virus (VZV) Research Foundation, which he 
successfully directed for the next 12 years, 
until his death. This group conducted 
international research meetings, raised and 
discussed questions about VZV, and 
supported the research of highly qualified 
young investigators with an interest in the 
virus. The Foundation, which met in such 
venues as Paris, Osaka, New York, La Jolla, 
and Washington, was instrumental in 
supporting universal vaccination against 
varicella and played a critical role in the 
development and testing of the first vaccine 
to prevent zoster, which was Dick Perkin’s 
dream. In addition to his intellectual side, 
Dick had a quick wit and an abiding interest 
in people, and he deeply loved the members 
of his family. He was beloved by his office 
staff, the VZV Board of Directors, and the 
many and diverse scientists involved in VZV 
research. Reflecting his modesty, the VZV 
Research Foundation that Dick established 
did not bear his name, but it will forever 
evoke his memory and remind us all of his 
good works and dedication.

 Dedication 
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Patrick Wall (1925–2001) An early and 
memorable grand rounds by Professor Wall 
was on postherpetic neuralgia when he was 
a visiting professor in Toronto. It must have 
been surprising for clinicians that a basic 
scientist would discuss this condition with 
such knowledge of the clinical manifestations 
of the disease. Dr. Wall felt strongly that his 
postdoctoral basic science students should 
attend the pain clinic and see patients with 
intractable neuropathic pain such as 
postherpetic neuralgia. It was from the nerve 
fiber spectrum from four nerve biopsies of 
postherpetic neuralgia by the neurosurgeon 
William Noordenbos that Patrick Wall and 
Ronald Melzack suggested the gate control 
theory of pain. They thought from the 
preponderance of small slowly conducting 
fibers (pain excitatory) and reduction in 
large fibers (inhibition) that “fast blocks 
slow.” Pat Wall continued to be a world 
leader and an inspiration for his many 

  Dedication
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students and colleagues over many years via 
fellowships and his editorship of the journal 
PAIN.

C. Peter N. Watson,
Anne A. Gershon,

Michael N. Oxman

 Dedication 
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The Patients Speak in Poetry, Art, and Prose

This book begins and ends with patients’ perceptions first with Elizabeth MacCallum 
with poetry and last with Susan Telling’s drawings. In between, Chap. 3 is a narra-
tive by Anne Tuzi regarding the impact of postherpetic neuralgia on her life.

 My Constant Companion

By Elizabeth MacCallum

          Before the first rays of light
          Warning of the day to come
          My friend is here.
          The darkness in the light
          Snickering
          My constant companion.
          The devil incarnate
          Burrowing, gnawing, snarling
          My sine qua non.
          The claws in the caress
          Needling the would-be bliss
          My most faithful servant.
          But at the last I will escape.
          Promising the world to come
          Grace is here

               Unsullied kindly light.

http://dx.doi.org/10.1007/978-3-319-44348-5_3
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A quarter of a century has passed since the publication of Peter Watson’s first vol-
ume Herpes Zoster and Postherpetic Neuralgia [9]. During this interval, there have 
been numerous advances in pain science and medicine, including in our under-
standing of the causes of chronic pain, in treatment modalities and in attitudes about 
what pain is, and how we should relate to it. The most dramatic change has been in 
the basic sciences, where we know a great deal more than we did in 1993 about the 
biological mechanisms that underlie chronic pain. Then, almost every journal article 
and book chapter on neuropathic pain (and there were plenty in the early 1990s) 
opened with the statement that pain following nerve injury is fundamentally a 
mystery. Today this is no longer the case, albeit much still needs to be learned. On 
the clinical front, advances have been modest in comparison, but some new treat-
ment modalities have come online (e.g., the lidocaine patch for postherpetic neural-
gia) while others have faded away. Substantial advances have also occurred in the 
realm of changed attitudes. The public campaign launched by EFIC at the European 
Parliament in Brussels in October 2001 declared that chronic pain needs to be 
viewed not as a symptom, but as a disease, a major biomedical problem, and a 
healthcare priority in its own right [7]. A Google search today for “Chronic pain is 
a disease” turned up over 300,000 web pages referring to this phrase. Perhaps there 
is a little hyperbole here, but the slogan and the concept have resonated broadly. 
This, together with related campaigns promoting pain monitoring as the “fifth vital 
sign” and the need to overcome the fear of using opiates for palliative care and 
beyond, has significantly changed attitudes among pain professionals and the public 
[2]. Increasingly it is held that when pain relief can be achieved, it constitutes a 
human right.

But despite progress, painful conditions continue to rank high among the con-
tributors to the global burden of disease. Pain is also big business. Pain relieving 
drugs are among the most prescribed (and lucrative) in the pharmacopeia [5, 8], 
http://www.medscape.com/viewarticle/844317. Yet several large members of Big-
Pharma have closed down their research programs on analgesic drugs in the past 
few years. This is after failures of vastly expensive development efforts such as 
tachykinin receptor antagonists and COX-2 inhibitors. In the specific niche of drugs 

Preface

http://www.medscape.com/viewarticle/844317
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approved for neuropathic pain, today’s most widely used compounds provide only 
fractional pain relief for a small minority of the patients who take them (e.g., for 
gabapentin NNT = 7 [4]). Their effect is mostly placebo. Indeed, whole sectors of 
widely used pain remedies are based entirely on the placebo effect, homeopathy 
being a prime example. The placebo effect and more broadly, context-related modu-
lation of pain, is a powerful analgesic modality that some investigators feel should 
be introduced knowingly into pain practice [6]. Our general failure to crack the 
problem of chronic pain, including pain in shingles and postherpetic neuralgia, has 
led some opinion leaders to conclude that reducing the intensity of pain is not even 
the endpoint we should be shooting for. Rather, we should focus more on the psy-
chosocial factors that exacerbate pain [1].

Personally, I remain optimistic. Historically speaking, it is not so long ago that 
pain was taken for granted as a normal part of life including in the most enlightened 
parts of the world. Temporal and religious leaders saw pain, and even torture, as 
legitimate means of seeking truth (e.g., trial by ordeal), educating children, enter-
taining the public, and redeeming souls. Today, gladiatorial sport, public burning of 
nonbelievers, and the like have been eradicated from most of the planet. Indeed, in 
many countries large fortunes are spent, by public demand, to minimize suffering 
even in farm animals and laboratory rodents. Standing back, the distance we have 
travelled in the realm of attitudinal change regarding pain is stupendous [3].

Taking the long view, there are also successes in the realm of treatment modali-
ties. We have four broad-spectrum, tried-and-true drugs that are so good that we 
almost take them for granted. First are opiates which, with all their side effects and 
abuse potential, are a gift from the Gods of antiquity. Second is aspirin and the 
related over-the-counter NSAID and non-anti-inflammatory pain relievers. They are 
cheap, safe enough for short-term use without a doctor’s prescription, and they work 
well for pain of modest intensity. Third is lidocaine and the other local anesthetics. 
Safe, pretty easy to use, and for short-term nerve and regional blocks, they work 
dramatically almost every time (no NNT  =  7 for lidocaine!). Fourth are general 
anesthetics. Until their introduction, limbs were sawed off with the patient only a 
shot of whiskey away from being wide awake. The advent of ether and chloroform 
heralded today’s essentially pain-free surgery. Anesthesia was hailed at the time, 
and quite correctly, as “the conquest of pain.” But we now take it so much for 
granted that, despite the fact that we have virtually no idea how propofol and the 
other anesthetics eliminate pain (and consciousness), it is rare to see even a single 
lecture addressing this subject at major international pain conferences. Over the 
years, these four modalities have steadily improved as new agents, e.g., anticonvul-
sants and antidepressants, have come on line. Perhaps further down the road, when 
Peter Watson once again gathers his troops to review herpes zoster and postherpetic 
neuralgia, some of the remarkable discoveries currently coming out of basic science 
laboratories will already have been translated into new families of drugs and proce-
dures that really work in the clinic.

Marshall Devor  
Israel

Preface
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Preface and Acknowledgments

“Life is short and the Art is long; the occasion fleeting; experience fallacious; and judgment 
difficult. The physician must not only do what is right himself, but also to make ….the 
externals cooperate” – attributed to Hippocrates, the first aphorism

All of the above is true of herpes zoster (and life). Although the evidence base for 
this disease is increasing, treatment remains very much an Art (sic). Herpes zoster 
has been known since antiquity [1]. The occasion suggested for effective treatment 
of zoster with antivirals is indeed fleeting (72 h). Favorable experience with the 
treatment of herpes zoster and postherpetic neuralgia based on the many early 
uncontrolled interventions is often fallacious because of the natural history of reso-
lution that occurs in many patients. Judgment, for example, regarding the use of 
opioids for intractable postherpetic neuralgia is indeed difficult. The last sentence of 
the aphorism refers to a variety of “externals” but includes prevention [2] of herpes 
zoster by vaccination.

Herpes zoster, overall, is the most common neurological disease. Postherpetic 
neuralgia is its most feared and common complication with its potential accompani-
ment of visual loss and facial disfigurement, which can completely change function-
ing and quality of life. Progress regarding this virus has been slow in the prevention 
of postherpetic neuralgia at the acute stage of the painful rash and also in the treat-
ment of established postherpetic neuralgia. An important advance is the promise of 
prevention by the current live attenuated zoster vaccine and the possibility of other 
new, more effective, and more broadly applicable vaccines. New information is 
available regarding epidemiology, pathophysiology, neuropathology, antiviral drugs 
for treatment of acute zoster, and pharmacotherapy of postherpetic neuralgia. The 
evidence for viral persistence supports the important role of this virus in vascular 
diseases, such as stroke, myocardial infarction, and temporal arteritis (granuloma-
tous angiitis).

This book has been written for a wide readership. There is a broad interest in 
herpes zoster and its complications, not only from infectious disease and pain spe-
cialists but also among general internists, general practitioners, neurologists, oncol-
ogists, public health departments, the pharmaceutical industry, clinical trial experts, 
and the general public.
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The book has been organized into five parts. After the introduction, a chapter on 
varicella is followed by a section on the acute illness of herpes zoster with its com-
plications and management. Part III focuses on the assessment, pathology, and 
pathophysiology of postherpetic neuralgia. This is important because postherpetic 
neuralgia has been one of the main neuropathic pain conditions targeted by clinical 
research in neuropathic pain (together with painful diabetic neuropathy) and ideas 
about its pathophysiology have broader ramifications for neuropathic pain in gen-
eral. Part IV on the treatment of postherpetic neuralgia is comprehensive and also 
cautionary because once the disease is established, treatment is difficult. The chap-
ter on improving clinical trial design is critical in looking for new and more effec-
tive treatments for this terrible neuropathic pain. Part V focuses on methods for 
preventing the disease in the first place which is our best hope of dealing with this 
virus and its complications. Prevention will hopefully occur chiefly by means of the 
currently licensed live attenuated zoster vaccine and the promise of new, more 
effective, and more widely applicable recombinant varicella-zoster virus glycopro-
tein vaccines.

I have been very fortunate in eliciting the collaboration of two senior world 
authorities on infectious diseases, particularly diseases caused by varicella-zoster 
virus. Dr. Anne Gershon was invaluable as coeditor of my previous volume on this 
topic. Dr. Michael Oxman was the first author of a seminal article on the first vac-
cine to prevent herpes zoster. Together we have been fortunate to assemble an 
exceptional group of chapter authors in various fields who are at the cutting edge of 
the many different facets of the varicella-zoster virus.

As well as these coeditors, I want to acknowledge the invaluable assistance and 
generosity of the many and eminent chapter authors who have contributed to this 
book. Further, the support of my family, Dr. Judy Watt Watson, and our children, 
Simon and Emily, has been vital.

Toronto, ON, Canada C. Peter N. Watson

References

1. Abraham N, Murray J (1993) The belt of roses from hell: historic aspects of herpes zoster and 
postherpetic neuralgia. In: Watson CPN (ed) Herpes Zoster and postherpetic neuralgia. Pain 
research and clinical management, 1st edn, vol 8, Elsevier, Amsterdam, New York

2. Nuland Sherwin B (2008) The uncertain art: thoughts on a life in medicine. Random House, 
New York, pp 140–147

Preface and Acknowledgments



xxiii

Patrick D. Wall (1925–2001): An Appreciation

One of the dedications of this book is to the memory of Professor Patrick D. Wall 
FRS (1925–2001). It is timely since 2015 the time of this writing, marks not only the 
90th anniversary of his birth but also the 50th anniversary of the publication of his 
seminal collaborative paper with Ronald Melzack on the “gate control theory of 
pain” [1]. It is a testament to Pat Wall’s (and Ron Melzack’s) capability as insightful 
thinkers that this theory continues to resonate and inspire despite 50 years of intense 
scientific scrutiny. Many scientific competitors attacked specific aspects of the 
hypothesis in the first few years after its publication, and Wall relished engaging in 
the resulting debates. With the perspective of time, however, the overall influence of 
the gate control theory on the landscape of pain science and medicine is undeniable.

It is also pertinent to recall Pat Wall’s life and scientific contributions at this time 
since there is now a whole generation engaged in pain research and clinical manage-
ment who never witnessed this great man in action and never directly benefited from 
his wisdom, critical advice, and encouragement. Hopefully, this dedication will 
draw attention to Wall’s fundamental contributions to current pain research.

Pat Wall was born in Nottingham, United Kingdom. His father Thomas was a 
schoolteacher who went on to become a school inspector. Thomas Wall was a 
Cambridge University graduate who had served as a decorated artillery officer in 
the First World War [2]. Pat was also physically active as a young man, a fact which 
may come as a surprise to many who knew him in later years. His father Thomas 
was an athlete who participated in international competition in field and track and 
in soccer. Wall described his childhood thus: “I was brought up in a family full of 
adventure. My father’s extrovert character effectively submerged my mother’s 
[Ruth] covert Puritanism. My older brother’s obsession with cars and airplanes so 
successfully distracted my parents that I grew up in a wonderful calm” [3]. Pat was 
educated at St. Paul’s School, London, where one particularly influential teacher, 
Tony Barnett, was fundamental in sowing the seeds of Pat’s iconoclastic character, 
including the often fierce and usually gladiatorial deployment of reasoned argument 
to seek out and challenge ill-founded authoritarian pronouncements, scientific 
“facts,” and seeming paradoxes. These early influences were also reflected in his 
left-wing politics. As one of his obituaries noted: “Although he possessed immense 
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charm, he could be intolerant and critical of scientists who made statements which 
he considered unjustified, and often ruffled feathers by challenging ‘received 
wisdom’.”

Wall studied medicine at Oxford University and the Middlesex Hospital, quali-
fying in 1948. During this time, he spent a summer working in the laboratory of Sir 
Alexander Fleming at St. Mary’s Hospital. Like many London medical students of 
that generation, he volunteered to go to Europe and assist in caring for surviving 
Holocaust victims. While he rarely spoke of this experience, it undoubtedly shaped 
his humanitarian and his political views later in life. Although he never practiced 
clinical medicine for any length of time, the ethos of guiding his laboratory research 
by lessons learned from careful clinical observation of patients was one that he car-
ried through his scientific career. His first two scientific papers, one on brain con-
nectivity and one on a novel experimental method, were published in Brain and 
Nature when he was only 21. After graduating, he moved to the United States and 
passed through a number of major universities including Yale, Chicago, and 
Harvard before ending up at the Massachusetts Institute of Technology. It was 
when he was at MIT that he met his collaborator, the Canadian psychologist Ronald 
Melzack. Together they set about developing the gate control theory published in 
Science in 1965 [1]. This seminal paper is a masterpiece of scientific reasoning 
which leaned heavily on clinical observations in chronic pain patients. It elaborated 
the concept of sensory-sensory modulation of pain at the level of the spinal dorsal 
horn and laid the foundations for the study of spinal gating by pathways descending 
from the brain. The clinical community embraced the idea of gate control quickly, 
encouraged by a productive collaboration between Pat and the well-known neuro-
surgeon Bill Sweet which yielded the methods of TENS (transcutaneous electrical 
nerve stimulation) and spinal cord stimulation. The embrace by clinicians still 
endures half a century later. In time the research community also came on board. 
Today, spinal modulation and descending control are central themes in the neuro-
science of pain.

In 1967 Wall returned to the United Kingdom to a Chair in the Anatomy 
Department at University College London, where he remained until his retirement. 
In his early days at UCL, he was heavily influenced by the then head of department, 
the great neuroanatomist JZ Young.

From his base in London, Pat continued to contribute to the understanding of 
pain. His oft-quoted advice to those embarking on a scientific career was “One has 
to choose an important subject that no one else is working on, write a book about it 
and start a journal for it.” His own career followed such a path. His life’s work 
revolved around elucidating the mechanisms of pain, a largely ignored topic at the 
time. He co-edited what remains the major textbook in the field Wall & Melzack’s 
Textbook of Pain (Elsevier), now in its sixth edition. And he founded and edited 
PAIN, still the premier journal in the field. One of the likely reasons for the success 
of the journal and of the textbook is that they both provided a welcoming forum for 
the views of laboratory scientists, clinical researchers, and practitioners from a wide 
range of disciplines. In 1973, Pat also played a key role in the establishment of the 
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International Association for the Study of Pain (IASP), in the “guise” of its scien-
tific study officer.

One of Wall’s major contributions while at UCL was to change the one- 
dimensional way that pain was then viewed. He argued strongly that “pathological” 
pain, which had no physiological or survival benefit to the organism, had to be 
viewed differently from acute pain. This approach drew attention to the fundamen-
tal importance of plasticity in the nervous system. He was particularly angered by 
pain from the prostate cancer which, in the end, took his life. This was pain which, 
in the pre-medical world at least, served no purpose. He pioneered research on aber-
rant responses of peripheral nerves and of the central nervous system (CNS) to 
nerve injury. Such responses, he argued, underlie neuropathic pain. Characteristically, 
his views that there are dramatic alterations in the CNS in response to peripheral 
nerve injury or inflammation were fiercely attacked at the time. Again, he relished 
the debate. Equally characteristically, in the fullness of time, his forward thinking 
and challenging ideas on neuroplasticity in the pain system came to form a central 
focus of current day pain research. Were he here with us today, Wall would probably 
still be raising challenges and fighting dragons.

As noted, throughout his life, Pat’s ideas were fomented by observations in 
patients. For much of his early time at UCL, he had an honorary appointment at the 
Hebrew University of Jerusalem, Israel, where he made frequent scientific trips and 
developed a number of collaborations. The development of his ideas concerning 
neuropathic pain was strongly influenced by clinical observations of post- amputation 
pain in Yom Kippur war veterans. This led to his work on experimental neuromas 
and the publication of the first animal model of neuropathic pain [4]. While full- 
thickness sciatic nerve axotomy has since been largely succeeded by more refined 
partial nerve injury models, this paper remains important, perhaps mostly for what 
was in it, but has been forgotten and is only now being rediscovered. We refer to the 
recognition that neuropathy is often characterized by spontaneous pain in the pres-
ence of sensory loss, “anesthesia dolorosa.” It is now becoming apparent from the 
increasing number of sensory profiling studies of neuropathic pain patients that sen-
sory loss (hypesthesia) accompanied by ongoing pain is a far more frequent clinical 
presentation in neuropathic pain patients than sensory gain phenomena (e.g., allo-
dynia and hyperalgesia). The partial exceptions are postherpetic neuralgia, CRPS, 
and traumatic nerve injury, where sensory gain is frequent. Sensory gain is also the 
endpoint that has been most commonly used in animal models for the past decades 
as we struggle to find ways of assessing ongoing pain.

The sciatic nerve neuroma model in rodents also drew attention to the impor-
tance of measuring ethologically appropriate complex behavioral responses in ani-
mals, as opposed to altered thresholds for reflexive responses to simple sensory 
stimuli, the endpoint of convenience that dominates the field today. In his 1979 
paper, Wall highlighted a complex self-mutilation behavior that developed follow-
ing nerve injury that he termed “autotomy.” He believed that autotomy behavior 
reflects ongoing pain perceived by the animal, akin to phantom limb pain or anes-
thesia dolorosa. The precise relevance of autotomy behavior to clinical pain is still 
debated; indeed the authors of this appreciation chapter do not fully agree on its 
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interpretation. The debate about autotomy was relished and encouraged by Wall, 
and it is still going on today. Wall stressed the importance of understanding the 
normal behavior of an animal as a framework for interpreting pathological responses. 
He sometimes had a laboratory rat freely roaming in his office at UCL. This was 
both to learn firsthand about his experimental subjects and to make the point among 
his scientific colleagues. Pat’s insights concerning spontaneous versus evoked pain 
are currently being rediscovered, decades after he first drew attention to them.

Wall remained active in pain research in his retirement, moving his laboratory 
from UCL to St. Thomas’ Hospital London, adjacent to the laboratory of his protégé 
Steve McMahon. He continued to conduct his own electrophysiological recordings 
and produced new and important work right up to the time of his death.

A testament to his remarkable abilities as a teacher and mentor is the legacy of 
his students and associates, many of whom have gone on to become world-leading 
researchers in the field of pain. Examples include Howard Fields, Allan Basbaum, 
Jonathan Dostrovsky, Steve McMahon, Marshall Devor, Maria Fitzgerald, and 
Clifford Woolf. He also profoundly influenced others who worked in different 
aspects of neuroscience, such as the 2014 Nobel laureate John O’Keefe. Many, 
including the authors of this volume, continue to directly and indirectly benefit from 
the downward dissemination of his influence through his many academic 
offspring.

Andrew SC Rice
Marshall Devor
Patrick Wall characteristically engaging an audience
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Obituaries:

• Woolf CJ. Patrick D. Wall (1925–2001). Nature. 2001;413(6854):378.
• Devor M. Obituary. Patrick David Wall, 1925–2001. Pain. 2001;94(2):125–9.
• The Times (15 Aug 2001)
• The Guardian (16 Aug 2001)
• The Independent (18 Aug 2001)
• Daily Telegraph (23 Aug 2001)
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Chapter 1
Introduction

The Varicella Zoster Virus: Fascination, Frustration 
and Excitement

C. Peter N. Watson

For me, after more than four decades, the varicella zoster virus continues to fasci-
nate, frustrate, and excite.

1.1  Fascination

The fascination has always been how, by natural selection, this virus has survived 
over the years in isolated communities by causing two diseases: varicella (chicken-
pox) and herpes zoster (shingles). First the virus spreads like wildfire through chil-
dren as varicella, seldom killing or causing serious complications but resulting in 
viral persistence and host immunity. The virus then disappears into the nervous 
system (dorsal and trigeminal ganglia) lying dormant for a half century contained 
by a vigilant immune system. Like Rip Van Winkle, the virus awakens in the face of 
declining immunity, and erupting in the aged and vulnerable body of a 60-year-old 
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At length, his senses were overpowered; his eyes swam in his 
head, his head gradually declined, and he fell into a deep sleep. 
On waking, it was a bright sunny morning. He looked around 
for his gun, but in place of the clean well-oiled fowling piece, 
he found an old firelock lying by him, the barrel encrusted with 
rust, the lock falling off, and the stock worm-eaten.
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grandmother in an often preferred site, one side of the forehead or thorax, causing 
(with no intent save its own survival), a severe varicelliform rash, ongoing terrible 
burning and shock-like pain, sometimes blindness, facial scarring and other compli-
cations. Her grandchildren visit, and now, never being exposed to the virus, they and 
their friends complete the cycle and develop varicella.

1.2  Frustrations

My personal frustrations have come from the ongoing difficulty of preventing and 
treating the complication of post-herpetic neuralgia and of preventing it by even 
aggressive treatment of the acute rash and pain of herpes zoster by antivirals and 
analgesics and by the difficulties of clinical research seeking better pharmacother-
apy for the persistent pain.

1.3  Excitement

The excitement comes from the increasingly important and protean manifestations 
of the virus, now suggesting that it is of even greater impact regarding vascular 
disease (Chaps. 7 and 8), the vaccines for varicella (Chap. 2) and the increasing 
efficacy and applicability of vaccines to prevent herpes zoster (Chap. 24).

1.4  Epidemiology, Complications, Pathology

In Canada, there are 150,000 cases of herpes zoster and 17,000 cases of post- 
herpetic neuralgia per year [1]. There are well over a million new cases of herpes 
zoster each year in the United States with an increasing prevalence of patients with 
post-herpetic neuralgia [4]. It is likely that the incidence of herpes zoster and post- 
herpetic neuralgia will increase because the population is ageing and the incidence 
is age related. Because post-herpetic neuralgia may persist for years, the prevalence 
of this condition will also increase. The increased incidence of zoster may also be 
associated with immunosuppression, such as occurs with HIV, the use of immuno-
suppressant agents to treat autoimmune diseases and immunosuppression caused by 
chemotherapy and radiation treatment of malignancies.

Apart from post-herpetic neuralgia, blindness or loss of the eye and facial scar-
ring may occur when zoster affects the ophthalmic division of the trigeminal nerve. 
Facial paralysis may occur with the involvement of the seventh cranial nerve (the 
Ramsay Hunt syndrome). Meningitis, encephalitis and spinal cord involvement may 
be complications (Chap. 6). Quality of life is often greatly impacted ([2], Chap. 11).

Pathologically, herpes zoster has been shown to damage the nervous system, 
including the peripheral nerve [6], the dorsal and trigeminal ganglia and the dorsal 
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horn of the spinal cord [3, 8]. In these locations there can be alterations in pain 
pathophysiology [5], there may be ectopic discharges resulting in pain, and these 
sites are also where analgesic drugs have their action, thus potentially rendering the 
relief of pain in this way less effective.

1.5  Vascular Disease

Increasing evidence suggests an association with the risk of heart disease and stroke 
even in younger ages, both before and after the eruption of zoster (Chap. 8). There 
is also evidence of persistent and smouldering activity which may be the cause of 
other common chronic diseases such as granulomatous angiitis (temporal arteritis) 
(Chap. 7). Corticosteroids are not always successful for preventing blindness in tem-
poral arteritis, and adding a course of an antiviral agent (oral valacyclovir or famci-
clovir or even intravenous aciclovir) is reasonable and safe pending further research.

1.6  Three Therapeutic Approaches

It is increasingly likely that the most effective approach and first line of defence is 
vaccination, both for varicella and for preventing herpes zoster later in life at the age 
of highest risk, particularly after the age of 50.

A hopeful but probably limited second preventive measure, not conclusively 
effective, is an aggressive treatment of acute zoster at the first sign of the disease 
with antiviral drugs and various analgesics, aiming to attenuate the condition and 
prevent severe post-herpetic neuralgia and other complications (Chap. 23).

A third approach is to treat established post-herpetic neuralgia, which continues 
to be difficult. Since the first randomized trial of amitriptyline over 30 years ago [7], 
we have a variety of therapeutic options of moderate efficacy, which follow guide-
lines for neuropathic pain in general (Chap. 19). In terms of vascular disease, one of 
the most exciting future prospects is the potential for the prevention of heart disease, 
stroke and other diseases (granulomatous angiitis) by preventing varicella and her-
pes zoster in the first place (Chaps. 7 and 8).

All of these aspects of the virus will be discussed in this book.

1.7  Book Dedications and Caveats

This book begins with a patient’s poem and ends with another patient’s drawings 
and includes a chapter with an account of another sufferer’s experience (Chap. 3). It 
is dedicated to five remarkable individuals Michiaki Takahashi, Stephen E. Straus, 
Harold Merskey, Richard T. Perkin and Patrick D. Wall (see Dedications).

1 Introduction
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In this book the reader will find: (1) redundancies of text and images (each chap-
ter is meant to be stand alone), (2) the best science from experts on their subjects, 
(3) ideas (to stimulate further much needed research), (4) opinion (since random-
ized controlled trials often exclude complicated cases or older subjects resulting in 
limited external validity or generalizability to practice, thus clinical experience and 
observational data can be important with difficult complex patients and over the 
long term) and (5) that there will be differences in opinion and ideas (but that is a 
healthy thing and this editor makes no apology for this).

This book, of course, is not the final answer but, hopefully, another stepping 
stone towards obliteration of the problems caused by this virus.

You are not required to complete the work, but neither are you free to desist from it
Rabbi Tarphon, Talmud, Avot, 2;21.
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Chapter 2
Varicella

Anne A. Gershon

2.1  Introduction

For many years, no one seems to have paid much attention to varicella-zoster virus 
(VZV); this pathogen seemed not to be taken very seriously. VZV was long known 
to cause varicella, also known as chickenpox, an anodyne name. How could one 
take chickenpox seriously in comparison to the already recognized and very serious 
diseases, the great pox (syphilis) and smallpox? The source of the name “chicken” 
is lost in history but may refer to the farmyard bird or to the chickpea which vari-
cella’s typical vesicular lesions are said to resemble. Varicella was thought to be an 
inconsequential disease; it was considered a rite of childhood that everyone experi-
enced, from which they recovered after a few days.

Slowly in the twentieth century, however, two medical problems began to 
emerge: varicella was related to another disease the laity called shingles (derived 
from the Latin for belt); subsequently it was realized that patients with shingles 
(medically known as zoster) could transmit varicella to children and adults who had 
not previously had chickenpox. That observation suggested that VZV might some-
how persist after varicella and then become rejuvenated to cause zoster. Until the 
late 1960s, however, the public were unprepared to conceive of a virus that could 
silently persist for years in the body without symptoms. It was generally accepted 
that people became infected with a virus and then either died or recovered and that 
the virus then vanished. At that time no one had heard of human immunodeficiency 
virus (HIV), Ebola, or Zika viruses which can be highly persistent. There was, how-
ever, an emerging inchoate concept of herpes simplex virus (HSV) infections 
becoming latent or persistent in nervous tissue. This was recognized in the early 
twentieth century and was largely investigated by Goodpasture, Cushing, and their 
colleagues [39]. In the 1940s, Garland correctly proposed that VZV was a virus 
capable of a latent infection that developed after varicella and that it could persist 
silently in the human body for decades [17].
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Everything changed radically for VZV, though, when chemotherapy for cancer 
was being developed in the early 1950s. Suddenly it was noted that children being 
treated for leukemia could manifest extensive, unusually severe, and even fatal vari-
cella [10]. The Nobel Laureate Thomas Weller was then at Harvard University 
Medical School, where Sidney Farber was strenuously investigating cancer chemo-
therapy. Weller, who was a pediatrician, isolated VZV in cell culture for the very 
first time [53, 54] and, while he was at it, developed immunofluorescence (known 
then as “the fluorescent antibody technique”) to demonstrate the presence of the 
virus in cell cultures [55]. After Weller and his colleagues described children with 
fatal varicella, it was suddenly clear that this virus was not chicken, and it had to be 
managed scientifically in the modern world. It also began to dawn on medical 
researchers that zoster in the growing ranks of the elderly was an emerging scourge 
as well.

2.2  Clinical Features of Varicella

Varicella disease in unvaccinated populations presents with a generalized, pruritic, 
vesicular rash distributed mainly on the head and trunk with some sparing of the 
extremities. It is usually seen in children; it is unusual in adults in whom may be 
severe and even fatal. The rash classically consists of lesions in various stages of 
development from maculopapules to vesicles followed by crusts. They are typically 
from 250 to 500 skin lesions, which last for about a week [18].

Varicella is one of the most contagious diseases, just a little less so than smallpox 
and measles. It is mainly spread from skin lesions of patients with varicella or zos-
ter, infecting the respiratory tract of an individual who has not previously been 
infected with VZV [11]. It has an incubation period of 2–3 weeks, during which 
time both innate and adaptive immunity develop. Innate immunity is mediated by 
the production of interferon gamma in epidermal cells which delays viremic viral 
spread by CD4 and CD8 lymphocytes somewhat, as specific antibodies and cellular 
immunity develop. Eventually the interferon response in the skin is overcome and 
the rash of varicella develops as VZV begins to multiply there [1]. Cellular immune 
responses are of the greatest importance in combating VZV and recovery from the 
illness [18]. Unfortunately, before these responses are fully developed, lymphocytes 
have already transferred VZV to neurons where the virus establishes latent 
infection.

Complications of varicella are mainly those involving the nervous system and 
bacterial superinfections [18]. These include cerebellar ataxia, encephalitis, strokes/
vasculopathy, various palsies (paralysis), and pneumonia, cellulitis, and sepsis. 
Other rare complications include gastrointestinal infections, arthritis, hepatitis, glo-
merulonephritis, and primary viral pneumonia. In addition to adults, infants and 
immunocompromised patients are at risk to develop severe varicella. Prior to uni-
versal vaccination in the United States, which began in 1995, about 100–125 indi-
viduals perished annually from varicella, despite the availability of specific antiviral 
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therapy [18]. Severe varicella typically consists of an extensive rash that may be 
hemorrhagic, often accompanied by pneumonia and hepatitis. Patients being treated 
for cancer and human immunodeficiency virus (HIV) or receiving high doses of 
corticosteroids are at high risk. Pregnant women who contract varicella may develop 
severe infections and may infect their fetus, resulting in the congenital varicella 
syndrome, with severe damage to the nervous system. [18].

2.3  Treatment

Varicella in otherwise healthy children is usually treated symptomatically with ther-
apies designed to decrease itching such as topical calamine lotion rather than with 
antivirals. Regular bathing is recommended in order to minimize cutaneous bacte-
rial superinfections.

The first successful specific treatment for VZV infections, acyclovir, was licensed 
for use by the US Food and Drug Administration in 1982 [58]. Over 30 years of 
experience with oral or intravenous acyclovir have indicated that this drug is highly 
effective against VZV (both varicella and zoster) and that it is extremely safe and 
well tolerated [57]. The development of additional and improved oral drugs valacy-
clovir and famciclovir followed acyclovir. These medications have been especially 
important for treatment of children at high risk to develop severe varicella and also 
for most patients with zoster.

In countries where varicella vaccine is routinely administered, there is less and 
less need for antiviral treatment. Additional details regarding specific therapy of 
VZV infections is presented in Chap. 8.

2.4  Prevention: Live Attenuated Varicella Vaccine

While passive immunization is useful to modify varicella in high-risk susceptibles, 
it rarely if ever prevents varicella. Similarly prevention of varicella by isolation of 
cases is also not very successful. Antiviral therapy is useful to treat varicella, but 
there is little experience with its success in preventing the disease. The only known 
effective way to prevent varicella from occurring is by the use of an effective vac-
cine [21].

Live attenuated varicella vaccine was developed by Professor Michiaki Takahashi 
in Osaka, Japan, beginning about 45 years ago [46]. Takahashi became interested in 
how viruses are attenuated while investigating poliovirus. He realized the impor-
tance of viral propagation at different temperatures and in cell cultures from differ-
ent animals, which had been used by others to attenuate viruses. He found that VZV 
grew to higher titers at 37°C than at 39°C and that infectivity was higher in guinea 
pig embryo cells than in human embryonic cells. These observations led him to 
 passage serially VZV in human embryonic lung cells at 34°C (11 times), in guinea 
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pig embryo cells at 34°C (12 times), and human diploid cells (WI-38; three times) 
at 37°C. Three additional passages in human diploid cells (MRC-5) followed [45]. 
He was also cognizant of the following: in the first quarter of the twentieth century, 
there were five published studies in which healthy children were inoculated with 
vesicular fluid from patients with either zoster or varicella, in early attempts to 
make a vaccine against varicella [9, 23, 24, 27, 30]. None of these children were 
reported to experience adverse events, although none seemed to become immune to 
varicella. Takahashi felt that one success of these experiments was that it made it 
very unlikely that children would be harmed by his candidate live varicella vaccine, 
which had been administered safely to a number of different animals. There was no 
animal model of varicella on which to test the safety or efficacy of the vaccine. 
Takahashi and his clinical colleagues administered the vaccine to healthy children 
and then to children with various other illnesses for which they were hospitalized 
[45, 46]. They demonstrated the immunogenicity and efficacy of the vaccine by 
immunizing children in families where a child had recently developed varicella. The 
vaccinees developed specific antibodies and did not become ill with varicella. They 
also immunized children who were exposed to varicella in their schools; vaccinees 
appeared to be protected from varicella. They measured cellular immunity in vac-
cinees using a skin test for varicella. Since children with leukemia were at high risk 
to develop fatal varicella, they administered varicella vaccine to children with leu-
kemia who were in remission for at least 6 months but still receiving maintenance 
chemotherapy. Of 11 such children, only two developed rashes, which were not 
severe [45]. These studies in Japan led to investigations of live attenuated varicella 
vaccine in the United States.

In 1975, about 80 % of American children with acute leukemia were being cured 
of this disease. These were mainly young children who were susceptible to vari-
cella, and it was not uncommon for them to develop this infection while being 
treated for leukemia. In one report, 7 % of these children died from varicella and 
many had terrible morbidity associated with the illness [14]. Interestingly, the 
record did not improve significantly even after the introduction of passive immuni-
zation and antiviral therapy [15]. In the late 1970s, the Japanese were publishing 
their research investigations on live attenuated varicella vaccine in American pedi-
atric journals, and it was extremely difficult for academic physicians to ignore these 
successes [29]. The varicella vaccine however became highly controversial in the 
United States [6–8, 40]. There was fear of the vaccine causing severe latent infec-
tions, adverse events directly from the vaccine itself, and failure of the vaccine to 
stimulate long-term immunity. Finally, a meeting was organized by the National 
Institute of Allergy and Infectious Disease in 1977, to decide what to do. The 
 meeting was attended by diverse groups such as older highly respected virologists 
and younger hematologic and infectious disease academicians who cared for the 
leukemic children who might die from varicella. Included was Professor Takahashi 
himself, who was the first speaker. By the end of the meeting, it was agreed that it 
was time to investigate live attenuated varicella vaccine and that the best risk/benefit 
ratio was in children with leukemia in remission. A large, collaborative study of 
vaccination of 191 varicella-susceptible children with leukemia in remission for at 
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least 1 year eventually was organized as a result of this meeting. Maintenance che-
motherapy was withheld for 2 weeks after the vaccination was carried out; the vac-
cine was well tolerated except for some patients with rashes for which oral acyclovir 
was sometimes given. Twenty-two vaccinees had household exposures to varicella 
over a period of several years, and because they were known to have detectable 
antibodies to VZV, no intervention was taken. The attack rate of varicella in these 
children was 18 %, not the historical rate of 85 % in susceptibles. All case of vari-
cella were very mild. The vaccine was 80 % effective in preventing varicella in these 
children and 100 % effective in preventing severe varicella [22]. Following the suc-
cess in children with underlying leukemia, numerous studies in healthy children 
took place, all of which indicated that the vaccine was safe and highly effective for 
healthy children [31, 32, 41, 43, 49–51, 56]. Live attenuated varicella vaccine 
became licensed for routine use in healthy children in 1995 [21].

The face of varicella changed dramatically after universal vaccination for all 
healthy varicella susceptibles was introduced into the United States. At first only 
one dose of vaccine was given, but introduction of a second dose was administered 
months to years after the first improved immune responses [42]. At present the rate 
of receipt of two doses of varicella vaccine in children approaches 90% [35], and the 
incidence of hospitalizations and deaths from varicella has fallen by over 90 % [4, 
33, 37]. There is evidence of decreased circulation of wild-type VZV [44], and it is 
now unusual to see children or adults with this infection. Most cases are traceable to 
patients with zoster. Vaccinated children may develop a mild case of varicella 
termed “breakthrough varicella,” but this is unusual in those who have received two 
doses of vaccine [18, 42]. The incidence of zoster after vaccination is lower than 
that following the natural infection [26, 52]. Interestingly, zoster in as many as 50 % 
of vaccinees is caused by wild-type VZV [52].

The live attenuated varicella vaccine is one of the safest vaccines available today. 
It is used worldwide. The countries in which it is licensed include: Australia, 
Canada, Costa Rica, Germany, Greece, Israel, Japan, Qatar, Latvia, Luxembourg, 
Taiwan, Saudi Arabia, South Korea, United Arab Emirates, Uruguay, and some 
areas of Italy and Spain.

There is little or no evidence of waning immunity after vaccination [2, 3, 48]. It 
may be that periodic boosting of immunity due to asymptomatic or very mild cases 
of reactivation/zoster serve to boost immune responses to VZV, as was originally 
proposed by Hope-Simpson years ago. Hope-Simpson was the first to propose that 
zoster develops when immunity to VZV decreases due to aging [28]. He also 
hypothesized that immunity to VZV following varicella was restimulated when 
there was an external exposure to the virus, such as from close contact with a child 
with active varicella. He furthermore proposed that immunity was stimulated when 
VZV underwent low-level internal reactivation without symptoms. Over the years 
studies have demonstrated that exposures to patients with VZV disease increases 
asymptomatic specific immunity [19, 47]. In addition, subclinical VZV reactivation 
has been demonstrated along with increases in immunity [20, 34, 36] [38, 59] [12].

In 2002, it was hypothesized that where there was extensive varicella vaccination, 
there would be decreased circulation of VZV, resulting in an increase in zoster due to 
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lack of immune stimulation [5]. Based on mathematical computer modeling, a zoster 
epidemic was predicted in young adults, with numerous deaths. This prediction led 
a number of countries not to use varicella vaccine in children routinely. Fifteen years 
later, however, there has been no such zoster epidemic in the United States. The 
mathematical model accounted for external exposures to VZV but did not include the 
possibility of internal subclinical reactivation of VZV with specific immune stimula-
tion. Internal subclinical reactivation of VZV probably explains the results of a ret-
rospective study of the incidence of zoster in French sequestered religious groups 
who were not exposed to children. The incidence of zoster in sequestered nuns and 
monks was compared with that of the nearby general public, by evaluating medical 
records over a 30-year period. The incidence of zoster (about 15 %) was the same in 
all groups. This study demonstrated that exposure to individuals who spread vari-
cella is not required to maintain long-term immunity to zoster [13, 16].

It is clear, however, that the incidence of zoster is on the rise in the United States. 
The cause of this increase is probably multifactorial. It includes an increase in ascer-
tainment of the disease, the aging of our population, increasing numbers of cancer 
and transplant survivors, and widespread stresses in our complex world. There are 
now ample publications in the literature indicating that there is no direct correlation 
of the development of varicella and the increase in zoster, which began in the United 
States long before varicella vaccine was developed [21, 25].

In summary, the live attenuated varicella vaccine is in use all over the world due 
to its high degree of safety and effectiveness. One could think of the live attenuated 
varicella vaccine as the parent of the zoster vaccine. Its success led not only to con-
trol of varicella but also to a similar but more powerful vaccine that would prove to 
be not only safe but highly effective in preventing zoster.
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Chapter 3
Herpes Zoster: A Patient’s Perspective

Anne Tuzi and C. Peter N. Watson

3.1  About My Pain

My name is Ann Tuzi; I am 57 years old and I would like to tell my story. First of 
all I want to thank God for giving me a second chance at life although it left me with 
a condition, which I will tell you about. My journey started 13 years ago in 2002 
when I was diagnosed with Burkitt’s lymphoma/leukemia (a rare cancer of the 
blood). I fought a big fight with that type of cancer, and it managed to go into remis-
sion, but in October 2003 I got shingles on the right side of my abdomen during one 
of my chemotherapy treatments. At first I didn’t know what it was but the pain was 
out of this world. We had to stop my chemo treatment and I was bedridden for 
6 months. By the time I was referred to a pain clinic, it was too late; all the nerves 
of my waist had been damaged. So I was put on gabapentin 600 mg/day which 
helped a little but didn’t get rid of the pain. If that wasn’t enough, my shingles then 
spread to my right eye. So I was put in isolation for a week where they were able to 
treat that with famciclovir.

Right now, I am still suffering with postherpetic neuralgia nowhere near as pain-
ful as it was, although there are times during the day when it gets so bad that I 
become frozen, so I can’t talk or move. On a scale from one to ten, I am usually a 
seven out of ten. The only way I can describe it is that it’s like hundreds of knives 
being stabbed in my waist. I wake up several times a night with major pain, and the 
only way I make it through the night is with an ice pack on my side. It hasn’t been 
easy, and my life has been turned around 360°. However, I have learned to work 
around my pain instead of allowing my pain to control me.
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3.2  Getting Treatment

I’d like to tell you about some of the treatments that my pain specialist has tried. 
Some have been temporary fixes. I have had over 50 different drugs, acupuncture/
laser, naturopathic treatments, physiotherapy, and TENS treatments, all of which 
didn’t work. I have taken pain management programs, a mindfulness meditation 
program, and laughter program. I have seen over ten doctors, and the waiting time 
to see a specialist was anywhere between 1 and 4 months. My costs have been high 
with very limited income and limited assistance.

3.3  Impact on Life, Family, Work, and Finances

I would like explain to you how shingles has affected my life. My life has been 
turned around tremendously. I haven’t been able to return to work since 2002 
(14 years). I’ve gone from a fairly active, energetic, and involved member of soci-
ety to having to give up my stained glass hobby, to sell my standard convertible 
car, and to give up exercise. I have gained weight (50 lbs) and limited my travel-
ing. In order to get things done, I have to think outside of the box, like using a 
cane, a walker, and a scooter. Thank God for computers where I am able to do my 
grocery shopping and banking and make other purchases. My social life has been 
drastically affected. I went from being a social butterfly, who couldn’t be stopped 
for anything or anybody, to someone who is limited to a few close friends and 
family socializing primarily through telephone and the Internet. The rest of my 
circle of friends simply didn’t know how to deal with me and my pain, eventually 
drifting away. My finances have taken a big beating. My costs are high and my 
income is 50 % of what I was making. My cost for drugs is high. Lucky for me 
that insurance absorbs 80 % of the cost. Taxis are costing $2000/year. Due to my 
illness, I am no longer able to take care of my daily tasks; therefore, I have had to 
hire a cleaning lady and a gardener and contract snow shoveling. I am getting only 
the cost of living increase on my government disability pension but no increase 
for 13 years with private insurance. I am not eligible for other government pro-
grams. On top of all of this, I am caring for a 93-year-old mother, who is high 
maintenance. This is a full-time job in itself. I am taking care of myself and I am 
a caregiver.

In conclusion it’s a shame when a very active member of society, who has done 
everything right, has been very productive, and has worked so hard all her life, is 
reduced to a social outcast and is barely able to make ends meet, simply because she 
is afflicted by a disability that few people know and understand.
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 Commentary

C. Peter N. Watson
Ms. Tuzi has been my patient for 11 years. She has had medically intractable 
severe postherpetic neuralgia for 13 years, located in the right upper abdomen 
in the ninth thoracic dermatome region, which has left her with a severe, steady, 
burning pain, electric shock-like jabbing pain, and exquisite sensitivity of the 
skin. This is associated with Burkitt’s lymphoma and chemotherapy. Recurrence 
of zoster as occurred on the right forehead is uncommon and happens in about 
5 % [1] and may attack the same dermatome [2]. In this instance this recurrence 
close to the first episode may reflect her state of immunosuppression.

On physical examination (Fig. 3.1), she has pale postherpetic scarring in 
the right ninth thoracic dermatome. There is very widespread loss of sensation 
to pin, cold, and touch but marked sensitivity of the skin to touch (dynamic 
mechanical allodynia) over only a rather small area, mostly over the worst 
scar. Over the decade that she has been my patient, she has had drug trials 
with gabapentinoids (pregabalin and gabapentin), tricyclic antidepressants 
(amitriptyline, nortriptyline, desipramine, and doxepin), serotonin 

Fig. 3.1 Anterolateral view of the abdomen: A (dotted line) = area of dynamic mechanical allo-
dynia (pain from skin stroking with cotton), B (solid line) = scarred areas, C (interrupted line) = 
area of sensory loss to pin, cold, and touch, D = umbilicus

3 Herpes Zoster: A Patient’s Perspective
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 norepinephrine re uptake inhibitors (duloxetine and venlafaxine), and a vari-
ety of opioids (morphine, oxycodone, hydromorphone, transdermal fentanyl, 
tramadol, and methadone) in keeping with guidelines for treating neuropathic 
pain. She has also had three oral cannabinoids, other anticonvulsants (phe-
nytoin, lamotrigine, carbamazepine, and oxcarbazepine), and the antispastic-
ity agent, baclofen. She has also used topical agents such as capsaicin and 
lidocaine. She has additionally had trials of acupuncture, laser therapy, and 
transcutaneous electrical nerve stimulation.

The only thing that has helped her and that takes the pain from 10/10 to 
about 7/10 is a high dose of gabapentin in the form of 1200 mg every 6 h for 
a total of 4800 mg a day. She has been on that drug and dose unchanged for 5 
years. The intractability of her postherpetic neuralgia may relate to the singu-
lar physical findings of an unusually extensive area of sensory loss (Fig. 3.1) 
which since only one ganglion is usually affected (Fig. 3.2) could relate to a 

Fig. 3.2 Postherpetic 
neuralgia with fibrosis and 
nerve cell loss in the dorsal 
root ganglion, surviving 
ganglion cells in red, 
scarring in upper part of 
ganglion (arrows) (Masson 
trichrome × 10) [3]

Fig. 3.3 Postherpetic neuralgia showing atrophy of the dorsal horn of the spinal cord on the 
left side of the image (arrows) (H & E LFB × 2.5) [3]
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long extent of rostrocaudal involvement of affected and atrophic dorsal horn 
of the spinal cord (Fig. 3.3) where many analgesics have an action. 
Immunosuppression associated with both Burkitt’s lymphoma and Epstein-
Barr virus and also chemotherapy may play a role in this intractability as well 
as for the second episode of trigeminal zoster. Ms. Tuzi’s case illustrates the 
need for vaccination and particularly the use of a vaccine that can be used 
safely in patients who are immunosuppressed and which is currently undergo-
ing clinical trials [4].
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Chapter 4
The Epidemiology and Natural History 
of Herpes Zoster and Postherpetic Neuralgia

Kenneth E. Schmader and Robert H. Dworkin

4.1  Introduction

The objective of this chapter is to review the epidemiology and natural history of 
herpes zoster and postherpetic neuralgia. Epidemiology seeks to explain and com-
prehend diseases by studying the characteristics of diseases in populations. For this 
chapter, these characteristics include morbidity, mortality, incidence and prevalence 
rates, and risk factors for herpes zoster and postherpetic neuralgia. The sources of 
epidemiological data in this chapter include cohort studies, case-control studies, 
clinical trials, large case series, and case reports.

4.2  Herpes Zoster

The varicella-zoster virus (VZV) establishes latency in sensory ganglia following 
primary varicella infection. Herpes zoster (shingles) is the reactivation of the virus 
and its spread from a single ganglion of the dorsal root, cranial nerve, or autonomic 
nervous system to the corresponding dermatome and neural tissue of the same seg-
ment [18, 40]. The presentation of herpes zoster is variable. In many patients, a pro-
drome of pain or abnormal sensations in the affected dermatome precedes the 

K.E. Schmader (*) 
Division of Geriatrics, Department of Medicine and the Center for the Study of Aging and 
Human Development, Duke University Medical Center, Durham, NC 27710, USA 

Geriatric Research, Education and Clinical Center, Durham VA Medical Center,  
Durham, NC 27710, USA
e-mail: kenneth.schmader@duke.edu 

R.H. Dworkin 
Departments of Anesthesiology, Neurology and Psychiatry, University of Rochester School of 
Medicine and Dentistry, Rochester, NY 14642, USA 

Center for Human Therapeutics, University of Rochester School of Medicine and Dentistry, 
Rochester, NY 14642, USA
e-mail: robert_dworkin@urmc.rochester.edu

mailto:kenneth.schmader@duke.edu
mailto:robert_dworkin@urmc.rochester.edu


26

appearance of a characteristic unilateral rash. The prodromal symptoms are usually 
aching, burning, or lancinating pain or itching or tingling. Prodromal symptoms con-
fuse patients and providers alike by imitating other painful conditions in older per-
sons (i.e., migraine headaches, myocardial infarction, cholecystitis, biliary or renal 
colic, muscle ache, etc.). Although this prodrome begins several days before rash 
onset in almost all cases, a series of patients with prodromal pain preceding the 
appearance of the rash by seven to more than 100 days has been reported [36].

Thoracic dermatomes are the most commonly affected sites in herpes zoster and 
account for 50–70 % of all cases [55, 93, 121]. Cranial (especially the ophthalmic 
division of the trigeminal nerve), cervical, and lumbar dermatomes each account for 
10–20 % of cases, and sacral dermatomes are affected in 2–8 % of cases [93, 121]. 
The rash is unilateral, dermatomal, red, and maculopapular and usually develops ves-
icles. It is not uncommon for patients to develop lesions in adjacent dermatomes. The 
rash generally starts crusting over in a week to 10 days and heals within 2–4 weeks. 
Atypical rashes may occur. The rash may be limited to a small patch located within a 
dermatome or may remain maculopapular without ever developing vesicles. 
Conversely, vesicles may form for several days and involve several dermatomes.

Pain in the affected dermatome accompanies the rash in most patients. Those 
who did not have a painful prodrome typically begin to experience pain at rash onset 
or shortly afterwards, although some patients experience the delayed onset of pain 
days or weeks after rash onset and a few patients never develop pain. This acute 
herpes zoster pain gradually resolves during or shortly after rash healing in many 
patients. Dermatomal pain without a rash, referred to as zoster sine herpete, has also 
been described [37, 40, 41, 101]. The finding of VZV DNA in the cerebrospinal 
fluid of two patients with prolonged radicular pain and no rash provides evidence 
for this syndrome [38].

The acute neuritis of herpes zoster produces dermatomal pain that is described as 
burning, deep aching, or stabbing. A subset of patients may develop severe disabling 
pain, while some patients describe uncomfortable sensations that they do not label 
pain such as tingling or numbness. Distracting and sometimes disabling itching is 
one particularly troubling dysesthesia that commonly accompanies pain or occurs 
instead of pain and seems to occur most often with herpes zoster involvement of the 
head, face, and neck [80]. Acute herpetic neuralgia has a profound negative impact 
on functional status and quality of life and usually results in substantial health ser-
vice utilization [61, 103].

4.2.1   Incidence of Herpes Zoster in General Population-Based 
Studies

Investigators have published cohort studies of the incidence of herpes zoster in the 
general population of at least 22 different countries. The incidence of herpes zoster 
in these mostly immunocompetent community dwelling populations ranges from 2 
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to 5 per 1000 person-years [34, 62, 91, 103, 121, 123]. These studies differed in 
their study populations and methods of case ascertainment which may explain, in 
part, the differences in the incidence of herpes zoster between studies. Most studies 
relied on administrative databases or health records which will miss herpes zoster 
cases that do not come to medical attention. The incidence of herpes zoster in popu-
lations limited to immunosuppressed patients is substantially higher which is dis-
cussed below. The likelihood of recurrent herpes zoster was 4.1, 5.2, and 6.2 % in 
the studies of Hope-Simpson [55], Ragozzino et  al. [93], and Ywn et  al. [122], 
respectively.

Several investigators have examined longitudinal trends in herpes zoster inci-
dence over the past 20 years and reported that incidence rates of herpes zoster are 
increasing across all age groups over time. The increase over time in herpes zoster 
incidence rate occurred in countries without varicella vaccination programs [10, 88, 
96, 107]. The increase in herpes zoster incidence rate over time has also been 
observed before the onset of varicella vaccination programs, and the increase con-
tinued after the introduction of varicella vaccination programs [48, 59, 66]. These 
data indicate that varicella vaccination is not an explanation for the increases in 
herpes zoster incidence.

4.2.2   Morbidity and Mortality of Herpes Zoster

The morbidity of herpes zoster includes acute pain and chronic pain (discussed 
below), other neurological disorders, and ophthalmological, cutaneous, and vis-
ceral complications. In cohort studies [32, 121], the types and estimated frequen-
cies of non-pain neurological complications included motor neuropathy 
(including Bell’s- like palsy), cranial polyneuritis, Ramsay Hunt (3 %), transverse 
myelitis (less than 1 %), meningoencephalitis (less than 1 %), and cerebral angi-
itis and stroke after ophthalmic zoster (less than 1 %). Herpes zoster is a signifi-
cant risk factor for stroke especially in persons with ophthalmic herpes zoster 
where the risk of stroke is increased threefold to fourfold compared to individu-
als without herpes zoster [65, 76]. Ophthalmological complications have been 
described in 2–6 % of herpes zoster cases, including keratitis, uveitis, iridocycli-
tis, panophthalmitis, and glaucoma [32, 121]. Bacterial infection of the rash and 
herpes gangrenosum occurred in zero to 2 % in these series. Visceral involvement 
was not noted in these studies. Elderly and immunosuppressed patients with her-
pes zoster are at greater risk for these complications. Death due to herpes zoster 
is uncommon. A systematic review that included ten studies with data on mortal-
ity due to herpes zoster found rates ranging from 0.017 to 0.465/100,000 person-
years [62]. After adjusting for errors in death certificates, Mahamud et al. [68] 
estimate the true number of deaths due to herpes zoster in the USA to be 78 
(31–118) per year. Nearly all deaths occur in older and/or immunosuppressed 
persons.
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4.2.3   Risk Factors for Herpes Zoster

4.2.3.1  Age

A fundamental epidemiological feature of herpes zoster is a marked increase in 
incidence with aging [102]. This fact was demonstrated elegantly by Hope-Simpson 
[55] over 50 years ago in a UK general practice. He documented an incidence of 
0.74 per 1000 person-years in children under 10 years old, 2.5 per 1000 person-
years in adults aged 20–50 years, and 7.8 per 1000 person-years in those older than 
60 years old. Many subsequent studies have confirmed the increasing incidence of 
herpes zoster with aging in different population groups and countries. The incidence 
of herpes zoster in older adults ranges from 8 to 12 per 1000 person-years in popula-
tion and health record-based studies in the USA, UK, Australia, Netherlands, Japan, 
Canada, Italy, Spain, France, Israel, Belgium, Germany and Taiwan [62]. The age at 
which the sharpest increase in herpes zoster occurs is 50–60  years of age. 
Furthermore, the slope continues a marked upward course in the decades above 
60 years. From these studies it is estimated that the lifetime incidence of herpes 
zoster is 20–30 % in the general population and as high as 50 % of a cohort surviv-
ing to age 85 years old [10, 55].

4.2.3.2  Sex

The results of several large cohort studies are conflicting as to whether there are 
differences in the incidence of herpes zoster by sex. Some studies found no differ-
ence by sex. For example, Hope-Simpson [55], Ragozzino et al. [93], and Donahue 
et al. [20] reported that the incidence of herpes zoster among females versus males 
was 3.2 vs 3.6, 1.26 vs. 1.34 vs., and 2.11 vs. 2.19 per 1000 person-years, respec-
tively, not statistically significant differences. Among elderly persons in the Duke 
Established Populations for the Epidemiological Study of the Elderly (EPESE) 
[100, 101], being female did not significantly affect lifetime herpes zoster risk or 
incidence. However, several more recent studies demonstrate that the age-adjusted 
incidence of herpes zoster is significantly higher in women compared to men. For 
example, Gauthier et al. [34], Yawn et al. [121], and Opstelten et al. [83] reported 
the incidence of herpes zoster among females versus males to be 6.0 (95  % CI 
5.95–6.14) vs. 4.3, (95 % CI 4.22–4.38), 3.9 (95 % CI 3.7–4.1) vs 3.2 (95 % CI 
2.9–3.4), and 3.9 (95 % CI 3.6–4.2), vs. 2.5 (95 % CI, 2.3–2.8) per 1000 person- 
years. In the study by Opstelten et al. [83], after adjustment for potential confound-
ers, the adjusted OR was 1.38 (95 % CI, 1.22–1.56) favoring women. The differences 
favoring females was consistent across age groups in these studies.

4.2.3.3  Race and Ethnicity

White populations in the USA and Europe have been the focus of most studies of 
herpes zoster epidemiology. The Duke EPESE achieved an equal mix of black and 
white participants by using a stratified, random sampling technique in community 
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dwelling elderly. After controlling for age, cancer, and demographic factors, blacks 
remained four times less likely than whites to have experienced herpes zoster in this 
population (adjusted odds ratio, 0.25, 95 % CI, 0.18–0.35) [100]. In a study of the 
prospective occurrence of herpes zoster in the Duke EPESE [101], 4.3 % of blacks 
and 10.9 % of whites developed herpes zoster over 6 years. After controlling for the 
above variables, blacks remained significantly less likely to develop herpes zoster 
(adjusted risk ratio, 0.35, 95 % CI, 0.24–0.51). Herpes zoster case ascertainment in 
these studies had a false-positive rate of 3 % and false-negative rate of 0 %, which 
was not enough to explain these striking racial differences [99]. These findings have 
been confirmed in more recent studies. For example, in a retrospective cohort study 
of 2,848,765 Medicare beneficiaries older than 65  years from 1992 to 2010, the 
annual herpes zoster incidence was lower in black persons (RR, 0.51 [CI, 0.48–0.53]) 
and Hispanic persons (RR, 0.76 [CI, 0.72–0.81]) than white persons [48]. Among 
over one million cancer patients from 1991 to 2007 in the Surveillance, Epidemiology, 
and End Results (SEER) cancer registry-Medicare linked database, black patients 
were less likely to develop herpes zoster than white patients (IRR = 0.64, p < 0.001) 
[124]. Hypothesized reasons for the differences include racial differences in VZV 
immunity, age at onset of varicella, and exposure to varicella over the life course [23].

4.2.3.4  Cellular Immune Deficiency

The frequency and complications of herpes zoster are significantly increased in 
patients with deficient cell-mediated immunity compared to immunocompetent indi-
viduals, including persons living with human immunodeficiency virus infection (HIV) 
and/or acquired immunodeficiency syndrome (AIDS), hematologic and solid cancers, 
organ transplants, immune-mediated diseases, and immunosuppressive treatments.

Human Immunodeficiency Virus (HIV) Infection and Acquired 
Immunodeficiency Syndrome (AIDS)
The incidence of herpes zoster in HIV-infected individuals not treated with highly 
active antiretroviral therapy (HAART) varied from 29 to 51 per 1000 person-years 
in cohort studies of herpes zoster in HIV-infected individuals [12, 29, 39, 75]. HIV 
infection increases herpes zoster risk even in untreated HIV-infected children, 27 % 
of whom developed zoster an average of 1.9 years after varicella in one study [35]. 
The incidence of herpes zoster appears to be lower in HIV-infected individuals on 
HAART compared to untreated individuals. In a cohort study of HIV-infected indi-
viduals from the HIV Atlanta VA Cohort Study between 1982 and 2011, the inci-
dence of herpes zoster per 1000 person-years decreased from 60.3  in 1987 
pre-HAART to 10 in 2011 on HAART [74]. A cohort study of incident herpes zoster 
cases in an urban HIV-infected population on HAART between 2002 and 2009 
discovered an incidence rate of 9.3 per 1000 person-years [6]. Similar decreases 
have been documented in HIV-infected children [67].

Zoster may be the first clue to underlying HIV infection when it occurs in groups 
at high risk for HIV infection [17, 73, 108]. Zoster can occur at any stage of HIV/
AIDS [12, 29].
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Cancer
Malignancy is another important risk factor for zoster [20, 47, 93, 97, 100, 124]. 
Among malignancies, zoster is more frequent in patients with hematological can-
cers compared to those individuals with solid tumors [47, 97, 124]. In a cohort study 
of 82,832 hematologic and 944,777 solid cancer patients ≥65 years in 1991–2007 
from the Surveillance, Epidemiology and End Results (SEER) cancer registry- 
Medicare linked database, 9.2  % of those with hematologic and 6.3  % of solid 
cancer patients were diagnosed with herpes zoster [124]. The adjusted incidence 
rate versus a random group of non-cancer elderly patients was 2.4 per 1000 patient 
years in persons with hematologic cancer and 1.2 per 1000 patient years in persons 
with solid cancer. The incidence rate of herpes zoster was significantly higher in the 
hematologic group compared to the solid cancer group (31.0 vs. 14.9 per 1000 
patient years, p < 0.01). Increasing age, female sex, white race, and immunosup-
pressive therapy and advanced stage of cancer were significant HZ risk factors 
within this cancer population.

Organ Transplants
Zoster commonly occurs in bone marrow, stem cell, kidney, liver, and heart trans-
plant recipients. Data on the incidence and risk factors for zoster in these patients 
are limited by studies that come from single site transplant centers with small num-
bers of patients and variable underlying diseases and treatment regimens as well as 
variable length of follow-up. In a commercial insurance, Medicare and Medicaid 
claims database analysis involving 90.2 million person-years at risk, the incidence 
of zoster was highest among patients with bone marrow or stem cell transplant (43 
per 1000 person-years) followed by solid organ transplant (17 per 1000 person-
years) [14]. In a VA study of solid organ transplants, the incidence of zoster was 22 
per 1000 patient years [90]. In this study, the incidence of zoster in heart transplant 
recipients was 40 per 1000 patient years; in kidney transplant recipients, 24 per 
1000 patient years; and in liver transplant recipients, 18 per 1000 patient years. In 
both of these studies, older transplant recipients were at greater risk for developing 
herpes zoster.

Immune-Mediated Diseases
Studies of herpes zoster and immune-mediated diseases are limited by medical 
record reviews, referral bias, variable treatment regimens and length of follow-up, 
and small samples. Despite these limitations, many studies have reliably docu-
mented a significant association between herpes zoster and systemic lupus erythem-
atous (SLE) and rheumatoid arthritis. Manzi et al. [69] reported that 15 % of 321 
SLE patients developed zoster a median of 6.2 years (range 1 month to 29 years) 
after the diagnosis of SLE for an estimated incidence of 22 cases per 1000 person- 
years. A prospective cohort study of 1485 SLE patients between 2001 and 2010 in 
one center found an age-adjusted herpes zoster incidence of 12.0 per 1000 person- 
years [13]. Increasing age and reduced functional status were predictors of zoster in 
SLE patients. The appearance of herpes zoster was not related to SLE activity 
because cases occurred when SLE disease activity was severe, mild, or inactive.
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The risk of herpes zoster was increased in rheumatoid arthritis patients (adjusted 
OR 1.46) compared to age-, sex-, and practice-matched controls in primary care 
data (2000–2011) from the UK Clinical Practice Research Datalink [30]. The inci-
dence of herpes zoster per 1000 patient years ranged from 9.9 to 12.1 to 19.7  in 
cohort studies, respectively, in the VA health-care system (1998–2005) [71], 
Olmsted County, Minnesota (1980–2007) [110], and the US Medicare population 
(2006–2011) [125]. The incidence of herpes zoster in individuals with rheumatoid 
arthritis was significantly higher than herpes zoster incidence rates in individuals 
without rheumatoid arthritis. Increasing age and corticosteroid drug use were risk 
factors for herpes zoster among rheumatoid arthritis patients in these studies.

The associations between zoster and systemic lupus erythematosus and rheuma-
toid arthritis were attenuated after adjustment for immunosuppressive treatments in 
the UK Clinical Practice Research Datalink study but remained significant [30].

Immunosuppressive Treatments
Immunosuppressive treatments may increase the risk of zoster although it is often 
difficult to disentangle the effects of the underlying disease and its treatment on the 
risk of zoster. Cancer chemotherapeutic agents, corticosteroids, posttransplant 
immunosuppressants, and agents for immune-mediated diseases have been linked 
to herpes zoster. The most comprehensive analysis of the association of multiple 
immunosuppressant agents and herpes zoster involved bone marrow, stem cell, and 
solid organ transplant, HIV infection, SLE, RA, any cancer, inflammatory bowel 
disease, multiple sclerosis, and psoriasis patients in a commercial insurance, 
Medicare, and Medicaid claims database analysis involving 90.2 million person-
years at risk noted above [14]. The incidence rates of herpes zoster were signifi-
cantly higher among users of immunosuppressants or chemotherapy than among 
nonusers. Patients on immunosuppressant or chemotherapy across all these condi-
tions had an approximately 50 % higher risk of herpes zoster compared to individu-
als without these interventions. The increased risk of herpes zoster associated with 
immunosuppressants or chemotherapy ranged from 1.7 for bone marrow transplant 
recipients to 1.46 for SLE patients [14].

Whether anti-TNF therapy increases the risk of herpes zoster is unclear. A pro-
spective cohort study of rheumatoid arthritis patients using the British Society for 
Rheumatology Biologics Register analyzed 11,881 anti-TNF and 3673 nonbiologi-
cal disease modifiers and the development of herpes zoster (2001–2009). The 
adjusted hazard ratio for risk of zoster in anti-TNF compared to nonbiological dis-
ease modifier group was 1.8 (95 % CI 1.2–2.8) [33]. A cohort study of patients with 
rheumatoid arthritis, inflammatory bowel disease, and psoriasis, psoriatic arthritis, 
or ankylosing spondylitis using a large US multi-institutional collaboration combin-
ing data from Kaiser Permanente Northern California, Pharmaceutical Assistance 
Contract for the Elderly, Tennessee Medicaid, and national Medicaid/Medicare pro-
grams analyzed 33,324 new users of anti-TNF therapy and the development of her-
pes zoster (1998–2007). In this analysis, anti-TNF therapies were not associated 
with a higher risk of herpes zoster compared with nonbiological treatment regimens 
(adjusted hazard ratio 1.00, 95 % CI 0.77–1.29) [117].
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4.2.3.5  Other Risk Factors

Medical Comorbidities
Chronic medical conditions may increase the risk for herpes zoster. For example, a 
case-control study using the UK Clinical Practice Research database found that, 
after adjusting for immunosuppressive conditions, multiple comorbidities, and 
immunosuppressant medications, the risk of herpes zoster was increased in chronic 
obstructive pulmonary disease (adjusted odds ratio (aOR) 1.22, 95 % CI 1.17–1.28), 
asthma (aOR 1.11, 95 % CI 1.06–1.16), chronic kidney disease (aOR 1.12, 95 % CI 
1.08–1.17), and type I diabetes (aor 1.26, 95%CI 1.06–1.49) [30]. A retrospective 
matched cohort study using the Integrated Health Care Information Services data-
base that includes more than 74 million individuals from 46 health plans in the USA 
from 1997 to 2006 found similar increases in zoster risk in persons with COPD, 
diabetes mellitus type II, and cardiac disease [43].

Physical Trauma
Clinicians and patients have observed herpes zoster occurring in temporal associa-
tion with physical trauma often involving the traumatized dermatome. Two case- 
control studies appear to confirm those observations. Thomas et al. [105] performed 
an interview study of herpes zoster cases and matched non-zoster controls and com-
pared occurrence of trauma in 6 and 1 month before zoster or an index date. The 
adjusted odds ratio for having physical trauma in herpes zoster cases in the month 
before rash onset at the same site of the rash was 12.07 (95 % CI 1.49–97.63). A 
much larger age-matched case-control study from a 5 % random sample of Medicare 
beneficiaries (2006–2007) discovered an adjusted odds of having had trauma in the 
week preceding the herpes zoster rash onset, or index date was 3.4 times (95 % CI, 
2.8–4.2) as high among herpes zoster cases as compared to controls [126]. Patients 
with cranial herpes zoster were 27.5 times more likely than controls to have had 
cranial trauma in the week before herpes zoster rash onset.

The adjusted odds ratios declined over time from trauma onset in these studies.

Psychosocial Factors
Psychological stress is often thought to play a role in the development of herpes 
zoster. Stress and herpes zoster was studied in 101 community dwelling elders over 
age 50 with herpes zoster (cases) and 101 randomly sampled controls without zoster 
[98]. Stressful life events were identified in these participants with the Geriatric 
Scale of Recent Life Events. Cases experienced negative life events significantly 
more often than controls at 2 months (26 vs. 10, odds ratio 2.64, 95 % CI 1.13, 6.27, 
p = 0.012), 3 months (29 vs. 11, odds ratio 2.64, 95 % CI 1.20, 6.04, p = 0.007), and 
6 months (35 vs. 16, odds ratio 2.00, 95 % CI 1.04, 3.93, p = 0.012) prior to herpes 
zoster onset. The effect of acute (negative life events) and chronic (lack of social 
support) psychological stress on the risk of herpes zoster in the elderly was studied 
prospectively in the Duke EPESE.  After controlling for multiple demographic, 
health, and social factors, negative life events increased the risk of herpes zoster, but 
the result was borderline for statistical significance (adjusted RR = 1.38, 95 % CI 
0.96–1.97, P = 0.078). No measures of social support were significantly associated 
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with zoster [101]. A prospective case-control study in a French Sentinel Network of 
ambulatory care practices found that recent negative life events (OR 3.40, 95 % CI 
1.67–6.93) were significantly associated with herpes zoster [64].

Family History
Genetic susceptibility to herpes zoster may vary among individuals which raises the 
question as to whether family history is related to the development of herpes zoster. 
Three case-control studies have addressed this issue and all discovered a positive 
relationship. The adjusted odds ratios for first-degree relatives with past herpes zos-
ter in cases versus controls were 4.35 (95 % CI 3.11–6.09) [51], 4.44 (95 % CI 
3.11–6.35) [50], and 3.69 (95 % CI 1.81–7.51) [64] in these studies.

4.2.4   Transmission of Varicella-Zoster Virus (VZV) 
and Herpes Zoster

Herpes zoster epidemiology is ultimately determined by the transmission and spread 
of VZV in populations. The most important condition in the spread of VZV is pri-
mary varicella (chickenpox) infection but the incidence of varicella has declined 
markedly in countries with varicella vaccination programs. Latent and reactivated 
VZV infections play important roles in maintaining VZV infection in populations. 
Latently infected elderly adults and immunosuppressed patients are important res-
ervoirs of virus because VZV is more likely to reactivate in these groups. When 
herpes zoster does occur, VZV can be transmitted during the vesicular phase of the 
rash and cause primary varicella infection when the zoster exposure consists of 
person-to-person contact with a VZV seronegative individual. VZV exposure in a 
seropositive, latently infected individual may result in a subclinical reinfection and 
boost of humoral and cellular VZV immunity, but it is unlikely to cause varicella or 
herpes zoster [1]. Investigators have reported clusters of zoster cases over a short 
period of time in the workplace and have reported zoster after prior exposure to vari-
cella [3, 86]. It is not clear whether these episodes are coincidence, a clinical mani-
festation of exogenous reinfection, or stimulation of endogenous VZV reactivation. 
It is clear that the great majority of exposures of latently infected individuals with 
herpes zoster or varicella do not result in herpes zoster or varicella. However, herpes 
zoster or varicella exposure in latently infected individuals may possibly prevent 
herpes zoster as a consequence of the boosting of VZV immunity.

4.3  Postherpetic Neuralgia

In a considerable percentage of patients with herpes zoster, pain persists following 
healing of the rash. Persisting herpes zoster pain is termed postherpetic neuralgia 
(PHN), a chronic pain syndrome which can last for years and cause substantial 

4 The Epidemiology and Natural History of Herpes Zoster and Postherpetic Neuralgia



34

suffering and reduction in quality of life. Three different types of pain have been 
distinguished in research on PHN—a steady ongoing throbbing, aching, or burning 
pain; an intermittent shooting or shock-like pain; and allodynia [5, 8, 58]. As is true 
of other chronic pain syndromes, PHN patients can develop depression and other 
types of psychological distress as well as physical, occupational, and social disabil-
ity as a consequence of their unremitting pain [9, 21, 58]. For example, in a prospec-
tive study of health-related quality of life in herpes zoster patients, a high proportion 
of patients who went on to develop PHN reported anxiety, depression, and problems 
with mobility and self-care on the EuroQol EQ-5D [21]. PHN interfered mostly 
with enjoyment of life, mood and sleep as well as activities of daily living because 
of pain as measured by the Zoster Brief Pain Inventory. Studies using generic health-
related quality of life measures such as the SF-36, SF-12, or EQ-5D find that physi-
cal and mental health component scores are consistently lower (worse) in PHN 
patients than general population norms [9, 109]. Not surprising, the magnitude of 
impact of PHN on the quality of life is directly proportional to increasing pain 
severity.

Pain in PHN can be discontinuous, with pain-free intervals of varying durations 
occurring [57, 70, 112]. In a study of 156 patients with PHN, Watson et al. [112] 
noted that “25 % of patients with a poor outcome said that they could recall a time 
after the rash when they had little or no pain for a period of weeks to as much as 
12 months.” Consistent with these findings are the results of a long-term follow-up 
study of patients originally enrolled in an antiviral trial conducted in the UK; 16 of 
132 patients who had reported no pain upon completion of participation in the trial 
9 years earlier reported pain within the preceding year [70]. Moreover, PHN can 
develop even in herpes zoster patients who have not had acute pain [57].

4.3.1   Definitions of PHN

A variety of definitions of PHN have been used by clinicians and investigators, 
ranging from any pain persisting after rash healing to pain that has persisted at least 
60, 90, 120 days or 6 months after rash onset to clinically meaningful pain (e.g., 
three or more on ten-point pain scale) 3 months or more after rash onset [24, 25, 27, 
58, 85, 106]. Some authorities view any pain at least 90 days after rash onset to 
represent a conventional definition of PHN [58]. An analysis of pain trajectories 
associated with herpes zoster suggests three phases—an acute herpetic neuralgia 
that accompanies the rash and lasts for approximately 30 days after rash onset, a 
subacute herpetic neuralgia that lasts from 30 to 120 days after rash onset, and PHN, 
defined as pain that persists for at least 120 days after rash onset [19].

Pain in herpes zoster can also be considered as a zoster-associated pain contin-
uum where no distinction is made between acute pain and PHN [114, 118]. Zoster- 
associated pain has been used as the primary endpoint in antiviral trials where 
treatment efficacy is the time from enrollment in the trial to complete cessation of 
all herpes zoster-associated pain. Making a diagnosis of PHN and examining pain 
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as a continuum are not mutually exclusive approaches to studying the persistence of 
zoster pain; pain data collected on multiple occasions beginning during the acute 
infection and continuing for several months thereafter can be examined by using a 
continuum of pain duration as well as by analyzing the incidence and duration of 
PHN. Accordingly, in the following discussion of prolonged pain in patients with 
herpes zoster, findings based on a diagnosis of PHN, however defined, will be con-
sidered together with findings based on analyses in which zoster pain is examined 
as a continuum of overall pain duration.

4.3.2   Incidence and Prevalence of PHN

The number of herpes zoster patients with pain declines with time, and estimates 
of the proportion of patients who develop PHN therefore vary depending on the 
definition of PHN used as noted above. The prevalence of PHN varied from 5 to 
30 % in a systematic review of 49 studies from 1945 to 2012 that used a wide vari-
ety of PHN definitions and ages [62]. Among these studies, the results of recent 
large cohort studies are worth noting. In an analysis of 1669 herpes zoster patients 
in a population-based study of adult residents of Olmsted County, Minnesota 
(1996–2001), 10 % of patients developed PHN, defined as zoster-associated pain 
persisting at least 90  days [121]. In an analysis cohort of 27,225 herpes zoster 
patients ≥50 years old in the UK General Practice Research Database (2000–2006), 
13.7 % of patients developed PHN defined as any pain at least 3 months after her-
pes zoster diagnosis [34]. Of those patients, 58.5 % had moderate to severe pain. 
PHN occurred in 33 % of individuals aged 79 years and older. In a multicenter 
primary care-based study in France, (2007–2008) of 1358 herpes zoster patients 
≥50 years old, the prevalence of PHN was 11.6 % defined as any pain 3 months 
from rash onset [9]. An analysis of six prospective cohort studies revealed that 
approximately 30–50 % of patients with PHN experienced pain lasting for more 
than 1 year [62].

4.3.3   Risk Factors for PHN

There are a considerable number of studies in which risk factors for PHN have been 
investigated. The impetus for these studies has come from several sources, includ-
ing attempts to identify risk factors as a means of increasing understanding of the 
natural history and pathogenesis of PHN and to design interventions intended to 
prevent the development of PHN. Studies of risk factors for PHN make it possible 
to identify those zoster patients who have the greatest need for preventive efforts 
such as vaccines because of their increased risk of chronic pain. Although well over 
40 risk factors have been investigated in various studies, major risk factors that have 
been investigated in at least several cohort studies are presented below [31].
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4.3.3.1  Greater Age

Increasing age is among the stronger and most consistent risk factors for PHN. This 
fact has been demonstrated in cohort studies and placebo groups of clinical trials in 
studies in Europe, Asia, and North America [31]. In children with herpes zoster, the 
risk of PHN approaches zero [42, 56, 89]. The increasing risk of PHN with increas-
ing age was perhaps first best demonstrated by Hope-Simpson [56] in Cirencester, 
England; the prevalence of any pain one or more months after rash onset was 3–4 % 
in age groups 30–49 years but 21 %, 29 %, and 34 % in the age groups 60–69, 
70–79, and greater than 80 years, respectively [56]. Even among older adults, the 
risk of PHN increases with increasing age [104]. In the UK general practice data-
base study, PHN defined as any pain 3 months from rash onset was 11 %, 13 %, 
15 %, 18 %, and 21 % in age groups 65–69, 70–74, 75–79, and 80–84 years, respec-
tively. A meta-analysis of 18 cohort studies found that the 10-year increase in age 
on PHN risk was 1.22–3.11 per 10 years [31].

4.3.3.2  Greater Acute Pain Severity

The possibility that there may be a correlation between the duration of pain and the 
severity of pain on presentation in herpes zoster was proposed as a hypothesis sev-
eral years ago [119]. There are now a considerable number of independent studies 
that indicate that patients with more severe acute pain are at greater risk for both 
prolonged zoster pain assessed as a continuum and for PHN [31]. In addition, acute 
pain severe enough to interfere with activities of daily living and significantly 
impact quality of life has also been found to be a risk factor for PHN [9, 15, 61]. In 
a meta-analysis of eight cohort studies, severe acute pain increased the risk of PHN 
by more than twofold (rate ratio 2.23, 95 % CI 1.71–2.92) [31]. The relationship 
between acute pain severity and prolonged pain has been found in immunocompro-
mised patients [49] as well as immunocompetent patients.

The fact that greater acute pain severity increases risk for PHN has implications 
for the prevention of PHN. The focus of future research should therefore become 
the identification of mechanisms accounting for this relationship. In pursuing this 
task, a priority should be to conduct a careful examination of the specific aspects of 
acute zoster pain that predict the development of chronic pain. For example, is the 
predominant quality of pain in zoster—whether burning, throbbing, stabbing, or 
allodynia—associated with the risk of developing PHN? Stretch and brush induced 
allodynia as measured on a careful physical examination by pain specialists was 
associated with a fourfold to fivefold increase in risk of PHN in a study of 93 
patients with herpes zoster [46]. Allodynia as assessed on the Neuropathic Pain 
Symptom Inventory questionnaire was not independently associated with PHN [9]. 
Burning pain was much less likely to be reported by PHN patients whose zoster had 
been treated with acyclovir than by PHN patients who had not been treated with an 
antiviral drug [7, 8]. Additional prospective studies are needed to clarify the rela-
tionship between pain quality in zoster and the development of PHN.
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In several, but not all studies, the presence of prodromal pain was found to be 
associated with prolonged pain and the development of PHN [4, 15, 31, 60, 61, 
72, 115].

4.3.3.3  Greater Rash Severity

Several studies have reported that greater severity of the zoster cutaneous eruption 
is associated with prolonged pain and the development of PHN [15, 28, 49, 52–54, 
60, 72, 84, 114, 116]. The severity of the zoster rash has been assessed using a 
variety of methods in these studies, including counts of the number of vesicles and 
ratings of the proportion of the dermatome affected. In addition, the duration of 
time until the occurrence of various aspects of rash healing has been examined, 
including assessments of time to cessation of new vesicle formation and time to 
complete crusting. Few studies, however, have reported assessments of rash severity 
on multiple occasions, which would allow rash progression from onset to healing 
to be examined. Even fewer studies have evaluated the inter-rater reliability of their 
ratings of rash severity, which involve judgments with a subjective component.

4.3.3.4  Sensory Dysfunction

Herpes zoster patients with greater sensory abnormalities in the affected derma-
tome, compared to the contralateral unaffected dermatome, were found to be at 
greater risk for PHN in several studies [11, 44–46, 77, 79, 87, 92, 111]. Evaluations 
of sensory dysfunction in the affected dermatome included clinical assessments of 
hypoesthesia as well as quantitative sensory testing (e.g., elevated thermal and 
vibration thresholds). In a prospective study of 113 herpes zoster patients, pinprick 
hypoesthesia as well as dynamic and static mechanical allodynia were associated 
with the later development of PHN [44–46]. Thermal and tactile thresholds, how-
ever, did not predict PHN in this study. In one prospective study of 94 herpes zoster 
patients, eventual PHN subjects had significantly more impairment in detecting 
warmth and cold, a larger area of altered sensation, a larger area of allodynia, and 
more severe allodynia [92, 94, 106]. The authors concluded that these results sup-
port the idea that severity of initial injury predicts PHN. Elevated vibration thresh-
olds outside the affected dermatome (i.e., in the hands and feet) in zoster patients 
predicted PHN [2]. These investigators concluded that a generalized subclinical 
large fiber polyneuropathy is a risk factor for PHN.

It has also been reported that there is greater sensory dysfunction in the affected 
dermatome in patients with PHN than in zoster patients whose pain did not persist 
[78]. The results of these studies indicate that sensory dysfunction can persist well 
beyond the acute phase of zoster and that it is a frequent concomitant of prolonged 
pain. This sensory dysfunction seems to be associated with ipsilateral [95] as well 
as bilateral [81] loss of cutaneous innervation.
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4.3.3.5  Immune Response

Greater magnitude and duration of the immune response in zoster patients has been 
reported to predict prolonged pain [52, 54]. Significant relationships were found 
between the immune response measures and rash severity, suggesting that a more 
pronounced VZV-specific immune response during zoster may predict prolonged 
pain because it reflects a more severe acute infection. The largest prospective study to 
date examined immune response and pain in 981 elderly persons who developed 
herpes zoster during a zoster vaccine efficacy trial and 1362 without herpes zoster. In 
this study, greater VZV cell-mediated immunity (CMI) responses in the first week 
after herpes zoster rash onset correlated with decreased herpes zoster pain severity 
and with lower occurrence of PHN, whereas higher VZV antibody levels were associ-
ated with higher herpes zoster pain severity and PHN [113]. These findings suggest 
that higher levels of VZV CMI soon after VZV reactivation result in reduced viral 
replication and a lower incidence of complications, such as pain and PHN. Conversely, 
a weak VZV CMI response allows the reactivated virus to replicate unchecked, 
resulting in greater antigenic stimulation of VZV immune responses as noted by 
increased VZV antibody levels and more pain. These observations are consistent with 
the notion that more severe acute infection is associated with PHN development.

4.3.3.6  Sex

Several investigators have examined whether there is a relationship between the 
patient’s sex and the risk of prolonged pain, and the majority of these studies have 
found that there were no significant differences in the risk for PHN among men and 
women [4, 15, 22, 28, 31, 56, 61, 82, 115, 120]. Among two well-conducted cohort 
studies that did find a significant sex difference in PHN risk, the findings were oppo-
site with one study reporting that males were at higher risk [9], whereas another 
study found that females were at higher risk [60].

4.3.3.7  Dermatome

The relationship between the specific dermatome affected in zoster and the risk of 
prolonged pain has been examined in a number of studies [15, 16, 22, 46, 53, 56, 60, 
61, 82, 93, 111]. Although the results of some of these studies suggested that the 
likelihood of PHN is greater in patients with ophthalmic or trigeminal zoster, this 
relationship was not found as an independent risk factor in several studies [31].

4.3.3.8  Psychosocial Risk Factors

The risk factors for PHN discussed to this point have consisted of demographic and 
biomedical characteristics of zoster patients. It has also been suggested that psycho-
social factors might play a role in determining which patients will have pain that 
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persists. Prospective studies are necessary to determine whether variables that may 
plausibly be either antecedents or consequences of chronic pain are risk factors. In a 
prospective study of a small sample of zoster patients, those who developed PHN had 
lower life satisfaction and greater depression, anxiety, and disease conviction during 
their acute infection than patients who did not develop PHN [26]. A larger prospec-
tive study of 110 herpes zoster patients found that measures of role functioning, 
personality disorder symptoms, disease conviction hypochondriasis, somatosensory 
amplification, and somatic symptoms during herpes zoster each made independent 
contributions to predicting either the presence or intensity of PHN [61]. Depression 
and anxiety were not independently associated with PHN in this study and two other 
large prospective studies [9, 61, 84]. However, affective distress was a risk factor for 
PHN in a natural history study of 94 patients following herpes zoster [106].

4.4  Conclusions

As discussed previously, there is evidence that the incidence of zoster has increased 
in recent decades. Despite the availability of an effective live attenuated zoster vac-
cine, vaccine uptake by the target populations has been low. Therefore, it is possible 
that the number of patients suffering from herpes zoster and PHN will continue to 
be a significant problem. PHN could become more prevalent not only because of 
this increased incidence of zoster but also because PHN is more likely to develop in 
the older individuals whose numbers are increasing. Because PHN patients suffer 
from physical and social disability and psychological distress and have greatly 
increased health-care utilization as a result of their chronic pain, PHN could con-
tinue to have a major impact on public health unless we better utilize preventive 
measures. The newly described highly effective (over 90 %) subunit glycoprotein E 
vaccine, which is adjuvanted, not infectious, and effective even in the elderly, may, 
however, change this paradigm if it is well received and utilized widely [63].
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Chapter 5
Herpes Zoster Ophthalmicus

Emma Davies, James Chodosh, and Deborah Pavan-Langston

5.1  Epidemiology

Herpes zoster ophthalmicus (HZO) is the reactivation of latent varicella zoster virus 
(VZV) in the first and/or second division of the trigeminal nerve. The dermatome 
served by the trigeminal nerve is a common site for reactivation, second only to the 
thoracic dermatomes, with approximately 250,000 cases of HZO annually in the 
United States [1, 2]. Several studies have demonstrated a steadily increased inci-
dence of HZO over the past two decades. In one study of Medicare enrollees, the 
incidence of HZO was found to increase from 1.7 per 1000  in 1993 to 4.4 per 
1000 in 2006 [3]. There are several possible explanations for this rise in incidence 
including the aging population, increased number of immunocompromised patients, 
and introduction of the varicella vaccination. It has been hypothesized that VZV 
reactivates in the setting of waning T cell immunity, as occurs with aging (greatest 
decline in immune system response occurs in the fifth to seventh decade of life) and 
immunocompromised (from HIV, blood dyscrasias, and the use of immunosuppres-
sant medications) [4]. While the introduction of a mandatory two-dose varicella 
vaccination program in the United States in 2006 has been suggested to reduce 
repeat exposure to VZV and therefore limit natural immune boosting against VZV 
in adults [5–8], this is by no means an accepted theory. Additional details on this 
subject are presented in Chap. 2. Herpes zoster reactivation has never reliably been 
shown to have a racial or gender predilection.

In the face of increased incidence of herpes zoster infection, the US FDA 
approved the use of zoster vaccination in persons 60 years of age or older in 2006 
and extended approval to persons aged 50–59 in 2011 [9]. The zoster vaccination 
has been demonstrated to reduce the incidence of herpes zoster by 51.3 % as well as 
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reduce the severity (including eye complications) of the cases that occur [10]. 
However, the rates of varicella vaccination in the United States have remained dis-
appointingly low at around 14.4 % of the eligible population by 2010 [1, 11].

5.2  Acute HZO

Initial symptoms of HZO are usually fever, malaise, chills, and severe pain in the 
distribution of the ophthalmic division of the trigeminal nerve (V-1). Approximately 
93 % of patients with HZO suffer from acute pain with 33 % having persistence of 
pain for 6 months or longer [12]. A dermatomal rash develops up to 7 days after the 
onset of pain in 90 % of patients [13]. The rash appears as multiple crops of vesicles 
on an erythematous base (“water drops on a rose petal”) distributed along the V-1 
dermatome and sharply respecting the vertical midline (Fig. 5.1). Over a period of 
2–4 weeks, these lesions rupture and then crust over to form eschars. Scarring with 
hypopigmentation or hyperpigmentation may occur in deep lesions and persist. 
Rarely, in <1 % of cases, HZO occurs without a dermatomal rash in a variant of 
zoster termed zoster sine herpete [14].

There are three major branches of V-1, namely, the frontal, lacrimal, and naso-
ciliary nerves. Since the nasociliary nerve innervates the cornea, the most serious 
ocular involvement develops if this branch is affected by VZV. Classically, involve-
ment of the tip of the nose (Hutchinson’s sign) was thought to be a clinical predictor 
of ocular involvement. However, while patients with a positive Hutchinson’s sign 
have twice the incidence of ocular involvement, one-third of patients without the 
sign also develop ocular manifestations [15]. A summary of ocular findings in 
patients with HZO is presented in Table 5.1.

One of the most common acute ocular manifestations of HZO is conjunctivitis, 
typically a diffuse follicular conjunctivitis. Other manifestations in the conjunctiva 

Fig. 5.1 Image of a 
patient with vesicular 
lesions in the right V1 
distribution that respect the 
vertical meridian, 
consistent with a diagnosis 
of acute herpes zoster 
ophthalmicus
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Table 5.1 Ocular involvement in herpes zoster ophthalmicus

Structure involved Signs Onset

Eyelid/conjunctiva

Blepharoconjunctivitis Cutaneous macular rash of eyelids 
respecting midline

Day 1

Papillary conjunctivitis Day 2–3
Vesicular lesions Day 4–6

Secondary Staph. aureus 
infection

Honey-yellow crusting along lesions Week 1–2

Cicatricial entropion/ectropion Eyelid malposition Month >3
Episclera/sclera

Episcleritis/scleritis Diffuse or localized redness and pain Week 1
Cornea

Punctate epithelial keratitis Swollen epithelial cells Day 1–2
Pseudodendritiform keratitis Raised infected epithelium with tapered 

endings
Day 4–6

Stromal keratitis Nummular subepithelial infiltrates with 
well-delineated borders

Months 1–3

Disk-shaped stromal edema with 
underlying keratic precipitates

Months 3–6

Corneal edema with deep corneal 
neovascularization and lipid

Months 3–6

Mucous plaque keratopathy Gray linear/branching plaque adherent to 
the surface

Months 3-year 
2

Peripheral ulcerative keratitis Peripheral ulcerative keratitis adjacent to 
the zone of limbal vasculitis

Months-years

Neurotrophic keratitis Punctate epithelial defects Months-years
Punched-out oval nonhealing epithelial 
defect

Months-years

Corneal ulcers Months-years
Anterior chamber

Iridocyclitis Raised intraocular pressure, keratic 
precipitates, sectoral iris atrophy

Week 1–3

Retina/vitreous

Acute retinal necrosis Peripheral necrosis, vitritis, rapid spread, 
immunocompetent patient

Varies

Progressive outer retinal necrosis Necrosis typically in posterior pole, 
immunocompromised patient

Varies

Occlusive vasculitis Vascular leakage on fluorescein 
angiography

Varies

Cranial nerves

Optic neuritis Swollen, edematous optic nerve head Varies
Oculomotor palsies Extraocular motility abnormalities Varies
Facial palsy Lagophthalmos Week 

2-months

5 Herpes Zoster Ophthalmicus
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have also been documented in HZO, ranging from simple papillary conjunctivitis to 
rare membrane formation with cicatrizing conjunctivitis with permanent lid scar-
ring [16]. Episcleritis and scleritis may ensue rapidly after the onset of acute HZO 
and represent an inflammatory response to VZV. The scleritis is usually anterior and 
may be diffuse or nodular (Fig. 5.2). Severe, recurrent scleritis can occur with HZO 
and result in sclera thinning and atrophy [16].

