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Foreword

Organ transplantation is considered one of the major advances in modern medicine 

and surgery of recent decades.

Thousands of patients all over the world owe their lives to the revolutionary surgical 

techniques and new methods in immunosuppression applied in human transplanta-

tion, which is also a supreme example of human interindividual solidarity.

As in most other domains of modern medicine, radiological imaging plays a major 

role in the correct selection of donors and donor organs, as well as in the optimal thera-

peutic management and care of the transplanted patients.

I am very much indebted to A. Bankier for accepting the challenging task of editing 

a much needed volume dedicated to all radiological aspects of organ transplantation in 

humans. This book is the result of a very successful collaboration between a group of 

international experts in the fi eld and offers a comprehensive overview of all radiologi-

cal issues relevant to all those involved in the care of transplanted patients.

I congratulate the editor and contributing authors for this outstanding, well 

researched, and superbly illustrated book.

I am convinced that this volume on a hot clinical topic will be of great interest to both 

radiologists in training and certifi ed radiologists, as well as to transplant  surgeons and 

medical specialists with an interest in transplantation.

I sincerely hope that it will meet with the same success as the many other volumes 

previously published in the series, Medical Radiology – Diagnostic Imaging.

Leuven  Albert L. Baert
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Preface

By the time I started my medical internship – which, despite many grey hairs on my 

head, is not too long ago – the “art” of transplantation was a somewhat esoteric subdis-

cipline of medicine reserved for a handful of experts based in highly specialized aca-

demic institutions. Although this core of transplantation medicine still exists today, 

substantial progress in the fi eld of surgical transplantation techniques and post-trans-

plantation care has brought transplant recipients beyond the boundaries of specialized 

centers into a much wider medical environment. As a consequence, organ recipients, 

notably after bone marrow, kidney, liver, and heart transplantation, are now seen in the 

daily practice of many general practitioners and, thereby, of many general radiologists. 

The primary aim of this book, therefore, was to provide the non-specialized radiologist 

with an easily accessible and comprehensive manual covering essential and routine-

relevant diagnostic topics in the imaging of transplantation.

The second aim of this book was fostered by personal experience. Throughout my 

radiological practice in the fi eld of transplantation, I have witnessed the simple impos-

sibility of providing meaningful diagnostic and clinical care in the absence of a sincere 

devotion to strong interdisciplinary collaboration. This conviction is mirrored in the 

structure of this book. The radiological chapters are all preceded by clinical chapters 

aimed at embedding radiological information in the indispensable background of clin-

ical knowledge. The second aim of this book, thus, was to enforce a multidisciplinary 

approach to diagnostic imaging in the fi eld of transplantation medicine.

The book’s third aim was to increase awareness of the open issues in transplantation 

medicine. Despite the tremendous advances that transplantation has made over the last 

decade, substantial problems remain. Many of these problems have moved from the 

early post-transplantation period into the mid- and long-term follow-up of transplant 

recipients, and thereby into the fi elds of chronic allograft rejection, chronic infection, 

sequels of chronic high-dosed medication, and transplant-unrelated co-morbidity. 

Without any doubt, radiological techniques have a key role to play in all of these areas; 

hence, suffi cient attention from the radiologist to these still emerging and ever expand-

ing issues is required, as are adequate related training efforts in this fi eld. Hopefully, 

this volume will contribute a modest part to this effort.

I will not end this preface without expressing my gratitude to the individuals who 

have – voluntarily or not – substantially contributed to making this book happen. I 

would fi rst like to thank all the authors involved in this work. I strongly believe that 

the quality of their contributions has made this a comprehensive, informative, and up-

to-date contribution to the fi eld of transplantation medicine. I would then like to thank 
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my fellows and residents. They have missed their teacher quite a bit during 

the “hot” periods of this project, and they paid me back, not by complain-

ing, but by asking pertinent questions and by providing me with interesting 

cases. I would like to thank Peter Jaksch and Walter Klepetko from the Lung 

Transplantation Unit of my home University of Vienna, Austria. Their clinical 

and surgical competence, combined with their reliability, have made our daily 

collaboration a productive and enjoyable partnership. I owe my deep gratitude 

to Pierre Alain Gevenois, Department of Radiology, and Marc Estenne, Lung 

Transplantation Unit, both at the Hôpital Erasme, University of Brussels, Bel-

gium. Their support, expertise, and friendship have aided our fruitful research 

collaboration in the fi eld of lung transplantation over the past decade. Without 

their ongoing input, many things would simply not have happened. I would 

also like to thank Christiane Knoop, Alain Van Muylem, and Denis Tack, all 

from the same institution, for satisfying my often intrusive (and most likely 

annoying) avidity for their help and knowledge.

It is to Ursula N. Davis at Springer-Verlag that I sincerely apologize for my 

sometimes more than undulating working rhythm, a rhythm she tolerated with 

admirable patience and humor. Without her moral support and her enduring 

determination, I would not have made it through this project.

I am also grateful to Prof. Albert L. Baert, AZ Gasthuisberg, University of 

Leuven, Belgium, who put his paternal trust in me to get this volume accom-

plished.

My fi nal thanks go to my children. Particularly during the fi nal phases of 
this book project, their father had – as worded by a reasonably impatient 
daughter – his “head in the clouds,” while he should have been caring for the 
really important things in life such as homework and ball games…

Boston Alexander A. Bankier
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The earliest evidence of an orthotopic autograft 
(organ is placed in its normal anatomic position) has 
been preserved from the Bronze Age. A circular disk 
of bone was removed from the calvarium to relieve 
intracranial pressure and later replaced as an auto-
graft (Sharma and Unruh 2004). Written accounts 
from Egypt, China and India dating back many cen-
turies describe manifold experimentations in graft-
ing (Sharma and Unruh 2004). Potters of the Koo-
mas caste in India reported that around 800 bc, the 
surgeon Susrata grafted a new nose from skin fl aps 
(Transweb 2000). In the sixteenth century, reports 
of tissue autograft transplantation (transplants us-
ing the patient’s own tissue) were more congruent to 
our current scientifi c standards. Tagliocozzi from 
Italy successfully transplanted skin fl aps from the 
patient’s own arms to re-create their nose (rhino-
plasty) (Calne 1963; Transweb 2000). It was not 
until a couple of centuries later that successful al-
lografts (transplants from one human individual 
to another) or xenografts (from animal to human 
individual) were carried out: in 1668 van Meeneren 
(Transweb 2000) documented the fi rst success-
ful bone graft, whereby bone from a dog’s skull 
was used to repair a defect in human cranium. The 
modern age of organ transplantation began in the 
twentieth century with Alexis Carrel, based on his 
pioneering work devoted to vascular replacement. 
He described the method of joining blood vessels 
by replacing the artery with a segment of a vein in 
the early 1900s (Sharma and Unruh 2004). An or-
gan perfusion system created by Carrel and Charles 
Lindbergh led to the development of cardiopulmo-
nary bypasses, thus making open heart surgery a 
reality (Sharma and Unruh 2004). The kidney was 
the fi rst vital organ to be successfully transplanted. 
In 1933, the Russian surgeon Veronoff performed 
the fi rst human allograft (kidney from mother to 
son) without the benefi t of tissue typing. The pro-
cedure failed, the kidney never functioned, and the 

1.1 
Historical Overview

The dream of curing illness and injury by transplant-
ing tissues or entire organs is probably as old as the 
history of healing itself. Transplantation began in-
deed many centuries ago as a primitive practice and 
has since evolved into a modern medicine reality.
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16-year-old boy died from rejection 22 days later 
(Sharma and Unruh 2004). In 1954, Joseph Mur-
ray achieved the fi rst successful kidney transplan-
tation from one identical twin to another without 
using anti-rejection drugs (Houston Chronicle 
2004; Transweb 2000). In 1962 the fi rst cadav-
eric kidney transplant was performed (Transweb 
2000). The organ functioned for 21 months. This 
was made possible thanks to 6-mercaptopurine, the 
fi rst useful immunosuppressive drug. Soon after 
the fi rst successful kidney transplantations, other 
organ transplantations followed: in 1963 James 
Hardy transplanted the fi rst lung (Gift of Life 
Donor Program 2004). In 1966 there was the fi rst 
simultaneous pancreas/kidney transplantation and 
1 year later the fi rst successful liver transplantation 
followed (Barber 2003; Gift of Life Donor Pro-
gram 2004).

There was a period of 62 years from the fi rst ex-
perimental cardiac transplantation in animals at 
the University of Chicago in 1905 until the fi rst suc-
cessful human heart transplantation on 3 Decem-
ber 1967 by Christian Barnard (Gift of Life Donor 
Program 2004; Sharma and Unruh 2004). The 
transplant recipient was a 54-year-old man with end-
stage ischemic heart disease; the donor was a young 
man with severe brain injury. The recipient initially 
recovered but subsequently died of pseudomonas 
pneumonia 18 days later. After multiple attempts of 
cardiac transplantation with poor outcomes, the 1-
year survival during the 1970s improved from 22% 
in 1968 to 65% in 1978 (Sharma and Unruh 2004). 
This success occurred because of improved manage-
ment of infectious complications, the aggressive di-
agnosis and treatment of rejection, and better donor 
and recipient selection.

1.2 
Organ Procurement for Transplantation

A worldwide shortage of donor organs has led to the 
development of national and international systems 
for organ procurement and allocation. Such systems 
promote organ donation and ensure fair distribution 
of available donor organs through a combination of 
legislation, organ exchange organizations (OEOs), 
transplant coordinators, publicity campaigns, do-
nor cards, and professional training programs (de 
Meester 1997).

Although these measures have decreased inappro-
priate organ allocation, the problem of donor organ 
shortage is far from being solved. Most early trans-
plant programs were operated locally, and waiting 
lists were short. Therefore, suitable recipients could 
often not be found for the available organs (Cohen 
and Wight 1999). This issue promoted centralized 
organizations aimed to coordinate organ procure-
ment and allocation in larger geographic perspec-
tives. The OEOs were generated for this requirement, 
ensuring the best possible match between donor and 
recipient, and prioritizing the most urgent cases.

Most OEOs operate on a national basis such as 
in Italy or Spain (Cohen and Wight 1999). Other 
European countries, for example Austria, Belgium, 
Germany, Luxembourg and the Netherlands, oper-
ate together and are organized by the Eurotransplant 
Foundation (Cohen and Wight 1999). The United 
Kingdom Transplant Support Service Authority 
(UKTSSA) serves the UK and Ireland; and Scandia 
Transplant serves Denmark, Finland, Iceland, Nor-
way and Sweden. In the USA, the national organi-
zation is the result of an alliance between regional 
agencies, known as the Organ Procurement and 
Transplantation Network (OPTN). Eurotransplant 
is the largest OEO in Europe and serves an area of 
500,000 km2 and a population of 116 million. In con-
trast Scandia Transplant serves an area of 1,100,000 
km2 and a population of 24 million, whereas the 
OEO of Spain covers an area of 500,000 km2 and 
serves 40 million (Cohen and Wight 1999).

Cadaveric organ donation remains the most im-
portant graft source for organ transplantation. The 
concept of brain stem death is essential to the process 
of cadaveric heart-beating organ donation (Depart-
ment of Health 1983). Potential donors include any 
patient deeply unconscious on a ventilator as a result 
of severe irreversible brain injury of known etiology or 
patients who have suffered spontaneous intracerebral 
hemorrhage, acute neurological trauma and cerebral 
anoxia from different causes. The fi rst step following 
identifi cation of a potential organ donator is the as-
sessment of clinical signs of brain death (Kaufmann 
and Lynne 1986). Brain stem death must be recog-
nized by two independent physicians not involved in 
the organ procurement team. These two physicians 
should perform two sets of brain stem function tests, 
before brain stem death is confi rmed (Kaufmann 
and Lynne 1986). In a deeply comatose patient, main-
tained on a ventilator, the criteria to be satisfi ed that 
brain stem death has occurred are (Royal College 
of Physicians Working Party 1995):



  Solid Organ Transplantation: Past, Present, and Future Challenges 3

Fixed and dilated pupils not responding to bright 
light
Absent corneal refl exes
No motor response to painful stimuli
No refl ex activity unless of spinal cord origin
No oculocephalic refl ex (doll's eyes)
Absent vestibulo-ocular refl exes
No gag or cough refl ex to bronchial stimulation 
by the passage of a suction catheter
No respiratory movements (without mechani-
cal ventilation until arterial pCO2 rises above 
60 mmHg.

Ingestion of alcohol, neurodepressant drugs or 
metabolic abnormalities such as hypernatremia can 
mimic the clinical picture of brain death. So it is an 
absolute condition that suffi cient time should pass 
by for the effect of any such drug intoxication to 
wear off before performing brain stem testing.

If the diagnosis of brain death is confi rmed and 
consent to remove the organs and/or tissues has 
been obtained, the transplant coordinator arranges 
an appropriate time for this procedure. At this point 
“patient care” becomes “donor maintenance,” and 
the intention is to keep optimal organ function for 
the benefi t of the recipient. Organs of donors can be 
lost at this stage if management is diffi cult and time-
consuming. So high medical and nursing care is as 
fundamental at this stage as is the management by 
the transplant coordinator. On one hand, the trans-
plant coordinators are responsible for the local or-
ganization of organ donation and communication 
with OEO; on the other hand, they have to deter-
mine, if they travel to a donating hospital, whether 
the organs are suitable for transplant when a poten-
tial donor becomes available. The donor’s medical 
history is carefully examined and the medical status 
is evaluated for possible further investigations. All 
relevant information is sent to the OEO for eventual 
allocation of the available organs.

The consent of the living donors is regulated by 
law in most countries (Fluss et al. 1997). Frequently, 
this consent must be legally binding and written 
(Terasaki 1991), and only few countries allow the 
consent to be informed and oral (Terasaki 1991). In 
most countries, medical examination for suitability 
of organs is required by law, and in a few countries 
it is indicated in local technical guidelines (Fluss et 
al. 1997).

In all but one European country, consent for a 
donation from the deceased donor is embedded in 
a binding law (Land and Cohen 1992). Most coun-

�

�
�
�
�
�
�

�

tries have a donor register in place, which can dif-
fer from country to country: a dedicated register of 
donors, non-donors or combined registers (Cohen 
and Wight 1999).

1.3 
Patient Selection for Transplantation

1.3.1 
Donor Selection Criteria

The criteria for cadaver organ selection are regu-
lated by technical guidelines in most countries in 
Europe, with only nine having binding selection 
criteria in place (European Commission 2003). 
Figure 1.1 shows the different factors included in 
the risk assessment in the different countries and 
the manner in which they are regulated (binding re-
quirements, technical guidelines or not regulated). 
In contrast, there is consensus in the use of a number 
of biological tests, which are routinely determined 
beforehand: human immunodefi ciency virus anti-
body (anti-HIV) 1 and 2, hepatitis C virus antibody 
(anti-HCV), hepatitis B virus antibody (anti-HBV), 
hepatitis B antigen (Ag-HBs), cytomegalovirus 
(CMV), Treponema pallidum. However, this does 
not apply for some other tests, for example toxo-
plasmosis, human immunodefi ciency virus antigen 
(Ag-HIV), human T-cell leukemia virus (HTLV).

1.3.2 
Recipient Selection Criteria

All recipients undergo a comprehensive pretrans-
plantation medical and psychological evaluation, 
during which emphasis is placed on the cardio-
vascular system to determine operative risks and 
physiologic age (Stratta et al. 2005). Patients then 
are discussed at a multidisciplinary pretransplanta-
tion selection committee meeting, with candidacy 
for transplantation determined by group decision 
(Stratta et al. 2005). Patients are then admitted 
on a waiting list. In the context of current organ 
shortage, there is a continuous debate about whether 
elderly patients should go onto the national waiting 
lists, or be part of specially designed schemes to 
which older or marginal organs, e.g., kidney, are 
preferentially allocated (Oniscu et al. 2004). In 1999, 
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Eurotransplant Leiden started the Eurotransplant 
Senior Program (ESP) “old for old” to give older 
patients with renal insuffi ciency the possibility of 
kidney transplantation (Schlieper et al. 2001). 
The aim is to use kidneys from donors older than 
65 years for recipients older than 65 years. Kidney 
transplantations in older recipients have been per-
formed with good results (Cantarovich et al. 1994; 
Sola et al. 1998).

1.4 
Immune Responses to 
Allografts/Xenotransplantation

Matching the tissues of an organ donor and those of 
the recipient is wanted because the immune system 
attacks foreign tissue. This process is called rejec-
tion. Some patients, however, are too ill to wait for 
a highly compatible donor, so tissue matching is 
often not optimal. For organs that cannot be do-
nated from a living family member (e.g., heart), a 
highly compatible donor is rarely available. With 

the use of immunosuppressive therapy, the success 
of transplantation is less affected by the compat-
ibility of the donor (Gibbs 1997). It is nonethe-
less mandatory to fi nd a donor whose tissue type 
matches the recipient’s tissue type as closely as 
possible (Matas and Schnitzler 2004; Talbot 
and Manas 1997).

Tissue type is determined by molecules on the 
surface of every cell in the body. These molecules 
are called human leukocyte antigens (HLA) or the 
major histocompatibility complex (Petersdorfet 
et al. 1998; Villard 2006). Each person has unique 
HLAs. The HLAs on the cells of the transplant signal 
to the body that this tissue is foreign, when a person 
receives a transplant, and stimulate an immune re-
sponse. The recipient’s blood usually is screened for 
antibodies against the tissues of the specifi c poten-
tial donor. If these antibodies are present severe re-
jection is expected, and transplantation will not be 
performed in these cases (Matas and Schnitzler 
2004; Talbot and Manas 1997).

Even if tissue types are closely matched, trans-
planted organs are usually rejected unless preventive 
measures are taken. Rejection, if it occurs, can begin 
soon after transplantation – acute rejection – but can 

Bacterial, viral or fungal infection which is not controlled at 
the time of donation

History, clinical evidence, or confi rmed positive test of
HIV/AIDS

Ingestion or exposure of a toxic substance

Age

Cause of death

Haemodilution of donor samples

Presence or previous history of malignant diseases

History or clinical evidence of prion disease

Prion disease risk factors

HIV risk factors

Legal Guidelines Not regulated No data available

Fig. 1.1. Risk assessment criteria (European commission 2003)
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also occur after weeks, months or years, then called 
delayed rejection (Gibbs 1997). Rejection can usually 
be controlled by using drugs called immunosuppres-
sants (Schwartz and Damashek 1959).

Immunosuppressive drugs inhibit immune func-
tion by targeting both T- and B-cell responses through 
blockage of cellular proliferation induced by alloan-
tigen stimulation, and by inhibition of the cytokine 
production necessary for such stimulation (Villard 
2006). Optimal immunosuppressive therapy should 
balance mandatory immunosuppression while pre-
serving immunity against environmental antigens 
such as bacterial and viral infections (Villard 
2006).

Many different types of immunosuppressants 
can be used to prevent or control rejection. Most 
of them, including steroids, suppress the entire im-
mune system (Merck 2003). Antilymphocyte glob-
ulin, antithymocyte globulin, and monoclonal an-
tibodies suppress only specifi c parts of the immune 
system. Immunosuppressants must be taken for an 
indefi nite period. High doses are usually necessary 
for the fi rst few weeks, and after that smaller doses 
can usually prevent rejection (Stark et al. 2002; 
Villard 2006).

1.4.1 
Xenotransplantation

Xenotransplantation is the transplantation of organs 
between different species. Current research is aimed 
at using pigs as donors by genetically manipulating 
their immune system so that their organs are ac-
cepted by humans (Schmoeckel et al. 1996). Some 
ethicists give precedence to human needs so they 
focus on the outcome that best serves the interests 
of patients and, if successful, xenotransplants could 
save thousands of human lives. But some questions 
remain to be answered: including that if there are 
chances for successful transplantation, what is the 
risk of transmitting diseases or infections from the 
animal to the patient.

1.5 
Role of Imaging in Transplantation

Radiology is an essential part of a successful trans-
plantation program. Careful donor selection and 

thorough preoperative evaluation are necessary to 
avoid any risk for the donor, to minimize complica-
tions and to ensure graft function. The role of the 
radiologist and the different imaging techniques is 
to defi ne the conditions in which graft donation is 
contraindicated and to identify anatomic variations 
that may alter the surgical approach. Exact evalua-
tion of the following individuals and situations in 
the fi eld of organ transplantation is important for 
radiologic imaging: (1) the living donor, (2) the ca-
daveric donor, (3) the recipients, (4) the diagnosis of 
graft dysfunction, and (5) the diagnosis and treat-
ment of complications.

1.5.1 
Evaluation of Living Donors

In living donor transplantation, preoperative evalu-
ation of the donor includes accurate determination 
of the organ volume, which is crucial to ensure ad-
equate perfusion of both donor and recipient organ, 
e.g., the liver. Determination of the exact vascular 
anatomy of the living donor is mandatory, because 
identifi cation of the replaced or accessory arteries 
may alter the surgical approach. For that purpose 
digital subtraction angiography (DSA), helical com-
puterized tomography (CT) angiography or mag-
netic resonance (MR) angiography can be used. 
Although DSA and CT have similar results, helical 
CT or MRI is preferred today due to its non-invasive-
ness. The defi nition of the venous anatomy is poorer 
with DSA than with CT (Burgos et al. 2004).

An additional advantage in using helical CT or 
MRI is the detection of incidental tumors (Hiramoto 
et al. 2003) in the organ itself or in other organs.

1.5.2 
Evaluation of Cadaveric Donors

An abdominal ultrasound is mandatory in the eval-
uation of cadaveric donors, especially to exclude 
chronic diseases of the donor organ and to exclude 
incidental tumors. Tosaka et al. (1990) reported 
a prevalence of 0.04 of incidental renal cell carci-
noma (RCC) in the general population. However, 
this prevalence appears to be higher in the cadaveric 
potential population (Carver et al. 1999). Intrapa-
renchymatous RCC are usually not detected during 
graft inspection in bench, so renal ultrasound (US) 
of the donor is essential.
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1.5.3 
Recipient Evaluation

The most crucial imaging data to be gathered before 
organ transplantation are about vascular anatomy 
and the vascular status of the recipient. Are there 
any abnormalities, such as anatomic variants, which 
infl uence the surgical procedure? Is there any ath-
eromatosis or occlusion that could preclude anasto-
mosis viability? Vascular evaluation of the recipient 
is indicated in patients with claudication or previ-
ous vascular surgery, and in asymptomatic patients 
older than 60 years with vascular risk factors, bruits 
or asymmetric pulses in the lower limbs (Burgos 
et al. 2004). A combination of Doppler-ultrasound 
and helical CT angiography is adequate. Two main 
indications for MR angiography are evaluation of 
the vascular anatomy of multiple vessels or vascu-
lar abnormalities in the operation area, and exclu-
sion of stenosis in the iliac arteries, e.g., in renal 
transplantation, so as not to provoke insuffi cient 
organ perfusion after transplantation (Burgos et 
al. 2004).

Another reason for ultrasound or helical CT is 
to exclude incidental carcinoma. For example, the 
prevalence of RCC in the dialysis population is 
higher than in the general population, ranging be-
tween 1.5% and 2.6% (Miller et al. 1989;  Terasawa 
et al. 1994). A close relationship also has been re-
ported between acquired cystic kidney disease 
(ACKD) and RCC, which is four- to six-fold greater 
than the risk in the general population. Preoperative 
lung CT, e.g., in patients with cystic fi brosis, is used 
to study the texture of lung parenchyma and iden-
tify areas of maximal lung destruction, bullous dis-
ease, and pleural affections that might affect deci-
sions regarding which lung should be explanted fi rst 
for transplantation or the selection of donor lungs 
(Marom et al. 1999). Other reasons for lung CT are 
detection of lung nodules or adenopathy, that might 
be suggestive of malignancy, and to detect fi ndings 
that are suggestive of infections (e.g., aspergillosis).

1.5.4 
Diagnosis of Graft Function

The absence of graft function in the immediate post-
transplant period makes a Doppler ultrasound nec-
essary to exclude vascular thrombosis or stenosis of 
the pretransplantation vessel. No arterial fl ow in the 
graft is suggestive of arterial thrombosis, and the 

presence of systolic fl ow with inversion of diastolic 
fl ow is diagnostic of venous thrombosis. If there is 
suggestion of artery stenosis in Doppler ultrasound, 
the diagnosis should be confi rmed by DSA, CT angi-
ography or MR angiography. If obstruction or hemo-
dynamic stenosis are diagnosed early in the postop-
erative period, surgical repair may be successful.

DSA has served as the gold standard to make this 
diagnosis. However, the invasiveness of DSA makes 
it less attractive as a diagnostic tool in the early post-
operative period. Color Doppler sonography has 
been proposed as an alternative means of detecting 
such complications, but many authors have reported 
frequent false-negative sonographic examinations, 
primarily due to fl ow-through collateral vessels af-
ter thrombosis of the artery.

Multi-phasic multidetector CT allows, in a single 
examination, a comprehensive evaluation of poten-
tial liver donors and of graft recipients. 3D-CTA 
with maximum intensity projection, multiplanar 
reconstructions, shaded surface display, and volume 
rendering techniques has become a strong competi-
tor for DSA. The new development of multislice CT 
(MSCT) allows scan times fast enough to image the 
liver during a pure arterial phase of contrast opaci-
fi cation. This offers the possibility of 3D CTA for a 
variety of clinical applications.

1.5.5 
Diagnosis and Treatment of Complications

Most complications occur in the early postoperative 
phase. Thus, clinicians should be mindful of the pos-
sibility of obstruction, bleeding or acute rejection.

Ultrasonography is the technique of choice for 
the diagnosis of post-transplant fl uid collections 
such as pleural effusion, lymphocele, abscess, hema-
toma or urinoma. It can also be used therapeutically 
to drain these fl uid collections. Furthermore ultra-
sound is used for guidance to collect biopsy samples 
to exclude necrosis or acute rejection in pathology. 
Sometimes ultrasonographic fi ndings may be mis-
leading, so further investigation with helical CT is 
required, especially for acute bleeding or graft ste-
nosis. In this case early interventional re-vascular-
ization may rescue the graft, obviating the need for 
re-transplantation. The degree of parenchymal isch-
emia can be assessed with contrast-enhanced CT.

Pathologies not affecting the transplanted organ 
but infl uencing further therapeutic decisions such 
as infections and/or other comorbidities, e.g., pneu-
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monia, are other reasons for performing postopera-
tive imaging such as chest X-ray or lung CT.

1.6 
Ethical and Economical Issues in 
Organ Transplantation

Most ethical issues in transplantation result from 
the need for more organs. The debate focuses on 
the fair share of the organs and on the attempt to 
increase the number of available organs. At the First 
International Congress on Ethics, Justice and Com-
merce in Transplantation held in Ottawa, Canada 
in 1989, consensus was reached on several resolu-
tions, including commercialism (buying and sell-
ing of human organs and tissues is unacceptable), 
potential donors (patients in a persistent vegetative 
state should not be considered donors), organ re-
trieval (alleged criminal activity to obtain organs for 
transplant is abhorrent), and organ allocation (dis-
tribution of organs must be equitable). Prolonging 
life through transplantation is desirable, but it must 
take place within an ethical framework (Program 
Committee 1990).

1.6.1 
What are some Ethical Issues in 
Transplantation Today?

Before recipients are added to the waiting list, they 
are evaluated by a specialized health care team at 
the transplant hospital. Several tests and evaluation 
criteria are used for recipient selection. The same 
criteria are applied to everyone who is referred for a 
transplant (the justice principle). This means treat-
ment should be given without regard to factors such 
as race, age, gender or any other irrelevant aspect 
of a patient’s persona. Moreover, it should have the 
rather general virtues of fairness, honesty, balance, 
and the lack of prejudice.

The utility principle means that the probability 
of a successful outcome is aimed. It looks towards 
the ambition of achieving the greatest good for the 
greatest number. It can lead, for example, to the de-
cision that a highly expensive form of treatment for 
an individual with a poor prognosis should be with-
held in favor of a cheaper treatment (of perhaps less 
dramatic benefi t).

All patients have complex medical conditions so 
each individual patient is evaluated within these 
broad criteria (the benefi cence principle). The likely 
benefi ts of any treatment are balanced against the 
possible risks before any treatment decision is made. 
This allows us quite ethically to recommend a course 
of treatment with signifi cant potential risks if we are 
satisfi ed that the potential benefi ts, and the likeli-
hood that the benefi t will occur, more than balance 
the risk.

Now as ever there are lots of discussions focused 
on a patient’s age in transplantation. Should younger 
patients be transplanted before older patients? In the 
recent past, chronologic age was a contraindication 
both for organ donation and transplantation. How-
ever, similar to trends in the overall general popu-
lation, there has been an increasing, yet dispropor-
tionate, shift towards increasing numbers of older 
donors and recipients in for example kidney trans-
plantation (Stratta et al. 2005).

So, the concept of age matching has become 
popular as a method of optimizing usage in elderly 
donors and recipients (Pessione et al. 2003). The re-
sults of kidney transplantation in elderly recipients 
are in reality very similar to those in younger recipi-
ents, particularly when considering death-censored 
analysis (Pessione et al. 2003). Controversially, a 
number of studies have shown that the use of older 
donor kidneys transplanted into younger recipients 
results in inferior outcomes, which suggests that do-
nor age is a more important risk factor than recipi-
ent age (Pessione et al. 2003).

Debates continue surrounding transplantation 
for alcoholism, smoking, drug abuse, and other be-
haviors that led to the need for transplant. Can past 
behavior be a suffi cient basis for excluding poten-
tial transplant recipients or should these people be 
eligible for transplantation if they change their be-
havior? Because of the limited resource of donated 
organs, transplant donation should also be consid-
ered from the life-style perspective of the potential 
recipient.

1.6.2 
Defi ning the Components of Costs

In this age of expensive medical care, many people 
wonder whether fi nancial compensation for organ 
donation would be too expensive. In fact saving 
lives means saving money. Kidney transplants are 
cheaper than dialysis over prospective lifetimes and 
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they pay for themselves within 2–3 years (Loubeau 
et al. 2001; Matas and Schnitzler 2004; Sch-
weitzer 1998). Most of the costs of dialysis are paid 
by the Federal government through the End Stage 
Renal Disease (ESRD) program. Thus, any increase 
in organ supply automatically reduces costs to the 
Federal government.

Direct costs include the operation itself, fees for 
medication, the stay on intensive care units and the 
costs for preoperative tests.

Indirect costs consist of the economic conse-
quences of lost or impaired ability to work or engage 
in leisure activities, such as lost income and house-
hold costs related to domestic maintenance and 
chores as well as to dependant care (Klarenbach 
et al. 2006).

Some countries have fi xed costs and other coun-
tries, especially in Europe, calculate the components 
of transplantation for each individual case. To get a 
rough idea of costs, a kidney transplantation with-
out any complication and a hospital stay of 20 days is 
calculated in Austria to be about € 40,000, whereas 
a liver transplantation costs about € 70,000. In Ger-
many, a kidney transplantation was calculated to 
be € 50,000, and a liver transplantation € 120,000 
(Rotondo 1995).

In US, average billed charges per transplanta-
tion in 1999 consisted of different categories, such 
as evaluation of recipient, candidacy, procurement, 
hospital, physician, follow-up, and immunosuppres-
sants. For a kidney transplantation without the fi rst 
three categories (operation and hospital stay only) 
the charge is about $ 80,900; for liver transplanta-
tion, $ 195,600. These arbitrarily chosen numbers 
mirror the high geographical variability of trans-
plantation-related costs.
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2.1.1 
History and Epidemiology

Heart transplantation (HTX) has evolved over the 
past 39 years from a rarely performed experimental 
procedure to a clinically well established therapy 
with an excellent circumoperative outcome regard-
ing survival and quality of life. It was  Christiaan 
 Barnard who performed unexpectedly the fi rst suc-
cessful human-to-human heart transplant ( allograft) 
on 3  December, 1967 at Groote Schuur Hospital in 
Cape Town, South Africa (Barnard 1967, 1968); 
however, outstanding efforts to develop this surgi-
cal therapy were made by Norman Shumway and 
Richard Lower at Stanford University (Lower and 
Shumway 1960; Shumway et al. 1966) over a long pe-
riod of time. Norman Shumway himself performed 
the fourth heart transplant in the world in January 
1968, which was the fi rst adult human to human 
heart transplantation in the United States.

In this early era most of the fi rst 100 procedures 
failed (Bailey 2000) and patients who survived were 
only short-term survivors. Subsequently cardiac 
transplantation nearly disappeared from clinical 
practice in the early 1970s. Major efforts were concen-
trated at the Stanford University and Dr. Shumway 
and his group again applied new concepts, especially 
in immunosuppression (cyclosporin A), that subse-
quently led to the reappearance of this therapy in the 
early 1980s (Jamieson et al. 1979). Other important 
impacts were the development of improved procure-
ment protocols allowing transplantation of hearts 
from remote donors (Watson et al. 1979). Caves 
established in Stanford the transvenous technique 
for serial sampling of the myocardium for rejection 
surveillance by using a bioptome (Caves et al. 1974). 
Finally a histologic system for grading cardiac al-
lograft rejection was fi rst described by Margaret 
Billingham at Stanford University ( Billingham 
1985).
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Cardiac allotransplantation has rapidly increased 
with more than 70,000 transplant procedures to 
date. It is an established treatment modality for se-
lected patients with end-stage heart failure who are 
not responding to any other maximal medical or 
surgical therapy; however, its availability remains 
limited. As there are many potential candidates for 
this life-saving therapy and the shortage of suitable 
donor organs is profound, careful selection of pos-
sible recipients is important in order to obtain ex-
cellent long-term results and not to waste one of the 
relatively fi xed number of donor organs. 

To achieve good results is not only a matter of 
surgical techniques, it depends on appropriate pa-
tient selection, adequate donor management, organ 
procurement and the prevention of perioperative 
complications. It should be emphasized, however, 
that surgical performance and the application of ap-
propriate techniques are necessary prerequisites for 
treatment success. 

As long as we have to use human organs there will 
be a tremendous shortage of donor organs world-
wide. Due to increasing waiting lists, a result of the 
broadening of acceptance criteria, it is imperative 
to restrict this therapeutic option to those who have 
the poorest prognosis and therefore the greatest 
need. Thus these patients will derive the maximum 
benefi t. 

2.1.2 
Pre-Surgical Evaluation: 
Recipient Evaluation and Selection

Because of the donor shortage appropriate selection 
of potential transplant recipients is of great impor-
tance. They should have an unacceptably high pre-
dicted short-term mortality or a very low quality of 
life despite aggressive medical therapy or after all 
other surgical therapies have failed. The candidate 
evaluation has to focus on pre-operative risk fac-
tors and on all additional factors that can negatively 
infl uence the post-transplant outcome.

The overwhelming majority suffer from either 
ischemic cardiomyopathy or idiopathic dilated car-
diomyopathy in combination with intractable heart 
failure (Hosenpud et al. 1997). But there is also an 
increasing proportion of patients who develop car-
diac allograft vasculopathy several years after HTX 
awaiting a second HTX (retransplantation). Finally 

the number of children with congenital heart dis-
eases on transplant waiting lists both early after 
birth and later as a grown up with congenital heart 
disease (GUCH) is increasing. Other infrequent in-
dications for enrolment to cardiac transplantation, 
such as electrical storm (Dubin et al. 2003; Greene 
et al. 2000), are depicted in Table 2.1.1.

For candidate selection several factors have to 
be assessed: low left ventricular (LV) ejection frac-
tion, right ventricular dysfunction, the New York 
Heart Association (NYHA) functional class, ven-
tricular arrhythmias, measurement of functional 
capacity with determination of maximal oxygen 
consumption, hemodynamic measurements, pul-
monary capillary resistance and the neurohumoral 
activation resulting from congestive heart failure 
(elevated plasma norepinephrine levels) (Aaron-
son et al. 1997; Doval et al. 1996; Gradman and 
Deedwania 1994; Mancini et al. 1991; Stevenson 
et al. 1990).

Absolute contraindications to cardiac transplan-
tation are obviously all concomitant diseases with 
poor prognosis and a short expected life span, such 
as neoplasm, severe cerebral illness, and generalized 
severe peripheral vascular disease. Other contrain-

Table 2.1.1. Indications for cardiac transplantation. Causes 
of end-stage heart failure (the percentage in parentheses rep-
resents the amount of patients in our clinical cohort who 
underwent cardiac transplantation between 1997 and 2004)

Indications for HTX at University 
Hospital Innsbruck

1.1.1997–31.12.2004

Ischemic cardiomyopathy 89 (53.3%)

Idiopathic dilated cardiomyopathy 55 (32.9%)

Valvular heart disease 11 (6.6%)

Hypertrophic obstructive cardio-
myopathy

2 (1.2%)

Restrictive cardiomyopathy 1 (0.6%)

Electrical storm 1 (0.6%)

Arrhythmogenic right ventricular 
dysplasia

1 (0.6%)

Cardiac allograft vasculopathy 
(retransplantation)

3 (1.8%)

Congenital heart disease 4 (2.4%)

Transposition of great arteries  3

Ebstein’s malformation  1

Total 167 patients
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dications are severe obesity, severe osteoporosis, ir-
reversible pulmonary parenchymal disease, mental 
illness and drug abuse (alcohol, tobacco, and illicit 
drugs).

Also the presence of any active life-threatening 
infection is traditionally an absolute contraindica-
tion to cardiac transplantation, except mediasti-
nitis following implantation of a ventricular assist 
device or a previously treated endocarditis. These 
situations are consistent with good outcome despite 
a higher correlation of post-transplant mediastinal 
infection.

Additionally an elevated fi xed pulmonary hy-
pertension with a pulmonary vascular resistance 
of more than 6 Wood units is a contraindication for 
orthotopic heart transplantation.

Relative contraindications should be considered 
on an individual basis [psychosocial instability, a 
documented noncompliance and diabetes with evi-
dence of end-organ dysfunction (nephropathy, neu-
ropathy, retinopathy) . Chronic cardiac hepatopa-
thy, caused by severe heart failure resulting from 
prolonged recurrent congestion and/or impaired 
arterial perfusion, is a common entity in patients 
evaluated for HTX. Hepatic dysfunction generally 
normalizes within several weeks following HTX, is 
consistent with good long-term survival and seems 
therefore to be a benign, potentially reversible dis-
ease (Dichtl et al. 2005).

A history of prior malignancy increases the risk 
of a subsequent fatal malignancy following HTX 
(DiSalvo et al. 1998). Cardiac transplantation may 
be considered, however, if there is no evidence of 
residual, recurrent or metastatic disease for a suffi -
ciently long period, which means the malignancy is 
cured (Kirklin et al. 2002a). By the way all patients 
should be screened appropriately for malignancy 
by CT scan of cranium and chest, abdominal ultra-
sound and exact physical examination.

Currently it is our general policy normally not 
to transplant patients older than 70 years. The el-
derly population is the fastest growing segment in 
all western industrial countries and a fundamental 
change has been taking place recently regarding 
open heart interventions in elderly patients with ac-
ceptable morbidity, mortality and improved qual-
ity of life. Therefore, well-selected recipients older 
than 70 years with single organ damage, that is a 
failing heart, can be evaluated for transplantation 
(Blanche et al. 1996) and can yield clinical results 
comparable to those of younger patients (Marelli 
et al. 2002). 

Other basic considerations regarding a good can-
didate for heart transplantation are suffi cient moti-
vation and compliance by the patient and positive 
support from the family or any other relatives.

2.1.2.1 
Complications Before Transplantation – 
Artifi cial Heart

Patients awaiting heart transplantation are nor-
mally in the New York Heart Association Class 
III–IV, showing different symptoms of heart fail-
ure, hemodynamic compromise, and exercise ca-
pacity. Frequent re-evaluation and close medical 
surveillance are mandatory during their time on 
the waiting list for HTX. Despite aggressive medi-
cal treatment mortality remains high for those with 
end-stage heart disease. The proportion of patients 
undergoing transplant on an urgent basis has con-
tinued to increase (Hankins and Mancini 2001). At 
least 10%–25% of listed patients die on the waiting 
list prior to HTX. 

If there is clear evidence of worsening prompt 
hospital admission for intensive therapy is neces-
sary. As the availability of a suitable donor heart is 
not predictable, hemodynamic deterioration is fi rst 
treated with intravenous inotropic support. When 
the low-cardiac-output syndrome continues to be 
refractory, patients are put on a mechanical circula-
tory device for temporary mechanical support. This 
“bridge to transplantation” concept enables patient 
stabilization, withdrawal of intravenous medication 
(inotropic agents, catecholamines, calcium sensitiz-
ers) and rehabilitation (Antretter et al. 2002a). 
During chronic mechanical circulatory support a 
low level of exercise is possible and the patients are 
able to walk around, to leave hospital and sometimes 
they are followed up by heart failure specialists in an 
outpatient clinic. Nearly 25% of the most recent co-
hort transplanted from 1 January, 2001 to 30 June, 
2003 were on some type of mechanical circulatory 
support (Taylor et al. 2004).

Several systems are now available for circula-
tion support. Ventricular assist devices (VAD) are 
mechanical pumps that can take over the circula-
tory function of the left ventricle (LVAD), the right 
ventricle (RVAD) or both ventricles (biventricular 
assist device – BVAD). The patient’s native heart 
remains in place, and the VADs are implanted in a 
heterotopic position. Connection between the heart 
chambers and the great vessels is usually achieved 
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using cannulae. The pumps are designed for ei-
ther intracorporeal implantation (within the body) 
or paracorporeal placement (outside the body – in 
most cases paraumbilical). According to the design 
blood fl ow is either pulsatile (pulsatile pumps, for 
example: Pierce-Donachy Thoratec VAD, Heart-
Mate XVE-LVAS, Novacor LVAD, Berlin Heart Ex-
cor) or non-pulsatile (centrifugal pumps: Medtronic 
Bio-Medicus, ECMO – extracorporeal membrane 
oxygenation; axial fl ow pumps: MicroMed DeBakey, 
Berlin Heart Incor, HeartMate II, Impella).

The total artifi cial heart (TAH) is designed for 
orthotopic heart replacement, and is thus capable of 
replacing the function of the entire heart. The arti-
fi cial pumps are implanted orthotopically after the 
patient’s diseased native heart has been removed. 
Currently there are only pulsatile designs available 
(CardioWest TAH, AbioCor IRH, Penn State TAH). 
A total artifi cial heart is indicated in patients with 
severe aortic valve insuffi ciency, intractable ven-
tricular arrhythmias, an acquired ventricular septal 
defect, or irreversible biventricular failure requiring 
a high pump output (Renlund 2004).

Berlin Heart offers several miniaturized editions 
of VADs down to a pump chamber size of 10 ml in 
order to apply the concept of “bridge to transplan-
tation” to the small cohort of children and babies 
suffering from severe congestive heart failure who 
are not responding to aggressive medical therapy 
(Hetzer et al. 1998).

2.1.3 
Operation

2.1.3.1 
Cardiac Donor and Procurement

In order to expand the number of potential donors, 
selection criteria have been modifi ed over the years 
with the aim of recruiting older donors as well. Like 
recipient selection, the evaluation of potential do-
nor hearts depends on universally accepted objec-
tive criteria that may be modifi ed by the particular 
circumstances and program-based trends within 
each case.

The ideal donor is young, has no history of cardiac 
symptoms or coronary risk factors and the mecha-
nisms of injury did not affect heart function at the 
time of donor evaluation. Longer periods of previ-

ous cardiac instability (cardiac arrest, cardiac resus-
citation, hypotension, hypoxemia, arrhythmias) are 
taken into consideration during evaluation, however 
the actual hemodynamics are of decisive importance 
for full acceptance of the organ for transplantation.

It is our policy to evaluate every single potential 
donor by transthoracic or transesophageal echocar-
diography to exclude cardiac anomalies or congeni-
tal heart defects, to assess valve morphology and 
function, chamber size, wall thickness, and ejection 
fraction, and to evaluate wall motion abnormalities. 
In addition, if there is a suspicion of coronary heart 
disease we try to obtain a coronary angiography, 
which is frequently logistically impossible. Then it 
is of great importance to accurately inspect the coro-
nary arteries during organ harvesting. If there are 
some doubts or visible plaques we generally disclaim 
the organ. If this situation is foreseeable, an experi-
enced cardiac surgeon has to carry out explantation 
of the donor organ.

Valuable information is provided by a 12-lead 
ECG, the insertion of a central venous catheter (for 
volume status) and in marginal donors a Swan-Ganz 
catheter (for complete hemodynamic status).

The use of moderate inotropes to maintain a sta-
ble output in donors is not a contraindication, but 
high doses of catecholamines over a longer period 
can jeopardize the donor myocardium leading to 
impaired post-transplant function.

It is clear that all laboratory fi ndings and sero-
logical test results have to be checked and if there 
are adverse fi ndings (for example, positive results 
for anti-HIV) the donor has to be refused.

The upper age limit of donors varies between 
transplant centers: the older the donor the more 
extensive the evaluation that is needed. Most cen-
ters have an upper age limit of 55 years although 
some centers have extended this to 65 years of age 
( Kirklin et al. 2002b). In special cases it is impor-
tant that donor age is not viewed in absolute terms, 
but considered along with other important variables 
such as donor cardiac dysfunction, projected isch-
emia time, and the recipient’s clinical condition. 
The risk of early mortality after HTX from donors 
older than 40 years is increased nearly threefold and 
is multifactorial in nature (Lietz et al. 2004). The 
use of older donor hearts is associated with an in-
crease in the incidence of transplant vasculopathy 
at 1 year.

If the organ recipient is in a critically ill and life-
threatening status we would also accept a marginal 
donor for transplantation.
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There are of course donors who appear unaccept-
able at initial evaluation (Copeland 1995). Hemo-
dynamic collapse and cardiac arrest are the natural 
history of brain death. Therefore, aggressive optimi-
zation of the donor must immediately follow the di-
agnosis of brain death until organ procurement can 
take place (Poston and Griffi th 2004). Organ do-
nors have been reported to have severely depressed 
circulating levels of free triiodothyronine (T3 ) re-
sulting in left ventricular dysfunction (Novitzky et 
al. 1987). Acute thyroid hormone supplementation 
before organ harvesting has a hemodynamic ben-
efi t, improving the global left ventricular function. 
Therefore, correction of the hypothyroid environ-
ment may result in improved ventricular function 
(Dyke et al. 1991). Pulmonary artery catheterization 
and echocardiography can provide guidance on ap-
propriate fl uid management. Large doses of inotro-
pes are often the result of hormonal defi ciencies that 
develop after brain death.

For that reason some centers have developed a 
standardized aggressive approach to donor man-
agement that allows functional resuscitation of dys-
functional organs which initially fall outside the 
transplant acceptance criteria (Boucek et al. 1993; 
Laks 1995; Wheeldon et al. 1995).

Absolute contraindications for using a potential 
donor include previous myocardial infarction, se-
vere echocardiographic ventricular dysfunction, 
severe coronary artery disease (detected by coro-
nary angiogram), intractable ventricular arrhyth-
mia and positive HIV status. Relative contraindi-
cations include, among others, positive hepatitis B 
or C serology, sepsis, history of metastatic cancer, 
evidence of cardiac contusion, prolonged hypo-
tension, non-critical coronary artery disease, and 
a history of intravenous drug abuse (Miniati and 
Robbin 2002).

Finally there is no doubt that careful donor se-
lection is a key to successful heart transplantation 
(Copeland 1995) and satisfactory post-transplant 
long-term follow-up.

2.1.3.2 
Donor Cardiectomy

After median sternotomy the pericardium is opened 
in a reversed T-shape fashion and suspended by stay 
sutures. The heart is examined for evidence of car-
diac injury, coronary heart disease and global right 
and left ventricular contractility.

Then the pericardium is incised over the superior 
vena cava (SVC) and the vein is dissected circum-
ferentially. Here, care has to be taken not to injure 
the azygos vein and the sinoatrial node. A suture is 
passed around the SVC but not tied. Next, the infe-
rior vena cava (IVC) is circumferentially freed from 
the pericardial refl ection.

The ascending aorta is dissected from the pulmo-
nary trunk and circumferentially freed.

After abdominal surgeons have completed their 
preparations, 25,000 units heparin is administered 
by the anesthesiologist via a central line. A purse-
string suture is placed on the ascending aorta and a 
cardioplegia cannula is inserted. The suture around 
the SVC is ligated, the IVC is occluded by a vessel 
clamp and the heart is allowed to beat empty. Then 
the IVC is transected. After three to fi ve heartbeats 
the aorta is cross-clamped immediately before 
the brachiocephalic trunk and the cardioplegia is 
started at a pressure-controlled infusion rate. Either 
the left atrial appendage or one upper lung vein is 
partially divided to permit the escape of warm blood 
from the lung and heart.

Usually 2 l of 4 C cold Celsior  cardioplegic so-
lution (Pasteur Merieux, IMTIX – Transplant Unit, 
Lyon, France) is infused; this was specifi cally devel-
oped for heart transplantation as a perfusion and 
cold storage solution.

During cardioplegic infusion the heart is topi-
cally and continuously cooled with cold saline.

Excision starts inferiorly by retracting the heart 
upwards and transecting the inferior and superior 
right as well as the inferior and superior left pulmo-
nary veins (usually at the pericardial refl ection – if 
the lungs are not retrieved). Subsequently, proceed-
ing upwards, the SVC is cut through caudal to the 
tied suture without injuring the sinus node, the right 
and left pulmonary arteries are transected and fi -
nally the aorta is transected just proximal to the aor-
tic cross-clamp (Fig. 2.1.1).

If the lungs are also retrieved, a modifi ed heart-
explantation technique is used. The left atrial inci-
sion is made in the middle, between the atrioven-
tricular groove and the orifi ce of the left pulmonary 
veins. This incision is extended clockwise to the 
orifi ce of the right pulmonary veins in order to 
preserve enough left atrial tissue for the later left 
atrial anastomosis as well as enough tissue for the 
creation of atrial cuffs for the lung transplantation. 
In this case the pulmonary trunk is transected im-
mediately in front of the bifurcation into the pulmo-
nary arteries.
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If additional aorta is necessary for the recipient 
procedure (for example, in pediatric heart trans-
plantation procedures), the transection and follow-
ing harvest are extended down to the arch vessels 
(Brown et al. 1996).

After removal of the organ, the heart is placed in a 
basin fi lled with cold saline and quickly inspected. If 
there is an open foramen ovale it is closed there and 
then in the operating room with a 5-0 prolene suture 
from either the right or left side. All other prepara-
tions are done immediately before implantation.

The heart is then placed into a sterile bag fi lled 
with Celsior  solution, all air is evacuated and a liga-
ture is placed around it. We place the fi rst bag into 
two additional sterile bowel bags, which are tied 
separately. Protected by three separate sterile layers, 
the organ is then placed and buried in a container 
fi lled with crushed ice. Under these conditions, the 
myocardial metabolism is signifi cantly reduced, by 
both diastolic arrest after infusion of crystalloid car-
dioplegic solution and hypothermic storage at about 
2–5 C. With this method, which is currently the only 
one used for heart preservation, 4–5 h of ischemia 
time is generally accepted to be safe ( Yacoub et al. 
1990).

Before leaving the donor hospital the explanting 
surgeon briefl y informs the implanting surgeon in 
the recipient hospital about special fi ndings, about 
the exact cross-clamp time, and the estimated ar-
rival time of the donor explant team.

2.1.3.3 
Orthotopic Cardiac Transplantation

2.1.3.3.1 
Recipient Cardiectomy

We usually start the recipient operation when the 
donor team has inspected the organ and has started 
to explant the donor heart. A careful synchroni-
zation between donor heart procurement and the 
beginning of the recipient’s operation can avoid un-
necessary long organ ischemia time.

The recipient is scrubbed from neck to feet and 
draped in the same manner as for standard heart 
lung machine operations. Consequently the whole 
groin area is accessible (for femoral cannulation).

After standard median sternotomy, opening and 
suspension of the pericardium, the typically en-

Fig. 2.1.1a, b. Donor cardiectomy. a Excised heart and preliminary preparation for the biatrial implantation technique. Liga-
tion of the superior vena cava, incision through the inferior vena cava towards the right atrial appendage. [From Kirklin JK, 
Young JB, McGiffi n DC (2002c) The heart transplant operation. In: Kirklin JK, Young JB, McGiffi n DC (eds) Heart transplanta-
tion. Churchill Livingstone, New York, with permission.] b Excised donor heart with additional length of the superior vena 
cava for the bicaval implantation technique. [From Kirklin JK, Young JB, McGiffi n DC (2002c) The heart transplant operation. 
In: Kirklin JK, Young JB, McGiffi n DC (eds) Heart transplantation. Churchill Livingstone, New York, with permission]

ba
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larged heart is cannulated for connection with the 
heart lung machine in the usual fashion after sys-
temic heparinization: an arterial cannula in the 
ascending aorta and two venous caval cannulae. 
A right angle SVC cannula is inserted directly into 
the SVC 1 cm above the cavoatrial junction close 
to the orifi ce of the azygos vein, and then a tape is 
passed around. The IVC has to be cannulated low, 
through the right atrium just above the connection 
with the IVC and far lateral, to allow an adequate 
atrial cuff after heart excision. Also the IVC is sur-
rounded with tape.