Corneal involvement occurs in about 65 % of HZO cases and assumes three gen-
eral forms: epithelial keratitis, neurotrophic keratopathy, and stromal keratitis. 
Since corneal complications can result in significant visual loss, it is important to 
treat corneal involvement in HZO.

Epithelial keratitis in HZO may occur acutely or be chronic with frequent recur-
rences. The earliest manifestation of corneal involvement is punctate epithelial 
keratitis, characterized by swollen infected epithelial cells. These lesions may either 
resolve or progress into pseudodendrites, presenting typically 4–6 days after the 
initial HZO rash [17]. The pseudodendrites appear as elevated plaques of infected 
epithelium with tapered ends (Fig. 5.3). These can be differentiated from herpes 
simplex virus dendrites, which are frank epithelial defects with terminal bulbs. A 
less common form of chronic epithelial keratitis, occurring in approximately 13 % 
of HZO cases, is characterized by mucous plaque keratopathy and typically appears 
between 3 months and 2 years after reactivation of VZV [18]. The epithelial plaques 
appear as white-gray raised regions with well-delineated borders arranged in a lin-
ear or branched pattern that migrate across the cornea. Mucous plaque keratopathy 
is typically accompanied by a limbitis, stromal keratitis, diminished corneal sensa-
tion, or iritis [18]. HZO may also present as peripheral ulcerative keratitis, previ-
ously termed “serpiginous keratitis,” with infiltration and thinning adjacent to a 

Fig. 5.2 Slit lamp photograph of nodular anterior scleritis associated with herpes zoster ophthal-
micus, visualized by a bend in the narrow slit beam overlying the inflammatory nodule
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zone of limbal vasculitis [19]. This may progress to corneal neovascularization or 
perforation and needs to be treated aggressively.

Neurotrophic ulcers occur in more than 25 % of patients with HZO and are char-
acterized in the advanced state by an inferior, horizontally oval epithelial defect 
with rolled-under edges (Fig. 5.4) and eventually by underlying stromal thinning 
and scar [12]. However, neurotrophic keratopathy in the earliest stage presents as 

Fig. 5.3 Pseudodendrites on the cornea, as seen by slit lamp biomicroscopy. These appear as 
elevated plaques of infected epithelium with tapered ends

Fig. 5.4 Slit lamp photograph of a neurotrophic corneal ulcer in a patient with a history of herpes 
zoster ophthalmicus. A neurotrophic ulcer is characterized by a horizontally oval epithelial defect 
with rolled epithelial edges, with or without underlying stromal ulceration

5 Herpes Zoster Ophthalmicus
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punctate epithelial keratopathy in the same location. Neurotrophic ulcers are the 
direct result of VZV ganglionitis and manifest from a combination of factors, 
including loss of corneal epithelial subbasal nerve plexus with associated loss of 
trophic epithelial growth factors, corneal hypoesthesia and the inability to self- 
detect corneal trauma, aqueous tear deficiency due to reduced reflex tearing, and an 
abnormal blink reflex associated with reduced sensation [12]. Neurotrophic ulcers 
typically develop several months to years after acute HZO and if not treated 
 aggressively can lead to keratolysis, descemetocele formation, and ultimately cor-
neal perforation.

The pathogenesis of stromal keratitis in HZO is unknown. Dogma holds that HZO 
stromal keratitis is an immune reaction to viral antigen deposited either during acute 
VZV reactivation or from late subclinical migration of VZV from the sensory gan-
glion. The earliest form of stromal keratitis is nummular keratitis, which typically 
presents about 4 weeks after disease onset in about 25–30 % of patients with HZO 
[20]. Nummular keratitis is characterized by multiple, fine, coin-shaped,  granular 
infiltrates in the subepithelial stroma [20]. Although nummular keratitis typically 
occurs acutely, it may have a prolonged and/or recurrent course. Peripheral ulcerative 
keratitis in HZO (“serpiginous keratitis”) presents adjacent to a zone of limbal vas-
culitis [21]. Without intensive treatment, this may progress to neovascularization or 
perforation. Endothelial (“disciform”) keratitis appears as central, disk-shaped stro-
mal edema with underlying keratic precipitates (collections of lymphocytes along 
the endothelium). If untreated, endothelial keratitis produces scarring, neovascular-
ization, and lipid deposition [16]. Endothelial keratitis due to HZO cannot be distin-
guished from endothelial keratitis due to herpes simplex virus or other causes.

Iritis or iridocyclitis affects approximately 43 % of HZO patients acutely and 
may recur years later [22]. HZO can cause either a non-granulomatous or granulo-
matous iridocyclitis with extensive keratic precipitates and posterior synechiae. On 
histopathology, HZO iridocyclitis is characterized by an ischemic occlusive vascu-
litis that typically results in sectoral iris atrophy [23]. This sectoral iris atrophy dif-
fers from the diffuse iris atrophy seen in HSV-related iridocyclitis. Approximately 
56  % of patient with HZO iridocyclitis develop glaucoma [22]. Glaucoma may 
result from a variety of factors including blockage of the trabecular meshwork with 
cellular debris and iris pigment, pupillary block secondary to posterior synechiae 
formation, and intrinsic damage to the trabecular meshwork [24].

Retinitis in HZO is rare and can occur during acute reactivation of VZV or up to 
several decades afterward [20]. There are two general forms of retinitis, acute reti-
nal necrosis (ARN) typically in immunocompetent patients and progressive outer 
retinal necrosis (PORN) typically in immune-suppressed patients. ARN is charac-
terized by vitritis and a rapidly progressive peripheral retinal necrosis with hemor-
rhages and occlusive arteriolitis. ARN has been estimated to have an incidence of 
one case per 2 million people per year, with approximately 50 % of these cases 
attributed to VZV infection [25, 26]. PORN is characterized by the absence of vitri-
tis and scattered foci of deep retinal lesions classically in the posterior pole. The 
majority, approximately 70 %, of PORN cases are attributed to VZV infection [26]. 
Both ARN and PORN can have devastating consequences on vision due to occlu-
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sive vasculitis threatening the macula and retinal detachment, particularly if not 
treated early and aggressively.

HZO can affect several cranial nerves. Optic neuritis associated with HZO is 
rare, documented in about one in 400 HZO cases, and presents as either an isolated 
finding or in association with other neurological signs or macular edema from neu-
roretinitis [27]. Optic neuritis does not necessarily indicate central nervous system 
involvement because VZV can spread directly from the trigeminal nerve to the optic 
nerve in the orbit. However, all patients should undergo a lumbar puncture to evalu-
ate for pleocytosis indicative of meningeal involvement in order to initiate appropri-
ate treatment. Extraocular muscle palsies are a fairly common complication of 
HZO, occurring in approximately 31 % of HZO cases [28]. The oculomotor nerve 
is the most common extraocular nerve affected by HZO and typically presents in 
isolation (Fig. 5.5), but the trochlear nerve and abducens nerve can also be involved. 
Most cases of oculomotor nerve palsy in HZO resolve over several weeks to months 
leaving a minimal amount of residual ptosis.

Neuralgia, typified by constant boring pain, transient stabbing pain, or pain elic-
ited by superficial stimuli in the distribution of the affected dermatome, is more 
common in HZO than other forms of zoster. Acute neuralgia, lasting usually 
2–3 weeks after rash onset, is seen in less than 15 % of patients under 20 years, 
about 40 % in patients between 30 and 50 years, and only 20 % of patients over 
50 years [29]. In contrast, chronic postherpetic neuralgia (defined as pain lasting 
more than 1 year after rash onset) is seen in less than 4 % of patients under 20 years, 
10 % in those up to age 50 years, and 50 % or higher in those older than 50 years 
[29]. Post-herpetic neuralgia deeply impacts the quality of life of patients affected 
and may lead to suicide in elderly patients. The pathogenesis of postherpetic neural-

Fig. 5.5 Patient with an acute left oculomotor nerve (CN III) palsy, as demonstrated in this image 
by the inability for the left eye to infraduct (look down), in the setting of herpes zoster 
ophthalmicus
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gia is not completely elucidated, but it may result from acute damage to the sensory 
nervous system or chronic inflammation persisting in the trigeminal pathways after 
acute VZV infection has resolved.

5.3  HZO in HIV Patients

HZO can be an early clinical marker for human immunodeficiency virus (HIV) 
infection, particularly in patients younger than 40 years of age. Screening for HIV in 
every HZO patient younger than 40 years old is no longer recommended, but rather 
should be considered if high-risk factors are present. The clinical course of HZO in 
HIV-infected patients is often prolonged and more severe compared to the general 
population. The dermatitis in HIV-infected patients tends to involve multiple derma-
tomes. Several studies have documented that HIV-infected patients with HZO have 
an increased rate of keratitis, uveitis, ARN, PORN, and postherpetic neuralgia (after 
adjustment for age) [30, 31]. Overall, ocular complications and subsequent vision 
loss are estimated to occur in 50–78  % of HIV-infected patients compared to 
14–28 % in immunocompetent patients [32]. Recurrence of HZO is also more fre-
quent in HIV-infected patients compared to immunocompetent patients, in whom 
recurrence is very uncommon [31]. Such chronic, recurrent disease often requires 
intravenous antiviral therapy to induce resolution. Treatment of HZO in HIV-infected 
patients can be further complicated by the presence of acyclovir- resistant VZV 
infection, requiring the use of alternative drugs such as foscarnet [33].

5.4  Neurologic Complication

Stroke is a rare but serious complication of HZO that has been reported in both 
immunocompetent and immunocompromised patients. The pathogenesis is thought 
to be direct VZV invasion of the large cerebral arteries by extension from the 
trigeminal- innervated meninges [34]. The onset of neurologic symptoms, typically 
headache and contralateral hemiplegia, occurs typically about 7 weeks after acute 
onset of HZO [34]. Imaging studies show changes consistent with brain infarction, 
and arteriography demonstrates segmental inflammation of the proximal branches of 
the middle cerebral artery and anterior cerebral artery. The mortality rate among 
adults is 20 % to 25 % with a high probability of permanent neurologic sequelae [35].

5.5  Management of HZO

Treatment of acute HZO is aimed at cessation of viral replication with systemic 
antiviral medications and reduction of pain with tricyclic antidepressants (TCAs) 
and anticonvulsants (Table 5.2).
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Table 5.2 Guidelines to therapy of HZO

Manifestation Treatment recommendations

Dermatitis Treat for 7 days, preferably starting within 72 h of rash onset

Antiviral medication
Famciclovir 500 mg PO TID
Valacyclovir 1 g PO TID
Acyclovir 800 mg PO 5× daily

Acute and chronic pain Start with antiviral medication in high-risk patient, slowly up-titrate

Tricyclic antidepressants
Nortriptyline 10 mg PO QHS, increase by 25 mg/week up to 75 mg 
daily
Desipramine 10 mg PO QHS, increase by 25 mg/week up to 100 mg 
daily
Anticonvulsants
Gabapentin 300 mg PO TID, increase 1800–3600 mg/day
Use for mild to moderate pain

Topical agents
Lidocaine 2 % or 10 % gel, 5 % patch
Capsaicin 0.05 % ointment, 0.075 % cream, or 8 % patch

Episcleritis/scleritis Ibuprofen 400 mg PO TID with omeprazole 20 mg PO daily
Cicatrizing entropion/
ectropion

Lid repair surgery

Epithelial keratitis If persistent despite systemic antiviral, consider ganciclovir 0.15 % 
gel 5× daily

Trophic ulcer Topical antibiotic ophthalmic ointment and lubricating ointment
Lateral tarsorrhaphy to promote healing
Therapeutic soft contact lens to promote healing
Cyanoacrylate glue with contact lens if progressive thinning
Boston keratoprosthesis if significant scarring

Stromal keratitis/iritis Dose depending on the severity of inflammation

Topical steroids
1 % prednisolone maximum every 2 h, taper slowly by 50 % increments
0.1 % dexamethasone maximum every 2 h, taper slowly by 50 % 
increments

Glaucoma Topical aqueous suppressants
Beta-blockers (timolol, betaxolol, levobunolol)
Alpha-adrenergic agonists (brimonidine)
Carbonic anhydrase inhibitors (brinzolamide, dorzolamide)

ARN Standard therapy

Acyclovir 10 mg/kg IV every 8 h × 5–10 days then
Acyclovir 400–800 mg PO 5× daily × 6–12 weeks
Nonconventional therapy

Valacyclovir 2 g PO TID
Famciclovir 500 mg PO TID

PORN Antivirals (as above) plus

Intravitreal ganciclovir injection (2 mg in 0.8 mL)
Initiation of HAART
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Antiviral therapy is significantly more effective if begun within 72  h of rash 
onset. Acyclovir (800 mg five times daily for 7–10 days), famciclovir (500 mg three 
times daily for 7 days), and valacyclovir (1000 mg three times daily for 7 days) have 
been approved by the US Food and Drug Administration for the treatment of herpes 
zoster. These antiviral agents are phosphorylated by viral thymidine kinase to a tri-
phosphate form that inhibits viral replication. The most common side effects of 
antiviral medications are nausea and headache, which occur in no more than 
10–20 % of patients [34]. These medications are renally excreted, and so dosage 
adjustment is required for patients with renal insufficiency. Some preparations con-
tain lactose, but lactose-free versions are available and can be prescribed for lactose- 
intolerant patients.

Acyclovir was the first antiviral agent developed to treat zoster reactivation. In 
trials, the use of acyclovir compared to placebo in HZO patients decreases the sever-
ity and time with dermatitis, pain, and viral shedding [36, 37]. The use of acyclovir 
also significantly reduces the incidence and severity of keratopathy, scleritis, and 
iritis [37]. Furthermore, acyclovir limits the incidence of stromal immune keratitis 
and late-onset ocular inflammatory disease [37]. The effect of acyclovir on posther-
petic neuralgia is variable with some reports showing no efficacy in pain treatment, 
but a meta-analysis suggests significant decrease in the incidence and severity of 
chronic pain with the early use of acyclovir [34].

Famciclovir has been compared to acyclovir in the treatment of HZO. Famciclovir 
demonstrates similar reduction in the severity and duration of the dermatitis and 
ocular complications compared to acyclovir [38]. Furthermore, multiple studies 
have shown that famciclovir significantly reduces the incidence and severity of 
postherpetic neuralgia after HZO [34]. Famciclovir seems to be the most effective 
antiviral medication in reducing postherpetic neuralgia symptoms [39].

Valacyclovir appears to be as effective as acyclovir in limiting the dermatomal 
rash and reducing the severity and incidence of ocular complications keratitis, uve-
itis, and episcleritis [39]. Furthermore, valacyclovir has been demonstrated to be 
superior to acyclovir in decreasing the severity and incidence of postherpetic neu-
ralgia [39].

Treatment of acute and chronic pain in herpes zoster is discussed elsewhere in 
this book in greater detail, and the principles do not differ greatly in HZO. Tricyclic 
antidepressants (TCAs), preferably nortriptyline starting at 10  mg orally daily 
slowly up-titrated by 25 mg each week up to 75 mg orally daily, should be started 
along with antiviral therapy to treat acute pain symptoms and reduce the develop-
ment of postherpetic neuralgia in high-risk patients [40]. The most well-established 
risk factors for postherpetic neuralgia are older age, greater severity of acute pain 
during zoster, severe dermatitis, and a prodrome of dermatomal pain before rash 
onset [41]. The major side effects of TCAs are anticholinergic, including dry mouth, 
constipation, urinary retention, and drowsiness [40]. A less common but more sig-
nificant side effect is arrhythmia, and patients with a significant cardiac history 
should be started on a TCA cautiously [40]. Systemic therapy with anticonvulsants, 
such as gabapentin or pregabalin, is effective at controlling postherpetic neuralgia. 
Gabapentin can be started at a dose of 300 mg orally three times daily and slowly 
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up-titrated to a dose between 1800 and 3600 mg/day for full effect [41]. Gabapentin 
requires dose adjustment in renal insufficiency. The most common side effects are 
somnolence, dizziness, and peripheral edema. Gabapentin may be continued for 
months to years in order to control postherpetic neuralgia symptoms with periodic 
attempts at tapering.

If the combination of TCAs and anticonvulsants is not effective at treating 
postherpetic neuralgia symptoms, opioids such as tramadol, morphine, oxycodone, 
and methadone may be considered. If an opioid appears necessary, referral to a pain 
specialist for management should be considered. Topical agents, such as lidocaine 
(available as 2 % or 10 % gel and a 5 % patch) and capsaicin (available as an 8 % 
patch or a 0.075 % cream), are useful in the treatment of mild to moderate pain 
symptoms [41]. Both lidocaine cream and capsaicin cream should not be applied 
close to the eyes given the risk of ocular irritation.

5.6  Management of Ocular Complications

Episcleritis and scleritis respond slowly to nonsteroidal anti-inflammatory agents, 
such as ibuprofen 400 mg orally three times daily, with a concurrent proton pump 
inhibitor, such as omeprazole 20 mg orally daily, for prophylaxis against gastritis.

Lid reconstruction to repair cicatrizing ectropion or entropion can be performed 
to alleviate exposure keratopathy and trichiasis, respectively. The goal of these sur-
gical procedures is to limit corneal scarring and associated vision loss.

Epithelial keratitis typically resolves with the use of systemic antiviral medica-
tion alone. In a recent study of four immunocompromised patients with persistent 
pseudodendrites despite systemic antiviral medication, topical antiviral medication 
(ganciclovir 0.15 % gel administered five times daily) was successful in promoting 
healing of the corneal lesions in 7 days in all cases [42].

Trophic sterile ulcerations in the anesthetic zoster cornea are initially treated 
with frequent lubricating ointment and punctal occlusion. If conservative measures 
are unsuccessful, lateral tarsorrhaphy to narrow the lid opening (Fig. 5.6) or 
constant- wear, therapeutic contact lens can be utilized to promote healing. If the 
cornea begins to thin in an open ulcer, cyanoacrylate glue may be used to seal the 
ulcer (Fig. 5.7), and a therapeutic contact lens is placed over the eye to prevent the 
adhesive from dislodging with eyelid movement. Corneal transplantation (penetrat-
ing keratoplasty) has a limited role in HZO, because wound healing after surgery is 
compromised by the anesthetic state. Transplanted eyes heal poorly and have an 
increased chance of wound dehiscence. The use of the Boston keratoprosthesis in 
the eyes with severely scarred corneas due to HZO has been reported as an alterna-
tive to keratoplasty [43].

Stromal keratitis is treated with topical corticosteroids. Depending on the sever-
ity, starting doses may range from 1 % prednisolone or 0.1 % dexamethasone every 
2 h while awake to once daily. Tapering the frequency begins as the immune disease 
begins to lessen, with reduction in dose by 50 % increments over several weeks to 
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months. Typically, the lower the dose, the longer the taper, in order to prevent 
rebound inflammation. Lower-potency corticosteroids can be used to further taper 
without complete cessation of anti-inflammatory therapy. Intraocular pressure 
should be checked within 4–6 weeks of starting corticosteroid therapy and at mini-
mum every 4 months while on chronic treatment, because of the risk of glaucoma 
both from HZO and from the corticosteroids. If a corticosteroid-induced elevation 
of intraocular pressure occurs, alternative corticosteroids with less effect on intra-
ocular pressure, such as rimexolone 1 %, may be substituted.

Fig. 5.7 Slit lamp photograph of a neurotrophic corneal ulcer after cyanoacrylate glue patch (as 
highlighted by the outward bend in the narrow slit beam) for progressive thinning

Fig. 5.6 Image of a patient with a temporary lateral tarsorrhaphy (shown by the sutures and bol-
ster) along the lateral one-third of the eyelids in a patient with a neurotrophic corneal ulcer in the 
setting of herpes zoster ophthalmicus
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Iritis is treated with corticosteroids in a similar fashion to stromal keratitis. 
Dosage of the topical corticosteroid should be tailored to the severity of the anterior 
chamber inflammation. Elevated intraocular pressure can be treated with aqueous 
suppressant medications such as beta-blockers (timolol, betaxolol, levobunolol), 
alpha-adrenergic agonists (brimonidine), or carbonic anhydrase inhibitors (brinzol-
amide, dorzolamide). The use of prostaglandin analogues (latanoprost, travoprost, 
bimatoprost) in the setting of uveitis should be avoided given concerns regarding 
prostaglandin-induced uveitis. Elevated intraocular pressure in HZO can also occur 
due to trabeculitis and requires reinstitution of oral antiviral and treatment with topi-
cal corticosteroids. Thus, elevated intraocular pressure in patients with HZO on 
topical corticosteroids can present a diagnostic dilemma.

ARN and PORN are difficult to treat given the aggressive nature of zoster retini-
tis. The standard of care for the treatment of ARN consists of intravenous acyclovir 
10 mg/kg every 8 h for 5–10 days to treat active retinitis, followed by oral acyclovir 
400–800 mg five times daily for an additional 6–12 weeks to reduce the risk of 
involvement of the fellow eye [44]. Recent studies have demonstrated that the use of 
oral antiviral agents with superior bioavailability to acyclovir (valacyclovir 2 g three 
times daily or famciclovir 500 mg three times daily) in the treatment of ARN results 
in resolution of retinitis after 21 days, similar to cases treated with intravenous acy-
clovir [44, 45]. The treatment of PORN with systemic antiviral therapy alone, rang-
ing from acyclovir to foscarnet, does little to diminish the retinitis. More recently, a 
combination of systemic antiviral medications with intravitreal  ganciclovir injec-
tions (2 mg in 0.8 mL) was shown to result in improved visual outcomes [46]. The 
initiation of highly active antiretroviral therapy (HAART), in PORN cases occurring 
in HIV-infected patients, in combination with antiviral medications, can also 
improve visual outcomes [47]. One of the most frequent complications of both ARN 
and PORN, which occurs in approximately 50 % of cases, is retinal detachment [45, 
46]. Retinal detachment is treated with a variety of methods such as sclera buckling, 
vitrectomy, air-fluid exchange, endolaser photocoagulation, cryotherapy, and retinal 
tamponade with C3F8 gas or SF6 gas, but in general carries a poor prognosis [48].

5.7  Summary

The first division of the fifth cranial nerve is a common site for VZV reactivation 
and manifests as HZO. The myriad complications of HZO present risk to vision and 
quality of life. As the incidence of HZO continues to rise, clinicians need to be 
aware of the different manifestations and treatment. Indeed, early initiation of anti-
viral medication (such as famciclovir or valacyclovir) and tricyclic antidepressants 
(such as nortriptyline) may significantly alter the disease course. Increased utiliza-
tion of the herpes zoster vaccine in patients over the age of 50 should reduce the 
frequency and severity of the disease when the new subunit gE vaccine to prevent 
zoster is licensed [49].
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Chapter 6
Neurological Complications of Herpes Zoster

Maija Haanpää

6.1  Introduction

Varicella zoster virus (VZV) is an exclusively human neurotropic, double-stranded 
DNA alphaherpesvirus that resides dormant in sensory ganglia along the whole 
neuraxis after the primary infection, varicella. The most typical clinical manifesta-
tion of the reactivation is herpes zoster (HZ), usually painful dermatomal rash, 
which represents ganglionitis, peripheral neuritis, and dermatitis caused by 
VZV. Somatosensory abnormalities, caused primarily by neural inflammation, are 
common in acute HZ [36]. About one-third of the patients have mechanical allo-
dynia and one-fourth of patients have pinprick hypoesthesia, and the presence of 
these abnormalities elevates the risk of postherpetic neuralgia (PHN) [38]. In quan-
titative somatosensory testing, warm and cold thresholds are elevated in one-fifth 
and tactile thresholds are elevated in one-fourth of patients with HZ. All somatosen-
sory abnormalities tend to normalize with time [37], and most patients recover from 
zoster neuritis without any complications in some weeks.

Although HZ is a benign and self-limited disease in most patients, about 12 % 
develop at least one complication (Table 6.1). Of these, PHN is by far the most com-
mon, whereas neurological complications other than PHN are rare. A recent 
population- based retrospective database study from Israel reported that 2.5 % of 
patients with HZ had ophthalmic complications and 2.7  % had nerve palsies, 
whereas encephalitis, myelitis, and delayed contralateral hemiparesis were encoun-
tered by 0.03 % each [94]. The risk of neurological complications is increased in 
patients who are immunocompromised or have a disseminated form of the disease. 
Central nervous system (CNS) complications include meningitis, encephalitis, 
myelitis, and cerebral vasculitis. The most common mechanism of viral spread 
seems to be the direct extension of the infection into cerebrospinal fluid (CSF) 
spaces from the infected ganglia via the meningeal ramus, leading to local meningi-
tis [85, 88]. Because viremia is not uncommon in HZ [56], hematogenous spread to 
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CNS can take place especially in the immunocompromised patients [88]. In trigemi-
nal HZ, transaxonal spread from the infected ganglia into the brainstem and the 
cranial arteries can cause brainstem encephalitis and arteritis, respectively. In 
immunocompromised patients, a focal CNS infection can disseminate widely into 
the CNS parenchyma, and hematogenous infection of the subependymal microvas-
culature can lead to periventriculitis and ventriculitis with subsequent spread of the 
virus to distant parts of CNS [51, 88].

In addition to the CNS complications and peripheral sensory neuritis, lower 
motor neuron-type (i.e., peripheral) paresis can occur in HZ. Motor weakness can 
also be a part of the symptoms of encephalitis, myelitis, or cerebrovascular event 
caused by vasculitis. In these cases the paresis is of upper motor neuron type (i.e., 
central). The most common neurological complication of HZ, namely, PHN, is dis-
cussed in detail on other chapters. This chapter summarizes neurological manifesta-
tions of reactivation of VZV with or without rash focusing on immunocompetent 
patients.

6.2  Subclinical Spread of Inflammation into the Central 
Nervous System in Herpes Zoster

HZ has been regarded as a simple model of peripheral unilateral neuritis caused by 
VZV, but evidence from neuropathological reports suggests that viral invasion and 
inflammation may extend to the CNS as well. In addition to leptomeningitis, inflam-
matory changes in the anterior and posterior horn of the spinal cord and in the 
brainstem have been described [11, 20, 81, 88, 93].

A study describes a series of 56 immunocompetent HZ patients without clinical 
symptoms of the CNS infection [35]. CSF were obtained from 46 patients on day 1 to 
18 from the eruption of rash, and 16 consecutive patients with cranial or cervical HZ 
underwent magnetic resonance imaging (MRI) 1–5 weeks following rash. In 14/46 
(35 %) patients, there was evidence of VZV in the CSF either in the form of a positive 
PCR or anti-VZV-IgG. Leukocytosis (range 5–1440/μL) was found in 21/46 (46 %) 

Table 6.1 Complications of herpes zoster in two population-based studies from Rochester, 
Minnesota

Complication Galil et al. [24] Ragozzino et al. [79]

Any complication 11.6 % 12.0 %
Postherpetic neuralgiaa 7.9 % 9.3 %
Ocular complications 2.2 % 1.9 %
Motor deficit 0.9 % 1.0 %
Meningitis, encephalitis, or CNS vasculitis 0.5 % 0.2 %
Herpes zoster oticus 0.2 % 0.2 %

aDefined as pain continuing after healing of rash
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patients. Zoster-related MRI changes were found in the brainstem in 9/16 (56 %) 
patients and in the cervical cord in 2. This suggests an inflammatory process in the 
CNS parenchyma. Three patients had enhancement of the trigeminal nerve in addition 
to the brainstem lesions. According to these results, the entrance of the VZV into the 
CSF space is common in HZ, and MRI changes can often be detected in patients with 
cranial or cervical HZ without any symptoms of a CNS infection.

An earlier report compares the EEG findings in 42 patients with HZ and six 
patients with HZ-associated encephalitis [77]. Thirty-one percent of patients with 
HZ had EEG changes with reduced rhythm frequency ranging from 7 to 2 Hz activ-
ity. The location of HZ did not influence the frequency of EEG abnormalities. When 
compared to EEG in HZ-associated encephalitis, the findings were qualitatively the 
same but tended to be more severe in the encephalitis cases. The abnormal EEG 
findings suggest subclinical encephalitis in HZ patients, and the general symptoms 
such as prolonged fatigue after HZ may be explained by this.

6.3  Neurological Complications due to Reactivation 
of Varicella Zoster Virus Without Rash

It has been shown that VZV can reactivate subclinically [13, 27, 56] or without rash. 
Pain in a dermatomal distribution without rash due to reactivation of VZV is named 
“zoster sine herpete” [28]. Three virologically confirmed cases with radicular pain 
in thoracic segments have been reported [2, 28]. Cases of trigeminal “zoster sine 
herpete” have also been published [5, 15]. However, reactivation of VZV without 
rash encompasses a much broader syndrome complex than localized pain. In fact, 
VZV can affect all levels of the nervous system in the absence of skin lesion. It has 
been reported to cause multiple cranial neuropathies [31, 45, 58, 74], recurrent cra-
nial polyneuritis [21], persistent hiccups and vomiting with multiple cranial nerve 
palsy [97], abdominal wall paresis [7], polyneuritis [58], radiculoneuritis [21], 
meningoencephalitis [78], encephalitis [41, 58] myelitis [58], and cranial vasculitis 
[68, 71] without rash in immunocompetent individuals. In a Spanish series, VZV 
was the most common cause of acute aseptic meningitis in adults [17]. The diagno-
sis of nervous system infection by VZV may be confirmed by the presence of anti-
body to VZV in CSF even without detectable VZV D [21, 50]. A prospective study 
of 56 patients with pain in a dermatomal distribution without rash in a general prac-
tice setting, together with 81 matched control blood donors, showed that the pres-
ence of positive serologic test results and positive PCR results from circulating 
leukocytes was very similar to that seen in the control group, indicating that the 
presence of unexplained dermatomal pain did not identify clinical or subclinical 
reactivations. Thus, the routine use of antiviral agents for this purpose is not sup-
ported, and there is the added concern that such therapy might abort appropriate 
investigation of the etiology of the pain [60].
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6.4  Peripheral Motor Paresis

Although HZ affects primarily the sensory nervous system, segmental zoster pare-
sis has been recognized as a part of the HZ syndrome. Motor involvement follow-
ing HZ was first described in 1866 [6]. Segmental zoster paresis is characterized by 
focal motor weakness that appears in the same segment where the skin eruptions 
occur. Motor deficit may involve the muscles of the head, trunk, or extremities or 
may present as a visceral motor complication, such as colonic pseudo-obstruction 
or bladder. Cervical zoster may be associated with diaphragmatic paralysis.

According to population-based studies, the incidence of lower motor neuron- 
type paresis in HZ is about 1 % [24, 79], whereas in a study of 1210 zoster patients 
at the Mayo Clinic, incidence of segmental paresis was 5 % [90]. The low recorded 
incidence of motor deficit in thoracic HZ is probably related to the difficulty in 
diagnosing weakness of intercostal and abdominal muscles.

The pathogenesis of motor involvement is still controversial, but it is believed to 
be due to a direct viral spreading of the infection from the dorsal root ganglion to 
the anterior horn cells, adjacent motor nerve roots, or peripheral nerves. Immune- 
mediated mechanism with aseptic inflammation has also been suggested [7]. Motor 
damage may affect the root, plexus, or peripheral nerve.

Mononeuropathies of the median, ulnar, long thoracic, recurrent laryngeal and 
phrenic nerves have been described [61].

A review on segmental zoster paresis in the limbs including 138 patients reported 
that in the upper limbs weakness was most frequent in C5–C7 segments, and in 
lower limbs in L1–L4 segments [49]. In a retrospective series of zoster-associated 
mononeuropathies, most patients were immunocompetent. In MRI, enlargement of 
the affected nerves, T2 signal hyperintensity, and gadolinium enhancement of the 
affected nerve were found, and the changes were longitudinally extensive along the 
length of the affected nerve. Compared to more common radiculopathy as a cause 
of segmental motor paresis, zoster-associated mononeuropathy was associated with 
prolonged symptoms and a high rate of PHN [80].

In a patient with a rash in the groin and a weakness of the iliopsoas and quadri-
ceps muscles, contrast enhancement of the spinal nerve roots over several segments 
was observed on MRI, but on subsequent scanning, the enhancement was found to 
be confined to the rash segment [40]. These findings suggest a more widespread 
virus-induced inflammation than would have clinically been expected.

According to a recent literature review on segmental zoster abdominal wall pare-
sis, one-fifth of the patients have also visceral neuropathy that affected the gastroin-
testinal system such as constipation and colonic pseudo-obstruction [7]. The 
diagnosis of segmental abdominal zoster paresis is clinical by recognition of an 
abdominal or flank bulge after HZ. To confirm the diagnosis of segmental abdomi-
nal paresis or to exclude other etiologies related to abdominal wall protrusion, dif-
ferent diagnostic tests such as electrodiagnostic studies, MRI, computed tomography, 
and ultrasonography have been used.

In a small series, EMG revealed fibrillation in the paraspinal muscles in up to 70 % 
of patients with HZ [33], which suggests that subclinical motor involvement is 
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 common in HZ. In our own series of 40 immunocompetent patients with HZ, EMG 
abnormalities were detected in 21/40 (53 %) patients, subclinical in 13 and associated 
with motor paresis in 8 cases [34]. EMG changes were confined to the myotomes 
suggested by rash in nine patients and were more widespread in 12 patients. In five 
patients, the EMG changes became progressively more widespread in repeated exam-
inations in spite of good clinical recovery. Although the rash was unilateral in all 
patients, six patients had bilateral EMG changes in their paraspinal muscles. These 
findings suggest that the virus spreads centrally from ganglia into the spinal cord and 
further to anterior roots to cause peripheral motor paresis. EMG findings reported in 
HZ patients include fibrillation and positive sharp wave potentials, compatible with 
Wallerian degeneration; fasciculation potentials, compatible with axonal or anterior 
horn cell dysfunction; and polyphasic potentials, compatible with reinnervation [8, 
25, 34]. The onset of motor weakness is usually rapid, reaching peak levels within 
hours or days. The interval between the eruption of rash and the onset of weakness 
ranges from 1 day to several weeks [90]. The prognosis of clinical paresis is good, 
with a complete or nearly complete recovery of function in 75–100 % of patients [34, 
61, 90]. The prognosis is independent of the initial degree of weakness.

Some uncommon motor manifestations associated with HZ have been described in 
literature. Hemidiaphragmatic paresis associated with cervical zoster, even causing 
respiratory failure [12], and detrusor paralysis associated with sacral zoster and leading 
to urinary retention [25, 46] have been reported. Cases of the Guillain-Barré syndrome 
following shingles have also been described [9, 63, 73].

6.5  Involvement of Cranial Nerves

Cranial or cervical HZ may affect the cranial nerves, leading to the development of 
a characteristic catalogue of symptoms [4, 76, 84]. Zoster may be accompanied by 
ophthalmoplegia (most commonly affecting the third cranial nerve), optic neuritis, 
or both. Palsies of the lower cranial nerves occur less frequently. Cranial neuropathy 
often occurs weeks after acute zoster has developed. Because all cranial nerves are 
supplied by blood from the circulation of the carotid artery through small branches 
that supply groups of two or three cranial nerves, the occurrence of concurrent, 
contiguous cranial neuropathies suggests infection mediated by small vessels. 
Varicella zoster may spread transaxonally along trigeminal and other ganglionic 
afferent fibers from the carotid arteries to the vasa vasorum of small nerves [29].

6.5.1   Ophthalmoplegia

In an extensive review of 2250 cases of ophthalmic HZ, ocular muscle palsies (most 
frequently third nerve palsy) occurred in 13 % of cases [18]. A recent review of 110 
immunocompetent patients presenting with HZ ophthalmicus reported that four of 
them (4 %) experienced isolated cranial motor nerve palsies [39].
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Ocular motor cranial nerve paresis is reported in 5–31 % of patients with HZ 
ophthalmicus, but the occurrence of complete unilateral ophthalmoplegia (i.e., con-
current unilateral impairment of ocular ductions in all directions) is rarer [96]. 
Orbital apex syndrome involves dysfunction of ophthalmic division of the trigemi-
nal nerve, the oculomotor nerve (III), the trochlear nerve (IV), and the abducens 
nerve (VI), as well as dysfunction of the optic (II) nerve. HZ is one possible reason 
for orbital apex syndrome. Other causes, such as inflammatory, infectious, neoplas-
tic, traumatic, and vascular conditions, need to be excluded with MRI when 
HZ-caused orbital apex syndrome is suspected. Possible mechanisms of HZ-caused 
orbital apex syndrome include extensive inflammation around the posterior ciliary 
nerves and vessels with ocular ischemia; orbital soft tissue edema with direct com-
pression of cranial nerves III, IV, and VI; and direct spread of VZV from cranial 
nerve V to cranial nerves III, IV, and VI [54].

6.5.2   Herpes Zoster Oticus

In HZ oticus, also called the Ramsay Hunt syndrome, reactivation of VZV occurs 
in the geniculate ganglion, causing otalgia, auricular vesicles, and peripheral facial 
paralysis. However, the classic vesicular eruption of the pinna is not always pres-
ent; some 2–23 % of unilateral facial palsies without vesicles are actually zoster 
sine herpete [95]. If vesicles appear, they can appear before, during, or after the 
facial paralysis [82]. HZ oticus accounts for about 12 % of cases of facial palsy. In 
severe cases of HZ oticus, involvement of vestibulocochlear nerve leads to senso-
rineural hearing loss in 10 % and vestibular symptoms in 40 % [32]. HZ oticus is 
diagnosed clinically and is based on unilateral facial weakness plus vesicular 
lesions in ipsilateral ear, hard palate, or anterior 2/3 of the tongue [95]. The tradi-
tional diagnostic triad (otalgia, auricular vesicles, and facial paralysis) cannot be 
applied to the atypical presentations of HZ oticus such as multiple cranial nerve 
involvement or zoster sine herpete. The gold standard for diagnosing VZV reacti-
vation is PCR of skin, saliva, or middle ear fluid samples, but this is rarely done 
clinically [64].

In HZ oticus, multiple cranial nerves are often involved, particularly the eight, 
producing hearing impairment and vertigo, but cranial nerves V, IX, X, XI, and XII 
may also be affected [1, 4, 32, 84, 95]. On MRI, enhancement of the VII and VIII 
cranial nerves and the labyrinth is typical of HZ oticus [52, 75]. Cases of HZ oticus 
with a pontine lesion, suggesting concomitant brainstem encephalitis, have been 
reported [42, 62, 87]. Using PCR, VZV has been detected in the facial nerve sheath, 
mucosa of the middle ear, posterior auricular muscles, temporal bone, and CSF [65, 
92]. The prognosis of the facial paralysis in HZ oticus is poorer than in Bell’s palsy 
(i.e., idiopathic facial paralysis), but a meta-analysis of 12 Ramsay Hunt syndrome 
articles concluded that antiviral therapy plus steroids compared to steroids alone 
significantly improved facial nerve function recovery [10].
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6.6  The Central Nervous System Complications 
of Herpes Zoster

After zoster develops, VZV usually remains within ganglia. Sometimes, after reac-
tivation in either immunocompetent or, especially, immunocompromised patients, 
the virus spreads to the spinal cord or brain. Severely immunocompromised patients 
have the most severe complications of reactivation, the greatest depth of tissue pen-
etration, and the greatest amounts of recoverable virus [29].

6.6.1   Meningitis

VZV is a common cause of aseptic meningitis, which can present itself with or 
without rash. The rash may precede the meningeal symptoms or follow it. The 
course of the disease is benign; complete recovery may be expected in one to 2 
weeks [17].

6.6.2   Encephalitis

Encephalitis occurs in up to 5 % of the patients hospitalized because of HZ [59]. 
In addition to symptoms and signs of meningeal irritation, patients show signs of 
cerebral involvement. They may be disoriented, confused, somnolent, or agi-
tated, but their mental state improves during the following weeks in most cases 
[3, 41, 47]. Neuropsychological findings soon after HZ encephalitis include 
slowing of cognitive processes, memory impairment, and emotional and behav-
ioral changes, which is typical of subcortical-type cognitive impairment [41]. In 
the acute phase, EEG shows a generalized disturbance of background activity, 
and SPECT reveals bilateral, mostly frontal, perfusion defects in many patients 
[41, 47, 77]. In neuropathological examination, mononuclear leptomeningitis 
and localized or generalized alterations of the CNS parenchyma are seen [85]. 
The tendency for lesions of encephalitis to occur at gray-white matter junctions 
is compatible with the neuroradiological and neuropsychological findings [41]. 
The presence of these lesions warrants the diagnosis of multifocal leukoencepha-
litis and is regarded to indicate viral invasion to small intraparenchymal arteri-
oles causing small ischemic foci and subsequent development necrosis and 
demyelination [51]. The proportion of necrosis and demyelination depends on 
the degree of additional oligodendrocyte infection by the virus [12]. Although 
the prognosis of HZ encephalitis is good in most cases, cognitive impairment can 
remain permanent in some patients, and the disease may be even fatal in the 
immunocompromised.
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6.6.3   Myelitis

Symptoms of myelitis appear usually from days to weeks after the appearance of 
cutaneous zoster ipsilaterally to the rash, with motor dysfunction predominating 
and evolving into paraplegia, followed by spinothalamic and to a lesser extent pos-
terior column sensory deficit and sphincter disturbances [12, 17]. The outcome 
ranges from complete recovery to death, and the course of the disease may be acute, 
remitting-exacerbating, or chronic [28]. Pathological and virological analyses of the 
spinal cord from fatal cases have revealed frank invasion of VZV in the parenchyma 
[50] and, in some instances, spread of virus to adjacent nerve roots. The dorsal root 
entry zone and the posterior horn of the spinal cord segment corresponding to the 
affected dermatome are most severely involved. Spread of VZV into the spinal cord 
has been demonstrated in all patients in one series [12].

Forms of VZV myelopathy include a postinfectious process, direct infection of 
the spinal cord, or VZV vasculopathy [12, 17, 67]. Postinfectious VZV presents as 
a self-limiting, monophasic spastic paraparesis, with or without sensory features 
and sphincter problems, and usually occurs in immunocompetent patients days to 
weeks after acute varicella or zoster. VZV myelopathy can also present as an insidi-
ous, progressive, and sometimes, fatal myelitis, mostly in immunocompromised 
individuals [67]. VZV can also produce spinal cord infarction, identified by 
diffusion- weighted MRI and confirmed virologically [72]. Thus, VZV vasculopathy 
can cause stroke in the spinal cord as well as in the brain.

In a study of 31 patients with VZV myelitis (17 immunocompromised and 14 
immunocompetent), focal weakness, sensory impairment, and urinary dysfunc-
tion were the most common symptoms, being observed in 97  %, 81  %, and 
58 %, respectively [43]. Atypical presentation (zoster sine herpete, skin lesions 
developing after myelopathy, or irrelevant anatomical distribution of myelopa-
thy and zoster) was observed in 55 %, and immunocompromised patients were 
prone to atypical presentations. Outcome was good (ability to walk indepen-
dently or with an aid) in all immunocompetent patients but rare in immunocom-
promised patient.

Diagnosis is confirmed by the presence of VZV DNA or anti-VZV IgG or both 
in CSF. MRI of the spinal cord may show local swelling and hyperintense lesions in 
T2-weighted images [22, 44, 91]. Gadolinium enhancement on T1-weighted images 
may be seen, suggesting severe inflammation leading to subsequent scarring [19]. 
Early diagnosis and aggressive treatment with intravenous acyclovir have been 
helpful, even in immunocompromised patients.

6.6.4   Cerebral Vasculopathy

VZV vasculopathy is caused by productive virus infection of cerebral arteries, 
resulting in pathologic vascular remodeling and transient ischemic attacks, isch-
emic or hemorrhagic stroke [67–69]. VZV is the only virus proven to cause transient 
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ischemic attacks and stroke in humans [89]. In addition to ischemic infarct, VZV 
vasculopathy has been reported to cause aneurysm, subarachnoid and cerebral hem-
orrhage, carotid dissection, and peripheral arterial disease [30].

While the exact incidence is unknown, it is most likely more common than previ-
ously believed given recent studies which showed that patients with HZ have a 30 % 
increased risk of stroke within the following year [48] and a 4.5-fold increased disk with 
ophthalmic-distribution zoster [55]. The neurological syndrome of thrombotic cerebral 
vasculopathy appears from days to months after the onset of rash, usually after ophthal-
mic HZ [57]. Cerebrovascular events after cervical [23, 83] or lingual [26] HZ have also 
been reported. Patients have clinical stroke- like symptoms, which usually suggest 
involvement of the territory of the ipsilateral carotid artery. The presentation of the neu-
rological symptoms is usually monophasic, but recurrent ischemic episodes, either tran-
sient ischemic attacks or cerebral infarcts, can be seen [86]. Imaging studies reveal an 
infarction in the distribution of the involved vessels, and angiography or magnetic reso-
nance angiography show the constriction or occlusion of the arteries, usually the anterior 
or middle cerebral artery [14, 53, 91]. In a recent series of 30 patients with VZV vascu-
lopathy, large and small arteries were involved in 50 %, small arteries in 37 %, and large 
arteries in only 13 % [68]. Neuropathological evaluation reveals localized arteritis with 
thrombosis, infarcts, and hemorrhagic lesions in the brain, and VZV antigens or virus-
like particles have been found in the wall of the affected vessels [14, 57]. Direct spread 
of the virus from the ganglionic reactivation sites to the arterial wall by neural pathways 
is regarded as the main cause of the vascular changes [53, 57, 86]. VZV must be consid-
ered as a possible cause of neurological disease in any patient with idiopathic vasculopa-
thy. Intravenous acyclovir is recommended as treatment. One case report is published of 
rapidly progressive multi-infarct  dementia after 2 years’ duration which was success-
fully treated with intravenous acyclovir [89].

Recently, a new variant of VZV vasculopathy, that is, multifocal VZV vasculopa-
thy with temporal artery infection, was reported in three case reports similar to those 
of giant cell arteritis [67]. All three patients presented with ischemic optic neuropathy, 
and VZV infection of the ipsilateral temporal artery was confirmed in all three patients. 
These cases raise the possibility that patients with suspected giant cell arteritis but 
whose arteries are pathologically negative for giant cell arteritis may have multifocal 
VZV vasculopathy with temporal artery infection, which was found to be true in one-
fifth of 24 patients in a recent series [70].

6.6.5   Diagnosis and Treatment of the Central Nervous System 
Complications of Herpes Zoster

In cases with recent rash associated with neurological symptoms, there is a clinical 
suspicion of a zoster-associated neurological complication, but in patients without 
rash, the diagnosis is more difficult. If the possibility of VZV as a causative agent 
comes into the clinician’s mind, both VZV PCR and antibodies against VZV should 
be determined in the CSF. MRI and, if necessary, magnetic resonance angiography 
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are the most appropriate imaging methods. Either positive PCR finding or evidence 
of the intrathecal antibody production against VZV suggests that VZV is the caus-
ative agent of the syndrome. In these cases, antiviral treatment with intravenous 
acyclovir (10–15 mg per kilogram of body weight three times daily for 7–10 days), 
and in cases of cerebrovascular vasculitis or Ramsay Hunt syndrome, a short-course 
prednisone treatment (1 mg/kg/day) is recommended [29].

6.7  Neurological Complications of the Fetus 
Following Maternal Herpes Zoster

Cases of congenital varicella syndrome following maternal HZ have been reported 
[66]. It includes cutaneous scars, eye abnormalities, limb hypoplasia, brain abnor-
malities (i.e., cortical atrophy, mental retardation, and seizures) and poor sphincter 
control. In a series of 201 neurologically symptomatic neonates, four (2 %) of them 
had intrathecal production of antibodies to VZV [66]. Chickenpox or HZ had not 
been observed in any of the mothers during pregnancy. The neonates with intrathe-
cal VZV antibody production had seizures as their only neurological symptom. This 
finding suggests that intrauterine VZV infection with neurological complications of 
the fetus can be acquired without cutaneous symptoms in the mother. It also sug-
gests that the clinical spectrum of congenital VZV infection seems to be broader 
than expected. The diagnosis is based on antibody measurements from serum and 
CSF. Antiviral treatment may prevent recurrent symptoms and progression of neu-
rological injury.

6.8  Summary

According to studies on HZ patients without symptoms of neurological complica-
tions, entrance of VZV into the CSF space is common, and MRI changes in the 
brainstem can also be detected quite often in patients with cranial or cervical zoster. 
Subclinical lower motor neuron involvement, detected by EMG, is not uncommon 
in patients with HZ. Aseptic meningitis caused by VZV is common, but the other 
forms of the CNS complications, i.e., encephalitis, myelitis, and cerebral vasculopa-
thy, are rare. Involvement of cranial nerves can cause cranial polyneuritis, of which 
Ramsay Hunt syndrome (vesicular rash on the auricle and facial paralysis) is the 
most well known. All these complications are caused mainly by the direct spread of 
the virus from the infected ganglion into the spinal cord or brainstem. As the spread 
of VZV and development of neurological symptoms can occur also in the absence 
of skin lesion, one must bear in mind VZV as a possible causative agent of various 
neurological symptoms. An early search for VZV viral DNA by PCR or antibody in 
the CSF is essential for diagnosis. If either of these is found to be positive, antiviral 
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treatment should be commenced without delay. The prognosis of neurological com-
plications is usually good in immunocompetent patients, but neurological sequelae 
such as cognitive impairment after encephalitis, weakness of the lower limbs or 
sphincter disturbances after myelitis, or spastic hemiparesis or aphasia after cere-
bral infarction can remain in some patients. In the immunocompromised patients, 
the neurological complications of HZ can be even fatal, but even in this group of 
patients, early diagnosis and aggressive treatment may produce a favorable response.
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Chapter 7
The Role of Varicella Zoster Virus in Giant 
Cell Arteritis

Maria A. Nagel and Don Gilden

Abbreviations

APD Afferent pupillary defect
CSF Cerebrospinal fluid
GCA Giant cell arteritis
HSV-1 Herpes simplex virus type 1
ION Ischemic optic neuropathy
OD Right eye
OS Left eye
TA Temporal artery
VZV Varicella zoster virus

7.1  Introduction

Varicella zoster virus (VZV) is an exclusively human neurotropic alphaherpesvirus. 
Primary VZV infection causes varicella (chickenpox), after which virus becomes 
latent in ganglionic neurons along the entire neuraxis. As VZV-specific cell- 
mediated immunity wanes in elderly and immunocompromised individuals, virus 
reactivates, resulting in herpes zoster (shingles). Zoster may be complicated by per-
sistent dermatomal distribution pain for months or years (postherpetic neuralgia), 
with increasing age as a significant risk factor. Zoster may be further complicated 

M.A. Nagel, MD (*) 
Department of Neurology, University of Colorado School of Medicine,  
12700 E. 19th Avenue, Mail Stop B182, Aurora, CO 80045, USA
e-mail: maria.nagel@ucdenver.edu 

D. Gilden, MD 
Departments of Neurology and Immunology and Microbiology, University of Colorado 
School of Medicine, 12700 E. 19th Avenue, Mail Stop B182, Aurora, CO 80045, USA
e-mail: don.gilden@ucdenver.edu

mailto:maria.nagel@ucdenver.edu
mailto:don.gilden@ucdenver.edu


78

by other serious neurological diseases such as meningoencephalitis, cerebellitis, 
isolated or multiple cranial nerve palsies (polyneuritis cranialis), myelitis, and vas-
culopathy, as well as multiple ocular disorders. Importantly, these neurological and 
ocular disorders can also develop in the absence of zoster rash. The incidence and 
severity of zoster is best viewed as a continuum in immunodeficient individuals, 
ranging from a natural decline in VZV-specific immunity with advancing age to 
more serious host immune deficits encountered in organ transplant recipients, as 
well as patients with cancer or AIDS or on immunosuppressive therapies.

VZV is the only human virus that has been shown to replicate in arteries and 
cause stroke (VZV vasculopathy). VZV reactivation from cranial nerve ganglia is 
followed by transaxonal spread of virus to cerebral arteries, leading to productive 
virus infection, inflammation, pathological vascular remodeling, and stroke [1, 8]. 
Examination of virus-infected arteries from patients with virologically confirmed 
VZV vasculopathy reveals transmural inflammation, medial damage, multinucle-
ated and epithelioid cells, disrupted internal elastic lamina, and a thickened intima 
composed of myofibroblasts [9]. Inflammatory cells in VZV-infected arteries con-
sist predominantly of CD4 and CD8 T cells and macrophages, with neutrophils 
more prominent during early disease [10].

Giant cell arteritis (GCA) is the most common systemic cause of vasculitis in the 
elderly and is characterized by head/scalp pain, temporal artery (TA) tenderness, 
jaw claudication, vision loss, and elevated inflammatory markers (erythrocyte sedi-
mentation rate (ESR) and C-reactive protein). The gold standard for diagnosis is TA 
biopsy which reveals transmural inflammation, medial necrosis, and macrophage/
epithelioid cells in noncontiguous “skip” regions; importantly, many patients with 
clinical features of GCA are “biopsy negative” which has been attributed to missed 
pathology due to skip regions. Standard treatment for GCA is long-term corticoste-
roids, although up to 50 % of patients relapse during taper or progress to vision loss 
or stroke. The cause of GCA was unknown. Importantly, the pathologies of intrace-
rebral VZV vasculopathy and GCA are identical, indicating that GCA is primarily 
extracerebral VZV vasculopathy. Recent correlative clinicopathological-virological 
case reports demonstrated an association of VZV infection with GCA, thus expand-
ing the spectrum of intracerebral VZV vasculopathy to extracerebral VZV 
vasculopathy.

7.2  Case Reports of GCA and VZV Vasculopathy

One of the first cases that emerged was of an 80-year-old man who developed left 
ophthalmic-distribution zoster and ipsilateral ischemic optic neuropathy (ION) 
[16]. A TA biopsy revealed inflammation, but not the more extensive histopathology 
characteristic of GCA, as well as abundant VZV antigen in the arterial adventitia 
and less in the media. No improvement was seen on corticosteroid treatment; when 
VZV antigen was reported in the TA, the patient was treated with intravenous acy-
clovir and vision recovered. The final diagnosis was VZV-induced ION and 
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subclinical TA infection after zoster rash. The presence of VZV predominantly in 
the adventitia supported the notion that virus entered arteries through nerve fibers 
within the adventitia and spread transmurally.

Another patient was a 75-year-old woman who developed periorbital pain and 
blurred vision OS without zoster rash [11]. Visual acuity was 20/40 OD, 20/400 OS, 
with a mild left relative afferent pupillary defect (APD); the left optic nerve was 
swollen and hyperemic with peripapillary flame hemorrhages. Erythrocyte sedi-
mentation rate (ESR) was elevated (124 mm/h). She was treated with intravenous 
methylprednisolone, 250 mg q 6 h, with improvement of headaches and vision by 
day 3. Lab results revealed an ESR of 98 mm/hr and C-reactive protein of 1.40 mg%; 
rheumatoid factor, ANA, and ANCA titers were negative. On day 4, left TA biopsy 
was GCA negative and steroids were changed to oral prednisone, 60 mg daily. On 
day 7, brain MRI with gadolinium was negative. On day 9, pain and vision wors-
ened. On day 11, orbital CT and head CT angiography were negative. On day 15, 
visual acuity was 20/400 OS with relative left APD. On day 17, the OS became 
blind and nonreactive to light; fundus was obscured by vitreous hemorrhage. 
Cerebrospinal fluid (CSF) contained 8 WBCs/mm3, protein 72 mg%, and glucose 
54 mg%. CSF cultures for bacteria, fungi, AFB, and cytology were negative. VZV 
ION was considered and intravenous acyclovir was started, 10  mg/kg q 8  h for 
7 days. On day 31, CSF contained anti-VZV IgG but not anti-herpes simplex virus 
type 1 (HSV-1) IgG antibody, and serum-to-CSF ratio of anti-VZV IgG was reduced 
compared to ratios for total IgG and albumin, indicating intrathecal synthesis of 
antibody to VZV. Immunohistochemistry and pathology revealed VZV antigen and 
neutrophils in the original left TA specimen. On day 31, she was treated with oral 
valacyclovir, 1  g TID for 6  weeks; prednisone was reduced to 20  mg daily and 
tapered to 5 mg/week. Six weeks later, pain resolved and visual acuity improved to 
finger-counting. The left optic nerve was pale, with clear margins and resolution of 
hemorrhage. Overall, another case of VZV ION with subclinical TA infection was 
found similar to the previous case, yet without a history of zoster rash.

Another remarkable case of VZV vasculopathy with clinical features of GCA 
was a 54-year-old diabetic woman who developed an ION followed by acute retinal 
necrosis and multiple areas of focal venous beading [6]. The vitreous fluid con-
tained amplifiable VZV DNA, but not HSV-1, CMV, or toxoplasma DNA.  The 
patient also complained of jaw claudication and intermittent scalp pain, prompting 
a TA biopsy that was pathologically negative for GCA but notable for the presence 
of VZV antigen. The case added to the clinical spectrum of multifocal VZV vascu-
lopathy in patients with TA biopsies that were histopathologically negative for 
GCA.

A more comprehensive study to address the incidence of VZV infection in 
archived GCA biopsy-negative TAs from subjects with clinically suspected GCA 
revealed VZV, but not HSV-1 antigen, in 5/24 (21 %) TAs of these patients [12]. 
Thirteen normal TAs did not contain VZV or HSV-1 antigen. Interestingly, all five 
subjects whose TAs contained VZV antigen presented with clinical and laboratory 
features of GCA, including early visual disturbances. Thus, it was evident that mul-
tifocal VZV vasculopathy can present with the full spectrum of clinical features and 
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laboratory abnormalities characteristic of GCA and that in GCA-negative/VZV- 
positive TAs, viral antigen predominated in the arterial adventitia.

These studies demonstrating a link between biopsy-negative GCA and VZV vas-
culopathy were followed by a final important case linking biopsy-positive GCA and 
VZV vasculopathy. During the continuing search for VZV antigen in GCA-negative 
TAs, the TA of one subject revealed abundant VZV antigen and VZV DNA in mul-
tiple skip areas spanning 350 μm, as well as in skeletal muscle adjacent to the 
infected TA; pathological analysis of sections adjacent to those containing viral 
antigen revealed inflammation involving the arterial media and abundant multinu-
cleated giant cells characteristic of GCA [13]. The detection of VZV followed by 
additional pathological studies led to a change in diagnosis from biopsy-negative 
GCA to biopsy-positive GCA. In three other such cases, the detection of VZV in a 
GCA-negative TA led to more extensive pathological studies and also a change in 
diagnosis to GCA.

7.3  Retrospective Analysis of Archived GCA-Positive 
and GCA-Negative Temporal Arteries

The case studies demonstrating a link between biopsy-negative and biopsy-positive 
GCA with VZV vasculopathy led to the hypothesis that VZV infection of arteries trig-
gers the inflammatory cascade of GCA. To test this hypothesis, formalin-fixed, paraf-
fin-embedded GCA-positive TA biopsies (50 sections/TA), including adjacent skeletal 
muscle, and normal TA biopsies from subjects >50 years of age were examined by 
immunohistochemistry for the presence and distribution of VZV antigen, as well as 
by electron microscopy for virions; sections adjacent to those containing VZV anti-
gen were examined by hematoxylin-eosin staining. DNA extracted from VZV anti-
gen-positive slides were analyzed by PCR for VZV DNA.  Consistent with prior 
studies of the association with VZV in GCA-positive and GCA-negative TAs [2, 14], 
a cumulative study of GCA-positive, GCA-negative, and normal TAs revealed VZV 
antigen in 73/104 (70 %) GCA-positive and 58/100 (58 %) GCA- negative TAs com-
pared to 11/61 (18  %) normal TAs (p  <  0.0001) [4]. In GCA- positive and GCA-
negative TAs, viral antigen was predominantly in the adventitia and present in skip 
areas. Of 58 GCA-positive, VZV antigen-positive TAs examined, all contained cel-
lular DNA and 23 (40 %) contained VZV DNA. Of 58 GCA- negative, VZV antigen-
positive TAs examined, 51 contained cellular DNA, 9 (18 %) of which contained 
VZV DNA. Nine of 11 normal VZV antigen-positive TAs contained cellular DNA, of 
which 3 (33 %) contained VZV DNA. Adventitial inflammation was seen adjacent to 
viral antigen in 26 (52 %) of 58 GCA-negative subjects whose TAs contained VZV 
antigen; no inflammation was seen in normal TAs containing VZV antigen. VZ viri-
ons were also found in a GCA-positive TA that contained VZV antigen (Fig. 7.1), 
indicating productive virus infection [2]. The finding of VZV antigen predominantly 
in adventitia of GCA-positive TAs and the presence of VZV with inflammation in the 
adventitia of GCA-negative TAs support the notion that after VZV reactivation from 
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ganglia, virus spreads transaxonally to the arterial adventitia followed by transmural 
spread with accompanying inflammation. The tempo and evolution of GCA (transmu-
ral inflammation and necrosis with giant and/or epithelioid cells) after virus infection 
of the adventitia and adventitial inflammation remains to be determined.

a b

c d

e f

Fig. 7.1 Immunofluorescence staining and ultrastructural imaging of VZV-infected temporal 
artery. Immunohistochemical staining with rabbit anti-VZV IE63 antibody revealed VZV antigen 
in the media (a, pink color), but not after staining with rabbit anti-HSV-1 antibody (b). 
Immunofluorescence staining with a mouse anti-VZV IgG antibody with different specificity from 
that used for immunohistochemistry revealed VZV antigen in the adventitia (c, red color), but not 
when primary antibody was omitted (d). Sections adjacent to those containing VZV antigen 
revealed an enveloped virus particle upon examination by transmission electron microscopy (e, 
arrow) and a cluster of virus particles in the adventitia egressing through an outer cell wall (f, 
arrows) by scanning electron microscopy. Viral particles appear slightly larger than 200  nm 
because they were sputter-coated with a gold alloy. Scale bars in e and f = 300 nm (From Gilden 
et al. [2]; reprinted with permission from Wolters Kluwer Health)
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7.4  Granulomatous Aortitis

Finally, because granulomatous arteritis characterizes the pathology not only of 
intracerebral VZV vasculopathy and GCA but also of granulomatous aortitis, and 
because intracerebral VZV vasculopathy and GCA are strongly associated with pro-
ductive VZV infection in cerebral and temporal arteries, respectively, we studied 
human aortas for VZV antigen and VZV DNA. Using three different anti-VZV anti-
bodies, we found VZV antigen in all of 11 aortas with pathologically verified granu-
lomatous aortitis, in one case of nongranulomatous aortitis, and in 5/18 (28  %) 
control aortas obtained at autopsy [5]. The presence of VZV antigen in granuloma-
tous aortitis was highly significant (P = 0.0001) as compared to control aortas, in 
which VZV antigen was never associated with pathology, indicating subclinical 
reactivation. VZV DNA was found in most aortas containing VZV antigen. The 
frequent clinical, radiological, and pathological involvement of the aorta and other 
large vessels in GCA patients correlates with the significant detection of VZV in 
granulomatous aortitis.

Granulomatous aortitis and other cardiovascular diseases due to VZV are not 
surprising since virus can reactivate from dorsal root and autonomic ganglia and 
travel transaxonally to cardiac vessels and the myocardium. In one case report, a 
60-year-old man who abused corticosteroids developed zoster and died 5 months 
later; at autopsy, VZV antigen was widespread in arteries and organs, including the 
coronary arteries, aorta, and the bundle of His. More generally, a self-controlled 
case series study showed a 2.4-fold increased risk of ischemic stroke and 1.7-fold 
increased risk of myocardial infarction within 2  weeks of zoster that gradually 
resolved over 6 months [7].

7.5  Treatment of GCA

As in the pathology of GCA, VZV antigen and associated inflammation are usually 
patchy and detected in noncontiguous skip areas. The research-focused evaluation 
of 50 sections per TA biopsy is not practical for routine diagnostic work-up, and, 
while immunohistochemical evaluation is worthwhile, a negative result does not 
rule out GCA or VZV reactivation. Rather, the clinician must consider the patient’s 
clinical and laboratory presentation.

As for treatment of GCA, no trials have yet been conducted to determine whether 
antivirals and steroids confer additional benefit to steroids alone. Although many 
GCA patients improve with steroids, there are numerous reports of GCA patients 
who not only fail steroids but also develop more disseminated VZV vasculopathy 
and die [3, 15]. If VZV triggers the immunopathology of GCA, antiviral treatment 
is likely to confer additional benefit to corticosteroid-treated GCA patients and may 
contribute to shortened corticosteroid treatment and its concurrent adverse effects, 
although the optimal antiviral regimen remains to be determined. Indeed, in one 
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case report of a patient with GCA and Takayasu arteritis who had failed corticoste-
roids, treatment with intravenous acyclovir led to dramatic clinical improvement 
consistent with a causative role for VZV. We currently treat GCA with prednisone, 
1 mg/kg, along with valacyclovir, 1 gm three times daily. If the patient improves 
after 4–6  weeks, we recommend tapering prednisone while continuing antiviral 
agents for another 4–6 weeks. Long-term antiviral drugs are far less risky than long- 
term steroids.

7.6  Conclusion

Virological analysis of TAs from patients with clinically suspected GCA whose 
TA biopsies were pathologically positive or negative revealed the presence of 
VZV in most TA biopsies, particularly in skip areas that correlate with adjacent 
GCA pathology or adventitial inflammation, supporting the notion that the major-
ity, if not all cases of GCA, are due to VZV.  The presence of VZV in GCA-
positive and GCA- negative TAs reflects the possible role of VZV in triggering the 
immunopathology of GCA and indicates the need for treatment in both groups of 
patients with clinically suspected GCA with antiviral drugs in addition to cortico-
steroids. Whether oral antiviral agents and steroids are as effective as intravenous 
acyclovir and steroids, as well as the dosage and duration of treatment, remains to 
be determined.
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8.1  Introduction

Herpes zoster is a substantial global public health problem: around 95 % of people 
have been infected with varicella zoster virus (90 % by the age of 15 years [1]). 
After primary infection the virus establishes lifelong latency, mainly in trigeminal 
and dorsal root ganglia [2]. Reactivation results in herpes zoster – a painful blister-
ing condition – which occurs in 25–35 % of people, rising to nearly half of those 
aged over 80 years. In the United States, there are an estimated one million cases per 
year, such that herpes zoster is the single most common infection of the nervous 
system [3]. In England and Wales, there are an estimated 88,650 (95 % C.I. 65,000–
113,000) cases annually in immunocompetent people aged ≥60  years, of whom 
18,200 (95 % C.I. 13,500–23,300) experience ongoing pain at 3 months and 1750 
(95 % C.I. 1300–2200) are hospitalised [4].

8.1.1   Complications of Herpes Zoster

Although the commonest complication is post-herpetic neuralgia, herpes zoster is 
associated with a range of inflammatory neurological and ocular complications. 
There is also increasing epidemiological evidence that herpes zoster may trigger 
acute vascular events among certain populations. These events may be local to the 
site affected by VZV reactivation, e.g. stroke following herpes zoster ophthalmicus, 
or may comprise more distant systemic complications such as acute coronary syn-
drome. This is in keeping with a growing body of literature highlighting the role of 
infections as vascular triggers, e.g. acute respiratory infections such as influenza 
and urinary tract infections are associated with increased myocardial infarction risk, 
especially among the elderly [5, 6]. Such insights raise the intriguing possibility that 
intervening to prevent or treat infections may reduce the risk of vascular complica-
tions. This is discussed further in Sect. 7.

8.2  Study Designs

Before reviewing the evidence, we first highlight key features of the major observa-
tional study designs used so far to investigate the relationship between VZV reacti-
vation and vascular events. We consider the advantages and disadvantages of the 
different study types especially in the context of research using electronic health 
records (EHRs).

 (i) Self-controlled case series studies

Originally developed from the cohort design to model the effect of transient 
exposures such as vaccines on short-term health outcomes such as risk of adverse 
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effects in time periods following vaccination, the self-controlled case series is based 
upon within-person comparisons [7]. It generates a measure of effect known as an 
incidence ratio through conditional Poisson regression. The incidence ratio relates 
the incidence of outcome events such as stroke occurring in time periods immedi-
ately following exposure, e.g. to herpes zoster to the incidence of outcomes occur-
ring in baseline time periods for each individual (Fig. 8.1).

As each person acts as their own control, this implicitly controls for the effect of 
fixed confounders such as gender and genetic factors. This is a major advantage for 
EHR studies: in routinely collected health data, many potential confounders may be 
unmeasured or poorly quantified, leading to difficulty controlling for these factors 
during analysis. With self-controlled case series, it is still possible to control for 
time-varying confounders in models. The use of within-person comparisons also 
helps to reduce selection biases associated with an inappropriate choice of control 
group that may distort the relationship between exposure and outcome in the study 
population compared to the general population. Although self-controlled case series 
is relatively statistically efficient compared to the cohort design, the statistical 
power of the study to detect an effect should be considered when interpreting results. 
As with any other observational study design, care must be taken to avoid bias due 
to misclassification of either outcome or exposure.

 (ii) Cohort studies

Cohort studies may be used to investigate the effect of an exposure such as her-
pes zoster on an outcome such as stroke. In these studies, groups of subjects exposed 
and unexposed to herpes zoster are followed over time and incidence rates of vascu-
lar events compared between groups using regression modelling. Prospective cohort 
studies follow exposed and unexposed subjects who are initially disease-free at 

First exposure Second exposure

Start of observation
period

28
days

Baseline period

Risk period after exposure (length varies depending 
on likely mechanism  of action)

28
days

Time

End of observation
period

Fig. 8.1 Timeline of one individual in a self-controlled case series showing risk periods and base-
line periods of follow-up
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baseline into the future, whereas historical cohort studies rely on the availability of 
adequate records from the past to identify outcome events occurring in exposed and 
unexposed groups (Fig. 8.2).

Cohort studies are useful to investigate the effect of an exposure on multiple 
outcomes, for establishing the temporal relationship between an exposure and an 
outcome (here ensuring that herpes zoster occurred before the vascular complica-
tion and not vice versa), providing a direct measure of outcome incidence and, to 
some extent, minimising biases compared to other designs such as the case control 
study. There are limitations, particularly with cohort studies that use routinely col-
lected EHR data: it may be difficult to control for all desired confounders because 
of missing data, information bias due to misclassification of exposure or outcome 
due to inaccurate recording could also distort the effect seen and differential loss to 
follow-up between exposed and unexposed groups in a cohort could introduce 
selection bias.

 (iii) Case control studies

Case control studies have a retrospective design, in which a comparison is per-
formed between ‘cases’, who are subjects with the disease or outcome of interest, 
and ‘controls’ or subjects who do not have the outcome under study. In a case con-
trol study, the presence or absence of previous exposure is compared between cases 
and controls, typically using logistic regression analysis (Fig. 8.3).

Some advantages of case control studies are that they allow investigation of rare 
outcomes and are relatively quick and cheap to conduct. They may enable investiga-
tion of exposures with long latent periods. Disadvantages of case control studies 

Unexposed

Exposed

Subjects
without
disease

Disease

No Disease

Disease

 No Disease

Folllowed over time

Fig. 8.2 Cohort study 
timeline

Exposed

Unexposed

Exposed

Unexposed

Cases

Controls

Time

Subjects selected
by disease status

Fig. 8.3 Case control study 
timeline
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include the potential for bias, the difficulty investigating rare exposures and the risk 
of reverse causality in which it is not possible to establish whether the exposure 
truly preceded the outcome.

8.3  Epidemiology of Shingles and Stroke

The majority of epidemiological evidence for a link between shingles and acute 
cerebrovascular events such as stroke or transient ischaemic attack (TIA) comes 
from observational studies conducted in large databases of electronic health records. 
A summary of these studies is given below.

 (i) Self-controlled case series studies

In the UK, Langan and colleagues conducted a self-controlled case series study 
using primary care records from the UK Clinical Practice Research Datalink 
(CPRD) to investigate the age-adjusted relative incidence of stroke in time periods 
following herpes zoster compared to other time periods. Data from 6584 individuals 
showed a 63  % increase in stroke incidence after herpes zoster in weeks 1–4 
(adjusted IR 1.63, 95 % C.I. 1.32–2.02), which gradually fell over time to baseline 
after week 26. A stronger effect was observed with HZO with the highest adjusted 
IR seen 5–12 weeks after zoster (IR 3.38, 95 % C.I. 2.18–5.24). The use of within- 
person comparisons implicitly controlled for the effect of fixed confounders in this 
analysis, which was an advantage compared to other studies [8]. Although studies 
using EHRs risk possible misclassification of outcome and exposure, this is likely 
to be random and therefore to dilute the size of any effects seen rather than to gener-
ate ‘false positive’ findings.

Recently the same group conducted a similar analysis of ischaemic stroke after 
herpes zoster using administrative claims data from Medicare – a health insurance 
plan that covers around 15 % of the US population, mainly those aged ≥ 65 years. 
Self-controlled case series analysis based on 42,954 individuals showed a marked 
transient increase in the relative incidence of stroke after herpes zoster – adjusted IR 
2.37 (95 % C.I. 2.17–2.59) in week one, followed by a gradual resolution over 6 
months [9]. Analysing data for cases of HZO separately gave similar results: 
adjusted IR 2.73 (95 % C.I. 2.22–3.35) for week one. While the self-controlled case 
series design has the advantages described above, even in a large database, there 
was limited power for some secondary analyses, e.g. differentiating the effect of HZ 
on haemorrhagic versus ischaemic strokes.

Another self-controlled case series study focussing on UK primary care data 
from four different databases (CPRD, THIN, QResearch and IMS Disease Analyser 
Mediplus) investigated the relative incidence of stroke after chickenpox in children 
and adults. Stroke incidence was increased in the 60 children included in the analy-
sis, IR 4.07 (95 % C.I. 1.96–8.45) for months 1–6, and to a lesser extent for the 500 
adults, IR 2.13 (95 % C.I. 1.05–4.36). No effect was seen on TIA and there was no 
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longer- term effect past 6 months [10]. As in the HZ studies above, this study was not 
 limited by between-person confounding, and although the sample size was modest, 
a clear effect was demonstrated.

In summary, a transient increase in risk of stroke was shown consistently in the 
6 months following chickenpox and herpes zoster in self-controlled case series stud-
ies using both UK and US primary care data. It was unclear whether HZO is associ-
ated with a greater stroke risk than HZ as the two studies comparing the effects of 
HZ and HZO on stroke gave conflicting results. There is no evidence from these 
studies that stroke risk persisted beyond 6 months.

 (ii) Cohort studies

In Taiwan a historical cohort of 7760 patients who had received treatment for 
acute herpes zoster between 1997 and 2001 was matched with 23,280 randomly 
selected subjects without a record of herpes zoster treatment using data from a 
national insurance database. In a period of 1 year following shingles, the adjusted 
hazard ratio for stroke after herpes zoster affecting any site was 1.31 (95  % C.I. 
1.06–1.60). The corresponding adjusted HR for stroke after HZO was 4.28 (95 % 
C.I. 2.01–9.03) [11]. In a similar study by the same group using the Taiwan National 
Health Insurance Research Database, 658 patients with a diagnosis of HZO in 2003 
and 2004 were compared to a cohort of 1974 randomly selected patients matched on 
age and sex. After adjusting for demographic characteristics, some comorbidities and 
medications, the HR for stroke after HZO was 4.52 (95 % C.I. 2.45–8.33) [12]. These 
studies were limited by a lack of adjustment for other important confounders such as 
obesity. They did not provide information on the timing of strokes in relation to HZ.

In the UK, a historical cohort of 106,601 HZ patients and 213,202 non-HZ 
patients matched for age, sex and general practice was identified in primary care 
data from the Health Improvement Network (THIN) and followed over 24 years. 
The adjusted HR for TIA was increased in all patients with herpes zoster (HR 1.15 
(95 % C.I. 1.09–1.21)) but it was not increased for stroke 1.02 (95 % C.I. 0.98–
1.07). Restricting to those with HZ aged under 40  years revealed a significant 
increase in the HR for stroke (1.74 (95 % C.I. 1.13–2.66)) and a higher HR for TIA 
(2.42 (95 % C.I. 1.34–4.36)) [13]. This study is not directly comparable to other 
studies described so far as it focussed on long-term rather than short-term effects of 
HZ. It is also difficult to exclude the potential for residual confounding in cohort 
studies based on routine clinical data.

In Denmark, a population cohort was devised of 4,620,980 adults resident in 
Denmark between 1995 and 2008. 117,926 patients with HZ were identified through 
prescriptions for antiviral drugs using the Danish National Register of Medicinal 
Product Statistics. Stroke/TIA (a composite outcome) was identified from hospital 
discharge diagnosis codes. The IRR for stroke after HZ was 2.27 (95 % C.I. 1.83–
2.82) for the time period up to 14 days. For 14 days to 1 year, the IRR was 1.17 
(95 % C.I. 1.09–1.24), falling to 1.05 (95 % C.I. 1.02–1.09) for >1 year. As with the 
previous study, the IRR was highest in the youngest age group <40 years (IRR 5.52 
(95 % C.I. 1.38–22.1)) compared to the oldest group (IRR 2.06 (95 % C.I. 1.62–
2.62)) for the time period <14 days [14]. As this study did not assess HZ diagnoses 
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directly, instead using prescription for antiviral drugs as a proxy, it assessed the 
effect of treated zoster on stroke. Risk of misclassification of exposure was likely to 
be significant in this study: the exposed group included individuals with any other 
conditions treated with the same antiviral agents, such as herpes simplex virus, and 
the unexposed could have included those with untreated HZ. As for the other cohort 
studies, residual confounding may have influenced results.

In Sweden, a population-based study used linked data from a primary healthcare 
register and Swedish patient register (for inpatient and outpatient hospital visits) cov-
ering the second largest county in Sweden to identify 13,296 patients with a HZ clini-
cal code between 2008 and 2010. Age- and sex-adjusted stroke incidence rates were 
calculated for these patients and compared to rates in the general population, giving 
an overall IRR of 1.34 (95 % C.I. 1.12–1.62). When restricted to patients aged under 
40 years, the IRR rose to 10.3 (95 % C.I. 3.87–27.6) [15]. In a nested validation 
study, 86 % of 112 randomly sampled HZ cases defined clinically could be verified 
through records review. Using a general population comparison group hindered the 
ability to control adequately for confounders and may have introduced selection bias.

Overall, most cohort studies showed an increased short-term risk of stroke after 
HZ, with some evidence that HZO had a greater effect on stroke than HZ at other 
sites. In three of the studies, the effect of HZ on stroke was greater in younger indi-
viduals, especially among those aged under 40 years. From these studies, the longer- 
term risks of stroke and the effect of HZ on TIA were less clear.

 (iii) Case control or case series studies

One case control study nested within a village-based Ugandan population 
cohort focussed on serum antibody titres rather than clinical VZV reactivation. It 
has long been recognised that repeated episodes of, often subclinical, VZV reacti-
vation result in ‘boosts’ to VZV serum IgG antibody titres [16]. IgM antibodies 
can also be detected after herpes zoster, although it is not clear how long this class 
of antibodies persists in serum following virus reactivation [17]. This study com-
pared titres of IgM and IgG antibodies to VZV in stored serum samples in 31 cases 
of clinically confirmed stroke with 132 controls matched on sex, age and village. 
No difference was seen between titres in cases and controls in repeated serum 
samples taken in the 15-year period prior to diagnosis [18]. This pilot study was 
limited by its small sample size and lack of control for confounding. Although 
using antibody titre as a measure of VZV reactivation might help to increase the 
sensitivity of exposure measurement through capturing subclinical virus reactiva-
tion, results are not directly comparable to those from studies with clinical mea-
sures of VZV exposure.

Another small case control study in a French paediatric clinic population of 11 
children with arterial ischaemic stroke and 44 controls matched for age, gender and 
site of residence showed that 64 % of cases had had chickenpox in the 9 months 
prior to stroke compared to 9  % of controls  – a frequency corresponding to the 
expected varicella incidence in France [19]. This study is limited by very small 
numbers, lack of information on the choice of control subjects and a lack of control 
for confounding. It is also unclear whether the 9-month cut-off was prespecified.
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Finally a series of 70 children aged 6 months to 10 years presenting consecu-
tively with arterial ischaemic stroke to two Canadian hospitals showed that 22 
(31  %) reported varicella in the preceding 12  months, compared to an expected 
frequency of 9 % based on the annual varicella incidence in Canadian children [20]. 
Children with a varicella history were more likely to have hemiparesis, basal gan-
glia infarcts, anterior circulation infarcts and stenosis of proximal portions of major 
cerebral arteries compared with AIS occurring in children without varicella. This 
exploratory study was based on relatively small numbers and used a population 
comparison group so it was not possible to control for confounding.

These case control or case series studies provided limited evidence for an increase 
in reported chickenpox in time periods preceding stroke in children compared to the 
expected population incidence. The one small study investigating VZV antibody 
titres did not show an association with stroke risk.

8.4  Epidemiology of Shingles and Other Acute Vascular 
Complications

Although stroke was the most commonly investigated acute vascular outcome after 
HZ, several of these studies also investigated the effect of HZ on cardiac events. 
Two studies focussed specifically on myocardial infarction (MI). In the US self- 
controlled case series study by Minassian et al., a transient increase in MI risk was 
also seen which gradually returned to baseline by 3–6 months. In week one after 
HZ, the IR for MI was 1.68 (95 % C.I. 1.47–1.92). For HZO there was also an 
increase in MI risk – IR 2.06 (95 % C.I. 1.52–2.79) [9]. In the UK cohort study in 
THIN investigating long-term risks of events after shingles, the adjusted HR for MI 
was 1.10 (95 % C.I. 1.05–1.16) in all subjects and 1.49 (95 % C.I. 1.04–2.15) when 
restricting to patients aged <40 years [13].

Several other studies investigated the effect of HZ on broader cardiac endpoints. 
The Swedish cohort study described earlier investigated the incidence of cardiovas-
cular disease excluding stroke after HZ and showed an elevated risk in the year 
following HZ diagnosis – IRR 1.82 (95 % C.I. 1.42–2.33) [15]. In Taiwan, a cohort 
study using the Taiwan National Insurance Research Database showed that the inci-
dence of acute coronary syndrome was 1.24-fold higher in 57,956 HZ patients than 
231,832 patients without HZ: HR 1.15 (95 % C.I. 1.07–1.24) after adjustment for 
age, sex and comorbidities [21]. Another cohort study in the same Taiwanese data-
base showed small increases in the incidence rate of arrhythmias (adjusted HR 1.22 
(95 % C.I. 1.12–1.34)) and coronary artery disease (adjusted HR 1.24 (95 % C.I. 
1.02–1.28)) in 19,483 HZ patients  compared to 77,932 non-HZ patients [22]. These 
studies only adjusted for a limited number of confounding factors.

Many other vascular manifestations of either primary or reactivated varicella 
have also been reported in the literature including venous sinus thrombosis [23, 24], 
spinal cord thrombosis [25] and peripheral arterial [26] and venous thrombosis [27]. 
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The evidence for these is limited to case reports, and subjects frequently have coex-
isting coagulation abnormalities, which make it difficult to establish the relative 
contribution of VZV.

In general, these studies suggest a pattern of transient increased risk of acute car-
diac events following HZ which is similar to that seen for stroke. The effect sizes for 
cardiac events were generally more modest than those for stroke. At present there is 
insufficient data to assess the risk of noncardiac non-stroke vascular events after HZ.

8.5  Herpes Zoster Vaccination and Antivirals

Systematic reviews of randomised controlled trials of herpes zoster vaccine have 
confirmed that vaccine is effective for preventing herpes zoster disease, safe and 
generally well tolerated [28, 29]. None of the included trials has published data on 
vascular endpoints. At the time of writing, we are not aware of any trials of zoster 
vaccine to mitigate vascular risk.

Most of the observational studies described above did not investigate the effects 
of zoster vaccine, partly due to its relatively recent introduction, e.g. the vaccine was 
first offered in England and Wales in 2013. Even in the future, the narrow target 
population recommended to receive vaccine – in England and Wales, this is cur-
rently people aged 70 years with a catch-up campaign for individuals aged 78 years – 
as well as the low vaccine uptake (52.8 % for people aged 70 years in 2014/15) [30] 
will limit the use of routine vaccine data for research.

In the US study based on Medicare data, it was possible to identify people who had 
been vaccinated, but zoster vaccination did not appear to modify the association 
between herpes zoster and either MI or stroke. This study’s self-controlled case series 
design meant that only individuals with HZ and stroke were included, so the propor-
tion of participants who had received vaccine was extremely low (n=2.8 % vaccinated 
before zoster who had a stroke and 2.3 % vaccinated before zoster who had an MI) [9].

Similarly, most included studies did not investigate the effect of antiviral treat-
ment after diagnosis of herpes zoster on stroke or cardiac risk. Only one self- 
controlled case series presented data on antiviral effects. In this study oral antivirals 
were given to 55 % of individuals: IRs for stroke were lower among those receiving 
antivirals compared with those not treated, suggesting a protective effect. For exam-
ple, in the risk period 1–4 weeks after HZ, the IR was 1.23 (95 % C.I. 0.79–1.71) for 
the 3647 people prescribed antivirals, whereas for the 2937 cases not prescribed 
oral antivirals, the IR was higher at 2.14 (95 % C.I. 1.62–2.84) [8]. In two other 
studies, an antiviral prescription was used in the diagnosis of herpes zoster so it was 
not possible to quantify the effect of antivirals on vascular risk [9, 14].

In conclusion, the effect of vaccination against herpes zoster on the risk of sub-
sequent cardiovascular events is not known. Although limited data suggest that 
antiviral drugs prescribed after HZ may reduce the risk of stroke, further definitive 
evidence is needed.
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8.6  Mechanisms

Using EHR data alone, it is not possible to elucidate precise mechanisms for the rela-
tionship between VZV reactivation and vascular risk. The only animal model that 
approximates the natural history of VZV infection is the macaque simian varicella 
virus (SVV). While there are presently no data on vascular complications following 
SVV reactivation in non-human primates [31], SVV, like VZV, has been associated 
with pathological vascular changes [32]. In humans we are able to generate some 
mechanistic understanding through (a) considering parallels with other studies of inter-
actions between infections and chronic disease and (b) using data from small clinic-
pathological and neuroimaging studies of patients with vascular complications of VZV.

It is likely that a combination of factors contributes to the triggering of stroke or 
MI following herpes zoster. First, in common with other acute infections such as 
influenza, inflammation associated with systemic infection may result in endothelial 
dysfunction and a state of hypercoagulability [33]. On a background of arteriopathy, 
this may be sufficient to disrupt atheromatous plaques, causing a transient increase 
in the risk of acute vascular events. As well as effects on inflammatory and coagula-
tion pathways, haemodynamic effects of infections such as increased sympathetic 
activity and vasoconstriction might also contribute to the disruption of atheroscle-
rotic plaques [34]. These indirect effects are common across a range of infections.

The neurotropic nature of VZV also predisposes to a particular phenomenon  – 
VZV vasculopathy – in which VZV virus spreads directly along nerve fibres to blood 
vessels, leading to pathological vascular remodelling. VZV vasculopathy is diagnosed 
by the detection of VZV DNA in CSF, the presence of anti-VZV IgG or anti-VZV IgM 
antibody in CSF or the presence of anti-VZV IgM antibody in serum [35] in combina-
tion with a range of vascular changes demonstrable on neuroimaging. In around one 
third of cases, changes consistent with VZV vasculopathy may be seen without rash, 
suggesting that significant neurovascular pathology may occur with subclinical VZV 
reactivation [36]. Small clinico-pathological studies suggest that early VZV vascu-
lopathy primarily affects the adventitia, followed by virus spreading transmurally and 
later to the vessel lumen [37]. VZV vasculopathy plausibly contributes to both haem-
orrhagic and ischaemic strokes: disruption of smooth muscle cells in the media affects 
the risk of aneurysm formation, while intimal thickening contributes to vascular occlu-
sion and ischaemia. The suggestion that HZO has a greater effect on stroke than her-
pes zoster in general supports a role for VZV vasculopathy in stroke pathogenesis. 
Other vascular complications associated with VZV vasculopathy include giant cell 
arteritis, which is discussed in detail by Gilden and Nagel in Chap. 7.

8.7  What Is Not Known/Future Directions

There are many unanswered questions about the nature of vascular risk following 
herpes zoster. Developing sufficient longitudinal linked data sources including, for 
example, EHR data linked to data on imaging, serology and genomics will enable 
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more sophisticated studies to be conducted. These could also assess the role of sub-
clinical virus reactivation – a potential window for early intervention.

Understanding which population groups are affected and during which time peri-
ods will be key to enabling effective targeting of personalised preventive or thera-
peutic options. Developing the evidence base around the effect of vaccine and 
antiviral agents on vascular outcomes through robust clinical trials is likely to be an 
important step. There are also gaps in current understanding of the mechanisms 
governing vascular links with infections. Improving mechanistic understanding 
could aid drug development and targeting.

In conclusion the evidence supporting a role for herpes zoster in vascular risk 
continues to grow. Our challenge is to harness these new insights into effective, 
personalised strategies to benefit population health.
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Chapter 9
Antiviral Therapy and Local Treatment 
for Herpes Zoster

Anne A. Gershon

In the twenty-first century, there is great interest in prevention of zoster, both in 
healthy and immunocompromised patients. Successful prevention of clinical reacti-
vation of varicella zoster virus (VZV) is obviously preferable to treatment after 
VZV has reactivated and caused disease. Despite the development of effective zos-
ter vaccines [1, 2], however, there will continue to be a need for antiviral therapy for 
zoster in patients who have not received immunization or in whom a vaccine has not 
been entirely effective. Today, most individuals who develop zoster, particularly if 
they are immunocompromised or over 50 years old, are recommended to receive 
specific therapy mainly to decrease morbidity from VZV infection; death from zos-
ter is uncommon or rare [3]. Therapy of zoster, even if given early after onset, 
unfortunately, probably does not prevent development of postherpetic neuralgia 
(PHN), as discussed below. On the other hand, relief of pain and promotion of heal-
ing of the rash of zoster are obviously greatly welcomed by patients, and antiviral 
therapy is given to most zoster patients.

9.1  Local Treatment for Zoster

Patients should be told that treatment of the skin rash involves keeping it clean with 
soap and warm water, religiously avoiding scratching, allowing the weeping areas to 
air dry, and covering the rash with loose sterile gauze bandages if that proves com-
fortable. Some physicians prescribe local therapy such as calamine lotion, Burrow’s 
solution, capsaicin, or lidocaine to decrease pain and itching. Patients should be 
reminded that they can spread chicken pox to contacts who are susceptible to that 
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disease, although they will not transmit zoster to individuals who are immune to 
chicken pox.

9.2  Development of Antivirals

The nucleoside acyclovir was the first antiviral medication found to be effective and 
safe for treatment of infections due to herpes simplex virus (HSV) and VZV, and 
today it is widely used. Acyclovir was approved by the Food and Drug Association 
(FDA) in 1982, and since that time, it has played a major role in treatment of infec-
tions caused by VZV, particularly in elderly and/or immunocompromised patients.

One of acyclovir’s most important attributes is that it is remarkably safe and well 
tolerated, compared with antiviral drugs that had been developed earlier. Its safety 
and efficacy are due to its being taken up preferentially by cells that are infected 
with HSV or VZV, compared to uptake into uninfected cells. In infected cells acy-
clovir is triply phosphorylated by viral thymidine kinase and host cell enzymes; in 
cells infected with HSV, acyclovir triphosphate concentrations are 40–100 times 
higher than in uninfected cells [4]. Acyclovir acts as an antiviral in two ways. First, 
acyclovir triphosphate prevents viral DNA synthesis by inhibiting viral DNA poly-
merase. In addition, it is a DNA terminator and prevents elongation of viral 
DNA. There is little incorporation of acyclovir into cellular DNA. Acyclovir pene-
trates well into cerebrospinal fluid (CSF), achieving about half the levels of drug 
present in plasma. Acyclovir is thus an extremely effective, safe, and well-tolerated 
antiviral drug. Both HSV and VZV are sensitive to acyclovir, although VZV is less 
so and requires higher doses of acyclovir than does HSV [5].

Therapy with acyclovir, especially if it is given intravenously, can be associated 
with serious adverse reactions including nephrotoxicity [6]. Nephrotoxicity can be 
avoided by decreasing dosage if there is renal compromise, assuring good hydration 
of the patient, and avoiding rapid administration. Renal toxicity is due to crystalliza-
tion of acyclovir in the kidney. Renal toxicity occurs more frequently in patients 
with comorbidities. Other important adverse effects of acyclovir include neurotox-
icity and gastrointestinal manifestations. Neurotoxicity is more frequent in patients 
with comorbidities and includes a wide variety of neurological symptoms such as 
lethargy, confusion, hallucinations, and tremors. These symptoms usually remit 
after acyclovir is discontinued. Gastrointestinal adverse events include nausea, 
vomiting, and diarrhea, which also disappear after acyclovir is stopped.

9.3  Newer Antivirals Against VZV

Valacyclovir was developed some years after acyclovir, from which it was derived. 
Valacyclovir is especially useful because it has significantly increased oral bioavail-
ability in comparison to acyclovir. Valacyclovir is rapidly converted to acyclovir in 
the body and is concentrated in infected cells so that it too avoids cellular toxicity. 
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Valacyclovir is highly effective against VZV, achieves three to five times the bio-
availability of acyclovir, and has a similar clinical antiviral spectrum. In practical 
terms, acyclovir administered orally must be given five times a day, whereas vala-
cyclovir is given only three times a day. In addition, orally administered acyclovir is 
variably absorbed, compared to valacyclovir. Data on absorption in older patients 
for acyclovir, moreover, are lacking.