Cardiopulmonary bypass (CPB) is established 
but not before the arrival of the donor heart organ, 
except if the patient’s hemodynamic status deterio-
rates rapidly.

If the recipient had previous open heart surgery 
(a situation not uncommon for heart transplant re-
cipients) we usually dissect the common femoral 
artery and femoral vein for a short distance in one 
of the groins. Umbilical tapes are placed around the 
vessels and everything is prepared for emergency 
femoral cannulation. Cardiopulmonary bypass can 
be established immediately if there are serious com-
plications during chest reopening or stepwise divi-
sion of fi brous adhesions.

Surgical intervention in repeat sternotomy pro-
cedures requires sternal division with an oscillating 
saw. As there are often distinct adhesions between 
the posterior surface of the sternum and the heavily 
enlarged heart, injuries (especially of the right ven-
tricle) are not unusual. Therefore, the surgeon has 
to be aware of that problem and should have experi-
ence in reoperative procedures.

After arrival of the donor team, CPB is started 
and the patient is cooled down to 28 C. Both caval 
tapes are snared and the aorta is cross-clamped. 
The right atrium is opened just lateral to the base of 
the right appendage. The incision is extended infe-
riorly nearly to the atrioventricular groove and fur-
ther down to the lateral side of the coronary sinus. It 
is important to leave enough atrial cuff around the 
IVC cannula. The right atriotomy is extended supe-
riorly around the atrial appendage to the interatrial 
septum. Incision of the interatrial septum opens the 
left atrium.

The aorta is then cut through above the aortic 
valve and this should be done carefully in order 
not to injure the right pulmonary artery, which 
lies directly behind the aorta. After that the pul-
monary trunk is transected as proximally as 
 possible.

The heart is then pulled laterally or superiorly 
and the left atrium is divided: starting at the sep-
tum and superiorly and inferiorly the incision is 
continued along the atrioventricular groove close 
to the mitral valve to the base of the left atrial ap-
pendage, which is also removed. Cardiectomy 
is now completed. After the diseased heart is re-
moved from the pericardial space both atrial cuffs 
are trimmed according to the expected size of the 
donor atrias (Fig. 2.1.2); bleeding in the connective 
tissue of the atrial cuffs or between the aorta and 
pulmonary trunk is cauterized. Finally a drainage 
catheter is implanted into the left upper pulmonary 
vein through a purse string suture to permit evacu-
ation of blood from left atrium, especially if the left 
atrial anastomosis has closed this space and blood 
removal becomes impossible by pump suction 
(Kirklin and Barratt-Boyes 1993; McCarthy 
et al. 1996).

Fig. 2.1.2. Recipient cardiectomy. Intraoperative situation 
after recipient cardiectomy, before starting the standard bi-
atrial heart implantation technique. Note the insertion of 
the venous cannulae into the superior vena cava (SVC) and 
inferior vena cava (IVC) and of the arterial cannula into the 
ascending aorta, which is cross-clamped immediately before 
the brachiocephalic trunk. [From Kirklin JK, Young JB, Mc-
Giffi n DC (2002c) The heart transplant operation. In: Kirk-
lin JK, Young JB, McGiffi n DC (eds) Heart transplantation. 
Churchill Livingstone, New York, with permission]
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2.1.3.3.2 
Preparation of the Donor Organ 

The donor heart is removed from the ice-fi lled stor-
age box, the outermost plastic bag is opened, the 
sterile medium bag is carefully lifted out of the out-
ermost bag with a clamp and then placed into a 
sterile basin. Then the middle plastic box is again 
opened with sterile scissors and the innermost bag 
is obtained in the same manner as before. This bag 
too is opened with sterile scissors and the heart is 
removed and placed in a new sterile basin for prepa-
ration.

First the pulmonary artery is separated from the 
aorta but one has to be careful not to injure the left 
main coronary artery. The incision in the left atrial 
appendage is closed with a polypropylene running 
suture. If the biatrial technique is employed for im-
plantation the SVC is also closed with a 4-0 polypro-
pylene running suture. It is of great importance not 
to jeopardize the donor sinoatrial node. The pulmo-
nary artery is then transected at the bifurcation.

The heart is turned over and the bridge of atrial 
wall between superior and inferior pulmonary veins 
on either side is removed, as is the bridge between 
the left and right pulmonary vein orifi ces in order 
to create one large left atrial opening. All irregu-
lar ends of the pulmonary veins are trimmed away 
(Fig. 2.1.1a).

Finally the implanting surgeon again looks for 
a patent foramen ovale and also inspects the aortic 
and mitral valves for congenital or acquired abnor-
malities.

2.1.3.3.3 
Standard Biatrial Transplantation Technique

This technique is the original procedure initially 
described by Lower and Shumway (Lower and 
 Shumway 1960; Shumway et al. 1966). Implantation 
of the donor heart starts with the anastomosis con-
necting the left atrial cuff of the donor heart to the 
remnant left atria of the patient heart. (Fig. 2.1.3a). 
The assistant holds the donor heart left-sided in the 
chest, enabling the implanting surgeon to make a 
left inferior anastomosis with a continuous running 
suture. After reaching the atrial septum inferiorly, 
anastomosis of the left atrium is then fi nished by 
the other end of the suture closing the superior left 
atrium and the atrial septum. Size discrepancies can 
be balanced easily. During the implantation topical 
cooling of the donor heart with ice slush is impor-

tant for maintaining hypothermia. Then the donor 
right atrium is opened from the lateral aspect of the 
IVC to the base of the right atrial appendage. Again 
a polypropylene suture is used for the right-sided 
running suture line, starting superiorly at the top of 
the right atrial donor incision and passing through 
the top of the recipient right atrial cuff. This suture 
line is then brought inferiorly along the septum, 
where deep bites have to be taken (Fig. 2.1.3b). After 
reaching the IVC near to the inferior cannula, the 
anastomosis is then continued with the other end of 
the suture. Starting at the top, the stitches are then 
brought down, connecting the anterolateral aspects 
of both remnant right atrias.

Stay sutures are placed wherever necessary. Sur-
plus atrial tissue has to be excised to create compe-
tent atrial anastomoses.

Next the pulmonary anastomosis is performed 
with a 4-0 polypropylene running suture. To avoid 
kinking of the new pulmonary trunk the proper 
length has to be measured and the vessels are 
trimmed. Again at the left lateral side of the recipi-
ent, pulmonary artery suturing starts with fi rst com-
pleting the back wall and fi nally the anterior wall. It 
is important to prevent rotation of the pulmonary 
artery.

At this point we start systemic rewarming. The 
aortic anastomosis is carried out in the same fashion 
as the pulmonary anastomosis (Fig. 2.1.3c). The end-
to-end anastomosis between donor aorta and patient 
aorta is made by continuous whipstitch (also 4-0 
polypropylene). As there are often great size discrep-
ancies, compensation is necessary either by opening 
the donor aorta for about 1 cm or by excision of a tri-
angle on the anterior wall of the recipient aorta.

After that air is removed from the heart and the 
aortic clamp is removed (Kirklin and Barratt-
Boyes 1993). We do not perform the aortic anas-
tomosis prior to the pulmonary anastomosis, as is 
carried out in many transplant units to reduce graft 
ischemic time. Instead, we accept a few extra min-
utes and perform the sometimes diffi cult pulmo-
nary anastomosis in a bloodless operation fi eld.

2.1.3.3.4 
Bicaval Anastomosis Technique

The initial and still widespread technique of stan-
dard biatrial transplantation described by Lower 
and Shumway (1960) has undergone some surgical 
modifi cations to reduce disadvantages of the origi-
nal method.



  Epidemiological, Clinical and Surgical Considerations 19

As a consequence of the biatrial operation, the 
patient has two sinus nodes, an innervated recipi-
ent and a denervated donor node. They are iso-
lated electrically from each other by the atrial 
running suture line (Fig. 2.1.3c). Frequently it is 
possible to see the activity of both sinus nodes on 
an ECG.

The great disadvantage of the biatrial technique 
is distortion of the atrial geometry, which is as-
sociated with atrioventricular valve insuffi ciency, 
atrial arrhythmias, and postoperative bradycardia 
(Melton et al. 1999). This technique also dam-
ages internodal pathways. Tricuspid regurgitation 
is present in a high percentage of patients, and mi-

tral regurgitation can also be observed in many 
( Angermann et al. 1990) despite normal valve leaf-
let structures. 

These observations led to the development of 
the bicaval anastomotic technique. Left atrial anas-
tomosis is carried out as prescribed above (see 
Sect. 2.1.3.3.3). Then separately the SVC and IVC 
are anastomosed with the intact right donor atrium 
in an end-to-end fashion with continuous whip 
stitch using a 4-0 and 5-0 polypropylene suture re-
spectively (Fig. 2.1.4). Care has to be taken to avoid 
an angulation or stenosis (Morgan and  Edwards 
2005) of the SVC, which can create a pressure gradi-
ent or increase the diffi culty of passing a bioptome 

Fig. 2.1.3. a–c. Standard biatrial implantation technique. 
a Anastomosis between recipient’s left atrial cuff and donor’s 
left atrium. [From Kirklin JK, Young JB, McGiffi n DC (2002c) 
The heart transplant operation. In: Kirklin JK, Young JB, 
McGiffi n DC (eds) Heart transplantation. Churchill Living-
stone, New York, with permission.] b Running suture line 
with polypropylene suture starting at the top of the right 
atrial donor incision. Note the opening of the donor right 
atrium from the lateral aspect of the IVC to the base of the 
right atrial appendage. For the biatrial technique the SVC 
is either ligated or closed with a 4-0 polypropylene running 
suture and it is important not to jeopardize the donor’s sino-
atrial node. [From Kirklin JK, Young JB, McGiffi n DC (2002c) 
The heart transplant operation. In: Kirklin JK, Young JB, 
McGiffi n DC (eds) Heart transplantation. Churchill Living-
stone, New York, with permission.] c Aortic and pulmonary 
end-to-end anastomoses completing the implantation pro-
cedure. [From Kirklin JK, Young JB, McGiffi n DC (2002c) 
The heart transplant operation. In: Kirklin JK, Young JB, 
McGiffi n DC (eds) Heart transplantation. Churchill Living-
stone, New York, with permission]

a
b

c
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during performance of endomyocardial biopsies 
(Kirklin et al. 2002c).

By maintaining the atrial shape, sinus node func-
tion is preserved and there is less tricuspid insuf-
fi ciency than in the biatrial technique. The bicaval 
technique is also helpful if there are large discrepan-
cies between the donor’s and the recipient’s atria.

Although this technique is associated with longer 
cross-clamp and donor ischemia times, the bicaval 
implantation procedure has signifi cantly reduced 
the need for permanent pacemaker implantation in 
contrast to the standard biatrial technique ( Deleuze 
et al. 1995; Meyer et al. 2005).

2.1.3.3.5 
Total Orthotopic Heart Transplantation Technique

The technique of total orthotopic cardiac trans-
plantation was introduced by Yacoub et al. (1990) 
and Dreyfus et al. (1991) and in it both donor 
atria remain, intact with separate anastomoses of 

pulmonary and caval veins. By using this implant 
technique harvesting of the donor heart needs some 
modifi cations: the bridge of the posterior left atrial 
wall has to be kept intact, and the pulmonary veins 
are joined on each side.

The recipient heart explantation is more extensive 
compared with other techniques. After circumferen-
tial transection of the venae cavae, the left atrium is 
completely removed leaving only one left-sided and 
one right-sided atrial cuff. These two cuffs include 
the ostia of the pulmonary veins.

Implantation of the heart starts with the anasto-
mosis between the left atrial cuff and the correspond-
ing orifi ce of the left donor atrium; subsequently, the 
right pulmonary veins are anastomosed in the same 
manner to the corresponding right orifi ce of the left 
donor atrium. The following implantation is then 
performed in the usual fashion.

Potential complications of this technique include 
bleeding from the pulmonary anastomoses, which 
are often accessible with diffi culty. As there is also 

Fig. 2.1.4a, b. Bicaval anastomosis technique. a Recipient cardiectomy: also the right atrium is resected with the cuffs of 
the SVC and IVC left in place. [From Kirklin JK, Young JB, McGiffi n DC (2002c) The heart transplant operation. In: Kirklin 
JK, Young JB, McGiffi n DC (eds) Heart transplantation. Churchill Livingstone, New York, with permission.] b SVC and IVC 
are separately anastomosed with the intact right donor atrium in an end-to-end fashion. Aorta and pulmonary artery are 
dealt with as described for the standard biatrial orthotopic technique. [From Kirklin JK, Young JB, McGiffi n DC (2002c) 
The heart transplant operation. In: Kirklin JK, Young JB, McGiffi n DC (eds) Heart transplantation. Churchill Livingstone, 
New York, with permission]

a

b



  Epidemiological, Clinical and Surgical Considerations 21

a higher incidence of (left) atrial thrombosis in the 
enlarged resultant atria with the biatrial or bicaval 
technique (Derumeaux et al. 1995), the total ortho-
topic transplant technique can prevent thrombotic 
complications.

All cardiac transplantations are completed in 
the same fashion. After successful termination of 
cardiopulmonary bypass, post-bypass bleeding 
is stopped by infusion of protamine, fresh frozen 
plasma and, if necessary, platelet units (as many 
of the patients are pretreated with oral anticoagu-
lants). Meticulous surgical hemostasis is essential 
for preventing postoperative pericardial tampon-
ade necessitating surgical revision. Temporary 
epicardial pacemaker wires are placed in the an-
terior right ventricular wall and if needed in the 
right atrial wall. The chest is drained with pericar-
dial and mediastinal chest tubes and if there are 
pleural effusions or the pleural spaces have been 
opened during the procedure pleural chest tubes 
are also inserted. Chest closure is then carried out 
in the same manner used for standard open heart 
 procedures.

2.1.3.3.6 
Heart Transplantation in Neonates and Children – 
Pediatric Cardiac Transplantation

The main indication for heart transplantation in 
neonates is hypoplastic left heart syndrome, which 
is a lethal malformation if left untreated. Other indi-
cations are all cardiomyopathies following complex 
congenital anomalies with or without staged surgi-
cal reconstruction or palliative operations. The un-
derlying anatomy and pathology in children is com-
plex as a large variety of inborn cardiac anomalies 
may be present. Most pediatric cases undergo sev-
eral surgical procedures to correct congenital heart 
defects or to improve the hemodynamic condition 
with palliative surgery (Schmid et al. 2005).

Highly experienced in neonatal heart transplan-
tation is the Loma Linda group. They started their 
program of neonatal cardiac allograft transplanta-
tion in 1985 after the spectacular baboon heart xe-
notransplantation in Baby Fae in 1984 (Bailey et al. 
1985). 

They subsequently presented impressive immedi-
ate-term results in 142 transplanted infants regard-
ing operative survival, long-term outcome, growth 
potential and the quality of life in older survivors 
(Bailey et al. 1993; Razzouk et al. 1996; Scheule 
et al. 2002).

The operative cardiac transplant technique is 
nearly the same as described above adapted to the 
underlying congenital disease. In hypoplastic left 
heart syndrome hypothermic circulatory arrest is 
necessary to enable the aortic anastomosis and re-
construction of the aortic arch using donor tissue.

Older infants requiring heart transplantation of-
ten suffer from dilated cardiomyopathy as a conse-
quence of viral myocarditis. Cardiac transplantation 
is carried out in the same fashion as in grown-ups.

Postoperative complications are the same in chil-
dren and adults. Rejection, infection, graft vascu-
lopathy, lymphoproliferative disease, and impair-
ment of kidney function are common problems in 
long-term outcome (Bailey et al. 1995; Penn 1993; 
Starnes et al. 1989).

A special pediatric problem is growth after heart 
transplantation. The majority of pediatric candi-
dates for heart transplantation have sub-optimal 
growth parameters. Poor hemoperfusion during 
a prolonged pretransplant waiting period, nutri-
ent malabsorption, decreased renal perfusion with 
induced diuresis, hemodynamic instability with 
ischemic injury to the hypothalamic pituitary axis 
with resultant insuffi ciencies of one or more of 
the growth-promoting hormones can compromise 
growth parameters. Factors infl uencing post trans-
plant growth include age, graft function and gluco-
corticoid use (Hathout and Chinnock 2004).

The number of transplantations in pediatric pa-
tients at many institutions is limited by donor or-
gan shortage. This is best refl ected in the number 
of deaths on the waiting list, which is 25%–40% 
in pediatric patients and therefore higher than for 
adult cardiac transplant recipients (Groetzner et 
al. 2005). 

Between July 1996 and June 2005, 11 children 
underwent heart transplantation at our institution 
(mean age 9.7±5.7 years, median 10 years, range 
8 months to 16 years), with the youngest baby, weigh-
ing 6.1 kg at the time of transplantation, having 
LVAD implantation (“bridge to transplantation”) 
13 days prior to HTX. Five patients (45.4%) of our 
transplanted pediatric population needed mechani-
cal circulatory assist prior to HTX.

2.1.3.3.7 
Heterotopic Cardiac Transplantation

Heterotopic heart transplantation (h-HTX) was 
clinically established by Barnard and Losman 
(1977), who fi rst implanted an auxiliary heart. The 
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donor heart is placed in the right pleural cavity and 
anastomosed to the recipient’s own myopathic organ 
(Fig. 2.1.5).

Today this method has relatively few specifi c in-
dications and is only rarely performed (Cooper and 
Taniguchi 1996). The greatest disadvantage of this 
method is the ongoing deterioration of the recip-
ient’s poorly contracting heart leading to massive 
problems during long-term follow-up (Antretter 
et al. 2002b) (Fig. 2.1.6). In addition, the results of 
h-HTX are generally inferior to those of orthotopic 
HTX (Kirklin et al. 2002c).

Presently there is only one basic indication for 
h-HTX: a markedly elevated pulmonary vascular 
resistance in the recipient (Newcomb et al. 2004), 
that is not responding to vasodilative pharmaco-
logic agents. The fi xed pulmonary hypertension is 
one of the leading problems during orthotopic HTX 
resulting in immediate right heart failure (Klima et 
al. 2005). The auxiliary heart, acting in parallel with 
the recipient’s own heart (which is the situation in 

Fig. 2.1.5. Heterotopic cardiac transplantation. The donor’s 
left atrium is anastomosed to the corresponding opening 
in the native left atrium. Donor superior vena cava is then 
anastomosed end-to-side to the anterolateral aspect of the 
recipient’s SVC near the junction of the right native sub-
clavian and innominate veins. The donor’s aorta is then 
anastomosed end-to-side to the anterolateral aspect of the 
native ascending aorta. Finally the donor’s pulmonary ar-
tery is lengthened with an appropriately sized woven graft 
(Hemashield prosthesis), which is then anastomosed end-to-
side to the anterior aspect of the native pulmonary artery. 
[From Kirklin JK, Young JB, McGiffi n DC (2002c) The heart 
transplant operation. In: Kirklin JK, Young JB, McGiffi n 
DC (eds) Heart transplantation. Churchill Livingstone, New 
York, with permission]

Fig. 2.1.6. a Chest radiograph showing the left-sided mas-
sive dilated orthotopic native heart in a 35-year-old patient 
who had a heterotopic heart transplantation 19 years previ-
ously [right sided, the heterotopic graft with an abandoned 
old epicardial pacemaker lead which was previously used for 
graft rejection monitoring (arrow)]. Heterotopic heart trans-
plantation was carried out because of markedly elevated pul-
monary vascular resistance. b In 1999 the patient presented 
clinical signs of acute forward failure: ECG showed ventricu-
lar fi brillation of his own heart, while the heterotopic graft 
was in regular sinus rhythm. Transthoracic echocardiogra-
phy (TTE) revealed severe regurgitation through the incom-
petent aortic and mitral valves, resulting in a severe decrease 
in cardiac output. In 2001 the patient’s own native heart 
was removed and the heterotopic graft was transferred into 
the orthotopic position. Chest radiograph before discharge 
shows the heterotopic graft after the “transfer operation” in 
the orthotopic position. The patient is now in NYHA class 
0–I. The arrow shows the old epicardial pacemaker lead, pre-
viously used for rejection monitoring

a

b
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h-HTX), can manage the elevated pulmonary resis-
tance only with the continuous support of the native 
right ventricle. 

Since diagnosis of fi xed pulmonary hypertension 
will be reassessed in the near future because of the 
extended use of ventricular assist devices, which 
show remarkable improvement of so-called fi xed 
pulmonary hypertension, the indications for h-HTX 
will probably drop down to extremely rare cases, if 
ever.

Since 1993 – in a continuous series of 234 cardiac 
transplants performed at our institution – only one 
h-HTX (0.4%) has been necessary.

2.1.4 
Perioperative Complications and Problems

There are some complications which can lead to an 
initial failure of the transplanted heart. Bleeding 
from the anastomoses, which is sometimes a major 
concern, requires a careful search for the source es-
pecially as many patients take oral anticoagulants up 
until the transplantation and therefore suffer from 
coagulopathy. Massive volume substitution (blood 
or plasma) after separation from cardiopulmonary 
bypass (CPB) can lead to right heart failure.

Another common problem is early right heart 
failure following transplantation because of el-
evated pulmonary resistance in the recipient. The 
right ventricle of the donor is not adapted to this el-
evated pulmonary pressure and is therefore not able 
to function effectively (Klima et al. 2005). 

This can be a serious problem especially if there is 
a substantial discrepancy in size between donor and 
recipient (> 30%) or if the donor’s right ventricle is 
affected by myocardial contusions.

Other reasons for right and (also left) heart fail-
ure are air embolism into the coronary arteries after 
separation from CPB because of inadequate removal 
of air, prolonged cold ischemia time or imperfect 
preservation or storage of the retrieved organ.

In most circumstances pharmacological therapy 
with pulmonary vasodilators and inotropic drugs 
can solve the problem. If not, a mechanical circu-
latory assist by external RVAD or ECMO should be 
considered. In recipients with high pulmonary vas-
cular resistance as the principal cause of right ven-
tricular failure, we prefer to use venoarterial ECMO 
support.

Many patients suffer from rhythm disturbances 
early after transplantation. Commonly they have a 
junctional rhythm until normal sinus activity re-
occurs. Intravenous isoproterenol therapy early 
after transplantation can maintain the heart rate 
about 100–120 beats per minute, optimizing the 
cardiac output and preventing arrhythmias. Epicar-
dial (atrio-)ventricular pacing is an alternative to 
pharmacological therapy. Asymptomatic, transient 
atrial arrhythmias are common with an incidence 
of about 20%–25% during hospital stay. Ventricular 
arrhythmias are more common than atrial arrhyth-
mias (incidence up to 60%) and refl ect the ischemic 
and reperfusion injury (prolonged ischemia time), 
hypokalemia or hypomagnesemia. 

The transplanted heart is characterized by auto-
nomic denervation, therefore chronotropic incom-
petence and, often during intermittent episodes of 
allograft rejection, sinus node dysfunction are not ab-
normal – especially in the early postoperative  period.

The incidence of permanent pacemaker implan-
tation varies between 6% and 23% (Melton et al. 
1999) using the biatrial technique. If necessary a 
rate-responsive pacing system should be implanted 
as chronotropic incompetence is the rule. With the 
use of the bicaval anastomosis technique, the inci-
dence of permanent pacemaker implantation di-
minished to less than 5%. 

In a series of 136 consecutive patients being trans-
planted with the bicaval anastomosis technique in 
our department only one (0.7%) needed permanent 
pacemaker implantation (AAI mode) because of si-
nus node dysfunction.

Further common postoperative complications 
include superfi cial wound infection or deep sternal 
infection (retrosternal infection – mediastinitis). 
Prophylactic antimicrobial therapy should therefore 
be routinely employed. Deep wound infection in an 
immunocompromised patient always indicates a 
life-threatening situation and requires both exten-
sive surgical intervention and aggressive antimicro-
bial therapy.

2.1.4.1 
Physiology of the Transplanted Heart

Cardiac transplantation provides remarkable re-
habilitation. But it is fundamentally important to 
remember that cardiac allografts do not function 
normally. Exercise tolerance may be much less than 
in normal individuals.
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The transplanted heart is completely denervated, 
therefore no longer supplied by sympathetic and 
parasympathetic nerves. Denervation leads to a 
reduced augmentation of peripheral vascular resis-
tance (Mohanty et al. 1987), impairment of renin–
angiotensin–aldosterone regulation, a tendency to 
hypertension (decrease in the vagal inhibitory effect 
on sympathetic output) and the absence of angina 
pectoris (Stark et al. 1991). Denervation causes a 
higher resting heart rate (elimination of vagal-me-
diated parasympathetic infl uences).

But there are indications that some heart trans-
plant patients reinnervate their cardiac allograft. 
Late after transplantation some patients feel angina 
pectoris, which suggests the partial reestablishment 
of afferent reinnervation (Kirklin et al. 2002d).

2.1.5 
Cardiac Retransplantation

The recipient’s half-life (time to 50% survival) af-
ter heart transplantation is 8.8 years for adults and 
more than 10 years for children (Boucek et al. 1999; 
Hosenpud et al. 1999). The overall retransplanta-
tion rate varies from 2.2% to 4.4% in the transplant 
population (Boucek et al. 1999; Hosenpud et al. 
1999) enjoying a prolonged survival. Therefore, a 
subpopulation of them will redevelop heart failure 
eventually necessitating a retransplantation.

Primary allograft failure because of recipient 
pulmonary hypertension, severe or ongoing acute 
rejection, intractable donor arrhythmias, depressed 
donor heart function, and technical problems re-
quires urgent or early retransplantation (Razzouk 
2000).

The indication for late retransplantation is pre-
dominantly (accelerated) coronary graft disease 
(cardiac allograft vasculopathy, transplant vascu-
lopathy – see Sect. 2.1.7). Because of ongoing im-
munological reactions in the coronary vessels some 
patients develop severe diffuse, mostly three-vessel 
vasculopathy with histopathologically characteristic 
concentric fi brointimal hyperplasia (Schnetzler et 
al. 1998). This atherosclerotic process frequently re-
sults in silent myocardial infarctions (denervation 
of the transplanted heart) with subsequent conges-
tive heart failure. These patients benefi t only from 
cardiac retransplantation. As conventional coro-
nary angiography is insuffi ciently insensitive, intra-

vascular ultrasound (IVUS) is now routinely used 
for annual or biannual surveillance of heart trans-
plant recipients. IVUS allows for the measurement 
of intimal area, lumen area, plaque morphology, 
vessel remodeling, and progression of disease over 
time (Konig et al. 2000; Miniati and Robbin 2002; 
Poelzl et al. 2005).

The technique of retransplantation is nearly the 
same as for primary transplantation with excision 
of the old graft along the suture lines of the previous 
anastomoses. If not carried out in the fi rst procedure, 
bicaval anastomosis for the right atrium can be done 
in the repeat procedure in order to prevent arrhyth-
mias, tricuspid valve insuffi ciency and right-sided 
heart dysfunction. As retransplantation is a second 
surgical intervention, expertise in reoperative pro-
cedures are of importance.

Survival rates after retransplantation depend on 
several factors: emergency retransplantation has a 
worse survival with markedly increased operative 
mortality (Razzouk et al. 1998; Schnetzler et al. 
1998). Elective retransplantation has a long-term 
outcome comparable to that of primary transplan-
tation, especially in patients with transplant-related 
coronary artery disease (John et al. 1999; Razzouk 
et al. 1998; Schnetzler et al. 1998). Progress is be-
ing made, with an increase in survival rates and an 
increased time between primary transplantation 
and the retransplant procedure (Hosenpud et al. 
1999).

As there is a distinct shortage of donor organs 
some propose that retransplantation should not be 
allowed, in order to save the lives of patients waiting 
for their fi rst transplant (Collins and Mozdzierz 
1993). There are substantial moral, ethical, and fi -
nancial concerns regarding the fairness of cardiac 
retransplantation; therefore, a rational approach to 
cardiac retransplantation is essential.

2.1.6 
Strategies of Immunosuppression

Several immunosuppressive protocols pursue the 
same goal: to prevent rejection of the transplanted 
allograft (reduction of the intensity of the immune 
response to a degree that allows acceptance of the 
allograft) without increasing the risk of subsequent 
infection. Since the clinical introduction of the 
more specifi c immunosuppressive agent cyclosporin 
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(CsA; now known as ciclosporin) (Calne 1979) the 
risk of infections has decreased dramatically. Nev-
ertheless ineffective immunosuppression is related 
to allograft rejection or infection.

Actually basic immunosuppressive therapy con-
sists of an induction therapy with polyclonal an-
tithymocyte globulin for the fi rst 3–5 days post 
transplant. Methylprednisolone is administered in-
traoperatively before opening the aortic cross-clamp 
and is tapered postoperatively. When oral medica-
tion is possible, prednisolone is given and gradually 
reduced. Most patients leave our hospital 4 weeks 
after transplantation with a daily dosage of 0.3 mg/
kg. In order to minimize the negative side-effects of 
long-term steroid application (Cushing’s habitus, 
weight gain or obesity, osteoporosis, hypertension, 
diabetes, peptic ulcer disease, hyperlipidemia and 
psychiatric disorders) we try to withdraw it as early 
as possible. But in fact it is not clear whether this ap-
proach will improve survival and quality of life.

The classic antimetabolite azathioprine (AZA) is 
added to the other immunosuppressive drugs with a 
daily dosage of 1.5–2 mg/kg and has to be adjusted 
according to the white blood cell (WBC) count. 
Because of its myelosuppressive potential it has 
to be reduced when leucopenia occurs (fewer then 
4,000 WBC/mm3).

After stabilization of renal function we gener-
ally start with ciclosporin on day 3–5 after trans-
plantation, with an initial daily dosage of 5 mg/kg 
orally divided into twice-daily doses. Later on, dos-
age is adjusted to the measured trough drug levels, 
which should be around 200–250 ng/ml early after 
transplantation and between 150 and 200 ng/ml in 
the fi rst half year after transplantation, with target 
trough levels of between 100 and 150 ng/ml during 
long-term follow-up.

Immunosuppressive therapy following cardiac 
transplantation is therefore divided into three dif-
ferent phases: 
1. Initial high-dose immunosuppression to facilitate 

graft acceptance and prevent early acute rejection 
episodes.

2. Chronic maintenance therapy.
3. Treatment of established cardiac allograft rejec-

tion with augmented immunosuppression during 
short- and long-term follow-up.

Modifi cation of the standard triple drug therapy 
(CsA, AZA, corticosteroids) is not unusual and 
the clinical introduction of other potent immuno-
suppressive drugs such as mycophenolate mofetil 

(MMF) (Kobashigawa et al. 1998), tacrolimus (FK 
506) (Taylor et al. 1999), sirolimus (Ikonen et al. 
2000), and everolimus (Eisen et al. 2005; Tuzku et 
al. 2002) is the beginning of a tailored individual im-
munosuppressive therapy while minimizing toxic-
ity.

2.1.7 
Endomyocardial Biopsy, Acute and Chronic 
Rejection

The key to managing rejection is early diagnosis, 
before myocyte necrosis and stimulation of vascular 
endothelial cell proliferation. Rapid diagnosis al-
lows immediate modifi cation of the recipient’s im-
munosuppressive therapy.

To date the standard method for determining 
acute rejection is endomyocardial biopsy (EMB), 
an invasive procedure obtaining at least four to 
six myocardial tissue specimens from different right 
ventricular locations. Samples are subsequently his-
tologically examined and classifi ed according to the 
International Society for Heart and Lung Transplan-
tation (ISHLT) scheme (Billingham et al. 1990). In-
terpretation of the tissue by an experienced patholo-
gist gives valuable information about the suffi ciency 
of the present immunosuppressive therapy.

EMBs are therefore routinely scheduled after 
transplantation at fi xed intervals. Repeated biopsies 
are necessary after diagnosed and treated rejections 
in order to document the resolution.

After needle punction and cannulation of the 
right internal jugular vein (guidewire, sheath) (al-
ternative: subclavian or femoral veins), a bioptome is 
inserted (in adults: size 7–9 French), advanced to the 
right atrium, rotated to the left lateral side of the pa-
tient, and directed through the tricuspid valve to the 
right ventricular septum. The jaws are opened, the 
ventricular septum is touched, the jaws are closed 
and the bioptome is slowly withdrawn along with 
the specimen. Biopsy procurement is normally done 
under fl uoroscopic guidance in an operating room 
or cardiac catheterization laboratory. Alternatively 
EMBs can be performed under echocardiographic 
guidance.

Despite EMB being a very safe procedure in the 
hands of skilled surgeons or cardiologists, it is an 
expensive, invasive technique, and an inconvenient, 
unpleasant experience for the patient with inherent 



26 H. Antretter and G. Laufer

dangers [risk of ventricular perforation with sub-
sequent pericardial tamponade, tricuspid valve in-
jury, bleeding complications at the site of puncture 
of jugular or subclavian vein (venous hematoma, 
carotid or subclavian artery puncture), rhythm 
disturbances (malignant ventricular arrhythmia, 
supraventricular arrhythmia, transient complete 
heart block), pneumothorax, and nerve paresis].

Alternatives of non-invasive rejection monitoring 
have been developed to supplement or replace EMB 
and are now established in some transplant units: 
monitoring and recording of intramyocardial elec-
trogram (IMEG) amplitude with telemetry function 
(monitoring) using a permanent, implanted pace-
maker system (Iberer et al. 1998; Warnecke et al. 
1992). With this tool it will be possible to abandon 
EMB, which is important for infants or children, in 
whom routine EMB cannot be performed (Müller 
et al. 1993).

Clinical manifestations of acute rejections are 
unspecifi c, and most episodes of cardiac rejection 
are asymptomatic, often only detected by EMB. If 
there are clinical symptoms, they can be divided 
into three categories:
1. Constitutional symptoms: fever, malaise, myalgias, 

and fl u-like symptoms.
2. Signs of cardiac irritation: different forms of 

arrhythmias.
3. Signs and symptoms of cardiac dysfunction and 

low cardiac output (Kirklin et al. 2002e).

The treatment of acute rejection employs intra-
venous steroids as a fi rst-line therapy for a grade 2 
or more biopsy. Symptomatic patients with arrhyth-
mias, fever or hemodynamic changes are often 
treated despite lesser grade biopsy results.

Chronic rejection of the cardiac allograft – also 
called cardiac allograft vasculopathy (CAV), trans-
plant vasculopathy (Tx-CAD), transplant-associated 
coronary artery disease or graft arteriosclerosis – is 
one of the main causes of morbidity, mortality and 
limited long-term results after heart transplanta-
tion. It is a diffuse concentric intimal thickening 
composed primarily of smooth muscle cells which 
narrow or focally obstruct the coronary arteries of 
the transplanted heart. In early stages macrophages 
and lymphocytes typically accumulate in subendo-
thelial areas. CAV may affect vessels along their en-
tire length, and intimal thickening may thus be seen 
in large and small arteries. The elastic lamina re-
mains largely intact, and calcifi cation is infrequent. 
Lipids may also be a prominent component of the 

thickened intima (Yun et al. 2001). Myocardial in-
farction and interstitial fi brosis result from CAV.

Endothelial injury from immune and non-immune 
factors triggers multiple deleterious events, including 
platelet aggregation, endothelial adhesion molecule 
overexpression, and antibody- and complement-me-
diated endothelial damage. T-lymphocytes and mac-
rophages fi rmly adhere to the damaged endothelium, 
migrate through the basement membrane and stimu-
late medial smooth muscle cell proliferation and their 
migration into an expanded intima (Libby 1996). A 
brain-dead donor, donor heart ischemia, postperfu-
sion infl ammation, immune factors, acute rejection, 
cytomegalovirus, hypertension, and hyperlipidemia 
all entail endothelial cell injury, which causes CAV 
development (“response to injury” hypothesis). The 
collective injury culminates in diffuse intimal thick-
ening within the coronary vasculature.

The prevalence of angiographic CAV increases 
10% with each year of post-transplant follow-up. 
Data from the ISHLT Transplantation Registry show 
a prevalence of 7.8% and 20.8% at 1 and 5 years of 
follow-up, respectively (Segovia 2002). Average 
survival after diagnosis of signifi cant CAV ranges 
between 2 and 4.2 years (Cantin et al. 2002).

The diagnostic approach to CAV is intravascular 
ultrasound (IVUS). It can image both the lumen and 
the intima and identify the luminal area, the maxi-
mal intimal thickness, the intimal area, and the in-
timal index (Eisen 2004).

Treatment of CAV consists of percutaneous trans-
luminal coronary angioplasty and stenting (pre-
dominantly drug eluting stents), coronary bypass 
surgery (which is not successful for this disease) 
and medical therapy (pravastatin, proliferation sig-
nal inhibitors: sirolimus and everolimus). Defi nitive 
therapy for selected patients with end-stage CAV is 
retransplantation.

2.1.8 
Infections After Cardiac Transplantation

Infections play an important role in solid organ 
transplantations. Besides the usual pathogenic or-
ganisms, immunocompromised patients are suscep-
tible to infections with organisms that are normally 
not pathogenic or only sometimes pathogenic.

In addition there is always the possibility of trans-
mitting pathogens with the organ during transplan-
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tation, resulting in infections in the early postopera-
tive period during intensifi ed immunosuppression 
(donor transmitted infectious disease – bacterial, 
viral or fungal transmission).

The course of infectious disease is often atypical 
in immunocompromised organ recipients, with a 
retarded infl ammatory response due to immuno-
suppression. This results in a delay in diagnosis and 
institution of adequate therapy.

Next, special infections can induce malignant 
transformations. The post-transplantation lympho-
proliferative disorder (PTLD) is a malignant disor-
der associated with B-cell proliferation induced by 
Ebstein–Barr virus (EBV) ( Aull et al. 2004; Gray 
et al. 1995; Höfer et al. 2005). EBV has also been 
implicated in the induction of leiomyosarcoma al-
though the exact mechanisms of oncogenesis are not 
yet known (Bonatti et al. 2005).

Finally infection with cytomegalovirus (CMV), 
another member of the human herpes virus family, 
can be an important cause of severe and sometimes 
life-threatening disease. Sources of CMV infection 
in all recipients are either the graft (primary infec-
tion of a CMV-seronegative recipient or superinfec-
tion of a CMV-seropositive recipient infected with a 
different strain of virus from a seropositive donor 
organ) or reactivation of endogenous latent infec-
tion in the immunosuppressed host. Seronegative 
recipients also are at risk of infection via sexual 
transmission. Transfer of the virus by blood or 
blood products remains unclear (Antretter et al. 
2004).

Different clinical courses are possible after con-
tact with CMV: from asymptomatic infection to 
CMV syndrome (fever, indisposition, fatigue, unspe-
cifi c gastrointestinal symptoms, leucopenia, throm-
bocytopenia, elevated liver function tests) and CMV 
disease (organ manifestation with the pathologic 
evidence of CMV in tissue biopsy or blood).

Controversy remains over whether CMV infection 
can induce acute graft rejection (through increased 
HLA class II antigen expression) or if intensifi ed 
immunosuppression early after transplantation and 
after treatment of rejection predisposes patients to 
CMV infection. Heart allograft recipients with CMV 
infection have been shown to have signifi cantly lower 
survival rates, more frequent acute cellular, vascular 
and chronic allograft rejections, and subsequently a 
higher association with accelerated heart allograft 
vascular disease (transplant vasculopathy) than 
patients without infection (Antretter et al. 2004; 
Bonatti et al. 2004).

Infectious complications persist as a major cause 
of death, especially within the fi rst year of heart 
transplantation (Hosenpud et al. 2000). Within the 
fi rst month of transplantation, infections are usually 
of nosocomial bacterial origin, including Pseudomo-
nas aeruginosa, Staphylococcus aureus, Enterococci, 
and Enterobacteriaceae. These organisms can cause 
pneumonia, urinary tract and wound infections. 
Later infections are commonly caused by viruses 
and opportunistic fungi (e.g., Pneumocystis, Can-
dida, and Aspergillus) (Miniati and Robbin 2002).

2.1.9 
Long-Term Survival After Heart 
Transplantation

Survival following orthotopic heart transplantation 
has improved tremendously since the introduc-
tion of this treatment modality in the late 1960s. In 
our institution perioperative mortality is actually 
2.6%, 1-year survival 96% and 5-year survival 80% 
(Fig. 2.1.7). Death within a hospital stay occurred 
with a mean of 16.2± 8.8 days and causes of death 
were predominantly infection, early graft failure 
and multi organ failure. During long-term follow-up 
major causes of death are allograft coronary artery 
disease and malignancy. The overwhelming major-
ity (83%) of our long-term survivors are in excellent 

Fig. 2.1.7. Survival following cardiac transplantation (De-
partment of Cardiac Surgery, Department of Transplant 
Surgery, Medical University Innsbruck, Austria). January 
1997 – December 2004, n = 166 patients
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condition (NYHA I) with no major limitations in 
physical activity.

According to the ISHLT database, after the fi rst 
post-transplantation year mortality rate is constant 
at approximately 4% per year (Hosenpud et al. 
2000) with a patient half-life (time to 50% survival) 
of 9.8 years.

2.1.10 
Conclusion

Heart failure is an epidemic disease with increasing 
prevalence and thousands of patients die annually 
with-end stage heart failure – many of whom are 
on the waiting list for heart transplantation. There-
fore, appropriate donor and recipient selection is 
of great importance in gaining maximum benefi t 
for the affected population. Radical alternatives to 
transplantation, such as partial left ventricular re-
section (Batista et al. 1996; McCarthy et al. 1997), 
dynamic cardiomyoplasty (Magovern and Simp-
son 1996; Moreira et al. 1996), permanent left ven-
tricular assist device implantation (Griffi th et al. 
1996), biventricular pacing (Linde et al. 2003) and 
cell transplantation, have been investigated inten-
sively or are under investigation in order to obtain 
wider clinical application. Some of these alterna-
tives will probably progress into a true alternative 
to transplantation.

Unfortunately, the success of heart transplanta-
tion has only magnifi ed the shortage of donor or-
gans, which will continue to be a tremendous prob-
lem. Remarkable relief of donor organ shortage will 
be achieved in the future when cross-species trans-
plantation becomes available. Xenotransplantation 
may eventually solve today’s problems of a long 
waiting list with a substantial pretransplant mortal-
ity. But there are still important unsolved questions 
regarding the use of xenogenic organs for transplan-
tation. 
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2.2.1 
Introduction

Heart transplantation is a procedure usually re-
served for patients less than 65 years of age with 
severe, end-stage heart failure that is no longer 
manageable with conventional treatment. Radio-
logic imaging plays an integral and ongoing part 

in the selection and evaluation process, both prior 
to and following heart transplantation. Imaging is 
essential during the pre-surgical phase; critical in 
the immediate post-surgical period; and important 
for surveillance during the early and later follow-up 
stages.

There are a growing number of patients with 
refractory heart failure. In the US, an estimated 
4.7 million patients suffer from congestive heart 
failure (Massad 2004). These patients have a 
life expectancy that is shortened (80% mortal-
ity at 5 years), unless they qualify for and receive 
a cardiac transplant (Massad 2004; Winkel et 
al. 1999). For patients with New York Heart As-
sociation Class IV heart failure, 1-year mortality 
without transplantation approaches 50%, while 
1-year mortality with cardiac transplantation is 
only 10%–15% (Massad 2004). Improved long-
term survival after cardiac transplantation is now 
possible due to improved surgical techniques, and 
earlier detection and more successful management 
of complications including allograft rejection; im-
munosuppression-facilitated infection and malig-
nancy; and accelerated graft atherosclerosis. Sur-
vival remains approximately 40%–50% at 10 years 
(Hosenpud et al. 1999; Massad 2004; Shiba et al. 
2004; Taylor et al. 2004).

While the number of medical centers perform-
ing cardiac transplantation continues to grow, 
the shortage of donor hearts continues to limit 
the availability of this type of surgery particu-
larly in the US, where only 2000–2700 procedures 
a year are performed (Massad 2004; Poston and 
Griffi th 2004; Winkel et al. 1999). Worldwide, 
an estimated 4000 cardiac transplantations are 
performed annually (Taylor et al. 2004). As of 
May 2004, 66,000 heart transplantations have been 
reported to the International Society for Heart 
and Lung Transplantation (Hosenpud et al. 1999; 
 Taylor et al. 2004).
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2.2.2 
Complications of Cardiac Transplantation – 
An Overview

Patients who undergo heart transplantation face a 
lifetime of therapy with potent immunosuppressive 
agents. Aggressive immunosuppression is meant to 
stave off the onset of allograft complications such 
as graft failure, rejection, and accelerated coronary 
atherosclerosis; but in the process these agents make 
the transplant recipient highly vulnerable to oppor-
tunistic infections and malignancies (Knollmann 
et al. 2000a; Leung 1999).

Complications of infection, malignancy, allograft 
rejection and cardiac allograft vasculopathy can oc-
cur at any time after cardiac transplantation, but the 
risk and frequency of these complications correlate 
with the severity of the immunosuppression and the 
length of time from surgery. It is helpful, therefore, 
to categorize complications into three periods: those 
that occur during the immediate post-surgical pe-
riod; those that are most likely to appear during the 
fi rst year post-transplantation; and those that are 
increasingly seen after the 1-year anniversary of 
transplantation (Hosenpud et al. 1999;  Knollmann 
et al. 2000a; Leung 1999).

In the fi rst 30 days after cardiac transplantation, 
primary graft failure accounts for 41% of mortali-
ties, followed by multi-organ system failure (13%) 
and non-CMV infection (14%) (Taylor et al. 2004). 
During this period, recipients also face complica-
tions related to cardiothoracic surgery and median 
sternotomy, and post-operative infection (Knisely 
et al. 1999; Knollmann et al. 2000a; Leung 1999).

After the fi rst 30 days, episodes of acute re-
jection are a concern for the fi rst year, so immu-
nosuppression remains high and opportunistic 
infections may take hold (Hosenpud et al. 1997, 
1999; Knollmann et al. 2000a; Leung 1999). Dur-
ing the fi rst year post-transplantation, non-CMV 
infection causes 35% of mortalities, graft failure 
19% and acute rejection 12% (Taylor et al. 2004). 
Once the 1 year mark has passed, other long-term 
complications surface, including accelerated ath-
erosclerotic disease especially in the coronary ar-
teries of the donor heart and secondary malignan-
cies (Knollmann et al. 2000a; Leung 1999). After 
5 years, cardiac allograft vasculopathy is the most 
common cause of death (30%), then malignancy 
(24%), and non-CMV infection (10%) (Taylor et 
al. 2004).

2.2.3 
Cardiac Transplantation – The Pre-Surgical 
Evaluation

Due to the shortage of donor organs, pre-surgical 
evaluation of heart transplant candidates remains 
thorough and the waiting period for surgery re-
mains long.

Candidates for transplantation have refractory 
heart failure with marked left ventricular decom-
pensation due to a variety of etiologies including 
coronary artery disease (45%); cardiomyopathy 
(45%) – idiopathic, hypertensive, peripartum, or 
 viral; valvular heart disease (3%–4%); and con-
genital heart disease (2%) (Taylor et al. 2004; Win-
kel et al. 1999). Candidates are typically less than 
65 years of age (although older patients have been 
transplanted at some centers) and have an estimated 
  2-year survival of less than 60% without transplan-
tation (Kirklin et al. 2004).

In addition to cardiac function studies, radio-
logic evaluation of candidates prior to cardiac 
transplantation includes screening patients with 
several imaging modalities to exclude active infec-
tion, occult malignancy and to assess vital organ 
function. Patients with severe or irreversible organ 
damage from pulmonary hypertension or other pul-
monary diseases, liver or kidney failure are usually 
not candidates for transplantation; nor are those 
with extensive cerebrovascular or peripheral vascu-
lar disease (Massad 2004). Pre-operative imaging 
studies may include: nuclear renal scanning to as-
sess kidney function; ventilation-perfusion imaging 
to assess lung function; mammography to exclude 
breast cancer; abdominal ultrasound or CT to assess 
the liver, pancreas, gallbladder, gastrointestinal (GI) 
tract, and kidney, as well as to look for aortic an-
eurysms; carotid ultrasound to evaluate for carotid 
stenosis; dental Panorex and sinus fi lms to look for 
infection and dental disease (Kirklin et al. 2004).

Chest radiographs and/or chest CT are used to ex-
clude active lung infection, or occult malignancy, and 
to look for signs of pulmonary hypertension or pulmo-
nary thromboembolic disease (Leung 1999; Winkel 
et al. 1999). In addition, the radiologist should note 
any fi ndings that might complicate thoracic surgery 
such as adhesions from previous median sternotomy, 
aortic aneurysms or dissection, and pulmonary ar-
tery variants. Surgical anastomoses between the do-
nor organ and the recipient will involve the aorta and 
pulmonary artery, and pathology or variants in these 
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vessels may complicate or prohibit transplantation. 
In addition, accelerated atherosclerosis of aortic an-
eurysms with increased rates of expansion and high 
rupture rates occurs in cardiac transplant recipients, 
possibly related to corticosteroid and immunosup-
pression therapy exposure (Englesbe et al. 2003). 
Therefore, the radiologist must be alert to this detect-
able complication and note the presence of even small 
aortic aneurysms in the chest or abdomen on pre-
operative imaging examinations of heart transplant 
candidates, so that these aneurysms may be followed 
closely and undergo early elective repair (Englesbe 
et al. 2003). Screening for aortic aneurysms has now 
become routine at most cardiac transplant centers 
(Englesbe et al. 2003).

Finally, an increasing number of patients with end-
stage heart failure are being maintained temporarily 
or more long-term with mechanical circulatory sup-
port such as left ventricular assist devices (LVADs). 
The presence of an LVAD prior to transplantation 
(19%) makes the subsequent cardiac transplantation 
procedure more diffi cult, and LVADS are associated 
with their own complications that may affect peri-
operative mortality, including infection, stroke, and 
bowel compromise (Kirklin et al. 2004; Poston and 
Griffi th 2004; Taylor et al. 2004) (Fig. 2.2.1). How-
ever, these bridges to transplantation have improved 

the survival and outcome of many patients with end-
stage heart failure, allowing them their chance at 
transplantation (Poston and Griffi th 2004). 

2.2.4 
Cardiac Transplantation – Overview of the 
Operation

Most heart transplants performed today are or-
thotopic transplantations, with heterotopic trans-
plantation being rarely used. In an orthotopic heart 
transplantation, a median sternotomy is performed 
and the recipient’s native heart is excised and re-
placed by a donor heart. When the native heart is ex-
cised, two techniques may be used: the traditional, 
atrial-to-atrial cuff technique or the newer, bicaval 
method. In the older, traditional approach, the sur-
geon leaves behind in the recipient a cuff of the right 
atrium, a cuff of the left atrium with pulmonary 
veins intact, a short segment of ascending aorta, and 
a short segment of main pulmonary artery. These 
are anastomosed to the harvested, donor organ. The 
superior vena cava of the donor heart is tied off just 
above the right atrium and a short segment of the 

Fig 2.2.1a, b. Pre-surgical phase – complication of bridge support devices. A 57-year-old woman with end-stage heart failure 
due to giant cell myocarditis awaiting heart transplant. As a bridge to heart transplantation, a left ventricular assist device 
(LVAD) was placed to support the patient’s heart function until a suitable cardiac donor became available. a A left-side-down 
decubitus view of the abdomen showed a large amount of free intraperitoneal air 10 days after placement of the LVAD. At 
surgery, a small perforation in the transverse colon was identifi ed beneath the LVAD. b A follow-up abdominal CT 2 months 
later identifi ed a large fl uid collection between the two drive lines of the LVAD. Percutaneous aspiration of the collection 
revealed pus that grew coagulae-negative Staphylococcus. Cardiac transplantation was delayed and could not be performed 
before the patient died of complications. Although LVADs are placed to support and improve the cardiac status of patients 
awaiting heart transplantation and do so in many patients, these devices carry their own complications that can delay or 
preclude transplantation

a b
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donor inferior vena cava is used in the attachment 
to the right atrium (Henry et al. 1989; Knisely et al. 
1999; Rodeheffer and McGregor 1992; Thorsen 
and Goodman 1988).