A similar drug, famciclovir, is converted into penciclovir after oral administration; 
penciclovir, which is not absorbed orally, behaves similarly to acyclovir against VZV 
when administered as famciclovir. Today adults with VZV infections therefore are 
often treated with valacyclovir or famciclovir for the reasons described above. 
Depending on how ill they are, immunocompromised patients may first be given intra-
venous acyclovir; after healing has clearly commenced, the treatment can be changed 
to oral valacyclovir or famciclovir [5]. Because these newer antivirals are administered 
orally, they may be less likely to result in toxic reactions than intravenous acyclovir.

Application of antiviral drugs to the rash of zoster is of no therapeutic use. 
Patients should also be counseled about the importance of remembering to take all 
of their antiviral medications every day; skipping doses is not a good idea.

9.4  Impact of Antiviral Therapy on PHN

Today it is widely accepted that orally administered valacyclovir and famciclovir 
are useful to speed the healing of zoster in both children over age 2 years and adults. 
The controversy comes in when one is considering whether early administration of 
antiviral therapy has an impact on PHN. In an early study, oral antiviral therapy with 
valacyclovir (1000 mgm three times a day) or acyclovir 800 mg five times a day, for 
7–14 days in immunocompetent individuals, did not prevent PHN although it short-
ened its duration [7]. A number of other studies also failed to show that acyclovir 
reduced the duration of the incidence of PHN [8]. In 1996, however, a meta-analysis 
was published which involved 691 older patients with zoster who had participated 
in one of four double-blind studies of acyclovir (800 mg five times daily) or placebo 
for HZ. Resolution of zoster-associated pain PHN at 3–6 months after HZ was eval-
uated. Acyclovir appeared to accelerate resolution of acute pain, especially in per-
sons over 50 years old. The incidence of PHN was lower by a factor of two in those 
who received acyclovir compared to those who had received placebo [9]. 
Subsequently, therefore, double-blind, randomized, multicenter studies comparing 
the safety and efficacy of valacyclovir and famciclovir within 72 h of zoster onset 
were conducted. In one study, results with valacyclovir and famciclovir were simi-
lar. In addition, it was recognized that the longer half-life of famciclovir compared 
to valacyclovir did not seem to result in a better outcome with famciclovir. 
Valacyclovir was more cost-effective than famciclovir [10]. In another study, immu-
nocompetent patients who were over age 50 were treated for 7 days and followed up 
for 24 weeks. Safety and efficacy were similar for both drugs. In one study it 
appeared that treatment decreased the incidence and duration of PHN [11]. In 
another study, however, there seemed to be an effect on PHN duration although 
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PHN was not prevented [10]. In still another study, when prednisone was added to 
acyclovir, and studied in a randomized fashion, there was no effect on rapidity of 
healing of zoster or resolution of pain in the 3–6 months after zoster, although addi-
tion of prednisone seemed to improve the quality of life during the healing process 
[12]. Which drug regimen was best did not emerge from these studies, except that it 
seemed that oral acyclovir was probably inferior to the newer antivirals.

A randomized, double-blind trial of famciclovir vs acyclovir for treatment of local-
ized zoster in immunocompromised adolescents and adults involving 148 patients who 
were given acyclovir (800 mg five times daily) or oral famciclovir (500 mg three times 
a day) showed similar results with regard to healing of rash and loss of acute pain [13].

Some of these studies and additional ones were reviewed in a 2014 Cochrane 
report analyzing six clinical trials (five of acyclovir and one of famciclovir) involv-
ing 1319 patients [14]. It was concluded that oral acyclovir for treatment of zoster 
did not reduce the incidence of PHN and that the evidence concerning the efficacy 
of valacyclovir and famciclovir for prevention of PHN was inconclusive. In this 
meta-analysis, the incidence of PHN in placebo groups was 11–60 %, and in treat-
ment groups, it was 12–58 %. It was proposed that additional trials of famciclovir 
or other new antivirals be carried out in larger groups of patients, with more atten-
tion being paid to the severity of pain and quality of life, and that immunocompro-
mised patients be studied as well [14]. Whether such studies will be carried out at 
this point is questionable, although it is clear that oral acyclovir would no longer be 
appropriate as a comparator drug.

At this stage, it seems that the best general approach to patients with zoster is to 
treat immunocompetent and stable immunocompromised patients over age 50 with 
oral valacyclovir or famciclovir for 7–14  days, depending on the severity of the 
infection and the condition of the patient. Administration of an antiviral as soon as 
possible after onset of rash, before 72 h has elapsed, is vastly preferred. It seems 
appropriate to tell patients that early therapy with valacyclovir or famciclovir would 
be expected to reduce the acute pain of zoster and might shorten the duration of PHN 
if it occurs in the 3–6 months following the zoster rash. There is general agreement 
that antivirals are of no use to treat established PHN [8, 15] (also see Chap. 23).

9.5  Future Directions

Now that it is recognized that zoster can present without a skin rash, it would be 
appropriate for new studies of efficacy of valacyclovir or famciclovir be carried out in 
patients with what might be described as occult zoster. One example is giant cell arte-
ritis, including temporal arteritis and aortitis, as discussed in Chap. 7. Gilden, Nagel, 
and their colleagues have identified reactivated VZV by PCR and immunofluores-
cence arterial walls in their studies of these vascular diseases, which can lead to aneu-
rysms and strokes in some patients [16–18]. Often these patients have no skin rash 
because their zoster results from reactivation of VZV latent in autonomic ganglia, the 
axons of which do not project to the skin but to blood vessels. These diseases seem to 
be further complicated by immune responses to VZV, which produce some of the 
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manifestations of vasculitis. If VZV infection of arteries could be diagnosed early, the 
antiviral treatment might be helpful to these patients. A potential screening test for 
arterial infection by VZV is testing saliva for VZV DNA. This assay has been used to 
identify symptomatic and asymptomatic individuals with VZV reactivation with or 
without rash [19–24]. Open-label studies of valacyclovir suggest that some forms of 
chronic vascular involvement with VZV may respond to acyclovir [25, 26] .

Another form of occult VZV infection that might be amenable to antiviral ther-
apy that calls out for therapeutic study is infection of the gastrointestinal tract with 
or without VZV rash [24]. Gastrointestinal VZV occurs due to reactivation of the 
virus from latency in the enteric nervous system (ENS), one of the three branches of 
the autonomic nervous system. This form of reactivation may result in abdominal 
pain, perforation of the bowel, and pseudoobstruction [24, 27]. It can be diagnosed 
in some patients by the transient presence of VZV DNA in saliva [24]. There are 
data to suggest that valacyclovir may benefit these patients if they are diagnosed 
promptly [24]. Additional study of visceral zoster is warranted.

9.6  Conclusions

Every effort should be made to treat patients with zoster promptly, within 72 h of 
rash onset, particularly those over age 50 and/or who are immunocompromised. It is 
recommended to begin oral therapy with oral valacyclovir or famciclovir rather than 
acyclovir (unless the patient is quite ill) while awaiting diagnostic testing to confirm 
the clinical diagnosis. Diagnosis is best made by performing polymerase chain reac-
tion (PCR) on skin scabs or vesicular fluid collected with a sterile swab and held at 
room temperature in a sterile container. Most large hospital laboratories have the 
capability to perform PCR for VZV; PCR is more sensitive and available than viral 
culture. Because valacyclovir and famciclovir are so well tolerated and safe, treat-
ment can even be carried out if diagnostic testing is not available and clinical suspi-
cion of zoster is strong (unilateral, neuropathic, burning, allodynia, etc.). Early 
therapy speeds healing and may even shorten the duration of PHN should it occur.

It is fervently hoped that with newer highly effective subunit vaccines against zoster, 
the incidence of this disease will finally begin to fall and PHN will become a rarity.
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10.1  Introduction

Herpes zoster (HZ), also called ‘shingles’, is a unique neurocutaneous entity that 
has been recognized since historic times. HZ represents a recurrent infection state 
of varicella-zoster virus (VZV) and commonly occurs in elderly [46] and immuno-
compromised hosts [3, 13, 63]. This chapter will focus on dermatological issues 
regarding diagnosis, pathology, cutaneous complications and management of HZ.

The name herpes is derived from the Greek word meaning ‘to creep or crawl’ 
[57], a description that depicts the spreading nature of herpetic vesicular lesions of 
the skin. The term zoster also has a Greek origin meaning ‘girdle’, and both the 
words zoster and shingles describe the ‘wrapping around’ distribution of HZ that is 
commonly noted on the trunk. HZ lesions are classically a unilateral rash limited to 
one or two dermatomes consisting of erythematous, maculopapular lesions that 
evolve into vesicles that later crust as they resolve. HZ is commonly preceded by 
pain 48–72 h prior to rash onset, with new lesions appearing for up to 5 days. Total 
duration of infection ranges from 10 to 15 days [63].

Despite its characteristic appearance, shingles was often historically confused 
with the lesions of smallpox [28]. However, in 1875, VZV transmission was 
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 demonstrated by inoculation of vesicular fluid from an individual infected with 
chickenpox to healthy ones [53]. This was further studied, and replicated with use 
of vesicular fluid from HZ lesions, where inoculation into healthy individuals 
resulted in chickenpox infections [7, 35]. These findings led to the understanding 
that HZ was a result of latent VZV reactivation and that the two viruses were one 
and the same [23]. In 1958, biologic definition of VZV (and HZ) virus was made 
possible with isolation of the virus from patients with chickenpox and shingles 
infections [62].

10.2  Clinical Features

HZ has a unilateral dermatomal distribution and classically is a vesicular eruption. 
Commonly, the first manifestation of zoster preceding the rash is pain, which can be 
severe. It may be sharply localized or diffuse and is often described as burning, ach-
ing or lancinating. Forty percent of patients experience pain more than 4 days prior 
to the skin eruption, and 35 % experience it less than 48 h prior to the skin condition 
[67]. In occasional cases, the pain is reported to have started more than 100 days 
prior to the development of the distinctive skin rash. This phenomenon is referred to 
as ‘preherpetic neuralgia’ [26]. Based on the distribution of the pain, it may mimic 
migraine, acute glaucoma, myocardial infarction, pleurisy, appendicitis or duodenal 
ulcer. Fever, malaise, myalgia, paraesthesia or pruritus may accompany the pain.

Early on with HZ infection, a maculopapular rash with surrounding erythema 
occurs, which then develops into fluid-filled vesicles within 12–24 h [63]. 
Characteristically, it starts in a localized part of one or two dermatomes, and rarely 
more contiguous dermatomes, and spreads in a linear fashion over the next 3–5 days, 
stopping abruptly or slightly overlapping the midline. Fixed urticarial erythema pre-
cedes closely grouped vesicles that tend to enlarge, umbilicate and then become 
pustular as leukocytes invade the vesicular fluid. As the haemorrhagic component 
(local bleeding of the underlying friable tissue) of the vesicles develops, the sur-
rounding urticarial erythema dissipates. This haemorrhagic blistering, often in 
grouped grape-like clusters, is so distinctive that its presence in a linear distribution 
must be thought of as HZ until proven otherwise. Individual lesions may also 
become necrotic and ulcerate. The lymph nodes draining the affected area are often 
enlarged acutely and may be tender.

Mild infections run a shorter course and can occur with macules and papules that 
regress in 7–10 days without progressing to vesicles [8]. In typical infections, crust-
ing of the lesions occurs in 7–10 days, after which the patient is no longer consid-
ered contagious. Re-epithelialization then follows and is usually complete in 
2–3 weeks in children [6, 47] and young adults and in 3–4 weeks in older individu-
als. The eruption usually resolves with no residual rash, although occasionally post- 
inflammatory hyper- and hypopigmentation may be seen. If severe ulceration occurs 
or healing is delayed, permanent scarring of the skin may result. This is most com-
monly seen in elderly, undernourished or immunocompromised patients [13, 46].
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Any dermatome may be affected, but the dermatomes are not affected with equal 
frequency [46]. The distribution of the rash of HZ tends to mirror the areas most 
heavily affected by the primary VZV infections. As chickenpox tends to be centrip-
etally distributed on the trunk primarily, thoracic and lumbar dermatomes are most 
commonly affected, accounting for approximately half of all cases. This distribu-
tion may be due to contiguous spread from infected skin to the ganglia [25] at the 
time of primary infection or alternatively due to reactivation stimuli that may occur 
more commonly in this area. HZ is less common in children under 10, but when it 
occurs it is more common in the cervical and sacral areas [48].

HZ infections involving the eyelid are also relatively common and characteristi-
cally involve the first (ophthalmic) branch of the trigeminal nerve (termed herpes 
zoster ophthalmicus). This occurs in 10–20 % of affected individuals [46] and has a 
particular propensity for elderly patients. HZ ophthalmicus with involvement of the 
nasociliary branch of the trigeminal nerve is a sight-threatening condition requiring 
close monitoring, referral to ophthalmology and aggressive treatment. Lesions on the 
nose tip (termed Hutchinson’s sign) can herald corneal involvement in HZ, but absent 
nasal lesions do not rule it out. Corneal inflammation, or keratitis, may subsequently 
lead to iridocyclitis (iris and ciliary body) or secondary glaucoma [63]. Additionally, 
the sequela of neuroparalytic keratitis has also been described where the interruption 
of sensory input to the cornea occurs following HZ and increases risk of further cor-
neal injury (i.e. ulceration) or infection leading to visual loss [63]. One rare compli-
cation following zoster ophthalmicus is granulomatous cerebral angiitis [63].

In addition to the truncal HZ manifestations and HZ ophthalmicus, other unusual 
manifestations include involvement of the 2nd or 3rd branches of the trigeminal 
nerve, which results in herpetic intraoral lesions. Lesion locations can include the 
palate, uvula and tonsillar fossa with maxillary branch involvement and the mouth 
floor, buccal mucous membrane or tongue with mandibular branch involvement. For 
intraoral HZ infections, toothache may be a presenting sign. If the geniculate gan-
glion is involved, this is termed the Ramsay Hunt syndrome and is characterized by 
a triad of HZ lesions in the ear, affecting the tympanum, ear, tonsillar fauces, ante-
rior pillar, pinna and the external auditory canal, as well as ipsilateral facial palsy 
and loss of taste in the anterior 2nd/3rd of the tongue [30]. However, the involve-
ment of the geniculate ganglion remains to be confirmed with pathological studies.

Occasionally, HZ may be manifested by pain without skin involvement [15, 41]. 
This is referred to as ‘zoster sine herpete’ and is presumably due to an abortive erup-
tion. Conversely, some of these cases may represent a very prolonged interval 
between the onset of the preherpetic neuralgia and the characteristic rash of HZ 
[26]. However, in others, the rash does not manifest. The diagnosis in this situation 
is very difficult and is often made on a post hoc basis by demonstration of rising 
antibody titres to the virus (i.e. a fourfold rise over 10 days).

Although most cases of HZ are viewed as sharply localized to one or more der-
matomes, careful observation may often reveal a few sparse papules and vesicles 
outside of the affected dermatome(s) [32]. Tyring [59] documented this finding in 
approximately 33 % of immunocompetent patients. Resembling the lesions of vari-
cella, these are considered to represent haematogenous spread and an inadequate 
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host immune defence system to contain the lesions [13]. The dissemination is 
thought to occur within circulating leukocytes and particularly in monocytes.

Cutaneous dissemination, arbitrarily defined as more than 20 lesions outside 
the affected dermatome(s), is infrequent, occurring in only 2 % of HZ cases [46]. 
An immunosuppressed state is associated with an increased risk of disseminated 
HZ infections and can occur in 15–30 % of cases [50, 52]. Systemic involvement, 
resulting in pneumonia, hepatitis, retinitis or acute retinal necrosis, meningitis 
and encephalitis, [10, 34] can be associated with cutaneous dissemination and 
may be fatal [27].

Although HZ is classically an acute infection, chronic HZ may also occur in 
immunocompromised hosts, especially with HIV infection. New HZ lesions may 
form without healing of pre-existing lesions, and these infections may be quite 
severe and debilitating. These persistent infections have been associated with 
increased drug-resistant (i.e. acyclovir) isolates.

10.3  Complications

10.3.1  Pain

Almost all patients have pain associated with acute HZ. The most common and 
intractable sequel of HZ is postherpetic neuralgia (PHN) [33]. The true frequency 
of PHN depends on the definition used and the population studied. One definition of 
PHN is pain persisting more than 4 weeks after the onset of the HZ infection [31]. 
The reported incidence of PHN varies between 5 and 57 %, according to different 
studies [51]. More information about PHN and other neurological complication is 
detailed elsewhere in this book in Chap. 6 [10, 11–24, 34, 37].

10.3.2  Cutaneous Complications

10.3.2.1  Bacterial Infection

Infection of cutaneous lesions was reported in 2.3 % of cases in a 60-day follow-up 
study of complications of HZ [22]. The most common secondary infective compli-
cation is impetigo, although erysipelas or cellulitis may also occur.

10.3.2.2  Scarring

Individual lesions can scar as a consequence of necrotic zoster lesions, dermal 
ulceration or secondary infection. Sarcoid-like lesions [5] and granuloma formation 
[68] have also been reported within HZ scars.

R. Somayaji et al.

http://dx.doi.org/10.1007/978-3-319-44348-5_6
http://dx.doi.org/10.1007/978-3-319-44348-5_10
http://dx.doi.org/10.1007/978-3-319-44348-5_11
http://dx.doi.org/10.1007/978-3-319-44348-5_24
http://dx.doi.org/10.1007/978-3-319-44348-5_34
http://dx.doi.org/10.1007/978-3-319-44348-5_37


107

10.3.2.3  Post-inflammatory Hyperpigmentation

Significant thick crusts are often noted, particularly following secondary bacterial 
infection or ulceration. These crusts resolve leaving local dusky erythematous mac-
ules that may then become pigmented.

10.3.2.4  Gangrene

Gangrenous skin lesions rarely (usually in association with a significant immuno-
compromised state) result from deep necrosis and ulceration [8].

10.3.2.5  Wolf’s Isotopic Response

This response describes the occurrence of a new skin disorder occurring at the site 
of a previous or another unrelated and healed skin disease. The original disease is 
most commonly HZ [65]. The mechanism is unknown but may have genetic and 
environmental factors along with a decreased local immunity from the primary dis-
ease process.

10.3.3  Ocular Complications

Eye complications occur in approximately 2 % of patients with HZ [22, 46] and in 
67 % of patients with ophthalmic nerve involvement. In short, HZ may complicate 
any aspect of the ophthalmic or periophthalmic structures. For a more in-depth 
review of these complications, the reader is referred to Chap. 5.

10.4  Histopathology

The cutaneous lesions of HZ are histologically indistinguishable from varicella or 
herpes simplex infection. In all, the most common feature is an intraepidermal blister 
formed by ‘ballooning degeneration’ of infected epidermal cells in the lower to mid-
dle epidermis, resulting in marked acantholysis. Ballooning degeneration causes 
marked swelling of epidermal cells. Balloon cells have a homogeneous, eosinophilic 
cytoplasm, with possible eosinophilic inclusion bodies. These are separated by clear 
zones from the nuclear membrane and are known as Cowdry type A inclusions. As 
balloon cells lose their intercellular bridges, the acantholysis occurs, leading to dis-
solution of the epidermis, i.e. reticular degeneration. Reticular degeneration is due to 
the membrane left behind by the cells forming a netlike structure. This is a process in 
which the epidermal cells become greatly distended by intracellular oedema, so that 
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many of the cells burst. This occurs mainly at the periphery of viral vesicles. Reticular 
degeneration is not specific for herpetic or other vesicular viral infections and can also 
occur in nutritional deficiencies. Multinuclear giant cells are characteristic of herpetic 
lesions [61]. These occur due to fusion of adjacent infected cells, in or near the blis-
ters. Smears taken from the floor of an early, freshly opened vesicle and stained with 
a Giemsa or toluidine blue stain (available in many hospital laboratories) show this 
characteristic feature and can be used to aid in the diagnosis of VZV infections [38].

The host inflammatory reaction promoted by HZ infection consists of an early 
response of lymphocytes and monocytes, and the later appearance of neutrophils. This 
may progress to a leukocyclastic vasculitis, with neutrophilic cells infiltrating and 
destroying blood vessel walls and associated cell fragments due to release of lyso-
somal enzymes and cell dissolution. This destruction is often associated with haemor-
rhage and purpura due to leaky blood vessel walls. The purpura associated with 
leukocytoclastic vasculitis is often palpable due to the inflammatory infiltrate and can 
be distinguished from the flat purpura associated with fragile vessel walls of the 
elderly or associated with bleeding disorders. In sensory ganglia these histopathologi-
cal features of inflammation, haemorrhage and necrosis are very pronounced [4, 25].

10.5  Diagnosis of HZ

As HZ commonly has a very characteristic presentation, the diagnosis is usually 
readily made by history and physical examination. However, because the pain may 
precede the development of vesicles by days, HZ must also be considered in the 
differential diagnosis of any unexplained localized acute pain syndrome.

Problems in diagnosis may arise early in the course of the disease. Localized 
dermatoses such as crawling insect bites, allergic and irritant contact dermatitis and 
localized infections such as viral exanthems (i.e. enteroviruses, group A 
 coxsackieviruses), impetigo and folliculitis may mimic the disease [63]. Historically, 
smallpox was also confused with VZV infection [28]. However, the progression of 
HZ to its characteristic painful, grouped lesions in a dermatomal distribution usu-
ally distinguishes it from these entities.

Classically in HZ the lesions are at differing stages of evolution. The distribution 
pattern may help, as zosteriform HSV infections occur most commonly in the maxil-
lary distribution of the trigeminal nerve and in the sacral areas, in contrast to HZ, 
recurrent lesions of the buttocks are almost always herpes simplex and not zoster. 
This site is the third most common for HSV after the lips and genitals and is due to 
front-to-back body contact between individuals (‘cupping’). Pain is also more pro-
nounced with HZ than with HSV infections. Furthermore, zosteriform HSV tends to 
recur, whereas HZ usually occurs only once and is usually not bilateral, as can some-
times occur with herpes simplex in this region. Notably, when patients experience an 
HZ-like eruption and a local recurrence, these tend to more commonly be caused by 
HSV. Despite this, the distinction between HSV and HZ can still pose difficulties in 
some cases. In one randomized controlled trial, 4.5 % of clinically suspected cases 
of HZ were in fact revealed to be HSV when lesions were cultured [58].
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The diagnosis of HZ can be confirmed through viral cultures by isolating the 
virus in tissue or through acute and convalescent serologic tests to demonstrate 
conversion or rising titres [63]. For viral culture sampling, any crust if present 
should be lifted to expose the basal epidermal cells. When viral cultures are sent, 
HSV takes 24–48 h, and HZ requires approximately 5–7 days to grow. A Tzanck 
smear is a diagnostic test which is performed by scraping an HZ lesion base and 
will demonstrate multinucleated giant cells. However, the sensitivity of the Tzanck 
smear is only 60 % and does not allow for differentiation between HSV and VZV 
infection. Commercially available direct fluorescent antibody (DFA) staining may 
be used of smears obtained from vesicular lesion scrapings and can distinguish 
between HSV and VZV infections [39]. However, if lesions are atypical, DFA test-
ing is relatively insensitive and lacks the specificity to guide therapeutic decisions.

Increasingly, polymerase chain reaction (PCR)-based tests have become the test of 
choice for diagnosis of HZ infections due to high sensitivity, high specificity, quick 
processing time and stability of specimens [39]. PCR tests can also be utilized for cere-
brospinal fluid (CSF) to detect VZV DNA and can be helpful in diagnosis in cases when 
classic HZ is not present. However, use of PCR has yet to be widespread as testing has 
increased associated costs, in addition to non-uniform performance standards between 
laboratories and health regions. Other antibody tests that may be used for diagnosis 
include fluorescence antibody to membrane antigen (FAMA), immune adherence hae-
magglutination and enzyme-linked immunosorbent assays (ELISA) [19].

10.6  Therapy of HZ

Prior to the 1960s, a number of therapies were reported as efficacious but were 
never tested in a controlled manner. These included injections of pituitary extract, 
vitamin B1 and B12, cobra venom, quinine, proteolytic enzymes, autohemotherapy, 
sodium iodine and ergotamine [12, 45]. The goals of HZ therapy are the following: 
to relieve the symptoms of acute pain; to decrease the duration, dissemination and 
infectivity of the skin rash; and to prevent or shorten the duration of complications, 
including postherpetic neuralgia. Since the latter is covered extensively elsewhere 
in this book, only the treatment of acute HZ is described here.

10.6.1  General Measures

Although HZ is self-limited, many patients will recover completely without specific 
therapy within a month. Topical measures may be used for symptom relief. One 
such measure is the use of wet dressings or soaks that are moistened gauze applied 
to the skin for hydrating the skin locally. These serve three functions. First, the 
application of fluid to the eroded (loss of surface epidermis) or ulcerated skin (com-
plete loss of epidermis with a dermal or deeper base) restores a relatively physiolog-
ical environment to the exposed nerve endings that are responsible for transmitting 
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sensations such as pain and itching. Second, by softening and dissolving crust with 
compresses of saline or water-moistened gauze and then wringing out of the excess 
fluid may cause the net movement from the skin to the cloth. This method provides 
an autolytic debridement function to remove solidified protein that would otherwise 
serve as a nidus for infection. Third, removal of the crusts and vesicles reduces the 
damaging effect of fluid entrapment and therefore reduces maceration.

The fluids used for compressing can be normal saline, tap water, Burrow’s solution 
(aluminium acetate) and colloidal oatmeal (Aveeno®). These compresses are usually 
applied for 10–15 min four times daily. If the skin lesions are impetiginized, topical 
povidone iodine solution or a topical antibiotic cream including mupirocin, fusidic acid 
or polymyxin/gramicidin combination can be applied thereafter. Neomycin should be 
avoided alone or in combination products because of its allergic sensitizing potential 
and cross sensitivity with aminoglycosides. The patient is contagious by direct contact 
until the lesions have crusted. Topical antipruritic creams or lotions can be adminis-
tered in the form of pramoxine or menthol, preferably without topical steroids. Storing 
these preparations in the refrigerator may provide an additive cooling, anti-itch effect.

Antipyretic agents may also be administered. Acetaminophen is preferable to 
acetylsalicylic acid in children because of the association of the latter with Reye’s 
syndrome. Controlling pain, especially at night so the patient can rest, is essential. 
Over-the-counter analgesics, nonsteroidal anti-inflammatory agents, tricyclic anti-
depressants, gabapentin and opioid analgesics may all be considered based on the 
severity of the pain. The use of antidepressants, and anticonvulsants (gabapentin, 
pregabalin), and other agents is discussed in detail in another chapter (Chap. 19). 
Zoster with pregnancy raises particular issues [17, 18].

With HZ infections in the healthcare setting, infection control measures must be 
implemented. These measures will depend on the immune status of the host and the 
extent of infection. For localized (dermatomal) disease, standard precautions are 
followed, and the rash area should be kept completely covered (i.e. clothing or 
dressing) [9]. For either localized HZ infections in immunocompromised hosts or 
disseminated infection, standard precautions with additional airborne and contact 
precautions must be followed. Once disseminated infection is ruled out or the 
lesions are crusted, then these measures may be discontinued [9]. If healthcare pro-
fessionals are exposed to VZV or HZ, they require post-exposure monitoring for 8 
to 21 days or vaccination within 3 to 5 days of exposure based on their vaccination 
status [9]. In cases of immunosuppression or VZV vaccine contraindications, 
administer VZ immune globulin following exposure.

10.6.2  Systemic Antibacterial Agents

The role of oral and parenteral antibacterial agents is controversial. Due to the inten-
sity of HZ eruptions, many physicians are tempted to prevent secondary bacterial 
infections. It is often assumed the progressive cloudiness of the vesicular eruption that 
becomes pustular is bacterial infection. This is, however, uncommon and such therapy 
is usually not needed. The presence of frank purulence, honey-coloured crusting and 
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deep ulceration may be more suggestive of superimposed impetiginization. Since the 
most common offending organisms is Staphylococcus aureus, a penicillinase-resistant 
semisynthetic penicillin, a cephalosporin and a broad- spectrum antibiotic aimed at 
this organism are the most appropriate choices. More specifically, cloxacillin, cepha-
lexin, amoxicillin clavulanate, trimethoprim and sulfamethoxazole are all appropriate 
antibiotics depending on local epidemiology of methicillin-resistant S. aureus [54].

10.6.3  Glucocorticosteroids

One of the most controversial therapies for HZ is the use of oral glucocorticosteroid 
drugs. The use of systemic corticosteroid therapy has been suggested as a viable 
alternative (adrenocorticotrophic hormone) in the treatment of HZ infections [44, 55]. 
A number of subsequent investigations followed in which corticosteroid derivatives 
were used in the management of HZ [2, 16, 20, 24, 49, 56]. However, these early 
investigations failed to utilize proper experimental methodology, making their con-
clusions suspect. A survey of 73 practising dermatologists, 56 of whom responded, 
showed 81 % routinely used corticosteroids in otherwise healthy patients older than 
age 60 who had HZ [40]. Critics have argued that side effects including an increased 
risk of herpes dissemination [1, 16] and avascular necrosis of the femoral head [42] 
are reasons against their use. More recent studies demonstrated an acute reduction in 
pain with no change in PHN risk [64, 66]. Further, only the combination of cortico-
steroids and antivirals (acyclovir) has been studied and only in immunocompetent 
host. There is no evidence for corticosteroids in isolation with greater concern for 
immunocompromised patients. Thus, with the availability of effective antiviral thera-
pies, corticosteroids now have little evidence to recommend their usage.

10.6.4  Antiviral Agents

Antiviral agents have been employed in the treatment of HZ for over 30 years. 
Although this is elaborated elsewhere in this book, a few points warrant mention. 
Idoxuridine, cytosine arabinoside, vidarabine and, more recently, acyclovir, valacy-
clovir and famciclovir have all been used in the acute management of HZ. The anti-
viral drugs acyclovir, valacyclovir and famciclovir (as well as other available 
formulations) are the mainstay of treatment for HSV and VZV infections and act 
following thymidine kinase activation to inhibit viral DNA polymerase. This group 
of drugs are generally considered to promote faster resolution of vesicles and to 
decrease the amount of acute pain experienced [67]. Additionally, they have been 
demonstrated to reduce the duration of acute zoster-associated postherpetic pain 
(ZAP) [58, 64, 66]. Antivirals have not been proven to prevent severe postherpetic 
neuralgia [11]. For maximal benefit, oral antivirals should be started within the 72 h 
of rash onset. They are recommended for immunocompromised patients and in those 
patients at higher risk of developing postherpetic neuralgia (i.e. patients over 50 years 

10 Dermatologic Manifestations of Herpes Zoster



112

of age, involvement of greater skin surface area, severe pain at presentation and those 
with a coexisting illness) [14, 29, 43, 66]. In one study [58], famciclovir 500 mg 
three times daily for 7 days decreased duration of postherpetic pain by 60 days but 
not severe postherpetic neuralgia [11]. Comparable benefits are probably obtained 
with valacyclovir 1000 mg three times daily. The newer second- generation agents, 
valacyclovir (57 %) and famciclovir (77 %), have a higher oral absorption rate than 
acyclovir (20 %), allowing a decrease in dosage. There was no increase in side effects 
with those agents when compared to placebo in the controlled studies [58, 60].

10.7  Conclusion

Despite the fact that HZ has been recognized for very many years, its treatment still 
presents a challenge in both the immunocompetent and even more so in the immuno-
compromised patient. This chapter has focused on dermatological aspects of HZ but 
briefly reviews other issues which are dealt with in more detail in other chapters. The 
judicious use of pain relievers may ameliorate the acute phase of the condition. In view 
of the higher risk of potentially life-threatening complications of HZ in immunocom-
promised patients and the high morbidity associated with postherpetic neuralgia, anti-
virals (i.e. valacyclovir or famciclovir) are recommended for both immunocompromised 
patients and those at high risk of developing PHN (i.e. individuals with ophthalmic 
zoster or over age of 50 years). The benefits of the newer- generation antivirals in all 
patients have been documented. As HZ and its complications may be severe, preven-
tion is critical. Vaccination against varicella virus is now widely available. A zoster 
prevention vaccine is currently available to decrease the risk of herpes zoster and 
postherpetic neuralgia in immunocompetent individuals over 50 years of age. A new 
vaccine is on the horizon which is more efficacious and more broadly applicable to the 
immunosuppressed (Chap. 24, [36]).
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11.1  Introduction

Although some progress has been made in the treatment of herpes zoster and 
postherpetic neuralgia, about 20–35 % of individuals will experience herpes zoster 
in their life [1–3]. Among individuals with herpes zoster, around 10–30 % will 
develop postherpetic neuralgia, one of the common, debilitating, and challenging 
complications of herpes zoster [4–10]. Both conditions, particularly postherpetic 
neuralgia, are known to have a considerable negative impact on health-related qual-
ity of life (HRQoL), and, unfortunately, available therapeutic options are only par-
tially effective.

Given recent evidence that a varicella zoster virus (VZV) vaccine is effective at 
preventing herpes zoster and postherpetic neuralgia and associated burden [8], clini-
cians and decision makers are being asked to make recommendations regarding the 
use and funding of the VZV vaccine. Information regarding the burden of herpes 
zoster and postherpetic neuralgia, their impact of HRQoL, and the potential cost- 
effectiveness (costs compared to health benefits) of vaccination are needed to inform 
evidence-based policy decision and to guide clinicians in their recommendations. 
The objective of this chapter is to summarize the most recent evidence regarding the 
(1) impact of herpes zoster and postherpetic neuralgia on HRQoL and (2) cost- 
effectiveness of vaccination against herpes zoster.
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11.2  Health-Related Quality of Life (HRQoL)

11.2.1  General Concept and Definitions

Although there is still controversy regarding the exact definition of HRQoL and 
how it should be measured, it is generally recognized as a broad subjective multidi-
mensional construct encompassing general health; physical, emotional, social, cog-
nitive, and role functioning; as well as physical symptoms [11–13]. The World 
Health Organization defines quality of life as “individuals’ perception of their posi-
tion in life in the context of the culture and value systems in which they love and in 
relation to their goals, expectations, standards and concerns” [13]. Hence, HRQoL 
is a broad, complex, and multidimensional concept reflecting the overall sense of 
well-being.

In the past decades, HRQoL has become an important aspect of clinical research. 
Indeed, HRQoL is now considered as one of the most important outcome in many 
clinical trials assessing the efficacy of interventions. HRQoL is also frequently used 
to document and monitor the burden associated with several diseases. Moreover, 
HRQoL represents a meaningful tool to assess the impact of interventions among 
the elderly, particularly when increasing life expectancy is sometimes achieved at 
the detriment of quality of life [14].

11.2.2   HRQoL Measures

Since HRQoL is a subjective construct, the patients themselves should be ques-
tioned about their perceptions of HRQoL [11]. HRQoL instruments aim to assess, 
using the most rigorous, valid, and standardized methods, how individuals perceive 
the impact of various situations (e.g., diseases, treatments, screening tests) on dif-
ferent aspects of their life. A large number of patient-reported HRQoL instruments 
have been developed, and these instruments can be divided into two broad catego-
ries: generic and disease-specific instruments [11]. Generic instruments are designed 
to assess the impact of wide range of conditions or diseases on HRQoL. Given that 
norms from the general population are usually available, it is possible to compare 
the HRQoL of patients to the HRQoL of the general population. On the other hand, 
because these instruments cover general HRQoL domains, they may not be sensi-
tive enough to capture significant changes related to a specific disease (e.g., improve-
ments following treatments, worsening of heath condition). Disease- specific 
instruments have been developed to overcome this limitation of generic 
instruments.
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11.2.3   Generic and Disease-Specific Instruments Commonly 
Used to Examine the Impact of Herpes Zoster 
and Postherpetic Neuralgia on HRQoL

Several generic instruments have been used to examine the different HRQoL domains 
affected by herpes zoster and postherpetic neuralgia.  The most commonly used 
instruments are the EuroQol or EQ-5D [15–17] and the SF-36 (or the shortened ver-
sion, the SF-12) [18–21]. These instruments have been extensively validated and 
used among diverse populations from several countries. The EQ-5D is comprised of 
five HRQoL dimensions: mobility, self-care, usual activities, pain or discomfort, and 
anxiety or depression. Individuals are asked to indicate their level of problems in 
each dimension (no problem, some problems, or severe problems). The level of prob-
lems for each domain are then translated into a single EQ-5D score varying from 0 
to 1, with higher scores indicating higher HRQoL. These overall EQ-5D scores can 
be compared to age- and sex-adjusted population norms [22, 23] or to scores from a 
control group not affected by the disease to estimate the HRQoL loss because of the 
disease. The SF-36, one of the most widely used HRQoL instrument in epidemio-
logical studies, is comprised of 36 questions grouped into eight scales: physical func-
tioning, role physical, bodily pain, general health, vitality, social functioning, role 
emotional, and mental health. Two scores, physical health and mental health, are 
derived from these eight scales. The SF-12 is a shortened version of the SF-36, also 
including eight scales that can be summarized into the physical health and mental 
health summary scores. Scores for the eight scales and the two summary measures 
are usually calculated using norm-based scoring algorithms to obtain a mean of 50 
and a standard deviation of 10 (norm-based scoring), with higher scores indicating 
higher HRQoL.  This standardization makes it possible to meaningfully compare 
scores of the different scales and the physical and mental summary scores and to 
identify HRQoL domains with greater detriments. Similarly to the EQ-5D, summary 
scores can also be compared to age- and sex-adjusted population norms [22, 24, 25] 
or to a control group to estimate HRQoL loss associated with the disease.

Two instruments have been specifically designed to assess the impact of herpes 
zoster and postherpetic neuralgia-associated pain/discomfort on activities of daily 
living and function. The Zoster Brief Pain Inventory (ZBPI) has been developed by 
Coplan et al. [26] to quantify, on an 11-point Likert scale (0 = no interference to 10 
= complete interference), the interference of pain/discomfort from herpes zoster and 
postherpetic neuralgia with seven activities of daily living: general activity, mood, 
walking ability, work, relation with others, sleep, and enjoyment of life. This instru-
ment was used in the Shingles Prevention Study [8] and has shown good reliability 
and validity [26]. The Zoster Impact Questionnaire (ZIQ) was developed for the 
purposes of herpes zoster vaccine trials and measures interference of pain with the 
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following activities of daily living: ability to clothe oneself, bathe, groom oneself, 
eat, travel, shop, leave the house, concentrate, do housework, prepare meals, do 
leisure activities, and be sexually active [26]. However, this instrument has not been 
formally validated against other HRQoL questionnaires [26].

11.3   Impact of Herpes Zoster on HRQoL

The acute phase of herpes zoster is characterized by a unilateral, dermatomal, and 
vesicular rash, associated with dermatomal pain or discomfort [27, 28]. Although 
the rash and pain associated with herpes zoster usually disappear within 1 month, 
acute herpes zoster has a significant impact on HRQoL and functional status. 
Several studies, conducted in North America [29–31], Europe [32–35], or Asia [36–
38], have consistently reported an important impact of acute herpes zoster on all 
HRQoL domains. Table 11.1 summarizes the impact of acute herpes zoster, as mea-
sured at the beginning of the episode, by either generic instruments (EQ-5D, 
SF-12/36) or the herpes zoster-specific instrument (ZBPI-ADL). Studies generally 
recruited individuals with newly diagnosed herpes zoster (i.e., within 7 or 14 days 
after rash onset or with a visible rash) and aged ≥50–60 years old. At recruitment, 
the mean pain severity reported by patients from the various studies ranged from 5.0 
to 6.4/10.0 (equivalent to moderate pain). Although definitions and cutoff used to 
define severe pain varied between studies, the proportion of newly diagnosed 
patients reporting severe pain was around 40 %.

11.3.1   Impact of Herpes Zoster on HRQoL: Generic 
Instruments

Five studies examined the impact of acute herpes zoster on HRQoL using the 
EQ-5D [29, 30, 34, 37, 38] (Table 11.1). Unsurprisingly, these studies consistently 
reported that pain/discomfort was the health domain most frequently affected by 
herpes zoster, with more than 80 % of patients reporting this problem [30, 34, 38]. 
Problems in performing usual activities (35–55  %) and symptoms of anxiety/
depression (34–65 %) were also frequently reported. More specifically, in MASTER 
(Monitoring and Assessing Shingles Through Education and Research), a pan- 
Canadian prospective observational study [30], significant detriments in the five 
HRQoL domains (mobility, self-care, usual activities, pain/discomfort, anxiety/
depression) were observed at recruitment compared to the pre-herpes zoster status 
(Fig. 11.1). At recruitment, 94 %, 55 %, and 46 % of the 261 patients recruited 
within 14  days of rash onset reported pain/discomfort, problems in performing 
usual activities, and symptoms of anxiety/depression compared to 36 %, 13 %, and 
23 % prior to herpes zoster, respectively. However, these proportions returned to 
pre-herpes zoster values after pain has stopped.
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A significant impact of herpes zoster on physical and mental health was also 
observed when using the SF-36 or SF-12 generic instruments, and this negative 
impact was strongly associated with the severity of pain [29]. More specifically, 
significant differences with population norms were observed for the following 
domains: role physical, bodily pain, vitality, social functioning, role emotional, and 
mental health [34].

11.3.2   Impact of Herpes Zoster on HRQoL: Disease-Specific 
Instrument

Herpes zoster also has a considerable impact in activities of daily living, as mea-
sured by the ZBPI- ADL [29, 30, 33, 34, 38]. The four activities of daily living more 
frequently affected by herpes zoster are sleep (43–64  % of individuals reported 
interference of pain ≥5), enjoyment of life (49–58 %), general activities (43–53 %), 
and mood (41–53 %) [29, 30, 38]. For example, in MASTER, 64 %, 58 %, 53 %, 
and 46 % of individuals newly diagnosed with herpes zoster reported interference 
of pain ≥5/10 with sleep, enjoyment of life, general activities, and mood, respec-
tively [30] (Fig. 11.2). Once again, very few individuals (<4 %) reported interfer-
ence of pain in activities of daily living after pain cessation. These data, as well as 

Mobility Self-care Usual activities Pain/
discomfort
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Before herpes zoster (n=261)

100

90
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Fig. 11.1 Impact of herpes zoster on health-related quality of life: EQ-5D domains affected over 
time for 261 individuals newly diagnosed with herpes zoster (MASTER)
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those from other studies [29, 33, 36, 37], clearly indicate that the impact of herpes 
zoster on HRQoL and functional status is closely associated with pain.

11.4   Impact of Postherpetic Neuralgia on HRQoL

Although there is still some controversy regarding the exact definition of posther-
petic neuralgia, it is generally recognized as the most common complication of 
herpes zoster and one of the most challenging to treat. When defined as pain persist-
ing for more than 90 days after rash onset, between 8 and 27 % of individuals with 
herpes zoster develop postherpetic neuralgia [4–10]. Older age, greater number of 
lesions, and greater acute pain have been consistently reported as key risk factors for 
postherpetic neuralgia [5, 10, 39–42]. It has also been suggested that premorbid 
functional status, possibly a marker of poor health status, could potentially increase 
the risk of postherpetic neuralgia [10].

Several studies have examined the impact of postherpetic neuralgia on HRQoL and 
functional status in North America and Europe [30, 32, 33, 35, 43–45] (Table 11.2). 
Some studies prospectively followed individuals with herpes zoster to identify those 
who developed postherpetic neuralgia (i.e., incident cases) [30, 33, 35], whereas other 
studies recruited individuals experiencing postherpetic neuralgia for different periods 
of time (i.e., prevalent cases) [32, 43–45]. The pain severity was generally higher 
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Fig. 11.2 Impact of herpes zoster on activities of daily living: interference of pain ≥5 for 261 
individuals newly diagnosed with herpes zoster (MASTER)

11 The Effect of Herpes Zoster and Postherpetic Neuralgia on Health-Related



128

Ta
bl

e 
11

.2
 

Im
pa

ct
 o

f 
po

st
he

rp
et

ic
 n

eu
ra

lg
ia

 o
n 

H
R

Q
oL

 a
s 

m
ea

su
re

d 
us

in
g 

th
e 

E
Q

-5
D

, S
F-

36
/S

F-
12

, o
r 

Z
B

PI
-A

D
L

N
or

th
 A

m
er

ic
a

E
ur

op
e

O
st

er
 e

t a
l. 

20
07

 [
43

]
D

ro
le

t e
t a

l. 
20

10
 

[3
0]

C
hi

di
ac

 e
t a

l. 
20

01
 [

32
]

B
ou

ha
ss

ir
a 

et
 a

l. 
20

12
 

[3
3]

Se
rp

el
l e

t a
l. 

20
14

 [
44

]
B

ri
co

ur
t e

t a
l. 

20
14

 [
35

]
L

au
re

nt
 e

t a
l. 

20
14

 [
45

]

D
es

cr
ip

ti
on

C
ou

nt
ry

U
SA

C
an

ad
a

Fr
an

ce
Fr

an
ce

U
K

It
al

y
Fr

an
ce

Po
pu

la
tio

n
 

 N
 w

ith
 P

H
N

38
5

63
93

5
12

7
15

2
73

10
8

 
 A

ge
≥

65
 y

ea
rs

 o
ld

≥
50

 y
ea

rs
 o

ld
N

o 
re

st
ri

ct
io

n,
 

m
ea

n 
=

 6
9 

ye
ar

s 
ol

d

≥
50

 y
ea

rs
 o

ld
≥

50
 y

ea
rs

 o
ld

≥
50

 y
ea

rs
 o

ld
N

o 
re

st
ri

ct
io

n,
 

m
ea

n 
=

 7
3 

ye
ar

s 
ol

d
PH

N
 d

efi
ni

tio
n

Pa
in

 
pe

rs
is

tin
g 

m
or

e 
th

an
 

90
 d

ay
s 

af
te

r 
ra

sh
 o

ns
et

Pa
in

 ≥
3 

pe
rs

is
tin

g 
m

or
e 

th
an

 9
0 

da
ys

 a
ft

er
 

ra
sh

 o
ns

et

Pa
in

 p
er

si
st

in
g 

af
te

r 
cl

ea
ra

nc
e 

of
 le

si
on

s

Pa
in

 
pe

rs
is

tin
g 

m
or

e 
th

an
 

90
 d

ay
s 

af
te

r 
ra

sh
 o

ns
et

Pa
in

 
pe

rs
is

tin
g 

m
or

e 
th

an
 

90
 d

ay
s 

af
te

r 
ra

sh
 o

ns
et

Pa
in

 
pe

rs
is

tin
g 

m
or

e 
th

an
 

90
 d

ay
s 

af
te

r 
ra

sh
 o

ns
et

Pa
in

 p
er

si
st

in
g 

m
or

e 
th

an
 

90
 d

ay
s 

af
te

r 
ra

sh
 

on
se

t

T
im

in
g 

of
 p

ai
n 

an
d 

H
R

Q
oL

 m
ea

su
re

s
M

ea
n 

=
 

3.
3 

ye
ar

s 
af

te
r 

ra
sh

 o
ns

et

90
 d

ay
s 

af
te

r 
ra

sh
 

on
se

t
N

A
90

 d
ay

s 
af

te
r 

ra
sh

 o
ns

et
M

ea
n 

=
 

3.
5 

ye
ar

s 
af

te
r 

ra
sh

 o
ns

et

90
 d

ay
s 

af
te

r 
ra

sh
 o

ns
et

M
ea

n 
=

 2
 y

ea
rs

 
af

te
r 

pa
in

 o
ns

et

R
es

ul
ts

Pa
in

Pa
in

 m
ea

su
re

Z
B

PI
 w

or
st

 
pa

in
Z

B
PI

 w
or

st
 p

ai
n

SF
-3

6 
bo

di
ly

 
pa

in
Z

B
PI

 w
or

st
 

pa
in

Z
B

PI
 w

or
st

 
pa

in
V

A
S

Z
B

PI
 w

or
st

 p
ai

n

Pa
in

 s
ev

er
ity

 
 N

on
e

0:
 1

0 
%

 
 M

ild
0–

3:
 2

0 
%

a
1–

2:
 1

6 
%

9 
%

N
A

1–
4:

 2
9 

%
13

 %
 

 M
od

er
at

e
4–

7:
 3

5 
%

3–
6:

 9
 %

39
 %

5–
6:

 1
7 

%
30

 %
 

 Se
ve

re
8–

10
: 4

5 
%

7–
10

: 1
5 

%
52

 %
7–

10
: 4

4 
%

57
 %

 
 M

ea
n

6.
0

3.
8

5.
4

3.
7

6.
5

M. Drolet



129

Im
pa

ct
 o

n 
H

R
Q

oL

E
Q

-5
D

 m
ea

n 
sc

or
e

0.
61

0.
67

0.
56

b

E
Q

-5
D

 %
 w

ith
 p

ro
bl

em
s

 
 Pa

in
/d

is
co

m
fo

rt
97

%
b

88
 %

90
 %

 
 U

su
al

 a
ct

iv
iti

es
61

 %
43

 %
66

 %
 

 A
nx

ie
ty

/d
ep

re
ss

io
n

52
 %

56
 %

46
 %

 
 M

ob
ili

ty
47

 %
42

 %
55

 %
 

 Se
lf

-c
ar

e
12

 %
29

 %
21

 %
SF

-3
6/

SF
-1

2c

SF
-1

2 
ph

ys
ic

al
 m

ea
n 

sc
or

e
40

a
40

34
SF

-1
2 

m
en

ta
l m

ea
n 

sc
or

e
41

40
56

SF
-3

6 
ph

ys
ic

al
 m

ea
n 

sc
or

e
38

b

SF
-3

6 
m

en
ta

l m
ea

n 
sc

or
e

43
D

om
ai

ns
 m

ea
n 

sc
or

e
H

Z
 p

at
ie

nt
s 

vs
. n

or
m

d

 
 Ph

ys
ic

al
 f

un
ct

io
ni

ng
60

 v
s.

 8
5a,

e
39

 v
s.

 4
4

45
 

 R
ol

e 
ph

ys
ic

al
44

 v
s.

 8
3

38
 v

s.
 4

5
46

 
 B

od
ily

 p
ai

n
46

 v
s.

 7
5

39
 v

s.
 4

7
45

 
 G

en
er

al
 h

ea
lth

47
 v

s.
 7

0
42

 v
s.

 4
8

45
 

 V
ita

lit
y

42
 v

s.
 6

0
42

 v
s.

 5
1

30
 

 So
ci

al
 f

un
ct

io
ni

ng
50

 v
s.

 8
3

41
 v

s.
 4

9
60

 
 R

ol
e 

em
ot

io
na

l
46

 v
s.

 8
4

40
 v

s.
 4

8
55

 
 M

en
ta

l h
ea

lth
50

 v
s.

 7
0

44
 v

s.
 5

2
52

Z
B

PI
-A

D
L

 m
ea

su
re

M
ea

n
%

 w
ith

 
in

te
rf

er
en

ce
 ≥

 5
M

ea
n

M
ea

n
M

ea
n

(c
on

tin
ue

d)

11 The Effect of Herpes Zoster and Postherpetic Neuralgia on Health-Related



130

Ta
bl

e 
11

.2
 

(c
on

tin
ue

d)

Z
B

PI
-A

D
L

 d
om

ai
ns

 
 Sl

ee
p

3.
8

29
 %

3.
0a

3.
4

3.
4

 
 E

nj
oy

m
en

t o
f 

lif
e

4.
5

31
 %

2.
5

3.
8

N
A

 
 G

en
er

al
 a

ct
iv

iti
es

3.
7

25
 %

4.
0

3.
1

4.
5

 
 M

oo
d

4.
3

30
 %

3.
3

3.
4

4.
4

 
 N

or
m

al
 w

or
k

N
A

22
 %

2.
9

2.
9

4.
0

 
 R

el
at

io
ns

 w
ith

 o
th

er
s

3.
0

19
 %

N
A

N
A

3.
0

 
 W

al
ki

ng
 a

bi
lit

ie
s

N
A

25
 %

N
A

N
A

2.
7

 
 O

ve
ra

ll
N

A
3.

1
2.

9
3.

7
a E

st
im

at
ed

 f
ro

m
 fi

gu
re

s
b D

at
a 

w
er

e 
av

ai
la

bl
e 

by
 p

ai
n 

ca
te

go
ri

es
. T

he
 w

ei
gh

te
d 

m
ea

n 
sc

or
es

 (
sc

or
e 

fo
r 

ea
ch

 p
ai

n 
ca

te
go

ry
 m

ul
tip

lie
d 

by
 th

e 
pr

op
or

tio
n 

of
 in

di
vi

du
al

 in
 e

ac
h 

pa
in

 c
at

e-
go

ry
) 

w
er

e 
re

ca
lc

ul
at

ed
 to

 o
bt

ai
n 

an
 o

ve
ra

ll 
sc

or
e 

fo
r 

th
e 

to
ta

l p
op

ul
at

io
n 

of
 th

e 
st

ud
y

c U
nl

es
s 

sp
ec

ifi
ed

, S
F-

12
 a

nd
 S

F-
36

 s
co

re
s 

w
er

e 
st

an
da

rd
iz

ed
 u

si
ng

 n
or

m
-b

as
ed

 s
co

ri
ng

 a
lg

or
ith

m
 to

 o
bt

ai
n 

a 
m

ea
n 

=
 5

0 
an

d 
st

an
da

rd
 d

ev
ia

tio
n 

=
 1

0
d S

co
re

s 
of

 in
di

vi
du

al
s 

w
ith

 p
os

th
er

pe
tic

 n
eu

ra
lg

ia
 a

re
 c

om
pa

re
d 

to
 n

or
m

s 
fr

om
 th

e 
ge

ne
ra

l p
op

ul
at

io
n

e S
co

re
s 

ha
ve

 n
ot

 b
ee

n 
st

an
da

rd
iz

ed

N
or

th
 A

m
er

ic
a

E
ur

op
e

O
st

er
 e

t a
l. 

20
07

 [
43

]
D

ro
le

t e
t a

l. 
20

10
 

[3
0]

C
hi

di
ac

 e
t a

l. 
20

01
 [

32
]

B
ou

ha
ss

ir
a 

et
 a

l. 
20

12
 

[3
3]

Se
rp

el
l e

t a
l. 

20
14

 [
44

]
B

ri
co

ur
t e

t a
l. 

20
14

 [
35

]
L

au
re

nt
 e

t a
l. 

20
14

 [
45

]

M. Drolet



131

among prevalent cases (5.4–6.5/10) [43–45] compared to incident cases (3.8 /10) [30, 
35], and the impact of postherpetic neuralgia on HRQoL is likely to be higher in stud-
ies assessing prevalent cases. Therefore, results from these studies must be interpreted 
with caution as individuals experiencing pain for long periods of time may only rep-
resent a subset of all individuals confronted with postherpetic neuralgia.

11.4.1   Impact of Postherpetic Neuralgia on HRQoL: Generic 
Instruments

Studies recruiting prevalent or incident cases of postherpetic neuralgia provide 
complementary information. The former type of study provides important informa-
tion about the long-term burden of postherpetic neuralgia. For example, Serpell 
et  al. [44] showed that, on average of 3.5 years after the onset of herpes zoster, 
individuals with postherpetic neuralgia still had significant detriments in all SF-36 
domains compared to age-matched UK population norms; the most important nega-
tive impact was observed for vitality, social function, and mental health. Persistent 
problems were also observed when using the EQ-5D: 90 % reported pain/discom-
fort, 55  % mobility problems, 21  % problems with self-care, 66  % problems in 
performing usual activities, and 46 % symptoms of anxiety/depression.

In comparison, studies prospectively following individuals with herpes zoster 
until the development of postherpetic neuralgia provide information on the natural 
evolution of the disease over time as well as the evolution of the disease’s impact on 
HRQoL. In MASTER [30], 24 % (63/261) of individuals with herpes zoster  developed 
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affected over time for 63 individuals who developed postherpetic neuralgia (MASTER)

11 The Effect of Herpes Zoster and Postherpetic Neuralgia on Health-Related



132

postherpetic neuralgia. At the beginning of this phase (i.e., 90 days after rash onset), 
significant detriments in the five quality of life domains were still reported, compared 
to the pre-herpes zoster status (Fig. 11.3): 88  % reported pain/discomfort, 42  % 
mobility problems, 29 % problems with self-care, 43 % problems in performing usual 
activities, and 56  % anxiety/depression. However, almost half of patients with 
postherpetic neuralgia (46 %: 29/63) had pain cessation during the 6-month follow-
up. Among these patients, the proportion reporting problems for the different domains 
returned to pre-herpes zoster values after pain stopped. For the other half of patients 
(54 %, 34/63) still affected by postherpetic neuralgia at the end of the 6-month fol-
low-up, considerable proportions of individuals still reported pain/discomfort (65 %) 
and symptoms of anxiety/depression (45 %) compared to their situation prior to her-
pes zoster, although these differences were not statistically significant. Another inter-
esting observation with these data is that the proportions of individuals who reported 
problems prior to herpes zoster is more important among individuals who developed 
postherpetic neuralgia compared to the overall group of subjects (Figs. 11.1 and 
11.3). This observation supports the hypothesis that the premorbid functional status 
could influence the risk of developing postherpetic neuralgia.

11.4.2   Impact of Postherpetic Neuralgia on HRQoL:  
Disease- Specific Instrument

As expected, postherpetic neuralgia also interferes with activities of daily living. 
The four activities of daily living more frequently affected by postherpetic neuralgia 
are sleep, enjoyment of life, general activities, and mood [30, 33, 43–45]. More 
specifically, in MASTER [30], about 30 % of individuals reported interference of 
pain in these activities at the beginning of the postherpetic neuralgia phase. Among 
patients who had pain cessation during the follow-up, very few still reported pain 
interference with activities of daily living after pain cessation (proportions not sig-
nificantly different from 0). However, nearly 15 % of patients still experiencing pain 
at the end of follow-up reported interference of pain ≥5 with all activities of daily 
living examined, except enjoyment of life. Of note, these proportions are much 
lower compared to the beginning of the postherpetic neuralgia phase, suggesting 
that for the majority of patients with postherpetic neuralgia, pain decreases over 
time as well as its detrimental impact on HRQoL (Fig. 11.4).

11.5   Impact of Herpes Zoster and Postherpetic Neuralgia 
on Employment-Related Productivity

A better understanding of the impact of herpes zoster and postherpetic neuralgia on 
employment-related productivity is important for several reasons. First, work is a 
crucial aspect of the overall well-being of individuals, and maintaining work after a 
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serious disease is important for the overall HRQoL, including physical and mental 
health [46, 47]. In addition, earnings from work are necessary to meet basic needs 
and maintain usual life activities. Second, although the incidence of herpes zoster 
and postherpetic neuralgia increases with age, many individuals diagnosed with 
these conditions are still of working age (i.e., <65–70 years old) [48]. Employment- 
related productivity problems are thus likely to affect a great proportion of individu-
als confronted with herpes zoster and postherpetic neuralgia. Third, productivity 
loss associated with different diseases is an important aspect considered in eco-
nomic analysis of different interventions [49]. For all these reasons, employment- 
related productivity is becoming an integral part of the overall assessment of the 
impact of different diseases on HRQoL.

11.5.1   General Concept and Measures

Absenteeism (absences from work because of illness) was traditionally used as the 
main outcome when examining productivity loss associated with a disease. However, 
recent evidence suggests that presenteeism (decreased effectiveness at work because 
of illness) might have a greater impact on the overall productivity loss [50–52]. 
Absenteeism represents the total time off work because of illness, while presentee-
ism is estimated by the time at work, weighted by the decreased effectiveness 
because of illness. For example, individuals are asked to rate, from 0 % (not effec-
tive at all) to 100 % (completely effective/able to work like before the disease), their 
effectiveness at work for a given day or period [53]. The time at work is then 
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multiplied by the percent reduction in effectiveness at work. Total employment-
related productivity loss can then be obtained by summing the number of hours or 
days lost due to absenteeism and/or presenteeism.

11.5.2   Productivity Loss Associated with Herpes Zoster 
and Postherpetic Neuralgia

A few studies have indicated that herpes zoster and postherpetic have a negative 
impact on employment-related productivity [34, 35, 53–56]. The majority of 
employed individuals (50–65 %) reported taking time off work because of herpes 
zoster, for an average of 26–37  h of absenteeism per employee [34, 53–56]. 
Moreover, a greater proportion of employed individuals (51–76  %) reported 
decreased productivity at work because of herpes zoster pain, for an average of 
34–84 h of presenteeism [53, 54]. Pain severity and duration were associated with 
greater employment-related productivity loss [53, 54]. For example, in MASTER, 
80  % and 100  % of individuals who developed postherpetic neuralgia reported 
absenteeism and presenteeism, respectively, for an average of 45 h of absenteeism 
and 122 h of presenteeism per employee [53]. These studies suggest that presentee-
ism potentially has a greater impact on productivity loss associated with herpes 
zoster and postherpetic neuralgia [53, 54]. Overall, the average total employment-
related productivity loss associated with herpes zoster and postherpetic neuralgia 
ranged from 62 to 116 h per employee [53, 54].

11.6   Economic Analyses of the Herpes Zoster Vaccine

11.6.1   General Concept and Definitions

The number of health-care interventions largely exceeds the society’s capacity to pay 
for them. Economic evaluations provide a formal framework to examine the social 
desirability of an intervention compared with other uses of the same scarce resources 
[49]. Questions such as “Is vaccination worthwhile compared to alternative use of 
the same resources?” and “If vaccination is to be implemented, who should be vac-
cinated and at what age?” can be examined using economic evaluations. In these 
analyses, both the costs and consequences of an intervention are considered. The 
costs include (1) the costs for the health-care system (e.g., cost of implementing the 
intervention and health-care costs saved), (2) the costs for the patients and their fam-
ily (e.g., out-of-pocket cost for medications, treatments), and (3) employment-related 
productivity loss (e.g., productivity loss from the patients and caregivers). The con-
sequences of an intervention refer to the potential health benefits that can be gained 
from the intervention as well as the adverse effects of the intervention, if any. When 
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health benefits are expressed in terms of effectiveness (e.g., life years gained, num-
ber of cases averted), we get cost-effectiveness analysis. When health benefits are 
expressed in terms of quality-adjusted-life-years gained (QALYs), a measure com-
bining health gains from reduced mortality (quantity of life) and from reduced mor-
bidity (quality of life), we get cost-utility analysis [49]. QALYS are generally 
estimated using multi-attribute instruments, such as the EQ-5D or the SF-36/12 
(through the SF-6D, a utility instrument derived from the SF-36/12 questions [49, 
57]). Therefore, the information presented previously about the impact of herpes 
zoster and postherpetic neuralgia on HRQoL is translated into QALYs to constitute 
the main outcome of health benefits used in economic analysis.

Although there is no clear recommendation regarding the maximal amount that 
policy makers are willing to pay for each additional QALY gained, a commonly 
used rule of thumb is that interventions are considered cost-effective if their cost/
QALY gained is below the per capita GPD [58, 59]. Using this cutoff, interventions 
are generally considered cost-effective in Canada if their cost-utility ratio is less 
than 40,000$/QALYs gained [60].

11.6.2   Economic Evaluations of Vaccination against Herpes 
Zoster

Many studies have performed economic evaluation of vaccination against herpes 
zoster [2, 61–73], and several reviews (systematic and non-systematic) [74–79] 
have synthetized these results. The great majority of economic analysis suggested 
that vaccination against herpes zoster could be a cost-effective intervention, under 
three main conditions: (1) age at vaccination is around 60–70 years old, (2) the vac-
cine duration of protection is longer than 10 years, and (3) the vaccine reduces the 
risk of developing postherpetic neuralgia by about 70 % across all age groups, as 
estimated in the Shingles Prevention Study [8]. The incidence of herpes zoster and 
postherpetic neuralgia increases with age. On the other hand, vaccine efficacy 
against herpes zoster significantly decreases with older age at vaccination, and the 
duration of vaccine protection is still uncertain. Consequently, the optimal age at 
vaccination is the one where vaccine efficacy is high (i.e., among younger individu-
als) while offering protection for a sufficient period of time to cover ages at increased 
risk of herpes zoster and postherpetic neuralgia (i.e., older individuals). For these 
reasons, most economic analyses suggested that the optimal age at vaccination is 
around 65 years old. Vaccination before 65 years old offers the highest vaccine effi-
cacy but remains less cost-effective as a result of uncertainties regarding the vaccine 
duration of protection. Vaccination beyond 65 years is also less cost-effective as a 
result of decreased vaccine efficacy against herpes zoster. However, recent data sug-
gesting waning of vaccine protection against herpes zoster and postherpetic neural-
gia over time [80, 81] could have an important impact on these results and reinforce 
the need to target optimal ages at vaccination.
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11.7  Conclusion

Herpes zoster is a frequent condition, particularly among the elderly. Although the 
rash and pain associated with herpes zoster usually disappear within 1 month, stud-
ies conducted in North America, Europe, and Asia consistently reported that herpes 
zoster has an important impact on several HRQoL domains. Postherpetic neuralgia 
is the most common complication of herpes zoster and one of the most challenging 
to treat. Once again, studies conducted in North America and Europe clearly indi-
cated that postherpetic neuralgia can seriously affect all HRQoL domains, and this 
negative impact persists as long as pain persists. It is also important to point out that 
these severe detriments in HRQoL were observed among populations receiving 
treatments against herpes zoster or postherpetic neuralgia. The main treatment for 
herpes zoster is antiviral medication, and, to reach optimal efficacy, antivirals have 
to be started within 72 h of rash onset. Unfortunately, this short time window is dif-
ficult to achieve in clinic as many patients may wait for several days before seeking 
care. Treatments for postherpetic neuralgia are only partially effective and are often 
associated with severe adverse effects. Thus, available therapeutic options are 
largely suboptimal, and the treatment of postherpetic neuralgia is too often unsuc-
cessful. These data reinforce the need for supplementary preventive strategies. The 
safety and efficacy of the vaccine have been demonstrated in large placebo- controlled 
trials, and several economic analyses have concluded that vaccination against her-
pes zoster could be cost-effective if the vaccine is given at 60–70 years old and 
confers protection for at least 10 years. In light of this evidence, vaccination against 
herpes zoster represents a promising strategy to reduce the overall burden of herpes 
zoster and postherpetic neuralgia. A new vaccine is on the horizon which appears 
more effective and more broadly applicable to immunosuppressed patients [82].
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Chapter 12
The Pathology of Postherpetic Neuralgia 
and Postherpetic Itch

Anne Louise Oaklander

12.1  Introduction

Postherpetic neuralgia (PHN) is the most studied focal neuropathic pain condition. 
In addition to being common, zoster affects all demographic groups and is unusu-
ally easy to diagnose and neuroanatomically localize from its characteristic derma-
tomal rash and scars. The day of onset of the rash is usually remembered or indicated 
in the medical records. These characteristics make it ideal for research. Studies and 
trials of PHN have informed our knowledge of neuropathic pain and how to treat it 
and brought neuropathic itch into awareness. This chapter’s focus is on the patho-
logical findings shingles causes in the sensory ganglia, peripheral nerves, and spinal 
cord. Advanced imaging studies including anatomical and functional magnetic 
resonance imaging and analyses of brain perfusion are beginning to reveal zoster’s 
secondary and tertiary effects on the central nervous system [13, 25, 56].

12.2  Early Pathological Studies

Reports about the pathological consequences of shingles extend from the nineteenth 
century. Bright [4] associated shingles with the nervous system as well as the skin, 
and Friedrich Wilhelm Felix von Bärensprung [47, 48] first linked herpes zoster to 
hemorrhagic lesions of the spinal dorsal root ganglion (DRG), the nidus of 
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varicella- zoster virus (VZV) latency and reactivation. Later nineteenth-century 
reports included two cases of zoster with hemorrhage and inflammation in the gas-
serian ganglion [42, 53] and four cases with hemorrhage, inflammation, and destruc-
tion of ganglion cells in thoracic and cervical ganglia [8, 23]. Chandelux [5] 
described one chronic case with ganglion cell and connective tissue loss.

12.3  Head and Campbell [17]

The acute and chronic pathology of zoster was comprehensively described in 
1900 in a 170-page landmark monograph “The pathology of Herpes Zoster and its 
bearing on sensory localization” written by neurologists Sir Henry Head (1861–
1940) (Fig. 12.1) and A. W. Campbell and published in the journal Brain. As 
discussed in Oaklander [32], this masterpiece remains not only the primary refer-
ence about zoster pathology, but their meticulous drawings of the cutaneous loca-
tions of zoster rashes in almost 500 patients (Fig. 12.2a) enabled them to map the 
locations of the sensory dermatomes (Fig. 12.2b), information used every day in 
medical practice. It also included meticulous drawings of the gross and micro-
scopic anatomic pathology from 21 shingles patients who later died for various 

Fig. 12.1 Sir Henry Head 
(1861–1940) was a pioneer in 
academic medicine who 
published widely in neurology. 
He was also an accomplished 
medical educator and editor, 
poet, and literary critic. He 
coauthored the definitive work 
on the clinical and pathological 
features of zoster (Head and 
Campbell [17]). His academic 
awards included the Royal 
Medal in 1908, knighthood in 
1927, the Gold Medal of the 
Royal Society of Medicine in 
1929, and Fellowship in the 
Royal Society (Image credit: 
Wellcome Library, London)
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reasons, often tuberculosis or syphilitic dementia. These included 8 patients with 
acute zoster (death occurring 4–30 days after the rash) and 13 who died 
57–790 days after onset. Only one was clearly noted to have lingering pain at the 
time of death. Head and Campbell corroborated earlier reports of ganglionic 
changes – acute infiltration of small round inflammatory cells, extravasation of 
blood, destruction of sensory neurons, axons, and satellite cells (Fig. 12.2a) – and 
also described the end stage of scarring in the affected part of the ganglion and 
thickening of its sheath. They established that only one ganglion is affected by 
zoster (in immunocompetent patients), that lesions include hemorrhage and 
inflammation, and that the dorsal part of the ganglion is most often affected. They 
reported that ganglia can appear normal after mild eruptions and mapped the 
somatotopic organization of the dorsal columns and where they terminate in the 
brain. Head and Campbell added new information about the time, course, and 
nature of degeneration and subsequent scarring in sensory roots and peripheral 
nerves. They established these as secondary to the ganglionic lesion in most cases, 
although in two cases they found inflammation and hemorrhage in the peripheral 

a b

Fig. 12.2 Head and Campbell correlated their meticulous of mapping the location of zoster 
rashes on the skin of patients under their care at the Rainhill Asylum with later pathologic 
localization of the damage that person’s shingles had caused to their nervous system (From 
Head and Campbell [17]). (a) (Plate 1). The image at the top depicts a longitudinal section of 
the right seventh dorsal ganglion of the side in Case 2, James T., age 35, who died from syphi-
litic heart failure 8 days after the onset of his zoster eruption. At this early stage, the corre-
sponding dorsal roots had not yet begun to degenerate (not shown). Stained with hematoxylin 
and eosin. The images at the bottom depict Head and Campbell’s colored drawing of both 
seventh dorsal ganglia from Case 9, Richard K, aged 36, who died from syphilitic dementia 
153 days after the onset of his zoster eruption. The unaffected contralateral left ganglion is at 
the left, and the right zoster-affected seventh dorsal ganglion is at the lower right. Stained by 
Marchi’s method and counterstained by van Gieson’s picro hematoxylin method. (b) This 
monolithic project enabled them to map the classic cutaneous dermatomes
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nerve as well as the ganglion. They described in detail the location, onset, slower 
resolution, and complete disappearance of secondary degenerative change in the 
ipsilateral posterior column of the spinal cord. Degenerating central axons 
appeared as early as day 9 after rash onset and persisted as long as 5 and 9 months 
after the rash. By tracing degenerating tracts with Marchi staining, they helped 
establish somatosensory anatomy. Of particular note in light of subsequent studies 
of patients with PHN [50] is their lack of documentation of changes in the poste-
rior horn of the spinal cord, although they studied this area carefully. Presumably 
the vast majority of their patients did not have PHN. Head labored in ignorance of 
the cause of shingles, since viruses had not yet been discovered, but we still can-
not answer his questions about why shingles prefers the thoracic and V1 ophthal-
mic ganglia, why only one ganglion is affected, and why the dorsal part of the 
ganglion is preferentially afflicted.

12.4  Later Pathological Studies of Zoster-Affected Ganglia 
and Central Nervous Tissue

Denny-Brown et al. [7] reported the pathology of two patients with acute thoracic 
zoster (one with and one without pain) and one with the rare Ramsay-Hunt syn-
drome (facial nerve paralysis from cranial zoster). They corroborated the presence 
of hemorrhagic ganglionic inflammation with one ganglion containing a cyst. All 
three patients had inflammatory central nervous system changes, findings first 
reported in the French [11, 24] and German literature [52]. They described “polio-
myelitis” (inflammation in the gray matter) of the anterior and dorsal horns 
accompanied by leptomeningitis and pleocytosis in the cerebrospinal fluid. They 
also found peripheral mononeuritis in nerves distal to the ganglion and in the 
anterior root. They used this to explain the facial paralysis in their Ramsay-Hunt 
case since the geniculate ganglion was completely spared, with a ganglionitis in 
this case involving the second cervical ganglion. In that same year Raymond 
D. Adams [1] described another case of direct cellular infiltration of the facial 
nerve during herpetic infection.

The advent of immunofluorescence and electron microscopy yielded further 
insights. Esiri and Tomlinson [10] demonstrated the presence of VZV within the 
trigeminal nerve and ganglion of a patient with ophthalmic zoster. Ghatak and 
Zimmerman [14] visualized VZV particles in the affected spinal ganglia of a 
case of HZ associated with Hodgkin’s disease, plus the intranuclear inclusions in 
ganglionic neurons described earlier by Cheatham [6] and McCormick et al. 
[27]. Ghatak also found multinucleated giant cells and alterations suggestive of 
mitosis within neurons in the sensory ganglia and speculated that these might 
reflect zoster superimposed on Hodgkin’s disease. Imaging studies have shown 
that PHN is more frequent in shingles patients with involvement of the central 
nervous system [54].
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12.5  Pathological Studies of Nerves Extending from  
Zoster- Affected Ganglia

Head and Campbell [17] examined the nerves extending from zoster-affected gan-
glia and demonstrated that changes develop later than in the affected ganglia. 
Noordenbos [30] first analyzed the size distribution of axons in four intercostal 
nerve biopsies from patients with PHN. He found fewer large myelinated fibers and 
more smaller myelinated axons and postulated that zoster preferentially damages 
larger DRG cells with consequent loss of their thicker myelinated fibers and that 
“remaining sensibility was subserved by fibers of the slowest conduction rate.” This 
led him to the idea that interactions between different fiber types might influence 
pain, and the concept that “fast blocks slow.” His theories helped stimulate Ronald 
Melzack and Patrick Wall to propose the gate control theory of pain [28], but his 
interpretation that small-caliber neurons were spared by zoster was wrong. The 
autopsy studies had already made it clear that no type of neuron is preferentially 
spared. More likely, the increased numbers of thin axons in zoster-affected nerves 
reflected regenerating axons, which are not distinguishable from preserved small-
diameter axons by light microscopy. All types of peripheral neurons extend thin 
unmyelinated axon sprouts after injury.

Next, Zacks et al. [55] studied four peripheral nerve biopsies from patients 
with prior HZ, two with and two without pain. They found evidence for Wallerian 
degeneration, which they presumed was secondary to perikaryal damage and direct 
inflammatory changes within associated proximal nerves. They found that small 
fibers were present early but eventually disappeared, which is the natural his-
tory of axonal sprouting and regrowth. Later, collagen proliferated and the nerves 
became masses of fibrous tissue containing rare small myelinated fibers. They 
were not able to correlate the presence and severity of fibrosis with postherpetic 
neuralgia. Although they suggested that the paucity of surviving fibers implicated 
central mechanisms in PHN, it was obvious from their patients’ symptoms (most 
had allodynia, hyperesthesia and, dysesthesia) that peripheral mechanisms also 
contributed.

12.6  Autopsy Attempts to Discover the Pathologic  
Signature of PHN

Very few early autopsied cases were documented as having PHN close to the time 
of death (Head and Campbell case 7, Denny-Brown case 2, Zacks cases 2 and 3, the 
4 Noordenbos biopsies). Given shorter life expectancies in the eighteenth century, 
and the fact Head and Campbell’s subjects were incarcerated in an asylum, many 
with infectious encephalitis, few among the early autopsied cases were likely to 
have PHN, given that older age is the biggest risk factor for developing PHN after 
shingles [19].
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Noordenbos [30] and Zacks et al. [55] first focused on PHN and attempted to 
discover its pathogenesis. Then Watson et al. [49] described autopsy findings 
from a patient with 5 years of severe thoracic PHN. Despite involvement of only 
one ganglion (Fig. 12.3), the dorsal-horn atrophy (Fig. 12.4) sometimes affected 
several adjacent spinal-cord segments. This finding offers a pathological explana-
tion for why PHN usually symptoms typically affect several contiguous derma-
tomes (Fig. 12.5) even though zoster rashes and ganglion damage affect only one 
ganglion in most immunocompetent patients. The cause is that primary afferents 
branch superficially in Lissauer’s tract and send collaterals a few segments 
 rostrally and caudally before penetrating the dorsal horn, so more than one dorsal-

Fig. 12.3 This right T8 dorsal root ganglion from a patient with 5 years of PHN shows a large area 
of pan-cellular necrosis and fibrosis (scarring) in only this one DRG (upper left). Residual normal- 
appearing ganglion is at lower right (Masson trichrome × 10) (From: Watson et al. [50])

Fig. 12.4 Atrophy of the dorsal horn of the spinal cord on the shingles-affected side (left side). 
This involves loss of myelin as evidenced by the reduced darker staining of the central dorsal horn 
compared with the contralesional control side) (MBP × 2.5). In contrast to the single DRG affected, 
dorsal horn atrophy and cell, axon, and myelin loss with DRG fibrosis were found only in patients 
with persistent PHN (From: Watson et al. [50])

A.L. Oaklander



147

horn segment becomes deafferented and vulnerable to transsynaptic degeneration 
after VZV reactivation in a single sensory ganglion. Further autopsies comparing 
three patients with severe PHN with two without PHN after their shingles [50] 
confirmed ganglionic changes, dorsal-horn atrophy, and persistent dorsal-horn 
labeling for substance P and CGRP. Dorsal horn atrophy and cell, axon, and 
myelin loss with fibrosis in the sensory ganglion were found only in the patients 
with PHN, whereas loss of myelin and axons in the nerve and/or sensory root was 
found in cases with and without pain. Morphometric study of the peripheral 
nerves corroborated the finding of fewer large myelinated fibers and more thin 
ones, consistent with sprouting of remaining DRG neurons.

12.7  The Pathology of Facial (Trigeminal) Zoster and PHN

Although the ophthalmic division of the trigeminal ganglion (V1) is the second most 
common location for zoster after the torso, there are fewer pathological studies of 
trigeminal zoster [17, 42, 53]. Two of the Head and Campbell [17] cases were tri-
geminal, one with rash in the mandibular V3 division 30 day premortem and the 
other with the rash in V1 6 months before death. They described similar pathology 
in the gasserian (trigeminal) ganglia as in DRG. Secondary central degeneration 
was detected only in the V3 case, in the trigeminal root, and spinal tract of V. Reske- 
Nielsen et al. [38] autopsied three V1 cases with death 22–117 days after the erup-
tion – pain status unmentioned – and found lesions in the ophthalmic part of the 
gasserian ganglion and in the mesencephalic trigeminal nucleus. In contrast, autopsy 
study of a case of severe V1 PHN after herpes zoster ophthalmicus (HZO) revealed 
demyelination, loss of myelinated fibers, fibrosis, and axon sprouting in the oph-
thalmic and supraorbital nerves, but no major central pathology [51]. Hamrah et al.’s 
[16] study of 27 patients with V1 zoster used the newest method – in vivo corneal 
confocal microscopy (IVCM) – to characterize the neuropathology within patients’ 

Fig. 12.5 Patient AC: (1) 
margin of area of allodynia 
to skin stroking; (2) 
postherpetic scarring; (3) 
margin of area of reduced 
sensation (From: Herpes 
Zoster and Postherpetic 
Neuralgia. 1st ed. 1993 
Elsevier page 156)
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corneas. Virtually all corneal innervation is nociceptive, explaining why even the 
lightest contact with the cornea is painful. IVCM permits noninvasive visualization 
and quantitation of the nerve endings in the cornea of living patients. This method 
demonstrated that degeneration and pathology of the subbasal nerve plexus (Fig. 
12.6) is correlated with the severity of loss of corneal sensation. It additionally con-
firmed the presence of bilateral distal neurite loss in cases of clinically unilateral 
HZO as described on the torso (vide infra).

a b c

d e f

g h i

Fig. 12.6 Ocular pathology in herpes zoster ophthalmicus (HZO). (a) Slit lamp photo of normal 
cornea. (b) Slit lamp photo of contralateral clinically unaffected eye of patient with unilateral 
HZO. (c) Slit lamp photo of eye affected by herpes zoster ophthalmicus demonstrating corneal 
inflammation and clouding. (d) In vivo corneal confocal microscopy (IVCM) image of corneal 
subbasal nerve plexus within a normal eye. (e) IVCM image of subbasal nerve plexus in clinically 
unaffected contralateral eye of HZO patient reveals fewer and shorter fibers (bilateral pathology). 
(f) IVCM image of subbasal nerve plexus in affected eye of patient with HZO and no corneal 
sensory loss demonstrates relatively preserved subbasal fibers with shorter neurites. (g) IVCM 
image of subbasal nerve plexus in affected eye of patient with HZO and mild corneal sensory loss 
demonstrates fewer and shorter subbasal neurites. (h, i) IVCM image of subbasal nerve plexus in 
HZO-affected eyes with severe corneal sensory loss demonstrates far fewer, thin subbasal neurites 
(Reprinted from: Hamrah et al. [16])
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12.8  Skin-Biopsy Studies of Living Patients  
with Prior Shingles

Immunohistochemically labeling skin biopsies with the pan-axonal marker anti-
PGP9.5 permits neuropathological data to be gathered from living patients. For 
the first time, it enabled enough PHN patients were studied to discover a patho-
logical correlate for their pain. Earlier studies of sensory function in patients 
previously affected by zoster had yielded murky results [3, 34, 40], perhaps 
because psychophysical techniques rely on subjective perceptions in contrast to 
pathology.

Unlike markers of specific peptides, transmitters, or receptors, PGP9.5 appears 
to label all types of neural processes coursing through non-neural tissue and make 
them visible using light microscopy [21, 46]. The neural identity of PGP9.5- 
immunopositive cutaneous fibers has been confirmed by electron microscopy [18]; 
the antigen is neuronal cytoplasmic protein gene product 9.5 (PGP9.5)/ubiquitin-
C- terminal hydrolase 1 (UCHL-1), a protease involved in processing of ubiquitin 
precursors and ubiquinated proteins. In the epidermis, the axon bundles in the der-
mis spread into distinct terminal branches (neurites). These come almost exclu-
sively from the nociceptive C- and A-delta nerve endings that transduce and 
transmit signals of pain and itch [44], hence the relevance to PHN and postherpetic 
itch (PHI).

Ebert [9] performed the first PGP9.5 studies of previously zoster-affected skin 
and reported that segmental axonal losses extended to the skin. Rowbotham et al. 
[41] studied allodynic PHN-affected skin and found no correlation between den-
sity of epidermal innervation and severity of allodynia, perhaps because the large 
myelinated “touch fibers” end in the dermis and are not captured in measurements 
of epidermal innervation. The next skin-biopsy study that was of 34 patients with 
or without PHN after shingles at least 3 months earlier [31] reported strong corre-
lations between the presence of PHN and the severity of loss of epidermal innerva-
tion. Subjects with PHN averaged 339 ± 97 neurites/mm2 of skin surface area in 
their previously shingles-affected dermatome as compared with 1661 ± 262 
 neurites/mm2 in subjects without PHN pain after shingles [31]. A related biopsy 
study of previously shingles-affected skin from 38 subjects ([33]; Fig. 12.7) identi-
fied a threshold of 650 neurites/mm2 that predicted who did or did not have PHN, 
implicating peripheral deafferentation as a mechanism of PHN pain. The presence 
of a threshold (step-function relationship) (Fig. 12.8) suggested that neuropathic 
pain did not occur despite degeneration of nociceptors as long as a minimum num-
ber survived, and neuropathic pain (PHN) ensured abruptly when neuronal densi-
ties dropped slightly below the threshold. It was proposed that PHN was in part a 
somatosensory hallucination, analogous to tinnitus after hearing loss and the 
Charles Bonnet syndrome after loss of primary afferent visual neurons [20, 43]. 
Studies of risk factors for developing PHN after zoster support this hypothesis, 
since rash severity and duration (surrogate markers for ganglion cell loss) add risk 
for PHN [12].

12 The Pathology of Postherpetic Neuralgia and Postherpetic Itch



150

Fig. 12.7 PGP9.5 immunolabeling of nerve fibers within vertical sections of human punch skin 
biopsies. The stratum corneum is uppermost, with the epidermis and dermis beneath. Both biopsies 
are from previously shingles-affected skin. The subject whose biopsy is on top is a 75-year-old 
woman with no PHN after shingles on her back. She had 1184 neurites/mm2 skin surface area. The 
subject whose biopsy is below is a 72-year-old woman with PHN after shingles on her back and 
shoulder. She had 145 neurites/mm2 skin surface area (Reprinted from: Oaklander, AL. PAIN Vol 
96, number 3, April 2002)
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12.9  Bilateral Neuropathology after Unilateral Shingles

These skin-biopsy studies also confirmed earlier isolated reports that unilateral 
shingles also damages segmental “mirror-image” neurons directly contralateral 
from a zoster-affected ganglion. This was discovered when Oaklander et al. [31] 
used as a control not only skin mirror-image to the shingles but also shin from a 
different dermatome on the torso. Contralateral damage occurred despite the lack of 
contralateral shingles eruptions or pain and did not extend to distant contralateral 
dermatomes. In light of this report, other authors appreciated that their earlier data 
also included evidence of bilateral effects of unilateral shingles [2, 50]. An autop-
sied case of clinically unilateral ophthalmic PHN [51] had clear damage in the con-
tralateral ophthalmic and supraorbital nerves. Previous spinal cases also 
demonstrated that the spectrum of myelinated fibers from the contralateral non- 
affected side differed from that of age-matched controls (Cases 1 and 2: Watson 
et al. [50]). Another previous case (Case 5: Watson [50]) had contralateral inflam-
matory changes in nerves of the affected segment and bilaterally including in seg-
ments above and below the zoster-affected segment.

Head and Campbell [17] reported no evidence of VZV reactivation in mirror- 
image contralateral ganglia (e.g., Fig. 12.2a), demonstrating that loss of contrale-
sional axons does not merely reflect contralateral spread of VZV. Others hypothesized 

Fig. 12.8 Analysis of densities of epidermal nerve endings from the torso of patients previously 
affected by shingles at least 3 months prior revealed that a threshold of approximately 650 neurites/
mm2 was 95 % sensitive and 89 % specific in distinguishing between subjects with and without 
PHN (From: Oaklander [33])
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that this might reflect occult zoster myelitis [15, 50]. However, when Oaklander and 
Brown [37] demonstrated similar segmental contralesional axonopathy after 
 one- sided distal nerve injuries in rats, this confirmed that the contralesional loss of 
skin innervation after unilateral zoster is a transcellular effect, a phenomenon often 
reported but often unappreciated and little understood [22]. Surprisingly, a signifi-
cant correlation was reported between severity of PHN pain and severity of loss of 
epidermal neurites in mirror-image skin [31]. Perhaps this is a surrogate marker for 
occult spinal-cord changes. Application of IVCM to both eyes of 27 patients 
affected by unilateral HZO confirmed that contralesional corneas had significant 
reductions in total nerve length, number of nerves, and main nerve trunks as com-
pared with control eyes (Fig. 12.6; [16]).

12.10  The Pathology of Postherpetic Itch (PHI) 
and Associated Self-Injury

Varicella eruptions are notoriously itchy, and so is zoster. Dermatomal itch is a 
common early sign of zoster, and in mild cases it can be the only sensory symptom. 
After shingles some patients are left with severe disabling PHI, either accompany-
ing PHN or alone. Patients with PHI can injure and scar their skin by repeated 
scratching. Rarely they scratch deeply and cause serious self-injury. The well- 
known case of a woman who painlessly scratched through her skull and into her 
brain after V1 zoster [35] raised awareness of PHI. Skin biopsies from her scalp 
demonstrated that her PHI arose in nearly total denervation of her previously 
zoster- affected skin (Fig. 12.9). Her self-injury was caused by the conjunction of 
severe PHI and loss of the protective nociceptive sensations that normally limit 
scratching by triggering pain when the skin is lacerated. This paper hypothesized  
that the pathological substrate of PHI is abnormal spontaneous firing of the few 
remaining itch- transmitting C-fibers plus the lack of enough nearby sensory fibers 
to generate normal the inhibition in the dorsal horn that spatially and temporally 
limits itch.

Itch had not been a subject of neurological or pathological study, and it was 
not included among the endpoints in most clinical trials studying PHN, and 
there has been no systematic study of treatments. Clinical experience and case 
reports [35] show that most patients’ itch is relieved by local administration of 
local anesthetics, meaning that peripheral axonal signaling is required. The his-
torical HZ literature does not mention “itch” or “pruritus,” but sometimes refers 
to “distressing sensory symptoms” or “self-injurious scratching.” Another early 
term “pruritus sine materia” was used for dermatologically unexplained 
regional itch syndromes including PHI. This was, and still often is, attributed to 
psychogenic causes. “Trigeminal tropic syndrome” is a term from the early 
twentieth century that described self- injurious facial scratching after trigeminal 
damage. The most common cause then was neurosurgical transaction of trigem-
inal branches during early (ineffective) attempts to relieve trigeminal neuralgia, 
but now it is PHI.
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The first systematic study of PHI pooled data from 586 adults with shingles or 
PHN [36]. It revealed that PHI was usually mild or moderate in severity and that itch 
was a common in both acute zoster and PHN. It confirmed clinical impressions that 
PHI was more likely after HZ eruptions on the head, face, and neck than on the 
torso. Perhaps itch was evolutionarily selected to be more highly represented on the 
face to help protect animals from insects drawn to facial mucous membranes.

PHI has been modeled in animals including mice, rats, and monkeys by surgical 
extirpation of individual dorsal root ganglia. The resulting scratching and self-injury 
centered on the denervated dermatome is referred to as “overgrooming” or “autonomy” 
in the literature. Initially interpreted as a sign of pain, neuropathic overgrooming/autot-
omy was later recognized to be modeling neuropathic itch. As in PHI, self-injurious 
scratching develops in some but not all rodents after experimental lesions throughout 
the PNS and spinal cord that damage pain/itch pathways [54]. The animal models 
reproduce the rostro-caudal gradient of PHI, with overgrooming  developing after 
 rhizotomy of cervical and thoracic, but not lumbosacral dorsal roots [26]. Genetic [29] 
and dietary [45] factors influence whether or not rats scratch after nerve injuries and 
thus they might contribute to PHI as well. Neuropathic itch in lesioned rats appears 
maintained by spontaneous activity in second-order, lamina I, itch-projection neurons. 
As postulated in PHI, this is driven by the conjunction of spontaneously firing periph-
eral itch fibers plus loss of dorsal-horn inhibitory circuits [39].

a

b

Fig. 12.9 At left, image of a woman with severe postherpetic itch but no postherpetic neuralgia, 
after ophthalmic zoster. Within a year, she had painlessly scratched through her frontal skull into 
her brain causing severe brain injury. Sensory testing revealed loss of pain but not itch sensation in 
the affected dermatome. Skin biopsies from normal (Panel a) and itchy scalp (Panel b) demon-
strated loss of 96 % of epidermal innervation in the itchy area (From: Oaklander et al. [35])
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12.11  Summary

Pathology studies have demonstrated that shingles is caused by VZV reactivation, 
usually in only one sensory ganglion. This causes hemorrhagic inflammation that 
spreads distally along peripheral and central axons. The central axons of affected 
primary afferent neurons also degenerate, affecting the spinothalamic tracts and 
dorsal columns and sometimes other areas of the spinal cord, meninges, and brain. 
After zoster subsides, it usually leaves pathological scars in one ganglion and the 
corresponding skin, nerves and nerve roots, and spinal cord. In some patients, these 
processes cause PHN and/or PHI.

These pathological findings have revealed information about the causes of neuro-
pathic pain and itch, not only caused by zoster, but by extension to other neuropathies 
as well. As in other neurodegenerative illnesses, complex multi-cell circuits are 
involved. Both peripheral and central mechanisms appear to trigger PHN and 
PHI. Stimulus-evoked pain symptoms such as allodynia or hyperalgesia require abnor-
mal signaling from remaining damaged peripheral pain neurons. For itch, evidence 
from PHI patients and rodent models confirms the participation of both peripheral and 
central mechanisms. More is known about the neuropathology of PHN than any other 
focal neuropathic sensory syndrome. Because it is caused by a single monophonic 
disease and lesions can be precisely localized from the skin rash and scarring, zoster 
has been ideal for studying pain and itch mechanisms. Head and Campbell’s eigh-
teenth-century large-scale autopsy studies of well-characterized patients with prior 
shingles should be resumed in the twenty-first century. Antemortem internet capture of 
autopsy consents and clinical details (“deep phenotyping”) in large patient registries 
that include photographs (“selfies”) localizing the shingles lesions make this feasible.
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13.1  Introduction

Herpes zoster (HZ, “shingles”) and postherpetic neuralgia (PHN) are caused by 
viral infection of primary sensory neurons. They are generally considered to be two 
phases, early and late, of the same condition. In both phases the principle cause of 
morbidity is pain. However, pain is not a direct effect of the virus. Rather, pain 
results from specific forms of neural activity impacting a conscious brain. This 
chapter considers the causal chain that begins with varicella zoster virus (VZV) 
infection and ends with the experience of pain. In the long run, the solution to HZ 
and PHN will likely be prevention by efficient immunization. In the meanwhile, 
understanding VZV-associated pain mechanisms can provide better approaches to 
clinical management and the alleviation of suffering. It can also yield insights into 
the cause and treatments of other painful conditions triggered by disease or injury 
affecting the nervous system, neuropathic pain.