In the newer, bicaval technique, the recipient’s 
right atrium is completely excised. The donor’s right 
atrium is left intact and anastomoses are made be-
tween the donor’s and recipient’s superior and infe-
rior venae cavae. Anastomoses between the donor’s 
and recipient’s left atrium, aorta and pulmonary ar-
tery are similar to the traditional technique (Poston 
and Griffi th 2004; Shanewise 2004). The bicaval 
technique has resulted in improved survival at some 
transplant centers and has become the preferred 
method except in very young children, because it 
is associated with fewer atrial, mitral and tricuspid 
valve complications (Kirklin et al. 2004; Poston 
and Griffi th 2004).

With respect to imaging, the anatomic confi gura-
tion of the orthotopic cardiac transplant has a typi-
cal appearance on chest CT, especially if the older 
surgical technique has been used (Henry et al. 1989; 
Knisely et al. 1999). Often most noticeable is a gap 
or increased distance between the donor heart’s 
ascending aorta and both the native superior vena 
cava and the native main pulmonary artery. The 
main pulmonary artery at the anastomosis between 
donor and recipient may appear angulated and high-
riding. There may also be differences noted between 
the diameters of the native and donor aortas and 
pulmonary arteries. Sometimes these discrepancies 
are so great that graft material must be used at the 
anastomosis sites and this is visible on CT as encircl-
ing radiodense material (Henry et al. 1989; Knisely 
et al. 1999). If the traditional approach is used, the 
tied-off donor superior vena cava is identifi ed as a 
remnant medial to the native superior vena cava 
(see Figs. 2.2.7c, d, 9c, d). At the right and left atrial 
cuff anastomoses between native an donor hearts, 
a slight constriction may be evident. Differences in 
diameter at the inferior vena cava anastomosis be-
tween donor organ and recipient may also be noted. 

2.2.5 
Cardiac Transplantation – The Immediate 
Post-Surgical Period 

During the fi rst 30 days after cardiac transplanta-
tion, primary failure of the donor heart is the most 

common cause of death, and usually manifests as 
right heart dysfunction (Poston and Griffi th 
2004). Multi-organ failure and peri-operative infec-
tion are the second and third most common causes 
of death in the fi rst 30 days (Poston and Griffi th 
2004; Taylor et al. 2004). Other complications en-
countered in the peri-operative period include those 
attributable to cardiothoracic surgery and median 
sternotomy, as well as the more specifi c surgical 
misadventures that can occur with cardiac organ 
transplantation. 

Non-specifi c complications that are seen imme-
diately after major cardiothoracic surgery include: 
pneumothorax, pneumopericardium, pneumomedi-
astinum, myocardial infarction, pulmonary edema, 
overwhelming sepsis, stroke, and pulmonary em-
bolism (Fig. 2.2.2). Hemothorax, hemopericardium, 
and mediastinal bleeding may also occur and be 
severe and life-threatening, requiring re-explora-
tion. Gastrointestinal problems including ulcers, 
pancreatitis, cholecystitis, diverticulitis, and bowel 

Fig 2.2.2. Immediate post-surgical phases – stroke. A 55-
year-old woman 14 days status post orthotopic heart trans-
plant for constrictive/restrictive cardiomyopathy developed 
an acute embolic occlusion of the right middle cerebral 
 artery trunk. Head CT demonstrated a large infarct in that 
right middle cerebral artery distribution with compression 
of the ventricles and some midline shift
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perforation are not uncommon due to the stress of 
major surgery and the high-dose corticosteroids 
employed for immunosuppression (Knisely et al. 
1999;  Winkel et al. 1999).

More specifi cally in heart transplant recipients, 
bleeding, leaks, and frank rupture can occur at 
the anastomosis sites; the most critical of which 
is the aortic anastomosis, particularly if there is a 
marked difference in diameter between the donor 
and recipient aorta (Knisely et al. 1999; Reitz et 
al. 1982) (Fig. 2.2.3). In addition, acute or chronic 
breakdown at the aortic anastomosis can lead to 
aortic dehiscence, dissection, and pseudoaneu-
rysm formation (Henry et al. 1989; Knollmann 
et al. 2000a; Knosalla et al. 1996). Pseudoaneu-
rysms can also form at two additional sites in the 
cardiac transplant patient: at the cannulation sites 
used for cardiopulmonary bypass and at the en-
domyocardial biopsy sites in the right ventricle, 
taken to look for rejection (Knisely et al. 1999). 
Although most of these complications occur in the 
immediate post-operative period, some can occur 
months to years later (Knisely et al. 1999). Aortic 
dissection, when it occurs in the heart transplant 
patient (1%–2%), usually involves the recipient’s 
native aorta, although rare cases of dissection 
involving the donor’s aorta have been reported 
(Schellemans et al. 2004). Dissection can occur 
in the immediate peri-operative period usually 
due to mismatches in donor–recipient vessel size 
or years later when they may be due to infection 
or accelerated atherosclerosis ( Schellemans et 
al. 2004).

The post-operative chest fi lm in the cardiac 
transplant patient is often diffi cult to interpret, 
especially in the immediate post-surgical period. 
The heart size frequently appears enlarged, but 
this may be misleading and not a good indicator of 
donor heart function (see Figs. 2.2.3a, 2.2.6a). Be-
cause the smaller donor heart is placed within the 
intact, but larger, native pericardium, the cardiac 
silhouette often remains enlarged on chest fi lms 
for months after transplantation, not due to cardio-
megaly of the donor organ, but due to pericardial 
fl uid that fi lls the larger pericardial sac (Knisely et 
al. 1999). The size of the cardiac silhouette usually 
returns to normal over the course of many months. 
A right double density may also be seen in some 
cardiac transplant recipients due to the anastomo-
sis of donor and recipient right atria used in the 
traditional atrial–atrial approach (Knisely et al. 
1999; Shirazi et al. 1983). 

2.2.6 
Cardiac Transplantation – The First Year

2.2.6.1 
Immunosuppression – An Overview

A variety of potent immunosuppression agents 
are used in cardiac transplantation to stave off al-
lograft rejection. New and more effective combi-
nation therapies are being developed all the time. 
Typically some combination of three types of agents 
is employed: corticosteroids; calcineurin inhibitors 
that prevent interleukin-2 transcription [ciclosporin  
A or FK506 (Tacrolimus); and antimetabolite agents 
(azathioprine, mycophenolate mofetil) (Eisen and 
Ross 2004; Massad 2004; Poston and Griffi th 
2004; Winkel et al. 1999). In an attempt to reduce 
the development of cardiac allograft vasculopa-
thy, newer anti-fi brosing, anti-proliferative agents 
such as rapamycin (sirolimus) and everolimus have 
recently been added to calcineurin inhibitors in 
clinical trials (Eisen and Ross 2004; Poston and 
Griffi th 2004). Some centers still use induction 
therapy at the time of transplantation with anti-lym-
phocyte antibody (45%) or to a lesser extent OKT3 
(monoclonal T-cell antibody) (5%), due to the latter’s 
association with an increased risk of malignancy 
and post-transplant lymphoproliferative disorders 
(PTLD) (Haldas et al. 2002; O’Neill et al. 2004; 
Taylor et al. 2004). Newly developed monoclonal 
antibodies (basiliximab and daclizumab) that block 
the interleukin-2 receptor site are being investigated 
as additional immunosuppressant agents (Massad 
2004).

2.2.6.2 
Acute Allograft Rejection

Signs and symptoms of acute allograft rejection in-
clude increasing shortness of breath and weakness, 
indicating worsening heart failure and ventricular 
decompensation. The fi rst episode of acute rejec-
tion may occur within a week of transplantation or 
within the fi rst few months (Poston and Griffi th 
2004). Acute rejection is mediated through both 
cellular and humoral pathways, particularly those 
that involve the CD4 T cell (Poston and Griffi th 
2004). 

Rejection can now be detected early by endomyo-
cardial biopsy, which is employed according to a reg-
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Fig 2.2.3a–e. Immediate post-surgical period – anastomotic 
leak. A 58-year-old woman status post orthotopic heart 
transplantation for ischemic cardiomyopathy. a A chest 
fi lm 20 days post heart transplant shows a large cardiac 
silhouette and mild edema. b Then 39 days post heart 
transplantation, the patient developed profuse nausea and 
vomiting. A chest fi lm demonstrates new widening of the 
mediastinum with a signifi cant change in the mediastinal 
contour. c Chest CT. Non-contrast CT image demonstrates 
a large peri-aortic hematoma. d, e Contrast-enhanced CT 
images show that the large, peri-aortic hematoma is due 
to a leak at the aortic anastomosis (arrow). Note how the 
hematoma compresses both the superior vena cava and the 
main and right pulmonary artery
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ular surveillance schedule. A transvenous approach 
is used and the septal wall of the right ventricle is 
the preferred site for endomyocardial sampling. 
Features of rejection include infi ltration of the heart 
muscle by lymphocytes and myocardial cell necro-
sis (Knisely et al. 1999; Poston and Griffi th 2004; 
Winkel et al. 1999). Complications of right ventric-
ular biopsy can occur and include: bleeding, venous 
thrombosis, pneumothorax, injury to the tricuspid 
valve, coronary artery fi stula, arrhythmias, right 
ventricular perforation and pseudoaneurysm for-
mation (Fig. 2.2.4 and see Fig. 2.2.6b) (Knisely et 
al. 1999; Winkel et al. 1999; Yamani and Starling 
2000).

When detected by biopsy, rejection is treated ag-
gressively by increasing the level of immunosup-
pression and the dose of corticosteroids (Winkel et 
al. 1999). In severe cases, additional agents such as 
antithymocyte globulin, OKT3, cyclophosphamide, 
methotrexate, vincristine, tacrolimus, rapamycin, 
or mycophenolate mofetil may be required (Knisely 

et al. 1999; Massad 2004; Poston and Griffi th 
2004; Winkel et al. 1999). Anti-T cell agents such 
as antithymocyte (ATG) and OKT3 (monoclonal 
T-cell antibody) are being used less often in primary 
induction as such agents cause such profound im-
munosuppression that the risk opportunistic infec-
tion and malignancy are increased (O’Neill et al. 
2004). At many centers, these latter agents are now 
reserved for severe cases of rejection that have failed 
to respond to the fi rst-line agents or in those patients 
whose renal dysfunction limits the use of nephro-
toxic calcineurin inhibitors (O’Neill et al. 2004; 
Poston and Griffi th 2004).

Allograft rejection can occur at any time follow-
ing cardiac transplantation, even years later, thus 
necessitating some degree of life-long immunosup-
pression. However, cases are most frequent dur-
ing the fi rst several months after surgery, gradu-
ally declining in number after 6 months to 1 year 
( Kobashigawa et al. 1993; Winkel et al. 1999). 
Acute rejection as the cause of death occurs in 

Fig 2.2.4. a–c Complications of right ventricular (RV) en-
domyocardial biopsy. This 48-year-old man was 8 months 
status post orthotopic heart transplant and had undergone 
multiple right ventricular endomyocardial biopsy samples 
as part of his routine surveillance for rejection. c Chest 
CT with intravenous contrast demonstrates a large pseu-
doaneurysm anterior to the right ventricle that fi lls with 
contrast. A right pleural effusion and left lower lobe con-
solidation are also present. An echocardiogram revealed 
a right ventricular wall perforation that extended into the 
pericardium. [Reprinted with permission from Kuhlman JE 
(2002) Thoracic imaging in heart transplantation. Journal 
of Thoracic Imaging 17:113–121]
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only 3% of heart transplant patients who have sur-
vived 18 months from the time of transplantation 
( Kobashigawa et al. 1993).

2.2.7 
Infection

The risk of infection is ever present in the cardiac 
transplant patient. However, because immunosup-
pression is greatest during the fi rst 3–6 months fol-
lowing transplantation, this period is also the most 
dangerous for severe, life-threatening infection 
(Leung 1999; Petri 1994).

A variety of common and opportunistic patho-
gens cause infection in heart transplant patients 
including: bacteria, viruses, fungi, protozoa, and 
mycobacterium. Also of concern is reactivation of 
infection. CMV infection in the donor heart may 
cause serious infection in the sero-negative recipient 
following transplantation. Dormant tuberculosis in 
the recipient may become active under immunosup-
pression (Winkel et al. 1999).

In the immediate post-surgical period, infec-
tions are most likely to be due to bacteria and fungi. 
The lungs are the most common site affected with 
nosocomial pneumonias (Fishman and Rubin 
1998; Leung 1999; Miller et al. 1993; Winkel et al. 
1999). Staphylococcus aureus, Pseudomonas aerugi-
nosa and Klebsiella pneumoniae are frequent causes 
of pneumonia that may be severe and progress to 
lung abscess (Austin et al. 1989; Knollmann et al. 
2000a; Petri 1994).

Post-operative complications including sternal 
wound and mediastinal infection are also a prob-
lem, occurring in 7% of cardiac transplant recipients 
(Miller et al. 1993). On chest CT, retrosternal fl uid 
and/or air collections are common within the fi rst 
2 weeks of surgery and sampling may be required 
to determine if these are infected or not (Fig. 2.2.5) 
Persistent retrosternal fl uid and/or air collections 
on CT after 2 weeks from surgery are indicative of 
infection (Jolles et al. 1996). Mediastinal abscesses 
often demonstrate rim enhancement with intrave-
nous contrast. Complications of chronic mediasti-
nal infections include sinus tracts and fi stula, as well 
as pseudoaneurysm formation of the aorta (Knisely 
et al. 1999; Levin et al. 2004). Line sepsis, groin in-
fections, and bed sores can be problematic in the 
transplant recipient as well (Massad 2004).

After the immediate post-surgical period, but 
during the fi rst 6 months after transplantation, 
other opportunistic pathogens begin to emerge as 
threats including fungi such as Candida albicans, 
Aspergillus, Cryptococcus and Coccidioides; viruses 
such as CMV; and other unusual infections due to 
Legionella, Nocardia, and protozoa as in Pneumo-
cystis carinii pneumonia (Leung 1999; Massad 
2004; Millet et al. 1993; Thaler and Rubin 1996) 
(Figs. 2.2.6–2.2.8). Prophylaxis with trimethoprim/
sulfamethoxazole is used to prevent infections such 
as Pneumocystis carinii and Nocardia, but these 
still occur (Leung 1999; Thaler and Rubin 1996) 
(Figs. 2.2.7, 2.2.8). Prophylaxis with antiviral agents 
to prevent CMV infection have been used as well in 
heart transplant recipients (Massad 2004). Despite 
these advances, opportunistic infections that occur 
during this period of greatest immunosuppression 
are often severe, and readily disseminate includ-
ing to the soft tissues, muscles, liver, spleen, kid-
neys, and central nervous system (Knollmann et 
al. 2000a) (Figs. 2.2.6, 2.2.8). Primary infections can 
also occur in the sinuses and mastoid air cells, and 
then spread to the CNS (Knollmann et al. 2000a).

Beyond 6 months, the threat of infection is di-
rectly related to the severity of immunosuppression 
required to prevent rejection (Thaler and Rubin 
1996). As the dose of corticosteroids and other im-
munosuppressant agents is lowered, the risk of 
opportunistic infection decreases, but it is never 
eliminated. Opportunistic infections still occur, 
but community-acquired pneumonias may become 
more common.

CMV continues to be an important pathogen in 
heart transplant patients (Massad 2004; Rubin 2000). 
Not only does CMV cause disseminated viremia, it is 
also a signifi cant cause of pneumonitis, myocarditis, 
and GI infections including hepatitis, esophagitis, en-
teritis, and colitis (Rubin 2000). CMV may also play 
a role in provoking episodes of rejection, cardiac al-
lograft vasculopathy and PTLD (Rubin 2000). 

CMV may be transmitted to the seronegative 
recipient by a seropositive donor or CMV can reac-
tivate in the seropositive recipient as the result of 
immunosuppression especially if anti-lymphocyte 
antibody therapy is employed (Rubin 2000). Ganci-
clovir is the fi rst-line treatment for CMV infections, 
but resistant strains may require additional drugs.

Imaging fi ndings of CMV infection are usually 
nonspecifi c and overlap with other infections and dis-
ease processes. CMV pneumonitis has a variety of ap-
pearances, but most commonly presents similar to an 
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atypical pneumonia with patchy or diffuse bilateral 
lung infi ltrates on chest radiographs. On CT, CMV 
may mimic Pneumocystis carinii pneumonia with dif-
fuse or patchy ground glass opacities, but it may also 
demonstrate reticular, reticular-nodular and more fo-
cal airspace opacities (Knisely et al. 1999).

Gastrointestinal manifestations of CMV that are 
most often detected with imaging are esophagitis 
and colitis. On CT, esophagitis appears as diffuse 
esophageal wall thickening. Ulcerations are often 
detected on swallowing studies or endoscopy. Pa-
tients with CMV colitis may demonstrate marked, 
diffuse colonic wall thickening which is indistin-
guishable from other severe forms of colitis such as 
ischemic colitis or pseudomembranous colitis. 

Invasive fungi, most commonly in the form of as-
pergillus, are important pathogens in the immuno-
compromised heart transplant recipient (Knisely et 
al. 1999; Knollmann et al. 2000a; Leung 1999). The 
lung is a frequent site of initial fungal infection, par-
ticularly in the case of invasive pulmonary aspergil-
losis (IPA). However, dissemination of fungal infec-
tions beyond the lungs is common and may manifest 
as abscesses in the liver, spleen, kidneys, adrenal 
glands, skin and central nervous system (Knisely 
et al. 1999; Knollmann et al. 2000a) (Fig. 2.2.6).

On chest radiographs and CT, IPA appears as 
one or more nodular opacities. On CT, the CT halo 
sign may be seen; a zone of ground glass opacity 
surrounding the nodule (Fig. 2.2.6). The nodular 

Fig 2.2.5a–d. Peri-operative complications in the fi rst 30 days – mediastinal abscess. After 9 1/2 months of bridge support 
with a left ventricular assist device (LVAD), this 55-year-old man underwent an orthotopic heart transplant for ischemic 
cardiomyopathy. a On post-operative day 6, a chest fi lm showed a new, large, air collection in the mediastinum. b–d Chest CT 
with intravenous contrast demonstrated a large air-fl uid collection with rim enhancement adjacent to the heart transplant. 
The collection extended from the mediastinum to the base of the heart and tracked out the upper abdominal wall through 
the surgical incision. On surgical re-exploration, a mediastinal abscess was found that communicated with and originated 
from the upper abdomen where a small bowel perforation was identifi ed close to the exit site of the old LVAD drive line
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Fig 2.2.6a–j. Disseminated aspergillosis. A 39-year-old woman 1 month out from orthotopic heart transplantation for gi-
ant cell myocarditis. a A chest fi lm taken during the fi rst week after transplantation demonstrates non-specifi c edema 
and an enlarged cardiac silhouette. Early rejection was found on endomyocardial biopsy and the patient was treated 
with a pulse of corticosteroids, OKT3 and plasmapheresis. b–d During the fi rst month following transplantation, the 
patient developed abdominal pain and a drop in her hematocrit, after a right ventricular endomyocardial biopsy was 
attempted via a femoral approach. An abdominal-pelvic CT scan shows a large pelvic hematoma with active bleed-
ing and extravasation of intravenous contrast from the left common femoral vein as a complication of this procedure. 
e–g One month following transplantation, the patient developed fever, weakness, diarrhea, headache and pain and redness 
in her right eye. A chest CT demonstrates multiple infl ammatory nodules and masses, some with a surrounding ground glass 
zone or “CT halo” suspicious for invasive pulmonary aspergillosis. Subsequent lung biopsy of one nodule grew Aspergillus 
fumigatus. h–j MRI scan of the brain demonstrated multiple fungal abscesses. h, i T2-weighted MRI images show multiple, 
scattered high signal foci. j Post-gadolinium-enhanced image shows multiple ring enhancing lesions. The patient was found 
to have disseminated aspergillosis with pneumonia, myocarditis, chorioretinitis, and central nervous system involvement. 
Fungal infection in the heart transplant patient is often disseminated
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Fig 2.2.7a–g. Parenchymal-pleural nocardiosis. A 64-year-
old man 7 months status post orthotopic heart transplant 
for ischemic cardiomyopathy developed fever and shaking 
chills. A chest radiograph showed a new left upper lobe nod-
ule and further evaluation with chest CT was performed. 
a, b Chest CT demonstrates a well-circumscribed pulmo-
nary nodule in the left upper lobe abutting the pleura. Note 
the subtle adjacent pleural reaction suggesting possible ex-
tension of the infection to the pleural space. The nodule was 
subsequently resected with a left upper lobe segmentectomy 
and initial pathology showed necrotizing and organizing 
pneumonia without fungal elements seen. c, d The chest 
CT also demonstrates typical anatomic features of an or-
thotopic heart transplant performed using the traditional 
atrial-atrial approach. Note the high-riding pulmonary ar-

tery and its angulated appearance at the pulmonary artery anastomosis site (arrow). Note the increased space between the 
donor’s aorta and the recipient’s superior vena cava and note the remnant of the donor’s superior vena cava located medial 
to the recipient’s superior vena cava (arrowhead). e One month after the left upper lobe segmentectomy, the patient returned 
with fever, chills and chest pain. A repeat chest CT demonstrated a loculated, empyema in the left upper hemithorax. 
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opacities of IPA may go on to cavitate (Knisely et 
al. 1999). Other causes of nodules and cavitary nod-
ules in a heart transplant recipient besides invasive 
fungal infection include septic emboli, Staphylococ-
cus aureus abscesses, and infections due to more un-
usual organisms such as Nocardia and Rhodococcus 
equi (Kwak et al. 2003) (Figs. 2.2.7, 2.2.8).

2.2.8 
Cardiac Transplantation – After 1 Year

After the 1-year anniversary of cardiac transplanta-
tion, the risk of acute rejection and opportunistic 
infection diminishes, but other threats emerge, the 
most serious of which is cardiac allograft vascu-
lopathy. Accelerated atherosclerosis of the coronary 
arteries is the cause of death of 19% of transplant 
recipients that have lived to this period, followed 
by secondary malignancies as the cause of death in 
15%. Infection accounts for only 10% of deaths and 
rejection 7% at this stage. Strokes account for 4% of 
deaths and myocardial infarction 3% (Knollmann 
et al. 2000a). In patients who have undergone multi-
organ, heart-lung transplantation, an additional 
complication of chronic transplant rejection is the 
development of bronchiolitis obliterans syndrome 
in the lungs (Banakier et al. 2003) (Fig. 2.2.9).

In longer term survivors, the incidence of malig-
nancy increases. By 7 years, 24% of heart transplant 

Fig 2.2.8a, b. Pulmonary and extrapulmonary nocardio-
sis. A 57-year old man, 7 years status post orthotopic heart 
transplant for ischemic cardiomyopathy, developed pain in 
his right axilla with a palpable lump. a, b Chest CT demon-
strated a large abscess in the right axilla, as well as many, 
bilateral, small pulmonary nodules and one larger mass on 
the right. The right axillary abscess was aspirated and cul-
tures of the aspirate and of sputum grew Nocardia nova

f, g The patient underwent chest tube and subsequent open drainage followed by thoracic muscle fl ap closure (arrow). No-
cardia was recovered from the empyema space
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patients have developed a malignancy; 18% have 
developed skin cancer; 4.4% lymphoma (Massad 
2004; Taylor et al. 2004).

2.2.9 
Cardiac Allograft Vasculopathy of the 
Coronary Arteries

Vasculopathy of the coronary arteries in the donor 
heart that is accelerated and progressive is a mark 
of chronic rejection, and continues to be a signifi -
cant obstacle to long-term survival of cardiac trans-
plant recipients (Knollmann et al. 2000a; Massad 
2004; Taylor et al. 2004). Half of all patients who 
are 5 years out from cardiac transplantation dem-

onstrate some evidence of coronary vasculopathy, 
and cardiac allograft vasculopathy is the leading 
cause of mortality in cardiac transplant recipients 
who are at least 1 year out from surgery (Gao et al. 
1989; Massad 2004; O’Neill et al. 2004; Poston 
and Griffi th 2004; Valantine 2004). The cause is 
unknown, but may be multifactorial involving im-
munologic triggers of rejection; non-immunologic 
causes such as hypertension, diabetes and hyperlip-
idemia; and complications of immunosuppressive 
therapy such as CMV infection (Valantine 2004). 
The process is characterized by rapidly progressive, 
diffuse, concentric narrowing of the coronary arter-
ies, both epicardial and proximal vessels, that re-
sults from proliferation of smooth muscle cells, ex-
tracellular matrix, macrophages, and lymphocytes 
in the intima of the coronary arteries, especially the 
smaller vessels (Billingham 1989; Massad 2004; 

Fig 2.2.9a–d. Bronchiolitis obliterans and pulmonary fi brosis. A 42-year-old man with a history of heart/lung transplan-
tation for Eisenmenger syndrome 10 years ago, now with increasing shortness of breath. a, b Chest CT shows changes of 
end-stage bronchiolitis obliterans and pulmonary fi brosis secondary to chronic lung rejection. c, d Note typical anatomic 
confi guration of heart transplantation performed with the atrial-atrial method. There is an increased space between the 
donor aorta and the recipient superior vena cava (arrow). Note the remnant of the donor superior vena cava (arrowhead)
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Poston and Griffi th 2004; Valantine 2004). 
Myocardial ischemia is the consequence, and cur-
rently there is no effective treatment short of re-
transplantation (Knisely et al. 1999; Valantine 
2004; Winkel et al. 1999). 

New imaging techniques for monitoring the pro-
gression of coronary allograft vasculopathy include 
intracoronary ultrasound, MRI, and cardiac CT. 
Although coronary angiogram and intracoronary 
ultrasound remain the mainstay of diagnosis they 
are invasive techniques. MRI and cardiac CT are 
being investigated as alternative non-invasive tech-
niques for monitoring cardiac transplant recipients 
for evidence of rejection and allograft vasculopathy 
(Almenar et al. 2003; Bae et al. 2004). Cardiac CT 
can be used to provide a calcium index score of the 
coronary arteries that can be followed over time and 
may correlate with the severity of coronary disease 
shown by intracoronary ultrasonography and coro-
nary angiography (Barbir et al. 1999; Knollmann 
et al. 2000b; Lazem et al. 1997; St Goar et al. 1992). 
In addition, cardiac CT using high-speed, EKG-
gated, multidetector CT technology can produce 
CT coronary angiograms that are the equivalent to 
those obtained by conventional angiography (Bae et 
al. 2004).

2.2.10 
Post-Transplant Malignancy

Heart transplant recipients also face an increased 
risk for malignancy including skin cancers, 
PTLD including lymphoma, and Kaposi sarcoma 
( Knollmann et al. 2000a; Penn 1979; Shiba et al. 
2004; Winkel et al. 1999). Once the heart transplant 
recipient is more than 1 year out from transplanta-
tion, malignancy is second only to cardiac allograft 
vasculopathy as the most common cause of death 
(Knollmann et al. 2000a). By 7 years post-trans-
plantation, the incidence of malignancy is 24%, with 
18% of survivors having skin cancer (Taylor et al. 
2004).

Post-transplant B-cell disorders include lym-
phoid hyperplasia, PTLD, and malignant lymphoma 
(mostly non-Hodgkin in type) (Figs. 2.2.10, 2.2.11). 
They occur in 2%–6% of cardiac transplant recipi-
ents and PTLD is associated with Epstein-Barr vi-
rus infection and immunosuppression ( Armitage 
et al. 1991; Higgins et al. 2003; Knisely et al. 1999; 

Young et al. 1989). Manifestations of PTLD may be 
focal or disseminated (Knollmann et al. 2000a). 
Organs as diverse as the brain, lung, heart, liver, 
kidneys, spleen, GI tract, and lymph nodes may 
be involved (Haldas et al. 2002; Knollmann et 
al. 2000a). Thoracic manifestations include pul-
monary nodules, reticulonodular opacities, and 
masses. Associated adenopathy may or may not be 

Fig 2.2.10a,b. Post transplant lymphoproliferative disorder 
(PTLD). This 61-year-old man’s chest CT demonstrated mul-
tiple, new lung nodules 8 months status post cardiac trans-
plantation. Open lung biopsy showed lymphoproliferative 
disorder. [a Reprinted with permission from: Kuhlman JE 
(2004) The immunocompromised host: chest. In: Husband 
JE, Reznek RH (eds) Imaging in oncology, 2nd edn, Chap 58. 
Taylor and Francis, London, pp1337–1362]

a

b
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present, with presentation more often extranodal 
in type (Haldas et al. 2002; Haramati et al. 1993; 
Knisely et al. 1999). 

The incidence of other organ cancers such as 
lung cancer in heart transplant recipients is simi-
lar to that in the general population, with similar 
risk factors (Bagan et al. 2005; Potaris et al. 2005; 
Shiba et al. 2004). Lung cancer does arise in cardiac 
transplant recipients (~1%), particularly those who 
have been smokers (Bagan et al. 2005; Knisely et 
al. 1999;  Potaris et al. 2005) (Fig. 2.2.12). In this 
immunosuppressed patient population, lung cancer 
tends to be aggressive once the tumor has spread 
to the lymph nodes (Bagan et al. 2005). When di-
agnosed at an advanced stage, lung cancer in this 
patient population carries a poor prognosis (Bagan 
et al. 2005;  Delcambre et al. 1996; Goldstein et 
al. 1996; Johnson et al. 1998; Leung 1999; Pham et 
al. 1995). The mean time to diagnosis of lung can-
cer following cardiac transplantation varies among 
reported series (mean 34 88 months with a range of 
1.5–180 months) (Bagan et al. 2005; Delcambre et 
al. 1996;  Goldstein et al. 1996; Johnson et al. 1998; 
Leung 1999; Pham et al. 1995; Potaris et al. 2005). 
Although advocated by some, the role of CT screen-
ing for lung cancer in heart transplant patients 
has yet to be determined (Delcambre et al. 1996; 
 Johnson et al. 1998). However, reports suggest that 
if lung cancer is detected at an early stage in this 

patient population, resection improves survival, 
despite an increased risk of peri-operative infection 
(Bagan et al. 2005).

2.2.11 
Other Complications of Therapy 

The heart transplant recipient is at risk for a num-
ber of other non-immunologic complications of 
therapy. Complications of corticosteroid therapy 

Fig 2.2.11. Post-transplant lymphoma. This 64-year-old man 
developed shortness of breath 13 months status post cardiac 
transplantation. CT shows a large right pleural effusion 
and adenopathy, including in the right paracardiac region 
( arrows). Thoracentesis of the pleural effusion identifi ed 
monoclonal large cell lymphoma on cytology. [Reprinted 
with permission from Kuhlman JE (2002) Thoracic imag-
ing in heart transplantation. Journal of Thoracic Imaging 
17:113–121]

Fig 2.2.12a,b. Lung cancer arising in a heart transplant re-
cipient. A 61-year-old man, 4 months status post orthotopic 
heart transplantation for dilated cardiomyopathy with a new 
lung mass found on chest radiography. The patient was a 
former smoker. Chest CT shows a speculated mass in the 
right lung apex and multiple metastases studding the pleu-
ral surface of the right hemidiaphragm. Biopsy of the right 
upper lobe mass revealed squamous cell carcinoma of the 
lung. [Reprinted with permission from Kuhlman JE (2002) 
Thoracic imaging in heart transplantation. Journal of Tho-
racic Imaging 17:113–121]

a

b
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are legion and include: obesity, glucose intolerance, 
hypertension, hyperlipidemia, poor wound heal-
ing, cataracts, personality changes including psy-
chosis, gout, osteoporosis, insuffi ciency fractures, 
avascular necrosis, peptic ulcer disease, and lipo-
matosis (mediastinal, extrapleural, and upper back 
buffalo hump) (Knollmann et al. 2000a; Winkel 
et al. 1999). Complications of azathioprine therapy 
include bone marrow suppression, cholestatic jaun-
dice, and pancreatitis. Adverse effects of ciclospo-
rin A and calcineurin inhibitors include hyperten-
sion, hyperkalemia, renal tubular acidosis, renal 
failure, hepatic failure, tremor, hirsutism, seizures, 
hypertrichosis, gingival hyperplasia, anxiety, and 
conjunctivitis (Massad 2004; Winkel et al. 1999). 
Central nervous system leukoencephalopathy can 
result from high-dose ciclosporin A and tacrolimus 
(Knollmann et al. 2000a). Rapamycin, due to its 
anti-fi brosing qualities, may increase the risk of 
wound dehiscence and seroma formation. It may 
also foster hyperlipidemia and cases of interstitial 
pneumonitis have been reported (Massad 2004; 
Poston and Griffi th 2004).
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3.1 
Epidemiological Considerations

Worldwide, the population treated with renal re-
placement therapy reached almost 1.7 million at the 
end of 2003, representing approximately 1.3 million 
patients who undergo dialysis and 400,000 patients 
who are alive with a kidney transplant (Lameire et 
al. 2005). The number of patients treated for end-
stage renal disease doubled during the last decade 
in the United States and Europe, where dialysis con-
sumes about 2% of health care budgets, with < 0.1% 
of these patients requiring treatment (De Vecchi 
et al. 1999). Based on the European Renal Associa-
tion–European Dialysis and Transplant Association 
registry (25 countries of the European Union), ap-
proximately 360,000 patients are undergoing renal 
replacement therapy, with 66% of them on dialysis 
and 34% living with a functioning graft; the percent-
age of kidneys transplanted from living donors var-
ies widely among the European countries, between 
< 10% to > 50%. (ERA–EDTA Registry: ERA–EDTA 
2003, Annual report. Amsterdam, The Netherlands, 
2004, Academic Center.)

Renal transplantation represents the treatment 
of choice for chronic renal insuffi ciency. It not only 
improves the patients’ quality of life but signifi -
cantly prolongs their survival compared to those 
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remaining on hemodialysis (Wolfe et al. 1999). 
The advances made in immunosuppressive thera-
pies have provided constant improvement of short-
term graft survival, which now exceeds 90% 1 year 
after transplantation (Cecka 2002). In contrast, 
graft half-life had improved very little, remaining 
around 7.5–9.5 years until the early 1990s. Over the 
past 10 years, this situation has changed, with sig-
nifi cantly prolonged graft survival for large cohorts 
of renal graft recipients. The half-life of engrafted 
cadaveric kidneys increased from 7.5 years in 1988 
to 13.8 years in 1996 (Hariharan et al. 2000), with 
progressively improved renal function over time 
(Gourishankar et al. 2003).

The principal cause of graft loss after the fi rst year 
is chronic allograft nephropathy (CAN), followed by 
patient death, late acute rejections, nephropathy re-
currence and polyomavirus infection (Hariharan 
2001). However, prolongation of graft survival also 
means extended exposure of the patient to side-ef-
fects associated with immunosuppressive therapies, 
mainly infections and cancers, and other late-onset 
cardiovascular, bone and/or metabolic complica-
tions. The fi rst year after transplantation is special, 
as it is characterized by the highest rates of acute 
rejection and opportunistic infections, such as cyto-
megalovirus. In this review, we successively address 
the presurgical evaluation of the patient, the opera-
tion itself and its possible complications, then the 
early (fi rst year) and late (after the fi rst year) medical 
complications.

3.2 
Presurgical Evaluations

3.2.1 
Evaluation of the Graft Recipient

The pretransplantation work-up is aimed at deter-
mining whether the patient’s general condition can 
tolerate the surgical intervention and whether local 
conditions permit graft implantation, and the latter 
orients the choice of the technique to be used.

3.2.1.1 
The General Work-Up

Physical examination is conducted to evaluate the 
patient’s general condition, weight, body type and 

medical history. Weight loss for overweight patients 
is strongly recommended. It is important to estab-
lish the existence and size of a possible inguinal 
hernia, especially in men. The existence of abdomi-
nal and/or pelvic scars, resulting from previous 
interventions, has an impact on the side of trans-
plantation: the left side is chosen for patients who 
have undergone surgery for appendicitis-associated 
peritonitis and/or a right inguinal hernia with inser-
tion of prosthetic material.

All men should undergo digital rectal examina-
tion to search for a suspicious prostate nodule. In 
France, the circulating prostate-specifi c antigen 
(PSA) concentration is systematically determined 
as of 50 years (45 years in the case of a family his-
tory of prostate cancer). Particular importance is 
accorded to normal-for-age PSA values and biopsy 
samples are taken when the least doubt exists, as 
the development of a preexisting prostate cancer 
could be facilitated by immunosuppressive therapy. 
The remainder of the patient’s general condition is 
evaluated during a consultation with the anesthe-
siologist.

3.2.1.2 
Local Examination

The local status of the lower urinary tract and blood 
vessels to be attached to the graft is evaluated es-
sentially through imaging explorations.

3.2.1.2.1 
The Lower Urinary Tract

Retrograde cystography is mandatory to assess 
bladder morphology and function. The bladder 
capacity must be assessed because it is often de-
creased, depending on the degree of urine output 
before transplantation. Bladder diverticulum and 
vesicoureteral refl ux must be excluded because they 
could facilitate urinary infection during the post-
transplantation period. Such abnormalities should 
be treated during or before the transplantation. Fi-
nally, bladder-output function and urethral mor-
phology during voiding can be examined during 
cystouretrography.

3.2.1.2.2 
Status of the Vasculature

For young recipients (< 50 years old) who have not 
been on dialysis for a prolonged period and thus 
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have a low probability of developing arterial lesions, 
Doppler examination of the lower limbs suffi ces. If 
the Doppler examination appears abnormal, con-
trast-enhanced imaging should be performed; the 
choice between computed tomography angiogra-
phy (CTA) and magnetic resonance angiography 
(MRA) depends on residual renal function. How-
ever, for patients older than 50 years and at any 
age after several years of dialysis a precise evalu-
ation of arterial status is critical. Prolonged di-
alysis may induce extensive arterial calcifi cations, 
mainly in the lower aorta and iliac vessels, some-
times rendering arterial anastomosis extremely 
diffi cult. The site, the severity and the degree of 
extension of these calcifi cations, and the presence 
of arterial stenoses directly infl uence the choice 
of the implantation site. Today, the best technique 
to determine arterial wall status is non-enhanced 
multidetector-row CT (MDCT) with axial sections 
and coronal reformations. For lumen patency as-
sessment the choice between contrast-enhanced 
CTA and MRA, as above, depends on residual re-
nal function.

3.2.2 
Evaluation of the Donor

Examination of the kidney to be engrafted depends 
on the donor’s status, i.e., either being maintained 
in a state of brain death (cadaveric) or living. We are 
concerned here exclusively with the renal morphol-
ogy explorations obtained with different imaging 
techniques.

3.2.2.1 
Evaluation of Cadaveric Donor Kidneys

No consensus has been reached for the assessment 
of the renal status of cadaveric donors: it can be 
based on simple abdominal ultrasonography (US) or 
contrast-enhanced CT. As the diagnosis of cerebral 
death moves towards requiring cerebral contrast-
enhanced CT angiography, helical CT now plays an 
increasing role for that purpose.

3.2.2.2 
Evaluations of Living-Donor Kidneys

The aim of these evaluations is the assessment of 
kidney anatomy, volume and function, determina-
tion of the number of renal arteries and veins, and 

overall examination of the anatomy of the entire 
excretory system. MDCT scanners offer a shorter 
image-acquisition time, thinner collimation and 
better spatial resolution than single detector-row 
CT scanners. They also provide more precise ana-
tomical coverage, increased contrast enhancement 
of the arteries and greater longitudinal spatial reso-
lution. Dual-phase MDCT angiography combined 
with three-dimensional (3D) post processing en-
ables minimally invasive and highly accurate de-
piction of preoperative donor anatomy. The MDCT 
protocol includes unenhanced acquisitions to detect 
urolithiasis, followed by acquisitions after iodine 
enhancement as follows: during the vascular phase 
(25–30 s), to assess the number and location of re-
nal arteries; during the tubular phase (65–75 s), to 
assess the number and length of renal veins, renal 
morphology and volume; and during the excretory 
phase (2–10 min), to assess the morphology of the 
upper excretory system. 

In a recent study based on 94 renal donors, four-
slice MDCT visualized 107 of the 114 renal arteries 
and 95 of the 98 renal veins confi rmed at surgery, but 
7 accessory arteries were missed in 6 donor kidneys, 
yielding respective MDCT sensitivities and specifi c-
ities of 66% and 100%, 75% and 100%, and 50% and 
100%, and overall accuracy of 94%, 97% and 99%, 
for the identifi cation of variant anatomy of renal ar-
teries, veins and ureters, respectively ( Sahani et al. 
2005).

According to a recent comparative study between 
multislice helical CTA and gadolinium-enhanced 
MRA (on 31 donors), CTA with 3D reconstruction 
seems more accurate than MRA for assessing the 
anatomy of renal arteries and veins: CTA visualized 
33 arteries and 32 veins (100% sensitivity), while 
MRA revealed 32 arteries and 31 veins (97% sensi-
tivity). CTA detected all fi ve accessory renal arteries, 
while MRA detected only one. CTA also identifi ed 
all three accessory renal veins, while MRA identifi ed 
two. CTA had sensitivities of 97% and 47% for left 
lumbar and left gonadal veins, respectively, while 
the corresponding MRA sensitivities were 74% and 
46% (Bhatti et al. 2005). Because nephron-under-
dosing and donor kidney–recipient body size mis-
match can lead to poor allograft function, Saxena 
et al. (2004) evaluated the relationship between 
MRI-determined donor kidney volume and post-
transplantation graft function: transplantation of 
donor–recipient pairs with a volume:weight ratio 
< 2 cm3/kg was associated with signifi cantly poorer 
graft function.
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3.3 
Current Surgical Techniques

3.3.1 
Graft Preparation

The graft is placed in a recipient containing con-
servation solution and ice; this is the cold ischemia 
period. Graft preparation consists of excising the 
cortical fat of the kidney to better assure that the 
renal parenchyma is healthy (good nerve and blood 
supply), and to identify all suspicious lesions that 
must be removed and subjected to histological ex-
aminations. Then the vascular pedicle is dissected 
and all of its collateral vessels are ligated. Short 
right renal veins can be lengthened by excising an 
elongation or patch of the contiguous vena cava 
with the right kidney, to obtain an artery and a vein 
of about the same lengths. The renal artery is dis-
sected, preserving an aortic patch for its branching. 
In the case of multiple renal arteries of the same 
caliber and in close proximity, a common aortic 
patch is conserved. The ureter is then isolated and 
carefully dissected to preserve its fatty envelope, 
which guarantees its good vascularization. Finally, 
to assure the absence of any leaks, the arterial and 
venous trunks of the graft are perfused with the 
conservation solution via a small cannula.

3.3.2 
Graft Preservation

The usual kidney storage solutions use an imperme-
ant solute, such as phosphate, lactobionate, glucose, 
sucrose or raffi nose. There is less agreement about 
the need for other minor components used to mini-
mize acidosis or oxidative reperfusion injury, or 
enhance regeneration following revascularization. 
At present, the best known solutions are University 
of Wisconsin (UW), histidine-tryptophan ketoglu-
tarate (HTK, Custodiol ) or Celsior . 

Two methods are described for kidney preser-
vation: the most common is an initial fl ushing fol-
lowed by ice storage and the second is continuous 
hypothermic pulsatile perfusion, mainly used for 
non-heart-beating donors. In all cases, the period of 
cold ischemia should be as short as possible, espe-
cially with marginal donors or elderly kidneys.

3.3.3 
Transplantation

3.3.3.1 
Surgical Approach

Some teams systematically implant the fi rst graft 
on the right because of the more superfi cial iliac 
vessels; others prefer implanting a right kidney on 
the left and left kidney on the right so that the re-
nal pelvis and ureter are placed anteriorly, thereby 
facilitating subsequent nephrostomy should it be 
necessary. Epigastric vessels are dissected and con-
served should reimplantation of a polar artery be 
required.

3.3.3.2 
Vascular Anastomoses (Fig. 3.1)

The arterial axis is fi rst palpated to evaluate the 
quality of its wall. Arterial and venous dissection 
is limited to segments to be used for anastomo-
ses. In most cases, the renal vein is attached to 
the external iliac vein. The arterial anastomosis 
is more variable: end-to-side to the external iliac, 
most often above the venous implantation, or to 
the primary iliac artery; sometimes end-to-end to 
the hypogastric artery, when taken from a living 
donor, because the graft’s artery does not have an 
aortic patch. All these sites can be used in com-
bination when multiple arteries are reimplanted, 
even the epigastric artery for the small isolated 
polar branches.

Once the anastomoses have been completed, 
the artery and vein are unclamped, with record-
ing of the ‘warm’ ischemia time (corresponding 
to the time needed to establish the anastomoses). 
The moment of kidney reloading is crucial because 
it allows evaluation of: (1) the quality of renal re-
vascularization (without hypoperfused zones); (2) 
the good positioning of the vessels, without arte-
rial bending or ‘kinking’ of the artery (which can 
be a source of circulatory disorders or stenosis) 
or without venous tension; (3) the absence of fl ow 
disturbances detected by palpation of the artery 
or vein; (4) the absence of leaks at the anastomo-
sis sites or the small hilum branches. The kidney is 
then placed in its defi nitive position on the psoas, 
after once again confi rming the optimal position-
ing of the vessels.
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3.3.3.3 
Anastomosis of the Ureter

The type of ureterovesical anastomosis chosen de-
pends on the initial radiological images, the condition 
of the graft’s ureter and intra-operative observations 
(quality of exposure, the healthy appearance of the 
bladder, compliance during fi lling via a  catheter).

As a general rule, the ureterovesical anastomosis 
is made using the Lich–Gregoir technique, with an 
extravesicular approach: the fat and muscle layers of 
the bladder are incised over 3–4 cm, causing extru-
sion of the mucosa without opening it; the ureter is 
reimplanted into the lowest portion of the bladder 
mucosa; the bladder wall is closed above the ureter 
without compressing it, thereby creating an anti-
refl ux system. The Leadbetter–Politano technique, 
which corresponds to an intravesicular reimplan-
tation with the creation of a submucosal tunnel, is 
preferred when the bladder is small. In the case of a 
technical problem, a double-J stent is left in place to 
stabilize the anastomosis.

In rare cases (the bladder cannot be reached be-
cause the ureter is too short), it is possible to rees-
tablish urinary continuity by using the recipient’s 
ureter; a classical pyeloureteral anastomosis is pro-
tected by a double-J stent, according to the Ander-
sen–Hynes pyeloplasty technique. 

3.4 
Radiological Assessment of the Graft

US is the most useful technique for early and late 
transplant follow-up. Implantation of the graft 
within the iliac fossa improves its accessibility and 
makes possible the use of high-frequency probes, 
which provide high-resolution and high Doppler 
sensitivity. On gray-scale US, the normally function-
ing grafted kidney shows the same corticomedul-
lary differentiation as a native kidney (Fig. 3.2a, b). 
High-frequency probes (10–15 MHz) show clear sep-
arations of all the kidney compartments: the cortex, 
the outer medulla and the inner medulla, with a 
decreasing echogenicity gradient from the capsule 
to the papilla (Fig. 3.2c). The pyelocaliceal system is 
visible within the sinus fat but color Doppler helps 
distinguish it from blood vessels. Walls of the renal 
pelvis can appear slightly thickened during the early 
postoperative period.

Color Doppler is now essential for detection of 
intra- or extrarenal arterial or venous abnormali-
ties. The entire graft, and venous and arterial anas-
tomoses can be imaged with a 3.5- to 5-MHz probe 
(Fig. 3.3). A high-frequency (7.5–14 MHz) probe 
allows examination by generating high-resolution 
images of the anterior distal intrarenal vasculature 
(interlobular and arcuate arteries), which are bet-

Fig. 3.1a,b. Vascular and ureterovesical anastomoses. The renal vein is attached to the 
external iliac vein. The arterial anastomosis is variable: a end-to-side to the primary iliac 
artery, or b to the external iliac artery, most often above the venous implantation

ba
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Fig. 3.2a–c. Gray-scale ultrasonography of a normal trans-
plant. Low-frequency probes show the normal corticome-
dullary differentiation on the long (a) and short axes (b) 
and the wall of pyelocaliceal system within sinus. c Using 
high-frequency probes, differentiation between outer me-
dulla (double arrow) and inner medulla (*) above the papilla 
(thick arrow) becomes possible

a

c

b

ter delineated with the power mode (Fig. 3.4). Color 
mapping of the graft must be performed in all cases. 
Using low pulse repetition frequency, the perfu-
sion of the graft cortex must be homogeneous and 
complete to the capsule. Spectral sampling of renal 
artery fl ow and interlobar arteries at two or three 
levels of the graft is also mandatory in all cases. The 
renal artery velocity profi le is analyzed and the peak 
systolic velocity, after angle correction, is measured. 
Flow sampling of interlobar arteries enables calcula-
tion of the resistivity index (RI).

MRI of the renal graft is performed with body 
phased-array coils, using adequate sequences for 
visualizing successively the renal parenchyma and 
its environment, the vascular tree, and the excre-
tory system. Today, MRI protocols assure complete 
evaluation of the entire graft, including renal paren-
chyma morphology and perfusion, the vascular tree 
and the excretory system (Fig. 3.5). On T1-weighted 
(T1w) (spin-echo or gradient-echo) sequences, the 
normal corticomedullary differentiation is visible 
on normally functioning kidneys: the medulla gen-
erates a lower signal intensity (SI) than the cortex. 

On T2-weighted (T2w) sequences (usually obtained 
with a fast spin-echo technique), the medulla gener-
ates a higher SI. Gadolinium (Gd) injection gives an 
accurate delineation of perfused and non-perfused 
areas of the graft and high-resolution 3D MR angio-
grams can be obtained for the entire arterial tree 
– from the iliac axis to the third- or fourth-order 
branches. However, the distal vascular tree (from 
interlobar to interlobular arteries) cannot be visual-
ized. The same 3D sequence must be repeated 5 min 
after Gd injection (or later if necessary) to obtain 
MR urograms and furosemide injection is generally 
not necessary for that purpose.

CT has always played a minor role in kidney 
transplant imaging because it requires normal re-
nal function for analysis of the renal parenchyma or 
renal vessels. However, the dose of iodine contrast 
medium now required with MDCT is lower, making 
it possible to broaden its indications. Association of 
early acquisitions, during the arterial phase, and late 
acquisitions, during the excretory phase, provides 
complete information about the graft (Sebastia et 
al. 2001). 
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Fig. 3.3a–c. Color fl ow ultrasonography of the renal pedicle 
shows a unique renal artery implanted on the primary iliac 
artery (a) and two renal veins implanted on the external 
iliac vein (b). c The fl ow on the renal artery shows low resis-
tance and systolic velocities between 80 and 120 cm/sc

a

b

Fig. 3.4a–c. Color fl ow ultrasonography of the intrarenal 
vasculature. Using the power mode, with a low-frequency 
probe (a), the vasculature must be harmonious, without 
any defect. With a high-frequency probe (b), the cortical 
interlobular vessels must be visualized until the capsule. 
c Spectral sampling of interlobar arteries show a low resis-
tivity of the fl ow

c

b

a
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3.5 
Early Postoperative Phase

We consider complications occurring during the 
fi rst year after transplantation to be early and those 
developing subsequently to be late.

3.5.1 
Early Graft Complications

3.5.1.1 
Urological Complications

Urological complications can be a source of morbid-
ity and sometimes mortality after kidney transplan-

tation. Their incidence has decreased considerably 
over the past decade. The current urological compli-
cation rate ranges from 4% to 7% (Gogus et al. 2002; 
Kocak et al. 2004) and death is highly unusual. 
Many of these complications are of a technical ori-
gin, resulting from diffi culties encountered during 
retrieval or implantation of the graft.

3.5.1.1.1 
Urinary Fistula

The urinary fi stula frequency ranges from 1% to 5%. 
It is the most common early complication, occurring 
during the fi rst 2 weeks after transplantation. The 
majority of urinary leaks are attributed to ureteral 
ischemia. Maintaining ureteral blood supply by not 

Fig. 3.5a–d. MR imaging of a nor-
mal transplant with fat-saturated 
T1-weighted (a) and T2-weighted 
(b) sequences. Post-gadolinium 3D 
MR angiography (c) and 3D MR 
urography sequences (d) provide a 
complete visualization of anasto-
motic sites

a c

b

d
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dissecting the periureteral connective tissue is a very 
delicate technical aspect of surgery and a major point 
of contention for urologists. The other causes of uri-
nary leaks are failure of ureterovesical anastomosis 
or a missed ureteral duplication. Leakage may be sus-
pected when increasing volumes of a clear liquid are 
collected by drains, while diuresis tends to decline 
during the days following surgery. Determination of 
fl uid electrolytes, ingestion of methylene blue there-
after found in the fl uid collected and US showing a 
perirenal fl uid collection can confi rm the diagnosis. 

US usually fi nds a well-defi ned anechoic collec-
tion at the lower pole of the kidney or intraperitoneal 
fl uid when the transplant is implanted intraperitone-
ally (Fig. 3.6). Rarely, urinoma is located within the 
perineum or the thigh. This fl uid appears hypoin-
tense on unenhanced MR T1w and hyperintense on 
T2w sequences. T2w MR urography shows the col-

lection and the entire dilated excretory system. This 
collection may rapidly increase in size between two 
examinations. The differential diagnosis includes 
lymphoceles, which usually occur later, after the 4th 
week post-transplantation. Chemical analysis of the 
fl uid, aspirated under US control, may suggest the 
diagnosis if the creatinine concentration is higher 
than that in blood. However, the defi nitive diagnosis 
of urinoma is based on the demonstration of an ex-
travasation of contrast medium into the collection 
after intravenous injection. This can be obtained 
with Gd-enhanced MRI, iodine-enhanced CT or ra-
dionuclides. Urine collection contamination by the 
contrast agent or the radiotracer often requires de-
layed imaging (5–15 min after injection) (Fig. 3.6). 
Cystography or antegrade pyelography may be nec-
essary, if the diagnosis is still in doubt, before per-
forming surgery (Fig. 3.7).

Fig. 3.6a–d. Urinary leak secondary to ureteral ischemia. Ultrasonography (a) shows a fl uid collection between the lower 
pole of the transplant and the bladder. b On contrast-enhanced CT, fl uid is noted around the graft and within the peritoneal 
cavity. The pelvic fl uid collection (*) has a water density at the early phase after contrast injection (c) but enhances at the 
late phase (d) due to the urinary leak of contrast medium

a

c

b

d
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Whereas the treatment of most of these leaks 
is surgical, small ones can be treated by nephros-
tomy and/or ureter stenting (for approximately 6–
10 weeks) (Matalon et al. 1990), keeping in mind 
that the endoscopic approach can be very delicate, 
owning to the position of the newly created ureteral 
orifi ce and the normal infl ammatory reaction pres-
ent during the days following transplantation. Per-
cutaneous antegrade introduction of a ureteral stent 
into the renal cavities can be diffi cult and even dan-
gerous, if they are not dilated. Open surgery consists 
of reimplanting the ureter, with the technique to be 
used chosen as a function of its remaining healthy 
length: repair of the ureterovesical anastomosis 
when the ureter is suffi ciently long, or, if not, a py-
eloureteral or ureteroureteral anastomosis to the 
recipient’s own ureter. 

3.5.1.1.2 
Ureteral Stenosis

This complication develops somewhat later (several 
months) and its frequency tends to increase with 
time, 5% at 1 year and 10% at 5 years. In 80% of the 
cases, it is the consequence of progressive fi brosis of 
the ureterovesical anastomosis (probably secondary 
to sequelae after ureteral ischemia) but it can also 
result from infl ammatory infi ltration of the ureter 

wall during rejection, thereby explaining why most 
of these stenoses are located in the lower third of 
the ureter, close to the ureteral anastomosis. The 
differential diagnosis includes: surgical error caus-
ing a tight anastomosis or a kinking phenomenon 
when the ureter is too long; intraluminal causes 
of obstruction, such as lithiasis or blood clot; and 
extraluminal compression by perigraft fl uid collec-
tions. 

The diagnosis is suspected when decreased renal 
function is associated with dilatation of the collect-
ing system on US (Fig. 3.8). However, such dilatation 
may be passive, due to two phenomena: either a full 
bladder, requiring repeated US after complete void-
ing or bladder catheterization, or a loss of smooth-
muscle tonus secondary to ureteral denervation. 
Unfortunately, this latter mechanism is diffi cult to 
confi rm; usually it occurs very early after transplan-
tation and dilatation is observed during follow-up, 
despite persistently normal renal function. 

Differentiation between obstructive and non-ob-
structive pyelocaliectasis remains diffi cult and Dop-
pler RI measurement is neither sensitive nor specifi c 
in transplanted kidneys (Platt et al. 1991). Renal 
scintigraphy may characterize the obstruction when 
the tracer accumulates within the collecting system 
on delayed images and by measuring increased 
clearance time after furosemide injection.

Fig. 3.7a,b. Urinary leak secondary to failure of ureterovesical anastomosis. Retrograde (a) and voiding cys-
tography (b) show extravasation of contrast agent from the bladder

a b
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When obstruction is suspected, visualization 
of the entire upper urinary tract is mandatory to 
determine its exact location and cause. The least 
invasive method for that purpose is MR urogra-
phy because most of these patients have decreased 
renal function (Fig. 3.8). CT urography may be an 
alternative, when renal function is not too severely 
impaired, but X-ray excretory urography should 
no longer be performed because of its high rate of 
obtaining interpretable images of the lower ureter. 
With MRI, both type of sequences (T2w and Gd-en-
hanced T1w) have to be obtained. When dilatation 
is suffi cient, T2w sequences demonstrate the entire 
collecting system up to the anastomosis or the site 
of obstruction. If not, T1w Gd-enhanced sequences, 

with delayed acquisitions, usually do. Antegrade 
opacifi cation after nephrostomy is also possible and 
constitutes the fi rst therapeutic step. This urine di-
version allows normalization of renal function, and 
radiological opacifi cation demonstrates the site and 
length of the stenosis. 

In the rare cases of extended and/or multiple ste-
noses, surgical reimplantation is required and the 
rules given above for fi stula treatment should be 
followed. Most of the time, the stenosis is short and 
located in the ureterovesical anastomosis zone, and 
endoscopic repair, which is more successful the ear-
lier it is undertaken, should be attempted. For the 
highly unusual immediate postoperative stenoses, 
the simple insertion of a double-J stent for 4 weeks 

Fig. 3.8a–e. Urinary obstruction at the level of the uterovesical anastomosis. Sonography shows a dilatation of pyelocaliceal 
system (a) and ureter of renal graft (b). Ureteropyelectasis is well visualized on 3D T2w (c) and Gd-enhanced T1w (d) MR 
images. T2w axial section (e) shows a thickened anastomosis due to fi brotic tissue (arrow)
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can be suffi cient. For the late events, endoscopic 
dilatation may be suffi cient; most often, incision is 
required either antegrade under endoscopic guid-
ance or retrograde under endoscopic and radiologi-
cal control using a dilatation balloon equipped with 
an incising electrode (Acucise™ procedure). In all 
cases, a large caliber (10–14G Fr) indwelling stent 
should be left in place for 4–6 weeks.

3.5.1.1.3 
Graft Infection

Urinary infections are common during the fi rst 
month following transplantation. They are usually 
nosocomial bacterial infections, sometimes facili-
tated by the presence of catheters, which can lead to 
real pyelonephritis of the graft or the development 
of renal or perirenal abscesses. Sometimes, perigraft 

abscesses may be secondary to bacterial contami-
nation of a preexisting fl uid collection (hematoma, 
lymphocele or urinoma). The most frequently en-
countered microorganisms are: Staphylococcus 
aureus, Escherichia coli, enterococci and Candida 
albicans. Infections can be prevented by strict im-
plementation of standard hygiene rules and, per-
haps, antibiotic prophylaxis. Pelvic pain and graft 
tenderness are associated with fever and elevated 
white blood cell counts. However, it must be kept in 
mind that immunosuppression may attenuate these 
clinical and biological signs.

US, using B-mode and Doppler techniques, should 
be performed fi rst, and will show a perigraft collec-
tion (Fig. 3.9), often extending towards superfi cial 
planes, which, in this context, must always be con-
sidered infected. Thin or coarse echoes, sediment, 
septa and a thickened hypervascularized peripheral 

Fig. 3.9a–d. Perirenal abscess in a patient with graft tenderness and fever. a A fl uid collection is seen around the graft on 
color fl ow sonography, extending through the disrupted abdominal wall to subcutaneous tissues. This fl uid collection is 
confi rmed by MR imaging on axial (b) and coronal (c) T2w sequences. d Peripheral wall of the collection and superfi cial 
soft tissue are enhancing after Gd injection
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wall are evocative of infection. When infection of a 
perigraft collection is suspected, contrast-enhanced 
MRI or CT will help to assess their exact extension 
before treatment. On MR images, the contents ap-
pear slightly hyperintense on T1w sequences and in-
termediate on T2w sequences; Gd-enhanced images 
reveal signal enhancement of the peripheral wall 
and peripheral soft tissues. Presence of gas within 
the fl uid on CT scans is highly suggestive of infec-
tion (Fig. 3.10). Fluid aspiration from these collec-
tions, under US control, may be necessary for con-
fi rmation of the diagnosis, and optimal treatment 
combines percutaneous or surgical drainage and 
systemic antibiotic therapy.

Renal parenchyma infection may be seen as an 
increased graft volume and/or areas of decreased 
or increased echogenicity with decreased fl ow on 
color Doppler examination (Fig. 3.11). The power 

Fig. 3.10a,b. Perigraft infection with a perirenal fl uid col-
lection containing gas on a non-enhanced CT and b T2w 
MR imaging

a

b

Fig. 3.11a–c. Pyelonephritis of the transplant. a A hy-
poechoic triangular area is detected at the upper pole 
of the graft on sonography with b a hypoperfusion 
on the color Doppler mode. c Contrast-enhanced CT 
shows several foci of parenchymal infection (cour-
tesy of Dr O. Hélénon, Paris)
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mode may be more sensitive for detection of these 
hypoperfused zones (Nilsson et al. 1998). But these 
features are not specifi c and can refl ect focal infarcts 
or acute rejection. Gd-enhanced MRI and enhanced 
CT are able to distinguish between infection and in-
farction in most cases, because enhancement is ob-
served in the former and not in the latter, except for 
a thin peripheral capsular rim. But imaging is not 
able to differentiate between infection and rejection. 
Once a renal abscess has developed, enhanced CT 
or MR imaging shows a non-enhancing intrarenal 
collection.

Recurrent graft infections may also be secondary 
to persistent ureteral refl ux into the graft, due to a 
technical failure of ureteral implantation. Retro-
grade cystography remains the technique of choice 
to demonstrate this refl ux. 

Urinary infections with Corynebacterium urea-
lyticum are uncommon but can expose the trans-
plant to complications, such as ureteral obstruction, 
renal abscess formation or progressive destruction 
of the graft (Dominguez-Gil et al. 1999). Risk fac-
tors for this infection include prolonged ureteral 

or bladder catheterization and urological manipu-
lations. Corynebacterium-induced infl ammation 
of the urothelium produces bacterial incrustation 
in struvite (magnesium-ammonium-phosphate) 
crystals. Color-Doppler US detects these urothe-
lial calcifi cations that produce a twinkling artifact 
within the bladder and/or the upper urinary tract 
(Fig. 3.12).

3.5.1.1.4 
Perigraft Fluid Collections

In addition to those associated with fi stulas and 
perigraft abscesses discussed above, these fl uid 
build-ups can be constituted of blood and/or lymph. 
Postsurgical lymphorrhea causing a lymphocele is 
avoided, above all by preventive measures. This 
complication is even more unusual when vessel dis-
section is limited during the transplantation and 
combined with careful lymphostasis. Should it oc-
cur early despite those precautions, drains should 
be kept in place for several days to avoid collection 
formation.

Fig. 3.12a–c. Corynebacterium infection of the transplant. 
a On the B-mode image, the pyelocaliceal system appears 
as a hyperechoic linear structure within the sinus fat, with-
out acoustic shadowing. b The color Doppler mode shows 
a twinkling artifact along this linear structure. c The non-
enhanced CT reformatted image confi rms the linear calci-
fi cations along the urothelium of the pelvis (courtesy of Dr 
L. Derchi, Genoa)
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Unfortunately, lymphoceles remain the most fre-
quent cause of perigraft collections, occurring in 
1%–20% of renal graft recipients, usually after the 
4th week post-transplantation. These cystic lesions 
are often small in volume and have no effect on the 
kidney. Sometimes, their volume may increase caus-
ing ureteral or venous compression. The radiologi-
cal appearance of a lymphocele is similar to that of 
seromas but the latter appear immediately after sur-
gery and regress spontaneously.

On ultrasonograms, a lymphocele appears as a 
well-defi ned anechoic collection (Fig. 3.13a). A few 
septa may be observed. CT density values (Fig. 3.14) 
and SI on MR sequences (Fig. 3.13) are typical of 
simple fl uids, without any enhancement after con-
trast injection. Fluid aspiration is usually unneces-
sary and is done only when a urinoma is suspected; 
it allows determination of the creatinine level, which 
is the same as that in blood, and the aspirate con-
tains a few lymphocytes.

When a lymphocele is responsible for ureteral or 
venous compression, radical therapy is essential. 
Simple aspiration and drainage are ineffective be-
cause they do not prevent lymph leakage. Therefore, 
percutaneous drainage (Fig. 3.14c) must be com-
bined with sclerosis of the cavity by repeated in-
stillations of doxycycline, tetracycline, acetic acid, 
alcohol or povidine–iodine. Although single ses-
sion sclerotherapy and 1-day catheter drainage are 
usually suffi cient for lymphoceles < 150 ml, multiple 
sessions until daily drainage falls below 10 ml are 
necessary for larger ones (Karcaaltincaba et al. 
2005). Despite the high success rate (around 97%) 
provided by this approach, recurrence may occur in 
20% of the patients. Montalvo et al. (1996) instilled 
povidine–iodine twice daily in 18 lymphoceles in re-
nal grafts, and observed no complications and two 
recurrences treated percutaneously; no surgery was 
needed. However, in renal transplants, the proxim-
ity of vascular and excretory structures to the cav-
ity raises the risk of complications, such as vascular 
thrombosis of the renal pedicle (Adani et al. 2005). 
This is the reason why, in many institutions, intra-
peritoneal marsupialization under laparoscopy re-
mains the preferred therapeutic approach in this 
context.

Hematomas account for approximately 9% of 
peritransplant collections and usually occur during 
the immediate postoperative period, due to surgery. 
The other main causes are: 

Early renal biopsy complicated by a cortical 
pseudoaneurysm, which may increase in size and 

●

subsequently rupture in the perirenal space; this 
complication occurs immediately (24–48 hours) 
or several weeks after biopsy. 
Graft rupture secondary to severe acute rejection, 
which occurs in 3%–6% of renal transplants and 
during the fi rst 2 weeks after transplantation. 
This diagnosis must be suspected when anuria is 
associated with abdominal pain at the graft level, 
graft swelling and hypotension or shock.
More exceptional causes, including breakdown of 
the arterial anastomosis or rupture of an arterial 
aneurysm (mycotic or not).

During the early postoperative period, hematomas 
are echogenic collections without fl ow on US images 
and are hyperattenuated on unenhanced CT images 
(Fig. 3.15). These patterns tend to change with time, 
with the collection becoming less echogenic, and its 
density decreases, resembling a lymphocele. In this 
setting, MRI is more specifi c, showing high intensity 
on both T1w and T2w sequences (Neimatallah et 
al. 1999). Extravasation of the contrast agent can be 
visualized with US, after injection of microbubbles 
or with MRI, after Gd injection. Pretherapeutic 
MRA is useful to search for the cause of the hema-
toma and, more specifi cally, arterial complications, 
such as aneurysms or pseudoaneurysms.

According to their etiology, hemorrhagic com-
plications must be managed either surgically, when 
they result from rupture of the graft or the arterial 
anastomosis, or radiologically, by embolization, 
when they are the consequence of a pseudoaneurysm 
rupture or an arteriovenous fi stula. If the hematoma 
is suffi ciently large to cause ureteral obstruction, 
surgical evacuation is mandatory.

3.5.1.2 
Vascular Complications

3.5.1.2.1  
Renal Artery Thrombosis

Arterial thrombosis is very unusual, occurring in 
< 1% of renal graft recipients, but is extremely se-
vere, leading in most cases to graft loss. It occurs 
early after transplantation, caused by a hyperco-
agulable state, hypotension, hyperacute rejection, 
immunosuppressive therapy or a surgical compli-
cation: anastomotic occlusion, arterial dissection, 
renal artery kinking when it is too long or torsion 
of the renal artery when implanted intraperitone-
ally. 

●

●
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a

c

b

d

Fig. 3.13a–f. Perigraft lymphocele responsible for urinary obstruction. On sonography, the pyelocaliceal system (a) and 
the ureter (b) (arrow) are dilated due to a pelvic fl uid collection showing thin septas. On T2w coronal (c) and axial (d) MR 
images, the collection seats below and in front of the lower pole of the kidney, compressing the ureter. The lymphocele and 
the obstructed excretory cavities are superimposed on the T2w MR urographic image (e) whereas only the latter appear on 
the Gd-enhanced T1w MR urographic image (f) demonstrating the location of compression

e f
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Fig. 3.14a–f. Perigraft lymphocele. a, b The perirenal 
fl uid collection appears with a homogeneous water 
density on contrast-enhanced CT, without any visible 
peripheral wall. c A direct opacifi cation of the collec-
tion was necessary before drainage and sclerosis

a

b

c

Fig. 3.15a, b. Perigraft hematoma secondary to the rupture of a mycotic aneurysm. a Contrast-en-
hanced CT shows a dense collection (thick arrow) at the lower pole of the transplant surrounding the 
renal artery. b Gd-enhanced MR angiography shows the aneurysm close to the arterial anastomosis 
(thin arrow)

a b
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Its diagnosis is suspected soon after transplan-
tation, when severe renal impairment is associated 
with anuria. Confi rmation is easily obtained with 
color fl ow Doppler US (Fig. 3.16) showing arterial 
fl ow in the iliac artery and sometimes in an arterial 
stump, absence of fl ow within the entire graft, which 
is swollen and hypoechoic, and a persistent ‘to-
and-fro’ fl ow pattern within renal veins ( Grenier 
et al. 1991, 1997). If confi rmation is necessary, Gd-
enhanced MRI examination can demonstrate the 
complete devascularization of the graft (Hélénon 
et al. 1992).

Only rapid reintervention, within 12 h for surgical 
thrombectomy, can save the graft and does so in half 
of the cases. Percutaneous endovascular revascular-
ization has been described for allograft salvage, but 
only for late thrombosis (Juvenois et al. 1999).

3.5.1.2.2 
Infarctions

Segmental infarcts can also be due to segmental or 
reimplanted accessory renal artery thrombosis or 
be associated with acute rejection. They are usually 

Fig. 3.16a–d. Renal artery thrombosis. a The iliac artery appears patent (thick arrow) on the sagittal section with color fl ow 
sonography, whereas no fl ow is detected within the graft. The stump of the occluded renal artery is visible (thin arrow). 
b More medially, the renal vein is also patent with a to-and-fro fl ow (with successive blue and red encoding). c The con-
trast-enhanced MR image shows an absence of enhancement within the entire graft. d Complete necrosis of the graft was 
confi rmed by the macroscopic examination

a

b

c

d
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asymptomatic and renal function impairment de-
pends on their size. As mentioned above, color fl ow 
Doppler US is not specifi c to infarction, showing 
wedge-shaped areas of decreased or increased echo-
genicity without fl ow (Dodd et al. 1991; Grenier 
et al. 1997) (Fig. 3.17). These features can also be 
seen in hypoperfused segments secondary to graft 
infection. Injection of ultrasound contrast agents 
may help differentiate between these two entities, 
with infarctions showing no passage of microbub-
bles within the non-perfused areas (Lefevre et al. 
2002). Similarly, contrast-enhanced MR images and 
CT scans demonstrate the absence of enhancement 
within the infarcted segments, except for the sub-
capsular cortex corticis (Neimatallah et al. 1999; 
Sebastia et al. 2001).

3.5.1.2.3 
Renal Artery Stenosis

The frequency of renal artery stenosis (RAS) in 
transplanted kidneys varies from 1% to 23% (Bruno 
et al. 2004). These values depend on the method 
used for the diagnosis. When color fl ow US is used 
systematically, every month during the fi rst year, 
the rate can be as high as 12.4% (Wong et al. 1996). 
RAS may represent around 75% of all post-trans-
plant vascular complications (Bruno et al. 2004). It 
develops during the 3 years following surgery, most 
often during the fi rst year. End-to-end anastomo-
ses (on the internal iliac artery) are now used very 
rarely because anastomotic stenoses are more com-
mon (threefold higher risk) (Jordan et al. 1982). 

Fig. 3.17a–c. Intrarenal infarction. a A hypere-
choic triangular lesion is seen on the B-mode im-
age (*), at the upper pole of the kidney. This area 
shows no vascularity on the color Doppler mode 
(*) (b). This pattern is similar to pyelonephritis 
of the graft. Contrast-enhanced MR imaging (c) 
is able to confi rm the diagnosis of parenchymal 
infarction showing no signal enhancement

a

c

b
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With end-to-side anastomosis made using an ar-
terial patch (cadaveric donor) or without a patch 
(living donor), stenoses are usually located far from 
the anastomosis, occurring predominantly in the 
proximal portion of the arterial trunk. Stenoses may 
also arise in the recipient’s iliac artery.

Their origin is multifactorial: an atherosclerotic 
plaque in the donor’s renal artery or in the recipi-
ent’s iliac artery; dissection, kinking or twisting of 
the renal artery (due to excessive vessel length); mal-
positioning of the graft; fl ow turbulences generating 
intimal hyperplasia; graft perfusion catheter during 
cannulation causing intimal damage; wall ischemia 
due to excessive dissection with destruction of vasa 
vasorum. It is also possible that prolonged cold 
ischemia may play a role in the development of RAS 
through ischemia-reperfusion injury (Halimi et al. 
1999; Patel et al. 2001). The role of an immunologi-
cal mechanism remains controversial: Wong et al. 
(1996) found a higher RAS frequency in patients de-
veloping rejection; but, when compared to a control 

group, no difference was found between living-re-
lated and cadaver kidney transplantation (Merkus 
et al. 1993). However, several cases of spontaneous 
RAS regression tend to support such a mechanism 
(Chan et al. 1985). 

Severe hypertension with or without allograft 
dysfunction is the most frequent clinical symptom. 
Hypertension is a common feature in transplant re-
cipients (up to 80%). Therefore, as for native kidneys, 
RAS is specifi cally suspected when hypertension 
develops suddenly, rapidly becomes more severe 
and resistant to medical therapy, and is associated 
with graft dysfunction without any other cause or 
when associated with an audible bruit over the graft 
(Palleschi et al. 1980; Rijksen et al. 1982). It may 
account for around 1%–5% of post-transplant hy-
pertension. However, at present, early RAS are often 
detected systematically with color fl ow US, despite 
no blood pressure or renal function change. 

US now enables close early and late monitoring 
of all renal grafts after transplantation, making it 

Fig. 3.18a–c. Renal artery stenosis. a On color fl ow sonog-
raphy, an aliasing phenomenon is present at the proximal 
portion of the renal artery (arrow). b The spectral waveform 
shows an increased peak systolic velocity (2.8 m/s) with 
spectral broadening. On the intrarenal interlobar arteries, 
the ascension time is increased at 127 ms. c Gd-enhanced 
MR angiography confi rms the post-ostial renal artery ste-
nosis

a

b

c
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Fig. 3.19a–c. Renal artery stenosis. a Gd-enhanced MR an-
giography shows a signifi cant stenosis immediately after the 
ostium (thick arrow), a moderate stenosis on the trunk (thin 
arrow) and a tight stenosis on the lower polar artery (short 
arrow). b DSA confi rms the three stenoses but the stenosis 
of the trunk appears more severe than on MR angiography. 
c The two proximal stenoses were successfully dilated c

a b

possible to detect the development of iliac or the 
renal artery stenoses (Figs. 3.18, 3.19). Both veloc-
ity-profi le changes, responsible for spectral broad-
ening and perivascular color artifact, and systolic 
acceleration must be observed to make this diag-
nosis. A systolic velocity threshold of 190–200 cm/s 
( Grenier et al. 1991; Loubeyre et al. 1997) or a sys-
tolic velocity ratio between renal and external iliac 
arteries of 1.5 (Loubeyre et al. 1997) has been pro-
posed for signifi cant stenoses. Using these criteria, 
Doppler techniques appear to be highly sensitive 
but less specifi c (Erley et al. 1992). When the renal 
artery is too long, kinking is easily demonstrated 
on the color display but only spectral sampling is 
able to confi rm the presence of a stenosis. Because 

stenoses are sometimes located on reimplanted ac-
cessory renal arteries, full knowledge of a precise 
surgical report is mandatory before examination so 
that these accessory vessels will not be left unex-
plored. 

Finally, diagnosis of iliac artery stenosis requires 
systematic Doppler waveform analysis of the com-
mon iliac artery above the renal anastomosis. As 
described for native kidneys, intrarenal sampling 
of interlobar arteries and looking for dampened 
waveforms may help detect severe proximal stenosis 
(Gottlieb et al. 1995). Those authors showed that 
the acceleration time was signifi cantly prolonged 
in patients with a severe proximal arterial stenosis 
(p=0.0004) (Fig. 3.18b). Using a threshold accelera-
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tion time of 0.10 s or subjective assessment of damp-
ening of the waveforms resulted in an accuracy of 
95%. However, these intrarenal features are less use-
ful in transplanted kidneys because the proximal 
changes are more easily accessible than in native 
kidneys. 

Specifi city is lower than sensitivity, meaning 
that a second examination has to be performed 
when arterial stenosis is suspected. MRA is the 
most suitable for that purpose because it is not in-

vasive. Flow-sensitive MRA techniques, using time-
of-fl ight or phase-contrast sequences, were the fi rst 
to be proposed (Cahen et al. 1996; Gedroyc et al. 
1995). But now, only 3D Gd-enhanced acquisitions 
are recommended (Fang and Siegelman 2001; 
Ferreiros et al. 1999) (Figs. 3.18c, 3.19a). Using 
body phased-array coils and a parallel imaging 
technique, these sequences provide high-quality 
angiograms with excellent reproducibility. The sen-
sitivity and specifi city of MRA in detecting signifi -

Fig. 3.20a–d. Kinking of the renal artery. a On power Doppler sonography the renal artery appears with a narrowing at the 
site of plicature (arrow). b Spectral waveform shows a severe spectral broadening with a high peak systolic velocity (2.75 m/s). 
c MR angiography and d DSA confi rm the kinking phenomenon with a severe stenosis (arrows) and post-stenotic dilatation

a

c

b

d
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cant stenoses were 100% and 98%, respectively, and 
interobserver kappa concordance values exceeded 
0.85 (Ferreiros et al. 1999). Overestimation of the 
degree of stenosis has often been reported for na-
tive renal arteries, but this point has never been 
addressed in renal grafts to the best of our knowl-
edge. Based on a questionnaire, Omary et al. (2000) 
showed that MRA results had considerable impact 
on the referring physician’s management of patients 
with renal dysfunction, by avoiding invasive proce-
dures in 39% of patients. Stenoses due to kinking of 
the renal artery (Fig. 3.20) and stenoses of the iliac 
arteries and (Fig. 3.21) are also well demonstrated 
by MRA.

Helical CT (Hofmann et al. 1999) using 16- to 64-
multidetector rows offers high resolution for RAS 
diagnosis. However, its role in transplanted kidneys 
has been poorly demonstrated, probably because of 
the nephrotoxicity of iodine contrast agents. How-
ever, in patients with normal renal function, it seems 
an acceptable alternative to MRA. 

Captopril-sensitized renography has been a 
popular non-invasive screening procedure for RAS 
diagnosis. However, despite its relatively good sen-
sitivity (75%), the procedure is severely limited by its 
poor specifi city (67%) (Erley et al. 1992). It seems 
that this technique might have a better role in pre-
dicting outcome after revascularization (Shamlou 
et al. 1994).

Digital subtraction angiography (DSA) provides 
a defi nitive diagnosis of RAS and serves as the fi rst 
step for percutaneous revascularization. It should 
only be performed when angioplasty has been de-
cided. The lowest amount of iodine contrast agent 
must be used. When renal function is impaired, 
intra-arterial injection of CO2 or Gd-chelate can be 
proposed (Spinosa et al. 1998, 2002). Rotational an-
giography may also be used to fi nd the optimal inci-
dence for RAS analysis and catheterization (Hagen 
et al. 2005). 

Percutaneous transluminal angioplasty, with or 
without stent placement, is the preferred primary 
treatment of RAS, when medical therapy can no 
longer control blood pressure and/or renal function 
progressively deteriorates (Fig. 3.19). Artery stenting 
is an effective method for recurrent stenosis ( Sierre 
et al. 1998). The technical success rate of angioplasty 
varies from 94% to 100% and the clinical success rate 
from 82% to 94% (Beecroft et al. 2004; Patel et al. 
2001). At 3, 6 and 12 months following engraftment 
Beecroft et al. (2004) calculated primary patency 
rates (±95% CI) of 94±6%, 72±12% and 72±12%, re-
spectively. Secondary patency rates (±95% CI) at the 
same times were: 100%, 85±10% and 85±10%, respec-
tively. Only two complications were observed (groin 
hematoma and pseudoaneurysm). The reported 
midterm patency (mean of 30 months) reached 100% 
(Beecroft et al. 2004;  Sierre et al. 1998). 

Fig. 3.21a, b. Stenosis of the iliac artery. a On power Doppler sonog-
raphy the iliac artery appears with a stenosis (arrow) above the anas-
tomosis with renal artery (double arrow). b MR angiography confi rms 
the site of stenosis

a

b
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3.5.1.2.4 
Renal Vein Thrombosis

Acute venous thrombosis occurs in approximately 
1%–4% of renal transplant recipients and usually 
during the early postoperative period. Clinical fi nd-
ings depend on whether the onset is progressive or 
abrupt and whether thrombosis is complete or in-
complete. When it is complete and abrupt, graft pain 
and swelling are observed, associated with oliguria 
and proteinuria. Acute venous thrombosis is often 
due to faulty surgical technique, hypovolemia, hy-
percoagulation state or renal vein compression by a 
perigraft fl uid collection as predisposing factors. It 
may also be a complication of postoperative lower 
limb or iliac vein thrombosis extending into the 
renal vein. 

Diagnosis of renal vein thrombosis is diffi cult. 
On Doppler images, no venous fl ow is present and 
arterial fl ow appears decreased and highly resis-
tive, showing protodiastolic or holodiastolic refl ux 
(Fig. 3.22). On B-mode, the kidney is often enlarged 
and sometimes heterogeneous. Direct visualiza-
tion of the thrombus within the renal vein and its 
extension into the iliac vein is possible (Fig. 3.23). 
When seen later, transcapsular collaterals may have 
developed that drain venous fl ow towards the iliac 
veins (Fig. 3.24). In diffi cult cases, using either un-
enhanced “white blood” axial gradient-echo or Gd-
enhanced T1w MRI sequences may help visualize 
the venous thrombus. 

In the case of partial venous thrombosis, antico-
agulants administration is usually suffi cient. How-
ever, when confronted with early complete throm-
bosis, rapid surgical revascularization is required 

but, if too severe, transplantectomy may be neces-
sary. Percutaneous thrombectomy, associated with 
anticoagulation, has also been proposed (Melamed 
et al. 2005).

3.5.1.2.5 
Vascular Complications of Biopsy

Intrarenal arteriovenous fi stulas and pseudoaneu-
rysms occur in approximately 1%–18% of the grafts 
after percutaneous transplant biopsies. Most of 
them are asymptomatic and resolve spontaneously. 
But they may be responsible for severe perirenal 
hemorrhage (usually due to rupture of a peripheral 
pseudoaneurysm) or hematuria. Their detection is 
now based on color fl ow US and their treatment, 
when symptomatic, on transcatheter embolization. 

Pseudoaneurysms present as localized vessel 
dilatations, anechoic on B-mode US, with a rotative 
fl ow inside on color-encoded images (Dodd et al. 
1991) and, when isolated, with a to-and-fro fl ow pat-
tern of the spectral waveform in the neck (Fig. 3.25). 
However, they are rarely isolated and most of them 
are associated with an arteriovenous shunt. These 
shunts are responsible for enlargement of the sup-
ply artery and draining vein associated with high-
grade turbulence (Fig. 3.26a). This turbulent fl ow 
creates perivascular vibration, which appears on 
color fl ow US as an area of random color encoding 
of perivascular tissues, enhanced in systole, the so-
called the perivascular artifact (Grenier et al. 1991; 
Middleton et al. 1989). On arterial spectral wave-
forms of feeding arteries, the fl ow profi le is severely 
altered, with increased velocities and decreased RI 
(Hubsch et al. 1990) (Fig. 3.26b, c). When the shunt-

Fig. 3.22a,b. Renal vein thrombosis. a On the diastolic color 
fl ow image, all the arteries show a blue color compatible 
with a reversed fl ow. b The spectral waveform shows a ho-
lodiastolic refl ux evocative of renal vein thrombosisa

b
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Fig. 3.23a–c. Partial renal vein thrombosis. a 
B-mode and b on color fl ow sonography show 
an echogenic thrombus (*) within the lumen 
of the renal vein. c This early thrombus was 
confi rmed by venography (arrow)

a

b

c

ing effect is important, a “steal” phenomenon may 
be observed within the graft with decreased, or even 
reversed, diastolic fl ow, within adjacent non-feeding 
segmental arteries. Venous fl ow resembles arterial 
fl ow with systolic enhancement (Fig. 3.27).

When a clinical complication occurs, arteriove-
nous fi stulas and pseudoaneurysms can be effec-
tively treated by transcatheter embolization, using 
superselective catheterization, which is a very effi -
cient technique, providing a 95% technical success 
rate (Perini et al. 1998). To avoid occlusion of nor-
mal renal branches and to preserve renal function, 
microcoils are positioned as far as possible into the 
feeding artery(ies) of the fi stula or into the neck of 
the pseudoaneurysm using coaxial catheters.

3.5.1.2.6 
Parenchymal Necrosis 

Allograft necrosis is a rare and extremely severe 
complication. It results from defective distal perfu-
sion occurring immediately after graft implantation 
(primary non-function) or as a consequence of se-
vere acute tubular necrosis (ATN) or acute rejection. 
It is most often limited to the cortex (cortical necro-
sis) or extends into the medulla (total necrosis).

In cortical necrosis, the graft may appear normal 
on gray-scale ultrasonograms, when imaged early, 
or show a hypoechoic cortex. This hypoechogenicity 
may be limited to the outer cortex, run along the cap-
sule or cover the entire outer and inner cortex thick-
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Fig. 3.25a,b. Post-biopsy pseudoaneurysm. a On gray scale 
sonography, an anechoic area appears at the anterior aspect 
of the graft (arrows). b The color fl ow sonography shows 
that this lesion is circulating with a typical “to-and-fro” 
spectral pattern

a

b

Fig. 3.24a–c. Renal vein thrombosis. a Color fl ow sonog-
raphy shows thrombosed segmental veins within the renal 
sinus (arrow) and b transcapsular venous drainage, towards 
the external iliac vein, at the lower pole of the kidney. c The 
venous phase of renal DSA shows the absence of venous 
drainage through the normal renal vein and a heteroge-
neous renal parenchyma

a

b

c
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Fig. 3.27a,b. Post-biopsy arteriovenous fi stula with steal phenomenon. a Color fl ow sonography on the lower pole of the graft 
shows an arteriovenous fi stula with increased velocities and spectral broadening on spectral waveform. b Arterial fl ow at 
the upper pole is characterized by a holodiastolic refl ux due to a steal phenomenon, which disappeared after embolization 
of the shunt

a b

Fig. 3.26a–c. Post-biopsy arteriovenous fi stula. a At the upper pole of the kidney graft, two vessels appear enlarged with 
high velocities on color fl ow sonography. Spectral sampling allows separation of the afferent artery (arrow) and the effer-
ent vein (double arrow). b Arterial waveform shows increased velocities, spectral broadening and low resistance. c Venous 
waveform shows increased fl ow and arterial modulation

a

b

c
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ness (Fig. 3.28a). Using a high-frequency probe with 
color Doppler fl ow, the anterior cortex appears to be 
partially or entirely devascularized (Fig. 3.28b). In 
the case of partial cortical necrosis, limited to the 
outer cortex, interlobular vessels do not reach the 
capsule. In the case of complete cortical necrosis, in-
terlobular vessels are no longer seen. When necrosis 
extends into the medulla, no fl ow is seen in the en-
tire parenchyma, while the main arteries and veins 
remain patent in the pedicle and sinus.

However, prudence is necessary when making 
the diagnosis of perfusion defects based on power 
Doppler US, because the absence of detectable fl ow 

at the interlobular level does not always correspond 
to cortical areas that lack perfusion on MR images 
(Martinoli et al. 1996), as mentioned earlier. This 
lack of correspondence explains why MRI confi rma-
tion is always required.

Gd-enhanced MRI clearly shows the type (hem-
orrhagic or not) and in-depth extension of the 
parenchymal devascularization (Hélénon et al. 
1992) (Figs. 3.28c, 3.29). In hemorrhagic cortical 
necrosis, the cortex may appear hyperintense on 
T1w images and hypointense on T2w sequences. 
When non-hemorrhagic, the cortex is hyperintense 
on T2w images. 

Fig. 3.28a–d. Partial cortical necrosis. The outer cortex (arrows) of this graft appears hypoechoic on gray scale image (a) 
and devascularized on color fl ow sonography (b), using a high-frequency probe. c The Gd-enhanced MR sequence confi rms 
the absence of enhancement within the outer cortex. d Macroscopic specimen from a similar outer cortical necrosis from 
an other patient [Fig. 3.29d reprinted with permission from Hélénon et al (1992) RadioGraphics 12:21–33]

a

c

b

d
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Fig. 3.29a,b. Complete cortical necrosis. a On this trans-
verse Gd-enhanced TIw image the medulla is enhancing 
normally whereas the cortex remains unenhanced (arrows). 
b Macroscopic specimen from a similar cortical necrosis 
from another patient [Fig. 3.28b reprinted with permission 
from Hélénon et al. (1992) RadioGraphics 12:21–33]

Acute rejection, in the majority of cases, is me-
diated by T lymphocytes and modern immuno-
suppressant therapies are able to prevent it more 
and more frequently. The actual acute rejection 
rate is 10%–15%, whereas 20 years ago it was at 
30%–40%. In certain cases, humoral rejections 
can occur. They are characterized by involvement 
of the peritubular capillaries, to which comple-
ment component C4d adheres, and the appearance 
of circulating antibodies directed against the do-
nor. Acute rejection remains the primary cause of 
graft loss in the short term and represents, above 
all, a major risk factor for the development of 
chronic graft dysfunction. Clinical signs are few in 
number and become manifest late, with a painful 
and enlarged graft, markedly diminished diuresis 
and febricula. Notably, a serum creatinine rise of 
> 20% is an important warning signal. Imaging is 
useful for the differential diagnosis, as it reveals 
abnormalities of the large vessels or the excretory 
 pathway.

The defi nitive diagnosis and the severity of the 
episode are provided by a renal biopsy showing 
lymphocyte infi ltration of the tubules and the in-
terstitium, with vascular lesion(s) in the most severe 
cases. First-line therapy consists of high-dose corti-
costeroids and, in the case of corticoresistant rejec-

3.5.1.3 
Medical Complications

3.5.1.3.1 
Clinical Considerations

Different causes can be responsible for the failure or 
deterioration of renal graft function.

Primary non-function is characterized by imme-
diate anuria without subsequent improvement. It is 
favored by certain risk factors: elderly donor, hyper-
tension, prolonged ischemia, kidneys from children 
implanted into adults.

ATN is characterized by delayed recovery of renal 
function. It becomes manifest 12–24 h after revascu-
larization as anuria or renal insuffi ciency with pre-
served diuresis. In particular, it is favored by the do-
nor’s age and vascular history, intensive care of the 
donor (hemodynamic status) and drugs used, diffi -
culties encountered during organ excision (multiple 
organs), perfusion and cooling fl uids used, duration 
of cold ischemia. ATN is extremely frequent after 
cadaveric donor transplantation. Conversely, it is 
unusual in living-donor transplantation because of 
the very short cold ischemia time. It resolves spon-
taneously over the fi rst 2 weeks, depending on the 
degree of ischemia–reperfusion injury.

a

b
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tion, administration of anti-lymphocyte globulins 
or monoclonal antibody OKT3. Acute cellular rejec-
tion is reversible in the majority of cases.

The possibility of drug nephrotoxicity has to be 
excluded, either directly caused by calcineurin in-
hibitors (ciclosporin, tacrolimus) or more indirectly 
amplifi ed by drug interactions. Again, the defi nitive 
diagnosis is provided by the biopsy, showing acute 
or chronic lesions associated with calcineurin-in-
hibitor-induced nephrotoxicity.

3.5.1.3.2 
Imaging

Except for severely injured kidneys with primary 
non-function, distinguishing clinically between 
these medical entities may be diffi cult and, unfor-
tunately, imaging techniques have not yet played 
a major role in alleviating that diffi culty, thereby 
still justifying renal biopsies. In severe primary non-
function, cortical or corticomedullary parenchymal 
necrosis must be detected with Gd-enhanced MRI 
(see above).

Many US features have been described as being 
highly suggestive of acute rejection: enlarged graft, 
effacement of the central sinus–echo complex, en-

largement of pyramids, increased or decreased cor-
tex echogenicity, loss of corticomedullary differen-
tiation, thickened collecting system walls (Fig. 3.30). 
Unfortunately, these features are subjective and not 
specifi c, and have low reproducibility. Their limited 
negative-predictive value, between 17% and 50%, 
precludes any useful application in practice (Frick 
et al. 1981; Fried et al. 1983; Hoddick et al. 1986; 
Hricak et al. 1987; Kelcz et al. 1990; Linkowski 
et al. 1987). 

Similarly, after initial promising results of duplex 
Doppler RI measurements, no correlation could be 
established between a high RI, > 0.75 or > 0.80, and 
acute vascular rejection (Allen et al. 1988; Don 
et al. 1989; Genkins et al. 1989; Kelcz et al. 1990; 
Linkowski et al. 1987). In fact, a RI rise > 0.80 can 
be observed in each of these medical complications. 
This fi nding is not surprising because the changed 
cortical microcirculation is a non-specifi c param-
eter of renal transplant dysfunction. Pathological 
processes, such as acute rejection or ATN, affect the 
microcirculation fi rst, either because direct injury 
affects the vessel wall or interstitial edema-induced 
narrowing of the capillary lumen occurs. However, 
the extent of the RI increase directly refl ects the 
degree of cortical hypoperfusion (Fig. 3.31). Thus, 

Fig. 3.30a–c. B-mode sonographic features of acute rejec-
tion: a increased transverse diameter of the graft with ef-
facement of the central sinus–echo complex and increased 
cortex echogenicity; b enlargement of pyramids; c thick-
ened collecting system walls

a

b

c
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it was thought that the degree of RI increase might 
be associated with the clinical outcome: in the most 
severe cases, protodiastolic or even holodiastolic re-
verse fl ow, evocative of severe acute rejection, severe 
ATN or renal vein thrombosis, is associated with a 
poor functional prognosis (Kaveggia et al. 1990). 
However, our study comparing RI measurement and 
power Doppler did not identify RI measurements as 
being statistically signifi cant in determining prog-
nosis at 12 months post engraftment (Trillaud et 
al. 1998). 

Power Doppler US using high-frequency trans-
ducers to delineate cortical blood fl ow visualizes 
the dense cortical interlobular pedicles all the way 
to the cortex cortices (Martinoli et al. 1996). In 
renal grafts with impaired function, focal or dif-
fuse absence of interlobular signals can be observed 
(Fig. 3.32). These changes can be reversed with treat-
ment and are associated with a prediction of poor 
functional recovery at 12 months (Trillaud et al. 
1998). 

Findings on MR T1w sequences detecting these 
entities overlap too. The graft may or may not be 
enlarged. Initially, based on early experimental and 
clinical studies, decreased corticomedullary dif-
ferentiation (CMD) on T1w sequences was consid-
ered specifi c to acute rejection (Hricak et al. 1986; 

Rholl et al. 1986). Now, this feature is considered 
non-specifi c for any nephropathy (Neimatallah 
et al. 1999). Proposed mechanisms are either lower 
cortical signal intensity due to edema or increased 
medullary SI resulting from decreased tubular fl ow 
or deposition of protein or blood components (e.g., 
hemoglobin). The intensity of the CMD decrease 
was initially shown to be associated with the degree 
of renal insuffi ciency and supposedly absent when 
serum creatinine reached 3.0 mg/dl (Semelka et al. 
1994). However, in acute renal failure (ARF), CMD 
may remain preserved, at least within 2 weeks of de-
veloping ARF, and its degree seems now to be inde-
pendent of the serum creatinine level (Chung et al. 
2001). Similarly, signal changes on T2w images are 
highly variable.

Distinction between acute rejection and ATN is 
also diffi cult when radionuclide (99Tcm-MAG3) scin-
tigraphy is used (el-Maghraby et al. 1998). Diagno-
sis is based on delayed and diminished radiotracer 
uptake associated with progressive parenchymal 
accumulation and retention, with no evidence of 
its excretion (Dubovsky et al. 1995). Delayed tran-
sit with delayed time to maximal activity (Tmax), 
delayed time to one-half maximal activity T½ and 
high 20/3 min ratio are the main quantitative pa-
rameters used. Although the ability of these uptake 

Fig. 3.31a,b. Increase of intrarenal resistances with an absence of telediastolic fl ow in an acute rejection episode (a) and a 
proto- and telediastolic refl ux in severe acute tubular necrosis (b)

a b
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indices and excretion parameters to differentiate 
between acute rejection and ATN is poor (Brown et 
al. 2000; el-Maghraby et al. 1998), they refl ect the 
severity of renal dysfunction. Both entities are best 
distinguished on the basis of serial studies obtained 
over several days or weeks. Pertinently, concerning 
ATN, the graft usually attains its lowest perfusion 
and function levels by 48 h post-transplantation, 
and they improve thereafter, whereas renal perfu-
sion and function generally decline progressively in 
acute rejection (el-Maghraby et al. 1998).

3.5.2 
Early Patient Complications

3.5.2.1 
Infectious Complications

Infections are the major cause of morbidity and 
mortality during the fi rst year following kidney 
transplantation: 80% of grafted patients experience 
at least one infectious episode. The risk of infec-
tion is associated, in particular, with: the cumulative 
dose of immunosuppression, nosocomial environ-
mental factors (water, operating room, air condi-
tioning), the presence of foreign materials (central 
and urinary catheters), and the patient’s nutritional 
and metabolic status (diabetes, renal insuffi ciency, 
cardiac insuffi ciency).

Any clinical picture suggestive of infection in 
a graft recipient has to be explored rapidly and an 
etiological diagnosis obtained without delay. Bron-
choalveolar lavage for atypical pneumopathy, lum-
bar puncture for neurological symptoms, even in-
complete, or organ biopsy must be performed in any 
doubtful situation.

3.5.2.1.1 
Infections During the First 6 Months

The fi rst 6 months after transplantation represents 
the time during which the patient is the most ex-
posed to opportunistic infections.

Cytomegalovirus (CMV) Infections

CMV infections differ according to whether they are 
primary (positive donor–negative recipient), with a 
risk of 70%, or a reactivation or reinfection (positive 
recipient), with a lower risk of around 20%–30% in 
the absence of any prophylaxis. Furthermore, CMV 
infection is distinguished from CMV disease, ac-
cording to the presence or not of clinical manifes-
tations: fever, arthralgias, myalgias, leukopenia, 
elevated transaminases; and organ involvement in 
the most severe forms: pneumopathy (20%), colitis 
or acute pancreatitis. The diagnosis is based on a 
weekly polymerase chain reaction (PCR) search for 
virus in the blood or pp65-antigen determination in 
leukocytes (CMV antigenemia) during the fi rst few 

Fig. 3.32a, b. Progressive alteration of the cortical vascula-
ture (interlobular vessels) in acute rejection episodes, using 
high-frequency probes and power Doppler mode: presence 
of a moderately (a) and a severely (b) decreased cortical 
vessel densitya

b
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months following transplantation. In addition to its 
direct effects, CMV infection can favor superinfec-
tion with opportunistic microbes (Pneumocystis) 
and chronic graft dysfunction.

Thin-section CT fi ndings of CMV pneumonia 
in immunocompromised patients are usually bi-
lateral and diffi cult to assess on chest radiographs. 
The three main features shown by thin-section 
CT are areas of ground-glass opacifi cation (66% 
of the patients), predominating in the upper lobes 
(Fig. 3.33), multiple nodules (59%) and areas of 
air-space consolidation (59%). Other fi ndings are 
thickening of bronchovascular bundles, tree-in-
bud appearance and pleural effusion (Franquet et 
al. 2003).

Protozoan Infections

These infections are much less common. Pneumo-
cystis jiroveci, formerly carinii, (the most frequent) 
is responsible for bilateral alveolar interstitial hy-
poxia-inducing pneumonia. Its frequency has been 
sharply lowered by prophylaxis (trimethoprim–sul-
famethoxazole, pentamidine aerosols). The typical 
fi ndings are diffuse bilateral interstitial infi ltrates, 
most severe in the perihilar regions. As the disease 
progresses, alveolar infi ltrates may also develop. CT 
scanning may demonstrate typical features includ-
ing perihilar ground-glass opacities (Fig. 3.34), of-
ten in a patchy or topographical distribution, with 

infected areas scattered throughout the normal lung 
parenchyma (Franquet et al. 2003).

Toxoplasmosis produces poorly specifi c symp-
toms or neurological signs (encephalitis, cerebral 
abscess), pneumopathy and/or chorioretinitis.

Bacterial Infections

Frequently caused by atypical bacteria (Listeria 
monocytogenes, Legionella, Nocardia, Mycobacte-
rium tuberculosis or atypical mycobacteria), they 
are rare and diffi cult to diagnose.

Fungal Infections

Aspergillosis is the most common, often associated 
with an environmental factor (exposure to dusts). 
Spore inhalation is the main route by which As-
pergillus infections are contracted. This fungus af-
fects the lungs, the sinuses, and the peripheral and 
central nervous systems. The prognosis is usually 
poor, despite the availability of appropriate antimi-
crobial agents (amphotericin B, itraconazole, vori-
conazole).

Since the clinical signs of invasive aspergillosis 
are non-specifi c and often non-existent, radiologi-
cal and laboratory evaluations are key diagnostic 
tools (Ergin et al. 2003). CT is very valuable for 
making an early diagnosis, is useful for demon-
strating rhinosinusitis and involvement of other 
tissues, such as cerebral aspergillosis and skeletal 

Fig. 3.33. Cytomegalovirus pneumonia. CT of the lung shows 
a ground-glass opacifi cation predominating in the upper 
lobes with subpleural micronodules on the right side

Fig. 3.34. Pneumocystis pneumonia. CT scanning of the lung 
demonstrates typical features including perihilar ground-
glass opacities in a patchy distribution
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invasion, and it can be used to guide biopsy pro-
cedures. Semi-invasive aspergillosis or chronic 
necrotizing aspergillosis is characterized on CT 
by unilateral or bilateral segmental areas of con-
solidation, or multiple nodular opacities or both. 
These fi ndings are non-specifi c, most commonly 
mimicking those of reactivation tuberculosis 
(Franquet et al. 2004). Excavation is possible in 
these forms (Fig 3.35a).

In angio-invasive aspergillosis, characterized 
histologically by invasion and occlusion of small- to 
medium-sized pulmonary arteries by fungal hyphae, 
typical CT fi ndings consist of nodules surrounded 
by a halo of ground-glass attenuation (halo sign) 
(Fig. 3.35b) or pleural-based wedge-shaped areas of 
consolidation. The air-crescent sign in angio-invasive 
aspergillosis is usually seen during convalescence.

In Aspergillus bronchopneumonia, also known 
as airway-invasive aspergillosis, which occurs in up 
to 10% of patients developing invasive pulmonary 
aspergillosis, CT scans show centrilobular nodules 

and branching linear or nodular opacities giving a 
tree-in-bud appearance (Fig. 3.35c). The centrilobu-
lar nodules have a patchy distribution in the lung 
(Franquet et al. 2004).

Aspergillosis may also develop within the spine 
(Fig. 3.36), within the pelvis, with tubo-ovarian 
masses or ureteral compression, or within the renal 
graft, as a fungus ball (saprophytic colonization of 
a cavity by fungal hyphae, without invasion of the 
adjacent tissues) (Johnston et al. 2004).

Cryptococcosis, histoplasmosis, coccidioidomy-
cosis or mucormycosis are extremely rare.

3.5.2.1.2 
Infections Occurring After 6 Months

Their frequency is higher than in the general popu-
lation. They can be community-acquired infections 
or caused by opportunistic microbes, therefore vac-
cines without live virus, using either attenuated or 
killed virus, are recommended.