13.2  Spontaneous and Evoked Neuropathic Pain

PHN is a Neuropathic Pain Condition Pain in HZ is usually attributed to the 
herpetic rash and associated inflammation, although pathological changes in nerve 
fibers are also present. For PHN there is general consensus about its classification as 
a neuropathic pain condition, along with painful diabetic polyneuropathy, phantom 
limb pain, erythromelalgia, and many others. Some pain professionals express 
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 skepticism about the logic of placing this grab bag of clinically different conditions 
under a single header. After all, they are precipitated by very different factors (viral 
infection, metabolic disorder, trauma, genetic mutation, etc.) and have very differ-
ent clinical presentations and natural histories. But along with others, I hold that 
despite the differences, the underlying causes of pain in neuropathic conditions are 
the same. This is why a diagnosis of neuropathic can be made with considerable 
specificity based on answers to four questions [7] and based on why the fundamen-
tal mechanisms of neuropathic pain can be laid out at a reasonable level of resolu-
tion in a single book chapter [23]. It is also why a small and quirky selection of 
drugs drawn from very different pharmacological categories (certain antidepres-
sants, certain anticonvulsants, and local anesthetics) are used in the treatment of 
neuropathic pain across the diagnostic spectrum [35].

The common denominator of painful neuropathic conditions is faulty regulation 
of neuronal excitability. Specifically, they feature hyperexcitability at one or more 
locations in the neural circuitry that processes pain signals. The basic mechanisms 
of neuronal “excitability” (the ability of neurons to generate and propagate electri-
cal nerve impulses) have been known for a long time, although we still lack a fun-
damental understanding of the homeostatic factors that regulate excitability in 
healthy individuals. Moreover, we generally understand the cellular events that lead 
to hyperexcitability and have at our disposal a variety of membrane-stabilizing 
drugs and synaptic blockers that effectively suppress hyperexcitability. Treating 
neuropathic pain, including HZ and PHN, is largely a practical problem: how to 
deliver appropriate suppressive drugs to the key location(s) at a reasonable personal 
and financial cost, without causing intolerable side effects. Tackling this problem is 
not trivial. But as far as one can tell, it does not involve any insurmountable concep-
tual problems. The first question that needs to be asked is “where precisely are the 
impulses coming from that are causing this patient’s pain?”

Positive and Negative Symptoms Until fairly recently neuropathic pain was con-
sidered paradoxical. Damaging a nerve was expected to cause “silence,” much like 
cutting a telephone line. It should render innervated skin (or other tissue) numb and 
unresponsive to applied stimuli (“negative symptoms”). Why, then does it often 
cause (1) spontaneous (ongoing) pain and (2) hyper sensitivity to stimuli, including 
in areas of skin that are partly denervated (“positive symptoms”), the key symptoms 
also in HZ and PHN? Explanations of these two anomalies have emerged with the 
discovery of two processes, both attributable in large part to Patrick Wall (and his 
students), to whom this volume is dedicated. These are (1) ectopic hyperexcitability 
in injured nerves and (2) “central sensitization.” The present discussion of HZ and 
PHN rests on these two processes.

HZ and PHN present with spontaneous pain in the skin, usually described as 
burning or stinging in quality, but sometimes also including itch and pain parox-
ysms [16, 123]. Frequently there is also extreme tenderness to light touch (“tactile 
allodynia”) and “hyperpathia.” “Hyperpathia” refers to the explosive appearance of 
pain as stimulus intensity in increased stepwise into the noxious range, often with 
aftersensation. These positive symptoms are often accompanied by sensory deficits 
(negative signs) especially to warming and cooling of the skin. There is a good deal 
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of interindividual variability in the symptomatology as described in this volume and 
elsewhere [85, 89, 123]. Because spontaneous and evoked pain are quite different in 
terms of mechanism, they will be discussed here separately. Some authors have the 
bad habit of using the word “pain” in place of “spontaneous pain,” indicating the 
type only when referring to evoked pain. Here pain type, spontaneous or evoked, is 
specified unless the meaning is both.

PNS vs. CNS and the Idea of Pain Centralization For the most part, spontaneous 
pain and other ongoing sensations in the territory served by a damaged nerve is due 
to electrical impulses that arise in the peripheral nervous system (PNS). Ongoing 
pain following central nervous system (CNS) injury (“central pain”) is supposed to 
be due to spontaneous firing arising in the CNS, although here, too, activity in 
peripheral sensory neurons might be a key contributor [130]. That having been said, 
sensory experience obviously requires a conscious brain, and pain-provoking signals 
originating in the PNS can clearly be enhanced and diminished by CNS processes. 
Central modulation, however, is very different from the popular notion that periph-
eral neuropathic pain may actually be driven by signals originating in the CNS.

The evidence for a PNS origin of most (or all) peripheral neuropathic pain is its 
elimination when the pain driver is silenced or when impulses generated in the PNS 
are prevented from reaching the CNS by nerve or spinal block [41, 49, 118]. The 
block, of course, needs to include the appropriate nerve fibers and to be (verifiably) 
effective/complete. Also, pain relief cannot be expected to outlast the duration of 
action of the blocking agent, although for reasons that remain uncertain it sometimes 
does. With currently available local anesthetic agents, the duration of block is mea-
sured in hours unless the drug is continuously replenished using repeated application 
or a depot or pumping device. It is irrational to declare a block, or a series of blocks, 
a failure if pain initially subsides but later returns. Likewise, the block needs to be 
made proximal to the location at which the spontaneous impulse discharge is gener-
ated. Occasional reports of pain relief following distal block failed to control for 
systemic effects of anesthetics, placebo, and/or spontaneous remission (e.g., [58]).

Many in the clinical community believe that prolonged noxious input in patients 
with neuropathy can cause pain drivers to migrate from the PNS to the CNS and 
become intractable. This idea, “centralization,” is a popular explanation of transition 
to chronicity and connects with thinking about the transition of HZ to PHN as reflect-
ing progression toward a CNS process. The reality of centralization, however, is equiv-
ocal. Usually lacking is evidence that nerve or spinal block indeed lose their prior 
effectiveness [49]. Centralization also doesn’t sit well when one considers situations 
where the source of the peripheral drive is known and can be definitively removed, like 
childbirth, the passage of a kidney stone, treatment of a painful tooth, or replacement 
of an arthritic hip joint. Pain fades quickly even if the peripheral drive had been intense 
and prolonged. Even the prototypical centralized pain,  phantom limb pain in ampu-
tees, is unlikely to be driven by neural activity originating in the cortex [73, 118].

PNS Generators of Spontaneous and Evoked Discharge Normal sensory nerve 
fibers are designed to generate impulses when adequate stimuli, mechanical, 
 thermal, or chemical, are applied to their specialized transducer endings (Fig.13.1). 
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Pressing on healthy axons at mid-nerve does not evoke impulses or corresponding 
sensation. However, if there has been a local nerve injury, the mid-nerve axon 
changes its properties and locally acquires the ability to respond to stimuli and even 
to fire spontaneously. Examples are percussion on the wrist in cases of carpal tunnel 
entrapment, or over stump neuromas in amputees, which induces a sudden shock- 
like sensation, the Tinel sign. The anatomical structures associated with these ecto-
pic sources of impulse generation (“electrogenesis”) are swollen end bulbs, axon 
sprouts, and patches of demyelination. A Tinel-like response can sometimes be 
evoked over long expanses of nerve, as in painful diabetic polyneuropathy. This 
suggests the presence of mechanosensitive pacemaker sites scattered along the 
length of the nerve, probably in the form of regenerating sprouts or dying-back 
axon ends.

Animal studies have identified a second major generator of ectopic spontaneous 
and evoked afferent discharge, the dorsal root ganglion (DRG) [23, 119]. Indeed, 
DRGs may be more important than neuromas as generators of spontaneous 

epidermis

dermis
nerve trunk

spinal cord

DRG

impulse discharge

dorsal horn dorsal root

spinal nerve

ventral horn

Fig. 13.1 Sketch of the pain system. Impulses are generated in the cutaneous sensory endings of 
primary sensory neurons whose cell bodies (somata) reside in the segmental dorsal root ganglia 
(DRGs). The sensory impulses propagate along axons in the peripheral nerve, pass the DRG, pro-
ceed along the dorsal root, and then enter the spinal cord (some also send an ascending branch 
direct to the lower brainstem). After integration and processing in the spinal cord, the sensory 
signal proceeds to higher levels of the CNS
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 neuropathic pain [72] (Fig. 13.2). There is also (indirect) evidence of this in humans. 
For example, during straight-leg lifting, mechanical force is applied to the ganglion 
by tensioning the sciatic nerve. In patients with radicular low back pain, this gives 
rise to ectopic firing and shooting leg pain [18, 68, 84]. The DRG is located proxi-
mally in the PNS, in the intervertebral foramen. Thus, if the DRG contributes a 
significant fraction of the impulses responsible for ongoing pain in a particular indi-
vidual, nerve block (distal to the ganglion) will not stop the pain. Block centrally 
(spinal block) or at the level of the DRG itself (intraforaminal block) will. Impulses 
generated ectopically in the DRG propagate into the CNS, causing a sensation felt 
in (i.e., referred to) the corresponding dermatome. Impulses also propagate anti-
dromically from the DRG out into the skin where they release peptide neuromodu-
lators resulting in so-called neurogenic inflammation. This adds to whatever 
inflammatory process might already be present in the skin [121].

Ectopic pacemakers, both at nerve injury sites and DRGs, are remarkably sensi-
tive to local anesthetics and other membrane-stabilizing drugs. For example, 
whereas 2 % lidocaine is used to block impulse conduction in nerves, the ectopic 
generation of impulses is suppressed by concentrations orders of magnitude lower. 

a
d

b

c

Fig. 13.2 Ectopic discharge in injured nerves originates at the nerve injury site and in the corre-
sponding DRG(s). (a) Sketch of the experimental setup showing the proximal cut end of the spinal 
nerve (neuroma), DRG, dorsal root (from which impulse activity in fine axon bundles is recorded 
(R)), and the spinal cord. (b) Spontaneous discharge in three axons, recorded from a fine axon 
bundle in the dorsal root. Note the all-or-none spike amplitude of each axon. (c) This second axon 
bundle originally contained two spontaneously active axons (inset labeled “pre”). A priori it was 
not clear whether this activity originates in the neuroma, the DRG, or both. However, it persisted 
following stepwise transection of the nerve just central to the neuroma indicating an origin in the 
DRG. The timing of transection is indicated by three vertical arrows below the spike trace and the 
location by “resect neuroma” in (a). Note the brief episodes of acute injury discharge following 
each cut. A third axon began to fire during the resection (inset labeled “post”). (d) Activity in a 
third axon bundle was silenced by severing the dorsal root (arrow marked “cut DR” in (a)). 
Calibrations: (b–d) 1.0 s/250 μV; inset, 0.2 ms/250 μV (From Liu et al. [72])
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This is reflected in experimental preparations, and also in clinical practice [28]. For 
example, systemic lidocaine at serum levels of 2.5 μg/ml is sufficient to signifi-
cantly reduce ongoing pain in most neuropathic conditions [120]. This compares to 
20 mg/ml (2 %) used for nerve block, nearly 10,000 times more. Systemic lidocaine 
does not work by blocking nerve conduction. That would be lethal. It works by 
 suppressing ectopic electrogenesis. The same holds for other membrane-stabilizing 
agents administered systemically [14, 23].

Mechanisms of Electrogenesis The cellular and molecular processes responsible 
for ectopic electrogenesis and hyperexcitability in neuropathic pain conditions are 
rapidly coming into focus. They include (1) altered gene expression in the cell soma 
of sensory neurons, (2) dysregulation of the trafficking of molecules-of-excitability 
by axoplasmic transport from the neuronal cell body in the DRG to the axonal mem-
brane (especially ion channels and receptors), and (3) changes in the response proper-
ties of these molecules themselves [23]. The quality of the spontaneous pain felt 
(burning, cramping, tingling, paroxysmal, electric shock-like) is a reflection of the 
specific type(s) of afferents contributing to the ectopic barrage and their firing rate, 
pattern, and degree of synchrony (esp. for pain paroxysms). The term “ectopic” refers 
to the location of electrogenesis, not to the abnormal firing itself or whether it is spon-
taneous or evoked. The normal location of impulse generation is the  specialized sen-
sory ending in the skin (or other tissues). Any other location is ectopic. How do these 
general principles of electrogenesis in the event of neuropathy apply to HZ and PHN?

13.3  Spontaneous Pain in HZ and PHN

13.3.1  VZV Causes Varicella, HZ, and PHN

Herpes zoster is believed to result from the resurgence of latent VZV infection [69, 
99, 133]. The original infection usually occurs in childhood and causes the symp-
toms of chickenpox (varicella). This disease, signaled by widespread mild skin 
eruptions and (usually painless) itch, is rapidly suppressed by the immune system. 
VZV virus particles are neurotropic and highly selective for cutaneous primary sen-
sory neurons of the DRG and trigeminal ganglion (TRG), avoiding motor neurons 
and afferents that serve deep tissues. As such they preferentially enter the terminals 
of sensory axons in the skin and migrate with the retrograde axoplasmic flow back 
to the sensory cell soma in the DRG. There they hide in a latent form for the remain-
der of the individual’s life, evading the immune system. In addition to neuronal 
somata (of all types), VZV has also been detected in the satellite glial cells that sur-
round the cell soma. There are significant neuron-glial interactions in the sensory 
ganglia that might play a role in HZ/PHN pain [47].

In unfortunate individuals, decades after the initial chickenpox infection, the 
latent VZV is reactivated causing a second VZV-related disease, HZ/PHN. The 
 reasons for reactivation remain elusive. Whatever they are, reactivation is mostly 
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limited to a single ganglion or a single division in the case of the TRG. This is based 
on a survey of infected ganglia in relation to rash location [50, 122]. VZV load in 
the reactivated ganglion skyrockets with many of the new virus particles being 
transported back from the cell soma to the axon end in the skin where they once 
again cause a rash. This is herpes zoster (HZ). Unlike chickenpox, the rash in HZ is 
primarily described as burning/stinging pain, it is usually accompanied by tactile 
allodynia, and it is focal, located in the dermatome of the infected DRG. Reactivation 
in additional ganglia is presumed to be prevented by an efficient immune response. 
But alternatively, it could be that the reactivation process itself is a rare, random 
event, and that most people don’t live long enough to suffer a second hit. Either way, 
it is uncommon for immune-competent individuals to develop a second VZV-related 
rash in the same or a different dermatome.

HZ usually runs its course in a few weeks. Pain fades as the virus is cleared from 
the skin and ganglion, and the skin heals. Residual scarring is not uncommon, but 
simple recovery is the rule. However, again unlike chickenpox, in some individuals 
the dermatomal skin where the rash used to be remains painful. This residual pain is 
postherpetic neuralgia (PHN). Pain in PHN also tends to fade over time, but in 
~20 % of cases, it lasts for >1 year and in some it persists for a lifetime. The likeli-
hood of HZ transitioning into PHN increases with age at the time of HZ, severity of 
the HZ, and other risk factors [37, 53]. Interestingly, this transition is apparently 
seamless, marked only by drying out of the rash. The continuity of the pain in terms 
of dermatomal location and quality of sensation suggests that the underlying pain 
mechanism is the same in HZ and PHN. In this sense PHN is not so much a “com-
plication” of HZ as a continuation; it is not a third VZV-related disease.

HZ has been known since antiquity, and from the beginning, the cause of pain 
was referred to the rash-inflamed skin. The seminal nineteenth-century discovery of 
inflammation and cell loss in the DRG of the painful dermatome added an explana-
tion for PHN, deafferentation of the spinal cord [50]. These two mechanisms, 
inflammation and deafferentation, remain the undisputed explanations of HZ and 
PHN to this day [33]. In the spirit of Patrick Wall, I will now revisit this received 
wisdom.

13.3.2  Do the Impulses That Cause Spontaneous Pain in HZ 
and PHN Originate in the Skin?

Irritable Nociceptor Endings in the HZ Rash As the virus that causes chicken-
pox and HZ/PHN is the same, reasons for the major differences in symptomatology 
and natural history need to be sought elsewhere. VZV is a “syncytial” virus which 
contributes to rash by inducing fusion of neighboring skin cells causing vesicles, 
pustules, and secondarily an immune response in the skin [17]. Scratching may lead 
to bacterial infection and exacerbation of the inflammation. The whole body rash in 
chickenpox and accompanying myalgia, malaise, and low-grade fever reflect the 
fact that this is a systemic disease. The feeling of being ill is thought to be due to 
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circulating cytokines which can sensitize the pain system at many locations [131]. 
As topical remedies relieve the itch transiently, and the itch always resolves when 
the rash and inflammation resolve, there is little doubt that the major cause of sen-
sory symptoms is inflammatory sensitization and activation of the transducer end-
ings of cutaneous sensory axons. This mechanism, “peripheral sensitization,” is also 
the normal explanation of ongoing pain in HZ, with some extending it also to 
PHN. However, there are reasons to question this conclusion.

In chickenpox virus particles are delivered to the skin by the circulation, and the 
rash is widespread. In HZ the VZV particles reach the skin via axonal transport from 
the infected ganglion, and hence the rash is dermatomal. Skin inflammation is pres-
ent in both conditions, but the sensory experience is very different: itch in one case 
and burning pain in the other. Peripheral sensitization reflects the action of inflam-
matory mediator molecules on the process of impulse initiation. A mix of mediators 
is present (“inflammatory soup”), derived from local mast cells, invasive immune 
cells, cellular breakdown products, products of local enzymatic action, blood-borne 
agents, and mediators released from axon endings [55]. These affect impulse dis-
charge mostly by binding to specific receptor molecules on the axonal membrane. 
Different types of sensory axons express different receptors, and terminate differen-
tially in the spinal cord accounting for differences in the quality of the sensation felt.

The itch of chickenpox suggests that the inflammatory soup contains primarily 
puritic mediators such as histamine which activate itch-specific sensory endings. 
Itch can also occur in HZ [87]. The most prominent sensation, however, is ongoing 
burning pain suggesting a mix of mediators that selectively activate heat-sensitive 
nociceptors (e.g., bradykinin, PGE2). One wonders why the same virus (VZV) in the 
same environment (skin) would yield a very different mix of mediators. In the pain 
field, we teach that inflammatory mediators activate nociceptors. But itch is a more 
common dermatological symptom than pain, and in some conditions (e.g., leish-
maniasis) weepy inflamed lesions are reported to be painless. A peculiarity of HZ is 
that not infrequently patients report paresthesias and pain beginning 2–3 days before 
the rash appears. Indeed, in some a rash never appears (zoster sine herpete). Another 
peculiarity that dissociates the pain from the rash is the observation that while the 
pain usually clears along with the rash (HZ), in PHN the rash clears but the pain 
remains. The transition from HZ to PHN does not even entail a marked change in 
the sensory quality of pain, something that might be expected of a shift from an 
inflammatory to a neuropathic cause. I acknowledge, however, that the claimed 
seamlessness of the transition reflects the impression of experienced clinicians I 
consulted, not studies that have actually tracked the transition using quantitative 
methods.

Uncertainty about the primacy of inflammation as a cause of pain in HZ (or 
PHN) also comes from the observation that systemic and topical NSAIDs and cor-
ticosteroids are only moderately effective in HZ and largely ineffective in PHN [1, 
15, 30, 39, 77, 82, 92]. Given the disruption of the skin barriers due to the rash, 
topical drugs are expected to reach epidermal nerve endings and provide relief. 
Anti- inflammatory creams dispensed by compounding pharmacists may help, but 
such remedies usually contain local anesthetics and/or other membrane stabilizers 
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such as amitriptyline and ketamine which are known to act on ectopic pacemaker 
sites [23, 103].

Finally, when the firing threshold of heat-sensitive nociceptors in skin inflamed 
experimentally drops below body temperature, firing becomes spontaneous [64]. 
This causes an ongoing burning sensation which can be relieved by cooling the skin 
(consider sunburn and CRPS). However, cooling is not notably effective at reliev-
ing ongoing burning pain in HZ or PHN. Indeed, patients who live in cold climates 
often report that it exacerbates pain [85]. This may be due to the fact that ectopia in 
C-fiber pacemakers in experimental neuromas is exacerbated by cold [76]. To sum-
marize, counterintuitive as it may seem, we need to take seriously the thought that 
inflammation-sensitized nociceptors are not key drivers of spontaneous pain in HZ 
or PHN. These arguments also hold for tactile allodynia as discussed below.

Nonetheless, there are solid reasons to believe that ongoing pain in HZ/PHN is 
often driven from the skin. Most important are the observations that infiltrating the 
painful skin with local anesthetics often provides dramatic pain relief, and likewise 
diagnostic block of somatic nerves that serve the painful area [86, 97, 100]. This, 
of course, is incompatible with a CNS origin. A caveat is that these veteran studies 
lacked placebo controls and control for systemic effects of the anesthetics used. 
Along similar lines surgical excision of the painful skin may provide striking 
short- term pain relief although months later pain frequently returns [8, 94]. 
Interestingly, after freezing (intercostal) nerves, a process that also severs axons 
but facilitates the formation of regenerating sprouts, pain returns much sooner 
[54]. But if the skin innervation is indeed a major source of pain-provoking 
impulses in HZ and PHN, and the cause is not irritable, inflammation-sensitized 
nociceptors, what is it?

13.3.3  Ectopic Pacemakers in the Skin

Epidermal Fiber Loss: Degeneration vs. Dying-Back Histopathological studies 
of the skin in patients with HZ and PHN, especially recent studies based on punch 
biopsy samples taken at the time that pain was experienced, provide a likely answer. 
Specifically, these studies reveal substantial small-fiber loss in the epidermis where 
most nociceptors end (Oaklander’s Chap. 12 in this volume and [9, 93, 114]. An 
additional indicator of C-fiber loss is reduced cutaneous blood flow response to the 
focal application of histamine [121]. Pathological changes are also seen in axon 
bundles in deeper dermal layers and proximally along nerve trunks, notably demy-
elination [122, 124, 132]. This suggests that damage to myelinated axons may also 
contribute to pain. The loss of epidermal endings tends to vary with the severity of 
the pain and in advanced PHN can apparently reach a stage of near-total denerva-
tion. As expected, severe loss blunts evoked sensation, but this hypoesthesia is often 
accompanied by particularly severe ongoing pain. These observations substantiate 
the long-standing conclusion that PHN is a neuropathic pain condition and extend 
it to HZ.
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Epidermal fiber loss in HZ and PHN is usually attributed to VZV-induced destruction 
of cell bodies in the infected DRG followed by anterograde (Wallerian) degeneration of 
axon endings in the skin. But how can fiber loss explain ongoing pain, tactile allodynia, 
or hyperpathia? Denervation, partial or complete, is expected to cause sensory loss, i.e., 
negative signs and symptoms, not pain! The likely explanation is the formation of ecto-
pic pacemakers and the emergence of ectopic electrogenesis akin to that seen in experi-
mental neuromas. It needs to be made clear that epidermal fiber loss and the other 
structural abnormalities in the skin and nerves does not necessarily mean that the parent 
neuron in the DRG has died. Correspondingly, even gross severance of major nerves 
causes retrograde loss of only a minority of the axotomized DRG somata, and over an 
extended period of time (unless the lesion occurs at a very early age) [25, 112]. If all 
axotomized neurons died, there could never be a Tinel sign in amputees. I hypothesize 
that rather than reflecting cell death in the DRG, the loss of epidermal endings represents 
“dying-back” of the distal end of the axon (due to metabolic stress in the infected DRG 
neurons) with preservation of more proximal parts of the neuron including the cell soma 
and its central connectivity. The new retracted axon end is the ectopic pacemaker.

Ectopic Pacemakers and Pain in HZ/PHN If this is the correct interpretation of 
the histopathological findings, one would expect to find the distal end of C-fiber 
axons in the form of end bulbs and/or sprout(s) proximal to the epidermis, i.e., as 
microneuromas in the dermal plexus and the distal nerve trunk. In and among these 
structures, one might also expect to find end bulbs of large diameter fibers and axons 
that have shed myelin segments near the axon end and probably also regenerating 
sprouts and axons undergoing remyelination. Indeed, such structures, most notably 
myelin disorders, have been documented in pathology samples taken from patients 
with HZ and PHN [122, 132]. In other forms of experimental and clinical neuropa-
thy, neuroma endings and patches of demyelinization tend to be marked with accu-
mulations of Na+ channels visualized using appropriate antibodies [32](Fig. 13.3). 
The mid-nerve accumulation of Na+ channels at these ectopic locations is believed 
to underlie ectopic hyperexcitability and hence both spontaneous discharge and 
ectopic responsiveness to applied stimuli (Tinel sign [23]). In HZ/PHN such 
“hotspots” (ectopic pacemakers) are probably scattered in dermal fiber bundles and 
possibly further proximally along the course of the nerve trunk, although I am not 
aware of any studies that have attempted to visualize them in specimens taken from 
HZ/PHN patients. I am also unaware of whether the Tinel sign can or cannot be 
evoked by tapping along the proximal course of the relevant nerve (e.g., along an 
intercostal nerve in patients with distal allodynia).

Ectopic pacemakers in experimental neuromas are sensitive to specific inflam-
matory mediators, and this is also to be expected of hotspots in dermal and subder-
mal axon branches in HZ/PHN [29, 125]. Mediators released from keratinocytes are 
particularly powerful drivers of spontaneous discharge in neuroma endings [52, 98]. 
Finally, a growing literature based on microneurographic recordings from single 
nerve fibers has shown that in a variety of neuropathic pain conditions, spontaneous 
impulse discharge associates with ongoing pain, including in skin that has been 
partly denervated [13, 61, 104]. To the best of my knowledge, such recordings have 
not yet been made in patients with HZ or PHN.
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All of these observations form the basis for the hypothesis that ongoing pain in 
HZ and PHN is driven by ongoing activity in disseminated ectopic pacemakers, in 
dermal fiber bundles, and perhaps at more proximal locations (see below). This 
accounts for the resolution of pain with the clearing of the rash in most HZ patients 
and its persistence, without prominent change in sensory quality, when HZ becomes 
PHN. Specifically, PHN patients are the minority in whom dermal pacemakers con-
tinue to fire spontaneously even without a boost by inflammatory mediators. Since 
the ongoing pain is driven by ectopia in the same sensory neurons in the early and 
the late phases, the sensation is similar. The disease was neuropathic from the 
 beginning. Inflammation is only an exacerbating factor, contributing mostly in the 
early stage. How does this hypothesis fit with effective therapeutic modalities tar-
geted to the skin?

a

b

Fig. 13.3 Na+ channel accumulation at ectopic pacemaker sites. (a) Photomicrograph of a neu-
roma end bulb with sprouts. Myelin is present until about 250 μm from the axon end (lower part of 
image). The red-orange glow indicates immunolabeling with an antibody that recognizes voltage- 
sensitive Na+ channels. (b) A cluster of neuroma end bulbs immunolabeled for Na+ channels (From 
Devor et al. [27])
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Pain Relief by Suppression of Ectopic Pacemaker Activity in the Skin The 
observation that infiltrating the painful skin with local anesthetics, or proximal 
nerve block, transiently suppresses ongoing pain and allodynia [86, 97, 100] is con-
sistent with the hypothesis that firing and pain originate in fibers that are dying-back 
(Fig. 13.4). There is an oddly persistent idea that effects of nerve blocks, single or 
multiple, might long outlast the action of the blocking drug and even prevent the 
transition of HZ to PHN. Only marginally plausible a priori, this idea continues to 
lack firm empirical support. But there are other approaches to sustaining pain relief. 
With the intent of extending the duration of analgesia, transdermal lidocaine patches 
have been introduced. These provide slow release of the anesthetic for an extended 
period of time. Although the patch depot contains 5 % lidocaine, skin penetration is 
poor, and the concentration in the skin is much lower, far too low to block impulses 
propagating along axons in deep dermal bundles or in major nerve trunks at a dis-
tance. But as discussed above, very low  concentrations suffice to suppress ectopic 
electrogenesis at pacemaker sites within these bundles. Indeed, the transdermal 
lidocaine patch has proven efficacy in HZ/PHN [20, 38, 80]. Lidocaine at low con-
centrations may also have other analgesic effects, for example, by acting on kerati-
nocytes and immune cells [102].

skin
infiltration

nerve block

intact

dying-
back
(dermis)

dying-
back
(nerve)

Fig. 13.4 Afferent innervation of the skin illustrating dying-back. Sketches, from top to bottom, 
show intact innervation by two afferent axons, dying-back of one axon into the dermal plexus, and 
dying-back into the cutaneous nerve. If spontaneous pain is due to ectopic electrogenesis in the 
dying-back end bulbs, skin infiltration or distal nerve block with local anesthetic (large and small 
green clouds) will yield transient relief in the second case, but not in the third. In both cases, the 
skin will lose responsiveness to applied stimuli
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A strategy for further extending the duration of analgesia is topical capsaicin 
(8 %), also best applied via a slow-release transdermal patch. Capsaicin is a direct 
agonist of the Na+ and Ca2+-permeant TRPV1 receptor that is expressed by many 
nociceptors. Activating TRPV1 initiates (painful) impulse discharge and introduces 
high levels of Ca2+ into the axon. This disaggregates microtubules, blocks  axoplasmic 
transport, and causes anterograde degeneration of the axon, destroying distal pace-
maker sites and depleting pain-related neurotransmitters in the dorsal horn [42, 
107]. This can result in partial pain suppression lasting for several weeks until regen-
eration restores pacemaker activity. The clinical effect, however, is only partial, and 
benefit is accrued in only a small minority of patients (NNT > 8) [11, 19]. The more 
complete effect of lidocaine, despite poorer penetration, suggests that much of the 
pain in HZ/PHN may be driven by afferents that do not express TRPV1, perhaps 
including touch-sensitive Aβ-fibers (see below). Infiltrating the skin with botulinum 
toxin also appears to have efficacy [105]. The toxin is thought to act by suppressing 
synaptic release at central endings of peripheral afferents that drive pain [34, 75]. 
This is yet another indication that the pain originates in primary afferent neurons 
that still have central terminals.

Finally, there was once strong support for the idea that activity in the sympathetic 
nervous system enhances pain in HZ/PHN and therefore that sympathectomy might 
arrest HZ pain or even prevent its transition to chronicity. Indeed, experimental 
studies confirmed that sympathetic efferent activity can exacerbate ectopia in exper-
imental neuromas and DRGs [26, 79]. However, the clinical evidence that 
 sympathetic block or sympatholysis effectively attenuate HZ/PHN pain, or prevent 
PHN, is weak [86, 129].

13.3.4  “Deafferentation” and the Spinal Cord as a Pain Driver 
in HZ and PHN

Deafferentation Classical postmortem studies dating back more than a century 
laid the foundation for the current belief that in PHN (and HZ?), the impulses that 
drive ongoing pain originate in the deafferented spinal cord or brain. Notable among 
them is the landmark opus of Head and Campbell [50] which reported in 21 cases 
examined severe hemorrhagic and inflammatory damage in one, and only one, DRG 
along with degenerative changes in associated nerves. However, as pointed out by 
Oaklander in Chap. 12 in this volume (also see [122]), caveats apply. These include 
the likelihood that most or all of the patients had HZ, not PHN, the likelihood that 
most also had other diseases that may have compromised the DRGs (especially 
tertiary syphilis) and uncertainty about the very presence of pain. Modern DRG 
specimens are not described as being bloody. And while demyelination and nerve 
fiber loss is corroborated, its extent, certainly in HZ, is not consistent with the heavy 
Wallerian  degeneration that would be expected from the near-total necrosis of the 
ganglion as described by Head and Campbell. The 1900 study also does not mention 
ipsilateral atrophy of the dorsal horn, one of the most prominent features in long-
standing PHN specimens (2–18 years) in contemporary studies [122].
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Modern studies report cell loss in the dermatomal DRG in PHN, but little if any in 
HZ. However, none to date has applied the quantitative methods considered essential 
for cell counting in DRGs in experimental studies, including serial sectioning and 
unbiased sampling [111]. While neuronal loss undoubtedly occurs in chronic cases 
(>2 years after HZ), the published images show that even then the effect is far from 
total (see Fig. 12.3 in Chap. 12 of this volume [123]). In addition there is little loss of 
afferent peptidergic axons (SP and CGRP) in the ipsilateral dorsal horn as occurs after 
dorsal rhizotomy in experimental animals [43, 122]. True, major loss of immunostain-
ing for SP and CGRP was reported in the DRG, but this does not necessarily indicate 
cell death. Nociceptive afferents in the DRG are known to decrease the synthesis of 
these peptides after nerve injury (with de novo synthesis in some Aβ touch afferents) 
as part of a major change in the pattern of gene expression that occurs in neuropathy 
[81, 83]. All of these considerations should moderate our confidence about the accu-
racy of the 100-year-old conclusion that HZ/PHN causes rapid and massive necrosis 
of one DRG.

Anesthesia Dolorosa But even if one DRG were destroyed completely, this would 
still not form a sound basis for the hypothesis that PHN (and certainly not HZ) is due 
to spinal deafferentation, with the pain-causing electrogenesis occurring in the 
CNS. In the past dorsal rhizotomy and ganglionectomy were used as a therapeutic 
strategy for treating chronic pain including that following peripheral nerve injury. 
Since afferents in most peripheral nerves enter the spinal cord through several adja-
cent segments, therapeutic rhizotomy typically included several adjacent dorsal 
roots. Such surgeries generally provided short-term relief proving that the pain did 
not arise in the CNS. The approach was ultimately abandoned, however, because of 
the appearance of a new pain problem, “anesthesia dolorosa” [126]. Anesthesia 
dolorosa is an intractable chronic pain state believed to be triggered by massive loss 
of presynaptic afferent terminals in the dorsal horn. The loss is presumed to initiate 
a compensatory increase in “amplification” in the circuitry of the deafferented spinal 
cord and trigeminal brainstem, akin to automatic gain control in electronic circuitry. 
This results in a “false” sensory signal, generated in the CNS, causing ongoing pain 
referred to the otherwise numb, insensate body part. The concept of a CNS origin is 
consistent with the fact that little short of destruction of the dorsal horn itself by 
DREZ surgery (dorsal root entry zone ablation) is effective [56, 96]. Note that in 
contrast to (multiple root) dorsal rhizotomy, peripheral nerve injury denervates 
peripheral tissue but does not significantly deafferent the spinal cord. Most sensory 
neurons in the DRG survive axotomy. In fact, as we have seen, nerve injury per se 
often increases afferent input to the spinal cord in the form of ectopic discharge.

Anesthesia dolorosa qualifies as deafferentation pain, but neither HZ nor PHN 
are likely to involve deafferentation-induced anesthesia dolorosa for a variety of 
reasons. First, in the large majority of patients with HZ, and many with PHN, the 
pain has come and gone before anesthesia dolorosa, a late-onset phenomenon, would 
be expected to appear. Second, single-level rhizotomy or ganglionectomy almost 
never triggers anesthesia dolorosa. For example, lumbosacral rhizotomy is carried 
out to relieve dystonia and spasticity in patients with cerebral palsy, and C2 rhizot-
omy and/or ganglionectomy is done to relieve chronic headaches and occipital neu-
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ralgia and even to facilitate procedural screw placement [40, 90, 91, 108]. Anesthesia 
dolorosa is very rare following these and other single ganglion procedures, and it 
does not appear rapidly. Third, major, albeit incomplete destruction of the trigeminal 
ganglion is carried out routinely in the treatment of trigeminal neuralgia using bal-
loon compression, radiofrequency lesioning, or gamma-knife ablation. Here too, 
anesthesia dolorosa is a rare and delayed complication [10]. Finally, while ipsilateral 
atrophy of the dorsal horn is a reliable finding in long-term PHN, its relation to pain 
is unproven. It is not present in HZ, unlikely in early-stage PHN, and it may well be 
present in long-surviving PHN patients in whom pain eventually resolved.

Effects of Dorsal Rhizotomy and Ganglionectomy on Ongoing Pain in HZ 
and PHN If the impulses driving spontaneous pain in HZ or PHN originated in the 
spinal dorsal horn or in the brain, then this pain would be unaffected by rhizotomy 
or ganglionectomy. Both procedures have been carried out in patients with chronic, 
severe PHN usually after affirming pain relief by diagnostic segmental block. This 
surgery usually produces immediate and definitive elimination of the pain, but the 
effect is not durable. Therefore, in light of the risk of triggering anesthesia dolorosa, 
the procedure has been abandoned for PHN as it has for most other conditions [88, 
109, 126]. Failure as a therapeutic modality, however, has no bearing on the conclu-
sion that drivers of the original pain resided in the PNS. In summary, as for inflam-
mation, the evidence base suggesting that HZ and/or PHN are due to spinal 
deafferentation is not entirely secure. Results of spinal block, which are more dif-
ficult to interpret, are discussed next.

The DRG as a Driver of Pain in HZ and PHN The overall impression from the 
material just reviewed is that the principal driver of spontaneous pain in HZ and PHN 
is peripheral. More specifically, if the reports cited above on skin infiltration and 
distal nerve block are to be taken at face value, the signal in most patients originates 
in the skin. However, the high rate of (diagnostic) success reported by Nurmikko et 
al. [86] and the others may not be representative. For example Zacks et al. [132], 
excised nerves serving painful skin in two cases of PHN without affecting ongoing 
pain in either. I failed to find further publications on this, but a colleague (Christoph 
Maier, Bochum) volunteered relevant results from his unpublished PhD thesis as fol-
lows: “I performed intercostal blocks in 28 patients with acute zoster (<12 weeks) 
and 18 patients with PHN. Immediate effects were: 25% of the acute cases, and 11% 
of the chronic were pain free for 6-8 hr. But in 32% (acute) and 50% (chronic) there 
was no effect.” (Quoted with permission.). What might be driving pain in cases in 
which skin infiltration and nerve block are ineffective, or only partly effective?

A prime candidate is the DRG (Figs. 13.2 and 13.5). The DRG is the initial loca-
tion of the causative VZV infection. Likewise, as noted above, it appears to be a major 
pain source in other neuropathic pain conditions. DRG neurons are progressively lost 
over time with massive loss seen mostly in late stage disease. For most patients one 
should therefore imagine a process where only a fraction of DRG  neurons are 
 compromised due to the toxic inflammatory environment in the ganglion. Several 
factors might cause “sick” neurons to become electrically hyperexcitability and a 
source of ongoing ectopic discharge and pain. These range from generalized meta-
bolic stress resulting in membrane depolarization and enhancement of spike- triggering 
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subthreshold oscillations [3] to more direct effects of inflammatory mediators as in 
experimental neuromas. The VZV might even play a direct role by altering the expres-
sion of molecules of excitability in the DRG, especially upregulation of Na+ channels 
[46, 57]. Interestingly, although neuron-to-neuron cell fusion has not been described 
in VZV-infected DRGs, this does occur following infection with the related herpes 
simplex virus (HSV), with hyperexcitability as a consequence [78].

The DRG has no tissue-tissue or tissue-blood barriers and is readily accessible to 
targeted therapeutic intervention [21]. In animal models and human amputees, tran-
sient silencing of DRG ectopia yields transient pain relief [110, 118]. Nor has the 
DRG been overlooked as a potential target for pain control in HZ and PHN. Going 
as far back as the 1930s [101], there have been reports of intraganglionic, epidural, 
and intrathecal injection of lidocaine, procaine, or bupivacaine, usually together 
with depot-form (particulate) corticosteroids. Thoracic zoster is the usual target. 
Since the thoracic dorsal roots are short, the virus-infected DRG would also have 
been exposed to the local anesthetic in these studies (Fig. 13.5). Variable therapeutic 
benefit has been reported in randomized controlled trials [15, 66, 116]. But to know 
if the DRG is an important pain source, we want to know to what extent pain is sup-
pressed acutely, during the first hours after spinal injection of lidocaine. 
Unfortunately, this information was not reported. In a personal communication with 
the first author of one large study, it was explained that the study objective was 
therapeutic efficacy; information on acute effects was probably noted but was not 
reported and is not currently available. Interestingly, adding steroids to the local 
anesthetic provides little additional benefit suggesting that as in the skin, inflamma-
tion is not the major driver of ectopia in the DRG.

Most valuable would be to know if there is a difference in the acute effect of 
depositing lidocaine on the spinal nerve distal to the DRG vs. on the surface of the 
DRG itself, within the intervertebral foramen. If the DRG is a major pain generator 
of spontaneous pain, intraforaminal injection ought to be far more effective (Fig. 
13.5). In the absence of published data on this, I queried a number of physicians 
who use epidural injection in their daily practice. Only one reply, from Dr. Shane 
Brogan (Salt Lake City), was illuminating although tentative and lacking placebo 
control. I quote with permission: “Anecdotally, I have done selective nerve root 
block (and presumably blocking the DRG) on PHN patients and the response is 
always interesting. Some patients describe pain relief (seldom with long-term ben-
efit) and others describe an anesthesia dolorosa situation where they are anesthetic 
to exam but their pain is somewhat disturbingly unchanged. But I have not seen any 
papers quantifying this better.” The obvious implication of this observation is that 
block on or central to the DRG eliminates both evoked and spontaneous pain, while 
block just distal to the DRG eliminates sensation evoked by stimulating the skin, but 
not ongoing pain (hence anesthesia dolorosa). This is precisely the outcome 
expected if a major portion of the spontaneous pain signal is generated within the 
DRG (Fig. 13.5).
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nerve
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Fig. 13.5 Anticipated effects of diagnostic paraspinal blocks with local anesthetics. In each of the 
three sketches, there is afferent input (spontaneous and/or evoked) from the periphery (note 
impulse trains). Spinal nerve, intraforaminal, and spinal blocks (green clouds) will all suppress this 
signal assuming a lidocaine concentration adequate to block impulse propagation in axons (2 %) 
is used. However, if the DRG is a source of (spontaneous) discharge and pain, this signal will be 
suppressed by intraforaminal block using high or low lidocaine concentrations, but not by (spinal) 
nerve block. The effect of spinal block on signals originating in the DRG depends on whether 
dorsal root axons are exposed to blocking concentrations of lidocaine (2 %), or alternatively 
whether after the drug has spread to ectopic pacemaker sites within the ganglion the concentration 
remains high enough to suppress local impulse initiation
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Remission of Pain in HZ and PHN Punch biopsy shows a rough association 
between the amount of epidermal fiber loss and pain report. This is expected by the 
ectopic pacemaker hypothesis as the more fibers that die-back, the more ectopic 
pacemakers are formed. But there is very little recovery of epidermal innervation by 
regenerative or collateral sprouting even after years of follow-up, nor much reversal 
of sensory loss [93]. Why, then does pain in acute zoster usually fade in a matter of 
weeks, and PHN pain within a year in most cases? A number of factors probably 
contribute. These include reduced inflammation with the resolution of the rash, 
decline in viral load in the DRG, depletion of pacemakers with the gradual loss of 
neuronal somata and consequent Wallerian degeneration of the distal axon, and the 
natural tendency for ectopic firing to subside over weeks, at least in neuroma end-
ings of A-fibers (see below) [23]. In the few remaining cases in which PHN persists 
indefinitely a population of active DRG neurons probably persists indefinitely. 
Another possibility is that CNS hyperexcitability amplifies afferent input from adja-
cent segments (Fig. 13.6). The significance of overlapping innervation in the skin is 
discussed below.

13.4  Hypersensibility to Applied Stimuli and Tactile 
Allodynia

The main message of the previous section is that impulses that drive spontaneous pain 
in HZ and PHN arise in the PNS, alternatively in afferent fibers in the skin, at ectopic 
pacemaker sites disseminated along peripheral nerves, and in the affected segmental 
DRG. Based on published results on skin infiltration and nerve block, dermal genera-
tors appear to be the major contributors, but it is not clear how general this conclusion 
is. A priori it would appear likely that the relative contribution of each source might 
vary among patients and over time. For PHN, at least, diagnostic blocks should prob-
ably be a part of the usual workup (Fig. 13.7). In contrast, with regard to tactile allo-
dynia, location is known; activity obviously originates in the skin where the stimulus 
is applied. Here the relevant question is why light-touch stimuli evoke pain?

13.4.1  Tactile Allodynia: Irritable Nociceptors or Central 
Sensitization?

Sensitive Nociceptor Endings and Dermal Pacemakers It is appealing to believe 
that tenderness to the touch (tactile allodynia) in HZ and PHN is due to irritable 
mechano-nociceptor endings in the skin. This is the most widely quoted explanation 
[33]. But as discussed above, a number of observations are inconsistent with this 
explanation. For example, tactile allodynia may appear before or without zoster rash, 
and like ongoing pain it apparently continues unchanged following the clearance of 
the rash and the transition to PHN. A variant of this hypothesis, more in line with 
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neuropathic mechanisms, is that tactile allodynia reflects exaggerated mechanosen-
sitivity of ectopic pacemakers at dying-back ends of C-fibers. However, this is also 
unlikely. Among the most compelling reasons are [4–6, 12, 62, 63, 95, 106, 113]:

 1. In animal models of tactile allodynia one does not find C-fiber endings that 
respond to the weak forces that evoke tactile allodynia. This contrasts with the 
marked sensitization of C-fiber afferents to warm stimuli. In some HZ/PHN 
patients, the exquisite sensitivity to the very lightest touch goes well beyond the 
allodynia typical of the inflamed skin.

 2. In humans it takes ~1–2 s for impulses carried in C-fiber nociceptors to reach the 
spinal cord from the hand or foot and even longer to reach levels of conscious 
perception. C-fibers conduct at ~1 m/s. And yet, everyday experience shows that 
pain on touching mildly burned skin, or areas affected by HZ or PHN, is felt 
almost immediately upon touch, certainly not after a delay of seconds. Therefore, 
C-fibers, which constitute the large majority of mechano-nociceptors, could not 
be carrying this signal. Aδ nociceptors are fast enough, but they are rare in com-
parison to C-fibers. Furthermore, a brushstroke to allodynic skin does not induce 
both first and second pain (Aδ- and C-fiber mediated), and I am not aware of 
evidence that sensitization processes differ between the two fiber types.

 3. Selective block of touch-responsive Aβ-fibers eliminates tactile allodynia with-
out affecting heat allodynia, while C-fiber block attenuates heat allodynia but not 
tactile allodynia. This and other evidence has convinced most investigators that 
the impulses that cause tactile allodynia are carried by normal, fast-conducting, 
touch-responsive Aβ-fibers, not C- nociceptors. What can cause impulses in 
touch-sensitive A-fibers to evoke pain sensation?

Central Sensitization Numerous specific neurophysiological mechanisms have 
been identified in the CNS that can alter the normal match between the type of affer-
ent fiber activated and the sensation evoked. Each of these can render light touch 
painful. The mechanisms include long-term synaptic potentiation (LTP), loss of spi-
nal inhibition, de novo expression of CGRP in Aβ neurons, reversal of the chloride 
pump, and activation of spinal microglia [128]. The umbrella term used for the 
entire collection of such processes is “central sensitization.” Central sensitization is 
not rare or pathological; it is an everyday event that protects injured tissue. For 
example, Aβ input accounts for the ordinary tenderness of abrasions and sunburn. 
The idea that nociceptors do not have a monopoly on pain, that Aβ touch afferents 
are often primary pain drivers (“Aβ-pain”), constitutes a revolution in the way we 
now understand the pain system [22, 24, 48, 127].

Central sensitization is a labile state that can turn on and off in a matter of min-
utes or hours. It is usually induced by nociceptive input from the periphery. C-fiber 
impulses from a mild burn or from an active neuroma, for example, initiate central 
sensitization. The resulting tactile allodynia then lasts for as long as the maintain-
ing nociceptive drive persists. In patients with PHN, this can be years. But as soon 
as the maintaining drive subsides, the central sensitization and the allodynia fade. 
This is presumably why spontaneous pain and allodynia decline together. 
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Allodynia can also be stopped intentionally by cooling the skin (when sensitized 
heat nociceptors are the active drivers), or in neuropathy by suppressing ectopic 
pacemaker firing with lidocaine. Once the effect of the lidocaine fades, however, 
the allodynia returns [44, 65]. Importantly, just as Aβ activity evoked by light 
brushing is felt as pain when central sensitization is present, Aβ activity arising 
spontaneously from neuroma endings, sites of demyelination, or active DRG neu-
rons will be felt as spontaneous (neuropathic) pain. Ectopic firing in Aβ afferents 
may thus contribute as much to ongoing and evoked pain in patients with HZ and 
PHN as ectopia in C-nociceptors. Suppressing peripheral ectopic discharge has 
two benefits: (1) it reduces the direct drive of spontaneous pain due to spontaneous 
activity in C- and A-fiber afferents and (2) it suppresses central sensitization, elim-
inating tactile allodynia. Note that while the terms “central sensitization” and 
“pain centralization” sound the same, they have very different meanings and clini-
cal consequences.

13.4.2  The Significance of Dermatomal Overlap

Viral resurgence in one DRG yields the single-dermatome distribution of pain in 
HZ/PHN. However, due to segmental overlap in skin innervation [45, 60] any given 
patch of skin also contains sensory endings of afferent neurons that reside in at least 
the two adjacent DRGs (Fig. 13.6). By the ectopic pacemaker hypothesis, the major 
source of spontaneous pain is electrogenesis in dying-back axon endings of infected 
DRG neurons and in cell somata resident in the DRG. There is evidence that after 
injury to the spinal nerve of one ganglion, “uninjured” (i.e., non- axotomized) affer-
ents in the immediately adjacent ganglia may also begin to fire spontaneously [2]. It 
is not known whether something similar occurs following VZV infection of a single 
ganglion. But if it did, then in principle the neighboring DRGs could also contribute 
to pain in HZ and PHN.

Ongoing activity in infected afferents is presumed to be responsible for main-
taining central sensitization. However, in the presence of central sensitization, Aβ 
touch afferents whose cell soma resides in adjacent non-infected (intact) ganglia 
are  also expected to contribute to tactile allodynia. In advanced PHN, where 
there is considerable loss of neurons in the infected DRG and corresponding loss 
of ectopic pacemaker sites in the skin and nerve due to Wallerian degeneration, 
spontaneous firing in the adjacent ganglia might sustain ongoing pain. Moreover, 
if this activity were able to maintain central sensitization [22, 83], the adjacent 
ganglia could also support tactile allodynia. Such contributions by adjacent 
DRGs are speculative at the moment. In the absence of a satisfactory animal 
model of HZ/PHN, it will be necessary to examine these possibilities in dedi-
cated clinical studies in which diagnostic blocks are made to the individual gan-
glia in turn (Fig. 13.6).
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13.5  Summary and Perspective

The Ectopic Pacemaker Hypothesis of Pain in HZ and PHN Despite the 
remarkable progress in our understanding of the biology of neuropathic pain, there 
has been disappointingly little translation into the clinic thus far. In this chapter I 
have considered the causes of pain in HZ and PHN in light of the new knowledge. 
After pointing out significant shortcomings in the traditional explanations, inflam-
mation, and deafferentation, I proposed an alternative, the ectopic pacemaker 
hypothesis of pain in HZ and PHN. This hypothesis holds that (1) spontaneous pain 
is due to spontaneous impulse discharge arising at ectopic locations in the PNS and 
(2)  tactile allodynia results from intensification of the sensory effects of normal Aβ 
touch afferents by central sensitization maintained by the ectopia. The hypothesis is 
rooted in a single pathophysiological process, hyperexcitability. Normally, the 
excitability of afferent neurons is regulated within narrow bounds (stabilized) by 
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Fig. 13.6 Several adjacent DRGs contribute afferent axons to any given patch of the skin. In this 
sketch there has been reactivation of VZV infection in the T8 DRG which has caused dying-back 
of some T8 afferents into the dermal plexus where ectopic discharge is generated. Ectopic dis-
charge is also generated in the DRG (spike trains). Blocking the T8 afferent pathway central to the 
point at which T7 and T9 afferents peel off of the cutaneous nerve (green cloud) will leave a degree 
of functionality in the partly denervated skin due to afferents from the T7 and T9 segments
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homeostatic processes that remain poorly understood. When nerve injury or disease 
interferes, hyperexcitability, ectopic firing, and positive symptoms (pain) can result. 
Negative symptoms in HZ/PHN (hypesthesia, hypalgesia) are a simple consequence 
of fiber damage or loss. I suspect that this general framework, applied here to HZ/
PHN, applies no less to other painful medical conditions properly attributed to neu-
ropathy. Prominent among these are conditions that involve dying-back, such as 
painful diabetic neuropathy and perhaps fibromyalgia [104, 115].

Medical Management in Light of the Ectopic Pacemaker Hypothesis: Rationale 
and Avenues for Improvement An understanding of mechanism can illuminate 
the mode of action of effective treatments and guide future developments. None of 
the therapeutic agents available today for HZ and PHN are considered adequate. But 
some have measurable efficacy, and when this is added to the inevitable (and ulti-
mately desirable) effects of context and placebo, they are the best therapeutic 
modalities we have. A quick review of the agents for which there is a consensus on 
efficacy is therefore likely to be informative [16, 31, 35, 51, 117]. As topical treat-
ments were discussed above, I will focus here on orally available drugs.

First, opiates are effective presumably due to activation of central pain-control 
pathways. Side effects and abuse potential are widely recognized. Anti-inflammatory 
drugs, including systemic corticosteroids, seem to have modest efficacy at best, 
even in HZ. This is odd for a condition classically thought to be caused by inflam-
mation. Indeed, this should probably have raised misgivings long ago. Systemic 
local anesthetics are effective presumably because they suppress ectopia at very low 
plasma concentrations. But at present they have no practical orally available coun-
terpart. The remaining drugs with recognized efficacy include particular agents 
from two very different pharmacological categories: antidepressants and anticon-
vulsants. Among the antidepressants, tricyclics and SNRIs tend to be effective (and 
at doses too low to be antidepressant), while SSRIs are not. Among the anticonvul-
sants, carbamazepine and gabapentin are somewhat effective while barbiturates are 
not. The striking factor that differentiates the effective from the ineffective drugs in 
both categories is that the effective ones tend to have membrane stabilizing effects 
in addition to the actions for which they are marketed. That is, their pharmacologi-
cal profile includes a local anesthetic-like action, and/or they have been shown 
experimentally to suppress ectopic hyperexcitability in injured sensory neurons [14, 
23]. If HZ and PHN are due primarily to hyperexcitable afferents, then it is expected 
that agents which suppress excitability should be analgesic. This also accounts for 
the fact that the same quirky list of drugs used for HZ and PHN are used for neuro-
pathic pain states across the diagnostic spectrum.

But an important caveat needs to be kept in mind with respect to the use of these 
drugs. Since all neural functions, and also muscle and some endocrine functions, 
depend on membrane excitability, suppressing excitability with a systemic drug is 
likely to have unwanted, generally suppressive, side effects. These tend to limit the 
dose that can be used, limiting analgesic efficacy in parallel. Since excitability 
involves a variety of ion channels (Na+, K+, Ca2+, HCN, etc.) and receptors, each 
with a variety of subtypes and isoforms, different drugs are expected to show differ-

M. Devor



179

ent efficacy and side effect profiles. For this reason, the current practice of titrating 
drug dose in a given patient, and switching among drugs if need be, makes clinical 
and pharmacological sense. Likewise, subtype-selective membrane stabilizers now 
in development may have advantages. But in the end, most of the drugs used cur-
rently share the same side effect profile: drowsiness, reduced cognitive focus, dizzi-
ness, and nausea. These are all CNS effects. If it is so that the desired effect 
(suppression of ectopic pacemakers) plays out in the PNS, the usefulness of our 
standard drugs might be improved by preventing their central action. Cardiology 
exploited this strategy long ago by peripheralizing β-blockers.

Another rational approach is to specifically target the relevant pain generator. 
Thus, if pain in a particular HZ/PHN patient is due to impulses generated in the skin, 
a transdermal approach makes sense. On the other hand, if the DRG is the primary 
pain driver in this patient, then topical lidocaine or capsaicin is unlikely to work 
(Figs. 13.4, 13.5, and 13.7). Rather, one should target the DRG directly using sys-
temic membrane- stabilizing drugs or better by delivering such agents direct to the 
intervertebral foramen via a port, or a catheter attached to an implantable pump 
system [118]. As noted above, ectopic electrogenesis is silenced by concentrations 
of membrane stabilizers much lower than is required to block impulse propagation. 
Thus, if accurately targeted, a very low concentration of lidocaine, amitriptyline, etc. 
should be sufficient. In principle, the pump reservoir could contain a high concentra-
tion of the drug, permitting very slow pumping rates and an extended duration 
between refills. Since only local electrogenesis will be affected and not conduction 
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Fig. 13.7 Flow chart indicates a diagnostic routine for locating sources of ectopic spontaneous 
electrogenesis (the driver of ongoing pain) using local anesthetic blocks at the level of the spinal 
cord, intervertebral foramen, proximal nerve, distal nerve, or skin. For each type of block, if the 
spontaneous pain persists (i.e., if the block was ineffective), the likely pain source is indicated by 
the arrow marked (-). As a practical matter blocks would usually begin at the skin or distal nerve 
or distal nerve and proceed proximally
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along en passage axons, sensation from the periphery should remain normal as 
should motor function.

The use of electrical stimulation delivered to the DRG has been advocated 
recently [70]. It is hard to imagine this providing relief in HZ/PHN patients with 
tactile allodynia, as such stimulation preferentially activates Aβ afferents and should 
provoke pain. In patients without allodynia, however, DRG stimulation might work 
by closing spinal gates. Alternatively, some non obvious mechanisms might cause 
stimulation to suppress ectopic discharge [71].
Lacunae, and a Call for Observational Evidence from the Clinic The ectopic 
pacemaker hypothesis laid out here arose in an intellectual exercise: fitting clinical 
observations about HZ/PHN into a theoretical framework on neuropathic pain that 
has been evolving for the past few decades. The evidence was gleaned more from 
incidental observations than focused research. As pointed out at several junctures, it 
was sometimes necessary to draw conclusions from reports lacking essential con-
trols, from unpublished observations and from clinical impressions (I hope that I did 
not miss any seminal publications). For this reason, the hypothesis presented is 
tentative. Dedicated research would help firm up some of the soft spots. But even 
without such efforts, it might be possible to answer some questions if authors of 
therapeutic studies were simply to report immediate effects of interventions such as 
lidocaine blocks. Specifically, I urge clinicians who see patients with HZ and PHN 
to collect and share information on the following issues.

 1. Is the transition from HZ to PHN indeed seamless in terms of the patient’s sen-
sory experience?

 2. Does cooling the skin, or infiltration with wide-spectrum anti-inflammatory 
agents, in fact fail to provide relief?

 3. What is the short-term effect across patients of infiltrating painful skin with lido-
caine, or blocking relevant nerves? A clear distinction should be made between 
spontaneous and evoked pain, and control for placebo and systemic effects of the 
drug needs to be kept in mind (Fig. 13.2).

 4. Persistence of pain following definitive spinal block would establish whether, 
and to what extent, the spontaneous pain signal is generated in the brain. 
Intraforaminal block, best preceded by block of the plexus or the spinal nerve 
distal to the foramen, could determine if the generator is in the spinal cord, the 
DRG or further peripherally (Figs. 13.6, 13.7).

 5. Can a Tinel sign be evoked by percussion along the course of relevant nerves?
 6. It is time for microneurography to be applied to HZ/PHN. Cases with lumbosa-

cral distribution of allodynia might permit easier access to a suitable nerve. 
Adding proximal and distal nerve blocks would reveal the likely origin of spon-
taneous firing.

 7. Punch biopsy of the skin has become a common diagnostic tool. With regard to 
pain, the status of dermal and subdermal fibers, including large myelinated 
fibers, is of interest in addition to C-nociceptors in the epidermis. Is there ectopic 
accumulation of Na+ channels or other molecules-of-excitability using appropri-
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ate immunolabels? Examination of biopsied or postmortem nerve samples in this 
way could also be informative.

HZ and PHN are relatively common conditions, and they take an enormous toll 
in human suffering. Answers to questions that bear on pain mechanism are a high 
priority. One might have hoped that answers could be obtained using animal mod-
els. Indeed, around the time of the publication of the previous edition of this book, 
the first such model appeared [36]. Additional papers followed, many demonstrat-
ing tactile allodynia and some noting evidence of hyperexcitability, including in Aβ 
touch afferents [41, 67]. However, while VZV infection can be induced in vitro, 
there have been difficulties demonstrating viral reactivation in vivo, or obtaining 
titers of virus in DRGs that are high enough to convincingly mimic the human dis-
ease. Rodents are highly resistant to VZV infection [59, 74, 99]. Until these issues 
are resolved, progress on pain mechanism in HZ and PHN will probably be based 
mostly on observations in vitro and in human patients.

The ectopic pacemaker hypothesis of pain in HZ and PHN stresses three princi-
ples: (1) diagnostic identification, in the individual patient, of where the pain- 
provoking impulses are coming from, (2) targeting the primary source(s), and (3) 
focusing on suppression of ectopic electrogenesis (using membrane-stabilizing 
drugs and strategies) in preference to anti-inflammatory approaches. Incorporating 
these principles could benefit clinical outcome.
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Dr. Donald Harvey Gilden (1937–2016) We were most saddened to 
hear of the passing of Dr. Donald Harvey Gilden, contributor to very 
important chapters for this book (Chaps. 7 and 14). These chapters pro-
vide new, much-needed insight into the broader impact of the varicella 
zoster virus regarding vascular diseases and, also, a new idea about the 
pathophysiology of postherpetic neuralgia.

His co-author, Dr. Maria Nagel, a colleague and co-author of these 
chapters, states: “Donald was a wonderful mentor. He had an ability to 
identify projects that would ultimately improve human health, bring 
collaborators together, and successfully drive science forward. He had 
profound respect for academic medicine and his partners in science. 
Even in hospice care, he thoughtfully planned the future direction of 
the lab and career development of his beloved colleagues.”

Donald Gilden was a National Institutes of Health-funded researcher 
who published more than 420 scientific papers and book chapters. He also edited several books on 
virus infections of the central nervous system. In 1994, an editorial by Dr. Gilden, published in the 
New England Journal of Medicine, promoted increased attention to developing shingles vaccines.

In the latter part of his career, Dr. Gilden’s lab demonstrated that varicella zoster virus, which 
causes chickenpox and shingles, can also cause strokes and aneurysms. In 2015, his research group 
published a paper on varicella zoster virus as a cause of giant cell arteritis, a disease that can cause 
headaches and vision loss in the elderly.

Personally, this editor (CPNW) was in awe of his contributions to varicella zoster virus research, 
and the preparation of these two chapters for this book during his final illness is a great tribute to 
his courage and dedication to this important work.

Ave atque vale,
C. Peter N. Watson
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14.1  Zoster and Postherpetic Neuralgia

Varicella zoster virus (VZV) is a ubiquitous, neurotropic human herpesvirus. 
Primary infection usually causes chickenpox (varicella), after which virus 
becomes latent in cranial nerve ganglia, dorsal root ganglia, and autonomic gan-
glia along the entire neuraxis. A natural decline in VZV-specific cell-mediated 
immunity with advancing age or immunosuppression results in virus reactiva-
tion, usually manifesting as zoster (shingles), dermatomal-distribution pain, and 
rash. A light touch to the affected area of skin commonly produces pain (allo-
dynia). Pain that persists for 3 months or more after zoster rash is operationally 
defined as postherpetic neuralgia (PHN). Age is the most important factor that 
predicts the development of PHN [3, 20]. Although PHN is rare before age 50, 
the incidence is 43–47.5 % after age 50 and slightly greater in women and after 
trigeminal-distribution zoster [4, 13]. About one million Americans develop 
zoster annually, resulting in 200,000–400,000 new cases of PHN yearly [14].

14.2  Postherpetic Neuralgia, Preherpetic Neuralgia, 
and Zoster Sine Herpete

Although not nearly as common as PHN, two other qualitatively identical, closely 
related forms of radicular pain without rash are associated with VZV infection. 
The first is prolonged radicular pain preceding zoster rash (preherpetic neuralgia). 
Generally, zoster pain and rash occur within hours or a couple of days of each 
other. Uncommonly, pain precedes rash by weeks, even as much as 100 days, so-
called “preherpetic” neuralgia [8]. The severe, burning radicular nature of the pain, 
followed weeks to months later by zoster rash, likely indicates that the pain resulted 
from a smoldering ganglionitis. The second chronic radicular pain syndrome asso-
ciated with VZV infection without rash is zoster sine herpete. The concept of zos-
ter sine herpete (shingles without rash) is nearly 100  years old, a notion that 
received credence when Lewis [15] described numerous zoster patients who, days 
later, also developed pain without rash in a different dermatome distribution, often 
on the opposite side. The first serologic evidence of zoster sine herpete occurred in 
a physician who developed acute trigeminal distribution pain associated with a 
fourfold rise in complement-fixing antibody to VZV but not to HSV [6]. Virologic 
confirmation of zoster sine herpete did not come until the analysis of two men with 
thoracic- distribution radicular pain that had lasted for months to years revealed 
PCR-amplifiable VZV DNA but not HSV DNA in their CSF and blood MNCs [8]. 
After diagnosis, both men were treated successfully with intravenous acyclovir. 
While PHN is the most common form of chronic radicular pain, the quality of 
“preherpetic” neuralgia and “zoster sine herpete” is no different. Importantly the 
latter two conditions are produced by VZV. Overall, it is possible, if not likely, that 
PHN, preherpetic neuralgia, and zoster sine herpete are all manifestations of pro-
ductive ganglionitis. Why PHN is so much more common remains unknown.
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14.3  The Possible Viral Cause of Postherpetic Neuralgia 
(PHN)

The cause and pathogenesis of PHN are unknown. Two non-mutually exclusive 
theories are (1) that the excitability of ganglionic or even spinal cord neurons is 
altered or (2) that there is persistent virus infection (not latency) in ganglia. 
Analysis of blood mononuclear cells (MNCs), cerebrospinal fluid (CSF), and 
ganglia from patients with PHN or patients with zoster sine herpete (chronic 
radicular pain without rash) suggests that this may be the case (detailed below). 
The finding that PHN may be due to chronic active infection by the same virus, 
which decades earlier had produced only a relatively benign childhood exan-
thema, represents one of the most exciting medical developments that has resulted 
from the application of molecular virologic strategies and techniques to analysis 
of human tissue.

There have been precious few instances in which ganglia from patients who had 
PHN before death have been analyzed pathologically. Analysis of ganglia from an 
early case of PHN of 2.5-month duration revealed diffuse and focal infiltration by 
chronic inflammatory cells (Fig. 14.1; [11]). The inflammatory response in the gan-
glion of this subject raised the possibility of prolonged viral infection.

Although virologic analyses of ganglia from PHN patients are wanting, VZV 
DNA was detected in blood MNCs of PHN patients 1–8 years after zoster [5]. In 
contrast, in zoster patients who did not develop PHN, VZV DNA was found in 
blood MNCs only up to 38 days after zoster and not at all after disappearance of 
zoster pain [7]. A more extensive study detected VZV DNA in MNCs up to 8 years 
after zoster in 11/51 patients with PHN, but not in MNCs of 19 zoster patients with-
out PHN who were analyzed 1–31 years after zoster, or in any of 11 elderly age- and 
gender-matched subjects with no history of zoster [17].

How are these virological findings best explained? The most rational explanation 
is that MNCs, particularly antigen-presenting cells, acquire virus while trafficking 
through ganglia and ultimately digest virus. This would explain the detection of 

Fig. 14.1 Hematoxylin and 
eosin (H & E)-stained 
sections of dorsal root 
ganglia from patients with 
postherpetic neuralgia reveal 
diffuse and focal infiltration 
by chronic inflammatory 
cells (Figure from Gilden 
et al. [11]; reprinted with 
permission from Wolters 
Kluwer Health, Inc)
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some, but not all, regions of the VZV genome in circulating MNCs [16], compared 
to the presence of the entire virus genome in latently infected ganglia. Digestion of 
viral DNA by MNCs also helps to explain why VZV DNA is found randomly in 
MNCs from only 20 % of patients with PHN since there would only be a chance 
occurrence that fragments of viral DNA will be present in blood samples.

The above findings were later supported by a correlative clinical-molecular viro-
logical study conducted over an 11-year period in an immunocompetent elderly 
woman with PHN [10]. Initially, blood MNCs contained VZV DNA on two con-
secutive occasions. After treatment with oral famciclovir, her pain resolved and 
blood MNCs were negative for VZV DNA. However, over the years, the patient 
voluntarily stopped antiviral treatment five times, pain always recurred within 
1 week, and blood MNCs contained many, but not all, regions of the VZV genome 
on all five occasions. Chronic VZV ganglionitis-induced PHN best explains both a 
gratifying clinical response to famciclovir and the recurrence of VZV DNA in 
MNCs whenever famciclovir was discontinued.

More evidence that long-standing radicular pain could be due to a chronic 
ganglionitis comes from studies of patients with zoster sine herpete (pain with-
out rash). Lewis [15] originally suggested zoster sine herpete in patients with 
zoster who had dermatomal distribution pain in areas distinct from zoster. A 
clinical link between PHN and zoster sine herpete was later provided by a report 
of four patients who, years after the resolution of pain from trigeminal zoster, 
developed zoster sine herpete in the same distribution of the trigeminal nerve. 
Facial surgery in three patients and a tooth abscess in one patient precipitated 
zoster sine herpete. Unfortunately, none of these patients was studied virologi-
cally [21].

Importantly, of the first two patients with zoster sine herpete to be studied viro-
logically, both had VZV DNA in blood MNCs and CSF and were cured of pain 
after treatment with intravenous acyclovir [9, 22]. Virological analysis of another 
patient with lumbar distribution zoster that was followed by chronic radicular 
sacral distribution zoster sine herpete revealed that the persistent pain was pro-
duced by active VZV infection [18]. Another patient with ipsilateral truncal sen-
sory deficit and ophthalmic zoster sine herpete, who had reduced serum/CSF 
ratios of VZV antibody indicative of active virus infection, was treated with intra-
venous acyclovir; within 7 days, the sensory-deficit progression stopped, although 
mild neuralgia on the left face persisted [25]. The most compelling evidence that 
persistent radicular pain without rash can be caused by a chronic active VZV gan-
glionitis came from analysis of a trigeminal ganglionic mass removed from an 
immunocompetent adult who had experienced relentless trigeminal distribution 
pain for more than a year. Pathological and virological studies revealed that the 
patient’s zoster sine herpete was caused by an active VZV ganglionitis [12]. 
Finally, a recent report described a patient with chronic active VZV ganglionitis 
whose MRI revealed inflammation in ganglia and nerve roots corresponding to 
persistent pain [2].
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14.4  Perspective on Antiviral Therapy for Postherpetic 
Neuralgia (PHN)

Current treatment for PHN includes neuroleptic drugs and various analgesics, 
including opiates, to alleviate pain. PHN may be caused by damage to ganglionic 
neurons induced by viral replication during acute zoster; another possibility is that 
an excessive barrage of nerve impulses generated during acute zoster produces 
long-term damage [24]. Thus, if persistent productive ganglionic infection contin-
ues, long-term pain would not be surprising, and there would be the potential to 
reduce PHN by antiviral treatment.

The two reports summarized below are those that treated PHN with antivirals, not 
studies which used antivirals at the onset of zoster to prevent PHN. Acosta and Balfour 
[1] described improvement in one of six PHN patients who received intravenous acy-
clovir followed by oral acyclovir. Finally, our treatment of 15 patients with moderate 
to severe PHN with intravenous acyclovir followed by oral valacyclovir led to clinical 
improvement in 8 (53 %), warranting further investigation of antiviral therapy in a 
larger, randomized, double-blind, placebo-controlled trial [19]. Further studies are 
needed to determine levels of antiviral drug in CSF after oral administration of acyclo-
vir, famciclovir, or valacyclovir compared to intravenous administration of acyclovir, 
the only drug approved for intravenous use. Valacyclovir has already been shown to 
compare favorably with famciclovir in speeding the resolution of pain in zoster [23].

14.5  Conclusion

Virological analyses of ganglia corresponding to the area of pain in patients with PHN 
are wanting. Inflammation has been found in ganglia from two PHN subjects who 
were studied postmortem. Besides PHN, two other qualitatively identical closely 
related forms of radicular pain without rash are associated with VZV infection. The 
first is prolonged radicular pain preceding zoster rash. The second chronic radicular 
pain syndrome associated with VZV infection is zoster sine herpete. In patients with 
zoster sine herpete, correlative clinical-virological analyses indicate a productive 
VZV ganglionitis. Finally, the presence of VZV DNA and proteins in peripheral blood 
MNCs of many patients with PHN combined with a favorable response of some 
patients with zoster sine herpete and PHN to antiviral treatment provide further evi-
dence that PHN is caused by chronic active VZV infection in ganglia. Because only a 
few studies have used antiviral therapy to treat PHN and with conflicting results, 
larger, double-blinded studies, which give antiviral therapy intravenously, are needed.
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 Editorial Comment

C. Peter N. Watson
The concept of at least some cases of postherpetic neuralgia (PHN) (and zoster 

sine herpete) being due to a smoldering VZV ganglionitis as ventured here is an 
exciting one with this important research being in an early phase. This raises the 
possibility of treatment of PHN and other conditions (other neuropathic facial and 
enigmatic neuropathic pain elsewhere) with antiviral drugs orally (famciclovir, 
valacyclovir) and intravenously (aciclovir).

The following two autopsied cases [26] support the opinion expressed in this 
chapter. The figure shows acute inflammatory cells in a patient (case 2) with chronic 
postherpetic neuralgia of 22-month duration indicating recent acute inflammation. 
Case 4 showed a significant amount of collagen and marked axon and myelin loss 
of the affected second thoracic intercostal nerve compatible with residual scarring 
from remote inflammation in a 72-year-old man with an acute case of herpes zoster 
of 5-week duration indicating preexisting activity of long standing. Both these are 
supportive of ongoing disease activity long before and long after the clinical 
presentation.

Figure: Hematoxylin and eosin (H & E) × 25-stained section of the affected right 
tenth thoracic nerve from a patient with postherpetic neuralgia of 22-month dura-
tion revealing diffuse and focal infiltration by inflammatory cells. There are many 
prominent collections of lymphocytes in the right tenth nerve and ganglion (case 2 
from Watson et al. [26]).
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Chapter 15
A Comparison of Clinical Features 
and Mechanisms of Trigeminal Postherpetic 
Neuralgia and Trigeminal Neuralgia

Barry J. Sessle and C. Peter N. Watson

Acronyms

AMPA Alpha-amino-3-hydroxy-5-isoxazde-proprionic acid
CGRB Calcitonin gene-related peptide
GABA Gamma amino butyric acid
NMDA N-methyl-D-aspartate
CNS Central nervous system
DRG Dorsal root ganglion
HZ Herpes zoster
MVD Microvascular decompression
NS Nociceptive specific
PHN Postherpetic neuralgia
SNRIs Serotonin reuptake inhibitors
TCAs Tricyclic antidepressants
TN Trigeminal neuralgia
TPHN Trigeminal postherpetic neuralgia
VBSNC Trigeminal brainstem sensory nuclear complex
WDR Wide dynamic range
VZV Varicella zoster virus
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15.1  Introduction

Trigeminal postherpetic neuralgia (TPHN) refers to postherpetic neuralgia (PHN) 
that is manifested in the orofacial region. TPHN and trigeminal neuralgia (TN) 
are both examples of neuropathic pain (similar birds), and although some of their 
features appear similar, the two pain states are almost as a different as a hawk and 
heron (handsaw in Shakespearean parlance). Although both occur in the orofacial 
region, TPHN and TN have little else in common other than the term “neuralgia,” 
which is an older term applied rather loosely when there is electric shocklike or 
stabbing neuropathic pain in any neuropathic condition. Both are accompanied by 
allodynia (pain from touch), but this is different in nature (see below). It is 
unknown why TN-like pain, which has unique trigger zones and is responsive to 
carbamazepine, does not appear to occur in dermatomes below the head, areas 
commonly affected by PHN.

A failure to understand the clinical, pathological, and therapeutic differences 
(see Table 15.1) will result in therapeutic failure if TN is subjected to the guidelines 

Table 15.1 A comparison of TPHN and TN

Trigeminal postherpetic 
neuralgia (TPHN) Trigeminal neuralgia (TN)

Epidemiology
Natural history
Etiology

Increases with age,
natural history, improvement in 
most

Exacerbations and remissions initially,
incidence increases with age,
associations: vascular anomalies V 
nerve root, multiple sclerosis

Genetic Overall 10 % have PHN at 
1 month, but at age 60, this is 
50 %

Familial cases

Clinical Steady burning pain,
non-triggered shocks,
dynamic mechanical allodynia,
unilateral

Electric shocks triggered from localized 
areas (allodynia) (e.g., nasolabial area)
unilateral

Pathology Major injury to one dorsal root 
ganglion, nerve, nerve root, 
spinal dorsal horn

Minor injury (vascular loop) compresses 
trigeminal nerve root

Treatment:
medical

Antidepressants (TCAs, SNRIs), 
gabapentinoids (gabapentin, 
pregabalin ), opioids
(Chap. 19)

Carbamazepine, oxcarbazepine,
gabapentinoids,
no response to antidepressants or 
opioids

Treatment:
surgical

A number of case reports of 
different procedures of variable 
quality and follow-up
(Chap. 20)

Temporary: a variety of minor 
non-curative procedures with good 
initial response
( gamma knife, intracavernous glycerol, 
balloon compression, and 
radiofrequency lesions of Gasserian 
ganglion)
curative: microvascular decompression 
(MVD) of trigeminal root
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for neuropathic pain in general (Chap. 19), as the treatment, both medically and 
surgically, is quite different.

Since previous editions of this book, more and moderately effective therapeutic 
options have resulted with the introduction of new drugs such as the gabapentinoids 
(gabapentin and pregabalin), tricyclic antidepressants (TCAs), serotonin norepi-
nephrine reuptake inhibitors (SNRIs) (duloxetine), lidocaine and capsaicin patches, 
and zoster prevention vaccines.

TPHN is much like PHN in other locations and other neuropathic pain condi-
tions, but TN appears to be a condition unique to the trigeminal system, suggesting 
a different pathophysiology. However, there is a possibility that these differences 
are more apparent than real.

This chapter will address the epidemiological, clinical, pathological, and thera-
peutic differences between TN and TPHN, their few similarities, the implications of 
the comparative features, and the attempt to explain them on pathophysiological 
grounds. The two case studies that follow illustrate the typical features of these dif-
ferent neuropathic orofacial pain disorders.

15.2  Case Studies

Case 1: TPHN
An 83-year-old woman presented with pain on the right forehead, pain appearing 
particularly later in the day and keeping her awake at night. She was otherwise in 
good health. This followed an attack of herpes zoster (HZ) in that area 6 months 
previously. She described three main types of pain on the right side of her forehead: 
(1) a constant, steady, burning pain; (2) pain on touching the skin (dynamic mechan-
ical allodynia when she was clinically examined), combing her hair, and even the 
wind blowing on her face; and (3) several times a day, she would have brief non- 
triggered electric shocklike pains. She rated all the facets of her pain at 8–9/10, 
particularly later in the day and on retiring for the night. The pain caused severe 
insomnia. She had previously been treated with gabapentin (600 mg daily) that was 
not effective and made her feel off balance and caused swelling of her feet and 
weight gain. She had failed to have relief from acetaminophen (325 mg)/codeine 
(30 mg), which made her constipated. She had also been treated with carbamaze-
pine to no avail. On examination, pale scarring was evident over the right forehead. 
There was a blunting of sensation to localized or nonmoving tactile stimuli (which 
typically activate large sensory fibers) and pin and cold stimuli (typically activating 
small sensory fibers) over the area of the ophthalmic division (V1) of the right tri-
geminal nerve. There was dynamic mechanical allodynia (pain on stroking with 
cotton) on the right side of the forehead. The right corneal reflex was reduced. The 
gabapentin dose was reduced from 200 mg three times a day to 100 mg given later 
in the day at noon and with her evening meal. Because of her age, it was decided 
(because of potential side effects) not to use a TCA or SNRI antidepressant, which 
are possible first choices of treatment in neuropathic pain guidelines, and to instead 
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introduce a smaller dose of gabapentin (100 mg bid) and the combination pill of 
oxycodone (5 mg)/ acetaminophen (325 mg) at night starting with ½ to one pill. The 
dose was chosen because of her age, the timing because of the late occurrence of the 
severe pain. With this, her pain became well controlled, her insomnia was relieved, 
and she has remained on this regimen, unchanged, for 4 years.

Comment: This is a typical case of TPHN in an aged individual that caused a 
major disruption in the patient’s life as the day progressed with severe insomnia and 
was controlled by low doses of two drugs. The use of a low dose of the opioid com-
bined with gabapentin was vital and has not been problematic after screening the 
patient for a history of drug abuse and psychiatric illness despite the contentious 
role of opioids and concern about the potential risk of abuse (Chap. 18).

Case 2: TN
A 52-year-old man presented with a 6-year history of pain in the mandibular divi-
sion (V3) of the right trigeminal nerve, predominantly inside the mouth in the 
lower jaw. There was triggering of this pain by very localized light touch from a 
small area in the right nasolabial area that produced a severe (9/10) electric shock-
like pain lasting 5 to 30 s many times a day. Washing the face, brushing the teeth, 
shaving, speaking, and chewing all triggered these severe shocks. The longest he 
would be free of this pain was approximately 30 minutes. There was no steady 
pain. The course of the pain over the years had been one of being initially episodic, 
lasting weeks and poorly controlled with low-dose (400 mg/day) short-acting car-
bamazepine. However, he had periods of long remission of up to 1 year. The pres-
ent history was of unremitting severe pain for 3 months. He had been correctly 
diagnosed as having TN type I. This pain was progressively more severe and fre-
quent and was now interfering with his life, particularly his work as a salesman that 
involved extensive traveling and driving. He was switched to long-acting carbam-
azepine (100 mg every 8 h) with rescue short-acting carbamazepine, the dose was 
titrated to 200 mg every 8 h, and his pain came under control and continued at 
12 months follow-up.

Comment: This is a case of typical or classical TN (therefore, type I) with unilat-
eral electric shocklike, triggered pain in the lower face and was diagnosed as TN 
without atypical features such as steady constant pain. It responded to an appropri-
ate dose and dosing intervals of long-acting carbamazepine.

15.3  Historical

The roots of PHN and TN extend back many years. In the case of PHN, the detailed 
description of the pathological features goes back to the remarkable, extensive Head 
and Campbell article in the journal Brain (1900). These pathological studies are 
showing among other findings severe damage to the dorsal root ganglion (DRG) 
(Fig. 15.1, [35]). Edgar Hope-Simpson’s meticulous studies of the epidemiology 
and natural history of varicella and HZ in the 1960s (Fig. 15.2, [36]) established that 
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HZ and varicella were the same virus and that the natural history of HZ- related pain 
was one of improvement and resolution in most cases but less so with increasing age 
of the zoster victims.

In the case of TN, this neuropathic pain state was first described fully by John 
Fothergill in 1723 [25]. In the nineteenth century, Armand Trousseau made the 
observation that the attacks of TN were much like epilepsy [71]. This led, over the 
years, to the exploration of anticonvulsant therapy for neuropathic pain in general 
and the discoveries of phenytoin for TN in the 1940s [6] and carbamazepine in the 

Fig. 15.1 Lower right image fibrosis in the DRG in long-standing PHN patient [35]. Upper image 
is acute zoster with hemorrhagic inflammation in the dorsal aspect of DRG. Lower left is the con-
trol ganglion from the chronic case
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1960s [7] involving randomized controlled trials that established the most important 
current and effective treatment for any form of neuropathic pain but selectively in 
TN. Trousseau’s epilepsy concept of TN spilled over into the investigation of treat-
ment of other neuropathic pain conditions by various anticonvulsants and led to the 
current enthusiasm for the gabapentinoids and others. Unfortunately carbamazepine 
is rarely effective for neuropathic pain conditions other than TN.

15.4  Epidemiology, Incidence, and Natural History of TN 
and TPHN

15.4.1  Clinical Features

Reactivation of the varicella zoster virus that earlier had gained entry into the DRG 
or trigeminal (Gasserian) ganglion is of etiological importance in the development 
of PHN. HZ and PHN are unilateral and affect preferentially the ophthalmic and 
thoracic regions, a localization which is unexplained. In contrast, other childhood 
exanthems such as the measles rash are generalized over the body, and smallpox 
rash affects the distal limbs in children and adults.

PHN has three major facets to the pain. There is a steady and often burning or hot 
pain, a usually non-triggered electric shocklike component (if patients are ques-
tioned closely), and pain on touch (allodynia) that is (unlike TN) dynamic mechani-
cal allodynia (pain on moving touch such as stroking with cotton). Usually there are 
sensory changes on clinical examination (unlike TN) such as a reduction of touch, 
cold, and pinprick stimuli over the affected area and over the scarring. The cornea 
which is supplied by the ophthalmic division [V1]) may be affected with loss of 
vision or of the eye itself (Chap. 5).

Fig. 15.2 Increasing 
incidence of HZ and PHN 
with age [36]
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Typically TN has a variable natural history with episodes of remissions and exac-
erbations for no apparent reason which are relieved well or modified significantly 
by carbamazepine. Although the natural history is not well known (see [24, 27, 42]), 
a proportion of patients do appear to follow a progressive course requiring increas-
ing doses of medication and ultimately the necessity for surgery (CPNW personal 
observations).

Clinically, TN is usually idiopathic and has a rare association with multiple scle-
rosis, injuries to the trigeminal nerve and tumors but is associated with vascular 
loops pressing on the trigeminal root in many patients [42]. Differences between the 
clinical features of TN and TPHN are striking. TN, unlike TPHN, usually manifests 
as unilateral electric shocklike pain triggered by a low-intensity stimulus (e.g., tac-
tile) from often localized areas such as the nasolabial area, but trigger zones can 
occur elsewhere in the orofacial region. It is usually triggered by such activities as 
washing the face, shaving, brushing the teeth, chewing, and speaking. It is usually 
not associated with any physical findings on routine neurological examination, 
although the evoked attack manifests summation features and a refractory period, 
and typically persists beyond the period of stimulation [24, 42].

15.4.2  Pathology

Most autopsy studies of PHN have shown severe loss of neurons, demyelination, 
and scarring involving the peripheral nerve, DRG (Fig. 15.3), nerve root, and the 
spinal cord dorsal horn (Fig. 15.4, [75]). The situation is less clear for TPHN. An 
autopsy study of TPHN [76] did not show significant damage in the trigeminal gan-
glion but showed evidence of bilateral changes in the peripheral nerves and nerve 
roots. These were surprising findings, and more cases need to be studied.

The situation with TN is different. Following the observations of Dandy and 
Gardiner (see [42]), Peter Jannetta popularized the very successful microvascular 

Fig. 15.3 Fibrosis of the 
DRG in PHN seen in 
upper image with survival 
of ganglion cells in lower 
image (Masson trichrome 
×12) [75]
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decompression (MVD) operation [42]. This operation is based on the concept that 
vascular loops compressing the trigeminal nerve root account for many cases of this 
condition and that removing this compression can result in a cure. Maarbjerg et al. 
[51] concluded that neurovascular contact causing displacement or atrophy of the 
 trigeminal nerve is highly associated with the symptomatic side in classical TN as 
opposed to neurovascular contact in general. They said their brain imaging findings 
demonstrated that severe neurovascular contact is involved in the etiology of classical 
TN and that TN is caused by contact by arteries located in the root entry zone. [51].

There have been pathological studies of this area of contact from 12 cases at MVD 
surgery which showed evidence of demyelination and axonal loss here which led to the 
proposition of the ignition theory (see below) postulating ectopic discharges at this site 
and in the trigeminal ganglion as a cause of TN. Nonetheliss, other causes of TN are 
probable such as those associated with multiple sclerosis, dental procedures, other 
more occult injuries to the nerve, and perhaps even causes related to viral persistence 
in the ganglion of both herpes simplex and HZ (Chap. 14). The above argues for a more 
minor injury in TN and perhaps a summation effect of two or more lesions in some 
cases (accounting for atypical, refractory cases) but with greater injuries to the central 
and peripheral nervous system in cases of TPHN. Although this is unproven pathologi-
cally with TPHN [76] , it does provide the substrate for the concept that it is the severity 
of injury that may account for these differences. The vascular loop type of minor injury 
may not occur below the neck (also unproven), and it is rare to see TN-like pain in those 
areas of the body below the head, and thus it makes TN appear to be a unique condition 
related to the trigeminal system.

15.5  Treatment

The medical and surgical treatments of TPHN and TN are very different, and not 
appreciating this by correct diagnosis will result in treatment failure with either 
condition.

Fig. 15.4 Atrophy of the 
dorsal horn of the spinal  
cord in PHN seen in left side  
of image (MBPx2.5) [75]
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15.5.1  Medical

As with other neuropathic pains, TPHN and other sites of PHN respond optimally 
to pharmacological treatment with TCAs, gabapentinoids, and opioids or their com-
bination. The results of treatment at best are in the range of 50 % of patients having 
moderate (50 %) relief or better.

The pharmacological treatment of TN involves carbamazepine (which has been 
the most effective drug available for any neuropathic pain condition but only works 
well specifically for TN). A similar, more recently introduced drug, oxcarbazepine, 
is also quite effective but may have more side effects. These drugs, at least initially, 
may result in 70–80 % of patients with TN having good initial control if the drug is 
titrated carefully and with the correct formulation, timing, and dosing interval ([42]; 
Watson, personal observations).

15.5.2  Surgery

Surgical procedures for PHN, including TPHN, are usually desperate efforts in 
intractable patients, and the literature consists of case reports of variable quality 
and follow-up (Chap. 20). For TN there are several surgical options. These can be 
divided into minor and temporary but initially quite successful options such as the 
gamma knife, intracavernous glycerol, balloon compression, and radiofrequency 
lesions of the trigeminal ganglion. The major and potentially curative and fre-
quently successful operation is MVD of vascular anomalies associated with the 
trigeminal sensory root [42]. This major operation is not always successful and 
carries a small morbidity and mortality. Patients need to know the risk of failure 
and especially of anesthesia dolorosa. Relief by operations on the trigeminal gan-
glion, as with Harvey Cushing’s earliest surgical procedure of ganglionectomy, 
supports the possibility of ongoing ectopic discharges emanating from the gan-
glion and driving the TN pain. These pharmacological and surgical therapeutic 
differences argue for a difference in pathophysiological mechanisms between TN 
and TPHN, although perhaps the difference may simply reflect the severity of the 
lesion. The more minor injury of vascular compression occurring in the trigeminal 
system results in that kind of shocklike triggered pain which does not have its 
exact lesion counterpart (the vascular loop) below the neck where major nerve 
injury is more common, more severe, and more varied (in PHN, causalgia, phan-
tom limb pain, peripheral neuropathies) and the pain different 
pathophysiologically.

Other management approaches that are often useful in some other neuropathic 
pain states, such as cognitive behavioral therapy, acupuncture, and deep brain stim-
ulation, lack good evidence-based data to support their use for TN and PHN, but 
clinical experience also indicates they are not very useful.
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15.6  Pathophysiology: TN and TPHN Mechanisms

Since TN and PHN (including TPHN) are neuropathic pain states, an overview of 
mechanisms leading to these states is first considered, followed by findings and 
concepts specifically proposed of the mechanisms underlying TN and those under-
lying TPHN. In addition, because much of the current knowledge of these mecha-
nisms has been derived from animal studies of the spinal nociceptive system 
following injury to spinal nerves and since the trigeminal subnucleus caudalis and 
dorsal horn of the spinal cord are continuous and share many features, a brief out-
line of spinal mechanisms is initially presented.

15.6.1  Spinal Neuropathic Pain Models and Mechanisms

Although some have used experimental manipulation of central nerosus system 
(CNS) sites to model TN or PHN (or other less common neuropathic pain states, 
e.g., thalamic syndrome), an overriding feature of most concepts of the mechanistic 
basis of either PHN or TN is some change in the input into the CNS from primary 
afferents that result in structural and functional alterations in somatosensory pro-
cessing in the CNS. Thus, it is usually conceived that the CNS changes are initiated 
by alterations in primary afferents but that the CNS changes, perhaps coupled with 
persistent alterations in the afferents, are the dominant factors leading to the chronic 
neuropathic pain state.

Several types of injury of spinal afferent fibers can lead to behavioral alterations 
reflecting spontaneous pain and hypersensitivity to mechanical and sometimes thermal 
stimulation of peripheral tissues. These behavioral effects are associated with changes 
in primary afferent fibers and CNS nociceptive neurons (for review, see [9], [14], [17]). 
The primary afferent alterations may include demyelination of myelinated afferents 
and even degeneration of unmyelinated (i.e., C-fiber afferents) as well as myelinated 
afferents. These peripheral changes include an increased excitability (so-called periph-
eral sensitization) of the nociceptive afferents and also may be associated with altera-
tions in the neuronal cell bodies of the afferents in the DRG. Sprouting of afferent nerve 
fibers also can occur from the damaged site toward the peripheral tissues, leading to 
neuroma formation. Ephaptic transmission has been described in the neuroma; this 
process allows for transfer of nerve impulses (i.e., action potentials) between the dam-
aged afferents (and perhaps to undamaged afferents) and can result in the generation of 
ectopic or abnormal impulses that are conducted through the ganglion into the 
CNS. The ganglion neurons themselves may also generate abnormal impulses, perhaps 
through ephaptic transmission or through processes that involve non-neural cells, espe-
cially the satellite glial cells that wrap around the neuronal cell bodies. As a result 
of the nerve injury, signals are transmitted to the cell bodies of the afferents and 
cause the altered expression and release of several mediators (e.g., substance P, 
ATP). These mediators activate the satellite glial cells that generate calcium waves 
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among themselves to produce subsequent activation of not only the cell bodies of dam-
aged afferents but also those of undamaged afferents, thus providing a peripheral pro-
cess that may contribute to the spread of pain following nerve injury. There is also an 
abnormal expression of sodium ion channels in the afferents and their neuronal cell 
bodies, and this is thought to be one of the processes by which the abnormal impulses 
are generated. Another peripheral process that may occur with some forms of nerve 
injury is upregulation of alpha adrenoreceptors in the afferents as well as coupling of 
the afferents or their neuronal cell bodies in the ganglion with sympathetic efferents, 
providing a mechanism by which the sympathetic nervous system may modulate the 
activity of the afferents and their input into the CNS.