Fig. 3.35a–c. Aspergillosis of the lung in transplanted pa-
tients. a Semi-invasive aspergillosis with a large excavated 
lesions. b Angio-invasive aspergillosis : CT shows typi-
cal fi ndings consisting of nodules  surrounded by a halo 
of ground-glass attenuation (halo sign) c Airway-invasive 
aspergillosis: CT scans show centrilobular nodules and 
branching linear or nodular opacities giving a tree-in-bud 
appearance (fi g 3.35c: Courtesy of Dr Ph. Grenier, Paris).

a c

b
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3.6 
Long-Term Follow-Up

3.6.1 
Late Complications of the Graft

3.6.1.1 
Chronic Allograft Nephropathy (CAN)

CAN can be defi ned as a progressive deterioration 
of renal function appearing several months after 
transplantation, independently of acute rejection, 
another nephrotoxicity phenomenon or recurrence 
of the initial nephropathy with a suggestive histolog-
ical appearance (Halloran et al. 1999). Four types 
of lesions can be found in graft biopsy samples: hy-
perplasia of the vessel intima, tubular atrophy, inter-
stitial fi brosis and/or allograft glomerulonephritis. 
Different scores have been devised to classify CAN 
according to its severity. The most widely used is 
the Banff classifi cation, based on the extent of the 
fi brosis and the tubule lesions in the cortical zone 
(Racusen et al. 1999). It is important to have access 
to tools able to evaluate CAN at an early stage, before 
the appearance of any clinical signs, because studies 
based on systematic biopsies showed that 25% of the 
patients had CAN lesions as early as month 3 post-
transplantation (Legendre et al. 1998).

The mechanism leading to CAN development is 
complex and poorly understood, bringing together 
causes dependent on and independent of the alloge-
neic reaction. Its natural history shows that it com-
prises two very distinct phases: an early phase (fi rst 
year), with an exponential increase of fi brotic inter-
stitial lesions and tubular atrophy; and a late phase 
(after the fi rst year), during which lesions caused by 
the nephrotoxicity of anti-calcineurins (ciclosporin, 
tacrolimus) predominate and play a major role after 
3 years post-transplantation.

Kidneys suffering from CAN are decreased in 
size and have poorer corticomedullary differentia-
tion and, sometimes, mild dilatation of the renal ca-
lices and pelvis. Most imaging techniques focus on 
the loss of parenchymal vascularity in the cortex to 
recognize this entity. However, neither RI measure-
ment nor evaluation of intrarenal vessel density with 
power Doppler mode helps to identify transplants 
developing CAN. Recently, several authors tried to 
obtain more quantitative data by calculating depth-
corrected fractional areas (percentage of the area of 
colored pixels relative to the total region of interest 

Fig. 3.36. Aspergillosis of the spine. On the sag-
ittal T1w MR image a mass is visible, develop-
ing within the epidural space of the medullary 
canal, at the posterior aspect of the sac. Note 
the hyperintensity of two intervertebral disks 
at the same level. Aspergillosis was confi rmed 
at surgery

3.5.2.2 
Early Cancers

Post-transplantation lymphoproliferative syn-
dromes, for all grafts combined, have an overall 
frequency of 2%, and represent a major progressive 
complication of organ transplantations. For kidney 
transplants, this rate reaches its peak during the fi rst 
year (0.5%) and stabilizes over the following years 
(1.2% at 5 years). This complication is addressed in 
greater detail with the other malignant complica-
tions in the following chapter.
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area) on transverse slices and the distance from the 
most peripheral color pixels to the surface of the 
transplant during systole ( Nankivell et al. 2002). 
They showed that a maximal fractional area < 17.3% 
could diagnose CAN with 88% specifi city and 86% 
positive-predictive value, and severe CAN with 87% 
sensitivity and 95% negative-predictive value. A to-
capsule distance > 5 mm was less sensitive (49%) but 
more specifi c (91% alone and 97% when combined 
with the fractional area). On radionuclide images, 
CAN is characterized by non-specifi cally dimin-
ished tracer uptake (Dubovsky et al. 1995).

Although RI measurements have no value for 
this diagnosis, they could have a prognostic value 
for long-term allograft outcomes: Radermacher et 
al. (2003) showed that renal arterial RI 0.80, mea-
sured at least 3 months after transplantation, was 
associated with poor subsequent allograft perfor-
mance and death.

3.6.1.2 
Recurrence of the Initial Nephropathy

Glomerular nephropathies represent the primary 
cause of chronic renal insuffi ciency (CRI) and are 
the principal entities that recur in the graft. Ac-
cording to the type of glomerulonephritis, the risk 
of recurrence ranges from 6% to 19% (Hariharan 
et al. 1999), which corresponds to the third cause 
of graft loss (after CAN and patient death with a 
functional graft), and it rises with the duration of the 
transplant. Focal or segmental hyalinosis, membra-
noproliferative glomerulonephritis, IgA nephropa-
thy, membranous glomerulonephritis, diabetic 
nephropathy, lupus nephropathy and glomerulone-
phritis with anti-glomerular basement membrane 
antibodies bear the highest and most severe (loss of 
the graft) risks of recurrence. Finally, certain non-
glomerular nephropathies can recur, such as hemo-
lytic uremic syndrome or primary oxalosis.

3.6.1.3 
Graft Infections

The frequency of polyomavirus interstitial nephritis 
is 3%–5% in the population of renal graft recipients. 
When confronted with a deterioration of renal func-
tion, the diagnosis is made based on a biopsy, show-
ing the characteristic tubular epithelium lesions, con-
fi rmed by immunohistochemistry (simian virus-40 
labeling), that are often associated with infl ammatory 
cell infi ltration into the interstitium. PCR on blood 

and urine is useful for screening and monitoring, as is 
urinalysis to search for infected cells (decoy cells). Im-
aging does not play any role in this diagnosis. Therapy 
is disappointing and combines lowering the doses of 
immunosuppressants and perhaps low-dose cidofovir 
in light of its nephrotoxicity (Ramos et al. 2002).

3.6.1.4 
Calculus Disease

Based on the United States Renal Data System, which 
reported their retrospective records of 42,096 re-
nal transplant recipients between 1994 and 1998, 
the incidence of urolithiasis was 0.11% for males 
and 0.15% for females (Abbott et al. 2003). At the 
time of calculus discovery, 67% had kidney stones 
and 33% ureteral stones. Uric acid stones are much 
less common than calcium calculi. The stones can 
be transplanted from cadaveric or living donors or 
develop de novo, favored either by metabolic disor-
ders (tertiary hyperparathyroidism, hypercalciuria, 
hypocitraturia) or infection (Proteus mirabilis), or 
the presence of a foreign body in the urinary tract 
(double-J stent) (Crook and Keoghane 2005).

Stones can be easily detected by US, when located 
in the pyelocaliceal system or within the ureter, or 
when they have migrated, facilitated by the subse-
quent dilatation. In diffi cult cases, unenhanced CT 
may help (Fig. 3.37).

Fig. 3.37. Intracaliceal stones in an old renal trans-
plant presenting with three cortical cysts
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Extracorporeal shock-wave lithotripsy (ESWL) 
has been used successfully to treat renal and ure-
teral transplant stones. The stone may be directly 
accessed for percutaneous removal by nephrostomy 
or ureteroscopy, which can be diffi cult because of 
the ureteral anastomosis, and, if necessary, by a 
combined percutaneous and retrograde technique 
(Crook and Keoghane 2005).

3.6.2 
Late Patient Complications

3.6.2.1 
Cardiovascular Complications

Cardiovascular disease is a major cause of morbid-
ity and the primary cause of death of kidney-graft 
recipients. In Europe, the frequencies of coronary 
disease, cerebrovascular disease and peripheral 
vascular disease after renal transplantation are 
6%–14%, 1.4%–2.6% and 2.7%–6.3%, respectively 
( Nankivell et al. 2002). In the United States, 15 years 
after transplantation, the respective frequencies are 
23%, 15% and 15% (Kasiske et al. 1996).

The risk of a cardiovascular event is 5 times 
higher for renal transplant recipients than in the 
general population. Nevertheless, the graft seems to 
prolong life expectancy compared to patients on he-
modialysis while awaiting a compatible graft (even 
for groups with cardiovascular risk factors) (Wolfe 
et al. 1999). The fi ght against cardiovascular mor-
tality requires better control of its risk factors: hy-
pertension, lipid disorders, obesity, tobacco use, 
hyperhomocysteinemia and  immunosuppressive 
therapy.

3.6.2.2 
Hypertension

Hypertension is very common, particularly in kid-
ney-transplant recipients, affecting 60%–85% of 
them. Its origin is multifactorial: CAN, graft-artery 
stenosis, presence of the native kidneys, immuno-
suppressive regimen (corticosteroids, calcineurin 
inhibitors) and/or nephropathy recurrence in the 
graft. Blood pressure is a major factor predictive of 
graft survival (Opelz et al. 1998). Numerous clinical 
trials have demonstrated the effi cacy of good blood-
pressure control against cardiovascular mortality 
in the general population, but its impact on graft 
survival is unknown.

The majority of antihypertensive agents can be 
prescribed to renal transplant recipients. The most 
frequently used are calcium-channel blockers and 
angiotensin-converting enzyme inhibitors or an-
giotensin II-receptor antagonists. Doppler US of 
the graft should be performed before starting an-
tihypertensive treatment to eliminate graft-artery 
stenosis as the cause of hypertension (Rengel et al. 
1998).

3.6.2.3 
Malignancies

The overall risk of developing a cancer is multiplied 
by 100 for renal transplant recipients compared to 
the general population. The cumulative frequency of 
malignancies varies according to the type of cancer 
and the time after transplantation (Behrend et al. 
1997). In Europe, the overall frequency of cancers, 
10 years after engraftment, is 20%–30%. The mean 
age at the time of cancer diagnosis is 41 years, with a 
mean interval after transplantation of 5 years (Penn 
2000b). 

The most common malignancies in Europe are 
skin cancers, followed by solid tumors and lympho-
mas. With the exception of skin and lip cancers, the 
incidences of the most common malignancies seen 
in the general population are not higher. But fre-
quencies are higher for some relatively rare tumors, 
including post-transplant lymphomas and lympho-
proliferative disorders (PTLD), Kaposi’s sarcoma 
(KS), renal carcinomas, in situ carcinomas of the 
uterine cervix, hepatobiliary carcinomas, anogeni-
tal carcinomas and various sarcomas (excluding KS) 
(Penn 2000a).

3.6.2.3.1 
Skin Cancers

Cutaneous malignancies are the most common in 
kidney transplant recipients in occidental coun-
tries. The mean time to their occurrence is 8 years 
for patients undergoing transplantation during 
their fourth decade and 3 years for those grafted 
after their sixth decade. In contrast to the general 
population, squamous cell cancer is more frequent 
(two-thirds of the tumors) than basal cell carci-
noma and its cumulative incidence can reach 30% 
at 20 years.

KS, malignant melanoma and Merkel tumors 
also occur much more frequently in renal graft 
recipients than in the general population. Finally, 
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anogenital carcinomas represent 3% of the cancers 
in graft recipients. As a consequence, anogenital le-
sions (warts, condylomas) that can undergo rapid 
local then regional extension should systematically 
be sought in regular physical examinations. Their 
prognosis is much more dismal than for the general 
population and they are responsible for 5% of the 
deaths of kidney graft recipients (Penn 2000b).

3.6.2.3.2 
Solid Tumors

Solid tumors include all cancers that are of nei-
ther cutaneous nor hematological origin. Most re-

nal cancers developing in renal graft recipients are 
clear-cell carcinomas, with 90% occurring in native 
kidneys and 10% in renal allografts (Fig. 3.38). They 
become apparent 2–258 months (average 75 months) 
after transplantation. Invasive KS involving the re-
nal graft has also been described (Diaz-Candamio 
et al. 1998). Many renal carcinomas result from 
underlying kidney disease in renal allograft recipi-
ents. Two predisposing causes have been identifi ed: 
analgesic nephropathy and acquired cystic disease 
(ACD) of the recipients’ native kidneys. Analgesic 
nephropathy is known to cause cancers, mostly 
transitional cell carcinomas, in various parts of the 
urinary tract. ACD arises in 30%–95% of patients on 

Fig. 3.38a–d. Intracystic renal cell carcinoma. Systematic sonographic follow-up of the graft revealed an atypical renal cyst 
with a hypervascularized nodule within it (a) which was confi rmed by contrast-enhanced sonography at the arterial phase 
(b) and at the parenchymal phase (c) and by Gd-enhanced MR imaging (d) (arrows)

a

b

c

d
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long-term hemodialysis and is complicated by renal 
adenocarcinomas, which develop 30- to 40-fold more 
often than in the general population, but the exact 
incidence of these ACD-related carcinomas in renal 
transplant recipients is not known. Whereas most 
renal cancers in transplant recipients develop in the 
context of ACD (Heinz-Peer et al. 1995), screening 
tests are not justifi ed (Heinz-Peer et al. 1998).

Hence, patients presenting with micro- or macro-
hematuria should undergo exploratory procedures 
to actively search for cancer at the level of native and 
transplanted kidneys, looking for a renal or urothelial 
tumor. US and CT, when renal function is normal, or US 
and MRI, when it is impaired, can provide the neces-
sary information about the renal parenchyma and the 
entire excretory system (Fig. 3.39). When ACD is pres-
ent, MRI seems better able than US to visualize simple 
and complex lesions within native kidneys (Heinz-
Peer et al. 1998). Radical nephrectomy or nephroure-
terectomy is recommended for native kidney tumors. 
Conservative percutaneous radiofrequency (RF) tech-
niques should be considered for tumors developing 
within the graft ( Goeman et al. 2006).

Uterine cervix carcinomas occurred in 10% of 
the women with post-transplant cancers. In situ 
lesions comprised at least 70% of cases, justifying 
regular pelvic examinations and cervical smears for 
post-adolescent female organ-transplant recipients 
(Penn 2000a).

The majority (73%) of hepatobiliary tumors are 
hepatocellular carcinomas; many of them are pre-
ceded by hepatitis B virus infection.

3.6.2.3.3 
Post-transplantation Lymphoproliferative Disorders/
PTLD

PTLD are the third most common cancer in graft 
recipients in Europe. For renal transplant recipi-
ents, their frequency is 1%–2%, or 30–50 times 
higher than that for the general population, and 
they represent 21% of the malignancies, as op-
posed to 5% for the general population. These pa-
thologies cover a large spectrum of hematological 
proliferations, ranging from benign hyperplasia 
to undifferentiated lymphoma. They are very of-
ten induced by Epstein–Barr virus (EBV), whose 
infection is favored by the immunosuppressive 
therapy.

Their distribution differs from that seen in the 
general population: non-Hodgkin’s lymphoma, of-
ten an extranodal form with multiple sites at onset, 
represents 93% of the lymphomas in graft recipients 
versus 65% in the general population; Hodgkin’s 
lymphoma and myeloma represent, respectively, 3% 
and 4% of the PTLD versus 10% for both of these 
hemopathies in the general population.

Two peaks of their frequencies are seen: one early, 
during the fi rst months following transplantation 
(0.5% the fi rst year), and the other years later (0.04% 
and per year). The greater majority of these lympho-
mas start as B-lymphocyte proliferations.

Three types of EBV-induced lymphoprolifera-
tions can be distinguished.

Benign polyclonal B-cell proliferation (55%) is 
characterized by a benign proliferation of B lym-
phocytes, without cytogenetic anomalies or immu-
noglobulin-gene rearrangement. It is a form of in-
fectious mononucleosis that appears several weeks 
after an intensifi cation of the immunosuppressive 
regimen.

Polyclonal B-cell proliferation with malignant 
characteristics (30% of lymphomas) has a clinical 
picture at onset similar to that of benign prolifera-
tions.

a

b

Fig. 3.39a, b. Development of an invasive bladder cancer, in 
a transplanted patient, with invasion of the extravesical fat
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Monoclonal malignant B-cell proliferations are 
often extranodal (15% of the cases).

Their overall prognoses are less favorable than 
for the general population with the overall mortal-
ity rate for lymphoma in renal transplant recipi-
ents exceeding 50%, and the usual anti-neoplastic 
agents are less effective than in non-transplanted 
 individuals.

The principal sites of involvement are the liver, 
brain, lymph nodes, lung and gastrointestinal tract. 
Detailed description of the radiological features of 
lymphomatous lesions within all these organs is be-
yond the scope of this review. In the abdomen, extra-
nodal disease is more frequent than nodal and splenic 
involvement. Abdominal involvement is signifi cantly 
less frequent among renal transplant recipients than 
among liver or heart recipients ( Pickhardt and 
Siegel 1999). Most of these abdominal lesions are 
adequately visualized by contrast-enhanced CT: 
splenic or hepatic low-attenuation lesions, localized 
circumferential wall-thickening of the gastrointes-
tinal tract (with or without aneurysmal dilatation 
of involved bowel loops) and mesenteric infi ltration 
(Pickhardt and Siegel 1999).

The renal graft itself can also be involved. Most 
of the time, the lesion develops within the renal hi-
lum, infi ltrating the perirenal fat and encasing re-
nal arteries and veins (Fig. 3.40). The tumor tissue 
may spread into the sinus, then into the renal pa-
renchyma or towards the perirenal fat. Less often, 
renal involvement resembles multiple renal nodules. 
Involvement of the native kidneys and the bladder is 
also possible (Bellin et al. 1995).

These locations are diffi cult to assess ultrasono-
graphically at the early phase and only dilatation 
of the collecting system may be seen. When vis-
ible, they appear as hypoechoic masses with hy-
perechoic components within the hilum and sinus. 
Color Doppler is able to identify encasement of re-
nal vessels.

On CT scans, the lymphomatous tissues show low 
attenuation (20–30 HU) and moderate enhancement 
after iodine contrast-medium injection. On MR im-
ages, they exhibit a relatively typical signal intensity 
pattern: a hilar mass hypointense on T1w and T2w 
sequences, traversed by renal vessel with minimal 
enhancement (Ali et al. 1999). Sometimes, a hyper-
intensity is seen on T2w images and the enhance-

Fig. 3.40a–c. Pelvic lymphoma. a A hypoechoic infi ltration 
around the renal artery is shown by color fl ow sonography. 
Enhanced CT shows this low-density tissue infi ltration 
(white arrows) below the kidney surrounding the renal ar-
tery (black arrow) (b) extending upward into the sinus (c)
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ment may be more prominent during the early phase 
after Gd injection (Claudon et al. 1998). Other sites 
include retroperitoneal nodes, liver and spleen 
(Fig. 3.41). The defi nitive diagnosis is based on im-
age-guided percutaneous biopsy, which can be dif-
fi cult if the mass is limited to the hilum.

3.6.2.4 
Late Infections

Chronic infections with hepatitis B or C virus (HBV, 
HCV), CMV, EBV or human papillomavirus (HPV) 
are seen in 10% of renal transplant recipients. These 
infections can affect the graft (CMV) or other organs 
(liver for HBV and HCV), or contribute to the devel-
opment of a malignant complication (EBV, HPV). In 
addition, carriers of M. tuberculosis before engraft-

ment might experience reactivation after transplan-
tation.

Among kidney transplant recipients, the 5%–10% 
who experienced immunological complications 
(acute then chronic graft rejection) and, as a con-
sequence, were exposed to intense immunosup-
pressive therapy during the fi rst year become more 
susceptible to developing opportunistic infections 
(Pneumocystis jiroveci, Listeria monocytogenes, 
Nocardia asteroides, Cryptococcus neoformans or 
Aspergillus). Therefore, it is extremely important 
to take preventive measures, i.e., vaccinations and 
prophylaxis.

3.7 
Emergent Imaging Techniques

3.7.1 
Perfusion Studies

As mentioned above, renal perfusion is decreased 
during acute rejection. Color-fl ow US only quali-
tatively evaluates this parenchymal perfusion. A 
more quantitative approach can be obtained by us-
ing spin-labeling with MRI or contrast-enhanced 
dynamic studies with US or MRI.

Renal perfusion can be measured using pulsed 
arterial spin labeling (or spin tagging) with endog-
enous water used as a diffusible tracer (Golay et al. 
2004). With this technique, a perfusion-weighted im-
age can be generated by the subtraction of an image 
in which infl owing spins have been labeled from an 
image obtained without spin labeling. Quantitative 
perfusion maps can then be calculated (in ml/min 
per 100 g of tissue) when T1 of the tissue and effi cacy 
of labeling are known. This method was applied to 
a model of acute rejection in rats at 4.7 T (Wang et 
al. 1998). During severe rejection, the renal cortex-
perfusion rate in allogeneic kidneys was very low 
(undetectable) compared to the value in syngeneic 
kidneys. Moreover, the renal cortex-perfusion rate 
determined by MRI was signifi cantly correlated 
with histological rejection. However, these methods 
are complex to implement in a clinical setting and 
their concordance with established methods has 
never been adequately assessed. Hence, their impact 
in clinical practice  remains uncertain.

Use of fi rst-pass dynamic contrast-enhanced im-
aging acquisitions makes quantifi cation of absolute 

Fig. 3.41a,b. Abdominal lymphoma with retroperitoneal (a) 
and splenic (b) localization
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or relative renal perfusion possible. The most widely 
used technique for that purpose is MRI, whereas 
US with microbubble injection is still in its infancy 
(Lefevre et al. 2002). MR technical and methodolog-
ical issues for quantifi cation of renal perfusion have 
been extensively described elsewhere (Grenier et 
al. 2006). Gd chelates (Sharma et al. 1995) and iron 
oxide (Gaschen et al. 2001) have been used for that 
purpose, with the latter being restricted to the vas-
cular compartments during the fi rst pass, while the 
former diffuses within the interstitial space and the 
glomeruli. These bolus tracking techniques have the 
advantage of being less prone to movement artifacts 
than spin-labeling techniques. Using superpara-
magnetic particles of iron-oxide (SPIO), Beckmann 
et al. (1996) showed that perfusion rates correlated 
signifi cantly with the histological score of acute and 
chronic rejections.

First-pass Gd-enhanced acquisitions allow, in the 
same time, to measure glomerular fi ltration rate. 
Several models have been proposed and GFR maps 
can also be calculated but validation with reference 
methods is still required (Fig. 3.42).

3.7.2 
Blood Oxygen-Level-Dependent (BOLD) MRI

The outer medulla is particularly sensitive to hy-
poxia because the active reabsorption process 
within the thick ascending loop of Henle requires 
a high level of oxygen consumption (Brezis and 
Rosen 1995). Therefore, decreased medullary blood 
fl ow or increased tubule reabsorption may induce 
medullary hypoxia and secondary ischemia.

This BOLD MRI approach was discussed in de-
tail in a recent review (Grenier et al. 2003). Using a 
multi-echo gradient-echo sequence, R2* maps can be 
obtained showing a higher R2* within the medulla 
(i.e., lower pO2) (Fig. 3.43). The BOLD technique does 
not measure pO2 directly but allows intrarenal R2* (1/
T2*) measurements that are closely associated with 
the deoxyhemoglobin concentration. Therefore, ab-
solute R2* values cannot be used in practice.

Sadowski et al. (2005) showed that medullary 
R2* values were signifi cantly lower (corresponding 
to increased oxygen concentration, probably due to 
decreased consumption) in patients with acute graft 

Fig. 3.42a–d. Example of dy-
namic Gd-enhanced fast 3D 
sequence making it possible 
to obtain signal intensity time 
curve on the cortex (a). Taking 
into account the arterial input 
function, after conversion of 
signal intensity into concentra-
tion, and applying the Rutland-
Patlak method, a plot can be 
obtained (b) allowing calculat-
ing functional maps of glo-
merular fi ltration rate (c) and 
of cortical blood volume (d)
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rejection than in normally functioning kidneys and 
in transplants with ATN, with a threshold value of 
18/s for separation of these groups. On the other 
hand, cortical R2* values were signifi cantly higher 
in ATN than in acute rejection.

3.7.3 
Diff usion MRI

Water movements related to transport during reab-
sorption and concentration–dilution functions can 
be studied by measuring the diffusion characteristics 
of the kidney. However, diffusion imaging is a chal-
lenging technique within the kidney due to the ex-
treme sensitivity of diffusion-weighted sequences to 
several sources of artifacts. Apparent diffusion coef-
fi cient (ADC) values are higher in the cortex than the 
medulla and medullary diffusion is anisotropic (Ries 
et al. 2001) (Fig. 3.44). Using a renal transplantation 
model in rats, Yang et al. (2004) demonstrated at 7 T 
that cortical and medullary ADC values were signifi -
cantly lower in allografts than isografts. Preliminary 
results in patients indicated a low variability of cal-

Fig. 3.44. Apparent diffusion (ADC) trace map of a normal 
renal transplant showing higher ADC values in the cortex 
than in the medulla

Fig. 3.43a,b. BOLD sequence on a normally functioning renal graft. The coronal T1w gradient echo image shows the normal 
cortico-medullary differentiation. On the calculated R2* map, higher values of R2* are displayed in the medulla refl ecting 
lower pO2. [Reprinted with permission from Sadowski et al. (2005) Radiology 236:911–919]

a b



94 N. Grenier, P. Merville, and G. Pasticier

culated ADC and showed a signifi cant inverse rela-
tionship between serum creatinine and ADC values 
(Thoeny et al. 2006). However, the exact role of this 
method in evaluating the diagnosis and prognosis of 
acute renal diseases remains to be defi ned.

3.7.4 
Macrophage Labeling with USPIO

Macrophages, virtually absent in normal kidneys, 
may infi ltrate renal tissues in specifi c nephropa-
thies, such as acute proliferative types of human 
and experimental glomerulonephritides ( Cattell 
1994), renal graft dysfunctions (rejection and 
ATN) (Grau et al. 1998) or acute ischemic disease 
( Ysebaert et al. 2000) and non-specifi c kidney dis-
eases, such as hydronephrosis. Today, in clinical 
practice, the degree of infl ammatory response in 
the kidney can only be approached by renal bi-
opsy. Ultra-small superparamagnetic particles of 
iron oxide (USPIO) are nanoparticles that have a 
long half-life in the bloodstream (2 h in rats; 36 h 
in humans) and, several hours after intravenous 
injection, are avidly captured by extrahepatic cells 
with phagocytic activity which include circulating 
monocytes and resident macrophages that are pres-
ent in most tissues.

Several models of experimental nephropathies in 
rats were used to demonstrate the detectability of 
intrarenal macrophagic activity in vivo (Hauger et 
al. 2000). Models of acute (Yang et al. 2001; Ye et 

al. 2002) and chronic graft rejection (Beckmann et 
al. 2003) in rats showed diffuse homogeneous SI de-
creases in the three renal compartments (Fig. 3.45). 
Conversely, signal diminution was found only 
within the medulla in a model of ischemia–reper-
fusion, with no change within the cortex (Jo et al. 
2003). The degree of SI decrease was always corre-
lated with the number of macrophages within each 
renal compartment and disease severity. 

The results of the fi rst clinical study on 12 pa-
tients were recently reported (Hauger et al. 2007). 
MRI was performed 3 days after USPIO injection (Si-
nerem®, Guerbet Group) to ensure getting rid of sig-
nal changes from the vascular blood volume, know-
ing that USPIO’s half-life in blood is 36 h in humans. 
A signifi cant SI decrease only within the medulla 
was observed in patients with ATN, whereas pa-
tients with acute rejection had diffuse SI decreases 
(Fig. 3.46). Those preliminary clinical fi ndings seem 
to corroborate experimental observations and call 
for larger multicenter clinical trials and evaluation 
of imaging 2 days after injection to shorten the time 
to diagnosis.

3.8 
Conclusion

The culmination of more than a century of trials and 
errors, renal transplantation, as it is practiced today, 
is a relatively simple intervention that gives excellent 
results as long as a rather strict procedure is re-

Fig. 3.45a,b. USPIO-enhanced MR imaging in a rat model of allogeneic left renal transplantation before (a) and 24 h after 
(b) injection of particles. On the post-injection image, the parenchyma of the left kidney shows a decreased signal intensity 
due to the intrarenal phagocytosis of iron oxide particles secondary to acute rejection. [Reprinted with permission from 
Ye et al. (2002) Kidney Int 61:1124–1135]
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aging techniques has already transformed the di-
agnosis of many of these complications, by rapidly 
providing complete useful morphological informa-
tion. Emerging methods, once they have found their 
place, will soon further enhance that knowledge by 
adding functional data obtained during the same 
imaging sessions.
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4.1.1 
Introduction

Liver transplantation is an established, effective and 
often lifesaving treatment for acute and chronic end-
stage liver disease. Over the last four decades major 
advances in diagnosis, preoperative patient assess-
ment, donor organ preservation, immunosuppres-
sive therapy, surgical, anaesthetic and intensive care 
techniques, and improved assessment and manage-
ment of postoperative complications have resulted 
in increased patient and graft survival. Currently 
patients with chronic liver disease undergoing liver 
transplantation have a 1-year survival of 85–96% , 
and a 5-year survival of greater than 70%  (Busuttil 
and Lake 2004).
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4.1.2 
Epidemiology and Indications for 
Liver Transplantation

The fi rst successful kidney transplant was performed 
in 1954 between monozygotic twins, followed by the 
fi rst attempted liver transplant in 1963 (Starzl et 
al. 1963). However, signifi cant intraoperative and 
early postoperative mortality, combined with inef-
fective and often toxic immunosuppressive regimes, 
resulted in 1-year survival rates in the 1970s of only 
30%. The introduction of effective immunosup-
pression with cyclosporin in 1981 and subsequently
tacrolimus in 1989, led to signifi cant improvement 
in survival following liver transplantation, and a 
dramatic increase in the number of transplants be-
ing performed.

Liver transplantation is indicated for patients with 
end-stage chronic liver disease who have a shortened 
life expectancy (of less than 18 months survival) and 
a poor quality of life as a consequence of the sever-
ity of liver disease. The degree of liver dysfunction 
due to cirrhosis is assessed by the Child-Pugh point 
scoring system consisting of clinical and biochemi-
cal measurements including grade of encephalopa-
thy, severity of ascites, serum bilirubin, serum al-
bumin, and prothrombin time (Pugh et al. 1973). 
More recently MELD has replaced the Child-Pugh 
score as a predictor of death within 3 months due 
to chronic liver disease [MELD is based on serum 
creatinine, bilirubin and international normalized 
ratio (INR)].

Indications for transplantation include poor syn-
thetic function, refractory ascites, subacute bacte-
rial peritonitis, chronic encephalopathy, recurrent 
variceal bleeding, unacceptable quality of life, hepa-
to-pulmonary syndrome, and a life expectancy of 
less than 18 months due to liver disease. The most 
common clinical conditions associated with cir-
rhosis requiring transplantation are chronic viral 
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hepatitis, alcohol-related liver disease, autoimmune 
disorders such as primary biliary cirrhosis, autoim-
mune hepatitis and sclerosing cholangitis, hepa-
tocellular carcinoma, and a variety of metabolic 
disorders. Common causes of acute liver failure ne-
cessitating liver transplantation include non-A non-
B hepatitis and paracetamol hepatotoxicity. Other 
indications are listed in Table 4.1.1. In children the 
most common indication for liver transplantation 
is extrahepatic biliary atresia, which accounts for 
approximately 50% of cases. Other indications in 
children include metabolic disorders such as alpha-
1-antitrypsin defi ciency and a variety of inborn er-

rors of metabolism based in the liver, Alagille’s syn-
drome, and unresectable tumours confi ned to the 
liver such as hepatoblastoma (Table 4.1.2).

Contraindications to liver transplantation include 
uncontrolled active extrahepatic sepsis, advanced 
cardiorespiratory disease, extrahepatic malignancy, 
active substance abuse, medical non-compliance, 
and signifi cant irreversible brain injury. A history 
of previous abdominal surgery, the presence of por-
tal vein thrombosis, or congenital anomalies of the 
inferior vena cava are no longer considered a barrier 
to transplantation. Co-infection with human im-
munodefi ciency virus is also no longer considered 

Table 4.1.1. Indications for liver transplantation in adults

Chronic liver disease

Chronic parenchymal
disease

Hepatitis C cirrhosis

Hepatitis B cirrhosis

Alcohol-related cirrhosis

Autoimmune cirrhosis

Cryptogenic cirrhosis

Haemochromatosis

Alpha-1-antitrypsin defi ciency

Wilson’s disease

Cholestatic disorder Primary biliary cirrhosis

Primary sclerosing cholangitis

Acute fulminant liver
failure

Hepatitis A, B, or C

Non-A Non-B Hepatitis

Toxin Paracetamol overdose

Antituberculosis drugs

Non-steroidal anti-infl ammatory 
drugs 

Anti-epileptic drugs

Halothane

Carbon tetrachloride

Amanita Phylloides poisoning 

Wilson’s disease

Other indications Malignancy Hepatocellular carcinoma

Metastatic neuroendocrine tumour

Cholangiocarcinoma

Budd-Chiari syndrome

Polycystic liver disease

Amyloidosis

Hepatic enzyme defects
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to be a medical contraindication to transplantation. 
However, transplantation for cholangiocarcinoma 
and large hepatocellular carcinomas outside the 
Milan or University of California, San Francisco 
(UCSF) criteria for liver transplantation remains 
controversial and is at best considered experimental
(Mazzaferro et al. 1996; Yao et al. 2001).

4.1.3 
Preoperative Evaluation

Evaluation of patients for liver transplantation in-
volves a multidisciplinary approach by transplant 
hepatologists and surgeons, dieticians, psycholo-
gists, social workers, transplant co-ordinators and 
radiologists. A comprehensive medical assessment 
is essential to determine signifi cant co-morbid con-
ditions that may preclude transplantation, or nega-
tively impact on the patient’s peri-operative and/or 
postoperative course. Evaluation of the extent of liver 

disease, the presence of complications of cirrhosis, 
and the need of urgency for transplantation are im-
portant. Routine radiological investigations include 
a chest radiograph to evaluate heart size and exclude 
parenchymal lung lesions, and abdominal ultraso-
nography with Doppler assessment of the liver to 
determine the presence of ascites, screen for hepato-
cellular carcinoma or other mass lesions, portal vein 
patency, size and direction of portal venous fl ow, and 
hepatic venous patency. The majority of transplant 
centres also routinely perform contrast-enhanced 
triple-phase chest and abdominal computed tomog-
raphy (CT) to evaluate suspected hepatocellular car-
cinoma, other parenchymal hepatic lesions, extrahe-
patic disease, suspicious lymphadenopathy, severity 
of portal hypertension with evaluation of the extent 
of collateral circulation, patency of the porto-mesen-
teric venous system, and aberrant arterial anatomy. 
Further evaluation of parenchymal liver lesions can 
be performed with gadolinium-enhanced magnetic 
resonance imaging.

Liver transplantation is the best curative op-
tion in patients with hepatocellular carcinoma and

Chronic liver disease

Cholestatic Extrahepatic biliary atresia

Primary sclerosing cholangitis

Inborn errors of 
metabolism

Wilson’s disease

Alpha-1-antitrypsin defi ciency

Glycogen storage disease Tyrosinaemia

Galactosaemia

Cystic fi brosis

Defects of fatty acid oxidation

Other

Chronic paren-
chymal disease

Congenital Haemochromatosis

Autoimmune cirrhosis Viral hepatitis

Alagille’s syndrome

Acute fulminant 
liver failure

Toxin (similar to adults) Non-A Non-B hepatitis 

Wilson‘s disease

Congenital hemochromatosis

Other indications Neoplasm Hepatoblastoma

Haemangioendothelioma

Table 4.1.2. Indications for liver transplantation in children
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cirrhosis, but disease-free survival following surgery 
is dependent on accurate preoperative clinical and 
radiological staging. Preoperative staging for hepa-
tocellular carcinoma includes estimation of serum 
alpha-fetoprotein, abdominal ultrasonography, lipi-
odol-enhanced abdominal CT, angiography, and MR 
tesla. Favourable prognostic features include single, 
small, encapsulated tumours without evidence of vas-
cular invasion (Fig. 4.1.1). The presence of portal vein 
involvement, and satellitosis with parenchymal fi eld 
change are associated with advanced stage disease. 
Histological features conferring a better prognosis 
include well differentiated tumours with no evidence 
of satellitosis, capsular or vascular invasion, clear re-
section margins and fi brolamellar subtype. Criteria 
for liver transplantation for hepatocellular carcino-
ma associated with chronic liver disease include the 
Milan and UCSF criteria (Table 4.1.3) (Mazzaferro 
et al. 1996; Yao et al. 2001). Since the adoption of the 
Milan criteria, 5-year survival rates of 70%–75% are 
reported (Llovet et al. 2005). A 1-year survival rate 
of 90%, a 5-year survival rate of 75% and an 11% re-
currence rate have been seen in patients following 
transplantation fulfi lling the expanded UCSF crite-
ria (Yao et al. 2001). Non-surgical options include 
transarterial chemoembolization (TACE), emboli-
zation, percutaneous ablation using radiofrequency 
ablation or alcohol, selective internal radiation ther-
apy, systemic chemotherapy, hormonal, gene and 
immunotherapy. Currently, TACE and percutaneous 
ablation techniques are being increasingly used for 
local control of hepatocellular carcinoma to attempt 
to stabilize or downstage tumour in patients on the 
waiting list for liver transplantation. The technique 
delivers high concentrations of a chemotherapeutic 

agent directly to the tumour bed combined with tu-
mour necrosis, while minimizing ischaemia to the 
surrounding hepatic parenchyma. Post-treatment 
effects can be assessed radiologically by reduced 
arterialization and deposition of lipiodol in the le-
sion accompanied by a reduction in the serum level 
of alpha-fetoprotein. Preoperative tumour biopsy is 
not recommended unless surgical intervention is not 
feasible and a histological diagnosis is required. In 
the presence of suspected malignancy a CT thorax is 
mandatory to exclude metastatic disease.

An aortoportogram or spleno-portogram is indi-
cated if abdominal ultrasonography is inconclusive, 
or shows portal vein thrombosis. As discussed previ-
ously, portal vein thrombosis is not a contraindica-
tion to transplantation, but it is essential to document 
its extent and severity, and careful preoperative con-
sideration is required to plan the surgical approach. 
Portal vein thrombectomy or reconstruction with 
a venous jump graft from the superior mesenteric 
vein using donor iliac vein is feasible. Although a 
surgical solution exists with portal vein thrombo-
sis, extensive mesenteric venous thrombosis usually 
precludes transplantation. If the patient remains on 
the waiting list for transplantation for a prolonged 
period of time, Doppler ultrasonography should be 
repeated as silent thrombosis of the portal vein oc-
curs in 13%–64% of patients (Gonzalez et al. 1993; 
Langnas et al. 1991).

In approximately 10% of children, extrahepatic 
biliary atresia is associated with the polysplenia/
asplenia syndrome (Falchetti et al. 1991; Hoff-
man et al. 1989; Raynor et al. 1988). Features of this 
syndrome include polysplenia or asplenia, absence 
of the inferior vena cava with azygos continuation, 
preduodenal portal vein, midgut malrotation, situs 
inversus, aberrant hepatic arterial anatomy, portal 
vein hypoplasia, and bilobed right lung (Falchetti
et al. 1991).

Fig. 4.1.1. Peripherally located encapsulated hepatocellular 
carcinoma in explanted liver

Table 4.1.3. Criteria for liver transplantation in cirrhosis and 
hepatocelluar carcinoma

Milan
criteria

Single tumour <5 cm diameter

Up to 3 tumours <3 cm diameter

No vascular invasion

No extra hepatic disease

UCSF
criteria

Single tumour <6.5 cm diameter

No more than 3 tumours largest <4.5 cm 

Total diameter <8 cm
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4.1.3.1 
Organ Donation

Three types of organ donation exist: heart beat-
ing cadaveric, non-heart beating cadaveric, and 
living donation. The majority of organs originate 
from cadaveric heart beating donors diagnosed as 
“brain stem dead”. The current world-wide short-
age of cadaveric organs for transplantation and the 
rise in the number of patients on waiting lists have 
led to interest in other methods of increasing the 
donor pool. Options include donation after cardiac 
death, otherwise known as non-heart beating or 
deceased cadaveric donation, the use of marginal 
grafts (from older donors or fatty infi ltration of 
greater than 30%), split liver transplantation, and 
living related liver transplantation from a relative 
or spouse (Figs. 4.1.2, 4.1.3). Non-heart beating do-
nation is increasing in incidence and making a sig-
nifi cant contribution to organ availability. However, 
these livers carry a higher risk of primary non-func-
tion and of ischaemic cholangiopathy particularly 
if the cold ischaemic time is longer than 10 h or 
donors are older than 60 years. Living related liver 
transplantation initially evolved as a technique for 
transplanting children from an adult donor using 
the left lateral segment. Over 3,000 such transplants 
have been performed with excellent graft survival. 
There have been two donor deaths and the mor-
bidity including those of bile leak and bleeding is 
less than 5%. Since 1995 adult-to-adult living do-
nation has developed using either the left or right 
lobes. The risk of donor death is higher than left 
lateral segment donation with an incidence of bile 
leak of 2%–5%. In the setting of living related liver

transplantation, accurate preoperative assessment of 
liver volumes is necessary to avoid the small-for-size 
liver syndrome both for the donor and the recipient 
particularly in adult-to-adult donation. The small-
for-size syndrome is a recognizable clinical syn-
drome, occurring in the presence of reduced mass of 
liver insuffi cient to maintain normal liver function 
characterized by liver dysfunction with prolonged 
cholestasis, coagulopathy, portal hypertension, and 
ascites (Tucker and Heaton 2005). It is important 
to realize that signifi cant interpatient variation in 
liver volumes exists. In most, the right liver volume 
represents >50% of the total liver volume (TLV) 
(median, 65% of TLV), with a range of 45%–80% 
of TLV. The contribution of the left liver to the TLV 
is also variable with a range of 15%–45% of TLV, 
contributing 25% of TLV in 10% of the popula-
tion (Abdalla et al. 2004). Total liver volume, graft 
volume and functional remnant liver (FRL) can be 
accurately measured by three-dimensional CT vol-
ume reconstruction on the basis of body surface 
area (BSA) and body weight (Abdalla et al. 2004; 
Vauthey et al. 2000). In living related liver trans-
plantation, CT-measured TLV and FRL can be used 
to predict post-resection function in the normal do-
nor liver. However, CT-volumetry-measured TLV of 
the recipient’s liver is not a useful index of function 
as the liver is diseased. Values calculated from the 
ratio of liver graft weight to recipient body weight 
(GRBWR), or standardized liver volume (SLV) based 
on recipient BSA can be used to predict minimum 
adequate graft volume (Higashiyama et al. 1993; 
Vauthey et al. 2000). In split liver and living re-
lated liver transplantation, a GRBWR of 0.8% or a 
graft weight ratio (graft weight divided by standard
recipient liver weight) of 30% are recommended Fig. 4.1.2. Steatotic cadaveric liver graft

Fig. 4.1.3. Ex vivo bench split of cadaveric liver graft into 
anatomical right and left lobes for transplantation
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to achieve patient and graft survival of greater than 
90% (Kawasaki et al. 1998; Lo et al. 1999).

Mandatory preoperative radiological investiga-
tions in potential living related donors include ab-
dominal Doppler ultrasonography, abdominal CT 
with accurate estimation of TLV, graft volume, and 
FRL, magnetic resonance cholangiography and an-
giography. Additional investigations including MRI 
liver and liver biopsy are required if steatosis is sus-
pected. At the time of surgery an intraoperative tran-
scystic duct cholangiogram is performed to evaluate 
the biliary anatomy. Intraoperative ultrasonography 
is also helpful in delineating segmental anatomy and 
major vascular structures, including the course and 
signifi cant tributaries of the middle hepatic vein.

4.1.4 
Postoperative Phase: 
Early Postoperative Complications

Early postoperative complications include primary 
graft non-function, primary graft dysfunction, vas-
cular, infectious, biliary, and immunological com-
plications (Table 4.1.4). Early graft failure otherwise 
known as primary graft non-function is relatively 

rare, occurring in 2%–5% of patients, and neces-
sitates re-transplantation as a life-saving measure. 
Signs of poor graft function include continuing
vasopressor support for haemodynamic instability, 
persistent or increasing acidosis, rising base excess 
and serum lactate, and haemorrhage due to persis-
tent coagulopathy. Postoperative intra-abdominal 
haemorrhage in the fi rst 48 h is a common compli-
cation occurring in 5%–10% of patients. Re-explora-
tion may be necessary, but a defi nite bleeding point 
is identifi ed in only 50%.

Hepatic artery thrombosis is a serious techni-
cal complication occurring in approximately 4% of 
adults and 8% of paediatric transplants. Early recog-
nition of hepatic artery thrombosis with immediate 
surgery to re-vascularize the graft may salvage the 
liver. Unrecognized, it usually results in graft loss 
due to biliary injury and hepatic necrosis, requir-
ing re-transplantation. Other modes of presentation 
include bile duct necrosis and biliary leak, or chol-
angitis with recurrent bacteraemia. Hepatic arterial 
anastomotic stenosis may also occur, and should 
be dealt with early by balloon angioplasty prior to
development of graft dysfunction. Portal vein thrombo-
sis is a relatively rare complication in adults occurring 
in less than 2%  but appears to be signifi cantly higher 
in paediatric liver transplant recipients ( La ngnas 
et al. 1991). It presents with prolongation of the

Table 4.1.4. Postoperative complications

Early Primary graft non-function

Primary graft dysfunction

Haemorrhage

Vascular complications Hepatic artery thrombosis

Portal vein thrombosis

Biliary complications Leak

Stricture

Bowel complications Perforation

Ileus

Acute cellular rejection

Infection Bacterial

Viral

Late Chronic cellular rejection

Vascular complications Hepatic artery thrombosis

Portal vein thrombosis

Stenosis

Biliary complications Stricture
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INR and persistent acidosis, and if left untreated may 
result in severe graft dysfunction, and therefore war-
rants urgent re-exploration and re-vascularization. 
We routinely perform a Doppler ultrasound scan on 
postoperative days 1 and 5 to evaluate portal vein 
and hepatic artery fl ow, and the fl ow characteristics. 
Adults who require reconstruction of aberrant hepatic 
arteries on the back-table prior to implantation, and 
all paediatric patients are routinely given low molecu-
lar weight heparin as prophylaxis against arterial and 
venous thrombosis once the INR level is 1.5, platelet 
count 30×109/l, and there is no evidence of active 
haemorrhage. Common variations of arterial anat-
omy include an accessory left hepatic artery arising 
from the left gastric artery, and an accessory or re-
placed right hepatic artery arising from the superior 
mesenteric artery. Patients with high resistance fl ow 
in the hepatic artery on Doppler ultrasonography are 
commenced on prophylactic doses of low molecular 
weight heparin, and a Doppler ultrasound is repeated 
within 24 h. Urgent radiological investigation with 
CT angiography and selective visceral angiography 
may be indicated if hepatic artery thrombosis is sus-
pected.

Bowel perforation can occur in patients who have 
had previous surgery, particularly in children fol-
lowing Kasai port-enterostomy for extrahepatic 
biliary atresia, due to the presence of multiple adhe-
sions and severity of portal hypertension at the time 
of transplantation combined with the small delicate 
calibre of bowel loops. Transmural lesions can be 
caused by diathermy during adhesionolysis and hae-
mostasis particularly in the region of the duodenum, 
which perforate days later. Other aetiological factors 
include herpes simplex virus and cytomegalovirus 
enteritis. Cytomegalovirus infection can cause deep 
ulceration of the stomach, duodenum, small and 
large bowel. The use of steroids, immunosuppres-
sive agents, the presence of malnutrition, a catabolic 
state, and intra-abdominal infection all contribute 
to an increased risk of bowel perforation.

Cardiorespiratory compromise with continuing 
inotrope support, atelectasis, lower respiratory tract 
infections and/or pleural effusions are common. 
Paralysis of the right diaphragm is a rare surgical 
complication, secondary to right phrenic nerve in-
jury at the time of cross clamping the suprahepatic 
vena cava. Infective complications are common. 
Bacterial pneumonia is the most common infective 
complication in the immediate postoperative period 
caused by a wide spectrum of pathogens. Daily chest 
X-rays are performed in the intensive care unit, and 

intensive chest physiotherapy is performed. During 
the second postoperative week gram positive line 
infection is a frequent complication. Meticulous
attention to sterility in line care is essential. Patients 
with persistent pyrexia and gram positive septicae-
mia should be evaluated for endocarditis by tran-
sthoracic, and transoesophageal ECHO if negative. 
Opportunistic infections occur including toxoplas-
mosis, candidiasis, aspergillosis, and Pneumocystis 
carinii pneumonia. Acute adult respiratory distress 
syndrome can precede transplantation in patients 
with fulminant hepatic failure, can occur follow-
ing transplantation in association with the systemic 
infl ammatory response and multi-organ dysfunc-
tion syndromes, or can be caused by Pneumocystis
carinii pneumonia requiring prolonged ventilation.

Other pathogens include herpes viruses, particu-
larly herpes simplex and varicella zoster, cytomega-
lovirus and Epstein Barr virus. Signs and symptoms 
of cytomegalovirus disease include a swinging py-
rexia, a falling white cell count with relative lym-
phopenia, diarrhoea which may be bloody, general 
malaise, arthritis, hepatitis and pneumonitis. Cy-
tomegalovirus hepatitis usually manifests during 
the 3rd to 8th week post-transplant. Epstein Barr 
virus infection may present with fever, lymphaden-
opathy, or hepatitis.

Acute cellular rejection is common, and usually 
occurs in the fi rst month after transplantation. The 
majority of cases are steroid responsive. A liver bi-
opsy is required to prove the diagnosis, and exclude 
other causes of graft dysfunction. Graft loss due to 
acute rejection is uncommon.

Postoperative biliary complications include biliary 
leak, stricture formation, T-tube-related problems, 
Roux loop, cystic duct problems related to the t-tube, 
roux loop, or cystic duct, preservation injury, and 
sphincter of Oddi dysfunction. A hand-sewn end-to-
end anastomosis of the donor common hepatic duct 
to the recipient common bile duct with interrupted 
sutures is the most commonly performed technique 
of biliary reconstruction. It is regarded as the most 
physiological method. This technique also preserves 
the sphincter of Oddi and permits access to the biliary 
tree for endoscopic cholangiography if complications 
arise. Roux-en-Y hepaticojejunostomy with forma-
tion of a 50-cm Roux loop is generally the preferred 
technique for biliary reconstruction in extrahepatic 
biliary atresia, sclerosing cholangitis, segment grafts, 
small donor bile duct size, signifi cant donor-to-recip-
ient bile duct size discrepancy, cholangiocarcinoma, 
and cases of re-transplantation (Fig. 4.1.4).
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Early biliary complications are usually techni-
cal in origin. Anastomotic leak following Roux-
en-Y hepaticojejunostomy or primary duct-to-duct
anastomosis can occur due to poor surgical tech-
nique, high steroid use, or ischaemic injury. Biliary 
strictures, which can be anastomotic or non-anas-
tomotic in nature, may be technical in origin, but 
also occur secondary to graft preservation injury, 
donor/recipient blood group incompatibility, intra-
operative injury to the bile duct blood supply, or 
postoperative hepatic artery thrombosis or stenosis 
leading to extrahepatic bile duct necrosis, bile leak, 
bile peritonitis and sepsis (Figs. 4.1.5, 4.1.6). Other 
complications following Roux-en-Y hepaticojeju-
nostomy include postoperative haemorrhage, par-
ticularly if there is residual portal hypertension, and 
Roux loop perforation with peritonitis.

A T-tube can be employed to stent a duct-to-duct 
anastomosis, but is associated with complications 
in 10%–28% of cases. Adverse events include early 
dislodgement of the tube with leak, obstruction 

of the tube, cholangitis, or leak after inadvertent 
or planned removal. We have a selective policy of
T-tube insertion when there is a signifi cant size
disparity between donor and recipient bile ducts, 
right lobe split liver grafts, living donor right lobe 
grafts, and following re-operation for bile leak with 
revision of the duct-to-duct anastomosis (Fig. 4.1.6). 
The T-tube is clamped at day 7 to 10 days postop-
eratively if clinical parameters and liver function 
tests are normal. A cholangiogram is performed at 
3 months, with T-tube removal if all parameters are 
normal. Biliary leak following removal can be man-
aged by observation, endoscopic placement of stents 
or nasobiliary catheters, or surgery. An internal 
stent can also be used with both duct-to-duct anas-
tomosis and Roux-en-Y hepaticojejunostomy, but 
removal requires endoscopy. Disadvantages include 
obstruction of a small duct, stasis and ascending in-
fection, and removal may be diffi cult predisposing 
to further complications.