These various peripherally based changes in the properties of the primary affer-
ents can lead to the following alterations in the CNS. 1) There can be central sprout-
ing of the afferents such that large-diameter (e.g., mechanosensitive) afferents that 
normally synapse in the deeper laminae of the spinal dorsal horn make synaptic 
connections in more superficial dorsal horn laminae where the nociceptive neurons 
predominate. This is thought to provide a mechanism whereby tactile-evoked, large- 
fiber input can activate nociceptive neurons and evoke pain (e.g., mechanical allo-
dynia). 2) The functional properties of the nociceptive neurons may also be altered 
such that they undergo neuroplastic changes and become hyperexcitable (so-called 
central sensitization) 3) Several chemical processes have been implicated in this 
process reflecting neuroplasticity in the dorsal horn, including glutamate (released 
from the central terminals of the afferents) activation of N-methyl-D-aspartate 
(NMDA) and alpha-amino-3-hydroxy-5-isoxazole-proprionic acid (AMPA) recep-
tors on the neurons. There is also considerable evidence from studies in the past 
15 years that neurotrophins and non-neural cells (astroglia, microglia, and immune 
cells) in the dorsal horn play key roles in the development and maintenance of the 
central sensitization induced by nerve injury. 4) Another associated key event are 
alterations in central inhibitory as well as facilitatory processes operating through 
segmental modulatory circuits or descending projections from higher brain centers; 
such alterations can also contribute to the neuronal hyperexcitability.

Some models of neuropathic pain include those that focus on an intrinsic central 
nervous system (CNS) etiology, such as in central pain and thalamic syndrome. 
Injury or inflammation of key structures in the CNS have been shown to lead to the 
development of an increased neuronal excitability akin to central sensitization (e.g., 
[1, 16, 17, 30, 77]).

15.6.2  Trigeminal Somatosensory System: Normal Features 
and Neuropathic Processes

In the case of the trigeminal somatosensory system, studies of the past 50 years have 
provided a substantial knowledge base of the normal structural characteristics and 
functional processes of this system (for review, see [12, 23, 64, 67]). The following 
provides a brief outline of these features.
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15.6.2.1  Normal Features

Trigeminal Primary Afferent Mechanisms

Most of the sensory (i.e., primary afferent) nerve fibers innervating orofacial tissues 
occur in the trigeminal nerve. The larger diameter (e.g., A-beta) afferents end in the 
tissues as mechanoreceptors which are activated by tactile or proprioceptive stimuli. 
Some of the smaller afferents (A-delta and C-fiber afferents) terminate as receptors 
sensitive to warming or cooling stimuli, but the majority end as so-called free nerve 
endings. These endings function as nociceptors since they are activated by noxious 
stimulation of the tissues. In addition, the nociceptive afferent endings and their cell 
bodies (which are predominantly located in the trigeminal ganglion) may also 
develop a prolonged increase in excitability after injury or inflammation of orofacial 
tissues. This process reflects a peripheral sensitization and may contribute to the 
allodynia (pain resulting from a stimulus not normally evoking pain) and the hyper-
algesia (increased sensitivity and/or excessive response to a stimulus that is nor-
mally painful) that occur in certain pain conditions.

Trigeminal Brainstem Mechanisms

The trigeminal primary afferents pass through the trigeminal ganglion into the brain-
stem where the vast majority terminate in the trigeminal brainstem sensory nuclear 
complex (VBSNC; see Fig. 15.5). The larger-diameter afferents that conduct tactile or 
proprioceptive information end throughout the VBSNC and activate low-threshold 
mechanosensitive neurons. Those afferents that are activated by warming or cooling 
orofacial stimuli, or by noxious orofacial stimuli, terminate in the most caudal compo-
nent (subnucleus caudalis) of the VBSNC. Subnucleus caudalis merges caudally with 
the cervical dorsal horn of the spinal somatosensory system and is often referred to as 
the medullary dorsal horn because of its many morphological and physiological simi-
larities with the spinal dorsal horn. Like their spinal afferent counterparts, the central 
endings of the trigeminal nociceptive afferents release excitatory neurochemicals (e.g., 
glutamate and substance P) that may excite the second-order nociceptive neurons with 
which the afferent endings synapse. Also, like the nociceptive neurons existing in the 
spinal dorsal horn, nociceptive neurons in caudalis and the upper cervical spinal cord 
(C1–C2) that receive and process trigeminal afferent inputs are of two main types: 
nociceptive specific (NS) which normally respond only to noxious stimuli and wide 
dynamic range (WDR) neurons which respond to non-noxious stimuli (e.g., tactile) as 
well as to noxious stimuli. It is noteworthy that some of these nociceptive neurons 
receive afferent inputs only from facial skin or oral tissues and have properties indica-
tive of a role in encoding superficial pain. Others in contrast have convergent nocicep-
tive afferent inputs from deep tissues (e.g., temporomandibular joint (TMJ), muscle) 
as well as from cutaneous or oral tissues, and it appears that they contribute to the CNS 
processes underlying deep pain, including the referral of pain that is typical of orofa-
cial pain conditions involving deep tissues (e.g., temporomandibular disorders).
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The axons of some VBSNC neurons project to other brainstem areas includ-
ing the cranial nerve motor nuclei and reticular formation and thereby participate 
in the CNS circuitry underlying skeletal muscle reflex responses and in auto-
nomic nervous system-based changes in salivary, cardiovascular, and respiratory 
functions evoked by stimulation of orofacial tissues. The axons of many VBSNC 
neurons ramify within the VBSNC itself and influence the activity of other 
VBSNC neurons. Some projections pass to the reticular formation and adjacent 
regions (e.g., raphe nuclei) which are involved in pain modulation and in wake-
fulness and sleep (see below). Many VBSNC neurons may also contribute to 
CNS pathways ascending directly or indirectly to the ipsilateral and contralateral 
somatosensory thalamus.

Fig. 15.5 Schema of major somatosensory pathway from the orofacial region. The cell bodies of 
most primary afferents in the trigeminal nerve are in the trigeminal ganglion and project to second- 
order neurons in the VBSNC which is made up of the trigeminal main sensory nucleus and the 
trigeminal spinal tract nucleus; the latter has three subnuclei: oralis, interpolaris, and caudalis. 
These neurons may project to neurons at higher levels of the brain (e.g., in the somatosensory 
thalamus) or to brainstem regions such as the reticular formation (RF) or the cranial nerve motor 
nuclei. Not shown are the projections of some afferents in cranial nerves VII, IX, X, and XII and 
in cervical nerves to the VBSNC and the projections of many V, VII, IX, and X afferents to the 
solitary tract nucleus [64]
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Thalamocortical Mechanisms

Orofacial somatosensory information that is relayed from the brainstem to the thala-
mus mainly passes to the ventrobasal complex in animals (which is analogous to the 
ventroposterior nucleus in the human), the posterior nuclear group, and the medial 
thalamic nuclei. Many of the low-threshold mechanoreceptive and thermosensitive 
neurons occurring in these somatosensory thalamic nuclei project to analogous neu-
rons in overlying regions of the somatosensory cerebral cortex where their relayed 
signals are processed to provide for the detection and localization of tactile and 
non-noxious orofacial thermal stimuli. Nociceptive neurons also occur in these tha-
lamic nuclei, and most of them in the ventrobasal thalamus have functional proper-
ties and connections to neurons in the somatosensory cortical regions that indicate 
their role in coding the spatiotemporal features of orofacial noxious stimuli. In con-
trast, most of the nociceptive neurons in the posterior nuclear group and the medial 
thalamic nuclei have properties and connections to cortical areas such as the pre-
frontal cortex, insula, and anterior cingulate cortex that are involved in the cogni-
tive, affective, or motivational dimensions of pain.

Modulation of CNS Nociceptive Processes

Some of the convergent nociceptive afferent inputs mentioned above may induce 
neuroplasticity in the VBSNC nociceptive neurons. These neuroplastic changes are 
reflected in an increase in excitability (central sensitization) of the neurons and are 
produced by neurochemicals released from the nociceptive afferent endings in the 
VBSNC. Nociceptive neurons at the higher levels of the CNS (e.g., somatosensory 
thalamus, somatosensory cortex) may also exhibit central sensitization. The central 
sensitization of the nociceptive neurons has features that include increases in neuro-
nal spontaneous activity, receptive fields size, and responses to stimulation of 
peripheral tissues, plus a decrease in activation threshold, including phenotypic 
switching of NS neurons that become excited by tactile inputs and thus take on 
properties typical of WDR neurons. The neuroplasticity reflected in central sensiti-
zation emphasizes the point that the nociceptive circuits in the CNS are not “hard-
wired”; instead they are “plastic” and modifiable by events in peripheral tissues 
related to injury or inflammation as well as by CNS circuits underlying a variety of 
functions, as noted below.

Recent studies have revealed that central sensitization involves non-neuronal 
(i.e., glial) as well as neural processes [11, 20, 66]. This is noteworthy since these 
glial processes may provide novel targets for developing new or improved analgesic 
approaches to control pain. Central sensitization occurs in acute as well as chronic 
pain states, including neuropathic pain conditions, and along with peripheral sensi-
tization (see above), its features can explain the hyperalgesia, allodynia, and pain 
spread and referral that are features of many orofacial pain states.

Central sensitization is an example of how orofacial nociceptive transmission 
can be modified at brainstem and thalamocortical levels, in this case reflected in 
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facilitation of transmission. The variety of inputs and interconnections in subnu-
cleus caudalis and other components of the VBSNC provide the basis for interac-
tions between the afferent inputs to the VBSNC from peripheral tissues and 
projections to the VBSNC from a variety of CNS areas including the reticular 
formation, locus coeruleus, periaqueductal gray, rostroventral medial medulla, 
and cerebral cortex. Several endogenous chemical mediators such as glycine, 
gamma amine butyric acid (GABA), noradrenaline, serotonin (5-HT), dopamine, 
and opioids (e.g., enkephalins and endorphins) provide a chemical substrate by 
which these inputs may modulate nociceptive transmission and central sensitiza-
tion. The modulatory influences of behavioral factors, including state of alertness, 
attention, and distraction, are examples where higher brain areas involved in these 
states give rise to descending projections to the VBSNC and thereby contribute to 
the effects of these behavioral factors on pain. These effects include inhibitory 
influences on nociceptive neurons and  represent intrinsic CNS mechanisms con-
tributing to the analgesic effects of several therapeutic measures that control pain, 
such as deep brain stimulation, acupuncture, opiate-related drugs (e.g., morphine), 
and 5-HT agonist drugs (e.g., amitriptyline), as well as to the phenomenon of 
placebo analgesia. The thalamocortical transfer of sensory information from the 
orofacial region (and other parts of the body) can also be modulated or “gated” as 
a result of inhibitory and facilitatory processes involving local neuronal circuits or 
inputs to the thalamus and cerebral cortex from other CNS regions such as the 
reticular formation. Gating also occurs during changes in behavioral state and 
consciousness such as during sleep (see [48]).

15.6.2.2  Trigeminal Neuropathic Pain Models and Mechanisms

Several animal models of trigeminal neuropathic pain have been developed in the 
past 25 years, and some of these seek to represent specific models of TN or TPHN. In 
general, these trigeminal neuropathic pain models have revealed several comparable 
mechanisms to those described above for the spinal somatosensory system. And, 
like the neuropathic pain models involving alterations to spinal nerves and DRG, 
most trigeminal neuropathic pain models have involved damage to one or more 
branches of the trigeminal nerve or the trigeminal ganglion, typically in rats or mice 
(for review, see [20, 22, 40]). Common features of most of these models are facial 
hypersensitivity to mechanical and/or thermal stimulation of the face or mouth that 
is indicative of orofacial allodynia or hyperalgesia. Spontaneous pain and aversive 
behaviors and changes in grooming, facial expression, and exploratory activity may 
also occur. Also notable in many studies has been the documentation of bilateral 
changes (e.g., bilateral facial hypersensitivity) following unilateral nerve damage as 
seen in humans (54, 59, 69, 76]).

Several studies have utilized chronic constriction injury (CCI) of a trigeminal 
nerve branch, the infraorbital nerve CCI model being a prime example. A major 
advantage of this model over the CCI of a spinal nerve used in many spinal models 
is that the infraorbital nerve is a pure sensory nerve as compared to the mixed sen-
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sory and motor nature of spinal nerves used (e.g., sciatic). Transection or other 
forms of damage of one or more branches of the infraorbital nerve or inferior 
alveolar nerve or even cervical nerves have also been used in models of trigeminal 
neuropathic pain, as has compression of the trigeminal ganglion or sensory root 
and cancerous lesions (for review, see [10, 20, 40]). Lesions in parts of the trigemi-
nal system in the CNS, as well as the introduction of viral vectors into the trigemi-
nal system, have also been used, as outlined below. These models, especially those 
involving injury to the trigeminal nerve or ganglion, have revealed a number of 
cellular and molecular changes in the peripheral and central components of the 
trigeminal system that accompany the orofacial hypersensitivity and spontaneous 
pain and other behaviors manifested in these models.

Peripheral Trigeminal Neuropathic Pain Processes

In most of the models, an increase in nociceptive afferent excitability (peripheral 
sensitization) has been documented within just a few days following trigeminal 
nerve injury. Many afferents and their cell bodies in the trigeminal ganglion exhibit 
irregular spontaneous activity, and there may be a decrease in the number of A-beta 
and C-fiber afferents (large and small nerve fibers) and an increase in the number 
of A-delta fibers (small myelinated fibers), although the normal functional pheno-
type of the affected afferents (e.g., nociceptive, thermal, tactile) is unclear. Some 
of the afferent neurons may also become responsive to stimuli applied to trigemi-
nal nerve territories outside the innervation territory of the injured nerve (see [20, 
40, 73]), as illustrated in Fig. 15.6. This suggests a possible peripherally based 
mechanism contributing to extraterritorial spread of sensitivity that may occur in 
clinical cases (also see below). There are also changes in the expression of intracel-
lular protein kinases and channel proteins. Changes especially in sodium and 
potassium channels can affect the excitability of the trigeminal afferent neurons. In 
addition, changes in neuropeptides (e.g., substance P, calcitonin gene-related pep-
tide (CGRP)), receptors (e.g., P2X3), cytokines, and growth factors in trigeminal 
ganglion neurons are additional mechanisms following trigeminal nerve injury that 
could possibly cause an increased excitability of the neurons (see [20, 40, 49, 57]).

Also noteworthy are recent findings of the involvement of satellite glial cells 
in the trigeminal ganglion in the peripheral sensitization process of afferent neu-
rons (Fig. 15.6). The number of ganglion neurons encircled by satellite glial cells 
is increased after trigeminal nerve injury (see [20, 22, 40]). Changes in intracel-
lular signaling processes including increased nitric oxide synthesis and activa-
tion of P2Y12 receptors in the satellite glial cells following trigeminal nerve 
injury also appear to be involved in the enhancement of trigeminal afferent neu-
ron activity and the development and maintenance of nociceptive behavior.
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Central Trigeminal Neuropathic Pain Processes

Brainstem Processes

Injury to the trigeminal nerve, as well as to tissues that it innervates (e.g., tooth 
pulp), has been found to lead to morphological changes in the VBSNC including 
subnucleus caudalis (e.g., [32, 40, 44]). Several investigations in animals have also 
documented that both the NS and the WDR neurons that occur in trigeminal sub-
nucleus caudalis (see above) exhibit a hyperexcitability (central sensitization) fol-
lowing trigeminal nerve injury (see [20, 22, 40]). This central sensitization is 
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Fig. 15.6 Diagram showing neuron-neuron or neuron-glia interactions in the trigeminal ganglion. 
Following orofacial tissue injury or trigeminal nerve injury, primary afferent activity is consider-
ably increased. Expression of various molecules such as SP, NO, or ATP also increases in the 
neurons or satellite glial cells, and the neurons or satellite glial cells are strongly activated, result-
ing in the peripheral sensitization of the neurons. NGF is also expressed in the injured tissues and 
then transported to the ganglion neurons where it is released and is involved in enhancement of 
TRPV1 expression in the neurons. (ATP adenosine triphosphate, IL-1β interleukin-1 beta, IL-1βR 
interleukin-1 beta receptor, iNOs inducible nitric oxide synthase, Kir 4.1 inwardly rectifying potas-
sium channel subfamily 4.1, NGF nerve growth factor, NK1R neurokinin-1 receptor, NO nitric 
oxide, P2XR P2X purinergic receptor, P2X3R purinergic P2X3 receptor, P2Y12R purinoceptor 
P2Y12, p75 low affinity neurotrophin receptor, SP Substance P, TrkA TRK1-transforming tyrosine 
kinase protein, TRPV1 transient receptor potential vanilloid) [20]
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manifested as an increase in spontaneous activity of the NS and WDR neurons, as 
well as by increased receptive field size and responsiveness to orofacial stimuli and 
a decrease in activation threshold. These nerve injury-induced changes reflect the 
neuroplasticity of the nociceptive neuronal processes. It is noteworthy that it is 
accompanied by the animal developing nociceptive behavior indicative of clinical 
features in neuropathic pain states in humans such as hyperalgesia, allodynia, and 
pain spread or referral. It should however also be noted that the nociceptive behavior 
and the associated neuroplastic changes reflecting a central sensitization state in 
animals are not specific to nerve injury, but these features are also manifested in 
inflammatory pain states (see [18, 66]).

In addition, it is possible that neuroplastic changes following trigeminal nerve 
injury may also occur in other components of the VBSNC and contribute to tri-
geminal neuropathic pain states. For example, nociceptive neurons have been 
 documented in subnuclei oralis and interpolaris of the VBSNC, and in orofacial 
inflammatory pain models, hyperexcitability can occur in oralis nociceptive neu-
rons (see [18, 22, 62, 64]). The low-threshold mechanoreceptive neurons in oralis 
can also undergo neuroplastic changes following manipulations producing deaf-
ferentation of afferent inputs from the tooth pulp or other orofacial tissues; the 
possible contribution of these neurons to neuropathic pain states such as TN is 
considered further below.

Recent studies have revealed that non-neural cells including astroglia and microg-
lia and immune cells contribute to the central sensitization in models of acute and 
chronic orofacial inflammatory as well as neuropathic pain states (for review, see [11, 
20, 22, 40, 66]). It appears that glia, immune cells, and neurons form an integrated 
network that modulates the excitability of neurons in the nociceptive pathways. The 
central sensitization is indeed dependent on the functional integrity of glial cells, e.g., 
the central sensitization of the trigeminal nociceptive neurons and the associated noci-
ceptive behavior can be overcome by the administration of inhibitors of astroglial or 
microglial function. It is also notable that these glial cells become activated over a 
wide area of subnucleus caudalis following a trigeminal (or cervical) nerve injury, 
e.g., injury of the inferior alveolar nerve (a branch of the V3 division of the trigeminal 
nerve) can lead to glial cell activation in the V1 and V3 regions of subnucleus cauda-
lis. Such findings suggest that glia in subnucleus caudalis may play a role in mecha-
nisms underlying the development of extraterritorial sensitivity in neuropathic pain 
states. Along with the spread of activation in the trigeminal ganglion beyond the tri-
geminal division (see above), these features following trigeminal nerve injury may at 
least in part explain the abnormal pain sensations that accompany peripheral neuropa-
thies and are sometimes manifested in a distribution that does not coincide with the 
territories of nerves or sensory roots directly affected by the injury; these features 
could account for pain spread beyond the zone of injury, resulting in hypersensitivity 
in nearby or even more remote regions.

Another related CNS-based effect has been revealed in recent studies, namely, 
that the nociceptive behavior in animal models of trigeminal neuropathic pain is 
closely linked to a long-lasting activation in the CNS of so-called descending 
 modulatory pathways (for review, see [18, 20, 21, 55]). This activation appears to 
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contribute to the development of persistent pain after trigeminal nerve injury (and 
peripheral inflammation) and involves a 5-HT-dependent descending facilitatory 
projection from parts of the raphe system (e.g., rostroventral medial medulla) that 
appears to contribute to the neuropathic pain state. Astroglia and microglia in the 
rostroventral medial medulla have been shown to be involved in the initiation and 
maintenance of allodynia and hyperalgesia following trigeminal nerve injury, and 
cytokines released from the glia may mediate the coupling between glial activation 
and increased neuronal excitability in the rostroventral medial medulla following 
trigeminal nerve.

These various findings in animals in the trigeminal ganglion and VBSNC indicate 
that both peripheral alterations in primary afferents and their inputs into the brain-
stem, as well as changes in the CNS such as trigeminal central sensitization and 
associated alterations in CNS inhibitory and facilitatory circuits, may underlie the 
development and maintenance of chronic pain states following trigeminal nerve 
injury and the allodynia and hyperalgesia in humans that are clinical features of 
many of these states. Pain spread and referral likely also involves these mechanisms, 
since glial cell activation in the trigeminal ganglion and subnucleus caudalis can 
spread and so contribute to the development of persistent extraterritorial sensitivity 
associated with trigeminal nerve injury. Contributions may also be made by excit-
ability changes in the higher levels of the trigeminal somatosensory and related sys-
tems, as noted below. In addition, the effectiveness of drugs used for the management 
of trigeminal neuropathic pain states (e.g., carbamazepine, gabapentinoids, TCAs, 
opioids) can be attributed, at least in part, to their actions on these cellular processes 
reflecting heightened excitability of the trigeminal nociceptive circuits and the intrin-
sic systems modulating them (e.g., [10, 11, 20, 26, 27, 68, 73]).

Thalamocortical Processes

Only limited investigation has been made of processes in the thalamus and cerebral 
cortex in trigeminal neuropathic pain states, although it is clear that increased excit-
ability reflected in changes in spontaneous activity and response properties that 
have the characteristics of central sensitization do occur in the neurons of the 
somatosensory thalamus and cortical areas such as somatosensory cortex and ante-
rior cingulate and insula in animal models of neuropathic pain (see [1, 4, 13, 17, 20, 
41, 72, 81]) and in neural recordings from CNS sites (e.g., somatosensory thalamus) 
of humans (see [1, 16, 17]). These include sites giving rise to descending projec-
tions that influence nociceptive transmission at lower levels of the CNS such as the 
VBSNC and spinal dorsal horn. Given the strategic role of the somatosensory thala-
mus and somatosensory cortex in somatosensory processing, such changes likely 
contribute to the development of trigeminal neuropathic pain states and their clini-
cal features. More investigation is warranted of these excitability changes in tha-
lamic and cerebral cortical cells as well as their possible modulation by therapeutic 
approaches such as pharmacological agents used for the management of neuro-
pathic pain.
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Several of these studies of trigeminal neuropathic pain processes have utilized 
some of the abovementioned peripheral manipulations of afferent inputs into the 
CNS, or more direct manipulation of CNS processes themselves, as animal models 
of TN or TPHN. These will now be considered in turn.

15.6.2.3  TN Models and Mechanisms

In the case of TN, there has been a tendency from a historical perspective to view 
its etiology in terms of either having a peripheral basis or a CNS origin, although 
there has usually been general agreement that its pathogenesis involves CNS pro-
cesses. The concept of a peripherally based mechanism goes back many decades to 
clinical observations of what appeared to be peripheral causes (e.g., tumors, infec-
tions, nerve compression by an abnormal vascular loop) and the pain-relieving 
effects of peripherally based therapeutic approaches in some TN cases. More 
recently, authors such as Calvin [9] and Devor and colleagues ([14, 15, 56]; see 
also Chap. 13) have also championed a peripheral process, in particular emphasiz-
ing the critical role that peripheral nerve injury and deafferentation may play in TN 
(and in TPHN). They drew attention to nerve injury-induced abnormal or ectopic 
sensory inputs into the CNS that could result from cross talk between injured and 
non-injured afferent fibers and evoke an explosive input. Such an “ignition” 
hypothesis as proposed by Devor and colleagues (Chap. 13) appears to have been 
largely based on studies of spinal nerve injury and neuroma formation in animals, 
yet a clinical neuropathic pain state replicating TN is not apparent in the spinal 
somatosensory system.

Nonetheless, there have been findings that do fit with the ignition hypothesis. 
There are reports that many TN patients do show evidence of compression, although 
as noted above, findings are mixed (e.g., [42, 51]). In addition, ultrastructural 
changes including demyelination, axonal alterations, and close apposition of some 
axons have been shown in trigeminal sensory root biopsies taken during decompres-
sion surgery in humans with TN, but the absence of comparable tissue from non-TN 
cases “muddies” the interpretation. In animal studies, Tal and Devor [70] reported 
that injury to the infraorbital nerve produced neuromas that were associated with 
some spontaneous activity and mechanosensitivity of both myelinated and unmy-
elinated infraorbital afferents. However, these abnormal properties were much less 
than those recorded from afferents ending in sciatic nerve neuromas. Other investi-
gations in animals have also produced evidence that peripheral injury of trigeminal 
sensory nerves may induce abnormal spontaneous or mechanically evoked activity 
in the injured afferents and in trigeminal ganglion neurons (e.g., [57]; for review, 
see [40]).

Several more recent studies have produced evidence (as noted above) for several 
chemical mediators and interactions between trigeminal ganglion neurons and satel-
lite glial cells in these effects of nerve injury and indeed that functional changes may 
even occur in trigeminal afferent neurons not directly affected by the nerve injury 
(for review, see [11, 20, 28, 40]). Interestingly, the animals showing these  neuropathic 
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changes in trigeminal afferents also manifest trigeminal central  sensitization and 
facial nociceptive behavior as reflected in mechanical allodynia evoked by tactile 
stimulation of facial skin. These various findings suggest peripheral mechanisms that 
may contribute not only to neuropathic pain states themselves but also to extraterrito-
rial pain spread following trigeminal nerve injury. The findings are also not inconsis-
tent with the “ignition” hypothesis that an abnormal sensory input evoked, for 
example, by an orofacial tactile stimulus may elicit CNS changes reflected in abnor-
mal pain behavior that has some features resembling those manifested in TN (and 
possibly TPHN). Another recent TN model involving chronic compression of the 
trigeminal sensory root also has produced findings suggestive of abnormal sensory 
inputs that are associated with facial hypersensitivity and alterations in trigeminal 
subnucleus caudalis [43, 50]; this model is built on the clinical reports (see above) 
that decompression of the trigeminal sensory root is often effective in relieving TN.

Another school of thought has directed attention away from peripheral processes 
toward a dysfunction of CNS mechanisms as the cause of TN as well as their 
involvement in the pathogenesis of TN. Such a concept in fact harkens back to ear-
lier viewpoints such as that of Trousseau [71] who hypothesized that the pain attacks 
of TN result from paroxysms of neural activity in the VBSNC. Such a concept led 
serendipitously to the best current drug treatment for TN which is the anticonvul-
sant carbamazepine. Studies in more recent decades have lent some support to such 
a concept, buttressed also by some of the clinical features of TN noted above, e.g., 
the pain of TN is usually elicited by a tactile stimulus and can manifest summation 
features and a refractory period and persist beyond the period of stimulation; it may 
also radiate or refer to more distant sites (Watson personal observations). And in 
animal studies, Black and King and their colleagues (e.g., see [5, 45, 60]) reported 
that application of epileptogenic agents (e.g., alumina gel, strychnine) to the sub-
nucleus caudalis produced hypersensitivity to facial tactile stimulation. Young and 
King [79] and Greenwood and Sessle [33] proposed that such effects in TN and the 
pain-relieving effects of trigeminal tractotomy could be explained by these manipu-
lations affecting the normal modulatory effects that they (and subsequently others  
[ e.g., see [64, 78]) showed are exerted by caudalis on more rostral brainstem neu-
rons, e.g., in trigeminal subnucleus oralis.

More recently, a more harmonized viewpoint of the etiology and the pathogene-
sis of TN has gained a hold by unifying aspects of the peripheral and CNS processes 
in TN, namely, that the etiology of TN is peripherally initiated, but its pathogenesis 
involves peripherally induced neural changes in the CNS. The possibility that these 
CNS changes might sometimes be maintained by ongoing abnormal peripheral 
afferent drive could explain the success of procedures (e.g., MVD gangliolysis, rhi-
zotomy, alcohol block) directed at peripheral generators in the ganglion or sensory 
root in some TN patients. On the other hand, independence of the CNS changes 
from peripheral afferent drive in other TN patients may explain the failure of a pro-
portion of peripherally based approaches (see [27, 42]). As noted above, CNS 
changes have been shown to occur in the animal studies utilizing injury or deaffer-
entation of trigeminal nerves. These changes include morphological changes as 
well as alterations in the physiological properties of trigeminal caudalis nociceptive 
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neurons and oralis low-threshold mechanoreceptive neurons. Such neuroplastic 
changes appear critical to the expression of pain behavior, in this case induced origi-
nally by altered trigeminal sensory inputs produced by damage or other alterations 
to trigeminal afferent neurons.

The so-called hyperactivity in neurons in trigeminal subnucleus caudalis follow-
ing injury of the trigeminal sensory root or following injury associated with deaf-
ferentation of tooth pulps was reported and invoked as TN mechanisms [2, 5], but 
subsequent detailed studies revealed only limited changes reflecting hyperexcitabil-
ity in the receptive field and response properties of functionally identified WDR and 
NS neurons in subnucleus caudalis; curiously, it was the low-threshold mechanore-
ceptive neurons particularly in subnucleus oralis that showed evidence of such neu-
roplasticity changes induced by pulp deafferentation [37–39, 47].

A role for trigeminal subnucleus oralis in the pathogenesis of TN was also pro-
posed by Fromm and his colleagues (see [26, 27]) on the basis of their findings of 
excitatory and inhibitory influences on oralis low-threshold mechanoreceptive neu-
rons and the effects of drugs (carbamazepine, phenytoin) used in the management 
of TN. They suggested that injury or chronic irritation of trigeminal afferents pro-
duces an increased afferent input to the brainstem that leads to degeneration of 
brainstem inhibitory neurons and consequently failure of segmental presynaptic and 
postsynaptic inhibitory processes within subnucleus oralis that normally serve to 
control the level of excitatory activity in nociceptive (WDR) neurons in subnucleus 
caudalis. They viewed the abnormal ectopic afferent inputs, coupled with the 
impaired efficacy of segmental inhibition in subnucleus oralis, as resulting in parox-
ysmal discharges in oralis low-threshold mechanoreceptive neurons. They consid-
ered that such discharges would then affect caudalis WDR neurons, causing them to 
show hyperexcitability to a tactile stimulus to such an extent that it leads to a TN 
attack.

There is evidence that abnormal nociceptive afferent inputs can bring about loss 
of inhibitory neurons in the VBSNC (at least in subnucleus caudalis; see [19, 64]), 
and there are connections and influences between subnuclei oralis and caudalis neu-
rons (e.g., [33, 79]; for review, see [64, 78]) which collectively are consistent with 
the findings of Fromm and colleagues and provide support for such a proposal. Also 
supportive are findings that oralis neurons do show neuroplastic changes and hyper-
excitability following injury of orofacial tissues (e.g., [37, 38, [39]; for review, see 
[64, 78]). In the previous edition of this book, Sessle [65] also drew attention there 
to earlier proposals that WDR neurons in subnucleus caudalis as proposed by 
Fromm may indeed play a critical role given that they normally receive inputs both 
from large-diameter afferents carrying touch-related information as well as from 
small-fiber nociceptive inputs. Thus, hyperexcitability to a tactile stimulus could 
result in activity of WDR neurons to a level only normally achieved by noxious 
stimuli, and so excruciating pain may be experienced as a consequence.

However, Sessle [62, 63, 64, 65] also pointed out that a role for NS neurons can-
not be discounted. As noted above, trigeminal caudalis NS neurons normally only 
receive orofacial nociceptive afferent inputs. However, following trigeminal nerve 
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injury and even cervical nerve injury (e.g., [10, 40, 46]), they may develop sensitiv-
ity as well to tactile inputs from perioral and intraoral zones that are typical trigger 
sites and areas where TN pain is experienced Thus, he also raised the possibility that 
injury-induced neuroplastic changes in caudalis NS neurons may be a critical event 
in the pathogenesis of TN. In addition, since neurons in subnucleus caudalis, and 
also subnucleus oralis, are subject to descending modulation from higher brain cen-
ters (e.g., periaqueductal gray, rostroventral medial medulla, cerebral cortex) 
involved in pain control (see above), a role for disruption of these sources of inhibi-
tory, or facilitatory, influences cannot be discounted.

Although it is clear that nerve injury (or inflammation) of orofacial tissues can 
produce neuroplastic changes in nociceptive (and non-nociceptive) neurons in sen-
sory thalamus and cerebral cortex (see above), little emphasis has been placed in 
studies of TN or PHN mechanisms on the thalamocortical processes and the neuro-
plastic changes and hyperexcitability that can occur in these regions in nerve injury 
models in laboratory animals and in thalamic neural recordings from humans (for 
review, see [16, 17]). These processes include also those involved in sites giving rise 
to descending projections that modulate nociceptive transmission at lower levels of 
the CNS. Nerve injury can induce neuroplastic changes at these and other sources 
of descending influences. So it is conceivable that along with changes in segmental 
inhibition as proposed by Fromm, injury-induced changes in descending modula-
tory systems may also be involved in TN. Such changes have been implicated in 
chronic pain states and their maintenance, and so further study of these influences 
are warranted in models of TN (and TPHN; also see below).

It should be noted that the peripheral and CNS changes and behavioral altera-
tions in animals that are suggestive of TN do not seem to be specific to any one type 
of nerve damage. They also are manifested in animal models as a result of any one 
of a whole variety of trigeminal nerve injuries and even in models of acute and 
chronic inflammatory orofacial pain states (for review, see 18, 20, 40, 66). This 
brings into question whether these nerve injuries described above are indeed credi-
ble models of TN per se or rather reflect behavioral and neural changes that are 
common to many non-neuropathic as well as neuropathic pain states. Thus uncer-
tainty remains about the etiological and pathogenic factors that are specifically 
associated with TN.

15.6.2.4  TPHN Models and Mechanisms

In the case of TPHN, much attention has also focused on peripheral events in its 
etiology. In contrast to the uncertain nature of the etiological factors in TN, a periph-
eral etiology is more clear, the critical factor being the HZ virus that gains entry to 
the trigeminal nervous system. The subsequent features of the pain and pathology 
of PHN (see above) do however suggest that, like TN, CNS changes are involved in 
the pathogenesis of the disorder. As well as ganglionic scarring and cell loss [35, 
75], dorsal horn atrophy extending several segments rostro-caudally has been seen 
in several autopsied cases [75]. These are sites of action of analgesic drugs, perhaps 
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explaining the difficulty of treating PHN by pharmacological approaches such as 
TCAs, gabapentinoids, and opioids.

As noted above, TPHN results from reactivation of the HZ virus that earlier had 
gained entry into the trigeminal ganglion. There is evidence that through axoplas-
mic flow, the reactivated virus in ganglionic neurons is transported to skin sites 
innervated by those neurons (especially ganglionic neurons associated with the V1 
division of the trigeminal nerve) and produces painful skin lesions at these sites. 
The pain of TPHN (and PHN elsewhere in the body, e.g., thoracic region) is reflected 
in neuropathic pain features such as spontaneous pain and mechanical allodynia. 
There have been several studies that have used animal models of TPHN or PHN in 
animals infected with a herpes virus (for review, see [3, 31, 53, 58]; Gilden et al. ). 
It has been shown that such animals develop nociceptive behavior as well as the 
lodging of the virus in ganglion neurons in association with altered ganglionic 
expression of several chemical mediators and alterations in some specific sodium 
and calcium ion channels in ganglion neurons (e.g., [29]; Gilden et al. [31]); these 
changes may be reversed by administration of sodium channel blockers and gaba-
pentin (which acts on calcium channels). However, it is notable that the virus- 
induced effects in the ganglion are not limited to the neurons; the satellite glial cells 
that encircle the neurons may also be involved. These cells were noted above to play 
an important role in peripheral mechanism of neuropathic pain. In the case of herpes 
infection, Warwick and Hanani [74], for example, have shown that short-term infec-
tion of mouse trigeminal ganglion cultures with herpes virus induces calcium waves 
and cell fusion among satellite glial cells and neurons and enhanced signaling in 
trigeminal ganglion neurons. In keeping with the effects of tissue injury or inflam-
mation in the trigeminal ganglion (see above, and Fig. 15.6), this is likely to result 
in an augmented afferent input to nociceptive neurons in the CNS and the possibility 
of central sensitization of the neurons accompanied by mechanical allodynia and 
spontaneous pain. Indeed, it has been shown that animals infected with HZ virus 
develop mechanical allodynia that is associated with spinal central sensitization and 
upregulation of spinal astroglia; astroglial inhibitor administration can attenuate the 
allodynia and central sensitization [80]. The likelihood that CNS changes are inte-
gral to PHN is supported by the autopsy findings noted above of PHN cases show-
ing structural changes in the spinal dorsal horn. The apparent involvement of 
satellite glial cells in the DRG and trigeminal ganglion and of astroglia in CNS 
nociceptive pathways in the pathogenesis raises the possibility that these non-neural 
elements may prove to be important novel targets for the development of new thera-
peutic approaches to control PHN, including TPHN.

The conceptualizations of TPHN share some similar features with several of 
the concepts of TN that were covered above and so will not be outlined in detail. 
Some concepts of the etiology and pathogenesis of TPHN and PHN in general 
have focused on the presence of peripheral sensitization or on reorganization and 
neuroplasticity in nociceptive pathways in the CNS because of central sprouting 
of damaged afferents (for review, see [3, 53, 58]; Oaklander [53] ). Some concepts 
have emphasized other aspects such as peripheral nerve damage due to the HZ 
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virus producing alterations in primary afferent neurons in the trigeminal ganglion 
that results in ectopic discharges and thus in an abnormal afferent input to the 
 brainstem that then induces neuroplastic changes in the nociceptive pathways in 
the CNS (e.g., [3, 53, 58]). Such concepts are based on experimental studies that 
have shown evidence for such changes in trigeminal primary afferent neurons, as 
noted above, as well as in nociceptive processes in subnucleus caudalis. The CNS 
changes are considered to reflect a loss of the inhibitory processes in the CNS that 
normally modulate nociceptive neurons, thus producing a hyperexcitability 
 (central sensitization) of the neurons and the clinical features of TPHN.

It is noteworthy that many of the peripheral, CNS, and behavioral alterations in 
TPHN animal models do not seem to be specific for TPHN but (as also noted for the 
TN models; see above) are also produced in animal models of many types of tri-
geminal nerve injuries and even in inflammatory orofacial pain models. Thus, it is 
uncertain what processes can account for the specific clinical neurological features 
of TPHN compared with TN. Genetic factors could play a key role in the mecha-
nisms of TPHN as well as TN, but knowledge of their contribution is as yet limited 
(see [52, 61]).

15.7  Final Perspectives, Future Directions, and Concluding 
Remarks

The preceding text has pointed out many uncertainties that still remain about the 
etiology and pathogenesis of TN and TPHN and their underlying mechanisms. 
These uncertainties can be couched as questions at which future research studies 
should be directed. They are as follows:

 1. While the peripheral and CNS changes result in a sensitization of nociceptive 
neurons following nerve injury however produced (mechanical trauma, HZ 
virus) that could explain the exquisite sensitivity to tactile stimuli in both TPHN 
and TN (see above), what are the peripheral and central changes that can account 
for the distinctive clinical features that distinguish TPHN from TN? This is still 
unclear. Fromm and colleguess [26, 27] proposed that the degree of injury to 
afferent fibers and the resulting putative differences in changes in inhibitory pro-
cesses is the significant factor that determines whether TN or PHN develops. 
This viewpoint however does not explain what peripheral and CNS changes 
occur that are specific for each pain state. More experimental studies in animals 
of the neuronal and non-neural (e.g., glial) properties subsequent to different 
types of nerve injuries vis-à-vis HZ-related damage are needed to study this. 
Such studies need to be complemented by human brain imaging, autopsy mate-
rial, and genotyping in TN and TPHN cases that address both the structural alter-
ations that may occur and the chemical and genetic changes that may take place 
in  peripheral and central elements of the trigeminal somatosensory system. The 
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advent of several different types of imaging and spectroscopic procedures, sup-
plemented with immunohistochemical techniques and genetic profiling, make 
such research now feasible (see [52, 61]).

 2. What functional types of afferents are affected in TN and TPHN? This is still not 
entirely clear. Future research should address whether there are differences in the 
functional types of afferents affected in each of these neuropathic pain states that 
could explain or be related to the different and distinctive clinical features of TN 
and TPHN and their pathogenesis. Likewise, a focus on nerve-injury-induced 
effects on the different components and the different types of neuronal and non- 
neural elements in trigeminal CNS circuits would greatly expand our knowledge 
base of these pain states. These approaches would also necessitate the use of new 
or improved animal models of both TN and TPHN.

 3. Why is the ophthalmic division specifically affected in TPHN and the thoracic 
dermatomes specifically affected in PHN occurring outside the craniofacial 
region? Are these the sites that most efficiently transmit the virus to cause vari-
cella? If so, why? And, why is the involvement usually unilateral? These are 
additional puzzling aspects of these conditions that require more research focus.

 4. Why is carbamazepine so effective for TN but has little efficacy in other neuro-
pathic pain states and other chronic pain conditions? Further investigation of the 
pharmacokinetics, cellular and molecular actions, and sites of action in the CNS 
of this drug vs other drugs (e.g., gabapentinoids) would likely provide important 
insights. Also, clinical trial and error approaches like those that unearthed phe-
nytoin and carbamazepine being effective for TN may reveal other effective 
medications.

 5. Why are different drugs effective for TN versus PHN? Is this a result of minor 
versus major nerve injury?

 6. What role do non-neural elements play in TN and TPHN? HZ does clearly have 
a role in TPHN, but given the emerging evidence noted earlier of the involvement 
of non-neural elements (e.g., glial cells, immune cells) in peripheral or central 
processes in neuropathic pain, including animal models of TN and TPHN, fur-
ther investigation of these elements promise to provide new insights into mecha-
nisms bearing on the etiology and pathogenesis of these conditions and on new 
approaches to manage them.

In conclusion, this chapter has compared and contrasted TPHN and TN with 
regards to their clinical features, pathology, putative pathophysiological pro-
cesses, and treatment. These two forms of neuropathic orofacial pain are very 
different and easy to distinguish clinically. These differences are critical to appre-
ciate from a practical point of view so as to ensure an optimal management 
approach for each condition. However, their underlying mechanisms are still 
unclear, including the distinctive processes of each that lead to these distinguish-
able neuropathic pain conditions. Further research is called for to address their 
many puzzling aspects and answer the several questions that are raised about 
these conditions.
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16.1  Introduction

Patients with pain after herpes zoster may suffer from numerous, different, sponta-
neous, and evoked pain-related symptoms. Despite this heterogeneity of sensory 
abnormalities, the patients’ complaints are summarized in an umbrella diagnosis of 
“postherpetic neuralgia,” and they are treated according to the overall spontaneous 
pain intensity.

Various authors in the last 20 years have claimed that this approach might not be 
successful and, as a new strategy, proposed a mechanism-based classification of 
neuropathic pain, i.e., grouping patients according to the mechanism of pain genera-
tion [13, 23]. This classification scheme should further help to establish an individu-
alized pharmacological treatment of postherpetic neuralgia not only by identifying 
new therapeutic targets but also in describing which patients are likely to respond to 
a treatment [13, 23].

Animal research has shown that different pathophysiological mechanisms in the 
central or peripheral nervous system can independently or in combination cause vari-
ous signs and symptoms of neuropathic pain. Clinical studies support the notion that 
similar mechanisms are involved in patients suffering from pain [20]. As examples it 
was shown that channels and receptors located on primary afferent nociceptors can be 
up-regulated after nerve injury, causing abnormal sensitivity and spontaneous activ-
ity. This is thought to be the cause of spontaneous pain, shooting pain sensations, and 
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heat hyperalgesia described by patients. Hypersensitivity to light touch or pinprick, 
i.e., dynamic mechanical or pinprick allodynia, occurs if input from mechanorecep-
tive A-fibers is felt as pain due to hyperexcitability of projection neurons in the spinal 
cord, a phenomenon called central sensitization [11, 19, 20, 22].

Since it is difficult to unravel mechanisms of pain in human patients, one has to 
rely on surrogate markers of mechanisms. One promising approach claims that the 
expression of sensory signs and symptoms, the so-called sensory profile, of a patient 
might be a reflection of the underlying mechanisms. These specific patterns of signs 
and symptoms could be compared with the knowledge derived from animal experi-
ments where the association of signs and symptoms and underlying mechanisms 
has been elucidated. This concept has led to the development of a symptom-oriented 
diagnostic approach to neuropathic pain and postherpetic neuralgia that supple-
ments the etiology-based classification scheme, which recognizes the fact that neu-
ropathic pains are usually a composite of several pain symptoms. A symptom-oriented 
approach does not negate the fact that distinct neuropathies present differently clini-
cally and that some neuropathic disease states may predispose to certain constella-
tions of pain symptoms (e.g., touch-evoked pain in postherpetic neuralgia). The 
rationale of this approach recognizes several principles:

(1) Clinically distinct pain signs and symptoms such as ongoing stimulus- 
independent pain may be caused by similar, if not identical, neural mechanisms, 
even if the underlying neuropathies differ. (2) More than one pain mechanism is 
usually present in an individual patient. (3) Some signs and symptoms, such as 
mechanical hypersensitivity, can be explained by several distinct neural mecha-
nisms that may even coexist in an individual patient.

As said, a symptom-based approach to neuropathic pain and postherpetic neural-
gia can be useful for dissecting the underlying neural mechanisms, and this knowl-
edge may eventually be harnessed for the development of novel analgesic drugs that 
differentially target these mechanisms.

Almost 20 years ago, the first attempt was made to differentiate patients with 
postherpetic neuralgia based on their thermal sensitivity of the skin, the cutaneous 
reaction to histamine, the results of skin biopsies, and the presence or absence of 
allodynia. Two main subtypes of patients were proposed: patients with irritable 
nociceptors and patients with deafferentation. The latter group was further divided 
into patients with and without dynamic mechanical allodynia [8] or in patients with 
decreased or increased pinprick sensation [4].

16.2  Where Do We Stand Today?

A mechanism-based classification and an individualized treatment approach of 
postherpetic neuralgia is still not part of a clinician’s daily routine. Nevertheless, 
considerable progress has been made. In this article, we aim to outline the current 
state of research in patients with neuropathic pain with special emphasis on posther-
petic neuralgia on the ambitious, yet promising, path toward an individualized phar-
macological treatment.
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16.3  Classification of Patients Based on Sensory 
Abnormalities

The first step in establishing a mechanism-based classification scheme is the proof 
that patients can be subgrouped based on pain-related sensory abnormalities and 
based on their individual sensory profile.

In order to analyze the different sensory abnormalities and their combinations, 
several tools are available.

A standardized quantitative sensory testing (QST) protocol for clinical trials has 
been introduced by the German Research Network on Neuropathic Pain (DFNS) in 
2006 as standardization is crucial in order to compare study results [18]. Sensory 
stimuli are applied to the skin or deep somatic structures to elicit a painful or non- 
painful sensation that can be quantified on a rating scale. QST uses a standardized 
battery of mechanical and thermal stimuli (graded von Frey hairs, several pinprick 
stimuli, pressure algometer, quantitative thermal testing, etc.) and assesses both 
minus signs (loss of function) and positive signs (gain of function) in the nocicep-
tive and non-nociceptive afferent nervous systems.

With quantitative sensory testing (QST), relatively simple QST subgrouping 
schemes have been described focusing on the relative preservation or loss of small 
fiber functions (e.g., hypoesthesia to thermal stimuli [16]). One study introduced a 
novel classification and subgrouping method based on a large battery of QST results 
[12]. Similar to the tumor grading system, patients were classified according to loss 
or gain of function of their small and large afferent fibers. By this arbitrary organiza-
tion, 12 different and relevant QST profiles for subgrouping of neuropathic pain 
patients were identified (Table 16.1). Although this sophisticated organizing prin-
ciple allows a very precise characterization of the sensory function, it is difficult to 
use it in large clinical trials since the numbers of patients in a single subgroup tend 
to be small.

There are additional techniques to subgroup patients regarding their sensory 
QST profile. These studies have applied a hierarchical cluster analysis for statistical 
segmentation of patients. This approach identifies patterns or dimensions of sen-
sory signs that occur most frequently without using a priori hypothesis or other 

Table 16.1 Frequency of different combinations of abnormal values in patients with PHN

Loss Gain 0 (no) 1 (thermal) 2 (mechanical) 3 (both) All

0 (0 %) 1 (1.4 %) (0 %) 4 (5.6 %) 5 (6.9 %)
1 2 (2.8 %) (0 %) 6 (8.3 %) 2 (2.8 %) 10 (13.9 %)
2 3 (4.2 %) 1 (1.4 %) 5 (6.9 %) 6 (8.3 %) 15 (20.8 %)
3 10 (13.9 %) 4 (5.6 %) 21 (29.2 %) 7 (9.7 %) 42 (58.3 %)
All 15 (20.8 %) 6 (8.3 %) 32 (44.4 %) 19 (26.4 %) 72 (100 %)

Maier et al. [12]
L0 no loss of detection, L1 only thermal loss, L2 only mechanical loss, L3 mixed loss of detection, 
G0 no gain (no hyperalgesia), G1 with only thermal hyperalgesia, G2 with only mechanical hyper-
algesia, G3 with both thermal and mechanical hyperalgesia
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predefined assumptions. Using QST data from more than 900 patients with periph-
eral neuropathic pain, three distinct subgroups with characteristic sensory profiles 
were identified (Fig. 16.1). Subgroup 1 (thermal hyperalgesia) was characterized 
by preserved sensory functions in combination with thermal hyperalgesia and mild 
mechanical allodynia. Subgroup 2 (sensory loss) showed a loss of small and large 
fiber function. Subgroup 3 (mechanical hyperalgesia) demonstrated a loss of small 
fiber function in combination with pinprick hyperalgesia, marked dynamic mechan-
ical allodynia, and deep somatic allodynia. About 31 % of the PHN patients fall 
into group 1, 22 % into group 2, and 47 % into group 3 (Baron et al. 2016).

Another possibility to asses symptoms in neuropathic pain patients are “patient- 
reported outcomes” (PROs, questionnaires such as the painDETECT questionnaire 
(PDQ) [9] and the Neuropathic Pain Symptom Inventory (NPSI) [5]). Pain symp-
toms are evaluated directly by the patients and therefore can be used to phenotype 
patients on the basis of their perceived sensory abnormalities.

Fig. 16.1 Sensory profiles of patients with peripheral neuropathic pain. Sensory profiles of the 
three clusters presented as mean z-scores ± 95 % confidence interval (n = 902). Note that 
z- transformation eliminates differences due to test site, gender, and age. Positive z-scores indicate 
positive sensory signs (hyperalgesia); negative z-values indicate negative sensory signs (hypesthe-
sia, hypalgesia). Dashed lines – 95 % confidence interval for healthy subjects (−1·96 < z < +1·96). 
Note that if the mean of a cluster is within the shaded area, this does not imply that it does not 
differ from a healthy cohort. Values are significantly different from those of healthy subjects, if 
their 95 % confidence interval does not cross the zero line. Inserts show numeric pain ratings for 
DMA: dynamic mechanical allodynia on a logarithmic scale (0–100) and frequency of PHS: para-
doxical heat sensation (0–3). Blue symbols: subgroup “sensory loss.” Red symbols: “thermal 
hyperalgesia.” Yellow symbols: “mechanical hyperalgesia”
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With this approach we found five distinct subgroups of sensory symptoms profiles 
assessed with pain DETECT in 498 patients with postherpetic neuralgia. In contrast 
to the QST, which evaluates stimulus-evoked sensations, questionnaires mainly 
assess spontaneous pain-related sensations such as burning pain or prickling [3].

16.4  Potential Mechanisms Operating in Different 
Subgroups

As an example the results of the QST-based dataset allow some speculation about 
potential underlying pathophysiological mechanisms operating in the different sub-
groups of patients.

16.4.1  Subgroup 1

The fact that in this subgroup the cutaneous innervation is relatively preserved 
despite documented nerve damage is somewhat surprising and clearly indicates that 
postherpetic neuralgia may be associated with hyperactive and irritable afferent 
neurons with only mild signs of degeneration. The pattern of symptoms of sub-
group 1 is likely reflected by a pathological sensitization of the peripheral and cen-
tral nervous system as demonstrated in animal research. Sensitized nociceptors are 
associated with pathological spontaneous discharges and develop a lowered activa-
tion threshold for thermal (heat and cold) and mechanical stimuli. Ongoing noci-
ceptor hyperactivity produces secondary changes in the spinal cord dorsal horn, i.e., 
a prolonged enhancement of responses to afferent stimuli in multi- receptive spinal 
cord dorsal horn neurons, so that light tactile stimuli become capable of activating 
spinal cord pain signaling neurons via A-delta- and Aß-low-threshold mechanore-
ceptors. By this mechanism mechanical stimuli induce pain, i.e., pinprick and 
dynamic mechanical allodynia. It is interesting that these types of mechanical 
hyperalgesia are only present in about 20 % of the patients of subgroup 1. Obviously, 
peripheral nociceptor drive does not always induce central sensitization.

16.4.2  Subgroup 2

In this subgroup negative sensory signs of all sensory modalities dominate the clini-
cal picture indicating severe deafferentation. These patients do not suffer from any 
type of evoked sensation except a mild dynamic mechanical allodynia in few 
patients. The spontaneous pain in this subgroup is likely generated in proximal sites, 
e.g., in the dorsal root ganglion or in deafferented central pain signaling neurons.
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16.4.3  Subgroup 3

The third subgroup of patients has a profound sensory deficit for temperature stim-
uli (cold and heat) in combination with severe hyperalgesia or allodynia to mechani-
cal pinprick stimuli and light touch. Furthermore, deep somatic hyperalgesia to 
mechanical pressure on muscles is more pronounced than in the other subgroups. 
This combination of thermal loss and mechanical gain occurs in the same innerva-
tion territory of the affected nerves. Whereas the physician may have difficulty rec-
ognizing this paradoxical finding, patients are even more confused by the complexity 
of their sensory experiences. This sensory profile indicates that cold- and heat- 
sensitive small fibers are impaired or degenerated within the skin regions with 
marked mechanical hyperalgesia and allodynia. It is most commonly present in 
patients with PHN (47 %) who characteristically suffer from severe allodynia.

The generation of the combination of thermal hyposensitivity and mechanical 
hypersensitivity was repeatedly explained by anatomical alterations in the synaptic 
structure of non-nociceptive mechanoreceptive central terminals after degeneration 
of thermoreceptive small fibers. In animal models of peripheral nerve injury, it was 
shown that preserved Aß-low-threshold mechanoreceptors that normally project 
into deeper layers of the spinal cord dorsal horn (lamina III–IV) sprout into more 
superficial nociceptive areas (lamina II) that are deprived of their normal C-fiber 
input and form abnormal connections with central pain transmission neurons. 
However, this interpretation was repeatedly questioned. Therefore, alternative 
explanations for pain and allodynia in the setting of impaired cutaneous small fiber 
function must be considered. Since cold and warm perceptions were only studied in 
the skin, ongoing activity that drives central sensitization and allodynia might origi-
nate in intact nociceptors of deep somatic tissues (e.g., muscle, ligaments, etc.). The 
finding that patients in this subgroup show signs of deep somatic hyperalgesia 
points to this possibility.

16.5  Treatment Studies Using Mechanism-Based 
Classification

The next important step in establishing an individualized, mechanism-based therapy 
is the proof that patients classified into different mechanistic groups respond differ-
ently to pharmacological pain treatments.

Retrospective analyses of signs and symptoms of neuropathic pain patients at 
baseline in several studies demonstrate that patients with distinct underlying mecha-
nisms respond differently to a certain therapy.

In a double-blind, placebo-controlled study in 2004, Attal et al. found in 22 
patients with pain due to traumatic nerve injury or postherpetic neuralgia that 
dynamic or static mechanical allodynia assessed by QST appeared to be predictive of 
the response to intravenously administered lidocaine [2]. In 2006, Edwards et al. 
observed in 64 patients suffering from postherpetic neuralgia that the heat pain 
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threshold at baseline predicted the response to the treatment with opioids but not to 
tricyclics or placebo [7]. A study by Ranoux et al. examining the effect of intrader-
mally injected botulinum A in 29 patients with postherpetic neuralgia or posttrau-
matic/postoperative neuropathy showed a correlation between the analgesic effect 
and preserved thermal sensibility at baseline, indicating intact cutaneous innervations 
[16]. In 2005, Wasner et al., examining the association between the treatment response 
to topical lidocaine and the function of thermosensitive and histamine- sensitive cuta-
neous afferents in patients with postherpetic neuralgia, even showed that there was a 
significant pain reduction in patients with impaired nociceptor function [21].

A study by Höper et al. investigating the relation between the response to topical 
treatment with capsaicin 8 % patches in patients with peripheral neuropathic pain 
and their symptoms as assessed by painDETECT questionnaire at baseline could 
only show weak associations between pain reduction and high painDETECT scores, 
burning pain, and pressure-evoked pain, respectively [10].

Post hoc stratification according to the sensory profile or sensory phenotype 
showed promising results for subgroups of patients. As a further step toward an indi-
vidualized pharmacological treatment of neuropathic pain, studies prospectively 
stratifying patients according to their sensory symptoms and signs are needed [17].

Recently, Demant et al. examined in a randomized, double-blinded, placebo- 
controlled trial the pain-relieving effect of oxcarbazepine in 72 patients with 
postherpetic neuralgia, surgical or traumatic nerve injury, or polyneuropathy. They 
performed quantitative sensory testing in the beginning of the trial and stratified the 
patients according to their sensory profile into two following groups: (1) “irritable 
nociceptor” with predominantly a “gain of function” and a preserved small fiber 
nerve function and (2) “deafferentation type” dominated by sensory loss. This strat-
ification is based on the assumption that ectopic activity from up-regulated sodium 
channels is mainly responsible for hyperalgesia (“irritable nociceptor”), and there-
fore oxcarbazepine as a sodium channel blocker should have an effect in these 
patients. Although oxcarbazepine is recommended as first-line therapy for trigemi-
nal neuralgia, it plays a minor role for the treatment of other neuropathic pain syn-
dromes due to controversial study results [1]. This study showed positive results and 
a treatment response depending on the sensory phenotype. For all patients the num-
ber needed to treat (NNT) for a 50 % pain relief was 6.9, and the NNT in the group 
with the “irritable nociceptor phenotype” was only 3.9, whereas for the “nonirrita-
ble nociceptor” phenotype the NNT was 13 [6].

16.6  Limitations of the Approach

As attractive a subtype classification based on sensory profiles might be, it should 
be emphasized that not all PHN patients fit exactly into one category or the other. It 
rather seems to be a continuum. Furthermore, in a large group of PHN patients, 
many heterogeneous patterns of sensory dysfunction were detected [14]. 
Accordingly, detailed testing of sensory function, chemical stimulation, and cutane-
ous innervation in one PHN patient clearly showed areas of relative preservation in 
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close vicinity to impaired thermal sensation, both within the affected dermatome 
[15]. Furthermore, the sensory patterns showed a variation over the time course of 
PHN. However, by classification of PHN patients due to sensory abnormalities 
within the most painful skin area, it is possible to detect the predominant individual 
sensory profile and the most likely underlying pain-generating mechanism.

16.7  Future Implications for Therapy and Clinical Trials

The examples presented above highlight the importance of an individualized pain 
therapy to tailor the treatment to the right patients. The challenge to implement this 
individualized therapy concept is to identify appropriate subgroups of patients. At 
this point of time, the most promising approach to achieve this aim is to use the 
individual sensory profile as a surrogate of pain mechanisms. With QST and pain 
symptom questionnaires, very promising results have already been revealed. Other 
diagnostic techniques, like laser-evoked potentials, heat evoked potentials (CHEPS), 
functional imaging techniques, skin biopsies, and microneurography, are also 
potentially valuable tools and should be further explored.

Given the problem of negative outcomes in many recent trials in PHN and other 
neuropathic pain syndromes as well as the promising results of the symptom-based 
classification scheme so far, researchers and pharmaceutical companies are encour-
aged to implement this obvious and rational approach in future clinical trial design. 
A multiple step approach should be envisaged.

Step 1: Sensory profiling should be performed at baseline of clinical trials. Based on 
these results, a post hoc analysis of the responders will be calculated, and the 
results will be used to generate new hypotheses.

Step 2: Patients should be prospectively stratified according to the results of sensory 
profiling.

Step 3: The results have to be replicated in several independent large-scale trials to 
show that a study drug really performs superior in predefined sensory subgroups 
than in the entire cohort or in the alternative subgroups.

16.8  Conclusions

Sensory profiling of patients with postherpetic neuralgia is a promising technique to 
subgroup patients and to predict treatment response. This assessment should be 
implemented in future trial designs to ultimately proof or disproof the mechanism- 
based treatment concept. Furthermore, assessment tools have to be developed that 
simply and reliably identify subgroups of patients in the general practitioner setting. 
Only if these prerequisites are fulfilled, the method of targeting treatment to the 
appropriate patients will be implemented in the general practice.
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17.1  Introduction

The role of interventional techniques including nerve blocks and neuromodulation 
in the management of pain due to acute herpes zoster (HZ) eruption and the preven-
tion or control of postherpetic neuralgia (PHN) continues to be evolving. There has 
been very little done in the way of methodologically sound studies to clarify the role 
or value of interventional therapies, although many pain management physicians 
continue to prescribe nerve block therapies, spinal cord stimulation, and intrathecal 
therapy as preventative or therapeutic adjuncts.

With nerve blocks, the controversy over the timing (when and how often), type 
(what block with what drug(s)), and other variables is compounded by the potential 
risks and economic costs of such therapies. This latter but timely issue is not 
addressed in the medical literature dealing with the prevention and management of 
zoster-related pain, so there is little to draw upon in the way of references. 
Nevertheless, upon considering the literature that focuses on interventional thera-
pies, it is important to keep this issue in mind. Balancing the potential risks versus 
benefits of such therapies in this light may help direct us toward reasonable thera-
peutic dispositions. For instance, due to the extremely debilitating nature of intrac-
table postherpetic neuralgia, and the economic costs of chronic treatment, an 
intervention that is possibly effective but has some potential risk and is somewhat 
costly in the short run may be worth pursuing. This chapter explores these issues in 
depth and concludes with suggestions for dealing with the present controversies 
raised by this unresolved subject.

mailto:shane.brogan@hsc.utah.edu
mailto:perry.fine@hsc.utah.edu


240

17.2  General Considerations

In all branches of medicine, mythology and science are entwined. The lore of nerve 
blocks and other interventional techniques as potentially useful tools in the manage-
ment, prevention, or treatment of pain due to herpes zoster is a richly laden case in 
point. Documentation of this form of therapy as a useful treatment modality dates 
back to the beginning of this century [21].

In view of the terribly demoralizing nature of this pain-producing disorder, it is 
easy to see, through the eyes of the sanguine, albeit, frustrated clinician, how hope 
and wishful thinking might promote inordinately positive claims and unproven con-
clusions. And, after all, who would be so cruel as to cast shadows with the skeptical 
lamp of empirical science, when there might be some chance, however remote, of 
benefit to the sufferer. It is within this quite understandable emotional context cou-
pled with the difficulties inherent in carrying out prospective controlled clinical 
studies for this type of problem that, almost a century and many reports later, we 
have not moved beyond the limits of our impressions in this particular field.

Although unintended at its inception, in its evolution, this chapter may now 
appear to be a study in disillusionment for those who believe there is an empiric 
basis and well-defined role for the prescription of nerve block therapies in those 
with herpes zoster. Rigorous review and honest evaluation of the existing literature 
in its entirety challenges such notions. The art of medicine may be served by adher-
ing to such beliefs and practices, but the science is not. And so, with sincere apolo-
gies to those firm believers, this chapter will serve more as a critique of inadequate 
study design and a plea for correcting such deficiencies in future studies, than as a 
clinical guide of what to do and how, when, and where to do it.

17.3  Nerve Blocks

17.3.1  Timing of Interventions

There are three time periods or phases during the presentation of the herpes zoster syn-
drome when useful treatment information regarding pain can be derived. These include 
treatment of pain during the acute infectious/inflammatory period, preemptive treat-
ments during the acute period to prevent chronicity, and treatment of protracted neural-
gic pain. Nerve block therapies have been applied with a view toward each of these.

17.3.2  Acute Pain Control

Rosenack [30] reported the results of treating 22 patients with symptoms of herpes 
zoster for 2 to 14 days. He performed somatic or sympathetic nerve blocks with 
procaine and described 90 % success in achieving pain relief and vesicular healing 

S.E. Brogan and P.G. Fine



241

after 48 h. No long-term follow-up is provided. Street [32] and Findley and Patzer 
[12] report a total of seven cases who obtained marked pain relief and rapid healing 
from sympathetic block using procaine. Similarly, Ferris and Martin [11] used stel-
late ganglion and lumbar sympathetic blocks in 22 patients with acute zoster. Of the 
20 patients seen within 5 days of symptoms, complete pain relief and crusting over 
of lesions after one or two blocks is reported. One of the two patients who were 
treated 4 weeks into their disease had similar results, but the other did not respond 
to nerve blocks. Again, no long-term follow-up is provided.

Using steroid infiltration around the painful lesions in lieu of local anesthetic, 
Lefkovits [20] described complete or marked relief in four patients with symptoms 
for less than 3 months. No follow-up information is provided.

Colding has submitted two reports in the English language literature investigat-
ing the efficacy of sympathetic blocks in controlling pain during the acute phase of 
zoster. In the first [5], 243 patients were treated with regional sympathetic blocks, 
and results were analyzed according to the duration of precedent symptoms. In 204 
patients with zoster for less than 14 days, 15 % experienced no relief compared to 
30 % in the 38 patients who had symptoms longer than 14 days. Incomplete relief 
in these two groups was 23 % and 26 %, respectively. In his subsequent report [6], 
he reviews the results of sympathetic blocks in 483 patients with acute zoster pain. 
He found that 10 % of patients with symptoms less than 2 weeks old fail to obtain 
pain relief compared with a 60 % nonresponse rate in those treated who had symp-
toms longer than 2 weeks. Similar results were reported by LaFlamme et al. [19]. 
These investigators used sympathetic blocks to treat acute zoster pain of the tri-
geminal distribution. Three of five patients studied had complete relief after 5–12 
blocks, applied at 2-day intervals.

Riopelle et al. [29] studied the effects of different types of nerve blocks (epidural, 
stellate ganglion, peripheral nerve) in 72 patients with symptoms of herpes zoster 
for 30 days or less. Pain relief was described as prompt with all these techniques, 
and relief lasted for hours to days. Patients could return as often as desired for repeat 
blocks. Patients’ clinical courses were followed for 6 months. Bonica and Buckley 
[4] gave a testimonial of complete relief of pain during the acute phase of zoster in 
126 patients treated with several nerve blocks daily followed by intermittent blocks 
thereafter. Unfortunately, this is an unpublished account without extensive details.

Perkins and Hanlon [25] describe the use of serial epidural injections of local 
anesthetic with steroid in 12 patients with acute zoster pain. They report virtually 
complete relief of pain with this method.

Using a rather novel technique at the time, Marmer [22] provided a single case 
report of continuous epidural analgesia in a 70-year-old man for the control of acute 
zoster pain. This treatment lasted 11 days with reportedly excellent pain control, but 
no follow-up information was provided. Using a different continuous technique, 
Reiestad et al. [28] report the efficacy of local anesthetic-mediated analgesia using 
pleural catheters in 18 patients with acute zoster. Catheters remained in place for 
2–3 weeks during the acute eruptive phase. No significant complications arose.

What can be concluded from these reports? Most evident is the fact that none of 
these represent controlled clinical trials. A variety of techniques are described with 
varying degrees of efficacy reported, but there are no controls against which one can 
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attribute specificity to the technique in question. Similarly, the nerve blocking or 
infiltrating methods described are not compared to other conventional treatment 
modalities such as peripheral- or central-acting analgesics, either by efficacy, cost, 
or risk. Nevertheless, in severe cases where the risk of other treatments or their lack 
of efficacy exceeds that of nerve blocking, it may be quite reasonable to proceed 
with these more invasive means.

Contrary to the frequently encountered yet unsubstantiated statements which 
appear in the literature, there is no well-demonstrated “technique of choice” for this 
indication. Based upon the known and hypothetical mechanisms by which acute 
zoster produces pain, the location and severity of symptoms, the underlying health 
status of the patient, the experience of the treating physician, and the resources 
available, a rational plan can be determined. In these cases, the best measure of 
“success” will be the subjective response of the patient and objective functional 
changes that are pertinent and measurable. Placebo-controlled randomized clinical 
trials in clinically similar populations or in blinded “double-dummy” crossover tri-
als will be the only means of discerning the relative merits of any technique.

17.3.3  Preemptive Nerve Blocks to Prevent Postherpetic 
Neuralgia

Two essential criteria which need to be met in order to assess the efficacy of nerve 
block therapy as a prophylaxis against persistent neuralgia following herpes zoster 
infection are (1) the performance of nerve block(s) during the acute phase of the 
disease and (2) follow-up for a period of time long enough to determine whether 
postherpetic neuralgia has developed. Unfortunately, there are few studies in the 
literature which meet even these minimal criteria.

Colding’s reports (see [5, 6]) are the earliest which setout to answer this ques-
tion. Combining results, in those patients who provided information 5–6 months 
after onset of zoster symptoms and treatment with sympathetic blocks, 10–20 % had 
continued pain. Follow-up information from less than one third of the initial study 
population was obtainable, and this sample was not selected at random. This intro-
duces an insurmountable source of bias. In addition, stratification by age is not 
reported. Since it is well established that advancing age is a significant factor in 
persistent pain after zoster, lumping results without regard to age is not  illuminating. 
Thus, these data cannot be critically compared to other studies evaluating the “natu-
ral history” of the disease process. Without concurrent controls, conclusions regard-
ing treatment specificity, even under better sampling conditions, are not valid.

The nonrandomized, uncontrolled studies from Perkins and Hanlon [25] using 
epidural anesthetics with steroids; Riopelle et al. [29] using sympathetic, epidural, 
and peripheral nerve blocks; Milligan and Nash [23] using stellate ganglion blocks; 
Dan et al. [7] using various nerve block techniques; Reiestad et al. [28] using 
 continuous pleural analgesia; and the unpublished accounts of Bonica (see [4]) suf-
fer from the same limitations.
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Yanagida et al. [35] retrospectively analyzed the incidence of postherpetic neu-
ralgia in two groups of patients receiving stellate ganglion, epidural, or caudal 
blocks, depending upon the location of their acute zoster pain. One group received 
blocks prior to eruption of the typical zoster rash, and the other received treatment 
immediately after the rash appeared. Surveys were completed after 1 year by 91.8 % 
and 83.2 % of these two groups, respectively. There was no difference in the inci-
dence of persistent pain between groups. The authors conclude that preemptive 
blocks early in the course of the disease do not prevent the syndrome of postherpetic 
neuralgia. Although this statement would appear to be an honest appraisal, the study 
is flawed in its design. Without concurrent controls, any difference in outcome com-
pared with the natural history as it might unfold in these patients is impossible to 
assess.

This study was criticized by Bauman [3]. He takes issue with the conclusion that 
preemptive blocks do not contribute significantly to a reduction in the incidence of 
postherpetic neuralgia, citing his own experience to the contrary. His criticism is 
based mostly upon technical questions surrounding the performance of the nerve 
blocks. Although these points are debatable, this type of attack is misplaced, dis-
tracting from the real issue of drawing conclusions from noncontrolled, nonran-
domized, retrospective data. Yanagida’s conclusions may or may not be true. 
However, technical disqualifications and the refutation of a study do not serve as 
proof of equally unsubstantiated opinions.

Tenicela et al. [33] published a study which may shine some light on this ques-
tion. In a randomized, double-blind, placebo-controlled, crossover trial, the inves-
tigators studied 20 patients over the age of 50 with herpes zoster for less than 
6 weeks. Subjects were treated with sympathetic blocks or placebo blocks during 
4 consecutive days. All patients with continued pain went on to have another 
series of blocks with known active drug (bupivacaine). There was no other therapy 
with the exception of the occasional use of low doses of oral analgesics. Follow-up 
was via questionnaire every 2 months for 1 year and then at 6-month intervals. 
The groups were demographically similar, and there was one subject from the 
placebo group who, although there was no substantial relief of pain, refused fur-
ther blocks.

Ninety percent of subjects from the sympathetic block group had long-term pain 
relief, whereas only 20 % from the placebo group had initial pain relief. About 55 % 
of the remaining control group went on to have long-term resolution of pain after 
sympathetic blocks. This left 30 % from the initial control group who continued to 
have long-term pain. Again, the only difference in this group was the use of placebo 
blocks for 4 days prior to sympathetic blocks. This translates into a 25 % posther-
petic neuralgia incidence overall. The limitation of this study is in the numbers of 
subjects, especially when stratified by age. Were the differences in numbers of sub-
jects from each group who went on to have postherpetic neuralgia a function of the 
interventions, or a function of coincidental uneven distribution of predisposed 
patients in the two groups, in spite of randomization? When the differences boil 
down to one patient versus three patients, as was the case in this study, larger num-
bers are required in order to be conclusive.
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17.3.4  Treatment of Postherpetic Neuralgia with Nerve Blocks

Published accounts of injection therapy for postherpetic pain date back to Russell 
et al. [31]. These authors describe the use of various techniques, including “injec-
tion therapy,” in 100 patients with postherpetic neuralgia and present a few descrip-
tive cases. There is no data given, and no formal study invoked. Lefkovits [20] used 
local infiltration of steroid in three patients with symptoms of 5 months, 2 years, and 
5 years duration. The shorter-term patients are reported to have had either complete 
or partial relief, with indeterminate results in the patient with symptoms for 5 years. 
There is no information given regarding long-term results, and there were no 
controls.

Colding [5] studied the effect of sympathetic blocks in 34 patients with PHN for 
an average of 2 years. Thirteen patients were available for follow-up 5–6 months later, 
and none had complete pain relief, although three reported less pain than pre- block. 
Four years later, the same author reported on the results of treating 67 patients with 
postherpetic pain (2 months to 11 years duration) with up to 10 sympathetic blocks 
(see [6]). He reports that 50 % of patients experienced short-term pain relief. He pre-
sented follow-up information on 34 of these patients, 6–12 months after treatment. 
Half of this follow-up group experienced no pain relief with block therapy, but two 
patients from this group experienced spontaneous remission of pain. Of the group that 
had experienced some pain relief (17 patients), about 30 % had maintained complete 
relief of painful symptoms, while 50 % had gone back to their previous pain levels, 
and the remainder reported some improvement compared to pre-block levels. Putting 
this all together reveals ten patients out of the follow-up group of 34 with some per-
ceived long-term pain reduction (two spontaneous, eight attributed to blocks), or a 
figure of 29 % improvement. It needs to be recalled that this figure is generated from 
a follow-up sample of a nonrandomized, noncontrolled treatment group.

Perkins [25] treated five patients with PHN with 1–3 epidural injections consist-
ing of local anesthetic and steroid. One patient reported 50 % pain reduction several 
months later, and the others reported 0–25 % reduction in pain. The authors con-
clude that this form of therapy is ineffective in treating postherpetic neuralgia. 
Forrest [14] also tested epidural steroids for the control of PHN, but came to a dif-
ferent conclusion. Thirty-seven patients with pain for more than 6 months were 
enrolled after screening with psychometric tests, drug detoxification, and an appro-
priate response to a graduated epidural analgesia test. Subjects received weekly 
epidural injections of methylprednisolone acetate for 3 weeks. Follow-up occurred 
for 12 months. Eighty-nine percent were reported being pain-free at the end of the 
follow-up period. Although this is an intriguing finding, what is missing is the use 
of concurrent controls assigned with randomization. This is needed in order to attri-
bute this result specifically to the therapeutic intervention with any degree of statis-
tical certitude.

Other case reports using techniques such as gasserian ganglion block with ste-
roid (see [34]), cryoanalgesia (see [2, 16]), and stellate ganglion block (see [19, 23]) 
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have either failed to prove efficacy or have been inconclusive. Although they sug-
gest potentially useful ideas, they universally fail to follow a randomized controlled 
methodology.

As well, anecdotal reports of techniques such as stellate ganglion phenol neu-
rolysis (see [26]) or epidural phenol injections (see [27]) for this indication are 
suspect. Without data being provided in well-controlled studies, and without publi-
cation of such trials in peer-reviewed journals, it is not possible, no less responsible, 
to assign any scientific merit to such suggestions. Fair evaluation by clinicians and 
the patients they serve is simply not possible under these circumstances.

In one case of seemingly intractable postherpetic pain, the use of local anesthetic 
with the opioid, fentanyl, in a stellate ganglion block, repeatedly led to protracted 
relief of several week’s duration (see [13]). Although only a single case study, the 
study design (double-blind, crossover, placebo controlled) adds credibility to the 
findings. The use of an opioid to supplement the effects of local anesthetic is a novel 
approach. This is predicated upon the finding of opioid receptors within ganglionic 
tissue and the notion that some degree of sympathetically maintained pain may be 
involved in the pathophysiology of pain in some patients with PHN. Arias et al. [1] 
have demonstrated a similar result, using sufentanil, in the treatment of refractory 
reflex sympathetic dystrophy. In the case of the individual referenced above, the use 
of opioid stellate ganglion blocks was not enduring. Until the time of his natural 
death, he was still burdened by the slow recurrence of pain for which he elected to 
undergo a block almost every month.

17.4  Neuromodulation

Neuromodulation refers to highly technical interventional pain management 
options, including intrathecal therapy and spinal cord stimulation (SCS). Because 
these techniques are costly and require extensive physician training and expertise, 
they are typically only provided in tertiary referral centers or highly specialized 
practices, and for patients who have failed all other management strategies. 
Consequently, given that neuromodulation is usually offered late, its role has been 
confined to the management of PHN, though acute zoster pain has also been treated 
with SCS.

As discussed elsewhere in this text, there is broad agreement that PHN results 
from a complex interaction of both ganglionic and more central abnormal neuronal 
activity. Therefore, it should not be too surprising that peripheral nerve blocks, as 
discussed above, have limited success in improving longer-term outcomes. 
Neuromodulation techniques, on the other hand, work more centrally and therefore 
offer a greater theoretical advantage over peripheral techniques. However, as will be 
discussed for each modality below, robust data to support this assumption are lack-
ing, but studies to date are perhaps marginally better than for peripheral nerve block 
techniques.
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17.4.1  Spinal Cord Stimulation

Spinal cord stimulation, also known as dorsal column stimulation, is an advanced 
pain management technique used to treat refractory neuropathic and visceral pain. 
Specialized electrodes are placed in the posterior epidural space and used to electri-
cally stimulate the dorsal columns and other spinal cord elements. The electrodes 
can be introduced in two ways: first, using percutaneous needle access to the epidural 
space and, second, using a neurosurgical technique involving a laminotomy. The 
percutaneous technique typically allows for two SCS leads to be placed, each hous-
ing four to eight electrodes. The leads can be steered, using fluoroscopic guidance, 
to the area of the spinal cord that subserves the painful area. Each electrode can be 
designated a cathode or an anode, and electrical impulse parameters such as ampli-
tude, pulse width, and frequency can be readily programed to provide a paresthesia 
in the painful region. This relatively pleasant paresthesia “masks” the nociceptive 
signaling and offers analgesia in the stimulated region. Electrophysiologically, SCS 
is thought to primarily act by stimulating large fiber sensory afferents in the dorsal 
columns of the spinal cord, inhibiting small fiber nociceptive activity, and possibly 
by enhancing the intrinsic descending inhibitory pathways in the spinal cord. [24] 
Typically, a percutaneous trial using an external pulse generator is used as a test of 
efficacy for a number of days. If the trial is deemed successful, a permanent genera-
tor (similar in size to a pacemaker) is placed subcutaneously for long- term use.

SCS has good evidence for the management of leg and back pain associated 
with failed back surgery syndrome, and in complex regional pain syndrome. In 
postherpetic neuralgia there are numerous positive case reports and one prospec-
tive trial.

Harke et al. [15] prospectively followed 28 patients with PHN treated with SCS 
over a median period of 29 months. All patients had been suffering from PHN for 
over 2 years and had failed standard neuropathic therapies for PHN. Interestingly, 
only patients with intact sensation in the painful dermatome were studied – patients 
with loss of sensation were deemed to have deafferentation pain and were not 
included. Long-term pain relief was reported in 23 (82 %) subjects.

An unnecessary methodological flaw in this study was that outcome data was 
only presented for the 23 responders, showing the median visual analogue scale 
dropping from 9 to 1 (p < 0.001). Functional gains were also noted in this group, as 
measured by a marked improvement in the pain disability index. Thirteen of the 23 
long-term responders did not require any analgesics at follow-up. Notwithstanding 
the aforementioned reporting flaw, this study provided some promising data on the 
efficacy of SCS in PHN. However, in the absence of a randomized trial, with better 
controls and reporting parameters, it is difficult to argue a strong case for SCS in all 
cases. Nevertheless, when PHN has failed appropriate medical management, con-
sideration should be given to an SCS trial.

The Harke paper also presented some limited data on four patients with acute 
herpes zoster (HZ) that was refractory to standard therapy – all patients reportedly 
had near complete pain relief, and the SCS was discontinued after several months.
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An advantage of SCS therapy is that patients may be offered a “test-drive” per-
cutaneous trial for 5–7 days, encouraging resumption of normal activities to fully 
assess the analgesic and functional benefits. If the trial is unsuccessful, the leads are 
removed in the office, and there is no commitment to proceed to the implantation of 
the definitive system.

17.4.2  Intrathecal Therapy

Intrathecal therapy (ITT) involves the delivery of drugs directly into the cerebrospi-
nal fluid surrounding the spinal cord where they can act directly on central nervous 
system receptors with minimal systemic activity. A catheter is placed in the intrathe-
cal space and tunneled under the skin, then connected to a subcutaneous electronic 
pump that is fully programmable and refillable. Opioids are typically the mainstay 
of ITT, but adjuncts such as bupivacaine and clonidine are also used, offering a theo-
retical advantage in the treatment of neuropathic pain conditions. The conotoxin 
ziconotide is a unique N-type calcium channel blocker that is approved for intrathe-
cal use in refractory pain and may be considered as a first-line intrathecal agent in 
refractory neuropathic pain conditions such as PHN [8].

There are case reports and two small case series [10, 36] showing benefit, but 
unfortunately there are no prospective studies on ITT in PHN.

ITT for PHN may be considered when pain is suboptimally managed with more 
conventional approaches or when there are unacceptable side effects related to stan-
dard analgesic approaches or contraindications to SCS.

17.4.3  Radiofrequency Procedures

An emerging area in the field of interventional pain medicine is the use of radio-
frequncy (RF) techniques to alter neural function. Before proceeding to RF, diag-
nostic test injections with local anesthetic are typically performed on the target 
nerve to assess for analgesic and functional efficacy. Using specialized needles 
capable of emitting radiofrequency energy from the tip, discrete lesions of neural 
targets may be achieved. A thermistor in the tip of the probe allows for precise 
monitoring and control of temperature. Modern RF units also allow for 50 and 2 Hz 
testing stimulation to stimulate sensory and motor nerve fibers, respectively, and 
allow for optimum needle tip positioning.

High-energy lesions induce a thermal lesion causing a controlled area of heat 
destruction and loss of axonal function. A less destructive technique is the use of 
pulsed radiofrequency (PRF) which emits energy in short bursts, allowing for cool-
ing in between bursts, and limiting temperature rise to 42°C. While controversial, it 
is claimed that PRF is less anatomically destructive, yet still attenuates neural noci-
ceptive function, but importantly, has minimal effect on motor fibers. [9].
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RF has an established role in the treatment of spinal degenerative joint pain 
through the denervation of the medial branch nerves that innervate the facet joints. 
Other pain indications are less well established, but there has been some work in 
post herpetic neuralgia.

Kim et al. [17] prospectively studied 49 patients with PHN refractory to conser-
vative therapy. Using fluoroscopic guidance, pulsed radiofrequency lesioning of the 
dorsal root ganglia of the corresponding painful level was performed, and the 
patients were reassessed at 4, 8, and 12 weeks. Although there was no control group, 
at 4 weeks there was a 55 % pain reduction (mean VAS reduced from 7.2 +/−1.8 to 
3.4+/−1.5, p < 0.05), and this response was sustained until the 12-week visit.

Ke et al. [18] used a prospective, randomized, partially blinded design to com-
pare PRF of the intercostal nerves to a sham injection (though the sham procedure 
was not described) in 96 patients with PHN. The affected PHN level, plus a level 
above and below, were lesioned, and the two groups were followed for 6 months. 
No complications were reported. A significant reduction in visual analog pain 
scores was observed with the treatment effect waning toward 6 months. The Short-
Form Health Survey 36 (SF36) demonstrated significant functional improvement in 
several domains during the 6-month follow-up period. Medication usage was also 
slightly decreased in the treatment group.

17.5  Conclusions

Given that the randomized controlled trial is the gold standard for clinical studies, a 
certain form of analytical alchemy would be required to infer a well-defined role for 
interventional therapies in the management of pain due to zoster, based upon the 
available literature. This rather bleak summary notwithstanding certain positive 
conclusions are possible. Clearly, during the acute phase of zoster infection, nerve 
blocks can be used to provide acute pain relief. This is not a surprising result, given 
that much of the pain experienced during the acute phase of the virus is inflamma-
tory, activating usual nociceptive pathways that can be interrupted by various nerve 
blocking techniques. Weighing risks and benefits, costs, availability of resources, 
and patient acceptance, nerve blocks may provide a viable alternative to other medi-
cal therapies. This places herpes zoster in the same domain as many other acutely 
painful conditions (infectious, traumatic, postoperative, and so forth) which might 
be palliated by this treatment modality. And, in a similar vein to acute pain manage-
ment for other conditions, the circumstances that would point to a specific type of 
nerve block as the best choice have not been clearly defined in the literature. Until 
the time that this is the case, such decisions would appear to be a matter of personal 
choice between patient and physician.

Scientifically based data convincingly supporting the efficacy of nerve blocks for 
either prevention or long-term treatment of postherpetic neuralgia are not available. 
Regrettably, some conclusions drawn from the existing literature can be misleading. 
Statements such as “instant relief from pain and rapid healing of lesions” (see [12]), 
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“epidural injection of bupivacaine with or without methylprednisolone acetate is the 
treatment of choice for the pain of cutaneous herpes zoster” (see [25]), or “the use 
of sympathetic block, alone or combined with somatic nerve blocks, if begun early 
after the onset of pain or the eruption of acute herpes zoster, results in a high inci-
dence of prompt pain relief, appears to decrease the severity and duration of the 
eruption, and accelerates healing” (see [4]) are unsubstantiated. From an academic 
viewpoint, these must be regarded with healthy skepticism and held up to scientific 
scrutiny. These hopeful and tempting, but unproven, messages cannot yet serve as 
standards for routine clinical practice.

From a practical standpoint, is there nonetheless a justification for performing 
nerve blocks in an effort to prevent or treat the horrible aftereffects of zoster infec-
tion? Might this be especially reasonable in the susceptible elderly? Should the 
anecdotal experiences and impressions of many clinicians be discounted simply 
because of a non-compelling literature? These are important questions, and they can 
only be answered within the context of one’s own ethical deliberations. Without a 
solid scientific literature to back clinical decisions, clinicians must rely on practical-
ity, balancing of ethical principles (informed consent, nonmaleficence, benefi-
cence), and judgment.

With the advent of more sophisticated techniques such as intrathecal therapy, 
spinal cord stimulation, and radiofrequency ablation, an interesting set of patho-
physiologic questions is presented. It is appealing to think that these techniques that 
modulate neural function in the central nervous system, where the pathology of 
PHN putatively resides, may be more efficacious. As the literature stands, spinal 
cord stimulation and radiofrequency ablation techniques have some encouraging 
prospective data, but larger, controlled, and randomized studies are needed to con-
firm and strengthen initial results.

Patients with PHN are understandably desperate and ingenuous; compassionate 
physicians are compelled to do what they can to help. Within the limits of our pres-
ent knowledge and capabilities, the irreducible processes of caring for patients and 
maintaining the integrity of medicine are best served by taking each patient’s cir-
cumstances, goals, and values into account, providing fair and ample counsel, and 
then applying the most safe, least costly, and potentially effective therapies in suc-
cessive order.
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18.1  Introduction

In many clinical situations, there is no medication that controls pain better than an 
opioid. Its effects are immediate, based in key areas of the central nervous system 
that process pain, and produce a dose-dependent reduction in pain intensity what-
ever the source or type of pain. Thus, opioids have a time-honored place in the treat-
ment of severe acute pain and in the treatment of pain at the end of life. In these 
situations, other medications can be used as adjuncts, to improve pain relief and 
reduce opioid doses, but there is no complete substitute for an opioid that will effec-
tively and quickly reduce pain’s intensity and render pain tolerable. Medicine has 
come to accept the supreme role for opioids for treating severe time-limited pain 
and the duty of clinicians to provide opioids in such a situation. What is much more 
difficult is what the role is for opioids in treating pain that is not time limited – 
chronic pain. It is always tempting to want to prolong opioid therapy on the basis 
that its early effects are dramatic; neither patients nor providers want to go back to 
pain remembered from before opioids were initiated. And it has been argued recently 
that centuries’ old caution about opioids’ addictive properties was not justified and 
should not interfere with attempts to relieve pain, even chronic pain.

Pain medications are often chosen on the basis of how they perform in random-
ized controlled trials (RCTs). We use RCTs to approve drugs for marketing, as the 
basis for clinical guidelines and as a basis for clinical practice. Neuropathic pain 
was traditionally thought to be nonresponsive to opioids. But more recently (in the 
mid-2000s), although there was some suggestions that higher doses may be needed 
than for nociceptive pain, RCTs showed good sensitivity of neuropathic pain to 
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opioids [1–4]. Thus, opioids were included as recommended treatment for neuro-
pathic pain in guidelines. They did not replace drugs that had previously been 
adopted as first-line treatments – antidepressants and anticonvulsants [5] – but they 
were recommended as “second-line treatment that can be considered for first-line 
use in select clinical circumstances” [6]. This recommendation has changed more 
recently, since newer methods for summarizing and reporting evidence (Grades of 
Recommendation Assessment, Development and Evaluation [GRADE] methodol-
ogy) are more sensitive in balancing risk against benefit, and opioids for neuropathic 
pain were relegated to third-line treatment largely on the basis of safety concerns 
[7]. The newer guidelines also state “strong opioids should be strictly monitored, 
particularly for patients requiring high doses.” Numbers needed to treat (NNTs) 
were 3.6 for tricyclic antidepressants, 4.3 for strong opioids, 4.7 for tramadol, 6.4 
for SNRIs, 7.2 for gabapentin, and 7.6 for pregabalin, making strong opioids second 
only to tricyclic antidepressants in terms of efficacy, according to RCTs. Studies 
contributing to the newer systematic review assessed neuropathic pain broadly, 
which is pain caused by any lesion or disease of the somatosensory system (IASP 
definition) [8]. However, the most common neuropathic pain conditions studied 
were diabetic neuropathy and postherpetic neuralgia (PHN). Although a mecha-
nism-based – rather than disease-based – approach might be more appropriate when 
selecting primary, non-opioid medications, the ability of opioids to produce a dose-
dependent reduction in pain intensity regardless of the type of pain means that for 
opioids, findings in neuropathic pain in general are probably as applicable to 
postherpetic neuralgia as to any other type of neuropathic pain. For the purpose of 
this chapter, many of the principles described will apply to neuropathic pain in gen-
eral as well as to PHN. The chapter will focus mostly on the issues surrounding the 
treatment of chronic pain with opioids. The role of opioids in multimodal pain ther-
apy during the acute phase of herpes zoster is more straightforward.

Unfortunately, the idea that opioids are a reasonable third-line medication for the 
treatment of chronic neuropathic pain oversimplifies the complexity of opioid 
decision- making for chronic pain. What we see as the result of opioid therapy in 
trials is not always reflected in what we see in real life. Safety is hard to evaluate in 
trials because trial subjects are highly selected to predict both efficacy and safety: 
patients with known risk factors are excluded. Many adverse outcomes are only 
manifest after months or years of therapy and not during the conduct of trials, most 
of which last only weeks. Efficacy is not always maintained over time due to factors 
such as tolerance, dependence, hyperalgesia, and loss of placebo [9]. Overall, the 
results may not be as robust as those demonstrated in trials, and thus the principle of 
embarking on chronic opioid therapy simply because other treatments have failed or 
are inadequate may need further thought. The suitability of opioids for chronic pain 
depends on many factors other than whether or not other treatments have provided 
relief. It depends also on the degree to which pain interferes with an individual’s 
ability to function, and enjoy life. It depends on an individual’s risk of developing 
an opioid use disorder. It depends on the pain prognosis and likely progression. It 
depends on the personal goals set for opioid treatment and whether they are likely 
to be met. It depends on accepting a certain amount of risk and balancing risk 
against uncertain benefit. The remainder of this chapter will explore what we know 
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about chronic opioid actions and the adaptations that affect efficacy and harm, 
which patients are suitable candidates for chronic opioid therapy, whether there are 
limitations in terms of opioid selection or dose, how to protect against harm, and 
finally, what are the controversies that surround opioid pain treatment.

18.2  Adaptations to Chronic Opioid Use

It is an old observation that people who become “habituated” to opioids feel better 
if they continue to take opioid. To the point that their doses become very high and 
toxic, continued opioid therapy is helpful. What was not understood, until relatively 
recently (mid-1990s), is why opioids produce the state, whereby with continued use, 
opioids are needed in order to feel normal [10] (Fig. 18.1). What is now understood 
is that through their actions on an endogenous opioid system, opioid drugs produce 
cellular and molecular adaptations in the nervous system that are manifested as two 
phenomena that are crucial to the changes that are commonly seen with continued 
and continuous opioid use – loss of analgesic efficacy and worsening pain if opioids 
are withheld. These two phenomena are tolerance and dependence.

18.2.1  Tolerance

Tolerance arises to both the analgesic and euphoric properties of opioids, albeit by 
different mechanisms. Tolerance can be described as the need to get a higher dose 
to achieve the same effect. Importantly, tolerance is both a pharmacological phe-
nomenon and a psychological phenomenon. A number of different mechanisms are 
proposed as the underlying basis for pharmacological or nonassociative tolerance, 

Normal

Pain relief

Pain

Worse pain
Dysphoria

Euphoria

Analgesia

Hyperalgesia

Fig. 18.1 Natural progression of opioid dependence. For illicit opioid users, as dependence devel-
ops, opioids no longer produce euphoria but are needed to avoid dysphoria. A similar phenomenon 
occurs with analgesia. Opioids produce good analgesia when first used, but in time, opioids are 
needed to avoid withdrawal and associated hyperalgesia
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including receptor internalization, recycling, desensitization, or downregulation 
[11]. The psychological component, associative tolerance, is perhaps more impor-
tant during the treatment of pain with opioids because it is amenable to treatment in 
a way that nonassociative tolerance is not. Associative tolerance can involve learn-
ing and is changed by environment or circumstance [12–14].