Bile leak with resultant biloma and intra-abdom-
inal infection with abscess formation can occur fol-
lowing reduced-sized, split and living related liver 
transplantation due to leak from the parenchymal 
cut-surface or inadvertent bile duct injury. Biliary re-
construction is by Roux-en-Y hepaticojejunostomy, 
and may involve two anastomoses at implantation of 
the left lateral segment at split or living related liver 
transplantation if segment II and III ducts are sepa-

Fig. 4.1.4. Roux-en-Y hepaticojejunal anastomosis

Fig. 4.1.6. Apparent anastomotic biliary stricture due to
donor-to-recipient bile duct diameter discrepancyFig. 4.1.5. Anastomotic biliary stricture
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rate. Biliary complications following living related 
liver transplantation can also occur due to dam-
age to residual ducts, hepatic duct stump leak and
arterial injury. The majority of cut surface leaks set-
tle with conservative management over 4–6 weeks, 
but radiological guided drainage, biliary stent 
placement at endoscopic retrograde cholangiopan-
creatography (ERCP), or surgical exploration with 
drainage and/or reconstruction may be required.

4.1.5 
Long-Term Follow-Up: Late Complications

The majority of complications following transplan-
tation occur during the fi rst 6 months. Late compli-
cations include vascular, biliary and immunological 
complications, and recurrence of primary disease 
(Table 4.1.4). Late hepatic artery thrombosis occur-
ring more than 6 months after transplantation ac-
counts for approximately 10% of late graft losses. 
Presentation is often subtle with mild liver dys-
function, late biliary stricture, recurrent low-grade 
cholangitis, bacteremia, or changes of centrilobular 
cell loss on liver biopsy. Some patients may pres-
ent with signifi cant complications including intra-
hepatic biliary necrosis, biloma, and intrahepatic 
abscess formation. The majority of patients settle 
with conservative management as collateral vessels 
form which reconstitute the hepatic arterial blood 
supply. However, re-transplantation is required if 
serious complications such as necrosis and/or sep-
sis develop.

Late portal vein thrombosis can occur, present-
ing with clinical features of portal hypertension, 
such as variceal haemorrhage. Increasing splenom-
egaly may be identifi ed on follow-up ultrasound scan 
post-transplant. Portal hypertension may be due to 
technical shortcomings resulting in portal vein ste-
nosis, or to other factors such as late rejection, por-
tal pyaemia particularly from the biliary tree, or the 
development of nodular regenerative hyperplasia of 
the graft. Early and late portal vein thrombosis and 
stenosis are more common in the paediatric trans-
plant population after segmental transplantation. 
Measurement of splenic size can be used as a guide 
to the continuing presence or development of portal 
hypertension following transplantation. The major-
ity of cases can be managed conservatively as a suffi -
cient venous collateral circulation develops. Patients 

with nodular regenerative hyperplasia present ap-
proximately 5 years following transplantation, and 
in severe cases may have ascites, oedema and bleed-
ing oesophageal varices (Fig. 4.1.7). Radiological 
imaging reveals multiple hyperplastic parenchymal 
nodules with no evidence of perinodular fi brosis. 
Rarely, some of these patients develop progressive 
graft failure requiring re-transplantation.

Complications involving the vena cava are rare, 
and are usually technical in origin. Suprahepatic 
caval stenosis presents with hepatic outfl ow obstruc-
tion with lower trunk and leg oedema, portal hyper-
tension, ascites and renal impairment. If suspected, 
the investigations of choice are Doppler ultrasonog-
raphy, and cavography with pressure studies. The di-
agnosis is confi rmed by the presence of a signifi cant 
gradient across the stenosis. Management options 
include percutaneous dilation and/or caval stenting. 
Caval stenosis may be asymptomatic and should be 
excluded as a cause of graft dysfunction in patients 
who have undergone re-transplantation.

Anastomotic and non-anastomotic biliary stric-
tures can develop. The majority present more than 
4 weeks after surgery. Aetiological factors include 
injury to the vascular supply of the donor and re-
cipient ducts, size mismatch and surgical technique. 
Patients may present asymptomatically with a rise 
in cholestatic liver enzymes or bile duct dilation 
on ultrasonography, with non-specifi c symptoms, 
jaundice, or cholangitis. Ultrasonography is used as 
a screening tool if a biliary stricture with obstruc-
tion is suspected. However, it is often of limited 
value as bile duct dilatation may be absent. If a T-
tube is in situ, a T-tube cholangiogram can be per-
formed. If there is a high index of suspicion in the 

Fig. 4.1.7. Nodular regenerative hyperplasia in an explanted 
liver
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presence of a negative ultrasound scan or to acquire 
further anatomical detail, we perform an magnetic
resonance cholangiopancreatogram (MRCP) as the 
next investigation of choice. Selective invasive imag-
ing procedures with ERCP or percutaneous transhe-
patic cholangiography can then be attempted if an 
end-to-end duct-to-duct anastomoses was performed 
with intervention in the form of balloon dilation or 
stenting as appropriate (Fig. 4.1.5). Following Roux-
en-Y hepaticojejunostomy, percutaneous transhe-
patic cholangiography or radionucleotide scan are 
options. Management choices include endoscopic 
balloon dilatation with or without an endoprosthe-
sis, or surgical intervention. Biliary reconstructive 
surgery with a Roux-en-Y hepaticojejunostomy is in-
dicated if the stricture is limited to the extrahepatic 
biliary tree in a patient with persistent allograft dys-
function following failed endoscopic therapy.

Non-anastomotic biliary structures have a less 
satisfactory outcome, with approximately 50% re-
quiring re-transplantation, with a mortality ap-
proaching 30% (Hesselink et al. 1987). Hepatic 
artery thrombosis has been documented in 89% of 
those with non-anastomotic contrast leak, 57% with 
a non-anastomotic stricture and 10% of those with 
an anastomotic stricture following transplantation 
(Zajko et al. 1987). In a recent study from our de-
partment, graft function returned to normal in 18%, 
improved in 36%, but remained abnormal in 45% 
of patients after Roux-en-Y hepaticojejunostomy 
for bile duct strictures (Sutcliffe et al. 2004). Four 
patients subsequently underwent re-transplanta-
tion. Hepaticojejunostomy was more likely to yield 
a favourable outcome if performed within 2 years 
of transplantation, as prolonged biliary obstruction 
was associated with advanced graft fi brosis. Surgery 
should be reserved for selected patients without his-
tological evidence of moderate to severe graft fi bro-
sis or signifi cant non-biliary pathology (Sutcliffe 
et al. 2004). Anastomotic stricture with ascending 
cholangitis and prolonged obstruction leading to 
secondary biliary cirrhosis can occur. Late compli-
cations following Roux-en-Y hepaticojejunostomy 
biliary reconstruction include bowel obstruction due 
to adhesional obstruction of the afferent limb of the 
Roux loop or small bowel, and internal herniation.

Non-anastomotic biliary strictures occur second-
ary to hepatic artery thrombosis or stenosis, preser-
vation injury, ABO blood group incompatibility, and 
chronic ductopenic rejection. They are frequently 
multiple. Isolated non-anastomotic strictures of the 
donor extra-hepatic or intra-hepatic biliary tree may 

be managed with endoscopic dilation and stenting. 
Following preservation injury complex bile pathol-
ogy develops with multiple strictures, bile lakes and 
abscesses, and invariably results in the need for re-
transplantation.

Late episodes of acute rejection are uncommon, 
and usually relate to poor patient compliance or in-
adequate levels of immunosuppression. The patho-
physiology of chronic rejection is poorly understood, 
and can lead to graft loss. The incidence of chronic 
rejection has fallen progressively to approximately 
5% over the past 10 years. Over-immunosuppres-
sion can lead to opportunistic bacterial infections 
and increased incidence of malignant disorders. Op-
portunistic infections such as legionellosis, nocar-
diosis, and tuberculosis occur between the 1st and 
l2th month post-transplant. Immunosuppressive 
treatment can be associated with Epstein Barr virus 
infection, and the development of post-transplanta-
tion lymphoproliferative disorder (Fig. 4.1.8).

Graft loss may occur due to recurrence of the pri-
mary disease, particularly hepatitis C virus and pri-
mary sclerosing cholangitis. Recurrence of primary 
sclerosing cholangitis is suspected if radiological im-
aging suggests intrahepatic and/or extrahepatic bil-
iary structuring, beading and irregularity >90 days 
post-transplant (Graziadei et al. 1999). Histological 
features include fi brous cholangitis and/or fi bro-ob-
literative lesions with or without ductopenia, biliary 
fi brosis, or biliary cirrhosis (Graziadei et al. 1999).

Fig. 4.1.8. Representative axial computed tomography im-
ages demonstrating extensive retrogastric and paraaortic 
lymphadenopathy following liver transplantation indicating 
post-transplantation lymphoproliferative disease
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4.1.6 
Conclusions

Appropriate patient selection, improved preopera-
tive staging of disease, standardization of surgical 
techniques, and early diagnosis and management 
of postoperative complications have resulted in im-
proved survival rates following liver transplantation 
in association with advances in organ preservation 
and immunosuppressive regimes. Close coopera-
tion between hepatologists, intensive care physi-
cians, surgeons and radiologists has signifi cantly 
improved outcome, and will continue to promote 
further advances in this evolving fi eld of transplan-
tation.
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4.2.1 
Introduction

Liver transplantation is an effective and defi nitive 
treatment for patients with end-stage liver disease 
for which no other satisfactory therapy is available. 
The many improvements in surgical technique and 
post-operative care, as well as the use of locoregional 

treatments to control tumor progression in hepato-
cellular carcinoma (HCC) patients, have increased 
the number of patients that are eligible for trans-
plantation. The critical shortage of cadaveric livers 
has led to the use of living-donor liver transplanta-
tion. Living-donor liver transplantation was intro-
duced in the late 1980s to address the shortage of 
organs for infants and children and has since gained 
widespread application. Adult-to-infant transplan-
tation uses the left lateral segment, or the left lobe, 
which has a volume suffi cient to sustain metabolic 
function in the recipient, and allows the donor to 
retain a larger volume of functional liver. The vol-
ume of the left lobe, however, is not suffi cient for 
adult-to-adult transplantation, therefore the right 
lobe is harvested, and the equilibrium between the 
transplanted volume and the volume remaining to 
the donor is very delicate and crucial. Donor safety 
is a primary concern, and preoperative imaging 
plays a crucial role in donor selection and workup, 
providing information on liver parenchyma and 
vasculature anatomy and reducing surgical and 
post-surgical morbidity and mortality.

4.2.2 
Surgical Anatomy

Segments
Conventional vascular anatomy: arteries, portal 
and hepatic veins 
Biliary anatomy

Couinaud’s surgical anatomy is based on the liver’s 
portal and hepatic venous systems. The liver is divided 
by oblique-vertical planes defi ned by the three hepatic 
veins and a transverse plane through the right and 
left main portal branches. The middle hepatic vein 

●
●

●
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runs in the main portal fi ssure (Cantlie’s line), which 
extends from the inferior vena cava to the gallbladder 
fossa, and divides the right and left liver. Segment I 
is the caudate, or Spiegel, lobe. The left hepatic vein 
divides the left liver into a larger paramedian sector, 
which includes segments III and IV, and a smaller lat-
eral sector, including segment II. The left portal vein 
divides segment II from segment III and divides seg-
ment IV, which lies between the left hepatic vein and 
the main lobar fi ssure, into segments IVa (superior) 
and IVb (inferior). The right lobe is divided into four 
segments by the right hepatic vein and the right por-
tal vein: segments V (right anteroinferior), VI (right 
posteroinferior), VII (right posterosuperior) and VIII 
(right anterosuperior) (Fig. 4.2.1). 
I: caudate/Spiegel lobe 
II: left posterolateral segment 
III: left anterolateral segment 
IVa: left superomedial segment 
IVb: left inferomedial segment 
V: right anteroinferior segment 
VI: right posteroinferior segment 
VII: right posterosuperior segment 
VIII: right anterosuperior segment

The surgical line for right-lobe harvesting in liv-
ing-donor liver transplantation runs 1 cm right of 
the middle hepatic vein and parallel to Cantlie’s 
line, and corresponds to a relatively avascular plane 
(Deshpande et al. 2002; Erbay et al. 2003). For left 
lateral segment transplantation, the transection is 
performed along the main lobar fi ssure.

Although conventional vascular and biliary anat-
omy have been described, there are many variants 
which may be present more or less often.

In the conventional arterial anatomy of the liver, 
the common hepatic artery originates from the ce-
liac trunk (Fig. 4.2.2). From the common hepatic 
artery arise the left gastric, gastroduodenal and 
proper hepatic arteries. The hepatic artery divides 
at the hepatic hilum into the right and left branches. 
The middle hepatic artery supplies the medial seg-

Fig. 4.2.1a,b. 3D volume rendering (VR) of a liver with virtually divided and colored segments along vascular landmarks. 
a Inferior and b antero-posterior views. The middle hepatic vein divides left and right liver, while the portal vein divides 
superior and inferior regions

Fig. 4.2.2. Volume-rendered CT image of conventional he-
patic arterial anatomy. The common hepatic artery (1) origi-
nates from the celiac axis and, after the origin of the gastro-
duodenal artery (5), becomes the proper hepatic artery (2). 
The proper hepatic artery divides into the left (3) and right 
(4) hepatic artery

a b
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ment of the left liver (segment IV), and is usually a 
branch of the left hepatic artery or of the proper he-
patic artery (Table 4.2.1; Michels 1966).

The portal vein bifurcates at the hilum into left 
and right pedicles (Fig. 4.2.3). The left pedicle di-
vides into three branches for segments II, III, and IV. 
The right pedicle divides into anterior and posterior 
branches, which both bifurcate into ascending and 
descending branches, which supply the segments 
V–VIII.

Conventionally there are three hepatic veins 
(Fig. 4.2.4). The right hepatic vein is formed by the 
confl uence of an anterior trunk (from segments V 
and VI) and a posterior trunk (from segment VII). 
The middle hepatic vein runs along Cantlie’s line 
(main portal fi ssure) and drains the central sector of 
the liver: segment IV on the left and segments V and 
VIII on the right. The left hepatic vein arises from 
the confl uence of a transverse vein (from segment 
II) and a sagittal vein (from segment IV). In 85% of 

Table 4.2.1. Variants of arterial anatomy of the liver according to Michels (1966)

Michels classifi cation of hepatic arterial anatomy Frequency of occurrence (%)

I Normal anatomy: proper hepatic artery originates from common hepatic artery 
and divides into left and right hepatic arteries

55

II Replaced left hepatic artery arising from left gastric artery 10

III Replaced right hepatic artery arising from superior mesenteric artery 11

IV Replaced left hepatic artery and right hepatic artery 1

V Accessory left hepatic artery arising from left gastric artery 8

VI Accessory right hepatic artery arising from superior mesenteric artery 7

VII Replaced left hepatic artery and right hepatic artery 1

VIII Replaced right hepatic artery with accessory left hepatic artery or replaced left 
hepatic artery with accessory right hepatic artery

4

IX Proper hepatic artery arising from superior mesenteric artery 4.5

X Proper hepatic artery arising from left gastric artery 0.5

Fig. 4.2.3. Volume-rendered CT image of conventional por-
tal vein anatomy. The main portal vein (1) originates from 
the confl uence of the superior mesenteric and splenic veins, 
and bifurcates into the left (2) and right (3) portal veins

Fig. 4.2.4. Volume-rendered CT image of conventional he-
patic vein anatomy: right (1), middle (2), and left (3) hepatic 
veins
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cases the middle and left hepatic veins form a com-
mon trunk. (Deshpande et al. 2002).

A short vertical right hepatic duct and a longer 
horizontal left duct usually join at the hilum to form 
the common hepatic duct. The right duct is formed 
by fusion of the right anterior (from segments V 
and VIII) and posterior (from segments VI and VII) 
sectoral ducts. The left duct is formed by the fusion 
of the ducts from segments II and III. Segment IV 
most commonly drains into the left hepatic duct 
(Table 4.2.2). However, the biliary tree follows the 
conventional anatomy only in little more than half 
of the population.

4.2.3 
Imaging Modalities

CT
MRI
US

Imaging has a fundamental role in all phases of liver 
transplantation, and different modalities are used in 
combination to optimize the screening, preoperative 
and postoperative evaluation of the recipient and, 
for living-donor liver transplantation, of the donor.

For the screening of patients awaiting liver trans-
plantation, computed tomography (CT), magnetic 
resonance imaging (MRI) and ultrasonography (US) 
have been advocated (Berry and Sidhu 2004; Chu 
et al. 2005; Goyen et al. 2002; Kamel et al. 2000; 
Mortele et al. 2003; Schroeder et al. 2005; Yeh et 
al. 2004).

For the preoperative evaluation of both donors 
and recipients, because of the high prevalence of 

●
●
●

vascular variants, accurate display of the vascular 
and biliary anatomy is fundamental and can be ob-
tained with CT or MRI. CT is more commonly used 
because it is widely available, quicker and less ex-
pensive (Ishifuro et al. 2002; Kamel et al. 2000, 
2001a; Kruskal and Raptopoulos 2002). A major 
disadvantage of CT is the lack of easy depiction of 
the biliary anatomy. Recently, however, the use of 
CT biliary contrast agents has been shown to mark-
edly improve visualization of the biliary anatomy 
(Schroeder et al. 2006; Yeh et al. 2004). MRA can 
be used when there are contraindications to the use 
of iodinated contrast media, and magnetic reso-
nance cholangiopancreatography (MRCP) can ac-
curately depict the biliary anatomy (Lim and Park 
2004; Sahani et al. 2004a).

US can be used intraoperatively for optimal sur-
gical guidance.

For postoperative evaluation of donors and re-
cipients, gray-scale and Doppler US are the initial 
imaging modalities used because US is cost-effec-
tive, avoids the use of ionizing radiation, and can be 
performed at the patient’s bedside and repeatedly. 
When complications occur, patients can be further 
imaged with CT or MRI. Microbubble contrast has 
been reported to improve the detection of hepatic 
vessels when they are poorly or not visualized or 
when patency is suspect, and may be useful in the 
assessment of parenchymal complications and 
neoplastic disease recurrence (Berry and Sidhu 
2004).

CT and MRI can be used to follow up parenchy-
mal regeneration in both donors and recipients, al-
lowing for evaluation of the liver volume over time 
(Kamel et al. 2003). US and CT can provide optimal 
guidance for interventional therapeutic procedures 
for complications.

Table 4.2.2. Biliary anatomy variants

Biliary anatomy (from Smadja and Blumgart 1994) Frequency of occurrence (%)

A Normal anatomy 57

B Trifurcation of the common bile duct into right anterior, right posterior and left 
hepatic duct

12

C Aberrant drainage of right segmental ducts into the common hepatic duct 20

D Aberrant drainage of right segmental ducts into the left hepatic duct 6

E Absence of hepatic duct confl uence, two or more ducts from each lobe converge to 
form the common hepatic duct

3

F Absence of right hepatic duct with ectopic drainage of right posterior duct into the 
cystic duct

2
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With the advent of MDCT angiography and MRA, 
catheter angiography is rarely used for surgical 
planning, but maintains its role in interventional 
therapy for complications.

4.2.4 
Recipients

4.2.4.1 
Preoperative Imaging

Imaging protocols
Volume
Hepatoma
Portal vein thrombosis and varices
Pertinent vascular variants

Hepatic artery
Portal vein
Hepatic veins

●
●
●
●
●
●
●
●

For the preoperative evaluation of potential liver 
transplant recipients in our institution we perform 
a multiphasic multidetector CT study, which enables 
the evaluation of parenchyma and accurate assess-
ment of the arterial, portal venous and hepatic ve-
nous anatomy. Oral milk or water (500 ml) is used 
to opacify the proximal bowel. After a non-intrave-
nously enhanced scan is performed, 200 ml of non-
ionic 350 mg I/ml contrast material is administered 
intravenously at a 5 ml/s rate. The high iodine con-
centration allows better visualization of the veins. 
Acquisition timing is guided by bolus tracking in the 
aorta (enhancement threshold: 200 HU): a late arte-
rial phase scan is initiated 10 s after the threshold is 
reached, then a venous phase (late portal-hepatic ve-
nous) scan is initiated with a 45-s delay from thresh-
old; a delayed acquisition is performed after 3 min.

MR imaging is a good alternative to MDCT in 
those cases with contraindications to iodinated con-
trast (i.e., allergy). Our MR liver protocol is detailed 
in Table 4.2.3. Surface coils provide a superior sig-
nal-to-noise than that of the body coil embedded in 

Table 4.2.3. MRI of the liver: imaging protocola

Sequence T1W IP/OOP SSFSE/HASTE MRCP T2W FrFSE TOF LAVA

Type SPGRE Spin echo Spin echo Spin echo SPGRE SPGRE

Orientation Axial Coronal/axial Coronal Axial Oblique axial Axial

TR 175 Minimum Minimum 2200 30 4.2

TE 2.3/5.4 60 600 84 4.7 (Min full) 1.7

Flip angle 80 155 155 180 45 10

Number of excitations 1 1 1 1 1 1

2D/3D 2D 2D 2D 2D 2D 3D

Slice thickness (mm) 8 5/4 60 7 5 4.2 (before 
 interpolation)

Gap (mm) 2 0 – 2 10 0

Field of view 350 360/350 240 350 350 360

No. Partitions/slices 20 16 3–5 22 5 80

Phase · Freq steps 160 · 256 192 · 256 256 · 384 160 · 320 128 · 256 192 · 256

Rectangular fi eld of view 0.75 1/0.75 1 0.75 0.75 0.75

Fat suppression No No Yes Yes No Yes

Echo train length – 15 – –

Bandwidth (kHz) 62.50 62.50 62.50 31.25 31.25 62.50 

a1.5 T General Electric platform
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the MR scanner. We do not routinely administer oral 
contrast material in the evaluation of liver pathology. 
Breath-hold imaging acquisitions reduce the total 
examination time and eliminate respiratory-related 
artifacts. A combination of T1- and T2-weighted im-
ages is obtained, followed by a dynamic acquisition 
during the arterial, portal venous, and delayed ve-
nous phases.

The CT scan allows accurate measurement of 
liver volume, which is important in assigning prior-
ity to transplant candidates: transplantation is more 
urgent in cirrhotic patients with small livers, who 
have the poorest function (Redvanly et al. 1995). 
The liver is isolated from surrounding structures of 
similar attenuation by hand-tracing, performed with 
a frequency dependent on the change in liver contour 
(Fig. 4.2.5). Usually, hand-tracing can be performed 
every 3–4 mm in the upper half of the liver, and every 

5–6 mm in the lower half, allowing automatic inter-
polation between the hand-traced images (Kamel et 
al. 2001c). Large vessels (e.g., the inferior vena cava 
and extrahepatic portal vein) and major fi ssures 
(e.g., the fi ssure for the ligamentum teres) should 
be excluded. Kamel et al. (2001c) has demonstrated 
that the volume thus measured is well correlated to 
graft weight (r=0.898–0.879).

The parenchyma must be carefully screened for 
the presence of primary or secondary malignant dis-
ease. Most patients awaiting transplantation are cir-
rhotic, with a high risk of developing hepatoma, and 
as many as 20% of these patients will develop HCC 
(Fig. 4.2.6). Patients diagnosed with small hepatic 
cancer are moved up the transplantation list. On the 
basis of the natural doubling time of hepatoma, it has 

been suggested that patients on a transplantation list 
undergo screening every 6 months. Currently, the 
generally accepted criteria (Milan criteria; Mazzaf-
erro et al. 1996) for transplantation in HCC patients 
consist of the presence of one nodule smaller than 
5 cm or up to three nodules each smaller than 3 cm in 
the absence of detectable vascular invasion. Expan-
sion of these criteria has been proposed, but there is 
no consensus yet. The sensitivity of cross-sectional 
imaging techniques for the detection of HCC prior 
to liver transplantation is variable depending on the 
imaging protocol and the type of pathological corre-
lation used (Eubank et al. 2002; Krinsky et al. 2001, 

Fig. 4.2.5a,b. MIP rendering of CT angiography allows accurate assessment of the liver volume

a b

Fig. 4.2.6. A 65-year-old patient with hepatitis C and cirrho-
sis, awaiting liver transplantation. Multiphasic CT scan in 
the late arterial-early portal venous phase demonstrates a 
2.3×2.3 cm hypervascular lesion in segment VI, compatible 
with a hepatoma
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2002; Mori et al. 2002; Rode et al. 2001; Teefey et al. 
2003). The reported sensitivities for CT in the detec-
tion of hepatoma range between 88% and 94%, with 
specifi cities ranging from 96% to 99% (Jang et al. 
2000; Kang et al. 2003; Lim and Park 2004). A su-
perior sensitivity of MR compared to CT and US has 
been reported ( Eubank et al. 2002; Mori et al. 2002; 
Rode et al. 2001); Teefey et al. (2003) reported a su-
perior sensitivity of US compared to MR and CT on 
a lesion-per-lesion basis. However, the MR protocol 
in this study included dynamic imaging with a 2D 
approach using an 8 mm slice thickness with a 2 mm 
interslice gap. The use of high-resolution thin-slice 
(2–4 mm slice thickness) dynamic MR imaging is 
crucial in the evaluation of the cirrhotic liver as many 
of the HCCs are small in size (Holland et al. 2005; 
 Krinsky et al. 2001). The reported sensitivities for 
SPIO-enhanced MR imaging are 84.7% and 94.7%, 
on a per-lesion and a per-patient basis, respectively 
(Kim et al. 2006a). MRI can be used when there are 
contraindications to CT. For contrast-enhanced US, 
96.4% sensitivity and 87.5% specifi city have been re-
ported (Nicolau et al. 2004).

Preoperative imaging can also demonstrate addi-
tional fi ndings, for example abdominal aorta aneu-
rysm, cholelithiasis, renal cell carcinoma, and others 
such as renal parenchyma disease or signs of meta-
bolic disease that may require additional treatment 
(Fig. 4.2.7).

Preoperative imaging of the liver transplant re-
cipient should depict in detail the relevant vascu-
lature anatomy, and reveal the presence of variants 
that are important for surgical planning (Table 4.2.4; 
Erbay et al. 2003). The most common arterial vari-
ants that are relevant in potential liver transplant re-
cipients include replaced or accessory hepatic arter-
ies from the superior mesenteric artery. A replaced 

Table 4.2.4. Prevalence of vascular variants (adapted, from 
Erbay 2003)

Variants Frequency in 
the population

% of all 
variants

Hepatic arteries 49±5 40±4

Replaced or accessory RHA 14±3 12±3

Replaced or accessory LHA 20±4 16±3

Middle artery from RHA 5±2 4±2

Other 10±3 9±3

Hepatic veins 48±5 40±5

Inferior right vein 31±5 26±4

Segment VIII vein drains to 
middle vein

6±2 5±2

Multiple branching 9±3 8±2

Other 2±1 2±1

Portal vein 24±4 20±4

Trifurcation 12±3 10±3

Accessory right vein 8±3 7±2

Other 4±2 3±2

Fig. 4.2.7. Oxalosis. A 55-year-old male, affected by primary 
oxalosis, awaiting liver and kidney transplantation (Cochat 
et al. 1999). Non-intravenously enhanced CT scan demon-
strates bilateral diffuse parenchymal calcifi cation involving 
the cortex and medullary regions of the kidneys (nephrocal-
cinosis), consistent with the patient’s history of oxalosis

Fig. 4.2.8. Coronal MIP rendering of CT angiogram shows 
the common hepatic artery (arrow) originating from the su-
perior mesenteric artery (arrowhead)
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(Fig. 4.2.8) or accessory (for segments V and VI; 
Fig. 4.2.9) right hepatic artery may originate from 
the superior mesentery artery or, less commonly, 
from the celiac axis (Fig. 4.2.10). Totally replaced 
common hepatic arteries originating from the supe-
rior mesenteric artery (SMA) or, even more rarely, 
from the aorta are rare variants; on cross-sectional 
imaging the replaced common hepatic artery origi-
nating from the SMA courses posterior to the portal 
vein. A replaced or accessory (for segments II and 
III) left hepatic artery, originating from the left gas-
tric artery, on cross-sectional imaging courses along 
the fi ssure for the ligamentum venosum. The size of 
the recipient hepatic artery is important in planning 

arterial blood fl ow to the liver graft: a small-caliber 
recipient artery, 3 mm or less, or multiple small he-
patic arteries supplying the liver may result in inad-
equate arterial supply to the graft and may require 
the creation of an alternative infl ow source, e.g. an 
aortohepatic interposition graft.

Patency of the portal vein should be assessed, as 
portal vein thrombosis may occur in patients with 
end-stage cirrhosis. Portal vein thrombosis is not 
a contraindication to liver transplant, but requires 
modifi cation of the surgical technique to create ex-
tra-anatomical venous grafts (Fig. 4.2.11). 

Portal hypertension is the main cause of portal 
systemic collateral vessels; the most common being 
gastroesophageal, paraumbilical, splenorenal, and 
inferior mesenteric collateral vessels (Fig. 4.2.12). 
Pleuropericardial-peritoneal, pancreaticoduodenal, 
splenoazygos, and mesocaval collateral vessels are 
less common. The most frequent varices in patients 
with portal hypertension (up to 80%) are coronary 
collateral veins at the lesser omentum (Cho et al. 
1995). For surgical planning the most important 
varices are those located anteriorly or in the surgi-
cal bed.

The patency of hepatic veins and the inferior vena 
cava should be evaluated. Transjugular intrahepatic 
portal-systemic shunts (TIPS), when present, should 
be assessed for patency and their location should be 
described (Fig. 4.2.13). The distal end of the TIPS 
should be in the right hepatic vein: when being posi-
tioned in the inferior vena cava it constitutes a con-
traindication to liver transplantation.

Fig. 4.2.9. Coronal MIP rendering of CT angiogram shows a 
replaced right hepatic artery (arrows) originating from the 
superior mesenteric artery (arrowhead)

Fig. 4.2.10. Axial MIP rendering of CT angiogram shows an 
accessory right hepatic artery (arrows) originating from the 
celiac axis (arrowhead)

Fig. 4.2.11. Coronal MIP rendering of CT angiogram shows 
extensive thrombus in the occluded and distended portal 
vein (arrows)
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The anatomy of the confl uence of the hepatic 
veins should be described, with details on eventual 
anomalies. The presence of a replaced or accessory 
inferior right hepatic vein is important for surgical 
planning; its size and the distance between the main 
hepatic vein (at the confl uence of the hepatic vein 
and the inferior vena cava) and the drainage site of 
the inferior right hepatic vein into the inferior vena 
cava should be carefully evaluated (Fig. 4.2.14). The 
presence of multiple hepatic veins draining sepa-
rately into the inferior vena cava is also important 
for the planning of the anastomoses.

4.2.4.2 
Intraoperative Imaging

Intra-operative US
Ultrasound is used intraoperatively to assess the 

patency of vascular anastomoses.

4.2.4.3 
Postoperative Imaging

Postoperative evaluation:
Collections and hematomas
Parenchymal abnormalities – rejection
Vascular abnormalities
Doppler US

Postoperative evaluation of the transplanted liver 
is routinely performed by US, with gray-scale assess-
ment of the parenchyma and biliary tree and Dop-
pler study of the vasculature. The normal liver trans-
plant has a homogeneous or slightly heterogeneous 
pattern at US. A small amount of ascites is usually 
present in the early postoperative period, and com-
monly resolves in 7–10 days (Gemmete et al. 2006). 
Gas within the portal vein can be a normal fi nd-
ing in the early postoperative period (Federle and 
 Kapoor 2003). Small hepatic hematomas and peri-
portal lymphedema are also common. The appear-
ance of hepatic hematomas on ultrasound depends 
on the acuity of the bleed: fresh bleeds are echogenic 
while 2–3 days following a bleed the appearance var-
ies from a more solid hypoechoic appearance to that 

●
●
●
●

Fig. 4.2.12. Coronal MIP rendering of CT angiogram dem-
onstrates extensive gastroesophageal (arrowheads) and spl-
enorenal (arrows) varices

Fig. 4.2.13. Axial MIP rendering of CT angiogram allows ac-
curate assessment of the position of the TIPS stent. The distal 
end of the TIPS stent is at the confl uence of the right hepatic 
vein and inferior vena cava

Fig. 4.2.14. Coronal MIP rendering of CT angiogram shows 
an accessory right inferior hepatic vein (arrow), draining 
separately into the inferior vena cava
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of a multiseptated fl uid collection. The bleed may be 
entirely intraparenchymal, subcapsular or extracap-
sular depending on the etiology. Periportal edema 
was previously considered a sign of rejection: this is 
no longer specifi c for rejection since there are many 
recognized causes of periportal fl uid. The edema 
appears as fl uid or low attenuation tissue encircling 
the main portal vein, and is often indistinguishable 
from postoperative fl uid or even hematoma tracking 
up into the porta hepatis. Collections and hemato-
mas that impair liver function or compress the he-
patic vasculature require evacuation, which can be 
performed under US or CT guidance.

The parenchyma of the transplanted liver must be 
carefully assessed for the presence of abnormalities. 

The differential diagnosis for diffuse parenchy-
mal abnormalities includes rejection, ischemia, hep-
atitis, and cholangitis. There is no imaging fi nding 
specifi c for rejection, and often the only abnormal 
fi nding is heterogeneity of the liver parenchyma; the 
diagnosis of rejection is based on liver biopsy, which 
can be easily performed under US guidance.

Parenchymal heterogeneity is also present in isch-
emia, where it is usually accompanied by Doppler 
signs of arterial compromise. Recurrence of viral or 
autoimmune hepatitis in the transplanted liver is 
accompanied by biochemical evidence. Reinfection 
with the hepatitis C virus (HCV) occurs in nearly all 
patients who undergo liver transplantation for HCV 
cirrhosis. In the majority of patients (80%–85%) 
(Crossin et al. 2003), the infection does not appear 
to have adverse effects on the parenchyma (i.e., cir-
rhosis) at short-term and medium-term follow-up; 
long-term prognosis is still unknown. A small group 
of patients transplanted for HCV will develop fi bros-
ing cholestatic hepatitis and rapidly progress to liver 
failure (Keeffe 2000). Cholangitis may cause dif-
fuse parenchymal change with accompanying bili-
ary abnormalities (Crossin et al. 2003). Other viral 
infections may complicate the postoperative period. 
In these cases, non-specifi c parenchymal abnormal-
ities may be present although the diagnosis is typi-
cally performed only after biopsy (Fig. 4.2.15).

The differential diagnosis for focal liver lesions 
includes benign and malignant lesions (metastatic, 
recurrent or primary) and the parenchymal mani-
festations of arterial abnormalities, infarcts, and 
abscesses. Infarcts usually appear as round or geo-
graphic solid lesions, with central hypoechoic ne-
crotic areas. Abscesses have thick walls and central 
hypoechoic areas. Infarcts and abscesses may con-
tain intraparenchymal gas (Fig. 4.2.16).

Post-transplantation lymphoproliferative disor-
der has an incidence of 2%–8.4% in adult recipients, 
and may occur as early as 1 month after transplanta-
tion (Ben-Ari et al. 1999). It is a consequence of the 
chronic immunosuppression, which causes unregu-
lated lymphoid expansion (especially of the B-cells), 
and it is strongly associated with Epstein-Barr virus 
infection. Severity of the disease ranges from benign 
mononucleosis to fulminant lymphoma. The most 
common form is the extrahepatic type, with encase-
ment of the porta hepatis, which can be seen as hy-
poechoic soft tissue on US examinations.

The transplant vasculature is examined with 
both gray-scale and Doppler US. The most common 
vascular complications post liver transplantations 
are abnormalities involving the hepatic artery, with 
an incidence ranging between 4% and 25%. Risk fac-
tors for arterial complications include anastomosis 
to the abdominal aorta, donor arterial variants re-
quiring multiple anastomoses, and pediatric age 
recipient.

The most common vascular complication is he-
patic artery thrombosis, accounting for 60% of all 
post-transplantation vascular complications; it is 
associated with up to 20%–60% mortality and is 
the second leading cause of graft failure in the early 
postoperative period (Quiroga et al. 1991). Since 
the biliary system in the transplanted liver is only 
vascularized by the hepatic artery, impaired arte-
rial supply to the graft may lead to biliary ischemia 
and/or necrosis. Early thrombosis can cause cholan-
gitis, hepatic necrosis, septic shock and liver failure, 
and requires prompt surgical intervention. Chronic 
thrombosis is more benign and often not treated, as 
the biliary complications that it causes cannot be re-
versed (Gemmete et al. 2006).

Hepatic artery stenosis usually presents with el-
evated liver function tests or with ischemic changes 
in a liver biopsy. The accepted treatment for hepatic 
artery stenosis is balloon angioplasty. 

The Doppler spectrum of the normal hepatic ar-
tery shows low vascular resistance and continuous 
diastolic fl ow: there is a rapid systolic upstroke with 
acceleration time inferior to 80 ms; the resistive in-
dex [(peak systolic velocity – peak diastolic veloc-
ity)/peak systolic velocity] should be between 0.5 
and 0.7 (Crossin et al. 2003) (Fig. 4.2.17). Doppler 
criteria for diagnosing a signifi cant hepatic artery 
complication are: peak systolic velocities greater 
than 200 cm/s, focal increase in velocity greater 
than threefold, resistive index less than 0.5, and ac-
celeration time greater than 80 ms (tardus-parvus 
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Fig. 4.2.15a–c. Cytomegalovirus (CMV) infection. A 48-
year-old woman with history of ethanol abuse and cirrhosis 
status post living-donor right lobe liver transplant present-
ing with nausea, vomiting, and right lower quadrant pain. 
a Axial contrast-enhanced CT image at the level of the liver 
shows a large hypoenhancing area (arrowheads) in the liver, 
which does not cause mass effect or architectural distortion 
of the hepatic vasculature. Distinction between geographic 
fatty infi ltration and edema/infl ammation is diffi cult based 
on this fi nding. b Coronal T2-weighted single-shot fast 
spin echo (SSFSE) image shows a large heterogeneous area 
( arrowheads) of increased signal intensity in the liver. Fatty 
infi ltration was ruled out on the basis of the imaging fi nd-

ings on in-phase and opposed-phase MR images (not shown). c Axial gadolinium-enhanced 3D fat-saturated T1-weighted 
gradient echo acquisition during the delayed venous phase confi rms the presence of a large area with decreased enhance-
ment (arrowheads) in the liver, without causing mass effect upon the hepatic vasculature. These fi ndings were consistent 
with an infl ammatory/ischemic process and a biopsy was recommended. Histopathologic analysis revealed hepatic necrosis 
secondary to acute CMV infection

a

c

b

Fig. 4.2.16. A 47-year-old man with elevated alkaline phos-
phatase status post living-donor right hepatic lobe liver 
transplant and hepatic artery repair. Axial CT scan shows 
multifocal areas of non-enhancing liver parenchyma, consis-
tent with infarction (arrowheads). On the medial edge of the 
liver surgical packing material (arrows) is seen, which simu-
lates the appearance of a fl uid collection containing gas

pattern; Crossin et al. 2003; Gemmete et al. 2006) 
(Fig. 4.2.18). 

CT angiography (CTA) can be used in the evalu-
ation of vascular complications (Fig. 4.2.19). Cheng 
et al (2004) have reported a 90% diagnostic accu-
racy for 3D MDCT angiography in the diagnosis 
of vascular complications in a pediatric popula-
tion; the sensitivity and specifi city were 86.7% and 
100%, respectively; the positive and negative pre-
dictive values were 100% and 71.4%, respectively. 
 Brancatelli et al (2002) have reported 100% sen-
sitivity, 89% specifi city, 95% accuracy, 92% positive 
predictive value, and 100% negative predictive value 
in an adult population.

MR angiography is very sensitive for the de-
tection of complications in the hepatic artery al-
though it may overestimate the amount of disease 
( Pandharipande et al. 2001; Stafford-Johnson et 
al. 1998). The sensitivity, specifi city, positive predic-
tive value, negative predictive value, and accuracy 
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of MR angiography in the detection of > 50% steno-
sis or occlusion at the anastomosis are 100%, 74%, 
29%, 100%, and 77%, respectively (Kim et al. 2003). 
Signifi cant arterial stenosis can be reliably excluded 
in the presence of normal MR angiography fi ndings 
(Kim et al. 2003). The diagnosis of stenosis at the 
anastomosis must be done with caution as metal-
lic surgical clips may cause a pseudo narrowing of 
the lumen of the vessel due to susceptibility artifact. 
Careful review of the source MR images may help 
recognize this phenomenon in those cases where 
MIP reconstructions suggest the presence of steno-
sis at the anastomosis. 

Lack of visualization of the hepatic artery is con-
sistent with hepatic artery thrombosis. However, a 
false-positive diagnosis of hepatic artery thrombo-
sis may result from very slow fl ow within this vessel. 
Review of the 3D dataset obtained during the portal 
venous phase is important when the hepatic artery 
is not visualized during the arterial phase to differ-
entiate between hepatic artery thrombosis and slow 
fl ow. 

A pseudoaneurysm at the anastomotic site can be 
seen at CTA and MRA as a round mass that enhances 
avidly during the arterial phase. Portions of the 
pseudoaneurysm may contain thrombus and there-
fore do not enhance after administration of contrast. 
Furthermore, fl ow within the pseudoaneurysms may 
be slow and hence enhancement is only appreciated 
during the portal or delayed venous phases.

Portal vein complications include thrombosis and 
stenosis, which have a 1%–2% incidence ( Langnas 
et al. 1991) (Fig. 4.2.20).

Fig. 4.2.17. Normal Doppler US waveform of the right hepatic 
artery, with normal resistive index (RI=0.58)

Fig. 4.2.18. Doppler US of hepatic artery stenosis showing 
the typical tardus-parvus waveform pattern (prolonged ac-
celeration time, spectral broadening), with a resistive index 
of less than 0.5

Fig. 4.2.19a,b. Axial MIP (a) and coronal VR (b) CT angiographic images show a stenosis (arrows) of the hepatic artery, with 
periportal edema and parenchymal infarcts in the left lobe (diffuse and inhomogeneously hypodense regions)

a b
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Portal vein thrombosis usually occurs in the early 
postoperative period. The portal vein may appear 
narrowed at US or an echogenic luminal thrombus 
may be recognized.

Portal vein stenosis presents with signs and symp-
toms of portal hypertension. US shows focal color 
aliasing with more than a three- to fourfold increase 
in velocity at the stenosis relative to the prestenotic 
segment.

MR imaging can be helpful to differentiate slow 
fl ow versus portal vein thrombosis in patients with 
inconclusive US results. TOF imaging has a sensitiv-
ity of 100% and specifi city of 96% for the detection of 
portal vein occlusion (Finn et al. 1991). The sensitiv-
ity and specifi city of gadolinium-enhanced MR for 
detection of portal vein stenosis are 100% and 84%, 
respectively, when a narrowing > 50% of its caliber 
is used as the diagnostic criterion (Kim et al. 2003). 
However, false positives are very common (Kim et 
al. 2003). The presence of poststenotic dilation of the 
portal vein, possibly caused by turbulent fl ow at the 
stenotic site, suggests long-standing severe stenosis 
and can help reduce the number of false-positive re-
sults (Fig. 4.2.21) (Kim et al. 2003).

Hepatic vein stenosis presents clinically with el-
evated liver enzymes, Budd-Chiari syndrome or co-
agulopathy. It is more common in segmental trans-
plants, where it has a 4%–7% incidence (Ko et al. 
2002). Ko et al. (2003) have reported that a persistent 
monophasic wave pattern on Doppler US is a sensi-
tive, but not specifi c, fi nding of hepatic vein stenosis 
after living-donor liver transplantation (Fig. 4.2.22).

MR imaging is an excellent technique to visualize 
the hepatic and abdominal veins. The hepatic veins 
are visualized on gadolinium-enhanced MR images 

Fig. 4.2.20. Normal Doppler US of the main portal vein: fl ow 
is directed towards the liver and has normal velocity and 
periodicity

Fig. 4.2.22. Normal Doppler US of the hepatic veins dem-
onstrating a triphasic waveform, with fl ow directed towards 
the inferior vena cava

Fig. 4.2.21a,b. Mild anastomotic narrowing of the portal 
vein. A 50-year-old man with end-stage liver disease after 
orthotopic liver transplantation. a US color and pulsed Dop-
pler of the right portal vein shows increased velocities within 
this vessel of up to 120 cm/s suggestive of proximal steno-
sis. b Coronal reconstruction of a gadolinium-enhanced 3D 
fat-saturated T1-weighted gradient echo acquisition during 
the portal venous phase shows mild narrowing of the portal 
vein (arrows) at the surgical anastomosis although there is 
normal enhancement of the intrahepatic portal vein. Note 
lack of aneurysmal dilatation of the intrahepatic portal vein, 
distal to the anastomosis. At catheter portography, no pres-
sure gradient was documented in the portal vein

a

b
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in virtually every patient (Stafford-Johnson et al. 
1998). In addition, accessory hepatic veins are read-
ily seen on gadolinium-enhanced MR images dur-
ing the delayed venous phase. MR can differentiate 
between stenosis and occlusion/thrombosis of the 
hepatic veins. In the presence of hepatic vein throm-
bosis, MR imaging can show abnormal increased 
signal intensity of the liver parenchyma in the terri-
tory drained by the occluded hepatic vein. This fi nd-
ing may help to estimate the amount of hepatic con-
gestion in the occlusion of accessory hepatic veins 
(Fig. 4.2.23).

Inferior vena cava (IVC) complications, throm-
bosis and stenosis, are relatively rare (incidence 
lower than 1%); they are more common in the pe-
diatric population or in cases of retransplantation. 
US of IVC thrombosis shows vessel narrowing or an 
intraluminal echogenic thrombus with no Doppler 
signal. IVC stenosis can occur secondary to anas-
tomotic size discrepancy or to suprahepatic caval 
kinking from organ torsion. Doppler US of IVC ste-
nosis shows a three- to fourfold increase in velocity 
through the stenosis compared to the prestenotic 
segment.

Similarly, MR imaging provides exquisite evalu-
ation of the IVC. MR imaging can accurately detect 
IVC stenosis at the anastomosis. However, mild nar-
rowing of the IVC lumen may not correlate with 
clinical symptoms or increased gradient at catheter 
venography (Stafford-Johnson et al. 1998).

Biliary complications, ischemic or non-isch-
emic, occur in up to 25% of transplant recipients 
( Letorneau and Castaneda-Zuniga 1990). Com-
plications include leaks, strictures, stones or sludge, 
dysfunction of the sphincter of Oddi, malposition-
ing of the T-tube, and recurrent disease. 

Bile leaks are usually early complications; they 
may originate from the anastomotic site, the cystic 
duct stump, the cut surface of the liver or they may 
be related to the T-tube (Fig. 4.2.24).

Strictures can occur at the anastomotic site, where 
they are caused by scar tissue, or at non-anastomotic 
sites, where they are most often secondary to isch-
emia caused by hepatic arterial lesions (Quiroga et 
al. 1991).

At MR imaging, the evaluation of biliary com-
plications is based on a combination of thin-slice 
and thick-slab heavily T2-weighted images. Nega-

Fig. 4.2.23a-c. Right hepatic vein thrombosis. A 27-year-
old female status post fulminant liver failure secondary to 
acetaminophen overdose followed by orthotopic liver trans-
plant presenting now with abnormal liver function test. a 
Axial short tau inversion recovery (STIR) image of the up-
per abdomen shows abnormal increased signal intensity in 
the posterior aspect of the right lobe of the liver. Note the 
geographic appearance of the abnormal signal intensity 
with a sharp transition (arrows) between the abnormal and 
normal liver parenchyma suggestive of a vascular distribu-
tion of the disease process. b Maximum intensity projection 
(MIP) reconstruction from a gadolinium-enhanced 3D fat-

saturated T1-weighted gradient echo acquisition during the delayed venous phase shows lack of enhancement of the right 
hepatic vein (arrowheads). c Source axial image from same acquisition as in b confi rms the presence of thrombus in the 
right hepatic vein (arrow). Note the decreased enhancement (arrowheads) in the territory of the right lobe drained by the 
right hepatic vein

a

b

c
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tive oral contrast improves the visualization of the 
biliary system on thick-slab T2-weighted MRCP im-
ages by decreasing the signal intensity of the over-
lying fl uid in the stomach and duodenum. The au-
thors routinely administer a combination of 150 ml 
Gastromark (Mallinckrodt Medical, St. Louis, Mo., 
USA) and 150 ml Readi-cat (EZEM Canada, West-
bury, New York) for MRCP examinations. This prep-
aration provides negative contrast on both T1- and 
T2-weighted sequences, without causing signifi cant 
susceptibility artifacts (Liebig et al. 1993).

MRCP is helpful in the detection of biliary stric-
tures, bile leaks, and biloma formation. Thick-slab 
MRCP images are particularly useful in the presence 
of biliary dilatation (Fig. 4.2.25). However, proximal 
biliary dilatation may be absent in the transplanted 
patient with stenosis at the anastomotic site (Laghi 
et al. 1999; Pandharipande et al. 2001). Careful 
analysis of thin-slice MR images can help to iden-
tify the stricture and/or leak (Fig. 4.2.26). False MR 
positive and negative results may occur in the pres-
ence of surgical clips due to susceptibility artifact 
obscuring the biliary ducts. 

Non-anastomotic biliary strictures and dila-
tions are the result of ischemic insults to the bile 
ducts only within the graft (Boraschi et al. 2004). 
Non-anastomotic strictures are probably the re-
sult of microcirculatory problems and they usually 

involve the hepatic duct bifurcation and progress 
peripherally (Boraschi et al. 2004). Sludge and 
stone formation within affected ducts may oc-
cur (Boraschi et al. 2004). MRCP can accurately 
depict biliary dilation, and the degree and level 
of the obstructive lesions (Boraschi et al. 2004). 
However, MR may underestimate the number and 
length of intrahepatic strictures (Boraschi et al. 
2004). T2-weighted MR images demonstrate low 
signal intensity fi lling defects surrounded by hy-
perintense bile in approximately 50% of patients 
with ischemic-type biliary lesions (Boraschi et al. 
2004). These fi lling defects correspond to a com-
bination of partially or completely sloughed bili-
ary epithelium and stones (Boraschi et al. 2004). 
Gadolinium-enhanced MR imaging shows thick-
ening and increased enhancement of the wall in 
the affected bile ducts in up to 64% of transplanted 
patients (Boraschi et al. 2004).

MR imaging may have an advantage over endo-
scopic retrograde cholangiopancreatography (ERCP) 
in those patients with biliary strictures in whom the 
biliary ducts proximal to the anastomosis are not 
dilated and/or well opacifi ed during the ERCP pro-
cedure. Similarly, overdistention of the biliary ducts 
during the injection of contrast at ERCP in patients 
with biliary strictures may be misinterpreted as do-
nor-recipient size mismatch (Fig. 4.2.27).

Fig. 4.2.24. Biloma. A 47-year-old man 19 days status post 
living, related right lobe liver transplant, with acute onset 
of abdominal pain. Coronal reformat of contrast-enhanced 
CT performed after a percutaneous cholangiogram shows a 
large fl uid collection along the right fl ank (arrows), adjacent 
to the inferior liver edge, fi lled with contrast medium from 
the cholangiogram. These fi ndings confi rmed the presence 
of a bile leak

Fig. 4.2.25. Bile duct anastomotic stricture. A 37-year-old 
female status post fulminant acute hepatitis A, followed 
by orthotopic cadaveric liver transplant presenting now 
with abnormal liver function tests. Coronal thick-slab T2-
weighted single-shot fast spin echo (SSFSE) MRCP image 
shows a short-segment stenosis (arrow) at the biliary anasto-
mosis with upstream dilatation of the common bile duct. The 
remnant of the cystic duct (arrowhead) and a small amount 
of hyperintense fl uid in the duodenal lumen (asterisk) are 
also seen
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Fig. 4.2.26a–c. Hepatic artery occlusion. A 42-year-old man 
with history of ethanol abuse, hepatitis C, and cirrhosis sta-
tus post orthotopic cadaver liver transplant and bile duct 
necrosis secondary to hepatic artery thrombosis. a Coronal 
thick-slab T2-weighted single-shot fast spin echo (SSFSE) 
MRCP image shows the normal extrahepatic common bile 
duct (large arrowhead) and intrahepatic right duct (small 
arrowheads). The intrahepatic left duct is seen proximally 
although an abrupt change in caliber is appreciated in its 
middle portion (arrow). A large hyperintense fl uid collection 
(asterisk) is demonstrated in the porta hepatis overlying the 
bile ducts. b Axial T2-weighted SSFSE image at the level of 
the porta hepatis confi rms the presence of a bile leak (ar-
rowhead) from the left common duct (arrow). The fl uid col-
lection in the porta hepatis is again seen (asterisk). c MRA 
– axial maximum intensity projection (MIP) reconstruction 
of the hepatic artery demonstrates occlusion of this vessel at 
the level of the anastomosis (arrow)

a

b

c Fig. 4.2.27a,b. A 58-year-old female with history of ethanol 
abuse and cirrhosis status post cadaveric liver transplant 
and rising alkaline phosphatase. a Endoscopic retrograde 
cholangiography (ERCP) demonstrates a difference in cali-
ber between the native common bile duct inferiorly and the 
donor hepatic duct above the anastomosis (arrow). This fi nd-
ing was interpreted as a size mismatch between the native 
and donor hepatic ducts. b Maximum intensity projection 
reconstruction (MIP) of a 3D T2-weighted respiratory-trig-
gered fast recovery fast spin echo sequence demonstrates 
a stenosis (arrow) at the level of the anastomosis. Note the 
similar caliber of the donor and native extrahepatic ducts. 
Multiple short-segment areas of stenosis (arrowheads) are 
demonstrated in the intrahepatic ducts likely representing 
non-anastomotic ischemic strictures. The incongruence of 
the results at ERCP and MR can be explained by overdisten-
sion of the native hepatic duct produced by the injection of 
contrast against the anastomotic stricture. A repeated ERCP 
confi rmed the presence of stenosis and an intrabiliary stent 
was placed

b

a
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4.2.5 
Donors

Adult-to-child: left lateral segment
Adult-to-adult: right lobe

Selection of the optimal donor for living-donor 
liver transplantation is a long and detailed process 
which includes clinical, laboratory, serology, histol-
ogy, imaging and psychosocial evaluations of the 
candidate. In addition, ethical issues arise in the 
recipient-donor matching and throughout the post-
transplantation process, especially if complications 
arise. Donor safety is a primary goal in living-donor 
liver transplantation, and imaging is fundamental 
for providing, with minimal invasiveness, useful 
information for optimal candidate selection and 
surgical planning. If the volume for donation is cho-
sen inappropriately, the liver donor may be left with 
insuffi cient parenchyma to sustain metabolic func-
tion, and may need to undergo urgent liver trans-
plantation him or herself, since presently there is no 
equivalent to renal dialysis for liver failure.