18.2.2  Physical Dependence

Dependence on opioids is manifested as the need to continue opioid in order to feel 
normal and prevent withdrawal. Withdrawal from opioids results in a classic with-
drawal syndrome (agitation, nausea and diarrhea, abdominal pain, pupillary dilation, 
goose flesh, shivering, pain). For pain patients, the fact that pain worsens during 
withdrawal (a phenomenon known as withdrawal hyperalgesia), contributes to the 
desperation opioid-treated pain patients feel if they cannot obtain enough opioid to 
meet their needs [15, 16]. This can also be, and often is, misinterpreted as needing 
opioid to treat the underlying pain. Although the pain of withdrawal is a whole body 
muscular pain reminiscent of influenza or fibromyalgia, and therefore not necessar-
ily the same as the underlying pain, opioid withdrawal can alter underlying pain, 
including neuropathic pain and hyperalgesia, by mechanisms that are not fully 
understood [17]. It should be noted here that there is also a psychological compo-
nent to dependence, but unlike associative tolerance and physical dependence, the 
manifestations are entirely psychological. Dependence may be purely physical and 
relatively easy to reverse when opioid treatment has not been prolonged, but when 
the treatment is prolonged, dependence can become complex and persistent [18].

18.2.3  Tolerance and Dependence Cannot Be Separated

We have seen that the mechanisms underlying analgesic tolerance are complex. 
Importantly, tolerance is not simply produced because of continued use but can also 
be altered by a patient’s mood or circumstance. Any increase in tolerance, even if 
imperceptible, could result in withdrawal symptoms, unless met with a dose adjust-
ment. This means that tolerance can be manifested as symptoms of withdrawal and 
that it is impossible to separate tolerance from dependence (Fig. 18.2). Tolerance 
and dependence should be considered linked phenomena [18].

18.2.4  What Is Addiction?

Because tolerance and physical dependence are inevitable consequences of continu-
ous opioid use, there has been a school of thought that suggests that for opioid- 
treated pain patients, tolerance and dependence should not be considered criteria for 
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addiction. In other words, during opioid pain treatment, tolerance and dependence 
can occur without addiction therefore should not be included in addiction criteria. 
So the thinking runs [19]. This conflicts with established thinking about addiction 
wherein tolerance and physical dependence are fundamental components. 
Considering that tolerance and dependence are linked and that withdrawal symp-
toms are powerful drivers of opioid seeking [14], this separation between tolerance, 
physical dependence, and addiction in pain patients is somewhat contrived. 
Addiction arises when opioid-seeking behaviors are combined with opioid use, and 
such behaviors become established and irreversible (as in memory) [14, 20]. With 
long-term use, it is withdrawal that drives opioid seeking not the quest for euphoria, 
since loss of euphoric effect (and pain relief) is one of the consequences of contin-
ued use (Fig. 18.1). But if a patient is seeking opioids for the treatment of pain, even 
if the behaviors appear aberrant, is this addiction or simply a need for pain relief? 
This question presents us with significant difficulty when it comes to establishing 
rates of iatrogenic addiction [21, 22], the need for specific addiction treatment in 
any individual, the suitability of continuing opioids in the face of aberrant behav-
iors, and risk analysis. It is highly likely, in the view of this author, that underlying 
any aberrant behavior, whether focused on procuring illicit opioids or focused on 
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Fig. 18.2 Interdependence of mood, tolerance/dependence, and pain. Even in normal individuals, 
pain and mood are interdependent, in part through endogenous opioid mechanisms. Individuals 
who are taking exogenous opioids continuously over the long term adapt by developing tolerance 
and dependence. Psychological factors can alter tolerance and thereby induce withdrawal symp-
toms. For dependent individuals, the need for more opioids becomes the predominant reaction to 
stress. Although pain is seen as the primary reason to dose escalate, dependence may underlie the 
need for opioid (Figure was published Ballantyne et al. [18])
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getting doctors to prescribe opioids, there is a similar neuroadaptive process [10]. 
This may be true whether the behaviors are typical procurement behaviors (meeting 
DSM or ICD ten criteria for addiction) or whether they consist of pestering reluctant 
doctors (Fig. 18.3). Thus, dependence on opioid analgesics may not look like addic-
tion as defined by addiction criteria but is similar enough to be difficult to distin-
guish, to warrant similar treatment, and to interfere with the success of chronic 
opioid therapy (Fig. 18.4).

18.2.5  Implications

The important take-home message is that tolerance and dependence (dependence 
that may or may not reach criteria for addiction) are the root causes of chronic opi-
oid treatment failure. The patient who is failing chronic opioid treatment needs fre-
quent dose increases, often to the point of toxicity, does not get good pain relief, and 
yet has great difficulty with tapering. Withdrawal symptoms, including 

Dependence/addiction develops
through pain treatment

Dependence/addiction develops
through recreational drug use

• Pestering reluctant doctors
• Using opioid to treat pain
• Predominant symptom of
   withdrawal - pain

• Need to procure opioid
• Often use paraphernalia
• Predominant symptom of
   withdrawal - anhedonia

•  Social disruption
•  Loss of control over use
•  Continued use despite
   knowledge of harm
•  (Craving)
    (may not be manifest until off)

Do not accept that
anything is wrong other
than pain

Accept that they are
addicted

DSM criteria

Fig. 18.3 Opioid-seeking behaviors. Although there are some behaviors shared between pain 
patients and recreational opioid users (center of figure), there are also behaviors that are markedly 
different (top of figure). Quite apart from wanting to avoid stigma, the fact that opioid-seeking 
behaviors could be accounted for by the existence of pain even when they meet criteria for addic-
tion makes it difficult to make the diagnosis of addiction in pain patients. The predominant clinical 
challenge for those treating dependent or addicted pain patients is that patients often have difficulty 
accepting that anything is wrong other than pain. Those seeking addiction treatment, on the other 
hand, have already accepted that they need treatment for addiction (bottom of figure). DSM diag-
nostic and statistic manual of mental disorders of the American Psychiatric Association [65]
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hyperalgesia, are interfering with the ability to taper. The individual cannot con-
ceive of being better without opioids and is trapped by the expectation based on 
early efficacy that there is a dose that will improve the pain.

18.3  Opioid Harms

There are two types of opioid harms: side effects and the much more concerning long-
term harms that tend to develop insidiously. Side effects of opioids are well known 
and need not be fully explored in this context. These are listed in Table 18.1 together 
with recommended treatment approaches. It should be mentioned that tolerance 
develops to most side effects (bowel effects being the exception), including that most 
concerning of all side effects – respiratory depression. This means that with chronic 
use, side effects generally subside leaving clinically useful analgesia without bother-
some side effects. A laxative regime for all chronic opioid users is recommended, 
however. The elderly and frail tend to be highly sensitive to opioid side effects, and 
particularly to cognitive impairment, which may actually worsen rather than subside 
with chronic use. Since side effects are dose dependent, elderly and frail patients war-
rant cautious dosing. Respiratory depression is not generally a problem for chronic 
opioid users, but it is important to recognize that respiratory depression can cause 
hypoxic brain injury or even death and is a lurking problem should overdose occur.

Other harms are not strictly side effects but rather the consequences of long-term 
opioid use. They develop insidiously, sometimes imperceptibly, so that it may be 
difficult to identify the time of onset or the point at which to intervene. Dependence 
and addiction are the most important and may underlie all other long-term harms. 
The dependent or addicted patient is less likely to be able to stop opioid therapy even 
if it is causing harm and is much more likely to lose control of usage and  possibly 

Gray zone

Addicted Not addicted
Meets DSM criteria
for addiction

•  No lost prescriptions
•  No ER visits
•  No early prescriptions
•  No requests for dose
   escalation
•  No UDT aberrancies
•  No doctor shopping
    (PMP)

Fig. 18.4 The gray zone between clearly addicted and not addicted. The vast majority of patients 
seen in the clinic are neither clearly addicted nor clearly not addicted. It is difficult to determine 
addiction rates, risks, and when an individual warrants treatment and possible opioid discontinua-
tion. ER emergency room, UDT urine drug testing, PMP prescription monitoring program
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suffer accidental overdose and death. Related harms include high rates of endocri-
nopathy and immune dysfunction, cognitive impairment, danger with operating 
machinery or driving, higher than normal rates of falls and fractures, and less likeli-
hood of returning to function or work. Not surprisingly, all these adverse  outcomes 
are directly correlated with prolongation of opioid therapy [23]. What was not con-
firmed until recently is that these adverse outcomes are also directly correlated with 
dose [24–28]. Multiple studies are now showing that adverse outcomes are concen-
trated at doses of over 100 mg morphine equivalent daily dose (Table 18.2).

The North American experience with increased opioid prescribing should prob-
ably be mentioned here. As has been widely publicized in the lay and medical press, 
prescription opioid sales (thus opioid prescribing) increased severalfold in the USA 
and Canada between 1990 and 2010 and produced parallel increases in related 
abuse treatment admissions and deaths [24, 29, 30] (Fig. 18.5). Both the number of 
patients treated and the doses used account for the increased sales. The expansion in 
patient numbers treated occurred largely because of new teaching recommending 
opioids for chronic pain, whereas before the 1990s, opioids were considered neither 

Table 18.1 Management of side effects

Constipation Prophylactic mild peristaltic stimulant (e.g., bidocodyl or 
senna)
If no bowel movement for 48 h, increase dose of bowel 
stimulant
If no bowel movement for 72 h, perform rectal exam
If not impacted, provide additional therapy (suppository, 
enema, magnesium etc.)

Nausea or vomiting Consider prophylactic antiemetic therapy
Add or increase non-opioid analgesic
Decrease opioid dose, pain permitting

Sedation Eliminate causes other than opioid
Eliminate other CNS depressants where possible, especially 
benzodiazepines
Add or increase non-sedating, non-opioid analgesics
Add stimulant such as caffeine
Change opioid

Pruritus Consider treatment with antihistamines
Change opioid

Hallucinations, delirium, or 
dysphoria

Evaluate underlying cause
Eliminate other CNS-acting medications where possible
May need to discontinue opioid at least temporarily to assess 
baseline
May need antipsychotic

Sexual dysfunction Reduce dose
Testosterone replacement therapy may be helpful for men
Erection-enhancing medications (e.g., sildenafil)
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effective nor safe for chronic pain. It is important to reiterate that many of the 
adverse outcomes, particularly dependence, addiction, and death, are tending to 
occur in high-dose users and less in the majority low- to moderate-dose users [26–
28, 31, 32]. Almost all the evidence of long-term harm comes from population data 
examined retrospectively. Until prospective studies (which are likely to be observa-
tional given the difficulty of studying long-term outcomes in RCTs) can be com-
pleted [33, 34], it will remain hard to pinpoint exactly which factors account for the 
increases in abuse and death. What is already clear is that concomitant use of CNS 
sedatives, particularly benzodiazepines, adds significant risk.

18.4  Which Patients Are Suitable Candidates?

Herpes zoster (HZ) presents with prodromal, acute, subacute, and chronic phases 
[35] (Fig. 18.6). Considering that pain can be severe and disabling in each of the 
acute, subacute, and chronic phases, opioids may be needed during each of these 
phases. There is some evidence that pain relief can reduce the likelihood of progres-
sion to PHN, although it is not clear whether any single analgesic is protective [6, 
7]. Postherpetic neuralgia occurs in 10–34 % of HZ cases [36, 37]. Any hesitation 
about using opioids to treat HZ pain is due to the safety considerations that were 
discussed in Sect. 18.3, knowing also that opioid efficacy may diminish over time, 
as discussed in Sect. 18.2. Before starting opioids, whether for acute or longer-term 
use, it is always a good idea to make some assessment of addiction risk, however 
rudimentary. A majority (at least 60 %) of the patients who are started on opioids 
will abandon the treatment, often due to lack of efficacy or unacceptable side effects 
[38]. Still more decline the treatment. Those that continue on opioids represent a 
demographic with increased risk warranting special caution. More details on pre-
cautions are detailed in Sect. 18.6.

Table 18.2 Longer duration and 
higher-dose associations

Longer duration and higher doses are associated 
with

Higher rates of dependence and addiction
Higher rates of overdose and death
Less likelihood of being able to wean if necessary
Higher rates of mental health and substance use 
disorder, less able to control usage
Higher rates of falls and fractures in the elderly
Less likelihood of returning to function or work
Higher rates of endocrinopathy affecting fertility, 
libido, and drive
Higher rates of immune dysfunction
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18.4.1  Prodromal Phase

Approximately 75 % of herpes zoster presents with pain and other sensory changes 
before the appearance of the rash. Early intervention with an antiviral agent has 
been shown to reduce acute HZ pain and the occurrence of PHN. In the rare cases 
where the prodrome is correctly diagnosed, an antiviral agent may be all that is 
needed to control pain.
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Fig. 18.5 Rates of opioid overdose deaths, sales, and treatment admission, USA, 1999–2010 
(Note that growth in prescription opioid abuse treatment rates and prescription opioid related 
deaths increased in parallel with the growth in opioid sales. CDC. MMWR 2011. http://www.cdc.
gov/mmwr/preview/mmwrhtml/mm60e1101a1.htm?s_cid=mm60e1101a1_w. Updated with 2009 
mortality and 2010 treatment admission data [61])
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Fig. 18.6 Natural progression of herpes zoster and postherpetic neuralgia (PHN) (Adapted from 
Jeon [35])
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18.4.2  Acute Phase

Again, an antiviral agent is the first-line therapy for acute HZ pain. Combining this 
with oral or intravenous corticosteroids significantly improves the pain relief but 
does not reduce the likelihood of developing PHN. Neural blockade, including sym-
pathetic block, may also be useful. Recently, the value of epidural local anesthetic 
plus corticosteroid in treating pain and preventing PHN has been recognized [39–
41]. Oral analgesics may be needed if these primary approaches do not provide 
adequate relief. As with all acute pain, opioids have an important role for treating 
refractory pain. Even so, because it is unknown whether or not acute HZ pain will 
become chronic, it is advisable to reserve strong opioids as a last resort and be cog-
nizant of opioid risks especially in patients with risk factors. It is reasonable to base 
the choice of oral analgesic for acute pain on the WHO stepladder approach, starting 
with acetaminophen or nonsteroidal anti-inflammatory drugs (NSAIDs), adding 
adjuvants such as antidepressants or an anticonvulsant if necessary and then pro-
gressing first to “mild” opioids (e.g., opioid-acetaminophen or NSAID combina-
tion, or tramadol) and finally to a strong opioid such as morphine or oxycodone 
[42]. Since many patients with HZ are elderly or immunosuppressed, this may limit 
the use of NSAIDs.

18.4.3  Subacute Phase

Continued efforts must be made to try and prevent PHN. Whatever nerve blocks 
have been helpful during the acute phase can be repeated to the limits of accept-
able dosing, especially for corticosteroids. If opioids were not needed during the 
acute phase, it would rarely be necessary or advisable to start them during the 
subacute phase. Per the recommendations for the treatment of PHN, antidepres-
sants and anticonvulsants should be optimized. This may also be the time to con-
sider discontinuing NSAIDs and systemic corticosteroids, which are not good 
long-term treatments because of their side effects. If opioids were needed during 
the acute phase, it is reasonable to start a conversation about whether they should 
be tapered or continued, based on whether or not the pain is improving. Since the 
considerations for chronic use of opioids are very different than for acute opioid 
therapy, this is the time that the conversation about opioid limitations and risks 
should take place with the patient and family, and the time that safety precautions 
should be set in motion as described in Sect. 18.6 if the decision is to continue the 
opioid.
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18.4.4  Postherpetic Neuralgia (PHN)

A lot of chronic opioid therapy starts by default – acute opioid therapy continues on 
to become chronic opioid therapy – and that is especially true for PHN because it 
develops from an acute pain syndrome. Occasionally, however, the need for opioid 
treatment arises after the onset of PHN as the pain becomes more difficult to tolerate 
and begins to interfere with function and enjoyment of life. Opioid therapy helps in 
a unique way. Not only does it relieve pain it also has a feel-good effect that blunts 
distress. As we know, opioids are supremely helpful in people who are dying, for the 
same reasons. But if opioids are used for prolonged periods, especially if they are 
taken continuously (i.e., round the clock), the adaptations described in Sect. 18.2 
begin to interfere. Pain relief is not as good, higher doses are needed, and depen-
dence makes it hard to stop treatment even in the face of diminishing benefit. It 
becomes increasingly clear that the people who do best with long-term opioid are 
those that do not develop problems with controlling usage and use of opioids at low 
to moderate doses, as needed and not round the clock [43, 44].

Because of the aforementioned concerns that long-term opioid therapy has 
reduced efficacy and increased risk, opioids are considered third-line treatment for 
PHN. Whether opioids are already being used or are being considered for first usage 
once the diagnosis of PHN has been made, it is helpful to do a thorough review of 
risks and benefits for the individual and to have an in-depth conversation with the 
patient and family about the limitations of chronic opioid therapy before it becomes 
established. Opioid decisions should be shared. Low-risk patients can be reassured 
that provided they take their opioids as prescribed and keep them in a safe place, 
there is little risk to them or others. The threshold for treating higher-risk patients 
may be higher, and more active safety measures may be needed (see Sect. 18.6), but 
high risk does not preclude receiving chronic opioid therapy when warranted. In 
fact, HZ patients tend to be older and sicker than normal, and this is a population 
with generally low risk of dependence, addiction, and treatment deterioration. It is 
also the population that tends to progress to PHN [36].

18.5  Which Opioid, Which Dose?

There is no intention to describe individual opioids in detail here. Such information 
can be found in any standard pharmacology texts, package inserts, pharmacopeias, 
or reliable web sites. The aim of this section is to first describe and delineate catego-
ries of opioids (Table 18.3) and then make recommendations regarding the dose.

18.5.1  “Mild” Opioids

In many cases, the so-called “mild” opioids are actually strong opioids combined 
with mild analgesics such as acetaminophen or an NSAID, which produces a ceil-
ing dose and places them in less-restrictive categories in drug schedules. Tramadol 
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is a mild opioid because it has only partial mu opioid activity and is less addictive 
than strong opioids. It is categorized as a second-line treatment for neuropathic 
pain and has particular benefit in neuropathic pain because of its noradrenergic and 
serotonergic actions and lower abuse potential [7, 45]. It is available in both short- 
and long-acting formulations. Codeine can be addictive but is generally used in 
lower doses or in combinations drugs, and in some countries, it is available over the 
counter. These drugs are useful first-line opioids. It is important to remember the 
toxicity of drugs included in combination preparations which can become prob-
lematic if a patient is self-medicating at higher than recommended doses or if a 
patient is using either prescribed or over-the-counter acetaminophen or NSAIDs 
unwittingly.

Table 18.3 Broad categories of opioid choices

“Mild analgesics” As a class, these opioids are considered “weak” either because side 
effects limit dose or because they are not full mu opioid agonists. 
May be useful as the first opioid. Easier to prescribe than pure mu 
opioid agonists because they are not as restricted in drug 
regulations

Codeine Dose generally limited by constipation. Available in combination 
drugs. Metabolized to morphine except in non-metabolizers in 
whom it is ineffective

Combination opioid plus 
acetaminophen or NSAID

There are dose limitations for acetaminophen and NSAID that 
produce a ceiling dose for these combination drugs

Tramadol Mild mu agonist with additional norepinephrine and serotonin 
reuptake inhibition. Specific benefit for neuropathic pain and 
grouped a second-line choice. Available as a long-acting 
preparation

Tapentadol Novel mu opioid agonist with additional norepinephrine reuptake 
inhibition. Expensive. RCTs in diabetic neuropathy but not 
PHN. Conceptually useful for PHN but evidence inconclusive and 
therefore not recommended in guidelines

Pure mu opioid agonists Strong opioids, most common are morphine, hydrocodeine, 
oxycodone, dilaudid, methadone, and fentanyl

Short acting Generally preferred, taken as needed and not round the clock
Long acting May be preferred for patients with control issues, including risk 

factors for abuse or confusion (e.g., elderly). Taken round the 
clock

Short with long acting In the view of this author, there are no indications for combing 
long- and short-acting opioids except at the end of life

Mixed agonist antagonists 
(e.g., pentazocine, 
butorphanol, nalbuphine)

Apart from buprenorphine, these have limited clinical utility and 
can produce complications when switching opioids

Buprenorphine Approved for office-based treatment of addiction because of its 
safety. Respiratory depression is rare. It is underused for the 
treatment of dependence in patients dependent on opioid 
analgesics. It has good analgesic efficacy for chronic pain and can 
be considered a good choice when treating pain with opioid 
dependence (buprenorphine SL) or chronic pain without opioid 
dependence (buprenorphine TD)
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18.5.2  Tapentadol

Tapentadol is a novel and expensive analgesic. It needs its own category because it 
is neither a mild opioid nor a pure mu opioid agonist. It has combined mu opioid 
agonism plus norepinephrine reuptake inhibition. It is a schedule II opioid consid-
ered as addictive as the pure mu opioid agonists. It may have advantages in neuro-
pathic pain because of its norepinephrine effects but has not been studied in PHN 
and is not recommended in guidelines for neuropathic pain because of inadequate 
evidence [7, 46]. It is available in both short- and long-acting formulations.

18.5.3  Pure Mu Opioid Agonists

As described in Sect. 18.2, there are inevitable neuroadaptations to chronic and con-
tinuous opioid use. The most important of these are tolerance and dependence, which 
can ultimately be the basis of treatment failure. Conceptually, if opioid is given con-
tinuously, as in regimes consisting of long-acting opioid given round the clock, there 
is no time for recovery, thus tolerance and dependence are likely to become estab-
lished and increase over time. This is borne out by clinical and population studies that 
show greater satisfaction and better pain relief for patients using low to moderate 
doses of opioid as needed, compared to high-dose users who tend to be on long-acting 
opioids and whose usage tends to be continuous. For this reason, short-acting opioids 
used as needed are recommended for all but the patients who may have difficulty 
controlling their usage, particularly those at risk of addiction or those who may be 
confused, as may many elderly and ill. Combining long- and short-acting opioids 
using the concept of “breakthrough pain” is not a good idea when pain is chronic.

The idea of breakthrough pain came into being while treating cancer pain at the 
end of life where pain might “break through” whatever underlying regime (usually 
long-acting opioid round the clock) was providing acceptable pain relief most of the 
time. Thus, a short-acting opioid to be taken as needed was often added to the long- 
acting opioid in dying patients where the goal was to keep them as comfortable as 
possible. The approach tends to lead to dose escalation, but for patients who are 
being palliated and have a short life expectancy, dose escalation is less of a problem. 
For chronic pain patients whose pain could be open-ended, dose escalation leads to 
eventual treatment failure and high risk (see Sect. 18.3). The breakthrough pain con-
cept is best avoided when pain is chronic. Whatever pain occurs can be treated by the 
prescribed short-acting opioid within the limits of the prescribed dose, by non-opioid 
medications, or by using techniques such as distraction, relaxation, or exercise.

18.5.4  Mixed Agonist Antagonists

Most of these have limited clinical utility, except buprenorphine. Although buprenor-
phine may not be the most obvious choice of opioid for the treatment of PHN, it is 
developing an important role in chronic pain treatment, especially where this is 
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accompanied by opioid dependence. Transdermal buprenorphine is a popular first- 
line opioid for chronic pain treatment in some countries (e.g., Norway), while in 
others (e.g., USA), its high price precludes common use. Buprenorphine can be 
complicated because it is a partial mu agonist with high affinity for the mu receptor, 
making it difficult to use other stronger mu agonists should they be needed (e.g., for 
acute or chronic pain). Buprenorphine use for the treatment of addiction requires 
special training. In most countries, sublingual buprenorphine (usually combined 
with naloxone) is not approved as an analgesic, even though it has good analgesic 
properties.

18.5.5  Dose

There is now overwhelming evidence that in the case of chronic pain, high-opioid 
dosing is neither safe nor effective [25–28]. Of course, individuals are all different, 
and some may benefit where others fail. Most of the evidence we base our recom-
mendations upon comes from populations and not from individuals. One of the 
most difficult conflicts we face is that despite the emergence and visibility of 
increasing numbers of individuals who become dependent or addicted to opioids, 
many of whom still have severe pain despite high doses, and some of whom prog-
ress to death, there are still many people championing access to opioids for the 
treatment of pain without dose limitation. There is an enormous amount of fear that 
dose restrictions will leave patients in pain. Indeed, for those already taking high 
doses, it may, such is the difficulty of weaning opioids described in Sect. 18.2. 
Nevertheless, it is becoming clear, both from population data and from 30 years 
clinical experience of prescribing with open-ended dosing, that the policy of open- 
ended dosing has resulted in much harm to society and to pain patients themselves, 
without any clear benefit in terms of reducing the incidence of uncontrolled chronic 
pain. It is hard to argue with the statistics that show clearly that most long-term 
harms of opioid therapy are occurring for high-dose users. Thus, several bodies, 
including several US states and the US Centers for Disease Control are developing 
guidelines that suggest dose limitations. The State of Washington introduced legis-
lation in 2011 that limits high-dose prescribing by requiring documented functional 
improvement at high doses or requiring that high-dose prescribers have received 
pain training, have consulted pain specialists, or are themselves pain specialists 
[47]. The Washington State stated dose limitation is 120 mg morphine equivalent 
per day (MED). Others have suggested lower daily doses, down to 50 mg [29, 48]. 
Epidemiological evidence suggests that 100 mg MED may be an inflection point 
where adverse effects increase exponentially with dose [27, 49, 50]. Other evidence 
suggests that the safest and most effective doses are below 50 mg MED [29, 51]. It 
is unlikely that consensus will be reached as to what is a reasonable upper limit for 
chronic opioid dosing, but these figures give some idea about what is meant by a 
high dose and suggest a dose that begins to be unsafe. It is important to recognize 
that while this order of dosing is recommended for new chronic opioid therapy 
patients, established patients who have difficulty tapering may need higher doses.
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18.5.6  Titrating to Effect: A Bad Idea When Pain Is Chronic

When pain is acute, or occurs at the end of life, in both cases short lived, it tends to prog-
ress in a predictable and linear fashion. In not so chronic pain, the intensity of which is 
unpredictable and variable, often varying according to circumstance. Titrating opioids to 
the stated pain intensity level work well for acute and end-of- life pain, which apart from 
being predictable, also tends to respond well and predictably to opioids. Applying the 
titrate-to-effect principle to chronic pain can have undesired consequences if doses are 
increased solely according to the report of pain as in the titrate-to-effect principle [52–
54]. Chronic pain, even if it has a known pathological basis, as does PHN, is influenced 
less by nociception than by emotional and psychosocial factors [55]. When pain is 
chronic, it may be hard to find any correlation between the severity of the causative dis-
ease process and the reported pain intensity level. A report of high pain intensity is often 
a cry for help, but opioids may not be the help needed. Those reporting high pain scores 
are often those with cofactors that increase the risk of developing dependence and addic-
tion leading to “adverse selection,” the tendency for self-selection to high-dose opioid 
treatment by the patients at highest risk for problematic use [32, 49, 56, 57]. Opioids, 
and in fact all other analgesics, are only capable of reducing pain by a few points on a 
pain scale [38, 58, 59], and repeated dose escalation without sustained pain improve-
ment leads to toxicity. It seems intuitive to treat pain according to its reported intensity 
level. It is simple, but it oversimplifies something that is complex. When a patient reports 
a high pain intensity level despite being on a reasonable dose of opioid, ask what it is that 
is producing the high level. There may be many treatments that are preferable to repeated 
opioid dose escalation, including behavioral and physical treatments.

18.6  Sensible Precautions

As described in Sect. 18.4, HZ can produce acute, subacute, and chronic pain. Even 
though the complications of opioid therapy may differ at each stage, whenever opi-
oids are started, the risks pertaining to the individual patient, both immediately and 
in the future, should be elicited and discussed. On the one hand, we should not 
frighten patients to the extent that they would rather stay in pain than accept opioids. 
On the other, patients and family members should be included in a decision that 
could have significant implications. The clinician’s role is to help patients under-
stand the potential benefits as set against the risks of the treatment.

18.6.1  At the Start of Opioid Therapy/Acute Pain

When using opioids for acute pain, it is not necessary to be overly concerned about 
long-term harms, but the potential for long-term harm should not be ignored since 
every time opioid treatment is started, it could extend into a chronic treatment. 
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There may be particular concerns regarding short-term harms and side effects, espe-
cially in the elderly and frail, and there may be particular concerns about long-term 
harms and losing control of opioid use, especially in younger patients and those 
with substance use disorders and other psychiatric comorbidities (Table 18.4). The 
need for caution regarding side effects will be obtained from the normal clinical 
assessment, but the need for caution regarding control issues may need a few extra 
steps. The first step can be a simple conversation, asking questions such as:

• Have you ever had a drug or alcohol problem?
• Has anyone in your family had a drug or alcohol problem?
• Do you have any concerns about addiction?
• Have you ever suffered extreme anxiety?

If no concerns are identified with these simple questions that would suggest a low-
level concern about long-term harm. However, if concerns are raised, then it would be 
prudent to consider further steps such as using a screening tool for substance abuse 
risk; using simple measurement tools for depression, anxiety, and post- traumatic 
stress disorder (PTSD); asking for a baseline urine toxicology screen; initiating a 
written patient agreement; and checking prescription monitoring data if available.

Most importantly, once the assessment of potential harms has been completed, 
consider whether or not to use opioids, and if using, consider choice of drug and 
dose in the light of potential risk.

18.6.2  When Opioid Is Selected as Chronic Pain Treatment

Even though opioid treatment may have been initiated to treat acute zoster pain and 
evolved into chronic treatment, it is advisable to set into motion additional precau-
tions aimed at preventing long-term harm once it is clear that it is chronic pain 

Table 18.4 High level of 
caution needed

High level of caution needed

Caution regarding side effects

Elderly and frail
Dementia
Unsteady gait
Alcohol and drug use
Concomitant sedative use
Caution regarding control issues

Young
Personal or family history of substance abuse
History of being abused/PTSD
Current substance use or abuse
Smoker
Psychiatric comorbidity, especially anxiety and depression
Personality disorder
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(PHN) that is being treated, or when treating PHN with opioids for the first time. 
Recommended precautions are listed in Table 18.5.

18.6.2.1  The Care Agreement

The utility of the care agreement cannot be overstressed. It is not simply a means 
of educating patients about risk but should be used to develop and document an 
understanding about realistic goals for opioid therapy and establish which goals, 
particularly functional goals, are important to the individual patient. A goal of sim-
ply reducing pain intensity is likely to be disappointed [38, 52–54, 58, 59]. When 
it comes to evaluating therapy as it progresses, the achievement or nonachievement 
of the individual’s goals is the single most important factor in determining whether 
or not to continue therapy. This is especially important if the therapy is not going 
well.

18.6.2.2  Urine Toxicology

Testing of urine for the presence of prescribed and nonprescribed dangerous drugs 
has become a recommended standard during chronic opioid therapy. It is beyond the 
scope of this chapter to describe or discuss urine testing in detail, but a there are a 
few important general points to be made. Many clinicians feel that urine testing 
affects the relationship of trust they have with their patients. This is a legitimate fear. 
In some circumstances, and for some patients (particularly long-established patients 
with very low risk), urine testing may be such low yield as to be considered unnec-
essary. However, even low risk patients can surprise one, and studies suggest that 
urine screening identifies a substantial number of aberrancies that are not detected 
by interview [60]. Urine testing policies will vary according to the clinical setting, 
and in general, it is wise to follow whatever policy is in place locally. One policy 
that works well is to test all patients at the start of opioid therapy, testing thereafter 
either for cause, or annually. The all patient policy removes stigma and loss of trust 
to a large extent, and testing before opioid therapy begins may reveal red flags.

Table 18.5 Precautions during long-term use

Precautions during long-term opioid use

Work with a care agreement that includes stated goals
Monitor goal achievement
Test urine at baseline, and thereafter as needed or annually
Check prescription monitoring data at baseline, if available, then as needed, or at every 
prescription if practical
Require in person prescription pick up and do not give early prescriptions
Do not dose escalate
Assess cognitive function in the elderly
Do not use concomitant sedatives, especially benzodiazepines
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Urine dipsticks are notorious for their false negatives and false positives. Any 
positive result from a dipstick test must be followed up with a laboratory test. 
Laboratory results can also be confusing, especially since opioid metabolites 
 confuse the results. Any concerning result should be discussed with the laboratory 
before discussing with the patient.

18.6.2.3  Prescription Monitoring

Prescription monitoring is in its infancy and not available everywhere. In the USA, 
prescription monitoring is rapidly becoming available across all states, and guidelines 
are beginning to recommend mandatory checking of prescription monitoring data at 
least at the first prescription. Prescription data monitoring programs (PDMPs) record 
every opioid prescription, drug, dose, prescriber, and patient. Data are entered by the 
pharmacist when the medication is picked up. There are currently several glitches in 
the systems that mean that PDMP data is not always fully accurate. Another problem 
at present is that not all states have programs that have advanced to the stage of being 
practical to use in busy practice settings, especially if wanting to use the system for 
every prescription. Ideally, these programs will eventually have the capacity to pro-
vide prescribers with the necessary data when writing electronic prescriptions, but 
neither electronic prescribing nor PDMPs have advanced to that stage yet.

18.7  Conclusions and Controversies

The pendulum has swung between underuse and overuse of opioids throughout 
recorded history, but the extremes have never been as great as those we have wit-
nessed over the past few decades. Periods of overuse culminate in fears that the 
drugs are causing unacceptably high rates of addiction and need to be restricted. 
Periods of underuse culminate in fears that people in pain are suffering needlessly 
because restrictions are reducing access. The current state of affairs, at least in the 
developed world, is that we are coming out of a three-decade period of responding 
to perceived underuse with enormously increased use. In Northern America, the use 
has increased severalfold in the last few decades, and other developed countries are 
somewhere along the same trajectory. Increased use was largely accounted for by 
increased prescribing for chronic pain and was based on a change in teaching that 
stressed that fears of addiction were unfounded: when used as pain therapy, opioids 
were unlikely to produce addiction, and on balance, they were more helpful than 
harmful. Partly because of this teaching, a whole culture changed to one that per-
ceives it a right for patients to receive opioids and duty for clinicians to prescribe. 
This is the culture within which most of us were trained and have practiced, within 
which all recent guidelines and textbooks have been written, and the culture that 
forms our beliefs. When faced with someone in pain and distress, especially when 
that pain has a clear generator as it does in the case of HZ, and when other medical 
treatments have failed, we would not hesitate to prescribe opioids.
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But now the pendulum is beginning to swing back, and, yet again, it is because 
we have become alarmed by the scale of harm caused by liberal prescribing of opi-
oids, especially in the USA where increases in prescribing were greatest and where 
prescription opioids have caused an “epidemic” of abuse and deaths [61]. We are at 
a difficult crossroads. We cannot eradicate our beliefs, yet new evidence – new sci-
entific knowledge about opioid adaptations that explain why opioids do not work 
well for pain in the long term and new epidemiological evidence on harms – sug-
gests that long-term opioid therapy is not as helpful or safe as we once thought.

18.7.1  A Palliative Care Construct

When opioid treatment was first popularized in the late 1980s, it was actually pallia-
tive care specialists who during prior decades had succeeded in liberalizing opioids 
for cancer pain treatment, who became strong advocates for using opioids to treat 
chronic pain. Their arguments were largely ethical and based on the idea that chronic 
pain caused suffering equal to end-of-life pain. Yet their experience had been with 
cancer patients, often at the end life. Not only was this generally short-lived pain, it 
was also a situation where certain risks are acceptable because comfort and not 
function is the goal of treatment, and even inadvertent death is acceptable in the 
principle of “double effect” [62]. Perhaps they envisaged patients whose lives were 
simply intolerable without the comfort and numbing effects of opioids, and who did 
not have any alternatives, as being rightful recipients of opioid therapy. And perhaps 
this is still true. Unfortunately, their message was taken up and spread to the treat-
ment not only of patients who did not have any alternatives but to all types of chronic 
pain and for all types of situations, probably 90 % of which do have viable and often 
more effective alternatives which begin to be less viable once opioid dependence 
has set in. A useful construct, which may also be useful when considering the role 
of opioids in the treatment of zoster pain, is that chronic opioid therapy should be 
thought of as a palliative treatment that provides comfort when other treatments are 
not viable and when certain risks are acceptable because life is otherwise intolerable 
[63, 64]. Using this construct, comfort would be a reasonable goal for opioid treat-
ment for which goal achievement is of paramount importance (Table 18.6).

18.7.2  What Is Different About Herpes Zoster Pain

One aspect of HZ we should not forget is that HZ, particularly HZ that progresses to 
PHN, rarely occurs in isolation. It is a pain-producing disease that tends to occur in 
the elderly and immunocompromised. There is a high likelihood that there are other 
disease processes in play and that those disease processes are also associated with 
pain – pain that would be of a different etiology possibly with different treatment 
priorities. There is also a high likelihood that the patients are debilitated and frail. 
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Where even small doses of opioid can increase confusion and the likelihood of falls 
and fractures in the elderly and debilitated, they are also the patients where risks of 
abuse seem unimportant set against the need to provide comfort. Yet some PHN 
patients, particularly the less debilitated, will go on to develop dependence and will 
find it hard to wean from opioid therapy despite poor pain relief and side effects such 
as confusion. Fortunately, the less debilitated are less likely to progress to PHN and 
protracted neuropathic pain [36]. Another important difference for PHN is that unlike 
many other chronic pain states, PHN can have a limited time course (Fig. 18.6). This 
makes the continuous reviewing of pain and opioid usage for a stop point particularly 
important to avoid needing opioids to treat dependence and not pain (Table 18.6).

This chapter has emphasized safety and efficacy considerations advisedly. There 
can be no simple paradigm to direct opioid decision-making, especially in complex 
situations. But an understanding of the processes that underlie the clinical effects of 
opioids can help clinicians navigate through a decision process that will always be 
challenging and will always be unique to each patient and each situation.

18.8  Commentary

C. Peter Watson

This chapter should be required reading for those prescribing opioids for posther-
petic neuralgia and other neuropathic pain as should the recent CDC opioid guide-
line [66]. It is this editor’s opinion that opioids do remain an option for extremely 
severe postherpetic neuralgia with significant disability and often suicidal rumina-
tion because of the severity and poor quality of life which can result from this pain. 
This is based on four decades of clinical experience of treating carefully selected, 

Table 18.6 Summary recommendations

Summary recommendations

Do not embark on opioid therapy without an assessment and discussion of risks and 
limitations
For acute HZ, provide analgesics according to the WHO stepladder (opioids last) if primary 
treatments have not controlled the pain
For PHN, use opioids as a third-line therapy but with clearly stated functional goals
Prefer short acting as needed
Use long-acting round the clock if there are control issues or confusion
Do not use short and long acting together
Use lowest effective dose
Avoid dose escalation
Continuously review pain and opioid usage for a stop point
Be prepared to wean and discontinue if goals are not met
Early discontinuation can prevent dependence
Complex-persistent dependence is akin to addiction and destroys lives
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otherwise medically intractable patients with severe, longstanding, disabling 
PHN. This should be considered after other medical approaches (gabapentinoids, 
antidepressants, etc.; see Chap. 19) have failed and must be done with extreme 
caution, being careful to exclude known drug addicts and significant psychiatric 
illness but also with great caution, if at all, with those with a family and personal 
history suggesting an elevated risk of addiction, such as the questions suggested in 
the Opioid Risk Tool [71]. If this is done, it is, in this editor’s opinion, a viable 
option if the patients are followed, monitored, and recordings made with attention 
to pain severity, pain relief, function, quality of life, mood, adverse effects, toler-
ance, escalating doses, and a copy of the prescription for future reference which 
indicates the drug, the dose, and the amount prescribed [66–70]. It is possible there 
may be an elevated risk with long- term use of physical and psychological compli-
cations but I believe this is not large if patients are selected carefully, but it should 
be explained to the patient that the long-term effects over months and years are 
probably not known. For some patients, this may best be done in a pain clinic set-
ting. An opioid contract and urine testing for a variety of drugs of abuse can be 
useful adjuncts.
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Chapter 19
Postherpetic Neuralgia: Difficult to Treat, 
Easier to Prevent

C. Peter N. Watson

19.1  Introduction

The first quotation describes the situation as the virus lies dormant and asymptom-
atic and difficult to detect but likely easier to prevent by vaccination, whereas later 
with the eruption of the characteristic painful rash of herpes zoster (HZ), it becomes 
easy to diagnose but difficult to treat.

The second quote by one of the pioneers in varicella-zoster virus (VZV) research 
[24, 25] describes what, in some patients, may be all we have to offer in some 
instances for treating severe postherpetic neuralgia (PHN).

Some good news and a cautionary note are reflected by Voltaire as, by virtue of 
the natural course of the disease, many patients with PHN, especially the young, 
recover which is a good thing for the afflicted but something which has plagued 
uncontrolled studies or inadequately screened and powered randomized controlled 
trials. This improvement with time even occurs with long duration PHN but much 
more slowly than in the first months after acute HZ onset [51].
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For it happens…in the beginning the malady is easy to cure but 
difficult to detect but in time, not having been detected or 
treated, it becomes easy to detect but difficult to cure.
Nicola Machiavelli, The Prince

A kindly understanding doctor who will keep in touch with his 
patients with intractable postherpetic neuralgia even for a very 
long time is extremely valuable therapeutically.
Edgar Hope-Simpson [25]

The efficient physician is he who amuses his patients while 
nature effects a cure.

The philosophical dictionary, Voltaire (1694–1778)
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PHN is a neuropathic (nerve injury) pain and is the most common and feared 
complication of HZ. PHN can be defined arbitrarily in different ways and for differ-
ent purposes. It is in general terms pain that persists after rash healing. This may be 
tallied at 1 month or, for clinical trials with PHN, at 3 or 6 months since many 
patients improve in the weeks following the initial eruption and therefore a defini-
tion of a longer duration means greater stability for all RCTs but especially for those 
of a crossover design.

HZ, the precursor of PHN, is due to reactivation of the varicella-zoster virus 
(VZV) usually in one of the spinal or cranial sensory ganglia often a half century or 
more following a primary infection with varicella (chickenpox) usually occurring 
during childhood. HZ is characterized by a unilateral, painful, vesicular rash typi-
cally in a single dermatome (most commonly in midthoracic dermatomes or in the 
trigeminal ophthalmic division) often resulting in PHN which is the commonest 
neurological disease [30].

Most children (95 %) have been exposed to varicella and are vulnerable to 
developing herpes zoster in later life. In Canada (population nearly 35,000,000) 
there are 130,000 cases of HZ and 17,000 of PHN per year [4]. In the USA, the 
figure is 1,000,000 cases of zoster per annum [26]. The incidence is directly 
related to age [24] (Fig. 19.1) and due to decreased cell-mediated immunity. 
The increase in HZ and PHN that begins at ages 50 to 60 years provides the 
rationale for vaccination commencing at this time. Other risk factors are greater 
severity of the rash and severe pain at onset [12, 13]. Overall about 10 % of HZ 
cases will have pain at 1 month after the rash and this may rise to as much as 
50 % at age 60 [10, 11]. About 20 % with HZ of all ages have pain at 3 months 
from onset with 15 % suffering significantly after a year [48]. If one looks at 
PHN at 3 months from rash onset at age 50–54 years of age, 8 % have PHN and 
rising to 20 % at age 80–84 [21]. Of patients having PHN at a year or more 
about 50 % will slowly improve [51]. Because PHN fails to resolve within a 

Fig. 19.1 Hope-Simpson’s 
graph of the increasing 
incidence of herpes zoster 
and postherpetic neuralgia 
with age (Hope-Simpson 
1965) [24, 58]. The increase 
in herpes zoster and PHN 
after age 50 (arrow) is the 
rationale for the use of the 
zoster vaccine at this time

C.P.N. Watson



281

year in a proportion, the prevalence of PHN is cumulative and higher. Because 
the population is aging and with the increase in immunosuppressed groups 
afflicted with cancer and HIV, HZ will likely increase. Recurrence of herpes 
zoster is uncommon at about 5 % often occurring in the same dermatome ([24, 
38].

PHN may be difficult and even impossible to treat even with opioids. Pathological 
evidence suggests that VZV causes permanent damage to the central and peripheral 
nervous system probably destroying sites of intrinsic pain-inhibitory mechanisms 
where analgesics act especially in the dorsal horn of the spinal cord [49, 50] 
(Fig. 19.2). Postherpetic neuralgia has a major effect on the quality of life of suffer-
ers [12, 13].

This article will outline the best current therapy of PHN, the possible prevention 
at the stage of acute zoster (Chap. 23), and the exciting promise of zoster prevention 
vaccines (Chap. 24, [31, 37]). The reader should be advised that the practical guide-
lines for the treatment of PHN outlined here differ somewhat from previous excel-
lent reviews [28] in that, besides reviewing the science, it includes recommendations 
(some perhaps controversial) based on the author’s experience with treating a large 
number of PHN sufferers over 4 decades.

There are two approaches to preventing the irreparable end-stage state of 
PHN. One is with early and aggressive treatment of HZ with oral antivirals (valaci-
clovir, famciclovir) and intravenous acyclovir (thought best used within 72 h of rash 
onset) and analgesics such as gabapentinoids (gabapentin, pregabalin), analgesic 
antidepressants [tricyclic antidepressants (TCAs), serotonin norepinephrine reup-
take inhibitors (SNRIs)], and opioids. The difficulties with this approach are (1) 
delays with treatment within 72 h when pain precedes the rash by days and when the 
rash does not appear at all (zoster sine herpete) and (2) with the limited or lack of 
efficacy of antiviral agents ([6], Chap. 23) and of the largely unproven, early use of 
analgesics (even opioids if severe) in preventing severe PHN (Chap. 23). Although 
this is good practice for the acute often severe pain of HZ, the most promising pre-
ventative approach appears to be the use of a zoster prevention vaccine (Chap. 24).

Fig. 19.2 Atrophy of the 
dorsal horn of the spinal 
cord in postherpetic 
neuralgia (arrows) (Watson 
et al. 1988) [49]
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19.2  Clinical Features (Fig. 19.7)

19.2.1  Pain Assessment

The initial and follow-up evaluations of the neuropathic pain of PHN are critical. 
PHN may be assessed in different ways and for different purposes, for example, at 
initial and at follow-up assessment, for research purposes, and if a patient has to be 
placed on chronic opioid therapy.

At initial and follow-up assessments in daily practice, it may be useful to capture 
the temporal profile of the pain severity throughout the day and its effect on such 
activities and sleep since timed intake of analgesics may be important to limit or 
minimize doses, to avoid daytime drowsiness and improve sleep. (An elderly patient 
may suffer mostly nocturnally and only require analgesia in a low dose.) A 0–10 
scale rating is easily done by most patients, does not require a paper scale, and can 
rate three major components of this pain separately, i.e., steady burning pain, elec-
tric shocks, and skin sensitivity or pain from touch (allodynia). This can be rated 
before and after an analgesic or other measures especially for follow-up 
evaluations.

For opioid use regulatory guidelines suggest rating change in function (activities 
of daily living), quality of life, mood, adverse effects (usual side effects and altered 
behavior suggesting psychological dependency, tolerance, or physical withdrawal), 
and sleep.

For research purposes other scales may be employed such as the visual analogue 
scale (VAS) for the three main pain components, the McGill Pain Questionnaire, 
and the Zoster Brief Pain Inventory. Other useful assessments for different facets of 
the effect of the pain are for mood (Hospital Anxiety and Depression Scale, Beck 
Depression Inventory), function (Pain Disability Index, Brief Pain Inventory 
Interference Scale), and quality of life (SF12v2).

19.2.2  Physical Examination

When the acute rash has healed, the affected skin often exhibits a reddish, purple, or 
brownish hue (Fig. 19.6). As this subsides, pale scarring often remains (Fig. 19.7). 
Occasionally severe pain with no residual scar may occur or the scars in very long- 
duration cases are barely perceptible. A steady burning or aching may occur and 
also a paroxysmal, lancinating pain. Both may occur spontaneously and are often 
aggravated by any contact with the involved skin such as friction from even the 
lightest clothing or even wind blowing on the skin (allodynia). Firm pressure on the 
skin may curiously be soothing. Some patients describe unbearable itch, formica-
tion (like ants crawling on the skin), or other forms of dysesthesia. As well as light 
touch, these symptoms may be exacerbated by physical activity, temperature 
change, and emotional upset.

C.P.N. Watson
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The scarred areas are usually at least hypesthetic and often anesthetic to punctate 
touch, and yet paradoxically the skin often exhibits marked pain on moving tactile 
stimulation (dynamic mechanical allodynia), increased pain to the noxious stimula-
tion of a pinprick (hyperalgesia), a disagreeable feeling (dysesthesia), or an 
increased sensitivity(hyperesthesia) to moving touch stimuli (Figs. 19.6 and 19.7). 
The affected, scarred skin often reveals a loss of sensation to pinprick, temperature, 
and touch over a wider area than the scars and even wider area of sensitive or painful 
skin (Fig. 19.7). This sensitive skin may paradoxically include the area anesthetic to 
punctate touch where it is elicited by light stroking or skin traction between thumb 
and forefinger, an effect which may be caused by summation on hypersensitive, 
deafferented spinal dorsal horn neurons with expanded receptive fields. The Zoster 
Brief Pain Inventory is a valid tool for the assessment of this pain for clinical trials 
[9]. There is no need for an exhaustive search for underlying malignancy in the 
usual patient with herpes zoster [39].

19.2.3  Putative Pain Mechanisms Based on Pathology, Clinical 
Features and Pharmacodynamics, and Implications

There is considerable information about the pathology and possible pathogenesis of 
PHN. It has been known for more than 100 years that pathologically there is an 
acute hemorrhagic inflammation in one dorsal root ganglion at the stage of the erup-
tion of HZ (Fig. 19.3 top image) [23]. Inflammation then extends proximally and 
distally. Proximally it extends via the nerve root into the dorsal horn of the spinal 
cord. Distally it travels into the skin of the affected segment. After months, there is 
significant scarring and loss of neurons in the dorsal root ganglion (Fig. 19.3 bottom 
image and Fig. 19.4) and atrophy and scarring of the dorsal horn of the spinal cord 
(Fig. 19.2), [23, 49, 50]. Some of these cases have persistent inflammatory cells 
[50]. An assessment of the nerve fiber population in the peripheral nerve after the 
eruption of HZ shows a predominance of small (some pain-conducting) fibers and a 
deficiency in large myelinated (pain-inhibitory fibers) [35, 49]. This predominance 
of small fibers is probably due in part to regenerating sprouts from a variety of sen-
sory neurons transmitting pressure and vibration as well as pain and temperature. 
Further, although shingles and PHN are associated with unilateral clinical findings 
with the rash, distribution, and residual scarring associated with only one ganglion, 
contralateral findings in the same nerve, nerve root, and skin segment have been 
shown pathologically [36, 57].

The history of a patient with PHN often demonstrates three main features to the 
pain. There is a constant, steady burning pain and electric shock-like pains reminis-
cent of trigeminal neuralgia, and the skin is often very sensitive or painful to sum-
mating touch stimuli such as skin stroking (allodynia or pain from moving tactile 
stimuli such as clothing). The problem is that this knowledge has not led to useful 
changes in medical or surgical therapy.

19 Postherpetic Neuralgia
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For most patients surgery is generally unsuccessful at solving this problem (Chap. 
20). Surgery may relieve the sensitivity of the skin but usually does not solve the prob-
lem of the steady and shock-like pain. This is likely because of the damage to the spinal 
cord, nerve root, and ganglion so that most surgical procedures cannot access the area 
at or proximal to the injury. Surgical treatment can even worsen the situation producing 
anesthesia dolorosa (pain in a numb area) or provide temporary relief at best.

Differing pharmacodynamics of the various drugs used to treat PHN and the 
limitations of monotherapy provide a rationale for the use of combinations of drugs, 

Fig. 19.3 Hemorrhagic inflammation of a dorsal root ganglion (upper image sagittal view). 
Scarring of a dorsal root ganglion (sagittal view right lower image) and normal ganglion (sagittal 
view: left lower image) (Head and Campbell 1900)
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which may also limit adverse effects because of lower doses. TCAs and SNRIs 
potentiate the inhibitory neurotransmitters noradrenaline and serotonin in pain- 
inhibitory pathways descending from the brainstem to the spinal cord. 
Gabapentinoids are alpha-2-delta calcium channel modulators, and opioids act on 
opioid receptors. Despite this specific knowledge regarding pharmacodynamics, a 
good mechanism- based monotherapy continues to elude us. Although the shock-
like pain component resembles trigeminal neuralgia (TN), the sodium channel 
blocker carbamazepine (the closest we have to a mechanism-based treatment for 
TN and so successful in TN) is usually a failure in PHN. Drugs such as TCAs, gaba-
pentinoids, and opioids affect indiscriminately all features of the pain, that is, the 
steady-burning, shock- like pain, and sensitivity of the skin (allodynia) [54, 55]. We 
can achieve moderate or better improvement in only half to two-thirds of patient 
with established PHN in RCTs and few have complete relief. Results are likely not 
as good when generalized to clinical practice (external validity) where patients are 
older, have other diseases, and are on other drugs [52]. Perhaps one reason for the 
intractability is the severe damage to the dorsal horn of the spinal cord (Fig. 19.2) 
so that receptors where pain- inhibitory drugs such as opioids, TCAs, and gabapen-
tinoids drugs might act have been destroyed or damaged. This scenario argues very 
strongly for early, aggressive treatment of HZ with antivirals and analgesics but 
especially by zoster prevention vaccines.

19.3  Management Options

There are three possible approaches to managing PHN: (1) the treatment of estab-
lished PHN, (2) the prevention of PHN by early and aggressive treatment of HZ, and 
(3) the prevention of HZ and PHN by vaccination.

The treatment of PHN remains difficult and follows consistent guidelines for 
neuropathic pain (NP) from Canada (Fig. 19.5), Europe, and the USA [1, 15, 17, 18, 

Fig. 19.4 Scarring in a 
dorsal root ganglion 
associated with postherpetic 
neuralgia. Surviving ganglion 
cells in red (Watson et al. 
1988)

19 Postherpetic Neuralgia



286

Fig. 19.6 Postherpetic neuralgia 3 months after the rash: skin lesions soon after rash healing sur-
rounded by an area of anesthesia to punctate touch [solid line] and pin with wider area of pain on 
moving touch of cotton or tissue [interrupted line]. Moving the hair on this hirsute individual is 
exquisitely painful. Firm pressure is soothing

Fig. 19.7 Long duration postherpetic neuralgia 12 months after the rash. (1) Margin of allodynia 
(pain from stroking with cotton), (2) scarring, and (3) area of sensory loss

Fig. 19.5 Stepwise pharmacological management of neuropathic pain [34]. *5 % gel or cream – 
useful for focal neuropathy such as postherpetic neuralgia (the lidocaine patch is not available in 
Canada), + cannabinoids, methadone, lamotrigine, topiramate, and valproic acid; ++ do not add 
serotonin noradrenaline reuptake inhibitors (SNRIs) to tricyclic antidepressants (TCAs). CR con-
trolled release

TCA  gabapentin or pregabalin (add additional agents sequentially if partial but inadequate relief ++)

SNRI and Topical lidocaine*

Tramadol or CR opioid analgesic

Fourth line agents+
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19, 22, 34]. These view gabapentinoids, TCAs, SNRIs, and topical agents as first 
choices and other drugs including opioids for refractory cases. Surgical procedures 
have generally no role in PHN (Chap. 20). Because of the limitations of the medical 
and surgical treatment of PHN, it is important to consider preventative measures.

Prevention by treating acute zoster (Chap. 23) is problematic because this 
approach presumably works better if given in a timely fashion. Often the pain occurs 
days before the rash onset, making the diagnosis difficult, or one might have pain 
without a rash (zoster sine herpete). The oral choices are famciclovir or valaciclovir. 
Valaciclovir is a prodrug for acyclovir but is better absorbed orally. These are safe 
drugs. For severely affected patients or immunocompromised patients, acyclovir 
can be given intravenously. The problem is that the data indicate that antivirals are 
not effective (acyclovir) or unproven (famciclovir, valaciclovir) at preventing severe 
PHN ([6], Chap. 23). Additionally one can also and concurrently treat acute zoster 
aggressively by giving a TCA, such as nortriptyline or amitriptyline [3], or a 
 gabapentinoid or both as soon as HZ occurs. It is good medicine to relieve severe, 
acute HZ pain with strong medications including opioids, and this may also have a 
preventative effect, but this is largely unproven (Chap. 23). With acute severe, burn-
ing, and shock-like unilateral radicular pain without rash (zoster sine herpete) in 
typical locations for zoster such as the forehead or midthoracic area, it has been the 
author’s approach to begin a course of antiviral medication even without the rash as 
famciclovir and valaciclovir are safe drugs.

Vaccination by a shingles prevention vaccine [31, 33, 37] is the first truly pre-
ventative measure for any neuropathic pain problem, specifically PHN. The first 
approved vaccine reduces the incidence of HZ by about 50 % and the occurrence 
of PHN by two-thirds; thus many vaccinated individuals, if they get HZ, may expe-
rience reduced and/or shortened symptoms. This live, attenuated vaccine that is 14 
times the potency of varicella vaccine has few adverse effects [primarily injection 
site reactions] and is approved in Canada for immunocompetent adults aged 
50 years and older. There are some logistical problems with the vaccine in Canada 
[it is frozen], but in other countries it is refrigerator stable. The vaccine may not be 
covered by government health plans or by private insurance, but in many countries 
and in Canada, it is about $200.00. The frozen vaccine has to be reconstituted in 
the physician’s office and must be given within 30 min or it loses efficacy. 
Frequently asked questions about the vaccine, such as duration of protection, effi-
cacy, effective age, previous HZ, concomitant administration with other vaccines, 
used in immunocompromised patients, and others, can be obtained from the refer-
ence [44].

It is important to note that the natural history of HZ and PHN is one of improve-
ment with time, so that overall for patients of all ages with HZ, only about 10 % 
will have significant pain at a month; however, if one is 60 years old, the figure 
may be 50 % [10]. If one looks at patients who have had PHN for a year or more, 
about 1 year later, about half of the pain will be mild or gone, but the rest will 
continue to suffer [51]. PHN affecting the forehead has the additional problem of 
the threat to vision and the cosmetic disturbance of facial scarring. Thus there is 
even more impetus here for preventing the problem in this common site for viral 
eruption.
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19.4  How Effective Are Pharmacological Agents for PHN 
in Clinical Practice?

An important question for clinicians regarding the favorable results of randomized 
controlled trials is how satisfactory these drugs are for PHN patients in ordinary 
practice (the external validity or generalizability of these data) where patients are 
older with comorbidities and on other drugs regarding pain relief, function, side 
effects, and long-term benefit [52]. Many RCTs answer questions focused on regu-
latory requirements rather than clinical use. Clinical trials, which demonstrate a 
statistically significant difference in rating scales, may not clearly convey effective-
ness. The best clinical trial is unlikely to duplicate clinical practice because of fac-
tors such as subject selection even if the analysis reports data on all enrolled subjects 
(intent to treat analysis).

As well, studies comparing a new drug with a standard drug are few in number 
since they pose obvious problems, if industry sponsored, of numbers of patients 
required and also the risk that although the new agent may be better than placebo, it 
may not be as effective and safe as a standard therapy [53]. In the absence of com-
parative head-to-head trials, the number needed to treat (NNT) has been suggested 
to convey the clinical meaningfulness of a trial and to provide a comparison of dif-
ferent drugs [8]. This evaluation is a description of an arbitrary therapeutic effect for 
a desired outcome such as 50 % improvement or more. It describes the difference 
between interventions, such as a drug and a control treatment. It is expressed as the 
number of patients required to be treated for a favorable response (Table 19.1). 
Tricyclic antidepressants and oxycodone may have an advantage in relieving pain in 
PHN according to NNT data (although opioids must be a final choice (Chap. 18)). 
Numbers needed to harm (NNH) figures do not clearly indicate that newer drugs 
such as gabapentin, pregabalin, or duloxetine are safer than tricyclic antidepressants 
or opioids, although they have been marketed that way without comparative studies. 
NNT and NNH figures should be treated with some caution because of differing 
study designs, numbers, and data analyses.

19.5  Practical Guidelines for the Prevention and Treatment 
of Postherpetic Neuralgia

19.5.1  The Prevention of PHN by Treatment of HZ (Also 
Chap. 23)

Most of the putative preventive approaches by treating HZ at onset can be regarded as 
not conclusively established by more than one controlled trial with adequate numbers 
of patients. Pending final proof, it is still reasonable to treat patients aggressively to 
relieve the acute, severe pain of HZ (even if suspected before the rash appears) and to 
try to prevent severe PHN if the therapy is safe and well tolerated. It is important to 
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Table 19.1 Number needed to treat (NNT) data for at least 50 % relief in postherpetic neuralgia 
and some other neuropathic pain conditions

Drug PHN PDN PN,NP Central pain FM Comments

TCAs
  Collins 2000 [7] 2.1 3.5 Review
  Sindrup, Jensen 1999 [45] 2.6 PN Review
  Saarto, Wiffen 2010 [43] 2.7 1.3 3.6 NP Review
  Finnerup 2010 [19] 2.8 2.1 PN 2.7 Review
Imipramine
  Sindrup 2003 [47] 2.7 PN RCT
  Saarto, Wiffen 2010 [43] 2.2 NP Review
SSRIs
  Sindrup, Jensen 2000 [46] 6.7 PN Review
  Finnerup 2010 [19] 6.8 PN Review
  SNRIs (venlafaxine, duloxetine)
  Finnerup 2010 [19] 5.0 Review
Venlafaxine
  Sindrup 2003 [47] 5.2 PN RCT
  Rowbotham 2004 [41] 4.5 RCT
  Saarto,Wiffen2010 [43] 3.1 NP Review
Duloxetine
  Kajdasz 2007 [29]
   60 mg/day 5.3 Review
   120 mg/day 5.7
  Lunn 2009 [32] Review
   60 mg/day 6 8
Gabapentin
  SindrupJensen 2000 [46] 4.1 PN Review
  Finnerup 2010 [19] 4.3 6.4 NP Review
Pregabalin
  Dworkin 2003 [14] 3.4 RCT
  Finnerup 2010 [19] 4.2 4.5 PN 5.6 Review
Oxycodone
  Watson 1998 [54] 2.5 RCT
Tramadol
  Sindrup, Jensen 2000 [46] 3.4 PN Review
  Finnerup 2010 [19] 4.8 4.9 NP Review

Caution should be used in interpreting these figures as they involve studies of differing experimen-
tal designs, numbers of patients, and data analyses
PHN postherpetic neuralgia, FM fibromyalgia, PDN painful diabetic neuropathy, NP neuropathic 
pain, PN painful neuropathy, RCT randomized controlled trial, TCA tricyclic antidepressants
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recognize that the population at highest risk for PHN is the age group 50 to 60 years 
and over, who may have a risk of up to 50 % or more of developing this complication. 
Valaciclovir and famciclovir are best given within the first 72 h for 7 days but may not 
prevent severe PHN [6]. Amitriptyline, if used early, may also help to prevent ongoing 
pain [3] as may a gabapentinoid (gabapentin, pregabalin), although this is unproven 
(Chap. 23). Although no well-conducted RCT has been done of nerve blocks to treat 
HZ pain or prevent PHN, they are reasonable and safe in experienced hands, may help 
to relieve acute severe pain, and may be repeated, if effective, as symptoms dictate. 
The use of nonsteroidal anti- inflammatory drugs, acetaminophen and even opioids 
(not codeine), is also justified to relieve severe pain with the acute illness. With opi-
oids patients need to be carefully screened for a family and personal history of addic-
tion and psychiatric illness, given the guidelines, a contract considered and need to be 
carefully followed (see Chap. 18). There is no good evidence supporting the use of 
corticosteroids for HZ to prevent PHN [60]. Whether better control of acute pain will 
reduce the occurrence of severe PHN needs to be further evaluated.

19.5.2  Prevention by Vaccination

The future will likely include the routine vaccination of those over age 50 to prevent 
HZ and hence PHN [37] (reduces HZ by 50 % and PHN by 2/3) and may be the best 
way of dealing with these frequently intractable disorders. A vaccine currently 
undergoing trials appears more effective and applicable to the significantly immu-
nosuppressed who cannot have the current live vaccine [31, 33].

19.5.3  A Practical Approach to the Treatment of Postherpetic 
Neuralgia

Although there is an increasing evidence base for treating PHN, there are limits to 
the generalizability of these RCT data, and the clinical management of severe PHN 
especially in patients with concomitant diseases and on other drugs remains very 
much an art. The pharmacodynamics and effectiveness (NNT, NNH) of the drugs 
used to treat PHN have been dealt with in previous sections of this chapter. Because 
of the variability of responsiveness and of adverse events in different individuals, it 
is important to consider some general rules in this author’s opinion as it is in other 
conditions. There is no “cookie cutter” (one size fits all) approach. Precision medi-
cine calls for the customization of treatment tailored to the individual. This in ordi-
nary practice currently is a trial-and-error process.

 1. Consider the patient and his or her history with a view to age, gender, body 
weight, concomitant disorders, and current drug therapy and choose the first 
drug accordingly.

 2. Start low and go slow.
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 3. Inform the patient of the common side effects: constipation (TCAs, opioids), 
drowsiness (most drugs), weight gain (TCAs, gabapentinoids), dry mouth 
(TCAs), rash (most drugs), cardiac risk (TCAs), limb swelling (gabapentiniods), 
and urinary retention in elderly males with prostatism (TCAs).

 4. Consider preemptive use of a laxative, mouth spray, daily weight records, and 
diet.

 5. Consider drugs in combination with different actions (gabapentinoids, TCAs, 
opioids) and topical agents (lidocaine, capsaicin).

 6. Consider opioids screen with the Opioid Risk Tool.
 7. Arrange initial follow-up in about 2 weeks and regularly thereafter record data, 

such as pain severity, drugs, dose and frequency, dose adjustment, adverse 
effects, function, and quality of life, with opioids any signs of misuse and a copy 
of the prescription.

For established PHN a first-line drug may be monotherapy with a TCA, SNRI, 
gabapentinoid (gabapentin, pregabalin), or a topical agent (lidocaine patch, cap-
saicin, an NSAID). A TCA may not be first choice with heart disease (re arrhyth-
mia), glaucoma, and a male with prostatism or in any elderly patient because of 
other side effects. Both antidepressants and gabapentinoids cause weight gain in 
some and patients need to be informed of this. Several RCTs indicate that pain 
may be taken from moderate or severe to mild in about one-half of two-thirds of 
patients by a TCA (amitriptyline, nortriptyline) in RCTs if not contraindicated. 
In suitable patients one can commence with nortriptyline (less side effects than 
amitriptyline) [55] in a dose of 10 mg before bed in those over 65 years and with 
25 mg in those 65 or under. Amitriptyline may be preferable if insomnia is an 
issue as it is more sedating. The dose of either may be increased by similar incre-
ments in a single bedtime dose every 7–10 days until relief is obtained or side 
effects supervene. If this fails, one can try a more noradrenergic agent, such as 
desipramine or maprotiline. An SNRI antidepressant (duloxetine, venlafaxine 
[41]) is another choice supported by RCTs but with a higher NNT [59]. 
Antidepressants proven useful in other NP states by RCT may be worth trying. In 
patients with contraindications (older, cardiac risk, prostatism) to the analgesic 
antidepressants, an alternative approach is to use the anticonvulsant gabapentin 
titrated from as little as 100 mg/day as much as 3600 mg/day in divided doses or 
pregabalin titrated slowly up to 150 mg twice daily [14, 42]. An extended release 
form of gabapentin has come on the market in the USA based on placebo-con-
trolled RCTs [27]. Combining drugs with differing actions (a TCA, gabapenti-
noid, topical agent) is reasonable. Occasional patients failing these may benefit 
from a more serotonergic antidepressant such as trazodone, clomipramine, fluox-
etine, or other SSRIs, but no good controlled trial of these drugs has been done 
in PHN, and the author has not been impressed with these agents for most indi-
viduals. A trial-and-error approach in refractory patients may also include the 
anticonvulsants, carbamazepine, oxcarbazepine, topiramate, lamotrigine, phe-
nytoin, clonazepam, valproate, and other new anticonvulsants all not proven by 
RCT [61]. Patients must be cautioned about possible adverse effects as listed 
above.
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In the author’s opinion, with severe and intractable PHN, analgesics including 
strong opioids (short acting on an as needed and/or long acting and round the clock 
basis) may be necessary. This is a major decision perhaps best made by a pain 
specialist or by a pain clinic (See Chap. 18) [20]. These patients must be screened 
with such as the Opioid Risk Tool (personal and family addiction history, psychi-
atric illness) and carefully monitored at follow-up re benefit, side effects, and mis-
use. Codeine (such as acetaminophen/codeine/caffeine) is a poor choice because 
its action in most patients is due to its unpredictable and poor metabolic conversion 
(PM) to usually small amounts or no morphine at all unless the patient is from 
northeast Africa [Somalia, Kenya] where ultrametabolizers (UM) may produce 
large amounts of morphine. Both PM and UM are because of pharmacogenetics 
[56]. The moderately effective tramadol (short or long acting) is reasonable as it 
appears to have a lower tendency for abuse, but NNT figures indicate it as less 
effective than stronger opioids (Table 19.1). A variety of short and long-acting 
opioids are available (morphine, oxycodone, hydromorphone). With opioids the 
start-low/go-slow approach is vital. I usually start with short acting used as needed 
to gain an impression with very severe PHN pain quickly as to whether opioids 
generally or one in particular may be more useful in a long-acting form. The dose 
can be very gradually titrated to satisfactory relief or unacceptable side effects. 
Concomitant dietary advice and the use of a stool softener or other laxatives are 
important (always) and sometimes an antinauseant such as metoclopramide 
initially.

The use of topical agents is attractive as it is simple and free of systemic effects. 
These can be used as monotherapy or as adjuvant agents. These include lidocaine, 
capsaicin, and nonsteroidal anti-inflammatory drugs (acetylsalicylic acid, diclofe-
nac). A lidocaine patch has been shown to be useful by RCTs [40]. Topical capsa-
icin is commonly available as .025 and .075 % preparations given three or four 
times daily for 2 or 3 weeks as a trial [5]. An intolerable but harmless burning 
sensation is a limiting side effect. A high-potency 8 % patch of capsaicin is avail-
able in the USA [2], but requires care and experience and is best administered in a 
pain clinic setting.

A number of treatments can be regarded as of occasional use but scientifically 
unproven; however absence of evidence is not always evidence of absence. 
Responses of individuals or subgroups may be hard to capture by RCT, and a pla-
cebo effect is not to be denigrated if the treatment is safe and economical. 
Transcutaneous electrical nerve stimulation (TENS) may be worth trying. Electrode 
placement, frequency, intensity, and duration of stimulation are a matter of trial and 
error. Acupuncture is unproven but rarely of use. Some patients with severe PHN 
may benefit from nerve blocks, which, if efficacious, may be repeated at appropriate 
intervals; however, scientifically based data regarding the efficacy of nerve blocks 
and other interventional approaches for either prevention or long-term treatment of 
PHN are not available (Chap. 17). A new suggestion that PHN may be caused by a 
persistent VZV ganglionitis may result in the use of antiviral drugs at this stage (see 
Chap. 14).
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At least 30 % of our patients remain totally refractory or unsatisfactorily relieved, 
and our approach with those is to see them regularly and try any new or older 
approach that seems reasonable and safe, hoping that with kind attention and time, 
as Voltaire said “nature will effect a cure,” and keeping the initial quote of Edgar 
Hope-Simpson in mind.

19.6  Summary

Established postherpetic neuralgia remains a challenging problem. Although we 
have made moderate advances in drug treatment, a proportion of patients are inad-
equately or not relieved of this neuropathic pain. The principles of drug treatment of 
chronic postherpetic neuralgia follow a number of guidelines for neuropathic pain 
in general. The prevention of herpes zoster and postherpetic neuralgia appears to be 
key at this point in time. Attempted prevention at the stage of herpes zoster by an 
antiviral agent and analgesics is important and good practice for the relief of severe 
acute pain by a number of drugs but of uncertain value in the prevention of severe 
postherpetic neuralgia. Zoster prevention vaccines appear most important at present 
in the immunocompetent patient 50 years of age and older, and the current vaccine 
is safe and moderately effective at preventing postherpetic neuralgia [37]. A more 
effective vaccine applicable to the immunosuppressed is undergoing clinical trials 
at present [31].
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Chapter 20
Postherpetic Neuralgia: Are There 
Neurosurgical Options?

C. Peter N. Watson

20.1  Introduction

The first three quotations above span 23 years and outline the views of different 
chapter authors at particular times in regard to the surgical treatment of postherpetic 
neuralgia. The first quotation is by a senior and eminent pain neurosurgeon [27]. The 
second is my opinion based on a literature review for a book chapter in 2002 [44]. 

C.P.N. Watson  
Department of Medicine, University of Toronto,  
99 Avenue Rd, Toronto, ON M5R 2G5, Canada
e-mail: peter.watson@utoronto.ca

1993: There are no controlled or prospective studies of surgical 
procedures for the management of the pain of postherpetic 
neuralgia. It is, unfortunately, exceedingly unlikely that any will 
be undertaken. Indeed, only a very small fraction of the patients 
who have undergone surgery of any type have been reported in 
the literature; hence, the true utility of any operation remains 
unknown. John D. Loeser [27]

2002: Surgical procedures do not appear to be useful for most 
patients with postherpetic neuralgia (PHN)…The results of the 
few surgical procedures reported have been discouraging, and 
for most patients are not an option because of age, risk, and 
limited benefits. C. Peter N. Watson [44]

2015: However, there will still be individuals, who develop 
medically intractable postherpetic neuralgia, and it is 
incumbent on neurosurgeons who treat this condition to report 
their outcomes honestly and completely.…I continue to believe 
that there is a role for surgery in PHN. We just have to prove it. 
Kim J. Burchiel [6]

The efficient physician is he who amuses his patients while 
nature effects a cure. The Philosophical Dictionary, Voltaire 

(1694–1778)
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The third quotation does inject a note of optimism by another very experienced and 
highly respected pain neurosurgeon [6]. This chapter will update the neurosurgical 
literature on this subject.

A search was conducted for articles in English for “postherpetic neuralgia and 
surgery,” using PubMed, Medline, Ovid, and Embase. Regional anesthesia 
approaches will not be discussed here but are covered in Chap. 17. This literature 
consists of case reports and case series (Class III level of evidence). References 
chosen are of the most recent case reports and case series, previous reviews, and 
from original seminal books and articles.

The questions to be addressed by this chapter are whether things have changed 
and how these data may best be evaluated. Although individual case reports and 
case series occupy a lower tier of medical evidence, this may be, for practical rea-
sons, the only way to approach the issue of the value of uncommonly performed 
procedures. A carefully chosen, medically intractable case (or cases), without a con-
trol, with well-documented outcome measures and good long-term follow-up can be 
compelling. A nonsurgical extreme example of a conclusive single case report in 
point is that it only takes one case of uniformly fatal meningococcal meningitis to 
be cured by penicillin to indicate efficacy.

The discussion here regarding surgery will focus on the specific challenge in surgi-
cally treating PHN based on the neuropathological changes that are associated with this 
condition and the pitfalls in selecting intractable patients for surgery and the assessment 
(using valid and reliable outcome measures) of published case reports and case series.

The last quotation by Voltaire highlights an important aspect of the interpretation 
of any uncontrolled study such as a neurosurgical procedure in PHN: that many 
patients with persistent pain after herpes zoster (HZ), some early and quickly (espe-
cially in younger age groups) and some more slowly, improve by virtue of the natural 
history of time-related improvement of PHN but which also has a strongly age-
related increase [19]. An example is that any uncontrolled study of nerve blocks for 
acute zoster in patients which includes all ages will have good results based on the 
natural history of resolution which occurs as “ nature effects a cure.” Selecting 
patients with intractable PHN of at least 6 months duration in those over 60 years of 
age selects out a mostly intractable group, who are unlikely to improve with time. 
The natural history and other factors plague and confound the interpretation of many 
uncontrolled studies in many of these case reports of neurosurgical procedures. 
Reports of these operations and the results will be organized anatomically in a logical 
progression from the periphery to the cerebral cortex with these concerns in mind.

The surgeon reader particularly may find all of this somewhat discouraging, but 
this book will, as well, review here and refer to important advances in medical man-
agement covered more completely in book section IV, Chapters 18 and 19. Because 
of the increased incidence of HZ and PHN with age, as one approaches the fourth 
decade of life, there should be a personal interest in this common and disabling 
disease with its intractable pain and other complications.

Evidence-based medical advances involve (1) the treatment of PHN (Sect. IV), 
(the best medical treatment still leaves some patients who are virtually medically 
untreatable for whom surgical treatment needs to be considered almost as a “hail 
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Mary” option, but keeping in mind the principle of “primum non nocere”), (2) the 
aggressive, timely treatment of acute HZ (Chap. 23), and (3) excitement about suc-
cessful prevention with zoster prevention vaccines (Chap. 24).

20.1.1  Definitions

PHN is neuropathic (nerve injury) pain (NP), which is the most common and feared 
complication following herpes zoster (HZ). PHN may be defined arbitrarily in differ-
ent ways and for different purposes. It is pain that persists after rash healing. This 
may be tallied at 1 month or, for clinical trials, at 3 or 6 months since many patients 
improve in the weeks following the initial eruption, and therefore a definition of a 
longer duration means greater pain stability especially for randomized controlled tri-
als (RCTs), particularly those of a crossover design but also for surgical procedures.

20.1.2  Epidemiology and Natural History (Chap. 4)

HZ, the precursor of PHN, is due to reactivation of the varicella zoster virus (VZV) 
in the spinal and cranial sensory ganglia often a half century following a primary 
infection with varicella (chicken pox) usually during childhood. HZ is characterized 
by a unilateral, cutaneous, painful, vesicular rash typically in a single dermatome 
(often midthoracic or trigeminal ophthalmic division) often resulting in PHN which 
has been found to be the commonest neurological disease [25].

In Canada (population nearly 35,000,000) there are 130,000 cases of HZ and 
17,000 of PHN per year [3]. In the USA the annual incidence of herpes zoster is one 
million (cdc.gov, [20]). The risk of zoster over a lifetime is one in three (cdc.gov). 
The incidence is directly related to age (Fig. 20.1) [19] and due to decreased cell- 
mediated immunity. Overall about 10 % of HZ cases will have pain at 1 month after 
the rash, and this may rise to as much as 50 % at age 60 [3]. The increase in HZ and 
PHN that begins at ages 50–60 provides the rationale for vaccination commencing 
at this time (Fig. 20.1, [19]). Because PHN may fail to resolve within a year in a 
proportion, the prevalence of PHN is cumulative and higher. Because the population 
is aging and with the increase in immune-suppressed groups afflicted with cancer 
and HIV, HZ and PHN will likely increase.

20.1.3  Pathology and Putative Pain Mechanisms

In understanding a possible role for surgical procedures in PHN, it is critical to 
appreciate what is known about the pathology of this condition. There is consider-
able information about the pathology and possible pathogenesis of PHN. It has been 
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known for more than 100 years that pathologically there is an acute hemorrhagic 
inflammation in one dorsal root ganglion at the stage of the eruption of HZ [17]. 
Inflammation then extends proximally and distally. Proximally this pathology 
extends into the spinal cord [42, 43]. After months, there is significant scarring and 
loss of neurons in the affected dorsal root ganglion [42] and atrophy and scarring of 
the dorsal horn of the spinal cord (Figs. 20.2 and 20.3) [42, 43]. Some of these long- 
standing cases have persistent inflammatory cells [43]. An assessment of the nerve 
fiber population in the peripheral nerve after the eruption of HZ shows a predomi-
nance of small (some probably pain-conducting) fibers and a deficiency in large 
myelinated (pain-inhibitory fibers) [29, 42] although many of these small fibers are 
likely regenerating neurites of all types.

Despite various and fairly consistent guidelines (Fig. 20.4) [12, 28] for NP for 
several drugs, PHN may be difficult and even impossible to treat even with opioids. 
Pathological evidence suggests that VZV causes permanent damage to the central 
and peripheral nervous system probably destroying sites of intrinsic pain inhibitory 
mechanisms where analgesics act especially the dorsal horn of the spinal cord (Fig. 
20.2). This pathology if generalizable to other intractable cases may bear on the 
type of surgical procedure to be considered as it is difficult to access areas proximal 
to this damage.

Fig. 20.1 Hope-Simpson’s graph of the increasing incidence of herpes zoster and postherpetic 
neuralgia with age 2. The increase in herpes zoster and PHN after age 50 (arrow) is the rational for 
the use of the zoster vaccine at this time age [19]

C.P.N. Watson



301

Fig. 20.2 Atrophy of the 
dorsal horn of the spinal 
cord in postherpetic 
neuralgia [42]

Fig. 20.3 Scarring in the 
dorsal root ganglion with 
postherpetic neuralgia 
(arrows) [42]

1) First choice: tricyclic antidepressant (amitriptyline/ nortriptyline) or gabapentin or pregabalin
(add additional agents sequentially if partial but inadequate relief)

2) Second choice: serotonin/norepinephrine re-uptake inhibitor (SNRI) =(duloxetine) ++ and
topical lidocaine*

3) Third choice: tramadol or opioid (morphine, oxycodone, hydromorphone, transdermal
fentanyl)

4) Fourth line agents+

Fig. 20.4 Stepwise pharmacological management of neuropathic pain [28]. *Five percent gel or 
cream or lidocaine patch – useful for focal neuropathy such as postherpetic neuralgia (the lidocaine 
patch is not available in Canada), + cannabinoids, methadone, lamotrigine, topiramate, and val-
proic acid; ++ do not add serotonin-noradrenaline reuptake inhibitors (SNRIs) to tricylic antide-
pressants (TCAs) [28] (* for references see Chap. 19)
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20.1.4  Clinical Features (Figs 20.5 and 20.6)

A good appreciation of the clinical aspects of the pain of postherpetic neuralgia is 
crucial to assessing patients for surgery and to evaluating the results of a surgical 
procedure for publication. An example is knowing that there may be three main 
components to this pain (e.g., steady burning, shocks, and pain on touch) which can 
be separately rated and which may not all be equally relieved by an operation. For 
the publication of cases, valid and reliable outcome measures are critical (Chaps. 19 
and 21).

When the acute rash has healed, the affected skin often exhibits a reddish, 
purple, or brownish hue (Fig. 20.5). As this subsides, pale scarring often 
remains (Fig. 20.6). Occasionally, severe pain with no residual scar may occur, 
or the scars in very long duration cases are barely perceptible. A steady burning 
or aching may occur and also a paroxysmal, lancinating pain. Both may occur 
spontaneously and are often aggravated by any contact with the involved skin 
such as friction from even the lightest clothing. Firm pressure on the skin may 
curiously be soothing. Some patients describe unbearable itch, formication 
(ants crawling on the skin), or other forms of dysesthesia. As well as clothing 
contact, these symptoms may be exacerbated by physical activity, temperature 
change, and emotional upset.

The scarred areas are usually at least hypoesthetic and often anesthetic to local-
ized touch, cold, and pain, and yet paradoxically this affected skin often exhibits 
marked pain on moving tactile stimulation (dynamic mechanical allodynia) or cold 
and/or increased pain to the noxious stimulation of a pinprick (hyperalgesia) or an 
increased sensitivity to moving touch stimuli (hyperesthesia) (Figs. 20.5 and 20.6). 
This affected, scarred skin often reveals a loss of sensation to pinprick, temperature, 
and touch over a wider area than the scars and even wider area of sensitive or pain-
ful skin (Figs. 20.5 and 20.6). This sensitive skin may paradoxically include the 
area anesthetic to punctate touch where it is elicited by light stroking or by skin 

Fig. 20.5 Postherpetic 
neuralgia 3 months after the 
rash: skin lesions soon after 
rash healing surrounded by 
an area of anesthesia to 
punctate touch [solid line] 
and pin with wider area of 
pain on moving touch of 
cotton or tissue [interrupted 
line]. Moving the hair on 
this hirsute individual is 
exquisitely painful. Firm 
pressure is soothing

C.P.N. Watson
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traction between the thumb and forefinger, an effect which may be caused by sum-
mation on hypersensitive, deafferented spinal dorsal horn neurons with expanded 
receptive fields.

20.1.5  Outcomes: Management Options (Book Sects. IV 
and V)

There are three possible approaches to managing PHN: (1) the treatment of estab-
lished PHN, (2) the prevention of PHN by early and aggressive treatment of HZ, and 
(3) the prevention of HZ and PHN by vaccination.

The treatment of PHN remains difficult and follows reasonably consistent guide-
lines from Canada, Europe, and the USA (Fig. 20.4) [1, 9, 12, 28]. These view gaba-
pentinoids, tricyclic antidepressants (TCAs), serotonin-norepinephrine reuptake 
inhibitors (SNRIs) [45], and topical agents as initial choices with the careful use of 
opioids (Chap. 18, [13]) and trial and error drugs for refractory cases. Differing 
pharmacodynamics of the various drugs used to treat PHN and the limitations of 
monotherapy provide a rationale for the use of combinations of these drugs, which 
may also limit adverse effects because of lower doses. TCAs and SNRIs potentiate 
the inhibitory neurotransmitters noradrenaline and serotonin in pain- inhibitory 
pathways descending from the brainstem to the spinal cord, gabapentinoids are spi-
nal cord alpha-2-delta calcium channel modulators, and opioids act on spinal and 
brainstem opioid receptors. Despite this specific knowledge regarding pharmacody-
namics, a good mechanism-based treatment continues to elude us (Chap. 19). 
Although the shock-like pain component of postherpetic neuralgia resembles tri-
geminal neuralgia (TN), the sodium channel blocker carbamazepine (the closest we 

Fig. 20.6 Long-duration 
postherpetic neuralgia 
12 months after the rash: (1) 
margin of allodynia (pain 
from stroking with cotton), 
(2) scarring, and (3) area of 
sensory loss
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have to a mechanism-based treatment and so successful in TN) is usually a failure 
in PHN. Drugs such as TCAs, gabapentinoids, and opioids ameliorate indiscrimi-
nately all features of the pain, that is, the steady burning, shock- like pain, and sensi-
tivity of the skin (allodynia). We can achieve moderate or better improvement in 
only half to two-thirds of patient with established PHN, and few have complete 
relief. There are very few good comparative drug trials, and comparative clinically 
meaningful data [numbers needed to treat (NNT) for 50 % or more improvement] 
are presented in Table 19.1 in Chap. 19. Perhaps one reason for the intractability is 
the severe damage to the dorsal horn of the spinal cord (Fig. 20.2) so that receptors 
where pain-inhibitory drugs such as opioids, TCAs, and gabapentinoids drugs might 
act have been destroyed or damaged. This scenario all argues very strongly for pre-
vention by vaccination and early, aggressive treatment of HZ in an attempt to pre-
vent this situation.

Prevention is by the early and aggressive treatment of HZ and by vaccination. 
The former is problematic because this approach presumably works better if given 
in a timely fashion. Often the pain occurs days before the rash onset, making the 
diagnosis difficult, or there might be pain without a rash (zoster sine herpete). If 
unilateral, dermatomal, burning, and jabbing pain occurs suddenly without a rash 
and involves the forehead or midthoracic area [as these are common sites for zos-
ter], it is reasonable to commence treatment with an antiviral agent as these are safe 
drugs, and early prevention of viral replication is probably important. Even with 
timely administration, the effect of this appears limited in preventing severe PHN 
(Chap. 23). The choices are the oral antivirals famciclovir or valaciclovir. Valaciclovir 
is a prodrug for acyclovir but is better absorbed orally. For severely affected patients 
or immune-compromised patients, acyclovir can be given intravenously. The prob-
lem is that the data indicate that these are not very effective or not useful at all at 
preventing severe PHN [7]. Additionally, one can also and concurrently treat acute 
zoster aggressively by giving a TCA, such as nortriptyline or amitriptyline, [2] or a 
gabapentinoid or both as soon as HZ occurs. It is good medicine to relieve severe, 
acute HZ pain with strong medications including short-term strong opioids, and this 
may also have a preventative effect but this is largely unproven.

The shingles prevention vaccine [30] is the first truly preventative measure for a 
NP problem, specifically PHN. It reduces the incidence of HZ by about 50 % and 
the occurrence of PHN by two-thirds; thus, many vaccinated individuals, if they get 
HZ, experience attenuated or shortened symptoms. This live, attenuated vaccine 
that is 14× the potency of varicella vaccine has few adverse effects (primarily 
injection- site reactions) and is approved by the FDA in the USA for immune- 
competent adults aged 50 years and older. There are some logistical problems with 
the vaccine in Canada (it is frozen), but in other countries, it is refrigerator stable. 
The vaccine may not be covered by government health plans or by private insurance 
in many countries, and in Canada, it is about $200.00. The frozen vaccine has to be 
reconstituted in the physician’s office and must be given within 30 min or it loses 
efficacy. Frequently asked questions about the vaccine, such as duration of protec-
tion, efficacy, effective age, previous HZ, concomitant administration with other 
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vaccines, use in immune-compromised patients, and others, can be obtained from 
the reference [36]. A more effective vaccine which is applicable to the immunosup-
pressed patient is on the horizon [26].

20.1.6  Neurosurgical Approaches

Early reports [4, 38, 46] documented poor results with cordotomy, rhizotomy, and 
sympathectomy. A review of surgical procedures for this disease in 1951 [38] con-
cluded that almost every operation was said to work occasionally for this disease but 
none consistently. White and Sweet [46] came to similar conclusions. These proce-
dures included retrogasserian rhizotomy, avulsion of the supraorbital nerve or gas-
serian ganglion, greater superficial petrosal neurectomy, trigeminal tractotomy, 
cordotomy, stereotactic thalamotomy and mesencephalotomy, sympathectomy, and 
sensory corticectomy. Resection of the underlying skin in the involved areas also 
rarely seemed to provide long-term pain relief, despite initial reports of good results 
[4, 39]. Stereotactic trigeminal tractotomy was reported successful in three patients 
but with less than a year follow-up [18]. Dorsal root entry zone (DREZ) lesions 
were reported useful in 10/17 cases [14, 15]. Stimulation of the nucleus ventropos-
teromedialis was suggested [37] with one in three a good result.

With respect to these and the updated reports to follow, one issue, as can be seen 
from the diffuse peripheral and central nervous system pathological changes (Figs. 
20.2 and 20.3) [42, 43], is that there is no clearly localized, surgically accessible 
lesion (as often occurs with trigeminal neuralgia and vascular loop compression of the 
V nerve root). The pathological anatomy is messy with widespread inflammation and 
scarring involving the nerve, ganglion, nerve root, and the dorsal horn in spinal cases. 
We know little about dysfunction, but concepts of the pathophysiology (Chaps. 13, 
14, and 15) can involve various mechanisms (ectopic discharges and increased excita-
tion both peripherally and centrally and loss of central inhibitory mechanisms).

The literature reviewed since the previous chapter has revealed case reports and 
case series of various surgical options which include (a) peripheral procedures: skin 
excision, peripheral nerve stimulation, gamma knife radiosurgery (also central), and 
ganglionectomy (radiofrequency, surgical) and (b) central nervous system interven-
tions: dorsal root entry zone (DREZ) lesions, spinal cord stimulation, trigeminal 
tractotomy, deep brain stimulation, and motor cortex stimulation.

There are a number of important issues for the surgeon to consider in both evalu-
ating this literature and also in selecting suitable surgical candidates and in publish-
ing the results. For credibility the interpretation of these case reports needs to bear 
in mind some important factors. Many case reports lack at least some of this 
information.

I shall begin by discussing these reports moving from the peripheral procedures 
centrally. A summary of these and possible deficiencies in the following articles are 
found in Table 20.1.
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Petersen et al. [31] have reported a case of the relief of PHN by surgical removal 
of the painful skin and reviewed the literature back to 1900. This is an exemplary 
case report since it deals with a 65-year-old man with severe and medically intrac-
table PHN of 8-year duration, uses established pain rating scales, and provides 
follow- up of 1 year postoperatively at which time the patient said he was at least 
50 % better, had no allodynia, and had reduced medication. Unfortunately, in a 
subsequent publication [32], they reported that at 5.5 years post-op, the pain 
exceeded presurgery ratings, and they concluded that this form of surgery was not 
recommended.

A retrospective pilot study of peripheral nerve stimulation for ten patients with 
medically refractory trigeminal neuropathic pain included four patients with PHN 
in V1 or V2 [21]. Of the four, two reported 50 % or better relief, a decrease in pain 
medication, and satisfaction at median 27 months follow-up.

Pulsed radiofrequency ganglionectomy was carried out in 49 subjects with PHN 
and assessed at 12 weeks post-op [24]. They reported “55 % pain reduction” and 
that “three had excellent pain reduction and eight had partial relief but needed more 
medication” and that the remainder “experienced pain improvement and maintained 
or reduced their medication” and had an “improved quality of life.”

Gamma knife radiosurgery for trigeminal PHN [40] directed at the root of the 
trigeminal nerve alone in 16 patients reported good relief in eight at 6 months (onset 
of relief median of 1 month) and failure in eight. At 1 year 6/7, at 2 years 4/6, and at 
3 years 3/5 persisted with significant relief. Another article [23] combined gamma 
knife surgery targets of the trigeminal nerve and centromedian nucleus in three 
patients with 2/3 having good results for 4.5 years and 6 months.

DREZ lesions were reported for ten cases of spinal PHN in two articles describ-
ing the same patients [33, 34] with only two having good results at 47 and 54 months 
but with major complications in 6/10. DREZ treatment was “abandoned” by this 
group because of these results. A case report describes nucleus caudalis DREZ in a 
79-year-old female with V1 PHN for 7 weeks on large doses of narcotics with total 
relief at 1 year [35].

A review of the literature and experience with 65 patients undergoing computed 
tomography-guided percutaneous trigeminal tractotomy-nucleotomy for a variety 
of facial pain syndromes over 20 years has been reported [22]. Included were three 
patients with PHN who were described as having good relief at follow-up. Mean 
follow-up in the entire group was 5.3 years (6 months–6 years), but specific follow-
 up duration of the PHN cases was not available. There was considerable discussion 
appended to this article by eminent neurosurgeons KM Burchiel, NM Boulis, O 
Sagher, JM Henderson, and DM Long. Caution was registered about the need for 
experience and risk, and the need for continued and detailed follow-up and was 
generally complimentary.

A case report of deep brain stimulation [16] in a 30-year-old female with pre-
sumed V1 PHN reported no pain at 6 months follow-up. In a study of motor cor-
tex stimulation, 2/10 neuropathic pain patients had trigeminal PHN [11]. Ten 
months after surgery, all ten patients had at least 50 % pain reduction. Moderate 
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and severe ratings in PHN became 0 and mild in the two PHN sufferers “at most 
recent follow- up” (entire group mean was 10 months, range 3 months−2 years). 
A case report of motor cortex stimulation [5] of intractable V1, V2 PHN of 
10-year duration reported no pain at “most recent follow-up.” One 81-year-old 
female with V1, V2 PHN for 12 months was treated with motor cortex stimula-
tion for severe allodynia with excellent pain control lasting 6 months but with 
recurrence at that time [10].

A wise quotation from Kim Burchiel regarding surgery for PHN is, in my view, 
a good way to conclude this chapter:

“Highly invasive major surgery is probably never going to be an easy option for 
their care. Areas for consideration of more organized prospective protocols for the 
surgical treatment of PHN include stimulation of the peripheral nerve, motor cortex 
and sensory thalamus, as well as image-guided tractotomy-nucleotomy. The former 
have the two advantages of being testable and reversible: the latter is selective and 
minimally invasive.… I continue to believe that there is a role for surgery in 
PHN. We just have to prove it” [6].

20.2  Summary

The response to the question in the chapter title is that neurosurgical procedures 
may help some patients with long-standing, medically intractable PHN. It is not 
possible to recommend any one procedure for all neurosurgical centers, but it is 
reasonable to begin with the safest and simplest and that which has some evidence 
of success.

A review of recent articles has revealed some potential deficiencies in these 
accounts (Table 20.1). The neurosurgical literature and the selection of refractory 
cases of PHN for surgical procedures must be evaluated very carefully, and sug-
gestions are outlined (Table 20.2). Patients should be referred to a center with the 
technical facilities necessary, the surgery carried out by experienced neurosur-
geons, and optimally where significant numbers of such cases of the specific neu-
rosurgical procedure have been accumulated, the results published in good-quality 
journals and with full disclosure of the limited benefits and risks. Continued pub-
lication of well-worked up and good-quality case reports and case series is 
important.

Established PHN remains a challenging problem both medically and surgically. 
Although we have made moderate advances in drug treatment, a proportion of 
patients are inadequately or not relieved of this neuropathic pain. The principles of 
drug treatment of chronic PHN follow guidelines for neuropathic pain in general [1, 
9, 12] (Chap. 19). The prevention of PHN appears to be key at this point in time. 
Attempted prevention at the stage of the rash and/or acute pain onset of HZ is 
important and good practice for the relief of severe acute pain but of uncertain value 
in the prevention of severe PHN [7]. The current zoster prevention vaccine appears 

C.P.N. Watson

http://dx.doi.org/10.1007/978-3-319-44348-5_19


311

important at present in the immune-competent patient 50 years of age and older and 
is approved by the FDA in the USA as safe and moderately effective at preventing 
PHN [30]. A new vaccine is on the horizon with greater efficacy and also applicabil-
ity to immune-compromised patients [26].

Whoever saves a life saves a world.
The Talmud.
Whoso gives life to a soul it shall be as if he had given life to mankind altogether.
The Quran.
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Chapter 21
Designing Randomized Controlled Trials 
of Oral Analgesics  for Chronic Postherpetic 
Neuralgia

Ian Gilron and C. Peter N. Watson

21.1  Introduction

Postherpetic neuralgia (PHN) – pain persisting for more than 3 months after the 
resolution and healing of a varicellazoster eruption – is an important cause of 
chronic neuropathic pain and likely one of the most dreaded complications of the 
varicella zoster virus [31]. Recent estimates suggest a prevalence of PHN ranging 
from 3.9 to 42.0/100,000 person-years [61]. The prevalence of PHN may be expected 
to diminish with the development of a zoster vaccine [43] although widespread 
implementation of vaccination programs and long-term efficacy of this vaccine may 
be less than previously expected [41]. In addition to relative ease of documenting 
the diagnosis (e.g., acute onset, photograph, and follow-up of characteristic derma-
tomal zoster eruption), the unilateral nature and characteristic neuropathic features 
of burning or shock-like pain, allodynia, and sensory loss [35] make PHN one of the 
most frequently studied conditions for the development of new treatments for neu-
ropathic pain [17]. Following earlier clinical observations and open-label studies, 
Watson and colleagues, in [63], conducted the first reported randomized controlled 
trial (RCT) of an oral agent (the antidepressant amitriptyline) to treat chronic pain 
associated with postherpetic neuralgia [63]. Since then, many dozens of RCTs have 
been reported involving many thousands of patients with PHN. Given the continu-
ing prevalence of PHN and the potential for PHN trial results to be extrapolated to 
other neuropathic pain conditions [9], improvements in RCT design may facilitate 
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the development of new and improved treatments for chronic PHN in particular and 
neuropathic pain in general.Ensuring internal validity of an RCT, evaluating the 
effects of a study treatment for PHN – in comparison with placebo or other treat-
ment comparators – requires minimization of various sources of bias (systematic 
deviation from the true result), which can be largely accomplished through random 
allocation of each RCT participant to the different study treatments and effectively 
blinding trial participants and research personnel to treatment allocation [30]. Other 
potential risks of bias (Fig. 21.1) may persist despite randomization and blinding 
[25], and some of these may be mitigated by other trial design features (e.g., efforts 
to minimize trial dropouts and missing data). Another important feature of internal 
validity of a trial is assay sensitivity – defined as “the ability of an RCT to distin-
guish an effective treatment from a less effective or ineffective treatment” [13]. 
Several trial features that maximize internal validity (e.g., selection of motivated, 
compliant participants with a clear-cut diagnosis of PHN and no other comorbidi-
ties) can often conflict with the external validity or generalizability of the trial, and 
failure to balance internal vs. external validity runs the risk that the trial results have 
limited relevance in “real-world” practice [47]. This chapter will review the funda-
mental elements of clinical trials that should be considered in efforts to meet the trial 
goals and obtain an optimal balance between internal and external trial validity. 
Current challenges and future directions for trial designs of RCTs of treatments for 
chronic PHN will be discussed.

21.2  Elements of Clinical Trials

21.2.1  Selectionof Trial Participants

PHN may often be one of the most discrete and easily recognizable neuropathic 
pain conditions to diagnose. Nevertheless, several considerations should be given 
when selectingresearch patients with PHN in light of the intended purpose and gen-
eralizability of the analgesic clinical trial. Pain etiology is most often determined by 
history (with our without photographic documentation) of an acutely painful, uni-
lateral, vesicular rash occurring in a dermatomal distribution [8]. Given the possibil-
ity that chronic pain due to some other non-neuropathic etiology could occur in the 
same bodily region as that of a previous zoster eruption, screening of prospective 
trial patients for a PHN trial could be further facilitated by completion of one of 
several previously validated neuropathic pain questionnaires/inventories including, 
but not limited to, the DN4, LANSS, and PainDETECT [3] to confirm the likeli-
hood of neuropathic pain, e.g., by identifying characteristic features such as burning 
pain, allodynia, and/or electrical shock-like pains. In addition to confirming that 
chronic pain etiology is due to the preceding zoster rash, selecting trial patients 
according to duration and intensity of chronic pain has long been thought to be an 
important aspect of clinical trial design. Although PHN has been defined as 
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Fig. 21.1 Assessment of 
risk of bias in randomized 
controlled trials (To be 
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from publisher required – 
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zoster- related pain that persists 4 months or more after onset of the zoster rash, it is 
suspected that a considerable number of individuals may experience pain resolution 
beyond this time point such that recruiting participants 6 months after rash onset 
may reduce the number of trial participants experiencing spontaneous pain resolu-
tion that would otherwise be falsely attributed to the study treatments [8]. Confirming 
also that chronic pain is experienced for more than half the day over that time period 
further reduces the likelihood of spontaneous pain remission during the trial. 
Regarding pain intensity, review of literature from trials of various chronic pain 
conditions suggests that selecting participants with at least moderate pain (i.e., 
≥4/10) may reduce placebo response rates and identify larger treatment effects [12]. 
This, in part, could be due to avoidance of a “floor effect” whereby participants with 
only mild pain may be too close to “zero pain” to show a substantial treatment 
response vs. placebo. Exclusion of patients with other major medical comorbidities 
is a common practice since such participants may be unevenly distributed across 
treatment arms and major adverse events may be falsely attributed to study treat-
ments.Similarly, careful consideration must be given as to what concomitant treat-
ments participants should be allowed to receive during the trial. Exclusions may 
include any treatments known to adversely interact with the study treatments but 
also analgesic treatments that affect the outcome measures of the trial particularly if 
these treatments are not evenly distributed across treatment groups (i.e., for parallel 
group design trials) or taken consistently throughout the trial (i.e., for crossover tri-
als). Other practical aspects of participant selection include adequate language and 
cognitive skills necessary to complete patient-reported assessments so as to provide 
meaningful and valid data for the trial.

21.2.2  Study Treatment, Placebo, and Comparator(s)

Selecting the treatment to study in an RCT should be directly related to the purpose 
of the trial. Until now, PHN trials have varied with respect to their intended pur-
pose – from early-phase regulatory RCTs designed to provide the first-ever evidence 
of analgesic efficacy of a new molecular entity (e.g. [62],); to pragmatic RCTs 
designed to evaluate effectiveness of a known treatment in a broader, “real- world” 
patient population [48]; to “head-to-head” RCTs designed to compare the effective-
ness of two or more known treatments for PHN (e.g. [45, 64],); and to testing the 
concept of mechanism-based pain treatment [7].In addition to the treatment of inter-
est, other trial controlsto be evaluated in an RCT may include placebo, an alternative 
active comparator (e.g., a current standard therapy), and/or a lower dose of the study 
drug [12, 27, 28]. Recent evidence suggests increasing use of analgesic drug combi-
nations in routine clinical practicegiven the recognized limitations of drug mono-
therapy [22]. Efforts to expand the evidence base to rigorously evaluate the safety 
and efficacy of various analgesic combinations have led to a growing number of 
analgesic combination trials in neuropathic pain [4] showing that some combination 
trials demonstrate superiority to monotherapy [19, 20, 23], some are equivocal with 
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respect to the overall balance between efficacy and tolerability [26, 55], and, impor-
tantly, others suggest no added benefit or even inferior tolerability with the studied 
combination [14, 24, 34]. In addition to evaluating the potential for improved clini-
cal outcomes with combination therapy, it is important to note that the additional 
value of a complete factorial combination trial design (i.e., placebo vs. drug A vs. 
drug B vs. A+B combination) is a built-in “head-to-head” comparison of each single 
agent [4], very few of which are available in neuropathic pain research [64].

Current regulatory thinking reflects that, in conditions where a delay in analgesic 
treatment is not expected to result in any long-term complications, use of a placebo 
comparator – an inactive intervention otherwise identical to the study intervention – 
is an optimal approach to evaluate a novel analgesic therapy [12].Investigational use 
of a placebo in chronic pain trials is considered ethical provided that study partici-
pants understand that they may withdraw from the trial at any time to pursue other 
pain treatments and/or that certain rescue analgesic treatment will be provided dur-
ing the trial. Evidence indicates that pain improvement with placebo treatment can 
sometimes represent a clinically relevant treatment response, and considerable vari-
ability of placebo responses has been reported across trials [32, 60]. Positive 
responses to placebo may be related tononspecific factors including natural history 
of the pain condition, biopsychosocial effects of treatment expectation, and factors 
associated with clinical regression to the mean (e.g.,patients with fluctuating pain 
levels may more likely enroll in a trial when pain levels are highest) [58]. Since it is 
reasonable to expect that the same nonspecific“placebo responses” may also occur 
with active treatments, the use of a placebo comparator is essential for the quantifi-
cation of treatment effect that can be specifically attributed to the actions of the 
investigational treatment. It should also be noted that patients treated with placebo 
also might report “nocebo” effects, i.e., adverse symptoms or responses that may be 
attributable to negative treatment expectations but possibly also underlying medical 
conditions or concomitant treatments [15]. Blinding of participants and study per-
sonnel to treatment allocation (e.g., to study treatment vs. placebo) is crucial in 
order to minimize bias in analgesic trials. Such blinding is facilitated by providing 
treatment and placebo interventions in an identical fashion, e.g., medication cap-
sules identical in appearance, weight, smell, etc., as well as effective concealment 
of the treatment allocation schedule from study personnel [25, 30]. Since the major-
ity of pain treatments often produce side effects (e.g., sedation, nausea, etc.) that can 
be readily recognized by study patients, the use of an inert placebo comparator – 
that does not directly produce any symptoms – can lead to partial unblinding. 
Therefore, administering a questionnaire to participants and study personnel that 
assesses blinding quality may serve to quantify the degree of unblinding [59]. 
Attempts to minimize the degree of unblinding related to recognizable side effects 
of the study treatment have included the use of an “active placebo,” i.e., an agent 
with evidence of no therapeutic effect but with side effects similar to those of the 
study treatment so as to more closely mimic the study treatment. Examples of active 
placebos that have been used in previous trials of neuropathic pain include the ben-
zodiazepine, lorazepam [20, 50]; the anticholinergic agent, benztropine [42, 65] and 
the antihistamine, diphenhydramine [67]. Although the critical importance of a 
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 placebo comparator to the internal validity of analgesic trials is well recognized, it 
should be noted that several phase 3 drug development programs have failed 
because – despite clinically relevant treatment improvement with the investigational 
treatment – comparable improvements in pain were reported during placebo treat-
ment [11]. This observation has led to a hypothesis that modifying various clinical 
trial characteristics (e.g., standardizing research staff–patient interactions) might 
reduce placebo responses and increase the likelihood of identifying valid placebo- 
treatment differences [13]. However, currently there is no sufficient evidence to 
support this hypothesis, and any focused efforts on making such trial method modi-
fications need to be weighed against possible adverse impact on external validity 
(i.e., generalizability).

Comparing a novel investigational treatment to an active treatment comparator 
(e.g., current standard therapy) can fulfill two important goals: (1) confirm “assay 
sensitivity” in the case of an otherwise negative trial and (2) compare therapeutic 
benefits of the study treatment with currently available therapy. Regarding the first 
goal, demonstrating a statistically significant difference between the active com-
parator and placebo may be crucial to confirm assay sensitivity of the trial [36] in 
situations where the study treatment fails to separate from placebo (i.e., fails to 
demonstrate efficacy). In terms of the second goal, providing a “head-to-head” 
comparison of the current standard with the study treatment provides important 
clinical relevance for the trial. For example, in situations where both active treat-
ments are superior to placebo and, further, the study treatment is significantly 
superior to the standard treatment, such a result would serve to demonstrate new 
added benefit of the new treatment [64]. It should be noted that retrospective 
review of clinical trials of treatments for pain as well as depression suggests that 
trials with a larger number of treatment groups are, for various possible reasons, 
less likely to result in significant treatment vs. placebo differences [12]. Taken 
together, these considerations may lead to the recommendation of at least includ-
ing one active treatment comparator to a placebo-controlled trial of a novel inves-
tigational treatment [12].

21.2.3  Trial Designs

The selection of trial design for the evaluation of a new analgesic clearly has a criti-
cal impact on its conduct, feasibility, and, possibly also, results. The most com-
monly used designs for analgesic clinical trials in postherpetic neuralgia include 
parallel groups, crossover, and enriched enrollment designs. A parallel group design 
(Fig. 21.2) – in which participants are randomly allocated (using a reliable method 
such as a computer-generated random sequence) to one of the two or more treat-
ment groups in the trial – is the most common trial design and also the most accepted 
design for phase 3 regulatory trials (FDA [28]; EMA [27]).Within each treatment 
group, the study treatment is administered, and the outcome follow-up conducted, 
for a defined time period (e.g.,12-week treatment and outcome measurement 
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period). Since each participant in a parallel trial is randomized to only one of the 
treatment groups, a relatively larger trial size (e.g., compared to a crossover design) 
is needed to account for greater variability between treatment groups. It should be 
noted that not all trial participants are allowed the opportunity to try the study treat-
ment, which presents potential ethical issues in placebo-controlled trials as well as 
limitations on trial recruitment and retention [12].

Alternatively, a crossover trial design involves random allocation of participants 
to a unique sequence of treatment periods occurring in consecutive order. For exam-
ple, the most simple balanced crossover design comparing “treatment A” to placebo 
would randomize participants to receive either “treatment A” in the first treatment 
period followed by placebo in the second period or, in the other cohort, placebo first 
followed by “treatment A” second. Important threats to the validity of crossover 
designs include: (1) “period effect,” where the natural history of the condition 
changes over time (e.g., postsurgical pain that diminishes over the days after sur-
gery) such that outcomes in later treatment periods may falsely suggest greater 
treatment efficacy than those in earlier periods, and (2) “carryover effect,” where 
effects of the treatment given in an earlier period persist into the subsequent period 
such that efficacy of the earlier treatment is falsely attributed to the subsequent treat-
ment [18]. Period effects are likely minimal if the condition being studied with a 
crossover trial is known to be associated with stable pain levels over time and/or if 
return to baseline pain levels is documented in between each treatment period. 
Carryover effects are minimal if the study treatment has no long-lasting effects after 
discontinuation, if there is a washout period of suitable duration between each treat-
ment period, and if the sequences of study treatments are balanced within the trial 
(e.g., A–B, B–A).

Relatively newer trial methodology involves an enriched enrollment randomized 
withdrawal (EERW) design whereby patients are randomized to continue the study 
treatment or switch to placebo (treatment withdrawal) only after having demon-
strated a defined level of treatment response and/or tolerability to open-label (or 
single-blind) treatment with the investigational agent [33]. Potential benefits of the 
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Fig. 21.2 Parallel group research design for confirmatory chronic pain clinical trials (To be 
reprinted – permission from publisher required – from: Dworkin et al. [12])
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EERW design include: (1) all trial participants are given the opportunity to try the 
study treatment, (2) the initial open-label (or single-blind) phase of the trial can 
provide estimates of treatment response and tolerability in “all comers” prior to 
enrichment,and (3) confirmation of efficacy in the double-blind phase is more 
 efficient by restricting the trial cohort only to patients who tolerate and/or initially 
respond to the treatment. Concern has been raised that exposure to the study treat-
ment during the open-label phase may partially unblind trial participants during the 
double-blind phase particularly if the study treatment produces distinct and easily 
recognizable side effects [53]. However, recent reviews suggest that partial or com-
plete enrichment does not seem to bias in favor of active treatment [54] andavailable 
EERW analgesic trialssuggest “no gross differences” in efficacy results compared 
to those involving classical trial designs – although the amount of evidence for such 
comparisons is admittedly limited [40].Other trial designs used less commonly in 
chronic pain research include dose–response designs [49], n-of-1 trials [38], and 
add-on designs [68].

21.2.4  Outcome Measures

Based on decades of collective research, experience, and review of past clinical tri-
als, the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials 
(IMMPACT) recommended six outcome domains that should be assessed in analge-
sic clinical trials: (1) pain, (2) physical functioning, (3) emotional functioning, (4) 
participant ratings of improvement and satisfaction with treatment, (5) symptoms 
and adverse events, and (6) participant disposition (e.g., adherence to the treatment 
regimen and reasons for premature withdrawal from the trial) [56].Subsequently, a 
wide range of different measurement tools were evaluated with respect to their valid-
ity and reliability leading to IMMPACT recommendations of core outcome mea-
sures (see Table 21.1 reprinted from [10]) for chronic pain clinical trials [10].In 
clinical conditions where pain is the most prominent symptom and in trials of inter-
ventions that are intended to reduce nociceptive transmission and/or perception, one 
or more measures of pain intensity or relief are generally accepted as the most rele-
vant primary outcomes of an analgesic clinical trial [21]. However, currently avail-
able treatments provide clinically relevant reductions in pain in only 40–60 % of 
patients, and other outcomes such as physical, social, and occupational function are 
sometimes considered to have comparable importance. Within this context, a patient 
survey was conducted by IMMPACT to identify outcomes considered important to 
people suffering from pain, and the most prominent of those includedenjoyment of 
life, emotional well-being, fatigue, weakness, and sleep-related problems [57]. 
Given the multiple dimensions relevant to pain conditions, it is quite relevant to 
highlight a 2004 study by Coplan et al. [6] that adapted the Brief Pain Inventory [5] 
to more closely assess the burden of pain related to herpes zoster and postherpetic 
neuralgia [6]. Pain interference items used were similar to those of the original Brief 
Pain Inventory and included general activity, mood, walking, work, relations with 
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other people, sleep, and enjoyment of life [6], and this inventory has since been used 
in various trials of interventions for the prevention and treatment of PHN. In addition 
to evaluating outcomes of treatment efficacy, the assessment and reporting of adverse 
safety outcomes are critical for clinical trials of new interventions for chronic pain in 
general and PHN in particular. In 2004, an extension of the Consolidated Standards 
of Reporting Trials (CONSORT) statement was published describing several impor-
tant elements of safety assessment and reporting (Table 21.2). Of great concern to 
the collective knowledge of pain treatment interventions, recent evidence suggests 
that, despite this 2004 extension, substantial deficiencies in safety assessment and 
reporting exist across studies and even in more recent trials of chronic pain treat-
ments [52]. Continued improvements in this critical aspect of clinical trials require 
intensified awareness and implementation among clinical investigators and possibly 
also mandatory reporting requirements by journal editors.

21.2.5  Trial Duration and Sample Size

Selecting an optimal duration of treatment with study interventions requires a bal-
ance of feasibility and cost (that would favor a shorter trial duration) on one hand 
and maximizing validity and evaluating long-term exposure (that would favor a 
longer trial duration). Review of previous parallel-design neuropathic pain clinical 
trials suggests that pain reduction during placebo treatment often continues past 

Table 21.1 Recommended core outcome measures for clinical trials of chronic pain treatment 
efficacy and effectiveness (To be reprinted – *permission required* – from: Dworkin et al. [10])

Pain
  11-point (0–10) numerical rating scale of pain intensity
  Usage of rescue analgesics
  Categorical rating of pain intensity (none, mild, moderate, severe) in circumstances in which 

numerical ratings may be problematic
Physical functioning (either one of two measures)
  Multidimensional Pain Inventory Interference Scale
  Brief Pain Inventory interference items
Emotional functioning (at least one of two measures)
  Beck Depression Inventory
  Profile of Mood States
Participant ratings of global improvement and satisfaction with treatment
  Patient Global Impression of Change
Symptoms and adverse events
  Passive capture of spontaneously reported adverse events and symptoms and use of open- 

ended prompts
Participant disposition
  Detailed information regarding participant recruitment and progress through the trial, 

including all information specified in the CONSORT guidelines
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Table 21.2 Checklist of items to include when reporting harms in randomized, controlled trialsa 
(To be reprinted – *permission required* – from: Ioannidis et al. [29])

Standard CONSORT 
checklist: paper section 
and topic

Standard 
CONSORT 
checklist: item 
number Descriptor

Reported on 
page 
number

Title and abstract 1 If the study collected data on harms 
and benefits, the title or abstract 
should so state

Introduction
Background 2 If the trial addresses both harms and 

benefits, the introduction should so 
state

Methods
Participants 3
Interventions 4
Objectives 5
Outcomes 6 List addressed adverse events with 

definitions for each (with attention, 
when relevant, to grading, expected 
vs. unexpected events, reference to 
standardized and validated 
definitions, and description of new 
definitions)
Clarify how harms-related 
information was collected (mode of 
data collection, timing, attribution 
methods, intensity of ascertainment, 
and harms-related monitoring and 
stopping rules, if pertinent)

Sample size 7
Randomization
Sequence generation 8
Allocation 
concealment

9

Implementation 10
Blinding (masking) 11
Statistical methods 12 Describe plans for presenting and 

analyzing information on harms 
(including coding, handling of 
recurrent events, specification of 
timing issues, handling of continuous 
measures, and any statistical 
analyses)

(continued)
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4–5 weeks such that placebo-controlled, chronic pain treatment trials shorter than 
this could overestimate efficacy of the study intervention [44]. Based on these 
observations and the interest in maximizing the treatment observation period, cur-
rent recommendations,at least for phase 3 confirmatory trials, suggest a 12-week 
treatment period [12]. Determining the necessary sample size is one of the first and 
most important tasks for designing a clinical trial. The fundamentals of sample size 
estimation [37] are first related to statistical hypothesis testing (e.g., to refute the null 
hypothesis that pain reduction with drug X is not different from pain reduction with 
placebo) and require also determinations of variance (e.g.,from previous studies 
involving similar populations) and statistical power (generally set between 80 and 
90 %) and the treatment group difference to be detected (generally based upon previ-
ous evidence). However, beyond these considerations of statistical significance for a 
single study, collective review of multiple trials has underlined the importance of large 
trials (e.g., n = 50–200 or even greater) and/or meta-analysis of similar smaller trials 
in order to provide more robust estimates of treatment efficacy and also safety [1].

Table 21.2 (continued)

Results
Participant flow 13 Describe for each arm the participant 

withdrawals that are due to harms 
and their experiences with the 
allocated treatment

Recruitment 14
Baseline data 15
Numbers analyzed 16 Provide the denominators for 

analyses on harms
Present the absolute risk per arm and 
per adverse event type, grade, and 
seriousness, and present appropriate 
metrics for recurrent events, 
continuous variables, and scale 
variables, whenever pertinentb

Describe any subgroup analyses and 
exploratory analyses for harmsb

Outcomes and 
estimation

17

Ancillary analyses 18
Adverse events 19

Discussion
Interpretation 20 Provide a balanced discussion of 

benefits and harms with emphasis on 
study limitations, generalizability, 
and other sources of information on 
harmsc

Generalizability 21
Overall evidence 22

aThis proposed extension for harms includes 10 recommendations that correspond to the original 
CONSORT checklist
bDescriptors refer to items 17, 18, and 19
cDescriptor refers to items 20, 21, and 22
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21.3  Current Challenges and Future Directions

Despite an explosion of knowledge surrounding the mechanisms of pain and potential 
analgesic targets over the past 50 years, the translation of preclinical science to new 
treatments for chronic pain has been disappointing [66]. Concerted efforts to address 
these challenges are being focused on enhancing the quality and predictive validity of 
both preclinical [2, 46] and clinical research [9]. A major challenge in clinical analge-
sic development is the evaluation of a new molecular entity that appears to be effica-
cious in earlier proof-of-concept trials (e.g.,“phase 2” regulatory trials) but then fails 
to demonstrate efficacy in larger phase 3 registration trials. It is conceivable that some 
negative phase 3 trials are actually “false negatives” such that an observed placebo-
treatment difference (which might have been true) is not statistically significant, pos-
sibly due to excessive variability in outcome measurements, large pain reductions in 
the placebo group, and/or other causes of decreased assay sensitivity [9]. Such trial 
failures – if they are indeed false-negative results – prevent widespread access to a 
potentially beneficial new treatment and also represent a loss of millions of dollars 
invested in the development program for this failed treatment. Several strategies have 
been proposed [13], aimed at reducing the occurrence of false-negative trial results.
Just some of these strategies, for which supportive research is ongoing, include train-
ing trial patients more carefully on how to more reliably rate their pain [51], limiting 
the number of clinical trial sites in order to reduce the magnitude of placebo 
response [13], excluding prospective trial candidates with highly variable baseline 
pain levels [16] and restricting the use of concomitant analgesic treatments during 
clinical trials [13]. It should be noted that some of these and other strategies might 
involve excluding certain prospective trial participants who suffer from the target con-
dition and would otherwise require treatment in real-world practice. Therefore, imple-
mentation of such trial strategies for the purpose of increasing assay sensitivity of a 
clinical trial must be done cautiously and with careful attention to possible limitations 
in generalizability of trial results to broader populations of interest.

21.4  Conclusion

Randomized controlled clinical trials are essential tools for the evaluation of 
interventions for the treatment of zoster-related pain in general and PHN in par-
ticular. Such trials have been instrumental in providing new effective treatment 
for PHN and for providing valuable knowledge to help guide treatment choices 
for healthcare providers. Someaspects of current trial methodologies may lead to 
the occurrence of falsely negative trial results, while other factors may lead to 
positive results that do not necessarily generalize widely enough to the popula-
tions of interest. It is expected that continued research into refining trial methods 
would reliably improve both the validity and generalizability of clinical trials for 
zoster-related pain.
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Chapter 22
The Importance of Zoster Prevention Vaccines

C. Peter N. Watson

“An ounce of prevention is worth a pound of cure.” Poor Richard’s Almanack, Ben Franklin 1732

Herpes zoster is the commonest neurological disease [11] and is likely to increase 
as the population ages [15]. There are many complications of herpes zoster of which 
severe postherpetic neuralgia (PHN) is the most common and much feared. Other 
related consequences are blindness and facial scarring with ophthalmic zoster, facial 
paralysis (Ramsay Hunt syndrome), meningitis, encephalitis, myelitis, and the poten-
tial for an increased vascular risk of granulomatous angiitis, stroke, and myocardial 
infarction. Postherpetic neuralgia specifically may be compared with other end- stage 
disorders in which damage to an organ occurs and that structure is unable or not fully 
able to repair itself and respond to treatment. Several categories of evidence support 
this view and argue for prevention of herpes zoster by vaccination. These data are 
clinical, pathological, therapeutic, preventative, and epidemiological.

22.1  Clinical

Clinical findings indicate that this disease alters the nervous system such that there 
are often areas of sensory loss and widespread areas of sensitive skin, which respond 
to the lightest touch with severe pain [20] (Fig. 22.1). There are three main types of 
pain associated with PHN: steady, often burning pain, lancinating shock-like pain, 
and pain on non-painful stimulation of the skin (allodynia [20]). These are often all 
present in a single individual. The physical findings of extensive areas of sensory 
loss and pain on moving touch such as skin stroking (dynamic mechanical 
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allodynia) [20] suggest that central neurons have expanded their receptive fields and 
have lowered thresholds to sensory stimulation (Fig. 22.1). There is no evidence to 
date that these clinical changes are reversible.

22.2  Pathological

The few pathologic studies of PHN cases indicate that there is extensive damage to 
the peripheral and central nervous system [19, 21]. The peripheral nerve, ganglion, 
and sensory root are extensively scarred, leading to the loss of neurons and nerve 
fibers of all types. Surviving nerve fibers appear to shift to the smaller fiber popula-
tion, which may be predominately excitatory and may fire spontaneously or in 
response to the lightest of tactile stimulation. Further, there is evidence of central 
nervous system damage in that the dorsal horn of the spinal cord is infiltrated by 
inflammatory cells and later becomes atrophic because of the destruction of nerve 
fibers and neurons. There is no evidence that any of these pathologic changes are 
reversible. There is some evidence of chronic persistent inflammation preceding and 
following the acute onset of the rash of herpes zoster [21].

22.3  Therapeutic

Table 22.1 summarizes controlled trials of antidepressant and opioid therapies in 
PHN. These data indicate that 30–50 % of the patients responded poorly or not at all 
to some antidepressants [10, 13, 18, 23, 24, 26] and to opioids [25]. Even with these 

Fig. 22.1 Postherpetic 
neuralgia with areas of 
allodynia (1), scarring (2), 
and sensory loss (3)
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drugs, responses are usually incomplete, with total relief unusual. Adverse effects 
occur in nearly all treated patients. Randomized controlled trials of gabapentinoids 
(gabapentin and pregabalin) result in about two-thirds of patients having less than 
moderate relief in this type of selected population and over the short term of less 
than 12 weeks [7, 16]. Results will almost certainly not be as good when general-
ized to ordinary practice where patients are older, have concomitant diseases, and 
are on other drugs.

22.4  Preventative

A current preventative avenue is to treat herpes zoster early and aggressively with 
multimodal therapy, which would include antivirals such as acyclovir, famciclovir, 
and valacyclovir [1, 17], tricyclic antidepressants [2], gabapentinoids, opioids, and 
regional anesthesia. However, there are considerable difficulties with this approach 
in that it is suggested for optimal efficacy to use the antiviral drugs within 72 h of 
rash onset. This can be very difficult. Often disease activity starts with pain before 
the rash appears and then there is the issue of being seen by a physician in a timely 
fashion in order to begin the antiviral agent. A complete discussion of the limited 
evidence and difficulties with this approach is covered in Chap. 23; therefore, 
there is no consistent or good evidence for supporting antivirals [5] for any of 
these other drugs or for interventions such as nerve blocks (Chap. 17) to prevent 
severe postherpetic neuralgia. However good practice involves treating aggres-
sively if necessary in this multimodal fashion to deal with the relief of the acute 
pain, in the hope that there will also be a reduction in severe postherpetic 
neuralgia.

Table 22.1 Number of postherpetic neuralgia patients responding poorly or not at all to treatment 
with antidepressants or opioids in controlled trials

Study/year Agent
% of subjects not responding to 
treatment with

Opioid or 
antidepressant % Placebo

Watson et al. 1982 [18] Amitriptyline 8/24, 33 100 %
Max et al. 1988 [13] Amitriptyline 21/41, 53 84 %
Kishore-Kumar et al. 
1990 [10]

Desipramine 14/26, 54 89 %

Watson et al. 1992 [23] Amitriptyline and/or 
maprotiline

17/32, 53 No placebo

Watson et al. 1998 [26] Amitriptyline and/or 
nortriptyline

10/31, 32 No placebo

Watson and Babul 
1998 [25]

Oxycodone 17/38, 42 82 %
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22.5  Epidemiological

There are 130,000 cases of herpes zoster in Canada [3] and 1,000,000 annually in the 
United States [9]. Postherpetic neuralgia occurs 1 month after herpes zoster infec-
tion in about 10 % (overall incidence) of those with the infection [4, 6, 8, 15]. The 
incidence of postherpetic neuralgia, however, increases with age, affecting 50 % of 
herpes zoster patients at 1 month by age 60, and the incidence rises steadily with 
increasing age [6, 15]. The number of those affected will likely increase in the future 
with the shift of demographics to an increase in the aged population. The prognosis 
for patients with established PHN is poor, since at least half continue to suffer for 
many years – some even until death [22]. Of the 50 % who seem to be reasonably 
well, many require continual pharmacotherapy, often with unpleasant side effects.

22.6  Conclusion

Herpes zoster is difficult to manage, which is emphasized here and elsewhere in this 
book; therefore, there is a compelling argument for preventing the disease in the 
first place with either the current live zoster prevention vaccine [14] or new vaccines 
which appear to be much more effective and applicable to the immunosuppressed 
population [12]. Poor vaccine uptake in some countries may occur in part because 
of the expense if payment is out of pocket. In the province of Ontario, Canada, the 
government health plan now covers this cost of about 200 dollars for people 
65–70 years old.
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Chapter 23
Aggressive Noninvasive Treatment of Acute 
Herpes Zoster  for the Prevention 
of Postherpetic Neuralgia

Sigrun Alba Johannesdottir Schmidt and Michael C. Rowbotham

23.1  Introduction

Postherpetic neuralgia (PHN) is the most frequent complication of herpes zoster 
[15]. The debilitating pain of PHN persists for over 1 year in 30 % of patients [52] 
and may have negative impact on patients’ quality of life [47]. It may result in 
depression, sleep disturbances, social isolation, and decreased functional capacity 
[47]. Options for pain relief in PHN include oral treatment with tricyclic antidepres-
sants, anticonvulsants (gabapentin, pregabalin), opioid analgesics, topical treatment 
(lidocaine patches), and nerve blocks [3]. Unfortunately, at least 30 % of patients 
with PHN are partially or completely refractory to currently available analgesic 
treatments [96], and treatment satisfaction is only approximately 15 % [47].

According to observational data, the absolute risk of PHN after an episode of 
herpes zoster varies between 3 and 30 % [52]. Even higher risks have been reported 
among placebo recipients in trials on treatment of acute herpes zoster. This discrep-
ancy between studies is largely explained by differences in study design and defini-
tions of PHN. Differences in age distribution between trials are another important 
source of variation, as the risk of PHN is highly dependent on age, increasing by a 
factor 1.22–3.11 for each consecutive decade of age [31].

With the increasing longevity of the world population [108], the overall preva-
lence of PHN is expected to grow, increasing the burden to public health. Because 
of the difficulties in managing PHN, efforts have been directed at identifying 
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 preventive strategies. Although a vaccine to prevent herpes zoster (and thus PHN) 
has been available for years, vaccine utilization has been limited [53]. Furthermore, 
some vaccinated individuals will go on to experience herpes zoster PHN despite 
vaccination [71, 74]. A closer look at effective measures to prevent development of 
PHN in persons with herpes zoster eruption is therefore warranted.

It has been suggested that rigorous intervention at the time of presentation with 
acute herpes zoster may prevent the development of PHN, but the topic is controver-
sial. Several treatment modalities have been proposed, including antiviral drugs, 
glucocorticoids, antidepressants, anticonvulsants, opioid analgesics, and various 
forms of local and regional anesthesia. The rationale behind the preemptive effects 
of these approaches lies within the current knowledge about important pathways in 
the pathophysiology of PHN, as outlined in Fig. 23.1. This chapter provides a sum-
mary of evidence pertaining to the effect of aggressive noninvasive treatment of 
acute herpes zoster on the risk and severity of PHN.

23.2  Systemic Antiviral Therapy

First-line therapy for acute herpes zoster includes a 7-day course with one of the 
antiviral nucleoside analogues acyclovir (800  mg five times daily), valacyclovir 
(1000 mg three times daily), famciclovir (250 or 500 mg three times daily depend-
ing on country), or brivudine (125 mg once daily, licensed in selected countries 
only). These antiviral drugs have been proven efficacious in reducing the time to 
cessation of viral shedding, new lesion formation, and acute pain [23] (reference to 
the chapter on treatment of acute zoster by Anne Gershon). Because the extent of 
dermatomal disease is a predictor of persistence of pain, such that a high number of 
lesions are associated with slower rate of acute and long-term pain resolution [31, 
100], antiviral drugs could also carry a potential to relieve or prevent subsequent 
PHN. However, data on this topic are sparse and conflicting.

Most trials on the efficacy of antiviral drugs have been designed with the primary 
aim of investigating the effects on acute herpes zoster and have thus been under-
powered to study persistence of pain beyond the first month. Table 23.1 provides 
characteristics and detailed results for previous antiviral trials reporting any data 
pertaining to prolonged pain. For completeness, the table includes trials reporting 
on zoster-associated pain or presence of pain at any specified time point beyond 
1 month after rash onset. Randomized controlled trials were selected because this 
design is generally considered the gold standard and because the spontaneous 
improvement of PHN with time requires an appropriate control group, which is 
typically difficult to identify in observational studies. Only placebo-controlled trials 
and trials comparing currently licensed antiviral drugs are included in the table. All 
studies were double-blinded, except one trial which was open-labeled and in addi-
tion did not explicitly state that it was randomized [30].

Today, the convention is to define PHN as any pain >0 on a 0–100 scale persist-
ing for 90 days or more after rash onset [2, 34]. This definition is based on studies 
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of data on the neuralgia of herpes zoster, which suggest that it may advantageously 
be categorized in three phases: acute (0–30 days), subacute (31–90 days), or chronic 
neuralgia (>90 days). However, definitions employed by previous studies have var-
ied largely, including pain after rash healing, presence of pain at 30 days or later 
after rash onset, and duration of zoster-associated pain, which is measured as a pain 
continuum from the time of acute herpes zoster until pain resolution. Some studies 
have further differentiated between any pain >0 on a 0–100 scale and clinically 
significant pain defined as pain of at least 30 on a 0–100 scale [17, 88].

Comparison of results from the trials is hampered by methodological dissimilari-
ties, including differences in types of assigned treatments, follow-up methods, and 

Herpes zoster vaccine VZV reactivation

Antiviral agents VZV replication

Glucocorticoids

Analgesic treatment

Central and peripheral
functional and structural

changes

Postherpetic neuralgia

Acute nociceptive pain Acute neuropathic pain

Tissue damage and
inflammation

Peripheral nerve
damage and dysfunction

÷

÷

÷

÷ ÷

÷

Fig. 23.1 Proposed mechanisms for reducing the risk and severity of postherpetic neuralgia 
(Modified from Dworkin et al (2000) Clin J Pain 16(2 Suppl):S90–S100)
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Table 23.1 Randomized controlled trials on antivirals for the prevention of PHN

Reference Study population Treatment groups
Results (investigational drug vs. 
comparator)a

Placebo-controlled acyclovir trials

Balfour et al. 
[4]

Immunocompromised;
Any age;
<72 h of rash onset/
ongoing vesicle 
formation;
n = 94

500 mg/m2 i.v. 
acyclovir t.i.d. for 
7 days vs. 
placebo

Localized zoster (n = 52): 1/15 
(6.7 %) vs. 4/13 (31 %) pain at 
28 days and 1/13 (7.7 %) vs. 
4/14 (29 %) at 49 days

Bean et al. [5] ≥18 years
<72 hours of rash 
onset
n = 29

500 mg/m2 i.v. 
acyclovir t.i.d. for 
5 days vs. 
placebo

7/19 (37 %) vs. 6/10 (60 %) pain 
at 1 month and 6/19 (32 %) vs. 
5/10 (50 %) at 2 months

Cobo et al. [14] HZO
Adults
<7 days of rash onset
n = 71

600 mg acyclovir 
5× daily for 
10 days vs. 
placebo

17/36 (47 %) vs. 20/35 (57 %) 
any pain after rash healing, 
among whom 41 vs. 35 % still in 
pain at 3 months
7/36 (19 %) vs. 5/35 (14 %) 
moderate/severe pain (≥3 on 0–4 
scale) after rash healing

Esmann et al. 
[27], Peterslund 
et al. [79]

>30 years
<96 hours of rash 
onset
n = 56

5 mg/kg i.v. 
acyclovir t.i.d. for 
5 days vs. 
placebo

14/27 (52 %) vs. 14/29 (48 %) at 
1 month after admission and 
10/27 (37 %) vs. 4/29 (14 %) at 
3 monthsb

Finn and Smith 
[30]

31–89 years
<7 days of rash onset
n = 27

200 mg acyclovir 
5× daily for 
10 days vs. 
placebo

No patients reported pain at 
6 weeks and 3 months

Harding and 
Porter [38]b

HZO without 
intraocular 
complication
≥20 years
<72 hours of rash 
onset
n = 46

800 mg acyclovir 
5× daily for 
5 days vs. 
placebo

2/16 (13 %) vs. 7/15 (47 %) pain 
at 2 months after enrollment, 
1/15 (7 %) vs. 6/16 (38 %) at 
3 months, and 1/21 (5 %) vs. 
5/19 (26 %) at 6 months
Reduced mean severity (0–100 
scale) during all 8 months

Huff et al. [41], 
[42]b, and [43]

Localized
≥18 years
<72 hours of rash 
onset
n = 252

400 mg acyclovir 
5× daily for 
10 days vs. 
placebo
800 mg acyclovir 
5× daily for 
10 days vs. 
placebo

400 mg acyclovir: no differences 
(data N.R.)
800 mg acyclovir: 3/72 (4.2 %) 
vs. 13/78 (16.7 %) persistent 
pain at 1–3 months and 2/51 
(3.9 %) vs. 3/57 (5.3 %) at 
4–6 months
13/27 (48.1 %) vs. 17/40 
(42.5 %) analgesic use at 
1–3 months and 5/11 (45.4 %) 
vs. 6/17 (35.2 %) at 4–6 months
No difference (data N.R.) in 
severity (0–3 scale)
Median pain duration in those with 
pain at enrollment 20 vs. 62 days

(continued)
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Table 23.1 (continued)

Reference Study population Treatment groups
Results (investigational drug vs. 
comparator)a

Juel-Jensen 
et al. [48]

>18 years
<72 hours of rash 
onset
n = 40

10 mg/kg i.v. 
acyclovir t.i.d. for 
5 days vs. 
placebo

8/20 (20 %) vs. 10/20 (40 %) 
pain at follow-up (mean 
5 months after discharge)

McGill et al. 
[62]

≥18 years
<96 hours of rash 
onset
n = 37

5 mg/kg i.v. 
acyclovir t.i.d. for 
5 days vs. 
placebo

2/16 (13 %) vs. 5/19 (26 %) pain 
at 3 months after enrollment

McKendrick 
et al. [64]

>50 years
<72 hours of rash 
onset
n = 41

400 mg acyclovir 
5× daily for 
5 days vs. 
placebo

3/18 (17 %) vs. 5/23 (22 %) pain 
at 6 months after enrollment

Morton and 
Thomson [72]b

≥16 years
<72 hours of rash 
onset
n = 83

800 mg acyclovir 
5× daily for 
7 days vs. 
placebo

33 vs. 60 % pain at 1 month after 
enrollment, 10 vs. 40 % at 
3 months, 13 vs. 25 % at 
4 months, 10 vs. 20 % at 
5 months, and 6 vs. 19 % at 
6 months
Similar trend for analgesic use

Wassilew et al. 
[94]

>18 years
<72 hours of rash 
onset
n = 60

400 mg acyclovir 
5× daily for 
5 days vs. 
placebo

8/29 (28 %) vs. 6/31 (19 %) pain 
at 1 month after enrollment, 7/29 
(3.4 %) vs. 7/31 (23 %) at 
2–3 months, 1/29 (3.4 %) vs. 
0/31 (0 %) at 6 months, 1/29 
(3.4 %) vs. 0/31 (0 %) at 
9 months, and 0/29 (0 %) vs. 
0/31(0 %) at 1 year
Median duration of continuous 
pain 12 vs. 13 days
No difference in mean  
severity (0–3 scale) during 
treatment

Whitley et al. 
[99]b

Localized
>50 years
<72 hours of rash 
onset
n = 100

800 mg acyclovir 
5× daily for 
21 days vs. 
placeboc

ITT: HR 1.39 (0.84–2.32) for 
pain cessation during 6 months 
since enrollment

Wood et al. 
[105] and [106]b, 
McKendrick 
et al. [65–67], 
McGill and 
White [63]

>60 years
<72 hours of rash 
onset
n = 376

800 mg acyclovir 
5× daily for 
7 days vs. 
placebo

39/161 (24 %) vs. 38/156 
(24 %) pain at 3 months after 
treatment, 26/157 (17 %) vs. 
26/149 (17 %) at 4 months, and 
22/162 (14 %) vs. 20/155 
(13 %) at 6 months
No difference in severity (scale 
0–4) during 6 months
Conflicting results from 
participating centers

(continued)
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Table 23.1 (continued)

Reference Study population Treatment groups
Results (investigational drug vs. 
comparator)a

Placebo-controlled famciclovir trials

Tyring et al. 
[89]b, Dworkin 
et al. [22]

Uncomplicated
≥18 years
<72 hours of rash 
onset
n = 419

500 or 750 mg 
famciclovir t.i.d. 
for 7 days vs. 
placebo

ITT: RRs of PHN for 500 mg 
dose 0.93 (0.76–1.15) at 
1 month after enrollment  
(41 vs. 44 %), 0.85 (0.73–1.00) 
at 3 months (28 vs. 33 %), 0.83 
(0.72–0.96) at 4 months  
(25 vs. 30 %), and 0.63 
(0.57–0.70) at 6 months  
(15 vs. 24 %)
ITT: similar results for 750 mg 
dose (RR 0.83 at 3 months and 
0.56 at 6 months)
ITT: if pain after rash healing, 
median pain duration 63 days for 
500 mg (HR 2.0 [1.3–3.3]), 
61 days for 750 mg (HR 2.0 
[1.2–3.1]), and 119 days for 
placebo (ref.)

Comparative trials of antivirals

Beutner et al. 
[8]

>50 years
<72 hours of rash 
onset
n = 1141

1000 mg 
valacyclovir t.i.d. 
for 7 or 14 days 
vs. 800 mg 
acyclovir 5× 
daily for 7 days

ITT: 19.9 % in 7-day 
valacyclovir group, 18.6 % in 
14-day valacyclovir group, and 
25.7 % in acyclovir group pain 
at 6 months after enrollment
ITT: median pain duration 
38 days (HR 1.34 [1.12–1.60]) 
for 7-day valacyclovir vs. 
acyclovir, 44 days (HR 1.22 
[1.03–1.46]) for 14-day 
valacyclovir vs. acyclovir, 
51 days (HR 1.10 [0.92–1.30]) 
for 7-day vs. 14-day 
valacyclovir
ITT: mean pain score (Gracely 
scale) 10.3, 10.2, and 12.3 at 
8 weeks

Colin et al. [16] HZO
≥18 years
<72 hours of rash 
onset
n = 110

1000 mg 
valacyclovir t.i.d. 
vs.
800 mg acyclovir 
5× daily for 
7 days

ITT: 14/56 (25 %) vs. 17/54 
(31 %) pain at 1 month after 
enrollment, 8/56 (14 %) vs. 
10/54 (19 %) at 2 months, 3/56 
(5 %) vs. 6/54 (11 %) at 
4 months, and 3/56 (5 %) vs. 
3/54 (6 %) at 6 months
ITT: no difference in ocular pain 
severity (0–3 and 0–100 scales) 
or analgesic use

(continued)
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outcome definitions. For example, some of the listed studies examined dosing 
schedules other than that licensed for herpes zoster today. As an illustration of the 
complexity of the topic, several meta-analyses on acyclovir for the prevention of 
PHN have been published providing contradictory conclusions [12, 18, 45, 57, 82, 
104]. The results of the meta-analyses are summarized in Table 23.2, showing that 
although the magnitude of effect estimates vary, they overall support a preventive 
effect on PHN. Most recently, the Cochrane Collaboration, which regularly pro-
duces systematic reviews that are widely considered to be the gold standards of 
health evidence, published a review on systemic antiviral therapy initiated for her-
pes zoster within 72 h of rash onset for the prevention of PHN [12]. The review 
included six trials, and the primary outcome in the review was the risk of PHN at 
6 months after rash onset. Five trials considered oral acyclovir and followed partici-
pants for at least 6 months from enrollment. In an intention-to-treat meta- analysis 
comparing acyclovir and placebo, the risk ratio of PHN was 0.83 (95 % confidence 
interval [CI]: 0.71–0.96, four trials) at 4 weeks, 0.75 (95 % CI: 0.51–1.11, three tri-
als) at 4 months, and 1.05 (95 % CI: 0.87–1.27, two trials) at 6 months after rash 

Table 23.1 (continued)

Reference Study population Treatment groups
Results (investigational drug vs. 
comparator)a

Degreef and 
Famciclovir 
Herpes Zoster 
Clinical Study 
Group [19]

Uncomplicated
>40 years
<72 hours of rash 
onset
n = 545

250 mg, 500 mg, 
or 750 mg 
famciclovir t.i.d. 
vs. 800 mg 
acyclovir 5× 
daily for 7 days

ITT: HRs for pain resolution 1.4 
for 250 mg famciclovir, 1.8 for 
500 mg famciclovir, and 1.4 for 
750 mg famciclovir vs. acyclovir

Tyring et al. 
[90]

Excluding HZO
>50 years
<72 hours of rash 
onset
n = 597

1000 mg 
valacyclovir t.i.d. 
vs. 500 mg 
famciclovir t.i.d. 
for 7 days

ITT: HR for pain resolution 1.01 
(0.84–1.23) for valacyclovir vs. 
famciclovir
ITT: 64 vs. 62 % pain at 1 month 
after enrollment, 32 vs. 34 % at 
3 months, and 19 vs. 19 % at 
6 months

Wassilew and 
Collaborative 
Brivudine PHN 
Study Group 
[93]

Uncomplicated, 
painful
>50 years
<72 hours of rash 
onset and new 
vesicles within last 
24 hours
n = 2025

125 mg brivudine 
q.d. vs. 250 mg 
famciclovir t.i.d. 
for 7 days

ITT: 109/980 (11.1 %) brivudine 
vs. 90/974 (9.2 %) famciclovir 
moderate pain (≥3/10 or need 
for analgesics) at 3 months after 
enrollment
ITT: median pain duration 47 vs. 
54 days
ITT: severity of pain comparable

Abbreviations: 5× five times, HR hazard ratio, HZO herpes zoster ophthalmicus, ITT intention to 
treat, i.v. intravenous, PHN postherpetic neuralgia, q.d. quaque die (once a day), RR risk ratio, t.i.d. 
ter in diē (three times a day)
aIf study explicitly stated that an ITT method was used, this is specified. When available, 95 % 
confidence intervals for HRs and RRs are provided in parenthesis
bIncluded in Cochrane review by Chen et al. [12]
cAlso examined is the effect of prednisone, as presented in Table 23.3
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Table 23.2 Meta-analyses on systemic acyclovir for the prevention of PHN

Studies included
Sample 
size Outcome Results (acyclovir vs. placebo)a

Chen et al. [12]
Studies [38], [42], [99] 
and [106]

692 Pain at 1 month ITT: RR 0.83 (0.71–0.96)

Studies [38], [42], [99] 
and [106]

609 Pain at 4 months ITT: RR 0.75 (0.51–1.11)

Studies [99] and [106] 476 Pain at 6 months ITT: RR 1.05 (0.87–1.27)
Crooks et al. [18]
Studies [38], [42], 
[106], and [72]

689 Pain at 6 months 11 vs. 19 %: RR 0.58 (confidence 
interval N.R.)

Studies [38], [42], 
[106], and [72]

689 Time to first 
cessation of pain

Mean 50 vs. 60 days

Studies [38], [42], 
and [72]

313 Time to complete 
cessation of pain

Mean 49 vs. 86 days

Jackson et al. [45]
Studies [38], [42], [99], 
[106], and [72]

792 Pain at 6 months OR 0.54 (0.36–0.81)

Lancaster et al. [57]
Unclearb N.R. Pain at 1 month Any dose: RR 0.85 (0.61–1.19)

800 mg dose: RR 0.83 (0.58–12.21)
Unclearb N.R. Pain at 4 months Any dose: RR 0.65 (0.46–0.93)

800 mg dose: RR 0.62 (0.43–0.90)
Unclearb N.R. Pain at 6 months Any dose: RR 0.70 (0.47–1.06)

800 mg dose: RR 0.68 (0.47–1.07)
Schmader and Studenski [82]
Studies [42], [106], [5], 
[27], [62], [48], and [64]

N.R. Pain at 1 month or 
later

OR 0.81 (0.56–1.11)

Wood et al. [104]
Studies [38], [42], 
[106], and [72]

691 Pain at 4 months Any pain: 21 vs. 43 %; RD 22 % 
(11–33 %)
Moderate/severe pain: 6 vs. 13 %; 
RD 7 % (0–14 %)

Studies [38], [42], 
[106], and [72]

691 Pain at 6 months Any pain: 12 vs. 24 %; RD 13 % 
(4–22 %)
Moderate/severe pain: 2 vs. 9 %; 
RD 7 % (1–12 %)

Studies [38], [42], 
and [72]

316 Time to complete 
cessation of pain 
persisting after day 30

ITT: HR 1.81 (1.35–2.43)

Studies [38], [42], 
and [72]

316 Time to complete 
cessation of 
moderate/severe pain

ITT: HR 1.46 (1.11–1.93)

Studies [38], [42], 
[106], and [72]

691 Time to first 
cessation of pain

ITT: HR 1.31 (1.08–1.60)

Abbreviations: HR hazard ratio, N.R. not reported, OR odds ratio, PHN postherpetic neuralgia, RD 
risk difference, RR risk ratio
aIf study explicitly stated that an ITT method was used, this is specified. When available, 95 % 
confidence intervals for estimates are provided in parenthesis
bUnclear, but studies  [38], [42], [106], [72] [64], [14], and [94] were referenced in the review
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onset. Based on these results, authors concluded that there is high quality evidence 
that oral acyclovir does not reduce the incidence of PHN significantly. The antiviral 
drugs were well tolerated in all trials, with no serious adverse effects observed dur-
ing or within 2 weeks of treatment. Nonserious side effects were also equally fre-
quent in treatment and placebo groups. The most common adverse effects in the 
acyclovir trials included nausea, vomiting, diarrhea, and headache.

The Cochrane review provides a good summary of evidence on antiviral drugs 
and risk of PHN. However, several aspects should be kept in mind when interpret-
ing the results. The meta-analysis suggested that the risk of PHN was reduced by 
one- fourth at 4 months after rash onset. This estimate was based on only 88 events 
in total, which may have been insufficient for achieving statistical significance. 
Notwithstanding, the effect may be clinically relevant and should not be discarded 
by reducing the interpretation to dichotomy at the 0.05 level [81]. In contrast, the 
statistically significant albeit lower effect estimate observed at 1 month after rash 
onset received more attention in the review. Inspection of the primary data also 
calls into question the interpretation of the effect on the presence of PHN at 
6 months after rash onset. The meta-analysis at this time point was based on the 
results from two trials. In a study by Wood et al. [106], there was no difference in 
the prevalence of PHN at 6 months (risk ratio 1.03; 95 % CI: 0.84–1.27), whereas 
Whitley et al. [99] reported a 6-month hazard ratio of 1.39 (95 % CI: 0.84–2.32) 
for acyclovir vs. placebo recipients, indicating that acyclovir accelerated pain reso-
lution. However, the Cochrane review reported a risk ratio of 1.15 (95 % CI: 0.70–
1.91) for the study by Whitley et al. The details of the analysis behind this estimate 
were not specified [12].

Although the effect of antiviral drugs on incidence of PHN is important, other 
patient-reported outcome measures of efficacy, such as pain intensity and quality of 
life, need also to be considered. As pointed out in the Cochrane review, previous 
antiviral trials have rarely considered these aspects. On a 0–100 scale, Harding and 
Porter [38] reported that, compared with placebo recipients, participants randomized 
to acyclovir had a lower mean pain score at both 3 months (0.6 vs. 9.7) and 6 months 
(1.0 vs. 9.3). However, the differences are small in absolute terms. Huff et al. [42] 
found no difference in pain severity, but data were not reported. Wood et al. [106] 
reported a greater mean reduction in pain during treatment compared with the pla-
cebo group, but did not perform analyses of mean reductions at later time points. 
Similarly, Whitley et  al. [99] considered the effect only during the first month, 
reporting increased, albeit statistically imprecise, hazard ratios for time to cessation 
of acute neuritis (1.47; 95 % CI: 0.67–3.21), to uninterrupted sleep (1.18; 95 % CI: 
0.68–2.05), to return to 100 % usual activity (1.63; 95 % CI: 0.96–2.76), and to no 
use of analgesics (1.27; 95 % CI: 0.66–2.49). The effects of acyclovir on pain sever-
ity and quality of life measures at 3 months or later thus remain uncertain.

The Cochrane review included a thorough risk of bias assessment, which unfor-
tunately was hampered by insufficient information about methods in the primary 
studies [12]. Five out of six trials had unclear risks for one or more of the parameters 
assessed, which included random sequence generation, allocation concealment, 
blinding of participants and personnel, blinding of outcome assessment, incomplete 
outcome data, selective reporting, and other bias. Only the negative study by Wood 
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et al. [106] provided data necessary for critical evaluation and was considered at low 
risk of bias on all parameters. However, the study had other unnoted shortcomings, 
such as loss to follow-up after first cessation of pain. Indeed, a small follow-up 
study estimated that recurrence of pain had occurred in 12 % of participants in the 
trial [67]. Thus, each study included in the review, as well as remaining studies 
listed in Table 23.1, had potential risks of bias, which complicate their interpretation 
and comparability.

Acyclovir has been studied more extensively than the newer antiviral drugs valacy-
clovir and famciclovir. In the Cochrane review, no eligible valacyclovir trials and only 
one famciclovir trial were identified [12]. In the famciclovir trial, participants were 
randomized to 500 mg famciclovir, 750 mg famciclovir, or placebo for 7 days and 
followed up for 5 months after rash healing [89]. According to the Cochrane review, 
the risk of prolonged pain was only reported as pain after rash healing with a risk ratio 
of 1.15 (95 % CI: 0.87–1.52) for 500 mg and 1.31 (95 % CI: 1.01–1.71) for 750 mg 
famciclovir. However, a critical review of the literature reveals different and more 
detailed results. In a reanalysis of the data, Dworkin et al. [22] showed that famciclo-
vir recipients had a decreased risk ratio of pain throughout all 6 months of follow-up 
compared with placebo (Table 23.1). The effect was most pronounced among those 
aged 50 years or older. These data were not considered in the Cochrane review.

The lack of valacyclovir and famciclovir trials in the Cochrane review is mainly 
explained by a restriction to placebo-controlled studies. With the establishment of 
acyclovir as mainstay therapy for acute herpes zoster, placebo-controlled trials of the 
newer antiviral drugs have quickly become unethical. For this reason, the efficacy of 
newer antiviral drugs has mainly been investigated using acyclovir as active com-
parator. The results from such studies consistently demonstrate superiority of valacy-
clovir and famciclovir (Table 23.1). Furthermore, similar efficacy has been reported 
for valacyclovir, famciclovir, and brivudine. Because valacyclovir is a prodrug of 
acyclovir, it can be deduced that its superiority stems from more favorable pharma-
cokinetics (increased bioavailability) rather than differences in biochemical and 
physiological effects. Indeed, it is possible to attain four times higher plasma levels 
for valacyclovir compared with acyclovir, and dosing schedules are more convenient 
[8]. Despite potential superiority of valacyclovir, large price differences have favored 
the use of acyclovir for many years. However, with the increasing availability of 
generic drugs on the market, the price of valacyclovir is approaching that of acyclo-
vir. Hopefully, the same can be expected for famciclovir in the coming years.

In summary, existing systematic reviews and individual trials on the effect of 
antiviral therapy of acute herpes zoster and the subsequent risk of PHN can singly 
be challenged. Importantly, there is a profound paucity of data on the effect on 
severity of pain and quality of life. Although this insufficiency in evidence pre-
cludes any firm conclusions regarding the preemptive effects of antiviral drugs, the 
majority of studies have been positive. In particular, the newer antiviral drugs have 
demonstrated promising effects. Regardless of the long-term outcomes, antiviral 
drugs reduce viral shedding, accelerate rash healing, and reduce the acute pain of 
herpes zoster, which in combination with few adverse events and a low rate of anti-
viral resistance justifies their use in the treatment of herpes zoster.
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23.3  Oral Glucocorticoids

Inflammation definitely accompanies acute zoster, as pathologic studies have dem-
onstrated the presence of inflammation in peripheral nervous system structures, 
viral ganglionitis, and destruction of neuronal structures in the dorsal horn of the 
spinal cord with infiltration of inflammatory cells [39, 95]. The theory that inhibi-
tion of these inflammatory processes by the use of anti-inflammatory agents 
decreases the risk of PHN was the primary motivation behind the extensive use of 
glucocorticoids for the treatment of acute herpes zoster in the past century. Today, 
the use of glucocorticoids is more controversial.

Table 23.3 describes trials of glucocorticoids for the prevention of 
PHN.  Evidence on this association has been collated by the Cochrane 
Collaboration [36]. In brief, the Cochrane review included all trials on intrave-
nous, intramuscular, or oral glucocorticoids given within 7 days after rash onset 
compared with no treatment or placebo. Five trials fulfilled the inclusion crite-
ria, but only two trials comprising 114 participants in total were included for 
quantitative assessment in a meta-analysis [25, 26], which showed that the risk 
ratio of PHN at 6 months after onset was 0.95 (95 % CI: 0.46–1.99) for gluco-
corticoids compared with placebo. The remaining studies lacked detailed data 
on PHN at more than 1 month after rash onset and were thus deemed unsuitable 
for the pooled analysis. In all five trials (755 participants in total), there was a 
potentially increased risk ratio of serious (1.65; 95 % CI: 0.51–5.29) and nonse-
rious events (1.30; 95  % CI: 0.90–1.87), although no cases of disseminated 
infection were found among glucocorticoid recipients. Based on these data, the 
Cochrane review thus concluded that there was moderate quality evidence that 
treatment of acute herpes zoster with glucocorticoids does not reduce the risk of 
PHN. The studies by Benoldi et al. [6] and Keczkes and Basheer [54], which are 
shown in Table 23.3, were not included in the Cochrane review, because they 
compared glucocorticoids to carbamazepine. In addition, authors did not 
describe whether blinding of patients or investigators was used.

It is important to note that the results from the Cochrane review included also 
studies evaluating the effect of glucocorticoids compared with placebo. With the 
wide acceptance of antiviral drugs as first-line therapy for acute herpes zoster, data 
on this comparison have become virtually obsolete. It is reasonable to believe that 
combination therapy with antiviral drugs and glucocorticoids is not comparable to 
monotherapy with glucocorticoids. For example, the proposed favorable anti- 
inflammatory effect of glucocorticoids on PHN may be offset by an increased risk 
of viral dissemination in the absence of antiviral therapy. The appropriateness of 
pooling the two trials in the Cochrane meta-analysis may thus be questioned, as one 
was a placebo-controlled trial of triamcinolone [25] and the other considered pred-
nisolone in combination with acyclovir compared with acyclovir alone [26]. In fact, 
risk ratios of PHN at 6 months were 1.33 (95 % CI: 0.21–8.41) and 0.88 (95 % CI: 
0.39–1.98), respectively, pointing in each direction. Because of small sample sizes, 
firm conclusions regarding the difference in estimates are limited.
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Table 23.3 Randomized controlled trials on glucocorticoids for the prevention of PHN

Reference
Study 
population Treatment groups

Results (investigational drug vs. 
comparator)a

Glucocorticoids alone

Benoldi et al. 
[6]

Severe  
pain
>50 years
<72 hours  
of rash  
onset
n = 18

Prednisone tapered 
from 35 mg/day over 
31 days vs. 100 mg 
carbamazepine q.i.d. 
for 28 days

3/9 (33 %) vs. 2/9 (22 %) pain at 
2 months after rash healing and 
1/9 (11 %) vs. 1/9 (11 %) at 
6 months

Clemmensen 
and Anderson 
[13]b

≥16 years
<7 days of 
rash onset
n = 40

Prednisone tapered 
from 45 mg/day over 
21 days vs. placebo

4/19 (21 %) vs. 1/19 (5.3 %) 
persistent pain at 6 weeks  
after treatment start
Mean pain score  
(scale 0–4) similar in  
both groups

Eaglstein et al. 
[25]b

Severe, 
painful
≥21 years
mean 5 days 
since rash 
onset
n = 35

Triamcinolone, tapered 
from 48 mg/day over 
21 days vs. placebo

8/15 (53 %) vs. 14/20 (70 %) pain 
at 1 month after rash onset, 2/15 
(13 %) vs. 6/20 (30 %) at 
4 months, and 2/15 (13 %) vs. 
2/20 (10 %) at 6 months

Keczkes and 
Basheer [54]

Severe, 
painful
>50 years
mean 5 days 
since rash 
onset
n = 40

Prednisolone tapered 
from 40 mg/day over 
31 days vs. 100 mg 
carbamazepine q.i.d. 
for 28 days

3/20 (15 %) vs. 13/20 (65 %) pain 
at 2 months after pain onset and 
0/20 (0 %) vs. 2/20 (10 %) at 
1 year

Glucocorticoids in combination with acyclovir

Esmann et al. 
[26]b

≥60 years
<96 h of 
onset
n = 79c

Prednisolone tapered 
from 40 mg/day over 
21 days vs. placebo 
(plus 800 mg acyclovir 
5× daily for 7 days  
for all)

35 % for prednisolone + acyclovir 
vs. 50 % for placebo + acyclovir 
pain at 2 weeks after enrollment, 
35 vs. 58 % at 3 months, and 23 
vs. 24 % at 26 weeks

Whitley et al. 
[99]b

Localized
>50 years
<72 hours of 
rash onset
n = 201d

800 mg acyclovir 5× 
daily for 21 days and/or 
60 mg prednisone daily 
tapered over 21 days vs. 
double placebo

ITT: HRs for time to pain 
cessation during 6 months since 
enrollment 1.56 (0.92–2.66) for 
acyclovir + prednisone vs. double 
placebo, 1.26 (0.72–2.21) for 
prednisone vs. double placebo, 
and 1.26 (0.91–1.75) for 
prednisone (±acyclovir) vs. no 
prednisone (double placebo or 
acyclovir)

(continued)
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Only three trials have examined the effect of adding glucocorticoids to antiviral 
therapy [26, 99, 103]. Although all three studies found a potential effect on the acute 
neuralgia of herpes zoster, results are conflicting for persistent pain. Wood et al. 
[103] found that there was an effect on acute pain and rash healing, but not on time 
to first or complete pain resolution. A small study by Esmann et al. [26] reported a 
potentially decreased risk of PHN at both 3 and 6 months, but estimates were very 
imprecise. Whitley et al. [99] used a 2 × 2 factorial design, randomizing patients to 
receive acyclovir and prednisone, acyclovir and prednisone-placebo, prednisone 
and acyclovir-placebo, or double placebo. In the analysis, the effects of prednisone 
and acyclovir either alone or in combination were compared with double placebo. 
The hazard ratios were above unity for all these comparisons in the 6-month evalu-
ation of time to cessation of pain, as well as the 1-month evaluation of quality of 
life, which comprised time to cessation of acute neuritis, time to uninterrupted 
sleep, time to return to 100  % usual activity, and time to no use of analgesics. 
Interestingly, the fastest improvement was found for acyclovir plus prednisone vs. 
double placebo (Tables 23.1 and 23.3). However, the small sample size and the lack 
of a direct comparison of combination therapy and acyclovir monotherapy preclude 
any firm conclusions regarding the effect of adding prednisone to acyclovir. No tri-

Table 23.3 (continued)

Reference
Study 
population Treatment groups

Results (investigational drug vs. 
comparator)a

Wood et al. 
[103]b

At least 
moderate 
pain
>18 years
<72 hours 
after rash 
onset
n = 198

800 mg acyclovir 5× 
daily for 7 or 21 days + 
40 mg prednisone 
tapered over 21 days or 
placebo

Median duration to complete pain 
cessation 120 days for 21-day 
acyclovir + prednisone, 120 days 
for 21-day acyclovir + placebo, 
146 days for 7-day acyclovir + 
prednisone, and 147 days for 
7-day acyclovir + placebo;
HR 1.04 (0.81–1.34) for 
prednisone (±acyclovir) vs. no 
prednisone (double placebo/
acyclovir)
Median duration 147 vs. 120 days 
(HR 1.09 [0.84–1.40]) for 7 vs. 
21 days of monotherapy with 
acyclovir (n = 202)

Abbreviations: 5× five times, HR hazard ratio, ITT intention to treat, mos months, PHN posther-
petic neuralgia, RR risk ratio
aIf study explicitly stated that an ITT method was used, this is specified. When available, 95 % 
confidence intervals for HRs, RRs, and RDs are provided in parenthesis
bIncluded in Cochrane review by Han et al. [36]
cEighty-four patients were enrolled, but five patients were excluded because inclusion criteria were 
not fulfilled or because of lack of compliance in the first 1–2 weeks. It was not possible to restore 
the data for these patients for inclusion in the ITT analysis by Cochrane
dOne hundred three for the comparison of prednisone + acyclovir vs. double placebo, 102 for pred-
nisone vs. double placebo, and 201 for the main effect of prednisone

23 Aggressive Noninvasive Treatment of Acute Herpes Zoster



354

als have examined the effect of combining glucocorticoids with valacyclovir, fam-
ciclovir, or brivudine.

In summary, only three studies have investigated the effect of glucocorticoids as 
a supplement to antiviral therapy in acute herpes zoster. Although they suggest a 
beneficial effect on acute herpetic neuralgia and quality of life, evidence is conflict-
ing with regard to preventing long-standing pain.

23.4  Opioid and Non-opioid Analgesic Agents

Severe pain at the time of presentation with acute herpes zoster is a risk factor of 
PHN [31, 77, 78, 100]. Afferent bombardment from peripheral nerves due to tissue 
damage during acute herpes zoster may result in long-term enhancement of central 
excitability and loss of sensory function, as observed in established PHN [29, 77, 
78, 80]. Theoretically, targeting of these mechanisms with aggressive analgesic 
treatment in the acute stage may prevent the development and maintenance of 
PHN. Several analgesic agents used for treatment of established PHN have been 
suggested in this context, including tricyclic antidepressants (amitriptyline, desipra-
mine, nortriptyline), anticonvulsants (carbamazepine, gabapentin, pregabalin), and 
opioids (including tramadol).

Table 23.4 summarizes trials on oral analgesics for prevention of PHN. Bowsher 
[10] randomized 80 persons presenting with herpes zoster to their primary care 
practitioner within 48 h of rash onset to receive either 25 mg amitriptyline or pla-
cebo at bedtime for 90 days. Pain was present in 26 vs. 38 % at 3 months and 16 vs. 
35 % at 6 months after rash onset, thus suggesting a substantial preventive effect of 
amitriptyline. However, the study has not been repeated, and interpretation of the 
results is complicated for several reasons. First, authors performed only a per- 
protocol analysis, which resulted in the exclusion of eight patients, among whom 
three had been randomized to amitriptyline, three to placebo, and two were untrace-
able. Second, blinding may have been inadequate, as patients were warned about 
dry mouth as a potential side effect. Third, supplemental treatments were not con-
trolled, leading to large differences in the proportion of patients treated with acyclo-
vir (24  % of amitriptyline and 50  % of placebo recipients). Although authors 
provided robust results in analyses stratified by acyclovir treatment, baseline differ-
ences cannot be ruled out. Finally, the study did not report on potential adverse 
effects of treatment and contraindications for treatment. This limitation is impor-
tant, as many adverse effects have been established for amitriptyline, including 
orthostatic hypotension, arrhythmias, and electrocardiogram abnormalities, particu-
larly among elderly and patients with cardiac comorbidity. These adverse effects 
warrant close monitoring with electrocardiograms during treatment initiation and 
dose increments.

The anticonvulsant carbamazepine at a dose of 100  mg four times a day for 
28  days was compared with acyclovir in a small randomized trial including 18 
patients aged >50 years presenting with herpes zoster within 72 h of rash onset and 
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who had severe pain [6]. Twenty-two percent of patients in each group had pain at 
2 months after rash healing. After 6 months, no patients in the acyclovir group and 
1/9 (11 %) of patients in the carbamazepine group still had pain. Authors did not 
explicitly state if the study was blinded. The study also compared treatments with 
prednisone, as shown in Table 23.3. A similar trial of 40 patients randomized to 
carbamazepine or prednisolone reported that the prevalence of pain was 65 vs. 15 % 

Table 23.4 Randomized trials on opioid and non-opioid analgesics for the prevention of PHN

Reference Study population Treatment groups
Results (investigational 
drug vs. comparator)a

Tricyclic antidepressants

Bowsher 
[10]

>60 years
<48 hours of rash 
onset
n = 80

25 mg amitriptyline q.d. for 
90 days vs. placebo

10/38 (26 %) vs. 13/34 
(38 %) pain at 3 months 
after rash onset and 6/38 
(16 %) vs. 12/34 (35 %) at 
6 months

Anticonvulsants

Benoldi 
et al. [6]

Severe pain
>50 years
<72 hours of rash 
onset
n = 18

100 mg carbamazepine q.i.d. 
for 28 days vs. 800 mg 
acyclovir 5× daily for 
7 daysb

2/9 (22 %) vs. 2/9 (22 %) 
pain at 2 months after rash 
healing and 1/9 (11 %) vs. 
0/9 (0 %) at 6 months

Keczkes and 
Basheer [54]

Severe pain
>50 years
mean 5 days since 
rash onset
n = 40

100 mg carbamazepine q.i.d. 
for 28 days vs. prednisolone 
tapered from 40 mg/day 
over 31 days

13/20 (65 %) vs. 3/20 
(15 %) pain at 2 months 
after pain onset and 2/20 
(10 %) vs. 0/20 (0 %) at 
1 year

Krčevski 
Škvarč and 
Kamenik 
[56]

Pain intensity ≥4 
(0–10 scale) on 
naproxen
30–80 years
<7–14 days of 
rash onset
n = 29

75–150 mg pregabalin b.i.d. 
vs. placebo for 3 weeks, 
plus oxycodone depending 
on pain

6/14 (43 %) vs. 7/15 (47 %) 
pain at 1–3 months after 
acute phase and 2/14 
(14 %) vs. 3/15 (20 %) at 
6 months

Lee et al. 
[59]

Pain intensity ≥4 
(0–10 scale)
≥50 years
<4 days of rash 
onset
n = 120

300 mg gabapentin t.i.d. vs. 
no control for max. 
24 weeks depending on 
pain, (plus valacyclovir and 
acetaminophen for all)

2/52 (3.8 %) vs. 3/49 
(6.1 %) moderate-severe 
pain (≥4 on 0–10 scale) at 
3 months
Mean pain score 0.54 vs. 
0.31 at 3 months (0–10 
scale)
Mean quality-of-life score 
(Dermatology Life Quality 
Index) 0.90 vs. 0.76 at 
3 months

Abbreviations: 5× five times, PHN postherpetic neuralgia; q.d. quaque die (once a day), q.i.d. 
quarter in die (four times a day)
aIf study explicitly stated that an ITT method was used, this is specified. When available, 95 % 
confidence intervals for HRs, RRs, and RDs are provided in parenthesis
bAlso examined is the effect of prednisone, as presented in Table 23.3
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at 2 months and 10 vs. 0 % at 1 year after pain onset, respectively [54]. Unfortunately, 
the poor methodology and sample size limit the interpretation of both these 
studies.

Krčevski Škvarč and Kamenik [56] examined the efficacy of pregabalin in a 
randomized double-blind placebo-controlled trial. Twenty-nine patients aged 
30–80 years who presented with moderate to severe pain within 7 to 14 days since 
rash onset were randomized to 75 mg pregabalin twice daily or placebo for 3 weeks. 
Dose was increased to 150 mg pregabalin or placebo, and oxycodone was given 
depending on pain and as side effects permitted. Pain was present in 6/14 (43 %) 
pregabalin-treated vs. 7/15 (47 %) of placebo-treated patients at 1 to 3 months after 
acute herpes zoster and in 2/14 (14 %) vs. 3/15 (20 %) patients at 6 months. The 
results indicate a positive effect, but the small sample size precludes firm conclu-
sions. Furthermore, the interpretation is hampered by methodological issues, such 
as potential baseline differences, indicating unsuccessful randomization. For exam-
ple, all pregabalin recipients had been treated with antivirals compared with only 
80 % of placebo recipients. In addition, because use of other analgesics was allowed, 
patients in each arm achieved similar decrease in pain severity during the 3-week 
period of treatment. By not controlling use of other analgesics, the chance of observ-
ing a favorable effect of pregabalin may have been diminished.

In a randomized trial, Lee et al. [59] examined the preemptive effect of low-dose 
(900 mg/day) gabapentin initiated within 4 days of rash onset. One hundred and 
twenty patients with moderate or severe pain at presentation were enrolled in the 
study. Authors did not state whether the study was placebo-controlled and blinded. 
At 3 months, 3.8 % of gabapentin-treated and 6.1 % of untreated had PHN, which 
was defined as a pain score of 4 or more on a 10-point Likert scale. However, 
prevalence of such pain through week one to eight was higher in the gabapentin-
treated group. Mean pain and quality-of-life scores did not differ between groups. 
These results indicate no effect of low-dose gabapentin on acute and subacute neu-
ralgia and at most a slight effect on preventing PHN. However, it is possible that 
the gabapentin dose was too low to achieve sufficient analgesia in all patients. 
Furthermore, gabapentin was administered for up to 24 weeks depending on the 
presence of pain. Thus, treatment extended into the chronic phase, which makes it 
difficult to separate prevention and treatment of established PHN. More promising 
results were found in an uncontrolled open-label study, which found that the addi-
tion of gabapentin to antiviral therapy prevents clinically significant PHN when 
compared with findings of previously reported trials [58]. In addition, several ran-
domized double-blind controlled trials have demonstrated that controlled-release 
oxycodone [21], pregabalin [46, 51], and gabapentin [7, 50] provide at least tran-
sient analgesia in acute herpetic neuralgia, although the effect of gabapentin was 
uncertain in one of the trials [21]. Assuming that reduction in acute pain prevents 
the development of PHN, these trials may provide some proof of concept that these 
agents carry a preemptive effect. Acetaminophen and nonsteroidal anti-inflamma-
tory drugs are commonly used to treat mild pain with or without opioid agents. 
However, neither the effect on acute nor chronic pain of herpes zoster has been 
established for these agents.
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In summary, oxycodone, gabapentin, and pregabalin may reduce acute herpetic 
neuralgia, but their effect on PHN as a supplement to antiviral therapy has not been 
examined. Preemptive effects of amitriptyline, carbamazepine, and pregabalin have 
been reported, but a high risk of bias and the small sample sizes in most of the stud-
ies raise the question of whether observed effects are causal.

23.5  Other Agents

Randomized controlled trials have been published on the efficacy of a wide range of 
other treatments for reducing PHN, including idoxuridine [1, 28, 49, 101, 102], 
topical acyclovir [61, 73], human leukocyte interferon-alpha [20, 68, 69], amanta-
dine hydrochloride [32, 33], levodopa and benserazide [55], hyperbaric oxygen 
therapy [76], adenosine monophosphate [84], vidarabine [97, 98], netivudine [85], 
neuramide [92], isoprinosine [75], cimetidine [11, 60, 70], dehydroemetine [40], 
zoster hyperimmune globulin [44, 87], sorivudine [9, 35], radiotherapy [6], and 
adrenocorticotrophic hormone [13]. These agents were considered outside the scope 
of this chapter, because most have been associated with severe adverse effects and/
or are considered obsolete. Interested readers are, however, encouraged to consult 
the studies referenced for more information. New antiviral drugs are currently being 
tested [91].

23.6  Summary and Recommendations

It has been suggested that aggressive treatment of acute herpes zoster with anti-
viral drugs, glucocorticoids, and analgesics may prevent PHN by reducing viral 
replication, inflammation, and central sensitization, respectively. However, this 
critical review of the literature reveals a paucity of high-quality data to either 
support or refute any preemptive effects of these agents. For acyclovir, which has 
been studied most extensively, several studies and systematic reviews support an 
effect, but firm conclusions are precluded by inadequate methods and reporting 
according to current standards. The newer antiviral drugs valacyclovir and fam-
ciclovir have primarily been compared against acyclovir, demonstrating their 
superiority with regard to both acute and chronic outcomes. Because antiviral 
drugs are considered first-line therapy for herpes zoster, further placebo-con-
trolled trials on the preemptive effects are not to be expected. However, a well-
designed observational study or a trial randomizing patients with late presentation 
to antiviral therapy or placebo could possibly contribute valuable and original 
information. When all comes to it, previous trials demonstrate that up to 20 % of 
patients who are treated with valacyclovir or famciclovir will experience PHN at 
6  months, thus warranting the identification of other potentially preemptive 
treatments.

23 Aggressive Noninvasive Treatment of Acute Herpes Zoster



358

The effects of glucocorticoids and oral analgesic treatment have been examined 
in a few trials, which taken together are inconclusive. Furthermore, most of the trials 
are outdated, because treatment was provided alone rather than as a supplement to 
antiviral therapy. Despite the uncertainty of the long-term effects, glucocorticoids, 
oxycodone, gabapentin, and pregabalin appear to alleviate acute neuralgia at least 
temporarily, which may justify their use in the acute phase.

Pending scientific proof of whether aggressive treatment of herpes zoster has 
an effect on risk and severity of PHN, treatment in the acute phase is indicated and 
any resulting preemptive effect on prolonged pain would merely constitute an 
additional benefit. Consensus recommendations for the management of herpes 
zoster have previously been published, including detailed information on dosages 
and potential adverse effects [23]. Antiviral therapy should be offered to patients 
aged 50 years or older, younger patients with moderate or severe pain, patients 
with moderate or severe rash, immunosuppressed patients, and those with non-
truncal herpes zoster. Valacyclovir or famciclovir is preferred because of their 
potential superiority to acyclovir. Brivudine provides an alternative option in 
some countries, but its use in immunosuppressed individuals is limited by poten-
tial interactions with 5- fluorouracil and other 5-fluoropyrimidines. Intravenous 
treatment with acyclovir is recommended for patients with severe ophthalmic her-
pes zoster, patients with severe immunosuppression, or when oral administration 
is precluded.

Despite limited evidence, antiviral therapy may also be considered for younger 
patients, as the adverse effects are limited. Similarly, patients presenting late may 
benefit from treatment, especially if vesicle formation is still ongoing and/or in the 
presence of complications. The usual rule of thumb is that treatment should be initi-
ated within 72 h after rash onset (approximately 1 week for patients with ophthalmic 
herpes zoster or immune deficiency). However, this rule is arbitrarily based on the 
inclusion criterion applied in the early acyclovir trials. There are no biological data 
to support that viral replication has ceased completely after 72 h. In contrast to der-
matological manifestations, data from clinical trials suggest that the effect on pain 
does not depend on whether treatment is initiated early or late within the 72 h time 
window [107]. This finding indicates that neuronal damage may continue for some 
time after rash healing. Nevertheless, it is reasonable to believe that the antiviral 
effect decreases with time since onset of herpes zoster, and thus education of the 
general population and health care personnel in recognizing and acting on symptoms 
of herpes zoster is essential. Complicated herpes zoster, for example, ophthalmic 
zoster and motor involvement, should always be treated regardless of late 
presentation.

The pain associated with acute herpes zoster can be excruciating and should also 
be treated. Several agents described in this chapter are potentially effective in this 
regard, justifying their use in an attempt to achieve pain control. The choice of drug 
should be tailored according the patient’s pain severity, comorbidities, contraindica-
tions, previous experience, and preference. Treatment effects, including adverse 
effects, should be monitored, and patients should be made aware of the potential 
fluctuations in pain over time.
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For mild pain, scheduled treatment with regular painkillers such as acetamino-
phen, nonsteroidal anti-inflammatory drugs, and/or weak opioids or tramadol may 
suffice, although studies on their effects are lacking. For moderate or severe pain, 
scheduled treatment with a strong opioid agent may be considered despite insuffi-
cient data from randomized trials demonstrating benefit. Opioid treatment should be 
combined with stimulant laxatives with or without stool softeners for preventing 
constipation, which is a common side effect. When in doubt, a pain management 
expert can be consulted for guidance on the treatment plan, especially if pain is 
severe.

If satisfactory analgesic relief is not obtained, treatment with gabapentin or pre-
gabalin, tricyclic antidepressants, or glucocorticoids may be attempted. Gabapentin 
or pregabalin may be preferable because of superior side effect and interaction pro-
files. Pregabalin requires less frequent dosing, and titration to desired doses may be 
faster than for gabapentin [86], which is particularly attractive when the goal is to 
achieve effective pain relief rapidly. Addition of glucocorticoids to antiviral drugs 
may have an effect on pain and quality of life in the acute phase of herpes zoster and 
could thus be considered as an alternative in patients with moderate or severe pain. 
Glucocorticoids are also often used for intractable ocular inflammation in ophthal-
mic zoster and when there are symptoms of extensive nervous system inflammation, 
including facial paralysis, polyneuritis, meningitis, and encephalitis. As with all 
other drugs described herein, contraindications (e.g., hypertension, diabetes, peptic 
ulcer disease) should be taken into account, and advice on potential adverse events 
should be communicated clearly. Similarly, the use of tricyclic antidepressants for 
acute neuralgia is hampered by adverse events and contraindications, especially in 
the elderly who are at highest risk of herpes zoster and PHN. In addition, their effect 
has only been confirmed in one trial, which had high risk of bias [10].

Finally, in patients who are refractory to management of severe pain using the 
aforementioned agents, neural blockade administered by a pain specialist during 
hospitalization or at a specialized outpatient clinic may be required [24].

The study of prophylactic agents for chronic neuralgia is a challenging task. 
Large sample sizes are needed because only a minority go on to suffer from clini-
cally significant PHN pain. Most previous trials have not been powered to specifi-
cally test for the prevention of PHN. Furthermore, methodology in existing studies 
is heterogeneous, complicating the compilation of evidence. In order to facilitate 
comparability of future studies, the Initiative on Methods, Measurement, and Pain 
Assessment in Clinical Trials (IMMPACT) has published recommendations to 
guide researchers in the design of clinical trials on chronic pain prevention [34]. In 
brief, the IMMPACT recommendations propose inclusion of participants within 
7 days or less after rash onset with follow-up at 3 or 4 months after rash onset for 
presence of pain, presence of “clinically meaningful” pain (e.g., ≥3 out of 10), pain 
intensity and qualities, and as secondary endpoints, physical and emotional func-
tioning. The duration of acute pain, defined as pain within 30 days or less from rash 
onset, should also be considered, as it may contribute to the understanding of the 
underlying pharmacological mechanisms. Also, it is important to track and consider 
the use of rescue medications, for example, by incorporating it in a secondary 
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 endpoint together with pain severity. Finally, PHN risk factors should be adjusted 
for in analyses. Hopefully, adoption of these guidelines and transparent reporting in 
accordance with the Consolidated Standards of Reporting Trials [83] will lead to 
publication of well-designed and comparable trials on the prevention of PHN in the 
near future.
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Chapter 24
Herpes Zoster Vaccines

Michael N. Oxman and Ruth Harbecke

24.1  Introduction

Varicella (chickenpox) and herpes zoster (shingles) are two distinct diseases caused 
by the same virus, varicella-zoster virus (VZV). The differences between the two 
diseases are due to differences in the host’s immunity to VZV and in the circum-
stances of infection [4, 74, 75, 179–181, 267, 268]. Varicella is a highly contagious 
acute febrile illness characterized by a generalized pruritic vesicular rash. It is 
caused by primary exogenous VZV infection of a susceptible host (Chap. 2). In 
temperate climates, varicella is a seasonal disease of childhood, with annual epi-
demics in winter and spring infecting most children before puberty (Chaps. 2 and 
4). Varicella has been almost completely eliminated in countries that have intro-
duced universal childhood varicella vaccination (Chap. 2). In contrast, herpes zoster 
is a localized disease of the sensory ganglion, nerve, and skin, caused by reactiva-
tion and replication of endogenous VZV that has persisted as a latent infection in 
sensory and autonomic neurons following an earlier episode of varicella or an inap-
parent primary VZV infection. Herpes zoster is a sporadic disease that occurs 
throughout the year [23, 106, 114, 198].
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The observation that susceptible children developed varicella after contact with 
persons with herpes zoster [258], the recognition that the skin lesions of herpes 
zoster were histologically identical to those of varicella [148, 253], the demonstra-
tion that children inoculated with vesicle fluid from individuals with herpes zoster 
developed varicella and transmitted the disease to other susceptible children [22, 
126], and the observation that epidemics of varicella initiated by contact with herpes 
zoster were identical in every respect to epidemics of varicella initiated by contact 
with varicella [105] provided compelling evidence that the two diseases were caused 
by the same agent. Isolation of VZV from both diseases made it possible to prove 
that the virus from both had identical physical, biological, and antigenic character-
istics [269, 270]. Unequivocal proof of their identity was provided when molecular 
analysis showed that the viruses isolated from skin lesions in varicella and in a 
subsequent episode of herpes zoster in the same individual were identical [226] and 
by the isolation of the attenuated Oka vaccine strain of VZV (vOka) from cases of 
herpes zoster that developed in varicella vaccine recipients [69].

24.1.1   The Nature of Herpes Zoster

Herpes zoster is characterized by unilateral radicular pain and a vesicular rash that 
is generally limited to the dermatome innervated by a single spinal or cranial sen-
sory ganglion [55, 83, 101, 106, 225, 262] (Chaps. 4 and 12). A prodrome of seg-
mental neuralgia with pain and paresthesia in the involved dermatome generally 
precedes the herpes zoster rash by several days, occasionally by a week or more, 
and varies from superficial itching, tingling, or burning to severe deep boring or 
sharp stabbing pain. Prodromal pain may be constant or intermittent, and it is often 
accompanied by tenderness and subtle sensory abnormalities in the involved derma-
tome. It may simulate pleurisy, myocardial infarction, duodenal ulcer, cholecystitis, 
biliary or renal colic, appendicitis, prolapsed intervertebral disk, or early glaucoma, 
leading to expensive medical evaluations, misdiagnoses, and inappropriate treat-
ments [181]. When the typical dermatomal rash appears, the diagnosis is usually 
obvious, although zosteriform herpes simplex is often confused with herpes zoster.

During the prodrome, the replication and spread of reactivated VZV within the 
sensory ganglion produces necrosis of neurons, supporting cells and fibers, intense 
lymphocytic inflammation, lymphocytic cuffing of small vessels, focal hemorrhage, 
and inflammation of the ganglion sheath [55, 101, 261, 262] (Chaps. 12 and 13). 
Infected neurons and satellite cells contain characteristic intranuclear inclusion bod-
ies, virus particles, VZV antigens, and VZV nucleic acids. The peripheral nerve shows 
lymphocytic infiltration and focal hemorrhage with axonal degeneration and demye-
lination of sensory fibers, and the inflammatory process extends distally to branches 
innervating the affected skin. Infection and inflammation in the ganglion also extend 
proximally to the posterior nerve root and into adjacent regions of the spinal cord or 
brainstem, producing an ipsilateral segmental myelitis. There are degeneration of 
nerve fibers in the posterior column and inflammatory changes in the gray matter of 
the posterior and anterior horns [55, 101, 261, 262] (Chap. 12). Inflammation and 
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degeneration of the anterior nerve root within the meninges and in the portion overly-
ing the involved sensory ganglion may result in motor radiculitis. When extensive, the 
acute inflammatory process is followed by fibrosis of the sensory ganglion and nerve 
[101, 261, 262]. The acute injury to the peripheral nerve and to neurons in the sensory 
ganglion triggers afferent signals that are perceived as neuralgic pain during the pro-
drome and following onset of the herpes zoster rash. Injury to the ganglion and to the 
peripheral nerve also induces long-lasting changes in the physiology of second-order 
neurons in the spinal cord [181, 261] (Chaps. 6, 12, and 13).

Some patients experience this acute segmental neuralgia without developing a 
rash, a syndrome called zoster sine herpete [62, 80, 145, 153] (Chaps. 4 and 6).

24.1.2   Complications

Neuropathic pain, dysesthesia, hypersensitivity, sensory loss, and discomfort (e.g., 
allodynia, severe pruritus) are hallmarks of herpes zoster, especially in older and 
immunocompromised patients [272] (Chaps. 6, 12, 13, and 14). The most feared 
and debilitating complication of herpes zoster is postherpetic neuralgia (PHN), 
characterized by persistence of this neuropathic pain and dysesthesia for weeks, 
months, or even years after the rash has healed [41, 66, 107, 112, 122] (Chaps. 4, 6, 
12, 13, and 14).