Preoperative imaging should evaluate the liver 
parenchyma, depict the relevant vascular anatomy 
and measure the total and lobar volumes (Kruskal 
and Raptopoulos 2002). Exclusion of parenchy-
mal, vascular, and biliary abnormalities or varia-
tions that could increase surgical morbidity for par-
tial hepatectomy is a primary concern.

The two ends of the spectrum of living-donor liver 
transplantation are left lateral segment (LLS) trans-
plantation for adult-to-child donation and right 
lobe donation for adult-to-adult donation. In LLS 
transplantation, grafts tend to be large for size, with 
a possible risk of vascular compression and diffi cul-
ties in abdominal closure. In right lobe transplanta-
tion evaluation of liver volumes is of paramount im-
portance: the balance between providing adequate 
liver volume to the recipient and leaving suffi cient 
volume to the donor to sustain metabolic function 
is very delicate (Guiney et al. 2003). The ideal vol-
ume for recipients is estimated based on the ratio 
between graft weight and recipient body weight or 
between graft volume and estimated liver volume of 
the recipient: when the transplanted parenchyma is 
normal, acceptable values are 0.8% graft weight/re-
cipient body weight (Inomata et al. 2000) and 40% 
graft volume/estimated liver volume of the recipient 
(Lo et al. 1999). Remnant liver volume (RLV) is a 
primary concern and a recent report states that the 

●
●

outcome of donors with an RLV < 35% was not dif-
ferent from that of donors with an RLV 35%, except 
for transient cholestasis (Cho et al. 2006). 

4.2.5.1 
Preoperative Imaging

Preoperative evaluation:
CT protocol
Pertinent vascular variants

Hepatic artery
Portal vein
Hepatic veins

Virtual hemi-hepatectomy

CT and MRI have both been successfully used 
in the preoperative imaging of liver donors (Chu et 
al. 2005; Fulcher et al. 2001; Kamel et al. 2001b; 
Lee et al. 2001; Schroeder et al. 2005). There is no 
clear consensus on which modality is best apt for 
performing a comprehensive evaluation of the do-
nor liver. CT is simple, fast, accurate, widely avail-
able and very comfortable for the patient, while pro-
viding a high consistency of studies, and for these 
reasons it is used by most investigators. However, 
radiation dose and intravenous contrast are of con-
cern. MR imaging has shown promising results as 
the sole preoperative imaging technique for evalu-
ation of living adult-to-adult liver donor candidates 
(Lee et al. 2001). Similarly, MR imaging has been 
advocated as an all-in-one technique for evaluation 
of biliary and vascular anastomosis in the post-
transplanted pediatric population (Chu et al. 2005). 
MR imaging is superior to standard multiphasic CT 
protocols for evaluation of the biliary system. MR 
imaging has the potential to simplify the presurgical 
evaluation of living donors by providing a compre-
hensive evaluation of the vascular and biliary anat-
omy. “All-in-one” CT and MR imaging protocols can 
accurately defi ne the arterial and venous anatomy 
in living liver-donor candidates (Schroeder et al. 
2005). Both CT and MR imaging protocols for evalu-
ation of the biliary system after administration of 
hepatobiliary contrast agents have been proposed. 
Some of the advantages of MR over CT in the evalu-
ation of potential liver donors include the lack of 
ionizing radiation, which is less desirable in these 
typically healthy young subjects, and safety of the 
gadolinium-based contrast agents. The latter in-
cludes a much lower incidence of contrast reactions 
( Shellock and Kanal 1999) and lack of nephro-

●
●
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●
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toxicity (Haustein et al. 1992; Prince et al. 1996; 
Rofsky et al. 1991).

At our institution preoperative evaluation of 
potential liver donors is performed using a multi-
phasic multidetector CT study that enables accu-
rate assessment of the arterial, portal venous and 
hepatic venous anatomy and the performance of 
volume measurements. Oral milk or water (500 ml) 
is used to opacify the proximal bowel; other nega-
tive oral contrast mediums (e.g., Volumen, EZEM) 
can be alternatively used. After a non-intravenously 
enhanced scan is performed, non-ionic intravenous 
contrast material (200 ml) is administered. Acquisi-
tion timing is guided by bolus tracking in the aorta 
(enhancement threshold: 200 HU): early arterial 
scan is initiated when the threshold is reached, then 
a venous (late portal-early venous) scan is initiated 
with a 60-s delay from threshold; a delayed acquisi-
tion is performed after 3 min.

4.2.5.1.1 
What to Evaluate in the Exam

The fi rst step is to screen the liver for the presence of 
focal liver disease and the extent of steatosis. Focal 
liver lesions have been reported in up to 18% of liv-
ing liver donors (Fulcher et al. 2001). The presence 
of malignant lesions disqualifi es the candidate from 
donation. When benign lesions are present, their 
size and site must be carefully evaluated, especially 
if the lesion is on the surgical resection plane.

Both CT and MR can depict and characterize in-
cidentally found liver lesions in living liver-donor 

candidates. In general MR imaging allows for better 
characterization of incidental parenchymal lesions 
than MDCT (Schroeder et al. 2005).

The acceptable upper limit of steatosis in a do-
nor liver is 30%, above which there is high risk 
of liver dysfunction in the donor and graft non-
function in the recipient (Marsman et al. 1996). 
Currently the most sensitive technique for the 
detection of fatty liver is MR with in- and out-of-
phase sequences. Axial dual-echo in-phase and 
opposed-phase T1-weighted GRE images are typi-
cally used for detection of fatty infi ltration and 
iron deposition. In the presence of fatty deposi-
tion, the liver demonstrates decreased signal in-
tensity on opposed-phase images compared to that 
of the in-phase images (Fig. 4.2.28). Conversely, in 
the presence of iron deposition in the liver, there is 
decreased signal intensity on the in-phase images 
(acquired with a longer echo time) compared to 
that of the opposed-phase images (acquired with 
a shorter echo time) due to a susceptibility effect 
caused by the iron. Attenuation values at CT lower 
than 40 HU for the liver parenchyma are sugges-
tive of steatosis (Fig. 4.2.29). Dual-energy CT at 
140 and 80 kVp has been reported to be useful in 
the differentiation between focal fatty infi ltration 
of the liver and low-density neoplastic or non-neo-
plastic lesions, if the iron content of the liver is not 
increased (Raptopoulos et al. 1991): an increase 
in attenuation greater than 10 HU when increas-
ing kVp is unique to fatty infi ltration. Detection of 
steatosis requires the potential donor to undergo 
liver biopsy.

Fig. 4.2.28a,b. Axial T1-weighted in-phase gradient echo image demonstrates homogeneous high signal intensity in the liver 
parenchyma (a). Axial T1-weighted opposed-phase gradient echo image shows diffuse decreased signal intensity of the liver, 
which is diagnostic of fatty infi ltration (b)

a b
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The second step is the evaluation of relevant in-
trahepatic vascular anatomy, with two-dimensional 
and three-dimensional models. Documentation of 
vascular abnormalities or variants, especially when 
intersecting the surgical resection plane, is funda-
mental for correct donor selection and surgical plan-
ning (Erbay et al. 2003). Schroeder et al. (2005) 
assessed the value of MCTA and MRI in depiction 
of the hepatic arterial anatomy, and compared their 
results to the intraoperative fi ndings. MDCTA was 
deemed more accurate and reliable than MRA, with 
a higher number of detected variants and a higher 
rated image quality, likely due to the higher spatial 
resolution of MDCT. 

4.2.5.1.2 
Pertinent Arterial Anatomy Variants 
(Alonso-Torres et al. 2005; Deshpande et al. 2002)

Conventional arterial anatomy might not always 
provide a hepatic artery with suffi cient length be-
cause only part of the liver is harvested. It is impor-
tant to identify the proper hepatic artery bifurcation 
and measure the length of the RHA or LHA before 
its next bifurcation (Fig. 4.2.30). 

A replaced LHA (for adult-to-child donation) or 
RHA (for adult-to-adult donation), being usually 
longer, might allow a safer anastomosis (Fig. 4.2.31). 
On the other hand, an accessory LHA or RHA might 
require the creation of a dual anastomosis, as they 
are to be considered end arteries.

When evaluating a potential right lobe donor, the 
arterial supply to segment IV must be carefully evalu-

ated, because preservation of the arterial infl ow to this 
segment is fundamental to the prevention of liver fail-
ure in the donor. Normally, the artery for segment IV 
arises from the LHA, but it is not uncommon for the 
supply to come from the RHA, through an artery that 
crosses Cantlie’s – and therefore the resection – line. 
Two arterial variants that disqualify the candidate as 
a potential donor are the origin of the RHA or LHA 
before the gastroduodenal artery origin, and the tri-
furcation of the common hepatic artery into gastro-
duodenal, right and left hepatic arteries (Fig. 4.2.32).

Fig. 4.2.29. Unenhanced CT scan of the liver shows dif-
fuse moderate fat infi ltration of the parenchyma, which 
is isodense to the vessels. Mean attenuation of the liver is 
42 HU

Fig. 4.2.30. Preoperative evaluation of the donor. Axial MIP 
image of CT angiogram allows accurate measurement of the 
length of the right hepatic artery before its fi rst bifurcation

Fig. 4.2.31. Coronal MIP image of CT angiogram shows re-
placed left hepatic artery (arrows) originating from the left 
gastric artery
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4.2.5.1.3 
Pertinent Portal Vein Anatomy Variants

Trifurcation of the portal vein into right anterior, 
right posterior and left portal venous branches is an 
important variant, presenting in 6% of the potential 
donors. Knowledge of this variant is important for 
surgical planning, to ensure appropriate ligation in 
the donor and anastomosis in the recipient. One of 
the sectorial veins, most commonly the one supply-
ing segments V and VIII, might originate from the 
left portal vein. Another variant is the right poste-
rior portal vein arising directly from the portal vein, 
before its bifurcation (Fig. 4.2.33).

MR imaging provides exquisite detail of venous 
structures in the abdomen. High intravascular sig-
nal intensity can be achieved during the portal and 
delayed venous phases due to the extended intravas-
cular phase, which has been attributed to minimal 
albumin binding of the gadolinium contrast agent 
(Vogl et al. 1992). In the study by Schroeder et al. 
(2005), MR imaging provided superior visualization 
of the portal and hepatic veins than contrast-en-
hanced MDCT.

4.2.5.1.4 
Pertinent Hepatic Vein Anatomy Variants 

Variations of the hepatic venous anatomy are ob-
served in up to 30% of potential donors. The site of 
the confl uence of the middle hepatic vein should be 

identifi ed, because early branching and ramifi cation 
of the middle hepatic vein can alter the surgical plane. 
One of the most common variants is a replaced or ac-
cessory inferior right hepatic vein: the size of the vein 
and the distance between its drainage into the inferior 
vena cava and that of the right hepatic vein must be 
measured. The locations and drainage patterns of the 
veins draining segments V and VIII must be care-
fully evaluated, because in the conventional anatomy 
they cross the surgical plane; their size must also be 
noted (Fig. 4.2.34). Veins larger than 5 mm should be 
preserved and anastomosed to the recipient’s inferior 
vena cava, to avoid graft venous congestion which may 
lead to rejection (Fulcher et al. 2001; Fig. 4.2.35).

4.2.5.1.5 
Biliary Anatomy

MR imaging of the biliary system is typically per-
formed with a combination of thin-slice and thick-
slab heavily T2-weighted images. The extrahepatic 
biliary system is accurately visualized with these 
techniques up to the level of the hepatic duct bifurca-
tion (Fig. 4.2.36) (Schroeder et al. 2005; Taourel 
et al. 1996). Identifi cation of abnormalities and/or 
anatomic variants of the intrahepatic biliary sys-
tem with conventional T2-weighted MRCP tech-
niques can be challenging and often inadequate, 
particularly in the non-dilated system (Lee et al. 
2001). High-resolution 3D respiratory-triggered T2-
weighted MRCP techniques are now available and 
may improve the visualization of the non-dilated 
intrahepatic biliary system (Fig. 4.2.37).

Fig. 4.2.32. Coronal oblique MIP image of CT angiogram 
shows trifurcation (arrow) of the common hepatic artery 
into gastroduodenal, right and left hepatic arteries, which 
disqualifi es the candidate as a right lobe donor

Fig. 4.2.33. Volume-rendered image of CT angiogram shows 
the right posterior portal vein (arrowheads) arising directly 
from the main portal vein
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Fig. 4.2.34a,b. Axial (a) and coronal (b) MIP images of the CT angiogram show the vein from segment VIII (arrows) 
draining into the middle hepatic vein

Fig. 4.2.35a,b. A 50-year-old man with hepatitis C cirrhosis 2 days status post living-related orthotopic right lobe liver 
transplant and abnormal liver function test. a Axial STIR image at the level of the upper abdomen shows increase signal 
intensity (arrowheads) in the anterior aspect of the liver in a geographic distribution suggestive of a vascular abnormality. 
b Axial gadolinium-enhanced 3D fat-saturated T1-weighted gradient echo acquisition during the delayed venous phase 
shows heterogeneous enhancement in the same area (arrowhead). A non-enhancing vein (arrow) is demonstrated within 
this area and is consistent with a thrombosed branch of the middle hepatic vein. Anatomic variants in the hepatic venous 
system may result in impaired venous drainage if an independent anastomosis for the draining vein is not performed

While conventional CT protocols do not allow for 
evaluation of the intrahepatic biliary system an “all-
in-one” CT imaging protocol after administration 
of a biliary contrast agent (CT cholangiography) has 
been proposed (Schroeder et al. 2005). A superior 
visualization of the biliary system on CT cholan-
giography compared to conventional T2-weighted 
MRCP techniques has been reported (Schroeder et 
al. 2005; Yeh et al. 2004). Schroeder et al. (2005) 
were able to visualize at least up to the second in-
trahepatic branch in all their liver donor candidates 
with a CT cholangiography protocol (Schroeder et 
al. 2005). In this study, MRCP allowed reliable visu-

alization of the common duct up to its bifurcation 
and demonstrated only one-third of the biliary vari-
ants displayed on CT cholangiography (Schroeder 
et al. 2005).

The MR imaging visualization of the non-di-
lated intrahepatic biliary system in living liver 
transplant donor candidates can also be improved 
with administration of contrast agents that are 
excreted by the biliary system. MR imaging after 
administration of mangafodipir trisodium (Tes-
lascan; Amersham Health, Princeton, N.J., USA) 
improves the visualization of anatomic variants 
of the intrahepatic right ductal system, which can 

a
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be critical prior to living right lobe transplantation 
(Lee et al. 2004). Gadobenate dimeglumine (Gado-
linium-BOPTA; Bracco, Milan, Italy) is a gadolin-
ium-based contrast agent that is selectively taken 
up by hepatocytes and approximately 2%–4% of the 
injected dose is excreted through the biliary route 
(Peterstein et al. 2000; Spinazzi et al. 1999). In 
addition, gadolinium-BOPTA can be used for rou-
tine dynamic contrast-enhanced MR imaging and 
allows for multiphase imaging of the liver and MRA 
reconstructions (Goyen et al. 2002). These charac-

teristics make gadolinium-BOPTA a suitable con-
trast agent for an “all-in-one” MR protocol (Lim 
et al. 2005a). Initial results have shown improved 
visualization of the non-dilated intrahepatic bili-
ary system with gadolinium-BOPTA versus man-
gafodipir trisodium MR cholangiography (MRC) 
(Lim et al. 2005b). Gadolinium-BOPTA-enhanced 
MRC increases the diagnostic confi dence of biliary 
anatomic variants in living donor liver transplant 
candidates compared to conventional T2-weighted 
MRCP images (Lim et al. 2005a).

4.2.5.1.6 
Virtual Hepatectomy

MDCT and MRI examinations of the potential 
liver donor allow performance of detailed 3D re-
constructions of the vascular anatomy, and accu-
rate assessment of the ideal surgical plane (1 cm 
right of the middle hepatic vein, parallel to Cantlie’s 
line). A virtual hepatectomy can be performed, to 
help the surgeon choose the ideal resection plane 
(Fig. 4.2.38). The margins of the virtually resected 
lobe can be manually traced similarly to the liver 
volume segmentation technique previously de-
scribed in the paragraph on recipient preoperative 
evaluation (Sect. 4.2.4.1). Another easier, though 
less accurate, method is to create a 3D model with 
the superimposition of the reconstructions of the 
hepatic arteries, portal vein and hepatic veins and 
to virtually cut this 3D model along the desired re-
section plane. This second easier technique can be 
applied in most cases, but not when the technique 
provides borderline lobe volumes for either recipi-
ent or donor.

Accurate determination of the volumes for the 
right and left hepatic lobes is critical prior to split 
liver transplantation (Fig. 4.2.39). Both CT and MR 
provide accurate measurements of the liver volumes. 
Measurement of the liver volume is best achieved 
during the venous phase of the contrast-enhanced 
CT and MR examinations. Both CT and MR tend to 
overestimate the liver volume with MR being more 
prone to this problem (Schroeder et al. 2005). This 
phenomenon may be related to comparison of the 
estimated volumes with the weight measurement of 
the explanted graft, which lacks the physiologic per-
fusion (Schroeder et al. 2005). A conversion factor 
of 0.75 between the preoperative graft volume and 
the effective weight of the non-perfused graft has 
been proposed (Lemke et al. 2003; Schroeder et al. 
2005).

Fig. 4.2.37. Volume-rendered reconstruction of a respira-
tory-triggered 3D T2-weighted fast recovery fast spin echo 
acquisition shows a trifurcation of the intrahepatic common 
bile duct

Fig. 4.2.36. Coronal thick-slab T2-weighted SSFSE MRCP 
image shows an aberrant right hepatic duct (arrow) draining 
directly into the common hepatic duct (arrowhead)
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Fig. 4.2.38a–e. Volume-rendered reconstruction of CT 
angiogram, with its accurate depiction of the arterial (a), 
portal venous (b) and hepatic venous anatomy (c) and the 
possibility of superimposing the different rendered models 
(d) allows detailed preoperative planning prior to the hemi-
hepatectomy (e)

a
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of the intrahepatic course of the resection plane. 
When the proper resection plane is confi rmed, a 
line that connects the dots can be traced and used 
for resection.

4.2.5.3 
Postoperative Imaging

Postoperative
Complications
Intervention
Volumes

Postoperative evaluation of the liver donor is 
performed routinely with US, to assess the onset of 
complications such as fl uid collections or hemato-
mas at the resection site. The most commonly re-
ported donor complication is bile leak (Pomfret 
et al. 2001; Renz and Busuttil 2000). A collection 
along the resection plane is not uncommon, but usu-
ally resolves spontaneously.

Imaging can provide useful guidance for the 
treatment of these postoperative complications: US 
and CT can be used to guide the drainage of collec-
tions and hematomas, while vascular and biliary 
complications are often managed with interven-
tional radiology procedures. Regeneration of the 
liver can be followed by CT or MRI, which allow 
measurement of the parenchymal volume and as-
sessment of its progressive increase (Kamel et al. 
2003) (Fig. 4.2.40). Insuffi cient remnant volume to 
the donor is probably the most severe complication, 
as the only treatment for liver insuffi ciency would be 
urgent transplantation.
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Intra-operative
US
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5.1.1 
Introduction

The fi rst human lung transplantation (LuTX) was 
performed by Dr James Hardy (Hardy et al. 1963) 
in June 1960 at the University of Mississippi in a pa-
tient with unresectable lung cancer and obstructive 
pneumonitis. The patient received immunosuppres-
sion with azathioprine (Aza) and irradiation, but he 
died due to renal failure after 17 days.

Surgeons in the United States, Canada and Eu-
rope performed about 40 human lung transplan-
tations between Hardy’s operation and the end of 
1980. But success was limited by anastomotic heal-
ing problems immediately after the operation, tech-
nical complications, infections and the inability to 
differentiate infection from rejection. Improvement 
of bronchial anastomotic healing was achieved by 
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introducing ciclosporin (CsA) and reducing the 
dose of corticosteroids.

In 1983 the Toronto Lung Transplant Group 
(1986) performed the fi rst single-lung transplanta-
tions for patients with end-stage chronic obstructive 
pulmonary disease and advanced pulmonary fi bro-
sis. Their technique was later expanded to bilateral 
sequential single-lung transplantation for patients 
with bronchiectasis and cystic fi brosis.

More recently, use of living donors for lobar al-
lografts has been demonstrated to be a useful alter-
native for selected patients who require isolated lung 
transplantation.

5.1.1.1 
Survival, Indications and Contraindications

Despite the wide acceptance of LuTX as a treatment 
option for patients with end-stage lung disease, the 

long-term outcome of this procedure is inferior 
compared with the results of other solid organ trans-
plants. However, at experienced transplant centres 
1-year survival rates have increased recently, achiev-
ing more than 85% in selected patients. Survival 
rates depend on recipient age, underlying disease, 
physical status at the time of transplantation, co-
morbidities and other factors (Fig. 5.1.1) (Hertz et 
al. 2002).

To date more then 15,000 lung transplantations 
have been performed worldwide, indications have 
been expanded (Fig. 5.1.2; Table 5.1.1) and more pa-
tients are being accepted as recipients despite being 
older or having comorbidities.

The main indications (Glanville and  Estenne 
2003) are chronic obstructive pulmonary disease 
(COPD), idiopathic pulmonary fi brosis (IPF), pri-
mary (PPH) and secondary pulmonary (SPH) hy-
pertension and cystic fi brosis (CF), but also rare 
diseases (Saleem et al. 2005) such as lymphangi-
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Fig. 5.1.3. Adult lung recipients. Maintenance immunosuppression at time of follow-up for fol-
low-ups between January 2001 and June 2004

Table 5.1.1. Indications for lung transplantation

Lung emphysema/COPD

Cystic fi brosis

Idiopathic pulmonary fi brosis

Alpha-1-antitrypsin defi ciency

Primary pulmonary hypertension

Re-transplantation

Secondary pulmonary hypertension

Lymphangioleiomyomatosis

Langerhans’ cell histiocytosis

Sarcoidosis
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1 Year Follow-up (N = 1,928) 5 Year Follow-up (N = 865)

Calcineurin
Inhibitor

CellCycle Rapamycin CellCycle Rapamycin

oleiomyomatosis (LAM), Langerhans’ histiocyto-
sis, alveolar cell carcinoma and sarcoidosis have 
gained more acceptance as indications for trans-
plantation.

Absolute (Boe et al. 2003) contraindications to 
LuTX include serious dysfunction of the kidney 
and liver, active extrapulmonary infection, cur-
rent tobacco use or other substance abuse (e.g. 
alcohol, narcotics), progressive neuromuscular 
disease and active malignancy within the past 
5 years.

Relative contraindications include medical con-
ditions of the recipients that are felt to potentially 
impact on the long-term outcome and should be op-
timally treated and well controlled prior to surgery 
[diabetes mellitus, systemic hypertension and pep-

tic ulcer disease, osteoporosis, age, body mass index 
(BMI) < 18 or > 25–30 kg/m2, steroid dose > 20 mg/
day].

5.1.1.2 
Immunosuppression

The majority (Knoop et al. 2003) of lung trans-
plant recipients receive a triple-drug maintenance 
regimen including calcineurin inhibitors [CsA or 
tacrolimus (Tac)], cell-cycle inhibitors [mycophe-
nolate mofetil (MMF), sirolimus, everolimus] and 
steroids (Fig. 5.1.3). Equal proportions receive CsA 
and Tac. There is also a trend to prescribe MMF in-
stead of Aza. Steroid withdrawal is uncommon even 
5 years after transplantation. The use of induction 
therapy with poly- or monoclonal antibodies is dis-
cussed controversially and differs between trans-
plant centres.

A high-dose intravenous steroid pulse is the stan-
dard treatment for uncomplicated acute rejection. 
A switch from CsA to Tac is the fi rst treatment step 
of refractory acute rejection followed by high-dose 
steroids or antilymphocyte agents, total lymphoid 
irradiation or extracorporeal photopheresis.

The treatment of chronic rejection is challenging 
and includes different strategies such as modifi ca-
tion of the maintenance regimen, augmentation of 
the immunosuppressive medication, addition of in-
haled immunosuppressant or other immunomodu-
latory treatments.
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5.1.1.3 
Transplant Procedures

Single-lung transplantation is the most common 
form of transplantation used in patients with COPD 
and IPF. Due to organ scarcity other TX techniques, 
such as lobar and split lung transplantation, are 
used and allow the use of living donors especially 
in younger patients.

Double-lung TX is mandatory for all infectious 
lung diseases, for example cystic fi brosis, chronic 
infected obstructive lung diseases and in most cases 
of severe pulmonary hypertension.

Bilateral LuTX is performed as two subsequent 
single LuTXs, replacing one side after the other 
through a transverse thoracosternotomy or through 
minithoracotomies.

Combined (Boe et al. 2003) heart-lung transplan-
tation is indicated in cases of end-stage lung disease 
with irreversible heart failure and in patients suffer-
ing from complex Eisenmenger’s syndrome.

5.1.2 
Pretransplant Evaluation and Imaging

5.1.2.1 
Recipient Evaluation

Different imaging techniques play an important 
role in evaluating patients for lung transplantation, 
predicting transplant risk and searching for comor-
bidities.

The following radiological investigations are per-
formed routinely in lung transplant candidates:

Chest CT and radiograph
Thoracoabdominal CT scan
Abdominal ultrasound
Ventilation/perfusion scan especially for single 
LuTX
Sinus CT (in cystic fi brosis).

Radiology, together with pathology, is necessary 
to establish the accurate diagnosis of the candidate’s 
lung disease. In combination with functional diag-
nostic methods, imaging methods are important for 
calculating the loss of functional lung tissue, fi nd-
ing the optimal time of referral and fi nally helping 
to decide the appropriate surgical technique in each 
distinct case.

●
●
●
●

●

For patients with emphysema (Slone et al. 1998), 
imaging studies have been useful for selecting pa-
tients for surgical interventions, such as bullec-
tomy and lung volume reduction surgery (LVRS), 
both methods being used as bridging techniques to 
LuTX.

5.1.2.2 
Donor Evaluation

Typically a donor is an intubated ventilated pa-
tient; brain death diagnosis should be initiated and 
the transplant team be sent information about the 
patient’s history and cause of death. A recent chest 
radiograph is performed to evaluate infectious or 
posttraumatic lesions and to compare donor and 
recipient size and measured or calculated lung vol-
ume.

Basic criteria for consideration for lung donation 
now comprise an organ donor with a lack of signifi -
cant pulmonary disease, although donors with mild 
asthma may be accepted, and a chest radiograph 
demonstrating one clear lung fi eld. A multiorgan 
donor with pneumonia or severe contusion to one 
lung may be a satisfactory single-lung donor.

Pneumonia, trauma, pneumothorax, hematoho-
rax, effusions and solid tumours are radiographi-
cally visible.

Aspiration, atelectasis and pneumonia are com-
mon in potential donors, and therefore endotracheal 
suctioning, percussion, turning for postural drain-
age and occasional manual lung infl ation are criti-
cally important. Mucopurulent secretions are fre-
quent in donors with a normal chest radiograph and 
do not preclude lung donation.

The current defi nition of brainstem death is 
based on coma, absent brainstem refl exes and ap-
noea, with the criteria for organ donation listed in 
Table 5.1.2.

Table 5.1.2. Minimum donor criteria for organ donation. 
From Boe et al. (2003) 

Patient meets criteria for brainstem death

Absence of malignancy with metastatic potential

Absence of sepsis or communicable disease
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Table 5.1.3. Interpretation of chest radiograph shadowing 
post lung transplant

Time after transplantation (h)

< 24 > 24

Diffuse Overhydration
Reperfusion injury

Overhydration
Rejection
Late reperfusion injury

Localised Surgical residua
Localized graft injury
Haemorrhage pleural 
fl uid accumulation

Pneumonia
Pleural fl uid accumu-
lation

Lobar Vascular problem
Obstructing clot

Vascular problem
Sputum plug
Pneumonia

5.1.3 
Imaging During the First 3 Months After 
Transplantation

5.1.3.1 
Normal Appearance

5.1.3.1.1 
At the ICU

After arrival at the intensive care unit (ICU) patients 
are always monitored by arterial and Swan–Ganz 
catheter measurements. Arterial blood-gas, car-
diac output and urine production are measured 
and the position of the endotracheal tube has to be 
checked.

Sometimes extracorporeal membrane oxygen-
ation (ECMO) or cardiopulmonary bypass is re-
quired, especially in patients with pulmonary hy-
pertension, to protect the pulmonary circulation 
and the left ventricle from volume overload. After 
single-lung TX double-lumen tracheal tubes are 
sometimes used to ventilate both lungs separately 
for some hours to avoid hyperinfl ation of the native 
emphysematous lung.

Chest tubes are obligatory for the fi rst few days: 
two tubes are placed on each transplanted side. The 
quantity and quality of the fl uid have to be moni-
tored and postoperative bleeding has to be detected 
by measuring the haemoglobin value of the pleural 
fl uid.

The fi rst thoracic radiograph, which is per-
formed immediately after arrival at the ICU, gives 
important information (see Table 5.1.3). It provides 

evidence relating to the presence of oedema or at-
electasis, pneumothorax, lung expansion and size, 
and position of the diaphragm and mediastinum. If 
some form of  lung shadowing is recognized, a dif-
ferential diagnosis has to be made and the resulting 
therapeutic interventions have to be initiated (see 
Sect. 5.1.4).

5.1.4 
Complications

5.1.4.1 
Complications of the First 24 H

5.1.4.1.1 
Size Mismatch

Size mismatch of donor lung and recipient hemi-
thorax can cause mechanical and infectious prob-
lems. Therefore, a careful pretransplant evaluation 
of donor lung size is essential to reduce postop-
erative problems. If the implanted lung is too large, 
atelectasis can occur with subsequent severe infec-
tion problems. Possible solutions to overcome this 
problem include intraoperative size reduction or use 
of single lobes.

A mismatch of 25%–30% is acceptable but size 
mismatch less than 10% would be ideal (Massard 
et al. 1993).

Chest radiograph, thoracic CT and lung func-
tion with body plethysmography are important to 
assess the size of donor and recipient lungs, one of 
the most important criteria for defi ning the match-
ing donor.

5.1.4.1.2 
Pneumothorax

See Sect. 5.1.4.2 for complication after 24 h.

5.1.4.1.3 
Reperfusion Oedema/Reimplantation Response 
(RIR)

The reimplantation response is a type of noncar-
diogenic pulmonary oedema resulting from the un-
avoidable trauma associated with transplantation 
(Montefusco and Veith 1986). The aetiology is 
unknown but considered to be secondary to a com-
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bination of surgical trauma, ischaemic damage to 
capillaries, denervation, and interruption of lym-
phatic drainage, surfactant defi ciency and different 
coagulation factor disturbances (Collins 2000).

Some degree of reperfusion oedema is present in 
almost all lung transplant recipients.

Management of this problem includes exclusion 
of other differential diagnoses (particularly pulmo-
nary venous obstruction) and supportive therapy in 
terms of oxygen, NO and the avoidance of fl uid over-
loading. However, running the patient dry in these 
early days can lead to signifi cant short- and long-
term renal impairment.

Radiographically, a diffuse alveolar pattern of in-
fi ltration or reticulonodular change is identifi ed in 
the perihilar and basilar regions of the transplanted 
lung. Abnormalities are fi rst detected on the chest 
radiograph at 24–48 h postoperatively. The changes 
reach a peak before day 4 and begin to resolve by 
day 5. In the majority of cases, complete resolution 
should be achieved by day 14. The differential diag-
nosis of this alveolar and interstitial infi ltration also 
includes acute rejection and pneumonic infi ltration. 
Localized densities can occur for a variety of rea-
sons.

Histologically diffuse alveolar damage (DAD) 
or BOOP-like reactions (BOOP is bronchiolitis ob-
literans organizing pneumonia) are described. Any 
change in the chest X-ray beginning after day 5 
should be assumed to be due to some other cause 
such as infection or rejection.

Use of CT scan seems of no diagnostic benefi t; 
X-ray investigation together with the clinical pic-
ture, histology and time course should fi x a diag-
nosis of RIR.

5.1.4.2 
Early Complications (< 1–2 Months)

5.1.4.2.1 
Pneumothorax, Transient Air Leak and 
Pleural Eff usions

All patients experience pleural effusion ipsilateral 
to the transplanted lung in the postoperative period 
that requires drainage with thoracostomy tubes. In 
the initial phase after lung transplantation, pleural 
drainage is haemorrhagic in most patients but tends 
to self-limit and becomes progressively less haemor-
rhagic until becoming serous after 7 days (Judson 
et al. 1996).

Postoperative pleural complications occur in up 
to 22%. The most frequent complications are pneu-
mothorax and empyema (Herridge et al. 1995). 
During post-transplant follow-up, the majority of 
surviving patients have residual pleural alterations 
detectable with CT. These alterations do not seem to 
worsen the progress of these patients, although they 
may be an inconvenience should re-transplantation 
be required.

Haemothorax and persistent air leak are as-
sociated with increased postoperative mortality. 
Chest CT shows pleural alterations in most patients 
12 months after transplantation (Ferrer et al. 
2003).

5.1.4.2.2 
Phrenic Nerve Injury (PNI)

Injury of the phrenic nerve can be caused from 
stretching or direct instrumentation of the nerve 
and occurs after double-lung transplantation in up 
to 40% in different degrees. Paralysis of the dia-
phragm results in prolonged ventilation time and 
longer ICU time (Sheridan et al. 1995; Ferdinande 
et al. 2004).

Radiologic signs of PNI are atelectasis of the lower 
lobe or raised diaphragm.

Sheridan et al. (1995)  evaluated 27 lung trans-
plant recipients and found 8 with phrenic nerve in-
jury, an incidence of 30%. An increased hospital stay 
was noted in these patients. In most cases, the event 
occurred in patients with bilateral LuTX and had 
little impact on lung function.

5.1.4.2.3 
Reimplantation Response (RIR)

See Sect. 5.1.4.1.3.

5.1.4.2.4 
Acute Rejection (AR)

Acute rejection (AR) of the lung manifests patho-
logically as infi ltration of mainly lymphocytes in 
the perivascular and peribronchial/peribronchiolar 
regions. It is graded according to the intensity of 
the infi ltrating cells and to the extent of lung paren-
chyma involvement. Air space oedema and mono-
nuclear cells are also present features.

Acute rejection of the lung is graded according 
to the International Society for Heart Lung Trans-
plantation (ISHLT) Working Formulation (Yousem 
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et al. 1996). Acute rejection consists of fi ve grades 
ranging from A0 (no rejection) to A1–A4 (minimal 
to severe AR).

A diagnosis of AR should only be made when 
other possible causes of abnormal function or ra-
diological shadowing are excluded histologically, 
microbiologically and clinically. Common dif-
ferential diagnoses are infections and in the early 
postoperative period acute lung injury or reperfu-
sion injury (Zenati et al. 1990). Usually AR devel-
ops during the fi rst 6 months after transplantation, 
but any decrease in lung function or infi ltrate on 
chest X-ray should be suspected as AR even years 
after transplantation.

In addition, AR tends to arise after the 5th post-
operative day, in contrast to the reimplantation re-
sponse that tends to become manifest within the 
fi rst 48 h.

The clinical diagnosis of acute lung rejection in-
cludes the presence of fever, infi ltrates on the chest 
radiograph, decreased oxygen uptake, exclusion of 
infection (by bronchial lavage, BAL) and a rapid 
improvement of symptoms after an IV steroid bolus 
but in some cases no clinical or radiological signs 
develop and AR is only diagnosed histologically. Al-
most all lung transplant patients experience at least 
one episode of AR.

Although the chest X-ray is relatively insensitive 
and nonspecifi c in the diagnosis of acute pulmonary 
rejection, it may be the fi rst hint  that rejection is 
occurring. Chest X-ray may be normal in 50%, oth-
ers may show peribronchial thickening, areas of in-
creased opacity, pleural effusions or consolidations 
(Ward and Muller 2000).

A radiographic response to treatment may con-
fi rm the suspicion of rejection. In most cases rejec-
tion is confi rmed by transbronchial biopsy.

Findings on CT scan and HRCT are nonspecifi c 
and have a low positive predictive value. Herber 
et al. (2001) reported ten patients with proven AR, 
ground glass opacities, bronchial wall thickening, 
septal thickening, dilatation of the bronchus, pleu-
ral effusions and centrilobular densities with a spec-
ifi city of 30%–50%.

5.1.4.3 
Infection

Infection is a frequent cause of mortality and mor-
bidity in lung transplant recipients. Direct com-
munication of the transplanted lung with the at-

mosphere and impaired mucociliary action in an 
immunocompromised patient predispose them to 
bacterial, viral and fungal infections. Within the 
fi rst postoperative month, bacteria and fungi are 
common causes of infection, while viral infections 
are common in the 2nd and 3rd months (Tables 5.1.4, 
5.1.5). Transplanted infections of the donor or per-
sisting microorganisms of the recipient, especially 
after single-lung transplant are sources of early 
postoperative infections. Although bacteria are re-
sponsible for the majority of infections following 
lung transplantation, fungal infections are associ-
ated with the highest mortality (Alexander and 
Tapson 2001).

Collins and co-workers (2000) identifi ed 39 pa-
tients with 45 pneumonias. Of these 45 pneumonias, 
the most common single infectious organisms were 
Cytomegalovirus in 15 pneumonias, Pseudomonas 
in 7 pneumonias, and Aspergillus in 8 pneumonias. 
The most common CT fi ndings of pneumonia were 
consolidation in 82%, ground glass opacifi cation in 
76%, septal thickening in 73%, pleural effusion in 
73%, multiple nodules in 56%, and single nodules in 
4% of pneumonias. There were no signifi cant differ-
ences in the prevalence of fi ndings among bacterial, 
viral and fungal pneumonias (Ward and Muller 
2000).

Radiographic fi ndings are often nonspecifi c and 
usually do not distinguish pneumonia from rejec-
tion, unless fi ndings are present in the native lung. 
CT is useful for early detection of pneumonia and is 
helpful in directing bronchoscopy or transbronchial 
biopsy, and is very useful in following response to 
therapy.

5.1.4.3.1 
Bacterial Infection

Bacterial pneumonia accounts for the majority of 
infections, generally occurring in the fi rst 2 months. 
Pseudomonas and Klebsiella are the most common 
pathogens. The radiologic features of infection are 
generally nonspecifi c and sometimes subtle but CT, 
and in particular HRCT, is very helpful when mak-
ing the diagnosis, showing consolidation, ground 
glass opacifi cation and nodularity. The nodularity 
may have a tree-in-bud pattern (Collins et al. 2000). 
Diagnosis should be confi rmed by bacteriology 
taken from bronchoalveolar lavage; transbronchial 
biopsy should be performed to distinguish pneu-
monia from AR, diffuse alveolar damage (DAD) or 
BOOP.
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Table 5.1.5. Relevant infections after lung transplantation grouped according to type and frequency. 
(CMV Cytomegalovirus, EBV Epstein–Barr virus, HIV human immunodefi ciency virus, HHV human 
herpes virus, HSV herpes simplex virus, RSV respiratory syncytial virus, VZV varicella zoster virus)

Group Frequent Infrequent

Bacterial Bacterial bronchitis and/or pneumonia
Pseudomonas aeruginosa
Enterobacteriaceae
Staphylococcus aureus
Enterococcus
Haemophilus infl uenzae
Paranasal sinusitis
Gastroenteritis

Atypical pneumonias
Tuberculosis
Nontuberculous mycobacteriosis
Nocardiosis
Anaerobic infections (actinomyces, etc.)

Viral Herpes virus infections 
CMV
EBV
HSV
VZV
Viral respiratory tract infection 
Rhinovirus
Parainfl uenza virus
Infl uenza virus
RSV
Adenovirus
Viral gastroenteritis

HIV infection
JC virus infection
Polyoma BK virus infection
HHV6?
HHV7?
Hepatitis B and C

Fungal Aspergillus fumigatus/niger/fl avus
Candida species

Mucormycosis
Cryptococcal infection
Penicillium infection 

Protozoa P. carinii pneumonia
Toxoplasmosis

Table 5.1.4. Timeline of complications following lung transplantation that may require intensive care 
unit treatment (from Lau et al. 2004). (BOS Bronchiolitis obliterans syndrome, CMV cytomegalovirus, 
GI gastrointestinal)

 0 1 2 3 4 8 12 16 20 24 52
Weeks after Transplantation

Acute Renal Failure Chronic Renal Disease

Chronic Graft Rejection (BOS)

Acute Graft Rejection

GI Complications

Atrial Tachyarrhythmias

Empyomas

Fungal Infections

CMV Infections

Community Respiratory Viral Infections

Bacterial Pneumonia

Ischemia Reperfusion Injury

Bronchial Dehiscence
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5.1.4.3.2 
Fungal Infection

Fungal (Kubak 2002) infections are a signifi cant 
cause of postoperative morbidity and mortality in 
lung transplant recipients. The lung recipient re-
mains continuously open to the environment and to 
the myriad of fungal spores and pathogens.

Early fungal infections are related to surgical 
complications or derived from the implanted lung; 
fungal infections after months 1–6 refl ect opportu-
nistic, relapsed, or residual infections. Late fungal 
infections are usually associated with treatments 
for chronic rejection or bronchial airway mechani-
cal abnormalities.

Most frequent fungal infections in lung trans-
plant recipients are related to Aspergillus species, 
followed by Candida and Cryptococcus. Infection 
with Aspergillus species can present in different 
forms, such as tracheobronchitis, bronchopneumo-
nia, bronchocentric granulomatosis, angioinvasive 
disease, allergic bronchopulmonary aspergillo-
sis, acute eosinophilic pneumonia, mycetoma and 
empyema. The identifi cation of high-risk patients 
(preoperatively and postoperatively) is essential in 
implementing prophylactic or pre-emptive manage-
ment.

The most frequent CT pattern in patients with in-
vasive fungal infection is a combination of nodules, 
consolidation and ground glass opacities. The an-
gioinvasive type of aspergillosis often has a typical 
CT appearance of a mass with surrounding ground 
glass opacity or halo sign. These masses or nodules 
may be multiple and some may go on to cavitate.

5.1.4.3.3 
Viral Infection

Cytomegalovirus (CMV) pneumonia was the second 
commonest infection in transplant recipients with 
a very high mortality, occurring in up to 50% of 
patients in some series. It may be diffi cult to dis-
tinguish CMV infection from AR since the clinical 
signs and symptoms are usually similar; however, 
the timing of symptoms may provide a clue to the 
diagnosis as being CMV infection, which rarely oc-
curs within the fi rst 2 weeks after transplantation.

The chest radiograph in patients with CMV pneu-
monia may be normal or show ground glass opaci-
ties or reticulonodular opacities. HRCT is more sen-

sitive and may help to guide the appropriate site for 
biopsy. The HRCT features of CMV infection include 
ground glass opacities, nodules which may tend to 
coalesce and consolidations.

When only ground glass opacifi cation is seen on 
CT, Pneumocystis carinii pneumonia and AR should 
also be considered in the differential diagnosis.

5.1.4.3.4 
Tuberculosis

Infections may be caused by reactivation of a pri-
mary infection in the recipient, reactivation of a le-
sion from the donor lung, or as a primary infection. 
The (Morales et al. 2005) increase in the number of 
solid organ transplants has resulted in an increased 
incidence of opportunistic infections, including in-
fection by typical and atypical mycobacteria, with 
the risk of developing tuberculosis. Pretransplant 
chemoprophylaxis with isoniazid has become in-
creasingly common in an attempt to prevent the 
disease. The source of infection in tuberculosis (TB) 
may be diffi cult to identify. There are few reports 
on TB in lung transplantation (Baldi et al. 1997; 
Miller et al. 1995).

The incidence of infections with tuberculosis 
ranges from 6.5% to 10%. In a series from Spain Mo-
rales and co-workers (2005) found a rate of 2.6% 
with a high mortality of 42.8% due to failing or not 
successfully completed treatment. 

Malouf and Glanville (1999) found an inci-
dence of 9% (23 patients of 261) with mycobacte-
rial infections, 19 cases with pulmonary (M. avium 
complex n = 13, M. tuber n = 2, M. abscessus n = 2, 
M. asiaticum n = 1 and M. kansasii n = 1) and 6 with 
extrapulmonary infections. Most episodes were 
treated and graft function improved in most cases. 
They concluded that mycobacterial infections, par-
ticularly due to nontuberculous mycobacteria, are 
relatively common after lung transplantation and 
may be an unrecognized cause of graft dysfunc-
tion.

Schulman et al. (1997) published two cases of 
pulmonary tuberculosis, both 3 months after bilat-
eral lung transplantation, and found radiographi-
cally a narrowing of the middle lobe bronchus of the 
right lung caused by an endobronchial granuloma-
tous mass (n=1) and a focal cluster of small nodules 
in the upper lobe of the left lung and small bilateral 
pleural effusions (n=1).



148 P. Jaksch

5.1.4.3.5 
Bronchial Problems/Anastomotic Problems

The most common airway problems are anastomotic 
dehiscence and bronchial stenosis due to strictures. 
The reason is mostly a lack of perfusion of the bron-
chial tree, as the donor airways depend on a retro-
grade pulmonary-to-bronchial arterial circulation 
until revascularization of the bronchus wall occurs. 
Ischaemia is greater on the right main bronchus 
than on the left, therefore anastomotic healing is 
better on the left and early stenotic problems or 
dehiscence occur on the right anastomosis more 
frequently than on the left side. In the early years 
of transplantation the en bloc technique was mainly 
performed with a high incidence of tracheal dehis-
cence, which prompted the development of bilateral 
lung transplantation.

To reduce the risk of ischaemic airway problems 
the steroid dose was lowered in the early postopera-
tive period and surgical tricks such as omental wrap 
or different sutures types were tried.

Airway dehiscence can be suspected when a pneu-
mothorax with a persistent air leak occurs some days 
after the operation or anastomotic wound healing 
problems are detected via bronchoscopy.

Radiographically dehiscence can be detected by 
the presence of extrapulmonary peribronchial air 
on chest X-ray or CT. Using thin-section CT, small 
amounts of extraluminal air can be found and can 
lead to early interventions such as endobronchial 
stenting before infectious problems occur.

Delayed bronchial problems such as stenosis 
can be suspected when atelectasis occurs weeks or 
months after transplantation. Diagnosis of stenosis 
has to be confi rmed by bronchoscopy and CT. Rea-
sons for late bronchial stenotic problems are chronic 
infectious problems due to ischaemia and strictures 
due to shrinking bronchial walls.

5.1.5 
Long-Term Follow-Up

5.1.5.1 
Normal Appearance

In double-lung recipients the chest X-ray can appear 
without any pathology. If a size reduction has to 
be performed intraoperatively stapler devices can 

be seen. A raised diaphragm could give a hint of 
phrenic nerve injury. Pleural thickening is mostly 
seen on the lower parts of the lungs.

In single-lung recipients hyperinfl ation of the 
native lung in COPD patients can be observed. In 
contrast in IPF recipients the transplanted lung can 
impose hyperinfl ated.

5.1.5.2 
Long-Term Complications

5.1.5.2.1 
Chronic Rejection/BO(S)

Chronic rejection (bronchiolitis obliterans, BO) 
is the single most important cause of chronic al-
lograft dysfunction and of late mortality after lung 
transplantation. It is an infl ammatory disorder of 
the small airways leading to obstruction and de-
struction of pulmonary bronchioles and severe 
obstructive airway disease. This condition is dif-
fi cult to prove using biopsy specimens, because BO 
may be patchy in distribution; therefore, a clinical 
term, bronchiolitis obliterans syndrome (BOS), has 
been in use for > 10 years to describe the progres-
sive decrease of pulmonary function (Verleden 
2005). Following the ISHLT grading system BOS is 
graded BOS grade 0, 0p, 1, 2 and 3, depending on the 
decrease of forced expiratory volume in 1 s (FEV1) 
compared to the best reproducible value reached 
after transplantation.

The recent incidence of chronic lung dysfunction 
due to BO is about 60% at 5 years post transplanta-
tion and this is one of the main indications for re-
transplantation.

Immune-mediated injury has been recognized 
as the leading cause of BOS, but recently nonim-
mune mechanisms, such as gastro-oesophageal 
refl ux, have been recognized as potential cofac-
tors. The results of various treatment options have 
generally been frustrating, therefore early diagno-
sis is needed to prevent or reverse progression of 
disease.

Bronchiolitis obliterans usually begins later than 
3 months following transplant and manifests as dys-
pnoea, obstruction of the airways, recurrent lower 
tract infections and a rapid progression over months 
with a clinical course similar to that of COPD.

Several potential early markers such as lung 
function, BAL analysis, analysis of exhaled gases, 
breath condensate and CT are known and routinely 
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used to assess the time course of changes and to 
predict the decrease in lung function and the risk 
for BOS.

The radiographic features of BO are: peribron-
chial and interstitial opacities, bronchial dilatation, 
decreased vascular markings with areas of hyper-
infl ation (best detected on expiratory CT), periph-
eral patchy consolidation and multiple pulmonary 
nodules 0.5–1.5 cm in diameter. The presence of air 
trapping on expiratory HRCT is a good indicator of 
the bronchiolar obliteration. In patients with BOS, 
areas with obstructed airways cannot empty and 
remain more radiolucent, while in areas that have 
normal airways the density increases during the ex-
piratory phase. In a study by Bankier et al. (2001) 
fi ve of six patients with initial false-positive fi ndings 
(with signifi cant air trapping but an FEV1 > 80% of 
baseline) later developed BOS, which suggests that 
expiratory CT may contribute to the early detection 
of the condition. Conversely, air trapping has a very 
high negative predictive value, i.e. a low score of air 
trapping in a patient with declining lung function 
makes the diagnosis of BOS very unlikely. Quantifi -
cation of air trapping using expiratory HR showed a 
good correlation between BOS grade and percentage 
of expiratory trapping, with a cut-off level of  more 
than 32% as an early indicator for BO (Bankier et 
al. 2001).

5.1.5.2.2 
Infections

See Sect. 5.1.4.3.

5.1.5.2.3 
Post-Transplant Lymphoproliferative Disease (PTLD)

PTLD is a typical complication with an incidence 
of about 1%–3% and an onset 8–12 months post-
transplantation. It is associated with EBV infection 
and induced through T-cell suppression due to CsA, 
Tac or MMF. Most cases are B-cell lymphoma with a 
signifi cantly higher incidence after lung transplan-
tation compared to other organs. PTLD can involve 
multiple organ systems, commonly lymph nodes 
cervical, GI tract, particularly distal small bowel, 
proximal colon or multicentric, or the lungs as a 
solitary mass, multiple nodules or as hilar lymph 
adenopathy.

Reduction of immunosuppressive medication, 
chemotherapy and B-cell antibodies are all thera-
peutic options.

Diagnosis is suspected on radiography and CT 
scan, but is confi rmed by open lung biopsy or trans-
bronchial biopsy.