Most other complications of herpes zoster are caused by the spread of VZV from 
the sensory ganglia, nerve, or skin, either through the bloodstream or by direct neu-
ral extension. Dorsal root ganglia contain visceral as well as cutaneous afferents, 
and this explains the occurrence of visceral as well as cutaneous lesions in herpes 
zoster. Depending upon their location, visceral lesions may manifest clinically as 
laryngitis, esophagitis, gastritis, cystitis, pleuritis, or peritonitis [181]. Visceral 
afferents affecting gastrointestinal and bladder motility and sphincter function may 
also be involved. Afferents from the ganglion also innervate blood vessels in the 
brain and spinal cord, and extension of infection to these vessels may cause ipsilat-
eral segmental granulomatous angiitis, which is responsible for a syndrome of oph-
thalmic zoster with delayed contralateral hemiplegia [18, 81, 104, 200] (Chaps. 5, 
6, and 8), and a variety of other vasculopathies associated with herpes zoster, with 
or without rash [79, 173] (Chaps. 6, 7, and 8).

24.1.3   VZV Latency

Only humans are naturally infected by VZV, and there are no known animal reser-
voirs. Consequently, latency and reactivation have been essential to the survival of 
VZV in humans, especially in the relatively small and isolated human populations 
in which VZV evolved for many thousands of years. Studies of VZV latency are 
complicated by the absence of laboratory models that fully replicate VZV latency 
and reactivation in the human host. In vitro models using human stem cell-derived 

24 Herpes Zoster Vaccines

http://dx.doi.org/10.1007/978-3-319-44348-5_6
http://dx.doi.org/10.1007/978-3-319-44348-5_12
http://dx.doi.org/10.1007/978-3-319-44348-5_13
http://dx.doi.org/10.1007/978-3-319-44348-5_4
http://dx.doi.org/10.1007/978-3-319-44348-5_6
http://dx.doi.org/10.1007/978-3-319-44348-5_6
http://dx.doi.org/10.1007/978-3-319-44348-5_12
http://dx.doi.org/10.1007/978-3-319-44348-5_13
http://dx.doi.org/10.1007/978-3-319-44348-5_14
http://dx.doi.org/10.1007/978-3-319-44348-5_4
http://dx.doi.org/10.1007/978-3-319-44348-5_6
http://dx.doi.org/10.1007/978-3-319-44348-5_12
http://dx.doi.org/10.1007/978-3-319-44348-5_13
http://dx.doi.org/10.1007/978-3-319-44348-5_14
http://dx.doi.org/10.1007/978-3-319-44348-5_5
http://dx.doi.org/10.1007/978-3-319-44348-5_6
http://dx.doi.org/10.1007/978-3-319-44348-5_8
http://dx.doi.org/10.1007/978-3-319-44348-5_6
http://dx.doi.org/10.1007/978-3-319-44348-5_7
http://dx.doi.org/10.1007/978-3-319-44348-5_8


368

neurons appear to recapitulate VZV latency and reactivation and promise to shed 
new light on these processes [158, 205]. Nevertheless, VZV latency and reactivation 
remain undefined areas of continued controversy [120].

During primary infection, VZV gains access to sensory neurons in cranial, dorsal 
root and autonomic ganglia by centripetal axonal transport from mucocutaneous 
lesions, or hematogenously in infected tonsillar T cells, in which expression of sur-
face proteins may be altered by VZV infection to promote trafficking to the skin 
and, possibly, to neurons [124, 125, 218]. The axonal route of infection is supported 
by the correlation between the dermatomal distribution of cases of herpes zoster and 
the distribution of varicella skin lesions [60, 71, 106, 181, 223], as well as by the 
observation that in vaccinated children most cases of herpes zoster caused by the 
vOka strain occur in the extremity where the vaccine had been administered, 
whereas cases of herpes zoster caused by wild-type strains of VZV do not show 
such localization [69, 72, 94, 266] (Chap. 2). The hematogenous route is supported 
by the occurrence of latent VZV infection in autonomic neurons, as well as in sen-
sory neurons in individuals in whom primary VZV infection or vaccination was not 
accompanied by a rash [4, 72, 284]. VZV also establishes latency in ganglia in the 
enteric nervous system, which may be infected by viremia or by axonal transport 
from neurons in sensory ganglia [32].

In latently infected sensory ganglia, 1–7  % of sensory neurons contain small 
numbers of VZV genomes (e.g., 2–10) in the form of circular episomes, with little 
or no VZV gene expression due, at least in part, to epigenetic silencing [40, 46, 71, 
118, 128, 138, 191, 226, 259]. VZV gene expression during latency has been stud-
ied in human cranial and dorsal root ganglia obtained at autopsy, and the interval 
between death and autopsy, as well as stress associated with terminal illness, are 
likely to alter regulation of VZV gene expression. Transcripts of as many as 12 VZV 
genes have been reported in latently infected cadaver ganglia [42–44, 47, 50, 117–
119, 162, 172]. However, Ouwendijk et al. found only transcripts from ORF63 in 
trigeminal ganglia obtained <9 h post-mortem, whereas they detected transcripts 
from a number of additional VZV genes in trigeminal ganglia obtained >9 h post-
mortem [178]. Latently infected autonomic ganglia removed at surgery and ana-
lyzed without delay exhibited more extensive VZV gene expression [71]. While 
anesthesia and surgery are still stressful events, these observations suggest that 
latency in autonomic neurons may be characterized by more extensive VZV gene 
expression than observed in latently infected neurons in sensory ganglia.

24.1.4   Reactivation of Latent VZV

Reactivation of latent VZV results in expression of the full complement of VZV 
genes and a productive lytic infection that spreads to adjacent neurons and support-
ing cells within the ganglion. Although it is not known whether VZV-specific cell- 
mediated immunity (VZV CMI) prevents reactivation of latent VZV, it is likely to 
limit the subsequent multiplication and spread of the reactivated virus, reducing the 
number of reactivations that result in episodes of herpes zoster and the severity of 
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cases of herpes zoster that do occur. When latent VZV reactivates in a sensory neu-
ron, but VZV CMI prevents the subsequent development of herpes zoster, the result 
is a “contained reversion” (Sect. 24.2 and Fig. 24.1).

24.2  The Central Role of Immunity to VZV 
in the Pathogenesis of Herpes Zoster

Clinical observations by the British physician R. Edgar Hope-Simpson, reported in 
a landmark publication in 1965 [106], provided the rationale for the development of 
a vaccine to prevent herpes zoster and its complications. Carefully following every 
case of varicella and herpes zoster in his clinical practice over a period of 16 years, 
Hope-Simpson observed that the incidence and severity of herpes zoster and PHN 
increased with increasing age. He hypothesized that primary infection with VZV 
(i.e., varicella) establishes lifelong latent VZV infections in sensory neurons and 
also induces immunity to VZV that limits the ability of the latent virus to reactivate 
and multiply to cause herpes zoster (Fig. 24.1). He further postulated that this immu-
nity to VZV gradually decreases over time until it falls below a critical threshold, 
permitting latent VZV to reactivate, multiply, and spread, resulting in herpes zoster. 
Hope-Simpson also proposed that subclinical VZV infection caused by exogenous 
exposure to varicella and spontaneous endogenous ganglionic reactivations that are 

Exogenous 
exposure to VZV

Clinically 
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Modified from Hope-Simpson RE. Proc R Soc Med. 1965;58:9-20. 
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contained by host immunity to VZV before herpes zoster can develop (“contained 
reversions”) both stimulate the host’s immunity to VZV, delaying its decline to lev-
els permitting latent VZV to reactivate, replicate, and reemerge as herpes zoster 
(Fig. 24.1). Finally, Hope-Simpson observed that second episodes of herpes zoster 
were uncommon and hypothesized that the large amount of VZV produced during 
an episode of herpes zoster boosted immunity to VZV, essentially immunizing the 
afflicted individual against another episode of herpes zoster (Fig. 24.1).

During the past 50 years, investigators have confirmed every aspect of Hope- 
Simpson’s proposed pathophysiology of herpes zoster and demonstrated unequivo-
cally that it is VZV CMI rather than antibody to VZV that limits the capacity of 
latent VZV to reactivate and cause herpes zoster [2, 12, 24, 135, 163, 180, 182, 206, 
265]. Results from a community-based prospective study on the incidence of herpes 
zoster and PHN in Shozu County, Japan (SHEZ Study) [235], demonstrated that the 
reaction to an intradermally injected VZV antigen is inversely correlated with the 
risk of herpes zoster [176], with herpes zoster severity [6], and with development of 
PHN [108]. Conversely, levels of VZV antibody, which are similar over a wide age 
range, and do not decline with increasing age [142, 206, 232, 236], are not predic-
tive of protection against herpes zoster or PHN [183, 265] and did not correlate with 
herpes zoster severity or with PHN in SHEZ Study participants who developed 
herpes zoster [6, 108].

A number of epidemiologic studies have shown that the age-specific incidence of 
herpes zoster has increased steadily over the past six decades in the United States, 
with no change in the rate of increase before and after the introduction of varicella 
immunization, which has virtually eliminated varicella and, consequently, the boost 
in immunity to VZV in older adults that results from exogenous exposure to VZV 
[114] (Chaps. 2 and 4) (Fig. 24.1). This and the observation of similar increases in 
the age-specific incidence of herpes zoster in Canada, the United Kingdom, Spain, 
Taiwan, Japan, and Australia [21, 27, 113, 188, 204, 240], irrespective of the pres-
ence or absence of varicella vaccination programs, indicate that endogenous boost-
ing by “contained reversions,” rather than exogenous exposure to VZV, is primarily 
responsible for maintaining levels of VZV CMI in older adults. This conclusion is 
supported by direct evidence that the absence of exogenous exposure to VZV is not 
associated with an increase in the age-specific incidence of herpes zoster among 
older adults [51, 67, 91, 134, 281].

When CMI temporarily declines due to unusually stressful situations, subclinical 
reactivation can lead to asymptomatic shedding of VZV DNA in blood and saliva 
[136, 161]. Detection of VZV DNA in blood and saliva has been reported in persons 
with herpes zoster, recipients of zoster vaccine, and a small proportion of highly 
stressed individuals such as astronauts during and after (but not before) space flight 
[45, 136]. However, the presence of VZV DNA does not necessarily equate to the 
presence of infectious virus. This is obvious when one considers that a single 
infected cell contains thousands of copies of the VZV genome [93] and that this 
VZV DNA may be cleared very slowly from sites of infection, such as affected 
sensory ganglia that contain large numbers of infected cells and inflammatory infil-
trates following herpes zoster. In addition, “contained reversions” [106] (Fig. 24.1) 
provide a fresh source of infectious virus and VZV DNA in healthy asymptomatic 
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persons. These considerations present a problem in seeking to attribute complica-
tions like PHN to continuing VZV replication (Chaps. 6, 12, 13, and 14), or in 
asserting that vasculopathy without rash is a manifestation of herpes zoster on the 
basis of finding VZV DNA in blood or saliva (Chaps. 6 and 8).

The absence of credible epidemiological evidence of transmission of VZV from 
persons without symptomatic VZV infection (in contrast to herpes simplex virus 
where most new infections are acquired from someone shedding virus asymptom-
atically) suggests that VZV DNA in saliva is rarely indicative of the presence of 
infectious VZV. This conclusion is supported by the observation that index cases in 
outbreaks of varicella are invariably symptomatic or prodromal, whereas asymp-
tomatic persons who are not incubating varicella are not infectious despite the fre-
quent reports of VZV DNA in their saliva.

Nevertheless, VZV DNA in blood or saliva may be useful in diagnosing inappar-
ent or atypical herpes zoster [73] and, if detected early in the prodrome, may permit 
initiation of antiviral therapy sufficiently early to reduce the extent of ganglionic 
pathology and thereby reduce the occurrence or severity of PHN.

24.3  Live Attenuated Oka VZV Vaccine

The Oka strain of VZV was isolated from a healthy Japanese child with varicella 
and attenuated by serial passage at 34 °C in human and guinea pig cells, producing 
the live attenuated Oka vaccine strain of VZV (vOka), which is temperature sensi-
tive [182, 230, 233, 234] (Chap. 2). Clinical studies in Japan and subsequently in the 
United States demonstrated the safety, immunogenicity, and clinical efficacy of an 
Oka varicella vaccine in immunocompetent and immunocompromised children and 
adults [1, 7, 13, 70, 71, 76–78, 137, 140, 141, 229, 231, 232, 241, 263] (Chap. 2).

Live, attenuated Oka vaccines are not monoclonal, but consist of a mixture of 
distinct VZV genotypes. Forty-two single-nucleotide polymorphisms (SNPs), 20 of 
which specify amino acid changes, distinguish vOka from the wild-type Oka parent 
strain of VZV [87]. Although each is genotypically unique, all of the genotypes in 
Oka vaccine preparations share a subset of the 42 SNPs in variable proportions. Six 
fixed or nearly fixed SNPs at position 560 in a noncoding region of open reading 
frame (ORF) 0 and at positions 105544, 105705, 106262, 107252, and 108111 in 
ORF 62, which encodes a transactivator of viral genes required for VZV replication, 
generally distinguish vOka from wild-type strains of VZV [20, 56, 57, 84–87, 182, 
195, 197, 216, 248, 278].

Although the vOka strain is attenuated for replication in the skin [3, 165], 2–3 % 
of healthy recipients of varicella vaccine develop vesicular rashes. In addition, vOka 
can establish latent infections in sensory neurons and can reactivate months or years 
later to cause herpes zoster [39]. Consequently, it is important to carefully character-
ize the genotypes responsible for vaccine-associated rashes and episodes of herpes 
zoster in varicella vaccine recipients to determine whether they might represent more 
pathogenic components of the vaccine itself or new genotypes resulting from rever-
sion of specific vaccine SNPs to the wild-type allele or even from recombination 

24 Herpes Zoster Vaccines

http://dx.doi.org/10.1007/978-3-319-44348-5_6
http://dx.doi.org/10.1007/978-3-319-44348-5_12
http://dx.doi.org/10.1007/978-3-319-44348-5_13
http://dx.doi.org/10.1007/978-3-319-44348-5_14
http://dx.doi.org/10.1007/978-3-319-44348-5_6
http://dx.doi.org/10.1007/978-3-319-44348-5_8
http://dx.doi.org/10.1007/978-3-319-44348-5_2
http://dx.doi.org/10.1007/978-3-319-44348-5_2


372

with wild-type VZV. A study by Depledge et al. [56] suggests that viruses responsi-
ble for vaccine rashes and vaccine-associated herpes zoster are not the result of selec-
tion of genotypes with increased pathogenicity present in the Oka vaccine or the 
production of new more pathogenic strains of vOka by recombination but, instead, 
represent selection in vaccine recipients against alleles in the vaccine that are essen-
tially neutral [56]. The observation that there are differences in strain content among 
Oka vaccines produced by different manufacturers and even between different 
batches from the same manufacturer [56, 194, 196, 211, 237, 238] underlines the 
importance of genotyping VZV strains isolated from vaccine-associated illnesses 
[56, 139, 151, 177, 197, 210] and of regular surveillance of Oka vaccine batches dur-
ing manufacturing and post-production to identify potentially pathogenic alleles and 
to monitor for reversions to wild-type alleles or recombination with wild-type VZV.

24.4  The Challenge of Vaccinating Against Herpes Zoster

Varicella vaccine, like other vaccines against common childhood viral diseases such 
as measles, mumps, and rubella, is administered to susceptible persons prior to exog-
enous exposure to the virus, inducing immunity that prevents primary infection and 
disease. We expect such vaccines to have >95 % efficacy and induce herd immunity.

Vaccination against herpes zoster is directed at persons who have already experi-
enced primary VZV infection and thus already have solid immunity against varicella, 
but are harboring latent VZV that can reactivate and cause herpes zoster [180, 182]. 
To be effective, zoster vaccine must function as a “therapeutic vaccine” and alter the 
host-virus relationship to prevent or modify a disease caused by a pathogen with 
which the vaccine recipient is already infected and to which clinically significant 
immunity already exists. Zoster vaccine acts by boosting declining levels of preexist-
ing CMI to VZV in older adults, thereby reducing the frequency and severity of a 
disease caused by reactivation and multiplication of endogenous latent VZV. We do 
not expect vaccines against such endogenous infections (i.e., “therapeutic vaccines”) 
to approach 95 % efficacy or to induce herd immunity. However, the natural history of 
herpes zoster described by Hope-Simpson [106], where one episode of herpes zoster 
protects against a second episode, provided a model for successful vaccination of 
older adults against herpes zoster. There is no comparable natural resistance to recur-
rent herpes simplex, which recurs repeatedly in immunocompetent persons [182].

24.5  The Shingles Prevention Study (SPS)

The development of the Oka strain of live attenuated VZV by Takahashi and his 
colleagues and the demonstration of its safety and immunogenicity in children and 
older adults [74, 229, 230, 234] (Chap. 2) permitted initiation of a large clinical 
trial, Department of Veterans Affairs (VA) Cooperative Study #403: The Shingles 
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Prevention Study (SPS), to test Hope-Simpson’s hypothesis that boosting declining 
VZV CMI in older adults would protect them from herpes zoster and its complica-
tions, particularly PHN [180, 184, 185].

24.5.1   Description of the Study

The SPS was a double-blind, placebo-controlled clinical trial in which 38,546 adults 
≥60 years of age were randomized to receive a single dose of high-potency live 
attenuated Oka/Merck VZV vaccine (zoster vaccine) or placebo at 22 study sites 
across the continental United States [184, 185]. Randomization was stratified by 
study site and age group (60–69 and ≥70 years of age). There were two co-primary 
end points: (1) the burden of illness due to herpes zoster, a severity-by-duration 
measure representing the total pain and discomfort due to herpes zoster in a popula-
tion of subjects (e.g., all 60–69-year-old vaccine recipients), and (2) the incidence 
of clinically significant PHN, defined as pain and/or discomfort (e.g., allodynia, 
severe pruritus) due to herpes zoster, scored as ≥3 on a 0–10 Likert scale, that per-
sisted for more than 90 days after rash onset [48, 184]. The incidence of herpes 
zoster was also determined. Zoster vaccine was at least 14 times more potent than 
the licensed varicella vaccine because preliminary studies indicated that potency of 
at least this magnitude was required to induce a significant increase in VZV CMI 
among older adults already immune to varicella [184]. There is no evidence that 
varicella vaccine is a suitable substitute for zoster vaccine.

A total of 19,270 subjects received zoster vaccine and 19,276 received placebo. 
The median age in both groups was 69 years; 6.6 % of vaccine recipients and 6.9 % 
of placebo recipients were ≥80 years of age. Forty-one percent were female. The 
mean duration of surveillance for herpes zoster was 3.13 years (median, 3.12 years; 
range, 1  day to 4.90  years) with no difference between the vaccine and placebo 
groups. More than 95 % of enrolled subjects were actively followed to the end of the 
study; only 0.6 % withdrew or were lost to follow-up and 4.1 % died before the study 
ended. None of these figures differed between vaccine and placebo recipients [184].

24.5.2   Evaluation of Suspected Cases of Herpes Zoster

Subjects with a new rash and/or new unilateral pain were evaluated by study person-
nel as soon as possible (a median of 5 days after rash onset). Subjects with unilateral 
rashes and no clear alternative diagnosis were classified as having “suspected herpes 
zoster”, actively followed according to the study protocol, and offered famciclovir 
without charge and standard-of-care treatment for pain [184]. Herpes zoster-associ-
ated pain and discomfort were measured with the Zoster Brief Pain Inventory, a ques-
tionnaire completed by the subject that was specifically designed to measure pain and 
discomfort in herpes zoster [48]. This questionnaire and others [19, 260] were used to 
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assess the effect of herpes zoster on subjects’ activities of daily living, quality of life, 
and general health status. Characteristics of the rash, associated complications, and 
medication use were also recorded. These evaluations were repeated over a period of 
at least 182 days, according to a schedule specified by the study protocol [184]. Digital 
photographs and specimens for laboratory diagnosis were also obtained.

24.5.3   Diagnosis of Herpes Zoster

Valid assessment of vaccine efficacy must be carried out in proven cases of the tar-
geted disease. More than 3500 rashes in subjects in each treatment group were evalu-
ated clinically but were not considered to be suspected cases of herpes zoster. A total 
of 1308 suspected cases of herpes zoster were evaluated. The threshold for consider-
ing a subject to have a suspected case of herpes zoster was intentionally set very low 
to capture even mild and atypical cases of herpes zoster, to avoid missing potential 
vaccine-modified cases, and to describe the natural history of herpes zoster among the 
placebo recipients. A real-time PCR assay was designed and validated for the SPS to 
detect and discriminate among DNA from wild-type and vOka strains of VZV and 
herpes simplex virus. Primers and probes for each viral DNA were multiplexed with 
primers and probe for the human β-globin gene to assess specimen adequacy [93]. 
Every suspected case of herpes zoster was also adjudicated by an expert Clinical 
Evaluation Committee blinded to treatment and diagnostic laboratory results although, 
when available, the PCR assay results were determinative [184]. The results of the 
PCR assay correlated well with the diagnoses of the Clinical Evaluation Committee 
[93]. Of the 1308 suspected cases of herpes zoster, 317 were determined not to be 
herpes zoster (156 in the vaccine group, 161 in the placebo group); 49 of these (24 in 
vaccine recipients, 25 in placebo recipients) were caused by herpes simplex virus, 
confirmed by PCR assay or virus culture. An additional 7 cases (3 in the vaccine and 
4 in the placebo group) were excluded because they were not seen until after rash 
crusting; 984 (75.2  %) were confirmed cases of herpes zoster. Of these, 24 were 
excluded from the primary efficacy analysis per protocol because they occurred 
within 30 days of vaccination (6 in vaccine recipients, 18 in placebo recipients), and 
3 were excluded because they were the subject’s second case of herpes zoster (1 in a 
vaccine recipient and 2  in placebo recipients). The remaining 957 cases of herpes 
zoster (315 in vaccine recipients, 642 in placebo recipients) constituted the end points 
for the primary efficacy analysis. In each group, >93 % of the subjects with confirmed 
herpes zoster were positive for wild-type VZV DNA by PCR assay. Vaccine virus 
(vOka) was never detected in any subject [93, 184].

24.5.4   Efficacy End Points

The primary end point was the burden of illness due to herpes zoster [26, 48, 154]. 
For each confirmed case of herpes zoster, responses to the “worst pain” question in 
the Zoster Brief Pain Inventory (ZBPI) were used to calculate a herpes zoster 
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severity- of-illness score, defined as the area under the curve (AUC) of herpes zoster 
pain severity plotted against time during the 182-day period after zoster rash onset. 
Subjects with herpes zoster had herpes zoster severity-of-illness scores ranging 
from 0 to 1813. Increasing mean scores are highly correlated with a decrease in the 
health-related quality of life and in functional status among older adults [48, 54]. A 
score of 0 was recorded for subjects in whom herpes zoster did not develop during 
the study period. The burden of illness due to herpes zoster represented the average 
severity of illness among all subjects in the group (e.g., all placebo recipients or all 
60–69-year-old placebo recipients); it was calculated as the sum of the herpes zoster 
severity-of-illness scores of all members of a group divided by the total number of 
subjects in the group.

The second (co-primary) study end point was the incidence of clinically signifi-
cant PHN [107], defined as pain and discomfort due to herpes zoster rated as ≥3 on 
the ZBPI Likert scale ranging from 0 (“no pain”) to 10 (“pain as bad as you can 
imagine”), persisting or appearing more than 90 days after zoster rash onset. (Scores 
lower than 3 are not associated with significant decrements in the quality of life or 
the ability to carry out activities of daily living and were therefore not considered to 
represent PHN [48]).

An additional end point was the incidence of herpes zoster.

24.5.5   Results: Vaccine Efficacy

Zoster vaccine efficacy for the herpes zoster burden of illness was 61.1 % (95 % CI, 
51.1–69.1 %; P < 0.001), 65.5 % in subjects aged 60–69, and 55.4 % in subjects 
aged ≥70 (Fig. 24.2). There were no significant differences in vaccine efficacy by 
gender or age stratum, although vaccine efficacy appeared to be slightly lower in the 
older subjects. The median duration of pain and discomfort among subjects with 
herpes zoster was significantly shorter in vaccine than placebo recipients (21 days 
vs. 24 days, P = 0.03), and the mean herpes zoster severity-of-illness score among 
subjects with herpes zoster was significantly lower in vaccine than placebo recipi-
ents (141.2 vs. 180.5, P = 0.008). For virtually every level of herpes zoster severity-
of-illness score, fewer cases were seen in the vaccine group than in the placebo 
group; this was especially notable for cases with higher scores – that is, cases with 
more painful and protracted disease [184, 185]. For example, herpes zoster severity-
of-illness scores of 1600, equivalent to 160 days of “the worst pain imaginable,” 
were observed in 11 zoster vaccine recipients compared with 40 placebo recipients, 
a 73 % reduction in the vaccine recipients.

Zoster vaccine efficacy for the incidence of clinically significant PHN was 66.5 % 
(95 % CI, 47.5–79.2 %; P < 0.001), 65.7 % in subjects aged 60–69, and 66.8 % in 
subjects aged ≥70 (Fig. 24.3). Zoster vaccine also reduced the proportion of subjects 
with herpes zoster who developed PHN by more than 31 %, with most of this benefit 
in the ≥70-year-old age group who had the highest risk of developing this complica-
tion [184]. In addition, the mean herpes zoster severity-of-illness score was lower in 
subjects with PHN who had received zoster vaccine than in those who had received 
placebo. Among placebo recipients, the incidence of clinically significant PHN was 
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lower in females than in males, whereas vaccine efficacy for  incidence of clinically 
significant PHN was higher in females than males, but these differences were not 
statistically significant [184].

Zoster vaccine efficacy for the incidence of herpes zoster was 51.3 % (95 % CI, 
44.2–57.6 %; P < 0.001), 63.9 % in subjects ages 60–69, but only 37.6 % in subjects 
aged ≥70 (Fig. 24.4). In a time-to-event analysis, the cumulative incidence of her-
pes zoster was significantly lower in the vaccine recipients than in the placebo recip-
ients (P < 0.001) (Fig.  2  in Oxman et  al. [184]). Among placebo recipients, the 
incidence of herpes zoster was slightly higher in females than males (11.79 versus 
10.65 per 1000 person years), but vaccine efficacy for incidence of herpes zoster did 
not differ by gender [184].
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Fig. 24.2 Zoster vaccine efficacy for the herpes zoster burden of illness (VEboi) in the SPS. The 
herpes zoster burden of illness is a severity-by-duration measure of the total pain and discomfort 
caused by herpes zoster in a specific group or population. For each case of herpes zoster, Zoster 
Brief Pain Inventory (ZBPI) data were used to calculate a herpes zoster severity-of-illness score, 
defined as the area under the curve of severity of pain and discomfort due to herpes zoster plotted 
against time during the 182-day period after herpes zoster rash onset. A herpes zoster severity-of-
illness score of 0 was recorded for subjects who did not develop herpes zoster. The herpes zoster 
burden-of- illness score represents the average herpes zoster severity-of-illness score among all 
subjects in a group (e.g., all ≥70-year-old vaccine recipients) calculated as the sum of the herpes 
zoster severity- of- illness scores of all members of the group divided by the total number of subjects 
in the group. The figure within each bar is the average herpes zoster burden-of-illness score (Based 
upon data published in Oxman et al. [184]: Table 2)
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These results suggest that the zoster vaccine-induced increase in VZV CMI, 
though not always sufficient to prevent herpes zoster, reduced the severity and 
duration of the episodes that did occur. This was reflected by a reduction in the 
herpes zoster severity-of-illness score, in the incidence of clinically significant 
PHN, and in the duration and severity of the cases of PHN that did occur in vaccine 
recipients.

The effects of zoster vaccine differed among the younger and older subjects. 
Among the 60–69-year-olds, much of the reduction in the burden of illness and 
incidence of PHN was due to the prevention of herpes zoster. However, among 
the ≥70-year-old subjects, much of the reduction in the burden of illness and 
incidence of PHN resulted from a significant reduction in the severity of the 
disease [184].

There were only two second episodes of herpes zoster among 660 placebo recipi-
ents who developed documented herpes zoster and one second episode among 321 
vaccine recipients who developed documented herpes zoster [184]; none of the 
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Fig. 24.3 Zoster vaccine efficacy for the incidence of postherpetic neuralgia (VEPHN) in the 
SPS. Zoster vaccine reduced the incidence of clinically significant postherpetic neuralgia (PHN) 
by approximately two-thirds in all subjects and in both age strata. Clinically significant PHN was 
defined as pain and discomfort caused by herpes zoster scored as 3 or more on a scale ranging from 
0 (“no pain”) to 10 (“pain as bad as you can imagine”) persisting or appearing more than 90 days 
after herpes zoster rash onset. The figure within each bar is the incidence of PHN per 1000 person 
years. It is important to note that this reduction is calculated for all subjects and not just those with 
herpes zoster (Based upon data published in Oxman et al. [184]: Table 3)
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three second episodes occurred in a subject who was immunosuppressed. This indi-
cates that in the SPS the risk of developing a second episode of herpes zoster was at 
least tenfold lower than the risk of developing a first episode (i.e., ≤0.1 % per year 
vs. approximately 1.1 % per year in placebo recipients) [184]. Retrospective analy-
sis of large databases report higher rates of recurrent herpes zoster [114, 282], but 
they included immunocompromised persons, and few of the cases of herpes zoster 
were proven by virus culture or PCR. The reported incidence of second episodes of 
herpes zoster is influenced by the accuracy of diagnosis and by the duration of 
follow-up.

The distribution of herpes zoster by dermatome was similar in vaccine and pla-
cebo recipients, and the proportion of cases of ophthalmic zoster, approximately 
11 %, was also comparable [187]. In addition, among placebo recipients, there was 
no significant difference between the mean herpes zoster severity-of-illness score of 
ophthalmic zoster and that of zoster in other dermatomes, and zoster vaccine effi-
cacy was comparable in ophthalmic zoster and zoster in other dermatomes [187]. It 
should be noted that the early initiation of effective antiviral therapy in both vaccine 
and placebo recipients with ophthalmic herpes zoster is likely to have prevented 
most complications other than PHN (Chap. 5).
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Fig. 24.4 Zoster vaccine efficacy (VE) for the incidence of herpes zoster in the SPS. Zoster vac-
cine efficacy for the incidence of herpes zoster was 51.3 % overall; 63.9 % in subjects 60–69 years 
of age but only 37.6 % in subjects ≥70 years of age. The figure within each bar is the incidence of 
herpes zoster per 1000 person years (Based upon data published in Oxman et al. [184]: Table 3)
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24.5.6   Results: Vaccine Efficacy for Zoster-Related 
Interference with Functional Status and  Quality of Life

Assessments of subjects included evaluation of the impact of herpes zoster on 
health-related quality of life and capacity to carry out activities of daily living [48]. 
Detailed analyses of these data provided further evidence of the severe impact of 
acute herpes zoster pain and discomfort and of PHN on these aspects of patients’ 
well-being [184, 212, 215] and demonstrated that the efficacy of zoster vaccine in 
reducing the decrement in quality of life and in the capacity to carry out activities of 
daily living caused by herpes zoster was similar to zoster vaccine’s efficacy for the 
burden of illness due to herpes zoster (Fig. 24.5) [212, 215]. These results are con-
sistent with the results of a large prospective study of the impact of herpes zoster in 
adults in Canada [61].

24.5.7   Safety of Zoster Vaccine

Rates of serious adverse events, systemic adverse events, hospitalizations, and 
deaths were low among zoster vaccine recipients and comparable to those among 
placebo recipients [184, 220]. Local reactions at the injection site occurred in 
48.3 % of vaccine recipients compared with 16.6 % of placebo recipients, but they 
were generally mild and transient [184]. Vesicular rashes at the injection site were 
more common in vaccine than placebo recipients, but they were infrequent and 
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Fig. 24.5 Zoster vaccine efficacy for the herpes zoster burden of illness and interference with 
activities of daily living (ADL) end points in the SPS. Zoster vaccine efficacy for the herpes zoster 
burden-of-illness score compared to zoster vaccine efficacy for interference with activities of daily 
living assessed with the Zoster Brief Pain Inventory (ZBPI) and the Zoster Impact Questionnaire 
(ZIQ) (From Fig. 2 in Oxman [182], based, in part, upon data in Schmader et al. [212])
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limited in extent and duration [184]. Neither wild-type VZV nor vOka was demon-
strated in these injection site lesions, either by culture or PCR assay [93], and there 
were no documented episodes of disseminated vesicular disease caused by vOka 
[184]. Of particular note were the observations that during the first 42 days after 
vaccination, there were 24 cases of herpes zoster in placebo recipients and only 7 
cases in vaccine recipients and that no cases of herpes zoster at any time during the 
study were caused by vOka [93]. This demonstrated that zoster vaccine neither 
caused herpes zoster nor induced herpes zoster caused by reactivation of endoge-
nous wild-type VZV [93, 184, 185]. A more detailed analysis provided additional 
data indicating the safety of zoster vaccine in SPS subjects [220].

24.5.8   Immune Responses to Zoster Vaccine

Immune responses to VZV were assessed in a representative subset of 1395 SPS 
subjects at enrollment (691 vaccine and 704 placebo recipients), as well as in all 
suspected cases of herpes zoster throughout the study. VZV CMI was measured by 
VZV responder cell frequency and interferon-γ ELISPOT assays and antibody to 
VZV by glycoprotein (gp) ELISA [142, 265]. Baseline measurements prior to vac-
cination demonstrated that the progressive decline in VZV CMI with increasing age 
[2, 12, 24, 163, 206] continues in adults into the eighth and ninth decades of life 
[142]. In contrast, antibody to VZV persists at high levels with little or no decline in 
the aged [143, 163, 206]. VZV CMI and antibody responses were significantly 
increased at 6 weeks after immunization in vaccine recipients compared to placebo 
recipients and compared to baseline values. The vaccine-induced increases in VZV 
CMI persisted during the 3 years of follow-up, although their magnitude decreased 
over time, with the greatest decrease between 6 weeks and 1 year after vaccination 
[142]. The magnitude of VZV CMI responses to zoster vaccine decreased with age 
and was significantly higher in 60–69-year-olds than in vaccine recipients ≥70 years 
of age. In contrast, there was no significant difference in VZV antibody titers 
between the two age strata. The maximum levels in VZV CMI in the first year post- 
vaccination are reflected by the observation that the highest levels of zoster vaccine 
efficacy for all three study end points occurred during the first year post-vaccination 
[167, 214]. This indicates that results of studies of vaccine effectiveness will be 
affected by the duration of post-vaccination observation.

Immunologic assessments were also carried out in 981 subjects (321 vaccine and 
660 placebo recipients) who developed herpes zoster and 1362 subjects (682 vac-
cine and 680 placebo recipients) who did not, using the same assays for VZV CMI 
and antibody to VZV described above [265]. High levels of VZV CMI at onset of 
herpes zoster were correlated with reduced herpes zoster severity-of-illness scores 
and a significantly lower risk of developing PHN. In contrast, higher levels of anti-
body to VZV after rash onset were associated with increased herpes zoster severity- 
of- illness scores and increased occurrence of PHN [265], probably reflecting more 
extensive VZV replication. Of note, the magnitude and duration of the increase in 
VZV CMI induced by zoster vaccine and by an episode of herpes zoster were simi-

M.N. Oxman and R. Harbecke



381

lar, despite exposure to orders of magnitude more VZV during an episode of herpes 
zoster [265].

24.6  Persistence of Zoster Vaccine Efficacy

The SPS demonstrated persistence of zoster vaccine efficacy for the study end 
points through 4 years post-vaccination [184]. A Short-Term Persistence Substudy 
of SPS subjects assessed the duration of vaccine efficacy through 7  years post- 
vaccination [214]. In the Short-Term Persistence Substudy, compared to the SPS, 
vaccine efficacy for the herpes zoster burden of illness decreased from 61.1 to 
50.1 %, for the incidence of PHN from 66.5 to 60.1 %, and for the incidence of 
herpes zoster from 51.3 to 39.6 %. Analysis of vaccine efficacy using pooled SPS 
and Short-Term Persistence Substudy data for each year post-vaccination showed 
that vaccine efficacy for all three study end points was greatest in year 1 post- 
vaccination and declined thereafter, and that vaccine efficacy for the herpes zoster 
burden of illness and for the incidence of herpes zoster were statistically significant 
through year 5 post-vaccination [214]. A Long-Term Persistence Substudy assessed 
the duration of vaccine efficacy for up to 11 years post-vaccination [167]. Because, 
per protocol, placebo recipients were offered zoster vaccine without charge after 
completion of the SPS and most accepted, the Long-Term Persistence Substudy was 
complicated by the absence of a placebo group. This necessitated the use of SPS and 
Short-Term Persistence Substudy placebo results to model reference placebo 
groups. Compared to the SPS, estimated vaccine efficacy in the Long-Term 
Persistence Substudy decreased from 61.1 to 37.3 % for the herpes zoster burden of 
illness, from 66.5 to 35.4 % for the incidence of PHN, and from 51.3 to 21.1 % for 
the incidence of herpes zoster, and declined for all three outcome measures from 7 
through 11 years post-vaccination. Statistically significant estimates of vaccine effi-
cacy persisted into year 10 post-vaccination for burden of illness due to herpes 
zoster and through year 8 for the incidence of herpes zoster [167].

Life expectancy in the United Kingdom in 1965 was only about 70 years, whereas 
it is now substantially longer in most developed countries and likely to increase fur-
ther in the future. Thus, the lifetime risk of second episodes of herpes zoster observed 
by Hope-Simpson [106] will be substantially greater in the present or in the future. 
Consequently, it will be necessary to utilize more effective vaccines and/or booster 
doses to protect persons against recurrences of herpes zoster in their older years.

24.7  Immune Response to a Booster Dose of Zoster Vaccine

The observation that the efficacy of zoster vaccine declined substantially during the 
decade following administration and the lack of definitive information on the actual 
duration of clinical efficacy [167, 214] present a challenge for those responsible for 
public health recommendations [92, 186, 271].
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VZV CMI (interferon-γ ELISPOT) and antibody (gpELISA) responses were 
evaluated in 210 adults ages 60 years and older randomized to receive two doses 
of live attenuated Oka/Merck zoster vaccine or placebo separated by 6  weeks 
[256]. The second dose of zoster vaccine was well tolerated and immunogenic, 
but correlation between the VZV CMI and antibody assays was poor, and the 
second dose did not boost VZV-specific immunity beyond the levels achieved 
with the first dose.

A second study evaluated VZV antibody responses (by gpELISA) in 616 adults 
aged 70 years and older randomized to receive one or two doses of zoster vaccine 
separated by 1 or by 3  months [257]. The vaccine was well tolerated, with no 
increase in the incidence of adverse events following the second dose. However, 
neither two-dose regimen increased the VZV antibody response compared to a sin-
gle dose.

In a third study, Levin et al. measured VZV CMI (by dual-color interferon-γ and 
interleukin-2 ELISPOT) and antibody (by gpELISA) at baseline and 1, 6, and 
52 weeks following administration of zoster vaccine to ~200 subjects ≥70 years of 
age who had received zoster vaccine ≥10 years earlier, as well as ~100 subjects 
aged 50–59, ~100 subjects aged 60–69, and ~200 subjects ≥70 years of age who 
were all receiving their first dose of zoster vaccine [143]. VZV antibody responses 
were similar at baseline and after vaccination in all four groups, with no difference 
between the ≥70-year-olds receiving a booster dose and those receiving their first 
dose of zoster vaccine. The VZV CMI responses were lower in the ≥70-year-olds 
receiving their first dose of zoster vaccine than in the 60–69-year-olds, but the VZV 
CMI responses of the boosted ≥70-year-olds were similar to those of the vaccinated 
60–69-year-olds, and the responses of the 50–59-year-olds were even higher. The 
higher VZV CMI responses in the boosted ≥70-year-olds than in the ≥70-year-olds 
receiving their first dose of zoster vaccine suggest that some residual effect of zoster 
vaccine on VZV CMI persisted for ≥10 years after vaccination and was enhanced 
by the booster dose.

24.7.1   Intramuscular Versus Subcutaneous Administration

In a recent clinical trial, 354 subjects ≥50 years of age were randomized 1:1 to 
receive Zostavax® by intramuscular or subcutaneous injection [59]. Immunogenicity 
was measured by antibody titers using gpELISA and, in a subset of participants 
(N = 228), by interferon-γ ELISPOT. Subjects vaccinated intramuscularly reported 
fewer adverse events than those vaccinated subcutaneously, with injection site reac-
tions observed in 34.1 % and 64.4 %, respectively. The number of systemic adverse 
events and vaccine-related systemic adverse events were comparable in both treat-
ment groups. Immunogenicity measured by geometric mean VZV antibody titer and 
fold-rise and by geometric mean ELISPOT count and fold-rise was comparable in 
both groups.
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24.8  Efficacy and Safety of Zoster Vaccine in Persons 
50–59 Years of Age

A randomized double-blind placebo-controlled trial, similar in design to the 
SPS, was carried out in 22,439 subjects 50–59 years of age at 105 study sites in 
Europe and North America [213]. Zoster vaccine was shown to reduce the inci-
dence of herpes zoster by approximately 70 % in subjects followed for a mean of 
1.3 years. The safety profile was similar to that observed in the SPS, except that 
the proportion of injection site reactions was higher (49.5 %), probably reflecting 
the more robust immune response of younger persons to zoster vaccine [135, 
142, 184, 220]. The total burden of acute pain due to herpes zoster was signifi-
cantly lower in zoster vaccine than placebo recipients, extending the trend 
observed in the younger age stratum in the SPS; most of the benefit of zoster 
vaccine in 50–59-year-olds was due to the reduction in incidence of herpes zos-
ter; the burden of acute pain in subjects with herpes zoster was similar in vaccine 
and placebo recipients [213].

24.9  Other Oka Zoster Vaccines

24.9.1   Refrigerator-Stable Zoster Vaccine

In a double-blind, randomized safety and immunogenicity study, refrigerator-stable 
and frozen formulations of Zostavax® were compared in 367 immunocompetent 
subjects ≥50 years of age [82]. During 28 days of safety follow-up, more injection 
site adverse events were reported in recipients of the frozen than the refrigerator- 
stable formulation (46.4 % versus 35.6 %), while no difference in the frequency of 
systemic adverse events was observed between the two formulations. No vaccine- 
related serious adverse events were reported in either group. Immunogenicity was 
assessed by measuring VZV antibody titers by gpELISA at baseline (before vaccina-
tion) and on day 28 post-vaccination. Based on the subjects’ antibody responses, the 
immunogenicity of the two formulations of Zostavax® was judged to be similar.

The safety and immunogenicity of refrigerator-stable Zostavax® was evaluated 
in an open-label single-arm trial in 150 Taiwanese subjects ≥50 years of age [280]. 
The vaccine was immunogenic, based on geometric mean fold-rise in VZV  antibody 
titers (by gpELISA), from before immunization to 4  weeks after vaccination. 
Adverse events were generally mild, with 36.0 % of subjects reporting one or more 
vaccine-related adverse events. The most frequently reported vaccine-related 
adverse event was injection site pain (26.7  %). No serious adverse events were 
reported during the 28 day safety follow-up.

Since the need to keep zoster vaccine frozen prior to reconstitution is an impedi-
ment to its widespread use, a refrigerator-stable formulation would be very advanta-
geous. However, since VZV CMI rather than antibody to VZV is responsible for the 
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zoster vaccine-induced reduction in the incidence and severity of herpes zoster and 
PHN observed in the SPS, the reported equivalent immunogenicity of the refrigerator- 
stable and frozen formulations of Zostavax® is open to question [186, 265].

The refrigerator-stable formulation of Zostavax® is used in the United Kingdom 
and other European countries, and it may be administered subcutaneously or intra-
muscularly [64, 193].

24.9.2   Heat-Inactivated Zoster Vaccine

Early studies in healthy VZV-seropositive adults ≥55 years of age demonstrated 
comparable safety and immunogenicity of live attenuated and heat-inactivated Oka 
vaccines, although efficacy was not determined [100, 144].

Redman et  al. administered heat-inactivated varicella vaccine (zoster vaccine 
was not yet available) to bone marrow transplant recipients beginning 1 month after 
transplantation in an attempt to prevent herpes zoster. VZV CMI was increased 
significantly among 14 patients given a single dose compared with 14 unvaccinated 
patients, but their incidence and severity of herpes zoster was unaltered. VZV CMI 
was also increased in 24 patients vaccinated with three doses of heat-inactivated 
varicella vaccine at 1, 2, and 3  months after transplantation compared with 23 
unvaccinated patients. Although the incidence of herpes zoster was not altered in 
vaccine recipients, the severity of the disease was decreased dramatically [199].

Hata et al. administered heat-inactivated varicella vaccine to patients receiving 
autologous hematopoietic cell transplantation for non-Hodgkin’s or Hodgkin’s lym-
phoma in an attempt to prevent herpes zoster. The incidence of herpes zoster during 
1 year after transplantation was reduced from 30 % among 58 placebo recipients to 
13 % among 53 patients who received the vaccine 1 month before and 1, 2, and 
3 months after transplantation. Protection was correlated with reconstitution of T 
cell immunity to VZV [96].

A safe and effective zoster vaccine is needed for immunocompromised patients 
in whom the risk and severity of herpes zoster is markedly increased. With this in 
mind, Merck and Co., Inc., has developed a heat-inactivated zoster vaccine. 
Encouraged by the promising early proof of concept trials described above [96, 
199], Mullane et al. conducted a randomized double-blind placebo-controlled phase 
I trial in 341 adults with either solid tumors, hematologic malignancies, HIV infec-
tion with ≤200 CD4+ T cells, or autologous and allogeneic hematopoietic stem cell 
transplants, stratified by disease, with 262 receiving four doses of vaccine at 30-day 
intervals and 79 receiving placebo. Safety follow-up through day 28 after dose 4 
revealed injection site reactions ranging from 3.3 % among subjects with HIV infec-
tion to 36.8 % among subjects with solid tumors. The heat-inactivated zoster vac-
cine induced a significant increase in interferon-γ ELISPOT counts after the fourth 
dose in all patient groups, except the allogeneic stem cell transplant recipients. VZV 
antibody titers were also increased, but not in either group of stem cell transplant 
recipients [169].
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24.10  Safety and Effectiveness of Live Attenuated  
Zoster Vaccine

Zoster vaccine was licensed by the FDA in May 2006 and recommended by the 
Centers for Disease Control and Prevention (CDC) Advisory Committee on 
Immunization Practices (ACIP) in October 2006 for routine immunization of all 
adults age 60 years or older without contraindications for prevention of herpes zos-
ter and its complications, principally PHN [95]. Zoster vaccine has now been 
licensed in more than 60 countries, and post-licensure studies have provided addi-
tional evidence of the safety of zoster vaccine and of its effectiveness against herpes 
zoster, ophthalmic zoster, and PHN in diverse populations, including persons with a 
variety of comorbidities [10, 28, 59, 115, 116, 131, 132, 155, 157, 164, 168, 170, 
203, 228, 244–247, 249, 251, 280, 285, 286].

24.10.1   Safety of Zoster Vaccine in the General Population

A 1:1 placebo-controlled study evaluated the safety of zoster vaccine in 11,980 
adults ≥60 years of age by assessing the rate of serious adverse events [170]. During 
the first 42 days after vaccination, 1.4 % of vaccine and 1.1 % of placebo recipients 
reported serious adverse events. Serious adverse events reported during the entire 
182-day follow-up period were comparable, with 5.7 % in vaccine and 5.0 % in 
placebo recipients. Types of serious adverse events were also comparable in the two 
groups. Two subjects in the vaccine group and one subject in the placebo group 
reported serious adverse events that were deemed vaccine-related. The overall 
safety profile was similar for both groups and comparable to vaccine safety reported 
in the SPS, which observed a serious adverse events rate of 1.4 % in both vaccine 
and placebo recipients [184, 220].

A retrospective study by Tseng et al. [246] examined Vaccine Safety Datalink 
data from 193,083 zoster vaccine recipients ≥50 years of age. The most common 
adverse events following zoster vaccination were injection site reactions consisting 
of pain, erythema, and/or swelling occurring within 1–7 days after vaccination. This 
adverse event was generally mild to moderate and self-limited and more common in 
younger than in older vaccinees. These results are similar to safety data from the 
SPS, which reported that injection site reactions were more common in 60–69-year- 
olds than in ≥70-year-olds. The difference was attributed to the inverse relationship 
between age at vaccination and the magnitude of the VZV CMI response; it was 
suggested that local injection site reactions reflect the CMI response to zoster vac-
cine [220]. Tseng et al. [246] found no significant increase in the risk of cerebrovas-
cular or cardiovascular adverse events in zoster vaccine recipients within 42 days of 
vaccination.

Kaiser Permanente Northern California performed a retrospective cohort study 
of approximately 29,000 persons ≥60  years of age to assess hospitalizations or 
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emergency department visits in 42 days after administration of zoster vaccine. The 
study did not reveal any short-term safety concerns, such as acute myocardial infarc-
tion or stroke, linked to vaccination [10].

In 2014, Tseng et al. [248] reported the first laboratory-documented case of 
herpes zoster caused by the vaccine strain (vOka). The case was identified as 
part of a prospective herpes zoster study at Kaiser Permanente Southern 
California (KPSC), in which specimens from patients with clinically diagnosed 
herpes zoster are submitted to the National VZV Laboratory at CDC for geno-
typing. A 68-year-old healthy female, who had received Zostavax®, was diag-
nosed with herpes zoster 10  months after vaccination. The rash specimen 
contained vOka, identified by the presence of 15 of 42 recognized vaccine strain 
SNPs, including five of the fixed vaccine markers (see Sect. 24.3). While the 
patient had spent her entire life in the United States and had likely experienced 
varicella, past primary infection with VZV was not confirmed. This report may 
represent a rare case of herpes zoster caused by the Oka vaccine strain in a per-
son who was VZV-naïve when she received Zostavax®. Almost all long-term 
US residents ≥60 years of age are seropositive for VZV as a result of childhood 
varicella. For example, none of the 1395 subjects in the SPS Immunology 
Substudy were seronegative at baseline [142]. Approximately 30 % of the eli-
gible immunocompetent adults ≥60 years of age in the United States have now 
been vaccinated [152, 273] without serologic screening. Even if only 0.1 % of 
these ≥60-year-old adults were VZV seronegative, this would equate to some 
20,000 VZV-seronegative adults who have received zoster vaccine without any 
reported serious adverse events.

Macaladad et al. [155] evaluated safety and immunogenicity of zoster vaccine 
in a double-blind, placebo-controlled randomized study with 21 healthy VZV- 
seronegative and low seropositive adults ≥40 years of age (18 vaccines and 3 pla-
cebo recipients). All 4 seronegative subjects who received vaccine seroconverted 
by day 42 and antibody titers increased significantly in seropositive vaccine recipi-
ents, demonstrating immunogenicity. No vaccine-related serious adverse events 
and no varicella or varicella-like rashes were reported, indicating that zoster vac-
cine is both safe and immunogenic in VZV-seronegative or low seropositive 
persons.

After completion of the SPS, 13,681 placebo participants, including 420 subjects 
who had previously developed confirmed herpes zoster 5 to 85  months earlier, 
received zoster vaccine and were followed for 28 days after vaccination [168]. The 
proportion of persons with prior herpes zoster reporting ≥1 serious adverse event 
was not significantly different from that of vaccinated placebo recipients who had 
not had herpes zoster. The study demonstrated that zoster vaccine safety was unal-
tered by a recent history of herpes zoster.

A study with 101 persons ≥50 years of age with a prior history of herpes zoster 
who received zoster vaccine and were followed for 28 days after vaccination also 
demonstrated that zoster vaccine was well tolerated and safe [164]. These studies 
support the ACIP recommendation that zoster vaccine should be administered to 
persons ≥60 years of age regardless of a history of herpes zoster [95].
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24.10.2   Zoster Vaccine Effectiveness in the General Population

Effectiveness of zoster vaccine against herpes zoster, ophthalmic zoster, and PHN in 
the general population and in adults with a variety of medical conditions, including 
moderate immunosuppression resulting from disease and/or treatment, has been 
demonstrated by retrospective cohort studies using claims data from KPSC [244, 
245, 247, 249], Medicare [131, 132, 286], or Aetna Healthcare [285]. In addition, 
Marin et al. [157] utilized active surveillance for herpes zoster in Olmsted County, 
Minnesota, and the Rochester Epidemiology Report.

Four studies examined zoster vaccine effectiveness for the incidence of herpes 
zoster in the general population (Table 24.1). Three of these studies included per-
sons ≥60 years of age [157, 244, 249], and one study included persons ≥65 years of 
age [131]. Additional measures of vaccine effectiveness were the incidence of pro-
dromal pain [157], PHN [131, 157], ophthalmic zoster [249], and herpes zoster- 
associated hospitalizations [249]. The study by Langan et al. [131] included both 
immunocompetent and immunosuppressed persons.

Tseng et al. [249] carried out a retrospective cohort study in 75,761 zoster vaccine 
recipients and 227,283 matched unvaccinated controls, using KPSC claims data 
(Table 24.1). Zoster vaccine was found to reduce the incidence of herpes zoster by 
55 %, the incidence of ophthalmic zoster by 63 %, and zoster-associated hospitaliza-
tions by 65 % over a mean follow-up period of 1.72 years. Effectiveness for incidence 
of herpes zoster was similar to the 51 % efficacy observed in the SPS, but, in contrast 
to the SPS [184], effectiveness was retained across all age strata [249]. To control for 
bias, the adjusted rate ratios of 13 acute conditions unrelated to herpes zoster in vac-
cine and placebo recipients were determined. These ranged from 0.76 to 1.36 with a 
mean of 1.05; none were as low as the 0.45 rate ratio observed for herpes zoster.

Langan et al. reported an overall vaccine effectiveness for the incidence of herpes 
zoster of 48 % in persons ≥65 years of age, using a 5 % random sample of Medicare 
claims (Table 24.1). Zoster vaccine reduced the incidence of herpes zoster in both 
immunocompetent and immunosuppressed persons. The incidence of PHN with 
pain beyond 90 days after zoster rash onset was reduced by 59 % [131].

Marin et  al. [157] determined zoster vaccine effectiveness by means of a case- 
control study in 266 patients ≥60 years of age with herpes zoster and 362 matched 
controls in Olmsted County, Minnesota, identified by active surveillance and verified 
by medical record review. Zoster vaccine effectiveness for prevention of herpes zoster 
prodrome, medically attended prodrome, and PHN was determined by analyzing a 
subset of herpes zoster case patients with the respective outcome of interest and their 
matched controls. The overall effectiveness of zoster vaccine for preventing herpes 
zoster was 54.2 % during 3 years of follow-up; 67.1 % in persons vaccinated before 
age 70 years and 38.3 % with vaccination after age 70 years. These results are almost 
identical to zoster vaccine efficacy in the SPS, where overall efficacy for incidence of 
herpes zoster was 51.3, 63.9 % in 60–69-year-olds and 37.6 % in subjects ≥70 years 
of age [184]. A separate analysis of herpes zoster characteristics by vaccination status 
found that the risk, duration, and severity of prodromal symptoms, as well as the pro-
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portion of patients who sought medical care for prodromal symptoms, were lower in 
vaccinated than unvaccinated patients with herpes zoster (Table 24.1). However, as in 
the SPS, there was no difference in the dermatomal distribution of cases of herpes 
zoster in patients who did and did not receive zoster vaccine [157, 187].

These effectiveness studies in the general population have shown that zoster vac-
cine reduces the incidence of herpes zoster by approximately 50 % (Table 24.1), 
similar to the 51.3 % reduction observed in the SPS [184].

Due to their short follow-up times, most effectiveness studies cannot address 
long-term persistence of vaccine effectiveness. However, a recent study by Tseng 
et  al. [244], which followed KPSC zoster vaccine recipients for up to 8 years, 
observed that vaccine effectiveness declined from 68.7 % in year 1 to 4.2 % in year 
8 post-vaccination (Table 24.1). These observations are similar to the results of the 
SPS Persistence Substudies [167, 214].

24.10.3   Additional Effectiveness Studies

A study among KPSC patients showed that the short-term risk of herpes zoster 
recurrence was low (0.2 %/year) in adults with a recent episode of herpes zoster and 
was not further reduced by administration of zoster vaccine [243]. Assessment of 13 
unrelated medical conditions, as described by Tseng et al. [249] was included to 
control for bias.

In a retrospective review of KPSC medical records, Tseng et al. [245] compared 
1155 vaccinated adults ≥60  years of age who developed herpes zoster with a 
matched group of unvaccinated adults with herpes zoster to assess vaccine effective-
ness for the incidence of PHN [245]. While vaccination was associated with a lower 
risk of PHN in women, no effect of the vaccine on PHN was observed in men. 
However, the number of persons experiencing PHN was small in both groups (56 in 
vaccine recipients, 100  in unvaccinated controls). Furthermore, since there is no 
ICD code for PHN, diagnosis in many cases is based upon circumstantial evidence, 
e.g., prescriptions for pain medication that coincide with episodes of herpes zoster. 
Thus, identification of PHN in electronic health records is difficult.

It is important to note that zoster vaccine is not effective for treatment of PHN.
Safety, immunogenicity, and effectiveness of concomitant administration of 

Zostavax® with other vaccines is described in Sect. 24.11.

24.10.4   Safety and Effectiveness of Zoster Vaccine in Persons 
with Comorbidities

Retrospective reviews have identified a number of comorbidities that are associated 
with increased incidence of herpes zoster [25, 29, 30, 63, 65, 88, 89, 99, 103, 111, 
127, 132, 146, 150, 159, 171, 221, 224, 227, 242, 255, 274, 277, 279, 283] (Chap. 4). 
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The increase in age-specific risk of herpes zoster ranges from 1.2- to threefold for 
such diseases as chronic obstructive pulmonary disease, depression, inflammatory 
bowel disease, rheumatoid arthritis, psoriasis, asthma, multiple sclerosis, and diabe-
tes mellitus. The increased risk may reflect inhibition of VZV CMI by one or more 
medications, such as corticosteroids, but the disease itself may also adversely affect 
host immune responses. The addition of corticosteroids to other therapies in patients 
with rheumatoid arthritis and other immune-mediated diseases results in a twofold 
increase in the incidence of herpes zoster [224]. The use of tofacitinib (a small-mol-
ecule inhibitor of janus kinase 1 and janus kinase 3) in patients with rheumatoid 
arthritis was associated with a twofold increase in the risk of herpes zoster compared 
to that in recipients of anti-TNF and other biologics [53].

In a preliminary study for the SPS, the investigational live attenuated zoster vac-
cine was determined to be safe and immunogenic in subjects ≥60 years of age with 
diabetes mellitus and with chronic obstructive pulmonary disease (COPD) receiv-
ing inhaled corticosteroids at a total dose equivalent to <20 mg/day of prednisone. 
Consequently, subjects with diabetes mellitus and COPD were enrolled in the SPS.

A double-blind placebo-controlled study evaluated the safety, tolerability, and 
immunogenicity of zoster vaccine in 309 subjects (207 vaccine and 102 placebo 
recipients) receiving chronic/maintenance corticosteroid therapy (5–20 mg predni-
sone/day) for ≥2 weeks pre- and ≥6 weeks post-vaccination [203]. Injection site 
adverse events were more frequent in the vaccine than in the placebo group (22 % 
versus 12 %); frequency of systemic adverse events was 28 % and 24 %, respec-
tively, in vaccine and placebo recipients, similar to systemic adverse events in the 
SPS. Vaccine-related systemic adverse events were also more frequent in vaccine 
than placebo recipients (4.6  % versus 2.8  %). Zoster vaccine was immunogenic 
based on VZV gpELISA antibody titer and geometric mean fold-rise from prevac-
cination to 6 weeks after vaccination.

A retrospective study using Vaccine Safety Datalink data assessed the risks asso-
ciated with zoster vaccine in 14,554 persons taking immunosuppressive medica-
tions, including oral corticosteroids, non-biological disease-modifying antirheumatic 
drugs (DMARDs), and oral antirejection drugs at the time of vaccination [28]. 
Patients who had immunosuppressive drugs dispensed between 30 days before and 
5 days after vaccination and with medication supply crossing into this time period 
(defined as “current use,” 4826 persons) were compared to patients using these 
drugs in the 365 days before but not extending into the current time window (defined 
as “remote use,” 9728 persons). A modest increase in the incidence of herpes zoster 
was observed in the first 42 days after zoster vaccination in patients with current 
immunosuppressive drug use when compared to patients with remote 
 immunosuppressant drug use. Patients with current immunosuppressive drug uses 
constituted 1.7 % of the total eligible population (4826/277,358 persons) that had 
received zoster vaccine during the study period, and only 0.2 % (550/277,358) were 
receiving high-dose corticosteroids (equivalent to ≥20 mg/day of prednisone) at the 
time of vaccination, which is contraindicated.

A Japanese pilot study administered investigational BIKEN varicella vaccine 
with a mean titer of 50,000 plaque-forming units of VZV (comparable to Zostavax®) 
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to 10 diabetic patients (with 6 % to 9.5 % glycosylated hemoglobin) and 10 healthy 
adults aged 60–70 years [98]. The vaccine was found to be safe and immunogenic.

In a pilot study, 10 moderately immunosuppressed subjects with systemic lupus 
erythematosus (SLE) and 10 control subjects ≥50 years of age received Zostavax® 
and were followed for 12 weeks. Three subjects in each group experienced mild 
adverse events at the injection site. No serious adverse events or SLE flares were 
reported during the study [90].

Patients with rheumatoid arthritis are at a twofold higher risk of developing her-
pes zoster, compared with the general population [221, 224, 274, 283]. This 
increased risk may be due, in part, to their underlying disease and in part to immu-
nosuppressive therapies. Relatively few of such patients have received zoster vac-
cine because of safety concerns. Current ACIP guidelines [95] recommend zoster 
vaccine for patients who use methotrexate at <0.4 mg/kg/week or low to moderate 
doses of corticosteroids (prednisone equivalent of <20 mg/day), but the vaccine is 
contraindicated in patients using antitumor necrosis factor-α (TNF) and other bio-
logics [285].

Zoster vaccine was administered to 152 patients with rheumatoid arthritis, anky-
losing spondylitis, or psoriatic arthritis receiving intravenous (110 patients) or sub-
cutaneous (42 patients) anti-TNF and other biologic therapies, at the time of a 
scheduled dose of biologic, which was withheld [147]. Zoster vaccine appeared to 
be safe, with no increase in herpes zoster incidence or disseminated herpes zoster. 
A safety and effectiveness study of zoster vaccine in adults on anti-TNF therapy, 
which is currently underway (https://clinicaltrials.gov/ct2/show/NCT02538757), 
has not yet reported any safety concerns [283].

Using Aetna Healthcare administrative claims data, Zhang et al. [285] examined 
zoster vaccine uptake and incidence of herpes zoster in persons ≥50 years of age 
with immune-mediated diseases (rheumatoid arthritis, psoriasis, psoriatic arthritis, 
ankylosing spondylitis, and/or inflammatory bowel disease) (Table 24.2). The inci-
dence rates of herpes zoster were similar in vaccinated and unvaccinated patients. 
However, only 551 (1.2 %) of the 44,115 patients with immune-mediated diseases 
had received zoster vaccine, and most of these were not receiving immunosuppres-
sive medications at time of vaccination. No cases of herpes zoster were observed 
among 47 vaccine recipients who received anti-TNF or other biologics within 
30 days before or after vaccination. Thus, although the numbers are small, likely 
reflecting physicians’ hesitation to administer a live virus vaccine to patients with 
autoimmune diseases, the results suggest that administration of zoster vaccine is 
relatively safe in these patients.

Zhang et al. [286] reported that zoster vaccine reduced the incidence of herpes 
zoster in Medicare recipients ≥60  years of age with immune-mediated diseases 
(rheumatoid arthritis, psoriatic arthritis, psoriasis, inflammatory bowel disease, 
ankylosing spondylitis) by 39 % over a median of 2 years of follow-up (Table 24.2). 
No cases of varicella or herpes zoster occurred in the first 42 days following vacci-
nations in 663 patients treated with biologics (in whom Zostavax® is contraindi-
cated), including 551 receiving anti-TNF biologics, suggesting that zoster vaccine 
is safe in these patients.
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A cohort study by Tseng et  al. [251] using KPSC electronic records demon-
strated zoster vaccine effectiveness in persons ≥60  years of age who underwent 
chemotherapy following vaccination (Table 24.2). Zoster vaccine reduced the 
 incidence of herpes zoster compared to unvaccinated chemotherapy recipients; vac-
cine effectiveness, 42 %, was comparable to that reported in a vaccinated immuno-
competent cohort [249].

A population-based cohort study in a 5 % sample of Medicare patients dem-
onstrated that zoster vaccine is effective in reducing the incidence of herpes zos-
ter in persons ≥65 years of age with chronic kidney disease, diabetes, or both 
(Table 24.2). While herpes zoster incidence rates are higher in these patients, 

Table 24.2 Effectiveness of live attenuated Oka/Merck zoster vaccine in populations with 
comorbidities

Vaccine 
effectiveness 
(% reduction of 
HZ incidencea) Population

Mean duration of 
follow-up Data source Reference

None Patients ≥50 yoa with 
immune-mediated 
diseases;
551 vaccinated
43,564 unvaccinated

Vaccinated: 
0.91 years
Unvaccinated: 
2.02 years

Aetna 
Healthcare

[285]

39 % Patients ≥60 yoa with 
immune-mediated 
diseases;
18,683 vaccinated
444,858 unvaccinated

Vaccinated: 
1.15 yearsb

Unvaccinated: 
1.92 yearsb

US Medicare [286]

42 % Patients ≥60 yoa who 
received 
myelosuppressive
chemotherapy after 
vaccination;
4710 vaccinated
16,766 unvaccinated

Vaccinated: 
1.50 years
Unvaccinated: 
1.58 years

KPSC [251]

CKD: 49 %
DM: 50 %
CKD + DM: 
46 %

Patients ≥65 yoa with 
CKD or DM or CKD and 
DM;
29,785 vaccinated
736,545 unvaccinated

Vaccinated: 
0.95 years
Unvaccinated: 
1.75 years

US Medicare
(5 % random 
sample)

[132]

51 % End-stage renal disease 
patients ≥60 yoa;
582 vaccinated
2910 unvaccinated

Vaccinated: 
2.36 years
Unvaccinated: 
1.94 years

KPSC [247]

Abbreviations: CKD chronic kidney disease, DM diabetes mellitus, HZ herpes zoster, KPSC Kaiser 
Permanente Southern California, yoa years of age
aPercent effectiveness is based on adjusted vaccine efficacy or adjusted hazard ratios published in 
the respective references
bBased on person years in Table 4 in [286]

M.N. Oxman and R. Harbecke



393

vaccine effectiveness is comparable to that in vaccine recipients without these 
comorbidities [132].

A retrospective study using KPSC claims data demonstrated that zoster vaccine 
reduced the incidence of herpes zoster by 51 % in patients with end-stage renal 
disease [247] (Table 24.2). The authors recommend that zoster vaccine be adminis-
trated before or shortly after initiation of dialysis to mitigate immunosuppression 
that might be associated with uremia, systemic inflammation, or hemodialysis.

24.10.5   Safety and Immunogenicity of Live Attenuated Oka 
Vaccine in Persons with HIV Infection

HIV-infected persons are at much higher risk of herpes zoster, recurrent herpes 
zoster, and complications of herpes zoster than the general population [68]. 
Weinberg et al. [264] administered two doses of varicella vaccine, 12 weeks apart, 
to 33 VZV-seropositive, HIV-infected adults with ≥400 CD4+ T cells per mm3 to 
boost immunity against VZV and to protect against herpes zoster. The vaccine was 
well tolerated and safe, but only modestly immunogenic [264].

Two doses of Zostavax®, given 6 weeks apart to 295 VZV-seropositive HIV- 
infected adults ≥18 years of age on antiretroviral therapy (ART) with ≥200 CD4+ 
T cells per mm3 and a viral load of <75 copies of HIV RNA per ml, were safe and 
immunogenic [11]. VZV antibody (gpELISA) titers after the second dose of zoster 
vaccine were comparable to those after the first dose.

A retrospective chart review at the Cleveland Clinic assessed zoster vaccine 
safety in 38 HIV-infected patients ≥50 years of age with CD4+ T cell counts of 
≥350 per mm3 [16]. The median CD4+ T cell count was 610 per mm3, and safety 
follow-up was 42 days. Two of the 38 patients experienced adverse events that pre-
vented normal everyday activities (grade 3): one developed a grade 3 injection site 
reaction; the other, who had a CD4+ T cell count of 6 per mm3 (HIV infection was 
not recognized at the time of vaccination) developed grade 3 pruritus. Although the 
number of vaccine recipients was small, zoster vaccine appeared to be safe for this 
population.

There are currently no efficacy trials underway with live attenuated zoster vac-
cine in HIV-infected adults.

A double-blind placebo-controlled phase I/IIa clinical trial administered three 
doses of a liposome-based adjuvanted VZV glycoprotein E subunit vaccine (see 
Sect. 24.12) to 74 HIV-infected subjects ≥18 years of age on active ART with high 
(≥200 per mm3) and low (50–199 per mm3) CD4+ T cell counts and to ART-naïve 
adults with high (≥500 per mm3) CD4+ T cell counts [14]. The vaccine was immu-
nogenic with humoral and cell-mediated immune responses that persisted through 
18 months of follow-up. There were no vaccine-related serious adverse events and 
no impact on HIV viral load or CD4+ T cell counts.
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24.10.6   Safety and Immunogenicity of Zoster Vaccine 
in Immunocompromised Patients

Live attenuated Oka VZV vaccines are the most attenuated of all live viral vaccines. 
In addition, with respect to zoster vaccine, preexisting immunity to VZV resulting 
from prior varicella provides an added margin of safety in most adults. For example, 
even untreated HIV-infected patients with <50 CD4+ T cells per mm3, who are VZV 
seropositive as a result of prior varicella, do not develop another episode of varicella 
when exposed to exogenous VZV. Finally, the vaccine strain of VZV (vOka) is tem-
perature sensitive and is susceptible to antiviral drugs, including acyclovir, famci-
clovir, valacyclovir, and foscarnet (Chaps. 2 and 8). Nevertheless, the ACIP and 
other expert advisory groups [95, 201, 202, 102, 192, 193, 276] have recommended 
that zoster vaccine not be administered to persons with a variety of diseases and 
treatments that result in severely compromised CMI, such as leukemias, lympho-
mas, and other malignant neoplasms affecting the bone marrow or lymphatic sys-
tem; persons with clinical manifestations of HIV infection, including with CD4+ T 
lymphocyte counts ≤200 per mm3; persons on immunosuppressive therapy, includ-
ing high-dose corticosteroids (≥20  mg/day of prednisone or equivalent) for 
≥2 weeks; and persons undergoing hematopoietic stem cell or bone marrow trans-
plantation unless they are at least 2 years post-transplantation, are not receiving 
immunosuppressive therapy, and are free of graft-versus-host disease. However, 
despite recommendations to the contrary, zoster vaccine has been administered to a 
number of immunosuppressed adults, both in clinical trials and in the course of 
general medical management, with few severe adverse events [110, 132, 150, 174, 
190, 219, 252, 285, 286].

Retrospective reviews of electronic records from large integrated healthcare 
organizations and large administrative medical claims databases have identified a 
number of diseases and treatments associated with increased incidence and severity 
of herpes zoster and PHN (Chap. 4). The affected patients have immune-mediated 
disorders resulting in decreased VZV CMI, and the magnitude of the increase in risk 
is correlated with the degree of immunosuppression. The increase in age-specific 
risk of herpes zoster ranges from 1.5- to threefold for such diseases as rheumatoid 
arthritis, psoriasis, asthma, multiple sclerosis, and type II diabetes mellitus to 10- to 
more than 40-fold for patients with bone marrow and stem cell transplants, solid 
organ transplants, HIV infection, multiple myeloma, and systemic lupus erythema-
tosus [17, 29, 33, 88, 99, 110, 159, 189, 224, 286] (Chap. 4).

A retrospective cohort study assessing vaccine effectiveness against the inci-
dence of herpes zoster in the general population [131] (see Sect. 24.10.2) also cap-
tured zoster vaccine effectiveness in immunosuppressed persons ≥65 years of age 
(patients with leukemia, lymphoma, and HIV infection) and found a 37 % reduction 
in the incidence of herpes zoster in vaccinated versus unvaccinated immunocompro-
mised patients.

In a study by Chou et al. [38], live attenuated Oka varicella vaccine was admin-
istered to 44 VZV-seronegative children <20 years of age who had received alloge-
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neic hematopoietic cell transplants ≥24 months earlier, were off immunosuppressive 
therapy, had no evidence of ongoing chronic graft-versus-host disease, had >200 
CD4+ T cells per mm3, and had developed a specific antibody response to ≥1 post-
transplantation vaccines. Three of the 44 developed self-limited varicella-like rashes 
within 2.5  weeks of vaccination that resolved without treatment. There were no 
subsequent varicella-like rashes and no cases of herpes zoster during a median fol-
low- up of 29.1 months. Twenty-eight patients seroconverted after one injection; 10 
of 14 who did not respond to the initial dose of varicella vaccine responded to a 
second dose. This study demonstrated the safety and immunogenicity of live attenu-
ated Oka varicella vaccine in VZV-seronegative pediatric hematopoietic cell trans-
plant recipients. Zoster vaccine contains a larger quantity of the same live attenuated 
vOka as varicella vaccine [184] but is administered to older adults, almost all of 
whom are immune to varicella. Thus, the safety and immunogenicity demonstrated 
in this study in children lacking any prior exposure to VZV are relevant to the use of 
zoster vaccine in hematopoietic cell transplant recipients.

Two doses of varicella vaccine, given to VZV-seropositive adults 4.5 and 
6.5 months after autologous hematopoietic cell transplantation, were safe but poorly 
immunogenic [209].

Issa et al. [109] administered zoster vaccine to 110 adult autologous (52) and 
allogeneic (58) hematopoietic stem cell transplant recipients who were approxi-
mately 2 years post-transplantation, free of graft-versus-host disease, on no immu-
nosuppressive medication, and not receiving prophylactic antivirals. One hundred 
eight vaccine recipients had no clinically apparent adverse events during a median 
of 9.5 months of follow-up. Two (1.8 %) developed a skin rash within 42 days post- 
vaccination that resolved with antiviral therapy. One of these rashes was zoster-like 
with associated pain that was treated with oral acyclovir. This patient developed 
PHN which had improved but not disappeared by 6 months after rash onset. The 
second patient, who had also received measles-mumps-rubella (MMR) vaccine on 
the same day as zoster vaccine, developed a vesicular skin rash on her upper extrem-
ities and trunk 24 days post-vaccination. She was treated with valacyclovir with 
complete resolution of her rash, which had been diagnosed as multidermatomal 
herpes zoster. As no diagnostic specimens were obtained, it is not known whether 
wild-type VZV or vOka caused the rash in either patient [109].

Review of pharmacy records from the UCSF Hematology Clinic identified 62 
patients >18 years of age with hematologic malignancies who received hematopoi-
etic cell transplants and, subsequently, Zostavax® at their provider’s discretion 
[174]. Of these, 26 had received autologous and 5 allogeneic hematopoietic cell 
transplants at a median time of 482 days and 1323 days, respectively, prior to vac-
cination. No adverse events were reported during a median of 268.5 days of follow-
 up. One patient developed trigeminal herpes zoster 3 weeks after vaccination, but as 
no rash specimens were obtained, it could not be determined whether the episode of 
herpes zoster was caused by wild-type VZV or vOka [174].

These and other reports indicate that zoster vaccine can be safely administered to 
carefully selected patients following hematopoietic cell transplantation or chemo-
therapy for hematologic malignancies; however, several case reports demonstrate 
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that this is not always the case. Costa et al. [49] reported fatal disseminated vOka 
following administration of zoster vaccine to a 79-year-old man with treated chronic 
lymphocytic leukemia who had not received immunosuppressive therapy for 
6 months prior to vaccination [49].

Bhalla et  al. [15] described a 67-year-old HIV-negative, childhood varicella- 
positive man successfully treated for relapse of non-Hodgkin lymphoma, who had 
received chemotherapy and autologous stem cell transplantation for diffuse large B 
cell lymphoma. Measles, mumps, rubella, hepatitis, and varicella vaccines were 
administered 4 years post-transplantation, at a time when he had diffuse large B cell 
lymphoma that was localized to a few lymph nodes and quiescent. Three months 
after vaccination, he developed a zosteriform rash on his forehead that was treated 
with valacyclovir. Zosteriform rashes recurred, progressed, and disseminated 
despite aggressive treatment with intravenous acyclovir. Skin and liver biopsies 
revealed granulomas containing VZV, which was shown by PCR and selective 
sequencing to be vOka. Sequencing of the VZV thymidine kinase gene revealed a 
mutation that resulted in acyclovir resistance. These rare cases emphasize the 
importance of avoiding administration of Oka vaccines to patients where significant 
deficiencies in CMI are suspected.

24.11  Concomitant Administration

An important impediment to administering the recommended vaccines to older 
adults is the low frequency of encounters with healthcare providers. Thus, it is 
essential to administer more than one vaccine during a single visit. The FDA and 
ACIP have routinely endorsed the safety and efficacy of concomitant administration 
of live attenuated and inactivated vaccines at separate injection sites [123]. However, 
in 2009, a clinical trial [156] demonstrated that concomitant administration of 
Zostavax® and Pneumovax®23 resulted in lower VZV antibody titers than observed 
when Zostavax® was administered 4  weeks after Pneumovax®23. Based upon 
these results, a sentence was added to the Zostavax® prescribing information [pack-
age insert] advising against concomitant administration of the two vaccines.

Subsequently a large observational study [250] compared zoster vaccine effec-
tiveness against the incidence of herpes zoster in eligible adults receiving concomi-
tant versus sequential vaccination with Pneumovax®23 and Zostavax® and 
demonstrated that the effectiveness of zoster vaccine was not reduced by concomi-
tant administration. However, the prescribing information [package insert] contin-
ues to caution that concomitant administration resulted in lower antibody titers to 
VZV without citing the observational study (ZOSTAVAX prescribing information 
[package insert]; Merck & Co., Inc., Whitehouse Station, NJ, 02-2016 https://www.
merck.com/product/usa/pi_circulars/z/zostavax/zostavax_pi2.pdf - accessed 06-09- 
2016). Retention of the cautionary statement regarding concomitant administration 
of the two vaccines, which likely results in many older adults failing to receive one 
or the other of these essential vaccines, emphasizes the importance of basing public 
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health policy recommendations on clinically relevant observations – in this case, the 
recognition that it is VZV CMI and not VZV antibody that protects older adults 
from herpes zoster and PHN [142, 182, 183, 265].

A small placebo-controlled Japanese study [97] assessed the immunogenicity of 
zoster vaccine in elderly subjects with diabetes mellitus who received investiga-
tional zoster vaccine (BIKEN) containing approximately 50,000 plaque-forming 
units or placebo concomitantly with one dose of a 23-valent pneumococcal polysac-
charide vaccine (PPSV23). Immunogenicity of zoster vaccine was assessed by VZV 
skin test [8], VZV interferon-γ ELISPOT, and VZV antibody assays. Zoster vaccine 
was safe but did not boost VZV CMI or antibody levels in 25 persons who received 
the vaccine, possibly due to concomitant PPSV23 administration. However, the 
study was small, and most subjects used dipeptidyl peptidase-4 inhibitors as antidia-
betic drugs, which might have interfered with VZV CMI responses [31, 287].

The safety profile in persons ≥50 years of age receiving Zostavax® and inacti-
vated influenza vaccine concomitantly was similar to that in persons who received 
the two vaccines ≥4 weeks apart [121], with injection site reactions observed in 
44.7 % and 38.3 %, respectively. Systemic adverse events during 28 days following 
administration of zoster vaccine were reported in 4.5 % and 4.8 % of vaccinees, 
respectively. No serious adverse events were reported during the study.

24.12  New Improved Vaccines

Identification of VZV genes responsible for aspects of VZV pathogenicity, such as 
an ORF7-encoded neurotropic factor [217], and VZV epitopes with the capacity to 
induce protective immune responses [34] will facilitate the production of a new 
generation of VZV vaccines with improved safety and efficacy.

The development by GlaxoSmithKline of a liposome-based adjuvanted VZV 
glycoprotein E (gE) subunit vaccine (HZ/su) promises to radically change the 
 prospects for immunization against herpes zoster and its complications. The 
liposome- based AS01B adjuvant system contains two immunostimulants: MPL, a 
nontoxic derivative of Salmonella minnesota lipopolysaccharide that is a TLR4 
agonist that can stimulate NF-κB transcription and cytokine production and activate 
antigen- presenting cells, and QS-21, a natural saponin from the bark of the South 
American tree Quillaja saponaria Molina that promotes antigen-specific antibody 
and CD8+ T cell responses [58, 254]. VZV gE is an excellent candidate for a sub-
unit antigen because it is a major component of the virion envelope and the most 
abundant glycoprotein in VZV virions and infected cells, it is essential for virus 
replication and cell-to-cell spread, and it is a major target for VZV-specific CD4+ T 
cell responses [5, 133].

A number of phase I, I/II, and II studies [35, 37, 130, 133] established that two 
doses of HZ/su containing 50 μg of recombinant VZV gE and the liposome-based 
AS01B adjuvant system containing 50 μg of MPL and 50 μg of QS21, adminis-
tered one or 2 months apart, were well tolerated and induced much more robust 
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VZV- specific and VZV gE-specific CD4+ T cell and antibody responses than live 
attenuated zoster vaccine in normal younger and older adults. These VZV-specific 
immune responses have remained elevated for ≥6  years after vaccination [36, 
133]. Administration of live attenuated zoster vaccine at the same time as HZ/su 
did not increase the immune responses induced by HZ/su. HZ/su had an accept-
able safety profile, although non-serious adverse events were more frequent than 
those induced by live attenuated zoster vaccine, particularly injection site reac-
tions during the first 7 days after vaccination. Small studies have demonstrated the 
immunogenicity and safety of HZ/su in two groups of immunocompromised 
patients: HIV-infected adults [14] and autologous hematopoietic cell transplant 
recipients [222].

A large randomized, placebo-controlled phase III efficacy trial of HZ/su in adults 
≥50 years of age (ZOE-50) was carried out in 18 countries, in 15,411 subjects strati-
fied by age, randomized to receive two intramuscular doses of HZ/su or placebo at 
months 0 and 2, and actively followed for herpes zoster for a mean of 3.2 years, 
beginning 1 month after the second dose [129]. Case determination was similar to 
that of the SPS (PCR for VZV DNA and for β-actin DNA to assess specimen ade-
quacy [166]; all suspected cases of herpes zoster were adjudicated by a 5-member 
ascertainment committee independent of GSK and blinded to treatment and diagnos-
tic laboratory results, with unanimity required for a positive assignment; PCR results 
always took precedence). Herpes zoster was confirmed in 6 HZ/su recipients and 210 
placebo recipients, demonstrating an overall HZ/su vaccine efficacy for the incidence 
of herpes zoster of 97.2 %. Vaccine efficacy was comparable in all age groups.

HZ/su was more reactogenic than placebo; solicited or unsolicited adverse events 
within 7 days after vaccination were reported in 84.4 % of HZ/su recipients and 
37.8 % of placebo recipients. Among HZ/su recipients, 81.5 % had injection site 
reactions, primarily pain, and 66.1 % had systemic reactions, primarily myalgia and 
fatigue, compared to 11.9  % and 29.5  %, respectively, in placebo recipients. 
Reactions were transient and mostly of mild-to-moderate intensity, but 17.0 % of 
HZ/su recipients and 3.2 % of placebo recipients had symptoms that prevented nor-
mal everyday activities (i.e., grade 3). Nevertheless, approximately 96  % of the 
 participants in both the HZ/su and placebo groups received two doses of the study 
vaccine, indicating that reactogenicity did not greatly affect participants’  willingness 
to receive the second dose. There were no significant efficacy differences according 
to age, in contrast to results of the SPS where vaccine efficacy for incidence of her-
pes zoster declined markedly in subjects ≥70 years of age.

To provide definitive data on the efficacy and safety of HZ/su in persons 
≥70 years of age, a second study, ZOE-70, which had the same design, was per-
formed concurrently with ZOE-50 at the same sites. In ZOE-70, 13,900 adults 
≥70 years of age were randomized to receive HZ/su or placebo and followed for a 
mean of 3.7 years. Herpes zoster was confirmed in 23 HZ/su recipients and 223 
placebo recipients (0.9 versus 9.2 cases per 1000 patient years); vaccine efficacy for 
incidence of herpes zoster was 89.8 %, P < 0.001, and was similar in 70–79-year- 
old (90.0 %) and ≥80-year-old (89.1 %) HZ/su recipients [52]. 

In a pooled analysis of data from subjects ≥70 years of age in ZOE-50 and ZOE-
70 (N = 16,596), vaccine efficacy against herpes zoster was 91.3 %, P < 0.001. Four 
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of 32 HZ/su recipients with herpes zoster and 46 of 477 placebo recipients with 
herpes zoster, all >70 years of age, had PHN, for a vaccine efficacy against PHN of 
88.8 %, P < 0.001. Solicited injection site and systemic reactions were more fre-
quent in HZ/su than placebo recipients (79.0 % versus 29.5 %), but serious adverse 
events, potential immune-mediated diseases, and deaths occurred with similar fre-
quencies in the HZ/su and placebo recipients [52].

The HZ/su zoster vaccine should be safe and effective in the growing population of 
immunocompromised patients for whom live attenuated Oka zoster vaccines are con-
traindicated. The inclusion of a potent adjuvant system is of some concern with regard 
to widespread use in immunocompetent individuals because of the theoretical potential 
for inducing autoimmune diseases such as multiple sclerosis, systemic lupus erythema-
tosus, and rheumatoid arthritis. The increasing frequency of these diseases and their 
potentially long incubation periods make the design and execution of long-term safety 
studies challenging. However, the absence of potential immune-mediated diseases in 
the large HZ/su efficacy trials conducted to date and in the relatively small numbers of 
subjects vaccinated almost a decade ago in phase I and I/II studies is encouraging.

Widespread use of new vaccines with gE as the sole VZV antigen may exert 
selective pressure in favor of gE escape mutants. However, the important functions 
of gE in VZV replication suggest that many such escape mutants would be less 
efficient than wild-type VZV in replication and spread.

Missense mutations in VZV gE that lead to loss of a B cell epitope and abrogate 
the binding of an antibody frequently used to diagnose VZV infection have been 
identified [207, 208, 239, 275]. These variants are suspected of having increased 
virulence: VZV-MSP [207, 208] exhibits accelerated cell-to-cell spread in tissue 
culture and in the SCID-hu mouse model, as well as a different egress pattern, when 
compared to wild-type VZV [207]. The variant BC, independently isolated from a 
patient with severe HZ lesions, carries the same missense mutation as VZV-MSP 
[239]. Two additional VZV gE variants with a different mutation in the same epit-
ope were isolated from patients in Sweden [275], and a variant with another muta-
tion in the this epitope was isolated from a fatal case of varicella [175]. If these or 
similar mutations alter targets for HZ/su-induced immunity to VZV, they might 
function as escape mutants. The potential for selection of gE escape mutants would 
likely be much greater if a gE subunit vaccine were used for primary vaccination 
(i.e., as a varicella vaccine) than to prevent herpes zoster and its complications in 
VZV-seropositive adults with latent VZV infection.

24.13  Barriers to Uptake of Zoster Vaccine

Zoster vaccine has been recommended for routine administration to persons 
≥60 years of age for a decade in the United States, but only about 30 % of those for 
whom it has been recommended have been vaccinated [152, 273]. This reflects the 
existence of multiple barriers at the patient, provider, and system levels [9, 160, 
182]. Many patients remain unaware of the risk and severity of herpes zoster and its 
complications, particularly PHN, of the fact that antiviral treatment does not prevent 
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PHN, and of the lack of effective treatment for this debilitating complication (Chaps. 
4, 9, 16, 17, 18, 19, and 20). In addition, patients may not be aware of the availabil-
ity of zoster vaccine or may not believe it to be effective (perhaps because, like most 
vaccines recommended for older adults, zoster vaccine is only partially protective, 
in contrast to the almost complete protection provided by most vaccines adminis-
tered to children). Fear of side effects, stoked by a small but vociferous anti-vaccine 
establishment that has garnered media coverage, and the lack of effective rebuttal 
may lead to patients’ refusal even when vaccination is offered. Low levels of educa-
tion and the absence of strong recommendations by their healthcare providers are 
added disincentives, as are busy schedules and competing demands.

Barriers at the provider level include failure to initiate discussion of the need for 
zoster vaccine, to educate the patient, and to strongly recommend vaccination. This 
may reflect inadequate knowledge of the disease and the severity of its impact on 
elderly patients and/or lack of familiarity with zoster vaccine by the specialists who 
often provide care to older adults. It may also reflect the provider’s skepticism about 
the need for zoster vaccine, concerns about its efficacy and safety, or uncertainty 
about the duration of protection. Insufficient knowledge about contraindicated med-
ications and drug doses may lead to additional hesitation when considering zoster 
vaccine for patients with immune-mediated diseases or other comorbidities [9]. 
Concern about reduced immunogenicity and efficacy in older adults should be off-
set by recognition that the incidence and severity of herpes zoster, and especially of 
PHN, are markedly increased in older persons, so that even if effectiveness is some-
what lower, the net benefit of vaccination is greatest in the oldest patients. There is 
also a lack of incentives for physicians to administer recommended vaccines. This 
is compounded by inadequate time with the patient, especially since the primary 
purpose of most encounters is to address existing disease(s).

There are also major barriers at the system level, including lack of reimburse-
ment for vaccine administration and concerns about out-of-pocket costs for patients, 
both related to coverage by Medicare Part D. The cost of zoster vaccine represents 
another barrier. Additional barriers include the lack of a tracking and reminder sys-
tem, the need for frozen storage of zoster vaccine, and advice against concomitant 
administration of zoster vaccine and Pneumovax® 23 (see Sect. 24.11). Improving 
uptake of zoster vaccine will depend upon overcoming these obstacles and require 
strong, knowledgeable, and authoritative advocacy by the patients’ healthcare pro-
viders. The single most important determinant of patients’ acceptance of vaccina-
tion is a strong and reasoned recommendation by their healthcare provider.

24.14  Future Directions

Additional studies utilizing electronic medical records and medical claims data-
bases will likely demonstrate the safety and efficacy of currently licensed live atten-
uated zoster vaccine in diverse populations of moderately immunocompromised 
patients, such as patients with immune-mediated diseases treated with anti-TNF 
biologics who are currently the subject of a prospective clinical trial (NCT02538757). 
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Studies with longer periods of post-vaccination follow-up will provide more precise 
data on the durability of protection and the need for and timing of booster vaccina-
tion. A major question is whether long-lasting immunity to VZV (and other herpes-
viruses) depends upon the vaccine virus’s capacity to establish latency and 
repeatedly reactivate subclinically.

Evaluation and licensure of inactivated zoster vaccines and non-replication sub-
unit vaccines, with and without adjuvants, will extend the benefits of zoster vaccina-
tion to the growing population of immunocompromised patients who are not 
candidates for currently licensed live attenuated zoster vaccines. Advances in 
molecular virology and vaccinology will lead to the introduction of an increasing 
number of new vaccines, new vaccine platforms, adjuvants, and vaccine combina-
tions. These include new therapeutic vaccines targeting other human herpesviruses 
(e.g., herpes simplex virus, cytomegalovirus, and Epstein-Barr virus) and other 
pathogens like HIV and hepatitis C virus that cause latent or persistent infections.

The plethora of new investigational vaccines will make it impossible to base 
approval of vaccines and recommendations for vaccine usage, including concomi-
tant administration, on the results of large randomized double-blind placebo- 
controlled clinical trials such as the SPS.  Since elements of CMI are the host 
defenses of primary importance for many of the agents targeted by these new vac-
cines, it will be important to develop and utilize validated assays of virus-specific 
CMI that can provide reliable laboratory correlates of clinically significant 
 immunity to the disease targeted by the vaccine in question. The selection and 
evaluation of such clinically valid and reliable assays, as well as the design of suit-
able phase IV clinical studies to establish safety and effectiveness, will need to be 
accomplished in advance to ensure that recommendations on vaccine usage are 
evidence-based.
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Chapter 25
Conclusion: “All Roads Lead to Rome”

C. Peter N. Watson

Concluding this book is a fairly simple process. Herpes zoster will increase if 
unchecked as the population ages, and its complications are often severe and life 
changing. It permanently damages the peripheral and central nervous system. 
Postherpetic neuralgia, blindness, cosmetic facial scarring, meningitis, and enceph-
alitis are some well-established catastrophes. There is, however, an increasingly 
protean role for varicella zoster virus in other diseases, such as the common condi-
tions of stroke, myocardial infarction and granulomatous arteritis to rare conditions 
such as short-acting neuralgiform headache with conjunctival injection and tearing 
(SUNCT) one of the trigeminal autonomic cephalalgias (Nagel and Gilden in press 
2016). The concept of a smouldering ganglionitis causing postherpetic neuralgia 
and zoster sine herpete in some patients is intriguing. Further research is necessary, 
but this might lead to successful treatment of postherpetic neuralgia and a variety of 
cryptic neuropathic conditions with antiviral drugs. Complications of herpes zoster 
to date are currently difficult to prevent by aggressively treating acute herpes zoster 
with antivirals, and severe postherpetic neuralgia can be impossible to treat or only 
partially relieved pharmacologically and surgically. After participating in editing 
this book, it is clear, especially from the difficulties in managing the varicella zoster 
virus when it recurs, that the future lies predominately with suppression by zoster 
prevention vaccines which appear to be increasingly effective and more broadly 
applicable. Another hope is that with improved clinical trial design of new drugs 
and perhaps with the promise of genetics for precision medicine, better drugs will 
be developed for neuropathic pain therapy in general, which will be applicable to 
treating postherpetic neuralgia and herpes zoster.
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�Three�Drawings�by�Susan�Telling

Susan Telling was a patient of CPNW with intractable neuropathic facial pain for 
34 years managed moderately well over these years with medications but also by 
expression of her suffering in her art and poetry. Many of her images and poems 
have been published in the journal of the Canadian Pain Society. She died suddenly 
in 2012. The three images here reflect her pain and the impact of this on her life and 
appropriately concludes this book in art as it began with a poem reflecting a patient’s 
experience by Elizabeth MacCallum.
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Three Drawings by Susan Telling
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