5.1.5.2.4 
Malignancies

An increased risk of developing certain malig-
nancies is a recognized complication of organ 
transplantation. The patterns and incidence of 
malignancy in transplant recipients differ from 
those in the general population and are substan-
tially infl uenced by the specifi c type of allograft 
and immunosuppressive therapy received (Penn 
1993). The Registry of the International Society for 
Heart and Lung Transplantation has reported the 
incidence of malignancy at 1-year follow-up after 
lung transplantation to be 4.3%, with 50.7% due to 
lymphoproliferative disorders, and at 5-year follow-
up to be 7.7%, with 17.8% due to lymphoprolifera-
tive disorders and 50.7% due to skin malignancies 
( Hosenpud et al. 2000).

Bronchogenic carcinoma develops in the na-
tive lung of transplant recipients with emphysema 
and pulmonary fi brosis at frequencies of 2% and 
4%, respectively. The carcinomas most commonly 
manifest as a pulmonary nodule or mass on chest 
radiographs, with more nodules seen on CT scans 
(Collins et al. 2002). This rate is similar to that in 
other high-risk populations (e.g. elderly smokers 
with emphysema or other chronic lung disease). 
The majority of cancers are associated with a poor 
prognosis. The most common imaging manifesta-
tions are a solitary pulmonary nodule or mass.

5.1.5.2.5 
Complications of the Native Lung

McAdams and co-workers (2001) published a series 
of 111 single-lung recipients and complications oc-
curred in 17 (15%) recipients, most commonly due 
to infections or lung cancer, and this caused seri-
ous morbidity or mortality in 12 (71%) of the 17 
patients affected. Infectious complications typically 
manifested as lobar or segmental opacities on chest 
radiographs or CT scans. Lung cancer manifested as 
a solitary, circumscribed nodule, multiple nodules, 
or a hilar mass.

Hyperinfl ation of the native lung is a specifi c 
problem of recipients of a single lung for COPD. Due 
to the progression of the underlying disease the ob-
struction increases and subsequent air trapping re-
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sults in hyperinfl ation of the old lung and compres-
sion of the transplanted lung, producing increasing 
dyspnoea during exercise. Lung volume reduction 
surgery is the only therapeutic option, and perhaps 
endobronchial volume reduction is a future option 
in such cases.

5.1.5.2.6 
Recurrence of the Underlying Disease

Recurrence of the primary disease in the trans-
planted lung has been reported for several diseases, 
for example sarcoidosis, pulmonary Langerhans’ 
cell histiocytosis, giant cell interstitial pneumonia, 
LAM and bronchioloalveolar carcinoma.

Sarcoidosis is the most commonly reported re-
current disease. Milman et al. (2005) reported a 
recurrence rate of 50% in seven lung-transplanted 
patients without clinical signifi cance.

Dauriat et al. (2006) described a recurrence rate 
of histiocytosis X (HX) of about 20% in 39 transplant 
recipients. The present authors transplanted 12 pa-
tients with histiocytosis X: 3 of them developed a 
recurrence during the fi rst 3 years postoperatively, 1 
received a re-transplantation and HX relapsed again 
12 months after the redo surgery.

Boehler (2001) has reported that 1 in 34 patients 
transplanted for LAM developed recurrence of un-
derlying disease.

There is controversy regarding whether bron-
chioloalveolar carcinoma should be accepted as an 
indication for LuTX. A recurrence of the disease 
within the donor lungs was noted in four of seven 
lung-transplanted patients by Garver et al. (1999). 
At the University of Birmingham Zorn et al. (2003) 
transplanted nine patients with bronchioloalveolar 
carcinoma and just two of them were free from re-
currence.

In all cases of suspected recurrence of the pri-
mary lung disease standard radiography together 
with changes in lung function can give a hint of re-
lapse, but a CT scan and transbronchial biopsy are 
necessary to confi rm the diagnosis.

5.1.5.2.7 
Bronchial or Tracheal Stenosis

See Sect. 5.1.4.3.5

5.1.5.2.8 
Pulmonary Nodules

Schulman and co-workers (2000) assessed clinical 
and radiographic fi ndings of pulmonary nodules 
and masses after lung and heart-lung transplanta-
tion. In total, 159 patients were followed by serial 
chest radiographs for a median of 27 months. Single 
or multiple lung nodules or masses were noted at 
chest radiography in 15 (9.4%) of 159 patients. Imag-
ing fi ndings and causes of these nodules and masses 
were reviewed retrospectively.

Infection was found in 10 (6%) of 159 patients. 
Specifi c pathogens (11 pathogens in 10 patients) 
were Aspergillus (n = 4), Mycobacteria (n = 4), and 
other bacteria (n = 3). Noninfectious causes were 
found in 5 (3%) of the patients and included B-cell 
lymphoma (n = 2), bronchogenic carcinoma (n = 2), 
and pulmonary infarcts (n = 1). Nodules and masses 
appeared a median of 11 months after transplanta-
tion (range: 0.2–36 months). Five patients (33%) had 
single lesions; the other ten (67%) patients had mul-
tiple lesions (range 2–50). Aspergillus lesions were 
most commonly located in the upper lobes, were 
cavitary in three of four patients, and all were fa-
tal. Nodules and masses arose in the transplanted 
lung in 12 (80%) of the patients, and in the native 
lung in 3 (20%) of the patients (2 bronchogenic car-
cinoma, 1 M. tuberculosis simulating bronchogenic 
carcinoma).

Nodules and masses detected by chest radiogra-
phy are not uncommon (9.4%) after lung and heart-
lung transplantation. Infectious are more com-
mon than noninfectious causes of post-transplant 
nodules and masses. Specifi c clinical and imaging 
characteristics may provide clues to the aetiology 
(Schulman et al. 2000).

5.1.5.2.9 
New Entities and Rarities

5.1.5.2.9.1 
Fibrosis of the Upper Lobe

Konen et al. (2003) published HRCT fi ndings in 
seven lung transplant recipients who developed 
a progressive lung fi brosis, predominantly in the 
upper lobes with relative sparing of the basal seg-
ments. This radiographic feature may represent a 
specifi c and rare type of rejection in lung transplant 
recipients. Clinical, laboratory, microbiological and 
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pathological studies did not reveal any specifi c fi nd-
ings that could explain a common mechanism in 
this group of patients.

5.1.5.2.9.2 
Sirolimus-Induced Pneumonitis

Interstitial pneumonitis (Garrean et al. 2005) is an 
ill-defi ned side-effect of sirolimus, a new immuno-
suppressant drug recently introduced for patients 
after solid organ transplantation. Lymphocytic al-
veolitis and radiologic BOOP are the key fi ndings 
in sirolimus-associated pneumonitis. Sirolimus 
withdrawal was associated with recovery within 
6 months. Published fi rst as occurring in patients 
after kidney transplantation, one case report de-
scribes a stable heart-lung transplant recipient who 
developed a pulmonary infi ltrate that reversed af-
ter ceasing sirolimus therapy (McWilliams et al. 
2003).

5.1.6 
Imaging of Interventional Complications

5.1.6.1 
Transbronchial Biopsies (TBB)

Scheduled bronchoscopies are performed routinely 
during the fi rst year after transplantation at most 
transplant centres. Inspection of the anastomotic 
sutures, control of anastomotic wound healing, BAL 
with microbiologic cultures and transbronchial bi-
opsies are taken to document lung tissue quality and 
to diagnose acute or chronic lung rejection, invasive 
infections and eventually to perform interventional 
procedures such as dilatation or stenting of bron-
chial stenosis.

One of the most common radiological fi ndings 
after TBB is pneumothorax (incidence between 
0.1%–3%), which is easily recognized on a chest ra-
diograph. Postbioptic haemorrhage can present as 
small nodules or ground glass opacifi cations. They 
are most often seen in the periphery of the lung and 
may contain a small cavity. Clearing is generally 
seen over a 2-week period. The same picture can be 
seen after BAL taken mostly from the middle lobe or 
the lingula, when about 100 ml of saline is instilled 
but not completely removed.
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5.2.1 
Introduction

Between the performance of the fi rst success-
ful lung transplantation in 1988 (Hosenpud et al. 
2000) and June 2004, there have been 3154 heart-
lung and 19,296 lung transplantations recorded in 
the Registry of the International Society for Heart 
and Lung Transplantation (Trulock et al. 2005). 
The procedure has gained widespread acceptance 
as a therapeutic option for a diverse array of lung 
diseases. However, complications are frequent and 
result in constraints on long-term preservation of 
graft function and patient survival.

5.2.1.1 
Indications and Contraindications

Lung transplantation is indicated for patients with 
end-stage lung disease who demonstrate declin-
ing function despite of optimal therapy (Trulock 
et al. 2005). Candidates for lung transplantation 
should have a chronic disease that is refractory to 
other medical or surgical therapies, and for which 
survival is limited to usually less than 2–3 years 
( Trulock et al. 2005). During the period from 
January 1995 to June 2004 the most frequent in-
dications for lung transplantation were chronic 
obstructive pulmonary disease (COPD, 38%), idio-
pathic pulmonary fi brosis (IPF, 17%), cystic fi brosis 
(CF, 17%) and 1-anti-trypsin defi ciency emphysema 
(9%) ( Trulock et al. 2005) (Fig. 5.2.1). Critically 
ill patients in desperate clinical situations such as 
signifi cant cardiac, renal, or hepatic impairment 
are rarely appropriate candidates for transplan-
tation (Maurer et al. 1998). Further contraindi-
cations include uncontrolled infection, uncured 
malignancies as well as active cigarette smoking 
and/or other drug/alcohol dependency (Collins 



154 S. Mehrain, D. Kienzl, and A. Bankier

2002). Important considerations are also irresolv-
able psychosocial problems or noncompliance with 
medical management (Collins 2002).

5.2.1.2 
Transplant Allocation

Prioritization on the waiting list according to the 
recipient’s primary disease is considered the fair-
est allocation of donor lungs, since obvious wait-
ing-list mortality differences depending on the 
primary disease exist (Glanville and Estenne 
2003). For example, patients with IPF (Fig. 5.2.2), 
who have disproportionately high mortality rates 
while on the waiting list, are currently assigned a 
bonus of 90 days by the United Network for Organ 
Sharing of the USA upon registration on the active 
list ( Glanville and Estenne 2003).

5.2.1.3 
Surgical Procedures

The number of combined heart-lung transplan-
tations has been rapidly declining, while the re-
cently more common double-lung procedure has 
been surpassing in number the earlier dominat-
ing single-lung procedure since 2002 (Trulock et 
al. 2005) (Fig. 5.2.3). The decrease in donor organ 
pool by performing double-lung procedures is un-
satisfactory considering the long waiting time of 

Fig. 5.2.2. Transverse CT section in a single-lung trans-
plant recipient. Native fi brotic lung (right) shows increased 
density, whereas the density of the transplanted left lung is 
normal

more than 18 months to receive lung transplanta-
tion (Trulock et al. 2005). This trend is, however, 
most likely motivated by better overall survival re-
sults, by better lung function and fewer occurring 
complications after double-lung transplantation 
( Trulock et al. 2005). To date, the procedure of 
choice is single or bilateral lung transplantation, 
with the limited number of donor organs deter-
mining the surgical approach in individual situ-
ations. The formerly common heart-lung trans-
plantation under cardiopulmonary bypass is now 
rarely performed. Bilateral transplantation is usu-
ally performed sequentially with two single-lung 
transplants. If the rarely employed extracorporeal 
support is necessitated, it is instituted through the 
femoral approach. The surgical approach has been 
modifi ed and the original clamshell incision has 
been replaced by two small anterior thoracotomies 
(Venuta et al. 2005). Donor shortage has led to 
the development of living lobar transplantation. In 
living lobar transplantation, one donor provides a 
right lower lobe, the other donor a left lower lobe 
to a single bilateral lobar recipient (Fig. 5.2.4). One 
transplant center describes an overall signifi cant 
morbidity of 4.6% and no donor mortality in living 
donor transplantation (Starnes et al. 2004). The 
shortage of donor lungs suitable for children and 
small adults has led to the development of the “split-
lung” technique. In this procedure, the left lung is 
separated into two lobes. The left lower lobe is used 
for left lung transplant and the left upper lobe for 

Fig. 5.2.1. Transverse CT section in a single right-lung trans-
plant recipient. Native emphysematous lung (left) is overin-
fl ated, while the transplanted lung shows normal density
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right lung transplant. The rotation of the left upper 

lobe into the right pleural space requires anasto-
mizing the membranous portion of the bronchus 
to the cartilaginous ring on each of the donor and 
recipient side. This technique allows bilateral lung 
transplantation to be performed in a small-size re-

Fig. 5.2.3. a Transverse CT section in a single-lung transplant recipient. Transplanted lung and native lung show marked 
differences in size and density. b Coronal multiplanar reconstructed CT section in a different single-lung transplant recipi-
ent as a. Transplanted lung and native lung show marked differences in size and density

cipient with excellent short- and long-term outcome 
(Artemiou et al. 1999; Couetil et al. 1997).

5.2.1.4 
Survival and Morbidity

Survival rates have been improving consistently 
since the beginnings of lung transplantations. To 
date, the 1-year survival rate of lung transplantation 
is approximately 76%, as opposed to 70% in 2000, 
and the 5-year survival rate of lung transplantation 
is 49%, as opposed to 45% in 2000 (Trulock et 
al. 2005). Repeated hospitalization after lung trans-
plantation is further declining, but is still affect-
ing a substantial percentage of patients (Trulock 
et al. 2005). The most common morbidities among 
the 1- and 5-year survivors are hypertension, renal 
dysfunction, hyperlipidemia, diabetes and bronchi-
olitis obliterans (BO). Infection and BO, presumed 
to refl ect chronic allograft rejection, are the leading 
causes of mortality. Complications of lung trans-
plantation can be divided in perioperative and post-
operative complications, of which the leading causes 
relate to surgical technique, primary graft failure, 
infection, acute and chronic rejection and malig-
nancy as well as recurrence of the primary disease 
(Trulock et al. 2005).

Fig. 5.2.4. Transverse CT scan in double-lung transplant re-
cipient with two sequentially performed single-lung trans-
plants. Lungs of different donors in the same patient show 
different sizes and densities

a b
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5.2.2 
Preoperative Imaging

5.2.2.1 
Preoperative Planning

Evaluation of both the donor and the recipient 
prior to transplantation is needed, to match donor 
and recipient lung size and, in cases of single-lung 
transplantation, to select which side of the recip-
ient’s lung ought to be removed (Winton 1992). 
Postero-anterior and lateral chest radiographs are 
effective in estimating the donor lung situation in 
terms of obvious disease or/and injury as well as 
size matching between donor lung and recipient 
thorax. Size matching is approximated by compar-
ing the height from the lung apex to the diaphragm 
at the midclavicular line and the width at the level 
of the dome of the diaphragms of the donor and 
recipient’s lung; a 10%–20% difference in size is 
acceptable (Winton 1992). In the so-called split-
lung technique, the donor lung is downsized by 
peripheral nonanatomic segmental resections and 
transplanted in recipients with smaller thorax size 
(Wisser et al. 1996).

5.2.2.2 
Preoperative Screening

Other than obvious disease, it is important to not 
only exclude clinically occult disease preopera-
tively in the recipient patient, but also to perform 
routine chest radiographical check-ups while on 
the waiting list to exclude occult disease such as 
small interval malignancies. Routine CT of the tho-
rax is also recommended in recipients while on the 
waiting list to differentiate potential opacities seen 
in routine interval radiographs as well as for the 
preoperative assessment for lung transplantation. 
Rarely noninvasive evaluation with positron emis-
sion tomography using [18F]fl uorodeoxyglucose 
(FDG) is performed in cases where there are sus-
picious nodules shown at CT examination (Kaze-
rooni et al. 1995).

Right and left heart catheterizations, quantitative 
ventilation–perfusion scanning as well as multiple-
gated acquisition radionuclide ventriculography are 
also obtained if clinically relevant (Kazerooni et 
al. 1995).

5.2.3 
Postoperative Complications

After overcoming the surgical procedure, a new pool 
of complications must be dealt with by the patients 
undergoing lung transplantation. One challenge fac-
ing the medical team involved is determining the 
correct differential diagnosis and consequently as-
sessing the complication with the right treatment 
strategy. The similarity of the clinical presentations 
and radiological features of acute complications such 
as infection, early graft dysfunction and acute lung 
transplant rejection complicates the diagnosis. An-
other reason for the diagnostic diffi culty is the timely 
occurrence overlap between “normal” postoperative 
complications such as mild, transient pulmonary 
edema, post-biopsy nodules (Fig. 5.2.5), or postop-
erative atelectasis (Fig. 5.2.6), or chest wall defects 
(Fig. 5.2.7), and the potentially serious complications 
related to transplantation such as severe reperfu-
sion edema and adult respiratory distress syndrome 
(ARDS) (Fig. 5.2.8). The time of occurrence of post 
transplantation complications is one of the key factors 
in helping to narrow the differential diagnosis, when 
“normal” postoperative features are ruled out and 
the patient presents with nonspecifi c clinical signs of 
postoperative complications such as low-grade fever, 
dyspnea, cough and impaired oxygenation.

Fig. 5.2.5. Coronal multiplanar reconstructed CT section of 
left lung. CT section shows a postbiopsy nodule
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Fig. 5.2.6. a Chest radiograph and b in a double-lung transplant recipient. Both modalities show postoperative atelectasis

Fig. 5.2.7. a Transverse CT section through right lung. CT section shows postoperative chest wall defect. b Coronal multi-
planar reconstructed CT section through right lung. CT section shows postoperative chest wall defect

a

a

b

b
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5.2.3.1 
Complications in the Acute Phase

Complications in the acute phase occur in a time 
window between the fi rst few hours and 3 months 
after transplantation. Usually patients are extubated 
within 24–48 h of transplantation. The intubation 
time can be prolonged and a tracheostomy may be 
necessitated if a complication such as early graft 
dysfunction or infection arises.

The most common causes of death in the initial 
hospitalization period or within the fi rst 60 days 
right after patients are discharged are cardiac-re-
lated and primary graft failure (Meyers et al. 1999). 
Other common causes include parenchyma bleed-
ing, ARDS, sepsis, bacterial pneumonia, and pul-
monary embolism and neurological injury (Meyers 
et al. 1999). Anastomotic dehiscence, a previously 
common postoperative complication, is now very 
rare because of improved surgical techniques (Date 
et al. 1995). Treatment usually consists of overstent-
ing the anastomotic dehiscence via bronchoscopy 
(Fig. 5.2.9) (Susanto et al. 1998).

5.2.3.1.1 
Early Graft Dysfunction

Early graft dysfunction (EGD) is defi ned as a clinical 
scenario that includes radiographic abnormalities, 

poor oxygenation, and, if biopsies are performed, a 
histological pattern of diffuse alveolar damage or or-
ganizing pneumonia (Paradis et al. 1992). In the fi rst 
3 days and decreasing thereafter, up to 98% of patients 
present with a form of EGD in their fi rst radiographic 
routine check-ups (Anderson et al. 1995; Kundu et 
al. 1998). Causes for EGD may include ischemia–re-
perfusion injury, implantation response, acute lung 
injury and hyperacute rejection (Paradis et al. 1992). 
The most common contributing factor of EGD is the 
reperfusion edema that refl ects the increased capil-
lary permeability and occurs to some degree in all 
transplanted lungs ( Kaplan et al. 1992). The cause 
of reperfusion edema is multifactorial, including in-
terruption of lymphatic drainage in the donor lung, 
preexisting donor lung injury, surfactant defi ciency, 
abnormalities of coagulant factors, and ischemic dam-
age to pulmonary capillaries (Kaplan et al. 1992).

The chest radiographic fi ndings of reperfusion 
injury are nonspecifi c and are similar to those in 
patients who have left ventricular failure, fl uid over-
load and acute rejection (Anderson et al. 1995). The 
fi ndings range from a subtle perihilar haze to patchy 
or confl uent airspace consolidation ( Anderson et al. 
1995). Also, peribronchial and perivascular thicken-
ing and a pattern of reticular interstitial lung opaci-
ties are seen in most patients. Up to 98% of patients 
present with these radiological fi ndings in the fi rst 
postoperative chest radiograph ( Anderson et al. 
1995; Kundu et al. 1998). Simultaneously, patients 
who had mild interstitial abnormalities on the ini-
tial chest radiograph usually present with normal 
fi ndings by day 10 (Davis and Pasque 1995). There 
is poor correlation between the severity of radio-
graphic fi ndings and the alveolar-arterial oxygen 
gradient (Davis and Pasque 1995). Although most 
patients experience radiographic changes from re-
perfusion edema, only 5%–10% of patients with ra-
diologically apparent moderate or severe early graft 
dysfunction develop early graft failure (Davis and 
Pasque 1995). Overall, the early postoperative radio-
logical fi ndings are poorly predictive when it comes 
to ruling out early graft failure. They are, however, 
diagnostically relevant when assessing infections, 
which are also frequent complications in the acute 
postoperative phase (Trulock 1997).

5.2.3.1.2 
Infection in the Acute Postoperative Phase

Infection is the most common cause of morbidity 
and mortality in the acute and subacute phase af-

Fig. 5.2.8. Transverse CT section shows ground glass opaci-
ties and reticulations in an ARDS-affected lung
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ter lung transplantation and the second most com-
mon cause of late death after lung transplantation 
( Williams and Snell 1997). Because in the lung 
transplant patient population respiratory infec-
tion may progress rapidly to respiratory failure and 
death, correct and quick diagnosis is crucial. The 
rate of infection among lung transplant recipients is 
signifi cantly higher than in recipients of other solid-
organ transplants. This is most likely due to the ex-
posure of the allograft to the external environment 
(Kramer et al. 1993a). Other reasons for the high 
incidence of respiratory infection include impaired 
mucociliary clearance because of diffuse ischemic 
injury to the bronchial mucosa, blunted cough due 
to postoperative pain, altered phagocytosis in alveo-
lar macrophages and poor lymphatic drainage.

The lung allograft can become infected by pas-
sive transfer of organisms with the donor organ and 
by persistent recipient’s organisms in the proximal 
airways, the sinuses, or the remaining native lung. 
Infection can also occur by de novo acquisition fol-
lowing transplantation, especially due to augmented 
immunosuppression to suppress the allograft rejec-
tion (Kramer et al. 1993a).

5.2.3.1.2.1 
Bacterial Infection

Bacterial infection with Gram-negative bacteria of 
the lower respiratory tract is the most common in 

the early post transplant phase, and typically Pseu-
domonas aeruginosa are isolated (Cahill et al. 1997; 
Paradowski 1997). Although the incidence of bac-
terial pneumonia is highest in the fi rst 3 months 
after transplantation and especially in the fi rst 
month, the risk persists throughout the recipient’s 
life (Trulock 1997).

The most frequent patterns seen in CT examina-
tions with bacterial pneumonia are consolidation 
and ground glass opacifi cation (Fig. 5.2.10) ( Collins 
et al. 2000).

Other common fi ndings are nodules varying in 
size and distribution and “tree-in-bud” patterns. 
If only ground glass opacifi cation is seen on CT ex-
aminations, the differential diagnosis must include 
Pneumocystis jiroveci (PCP), formerly known as 
Pneumocystis carinii pneumonia (Agarwal et al. 
2006), and acute rejection. One helpful hint at elimi-
nating PCP is the fact that PCP has been virtually 
eliminated in lung-transplant recipients by the use 
of antibiotic prophylaxis and that if it does occur it is 
almost always associated with noncompliance with 
prescribed medication (Collins 2002).

5.2.3.1.2.2 
Cytomegalovirus Infection

The second most common cause of infection in lung-
transplant recipients is cytomegalovirus (CMV) 
(Trulock 1997). CMV is common in the general 

Fig. 5.2.9a,b. Transverse CT scan in double-lung transplant recipient shows irregularities of the bronchial anastomosis (a) 
and a stent bridging this irregularity (b)

a b
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population, and not all patients who present with 
CMV infection (i.e., identifi cation of the organism in 
material obtained from any body site in the absence 
of symptoms and histological changes associated 
with CMV) also have CMV disease (i.e., identifi ca-
tion of the organism in the material obtained from 
any body site in the presence of histological evidence 
of tissue damage). Patients who are seronegative for 
CMV before the procedure and in whom primary 
infection occurs as the result of the transplanta-
tion of an organ from a seropositive recipient are at 
greatest risk for severe infection, particularly pneu-
monitis (Ettinger et al. 1993). Pneumonitis is the 
most common presentation in CMV disease follow-
ing lung transplantation, although hepatitis, gas-
troenteritis, or colitis can also occur ( Shreeniwas 
et al. 1996).

A common way to prevent primary CMV infec-
tion in the lung-transplant recipient when either the 
donor or the recipient is seropositive is the initiation 
of ganciclovir prophylactically at the time of trans-
plantation or preemptively when an increasing viral 
burden is detected (Palmer et al. 2004; Soghikian 
et al. 1996). Another strategy to prevent infection 
with CMV in the recipient is the use of seronegative 
donors and screened blood products. Unfortunately, 
although this reduces the risk of infection to negli-
gible levels, this strategy is logically associated with 
increased waiting times before transplantation, 
since the majority of donors have been exposed to 
CMV (Arcasoy and Kotloff 1999).

5.2.3.1.3 
Acute Rejection

5.2.3.1.3.1 
Clinical and Imaging Diagnosis

Acute graft rejection is rare before the fi fth post-
operative day after lung transplantation, and the 
incidence is greatest within the fi rst 100 days, usu-
ally within 3 weeks of surgery (Bando et al. 1995a). 
The clinical manifestations of acute rejection are 
poorly specifi c and include malaise, low-grade fe-
ver, dyspnea and coughing as well as impaired oxy-
genation and leukocytosis. Radiological fi ndings 
which suggest acute rejection are new, worsening 
or persisting opacities 5–10 days after transplanta-
tion, new or increasing pleural effusions and septal 
lines without other signs of left ventricular failure 
(Fig. 5.2.11) (Bergin et al. 1990). Although these 
radiographic changes in the chest radiograph are 
common in early episodes of rejection, the chest 
fi lm alone as a follow-up is nonspecifi c in early post 
transplant recipients. On the other hand, a “nor-
mal” postoperative chest radiograph does not rule 
out acute rejection. In a study by Kundu et al. for 

Fig. 5.2.10. Transverse CT scan in double-lung transplant re-
cipient. CT scan shows multiple cavitary lesions correspond-
ing to pneumatoceles after staphylococcal infection

Fig. 5.2.11. Transverse CT scan of the left lung in a lung 
transplant recipient. The combination of ground glass 
opacities and gravity-dependent consolidations are highly 
suggestive of acute rejection and resemble features seen in 
early ARDS
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instance, chest radiograph fi ndings were found to be 
abnormal in only about 50% of instances of biopsy-
proven acute rejection (Kundu et al. 1999). Because 
of poorly specifi c manifestations and chronologi-
cal overlapping of other likely complications such 
as failure or infection, it is often very diffi cult to 
diagnose acute rejection and differentiate it from 
other complications that are also clinically similar. 
Further, retrospective epidemiologic analyses have 
demonstrated that three or more episodes of acute 
rejection are the major risk factors for the subse-
quent development of bronchiolitis obliterans (BO), 
which puts even more weight on correctly diagnos-
ing and effectively treating acute rejection (Keller 
et al. 1995).

5.2.3.1.3.2 
Histological Diagnosis of Acute Rejection

The diagnosis of acute rejection is made on the basis 
of histological fi ndings. The histological hallmark is 
the presence of perivascular lymphocytic infi ltrates, 
which in more severe cases spread over into the in-
terstitium and alveolar air spaces (Yousem et al. 
1996). When performing transbronchial biopsy, at 
least fi ve pieces of alveolated parenchyma contain-
ing bronchioles and more than 100 air sacs should 
be obtained for optimal and accurate diagnosis of 
acute rejection (Yousem et al. 1996).

To ease the differential diagnosis when rejec-
tion is suspected, most institutions perform routine 
surveillance biopsies. A representative surveillance 
biopsy schedule is: 3 weeks; 3, 6, 9, 12 months; and 
annually thereafter (Trulock 1997).

If performed when based on clinical indications, 
transbronchial biopsy has been reported to reach a 
sensitivity for the detection of acute rejection of up 
to 94% (Trulock 1997). The rationale for surveil-
lance biopsy protocols is based upon retrospective 
evidence that up to one-third of surveillance bi-
opsies demonstrate evidence of allograft rejection 
(Chakinala et al. 2004) whereas only 40% of histo-
logically confi rmed grades II–IV acute rejections are 
associated with clinical signs or symptoms (Baz et 
al. 1996). There are reports in the literature however 
that suggest a much lower yield after 24 months, and 
some centers do not routinely perform biopsies af-
ter this point (Dransfi eld et al. 2004). In the study 
of Tamm et al. (1997) the benefi t of surveillance bi-
opsies was questioned. In this study, 51 heart-lung 
transplant recipients who underwent surveillance 
transbronchial biopsies were compared with 75 pa-

tients who received heart-lung transplants without 
routine surveillance biopsies. No signifi cantly long 
patient survival rate was noted between the two 
groups, although the surveillance biopsy group re-
ceived more steroid pulses (Tamm et al. 1997).

A less controversial method of monitoring al-
lograft function is patient-administered home spi-
rometry. Once postoperative function has been sta-
bilized, the forced expiratory volume in one second 
(FEV1) and forced vital capacity (FVC) should vary 
less than 5% from the baseline FEV1 and FVC right 
after transplantation (Bjortuft et al. 1993;  Morlion 
et al. 2002). A decline of 10% or more in spirometric 
values that persists for more than 2 days has been re-
ported to indicate either rejection or infection.

5.2.3.1.3.3 
Treating Acute Rejection

Treatment of acute rejection consists of high-dose 
parenteral corticosteroids, such as intravenous 
methylprednisolone (0.5–1.0 g IV per day) for 
3 days. This is usually done in the inpatient setting, 
although selected patients who are clinically stable 
can be treated as outpatients. The outpatient regi-
men is the same, with intravenous methylpredniso-
lone at home or in a chemotherapy infusion center 
(Chakinala and Trulock 2003). Resolution occurs 
rapidly in patients with clinical signs and symp-
toms of rejection. The clinical symptoms of acute 
rejection usually improve over 24–48 h, and the 
physiologic abnormalities begin to improve in the 
same time frame and return to baseline over several 
weeks. Since the risk of developing CMV is higher in 
patients receiving augmented immunosuppression, 
many centers administer ganciclovir (5 mg/kg IV 
bid) during the period of augmented immunosup-
pression. This practice has been successful in renal 
transplant recipients, for whom the risk of CMV 
disease is reduced when antiviral therapy is admin-
istered during intravenous steroid therapy for acute 
rejection (Hibberd et al. 1995).

5.2.3.1.3.4 
Infection – Acute Rejection Surveillance

The clinical presentation of acute rejection and acute 
infection alone is nonspecifi c. Manifestations can in-
clude low-grade fever, shortness of breath, nonpro-
ductive cough, and changes in measured pulmonary 
function. In both entities, the chest radiograph may 
demonstrate perihilar infi ltrates, interstitial edema, 
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focal consolidation, or pleural effusions (Shreeni-
was et al. 1996). The point in time at which a disease 
manifests radiographically may provide clues to its 
etiology. CMV infection is rarely detected before the 
second week after transplantation, and the mean 
time to the initial episode of CMV pneumonitis is 
55 days (Smith et al. 1998). In comparison, acute 
rejection has a variable time course, but may occur 
within the fi rst 2–3 weeks after lung transplantation, 
when CMV infection would not be expected. For 
this reason, surveillance fi ber optic bronchoscopy 
is usually performed whenever there is a clinical 
indication and decline of spirometric values in the 
absence of recently untreated organisms identifi ed 
by sputum culture (Kukafka et al. 1997). However, 
it should be noted that even histologically the dif-
ferentiation of rejection from infection can be at 
times diffi cult, since features suggesting rejection 
are also present in viral infection, and, most com-
monly, in CMV infection (Chakinala and Trulock 
2003). In particular, the lymphocytic infi ltrate that 
accompanies such infections or the presence of acute 
infl ammatory cells, such as polymorphonuclear leu-
kocytes, make the histological diagnosis diffi cult. 
Alveolar infl ammation – as opposed to vascular or 
airway-centered infl ammation – in combination 
with viral inclusions or the presence of infectious 
pathogens on special staining is more indicative of 
infection. In the presence of active infection, it is 
impossible to make the diagnosis of rejection with 
certainty. The approach in such situations is to treat 
the infection and then repeat the biopsies to as-
sess any contribution of rejection to the patient’s 
clinical syndrome (Chakinala and Trulock 2003). 
For all the above-mentioned reasons it is essential 
to understand the importance of interdisciplinary 
work-up of patients presenting with postoperative 
complications to achieve the correct diagnosis and 
treatment.

5.2.3.2 
Complications in the Nonacute Phase

5.2.3.2.1 
Bronchiolitis Obliterans

5.2.3.2.1.1 
Defi nition, Cause and Clinical Presentation

Chronic rejection, histologically defi ned as a fi brop-
roliferative process that targets the small airways, is 

a major limiting factor in the long-term survival of 
lung-transplant patients (Sundaresan et al. 1995). 
Synonymous with bronchiolitis obliterans (BO), 
it leads to a submucosal fi brosis of the small air-
ways, and consequently to luminal obliteration and 
often to obstructive airfl ow limitation (Arcasoy 
and Kotloff 1999; Boehler and Estenne 2000; 
 Chamberlain et al. 1994). This chronic lympho-
proliferative process is multifocal and may spare 
whole parts of the affected lung, while literally de-
stroying the lung function (Boehler and Estenne 
2000). Therefore, while the diagnosis of BO is based 
on the histological fi ndings obtained at biopsy, a 
negative transbronchial biopsy does not exclude BO 
( Boehler and Estenne 2000; Chamberlain et al. 
1994). Therefore, the International Society for Heart 
and Lung Transplantation devised a standardized 
nomenclature proposing the use of a spiromet-
ric defi nition for a clinical diagnosis (Cooper et 
al. 1993; Estenne et al. 2002). They also made a 
distinction between histologically proven BO and 
bronchiolitis obliterans syndrome (BOS). The latter 
is a clinical term and is applied to the situation in 
which there is “graft deterioration secondary to pro-
gressive airways disease for which there is no other 
cause” in the absence of histological evidence of BO 
with sustained fall in FEV1 to a level of 80% or less 
of the peak value after transplantation (Estenne 
et al. 2002). The mortality rate associated with BOS 
ranges from 25% to 56%; the risk increases with the 
time elapsed after diagnosis has been made (Bando 
et al. 1995a; Keller et al. 1995; Nathan et al. 1995; 
Sundaresan et al. 1995). Because the occurrence of 
BOS increases with time, centers with a longer ex-
perience report higher prevalence rates, and centers 
that have presented their results in multiple publica-
tions report higher prevalence rates in a later pub-
lication (Trulock et al. 2003). Usually the onset of 
BOS is at 3 months after transplantation. The natu-
ral evolution of BOS has been described to follow one 
of three patterns: (1) rapid, relentless decline after 
onset; (2) initial rapid deterioration followed by sta-
bilization; and (3) subtle onset and slow, relentless 
progression (Levine and Bryan 1995; Nathan et 
al. 1995). Retrospective epidemiologic analyses have 
demonstrated that three or more episodes of acute 
rejection are the major risk factor for the subsequent 
development of BO (Bando et al. 1995b; Boehler et 
al. 1998; Keller et al. 1995).

Gastroesophageal refl ux (GER) appears to be 
common in patients following lung transplantation, 
and may contribute to chronic allograft rejection. 
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The frequency and clinical importance of GER were 
evaluated in a study of 128 lung-transplant recipi-
ents at a single institution: 93 (73%) had abnormal 
esophageal acid contact times based upon 24-ham-
bulatory pH probe monitoring (Davis et al. 2003). 
From this group, 26 patients met diagnostic criteria 
for BO and underwent fundoplication. Following 
the procedure, 16 patients had lower BOS scores, 
and 13 no longer met criteria for the diagnosis of 
BOS. Long-term follow-up of these patients suggests 
that early fundoplication can result in a lower inci-
dence of BOS and improved survival (Cantu et al. 
2004).

5.2.3.2.1.2 
Histological Diagnosis

Transbronchial biopsy is still considered the fi nal 
proof of BO. However, the reported sensitivity and 
sensibility of transbronchial biopsy in diagnosing 
BOS have been diverting (Chamberlain et al. 1994). 
For example, one study reported a sensitivity of 17% 
and a specifi city of 94.5% for a single set of trans-
bronchial biopsies (Chamberlain et al. 1994). An-
other study reported a rate of 15% histological con-
fi rmation in patients clinically diagnosed with BOS 
(Kramer et al. 1993b). Another study concluded that 
transbronchial biopsies confi rmed the diagnosis in 
82% of their patients who developed clinical BOS 
(Bando et al. 1995b). In contrast Sundaresan et al. 
(1995) noted that among 77 patients diagnosed with 
chronic rejection, the diagnosis was made on the 
basis of declining FEV1 in 52%. Only 9% of patients 
had a histologically proven diagnosis without the 
typical clinical physiologic abnormalities, whereas 
39% had both positive histology and declining spi-
rometry (Sundaresan et al. 1995). Because of these 
differing data, centers have adopted different ap-
proaches to making the diagnosis of BOS. Although 
the use of transbronchial biopsy in this setting is 
debated, many lung transplantation centers feel that 
it may aid in earlier diagnosis and therefore facili-
tate earlier therapy (Kukafka et al. 1997). Reasons 
for a confi rming biopsy include exclusion of other 
causes of the clinical syndrome and establishment 
of the diagnosis prior to attempting therapy and/or 
retransplantation. Although no therapy has a good 
track record, many institutions have clinical pro-
tocols examining the effi cacy of new approaches 
such as photopheresis, total lymphoid irradiation, 
plasmapheresis, and inhaled ciclosporin (Iacono 
et al. 2004).

5.2.3.2.1.3 
Imaging of BO

Areas of air trapping caused by small airways are 
seen as regional inhomogeneities that fail to de-
crease in volume and remain relative lucent com-
pared to normal lung parenchyma on expiratory CT 
sections. Areas of decreased attenuation, very often 
in the early onset of disease not seen on inspiratory 
CT sections, are easier detected on end-expiratory 
CT sections (Figs. 5.2.12, 5.2.13) (Arakawa and 
Webb 1998; Desai and Hansell 1997; Lucidarme 
et al. 1998; Ng et al. 1999; Verschakelen et al. 
1998). The unchanging low attenuation in expira-
tory CT sections, and also the absence of a decreas-
ing cross-sectional area of the affected part of the 
lung are helpful in detecting air trapping (Stern 
and Frank 1994). Expiratory CT can also be used 
in differentiating between the three main causes of 
a mosaic pattern (small airways disease, i.e., BO, 
infi ltrative lung disease, and occlusive pulmonary 
vascular disease) in cases where inspiratory CT is 
problematic (Arakawa and Webb 1998; Stern et al. 
1995). It is important however to keep in mind that 
in patients with widespread BO, end-expiratory CT 
sections may appear almost identical to the inspira-
tory CT sections, simply because of the severity of 
the air trapping (Fig. 5.2.14). In these cases there is 
no inhomogeneity of attenuation or change in cross-
sectional area of any part of the lung. This important 
sign of air trapping on HRCT sections obtained at 
end-expiration in comparison to inspiratory HRCT 
sections is becoming a routinely performed exami-
nation (Arakawa and Webb 1998).

5.2.3.2.1.4 
Developing Role of HRCT in the Diagnosis of BO

In one of the fi rst CT studies of BO, Turton et al. 
(1981) examined 15 patients who fulfi lled the criteria 
of “obliterative bronchiolitis” with thin-section CT 
(interspaced 3-mm sections, contiguous 10-mm sec-
tions). In 5 of the 15 patients the chest radiographs 
were normal and the remaining 10 patients showed 
“limited vascular attenuation and hyperinfl ation”. 
In 13 of the 15 patients “patchy irregular areas of 
high and low attenuation in variable proportions, 
accentuated in expiration” were observed. These 
fi ndings, together with two cases by Eber et al. 
(1993) were the fi rst reports to identify regional in-
homogeneity of the density of the lung parenchyma 
as the key CT feature of BO. This noninvasive ap-
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proach to early diagnosis and follow-up of air trap-
ping on HRCT scans has become more accepted 
recently (Bankier et al. 2001; Knollmann et al. 
2004; Konen et al. 2004). The identifi cation of areas 
of ground glass opacifi cation on HRCT after trans-
plantation, with an inclining incidence 6 months 

after transplantation, was described as very sug-
gestive but nonspecifi c (Loubeyre et al. 1995). The 
reported sensitivity and specifi city of HRCT for di-
agnosing BO associated with numerous other pre-
disposing conditions or causative agents has already 
been presented; for example, MacLeod’s syndrome, 

Fig. 5.2.12. Coronal multiplanar reformation CT section of a double-lung transplantation recipient in inspiration (left) and 
expiration (right). Whereas lung density in inspiration is normal, expiration shows extensive basal air trapping

Fig. 5.2.13. Transverse CT section through the right lower lobe in a lung transplantation recipient in inspiration (left) and 
expiration (right). Inspiration section shows peripheral tree-in-bud and subtle inhomogeneity of the lung density. Inhomo-
geneities are accentuated in expiration and extended air trapping becomes apparent
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a form of constrictive bronchiolitis that occurs typi-
cally following a viral infection acquired in child-
hood. Here the inhomogeneous nature of lung in-
volvement, similar to the post transplant lung, is 
particularly well demonstrated on CT (Lucaya et 
al. 1998; Marti-Bonmati et al. 1989; Moore et al. 
1992; Zhang et al. 1999). Later studies went further 
to apply these fi ndings specifi cally to BO in lung-
transplant patients and provided further evidence 
that air trapping on expiratory CT scans is an ac-
curate indicator of BO (Leung et al. 1998; Worthy 
et al. 1997). These fi ndings were, however, based on 
a small number of patients and a control group was 
not used. Later on larger study groups reported the 
reliable accuracy of expiratory thin-section CT to 
diagnose BOS and complemented the clinical fol-
low-up of lung-transplant recipients (Fig. 5.2.15) 
(Bankier et al. 2001). Other studies found that the 
diagnosis of BOS on expiratory thin-section CT was 
not accurate enough to warrant a role in the follow-
up of these patients (Konen et al. 2004; Lee et al. 
2000; Miller et al. 2001). These diverting fi ndings 
however, for the most part, probably refl ect differ-
ences in examination protocols and scoring systems, 
and varying patient populations. Bankier et al. 
(2001) took on this uncertainty by examining more 
patients and analyzing longer periods of follow-up 
CT examination, and proved that air trapping at a 
certain threshold is a relatively sensitive, specifi c, 
and accurate method for diagnosing BOS. In a later 

study Bankier et al. (2003) also examined whether 
changes in air trapping at sequential CT examina-
tions result from an inherent variability of air trap-
ping or from the variability of the underlying BOS. 
In this study, Bankier et al. (2003) showed that the 
anatomic distribution and extent of air trapping in 
functionally stable heart-lung transplant patients 
are reproducible characteristics and hence may con-
tribute to the early detection of subclinical chronic 
rejection of the allograft lung and may be a major 
tool in the follow-up of such patients (Bankier et 
al. 2003).

Although some lung transplant centers use HRCT 
and air trapping in the screening of possible BO, 
there are still many more centers that doubt these 
fi ndings because of the lack of a multi-center study 
proving the value and impact on clinical manage-
ment of the above-mentioned fi ndings.

5.2.3.2.1.5 
Treatment of BO

A variety of treatments have been tried for BO. 
A study of 32 patients with BO found that conver-
sion from ciclosporin to tacrolimus was associated 
with spirometric stabilization over 12 months of fol-
low-up (Cairn et al. 2003), and a second study of 13 
patients reported similar outcomes when mycophe-
nolate mofetil was introduced (Whyte et al. 1997). 
Other studies have reported similar results after in-

Fig. 5.2.14a, b. Coronal multiplanar refor-
mation CT section of the right lung in lung 
transplantation recipient in inspiration (a) 
and expiration (b). Images show perihilar 
scarring and extensive peripheral tree-in-
bud without any signifi cant decrease in 
cross-sectional area in expiration

a b
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troducing substitutions in the immunosuppression 
regimen (Revell et al. 2000; Verleden et al. 2003). 
Limited evidence suggests that high-dose inhaled 
corticosteroids are not effective in slowing or pre-
venting the development of BOS (Whitford et al. 
2002). Two reports assessed the value of prolonged 
oral azithromycin therapy (250 mg PO × 5 days, 
then 250 mg PO every other day) in patients with 
BOS (Gerhardt et al. 2003; Verleden and  Dupont 
2004; Yates et al. 2005). This approach was asso-
ciated with signifi cant improvements in FEV1 for 
some, but not all, patients. These reports have in-
volved only small numbers of patients, and there is 
little convincing evidence that any of the treatment 
modalities can be considered effective therapy that 
dramatically changes the natural history of BOS. 
It seems that the best strategy to deal with BOS is 
attempted primary prevention, i.e., aggressive early 
immunosuppression to eliminate early episodes of 
acute rejection, since there is no reliable therapy 
once patients develop symptomatic airfl ow obstruc-
tion.

The issue of retransplantation after the develop-
ment of BOS is controversial. Early experience sug-
gested that the outcome was not as good as with the 
fi rst transplant, and some believe that BOS tends to 
recur in retransplant recipients in an accelerated 
fashion (Novick et al. 1998). The risk, however, does 
not appear to be signifi cantly different from that with 
the fi rst transplant. In a review of 230 retransplanta-
tion cases performed in 47 centers between 1985 and 

1996 1-year survival was signifi cantly lower (47%) 
than for the initial transplant (Novick et al. 1998). 
Among the long-term survivors, however, the risk 
of developing BO by 2 years was 38%, a rate similar 
to that of fi rst transplants. Similarly in a single-cen-
ter series of 15 patients undergoing retransplanta-
tion for BOS it was noted that 60% were still alive at 
1 year. Surviving patients had a 28% likelihood of 
recurrent BOS within 3 years after transplantation 
(Brugiere et al. 2003). Opinions concerning the ap-
propriateness of retransplantation as a treatment of 
BOS vary widely, in part shaped by the recognition 
that most centers have more potential fi rst-time re-
cipients than donors, and that mortality on the wait-
ing list is a signifi cant problem. As a result of these 
considerations, transplant programs vary in policy 
concerning the availability of retransplantation as a 
therapeutic option.

5.2.3.2.2 
Infection in the Nonacute Phase

5.2.3.2.2.1 
Fungal Infections

The isolation of Candida or Aspergillus species from 
pulmonary specimens is not unusual. The majority 
of isolates represent colonization without invasive or 
clinically apparent disease, but these fungi also may 
produce major complications and death (Fig. 5.2.16) 

Fig. 5.2.15. Transverse CT section after right single-lung transplantation in inspiration (left) and expiration (right). Native 
emphysematous lung does not change in density between inspiration and expiration, suggestive of extensive air trapping. 
Transplanted right lung increases in density in expiration and shows only a peripheral area of air trapping
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(Dauber et al. 1990; End et al. 1995; Kramer et 
al. 1993a; Mannes et al. 1995; Maurer et al. 1992; 
McDougall et al. 1993; Paradis and Williams 
1993; Westney et al. 1996; Winter et al. 1994; 
 Yeldandi et al. 1995). Since effective, nontoxic an-
tifungal drugs have become increasingly available, 
most centers have had a low threshold for preventive 
or preemptive treatment (Dummer et al. 2004).

5.2.3.2.2.2 
Candida Infection

Candida infection occurs relative frequently, per-
haps because colonization is common both in donor 
lungs and in hospitalized, immunosuppressed pa-
tients (Low et al. 1993; Zenati et al. 1990). Before the 
era of prophylaxis or preemptive therapy, Candida 
infection in the donor was associated with fatal, in-
vasive complications in the recipient (Dauber et al. 
1990; Zenati et al. 1990). Although Candida is often 
isolated from respiratory tract specimens, pneumo-
nitis is rare. Disseminated or locally invasive infec-
tion with Candida can be treated with fl uconazole 
or amphotericin B.

5.2.3.2.2.3 
Aspergillus Infection

Aspergillus is a ubiquitous organism and is trans-
mitted by inhalation of spores. It can be a devas-
tating pathogen in an immunocompromised host. 

Surveys have reported a frequency of infection in 
lung-transplant recipients in the range of 20%–45% 
(Cahill et al. 1997; Flume et al. 1994; Nunley et 
al. 1998; Westney et al. 1996; Yeldandi et al. 1995). 
Aspergillus infection after lung transplantation can 
be classifi ed into two major categories, saprophytic 
colonization and disease. Particularly devitalized 
cartilage and foreign suture material of the fresh 
bronchial anastomosis may create vulnerable sites 
for Aspergillus. Aspergillus may also diffusely infect 
the airways and cause mucosal edema, ulceration 
and the formation of pseudomembranes (Kramer 
et al. 1991). One series including 101 patients re-
ported the development of invasive aspergillosis in 
14% (Husni et al. 1998). The primary site of lung 
disease is usually the allograft, but the native lung 
has been the nidus in some single-lung recipients 
(McDougall et al. 1993; Westney et al. 1996; 
Yeldandi et al. 1995). The infection itself has not 
always been reported to be the ultimate cause of 
death, however up to 30%–75% mortality rates have 
been connected with Aspergillus disease. Most of the 
deaths have occurred in recipients with pneumonia 
or disseminated aspergillosis (Cahill et al. 1997; 
Kramer et al. 1991; Westney et al. 1996; Yeldandi 
et al. 1995).

Risk factors for Aspergillus infection have not 
been extensively analyzed, but a strong associa-
tion with CMV disease was noted in several studies 
(Husni et al. 1998; Monforte et al. 2001; Yeldandi 
et al. 1995). No relationship of Aspergillus infection 
to rejection or augmented immunosuppression has 
been proven, and retransplantation infection with 
Aspergillus does not predict post transplantation 
illness (Flume et al. 1994). The risk of developing 
an invasive disease, however, is strongly associated 
with early post transplant colonization. One study 
of 151 lung transplant recipients found that patients 
who had Aspergillus fumigatus isolated from the 
airway within the fi rst 6 months of transplantation 
had an 11-fold greater risk of developing invasive 
disease compared with those not colonized during 
this period (Cahill et al. 1997).

The diagnosis of aspergillus bronchitis is usually 
made on the basis of a compatible bronchoscopic 
appearance and isolation of the organism from a bi-
opsy or lavage specimen (Kramer et al. 1991). The 
defi nitive diagnosis of pneumonia requires biopsy 
demonstration of invasion, but a presumptive diag-
nosis may be made if Aspergillus is present in bron-
choalveolar lavage (BAL) or sputum and the clinical 
picture is consistent. The most common CT fi ndings 

Fig. 5.2.16. Transverse CT section after double-lung trans-
plantation. CT shows extensive cavitation in the right lower 
lobe following necrotizing pneumonia
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in patients with fungal pneumonia in general are a 
combination of nodules, consolidation, and ground 
glass opacities (Collins et al. 2000). Nodules are 
mostly multiple and vary in size, have irregular mar-
gins and involve all lung zones (Fig. 5.2.17). Bronchi-
tis due to Aspergillus infection has responded well to 
itraconazole or aerosolized amphotericin (Kramer 
et al. 1991; Mehrad et al. 2001; Westney et al. 1996; 
Yeldandi et al. 1995). The standard treatment for 
pneumonia or disseminated aspergillosis is intra-
venous amphotericin B, but the outcome has been 
disappointing.

The threat of serious complications and the avail-
ability of effective, nontoxic drugs has led the ma-
jority of centers to undertake preventive therapy for 
Candida or Aspergillus infection (Dummer et al. 
2004). The protocols are typically based on fl ucon-
azole for Candida and itraconazole for Aspergillus. 
Such strategies undoubtedly result in over treatment 
but have been justifi ed by the reduction in serious 
fungal infections (Hamacher et al. 1999; Paradis 
and Williams 1993). The treatment of all respira-
tory isolates of Candida and Aspergillus infection 
with fl uconazole or itraconazole reduced the life-
time incidence of fungal infections from 14% to 5% 
(Paradis and Williams 1993).

5.2.3.2.2.4 
Other Fungal Infections

Other fungi, including Cryptococcus, Mucor, and 
endemically restricted organisms such as Coccidi-
oides immitis or Xenopi (Fig. 5.2.18), have occasion-
ally caused pulmonary or disseminated disease fol-
lowing lung transplantation (Dauber et al. 1990; 
Kramer et al. 1991; Paradis and Williams 1993). 
Prophylaxis should be considered for recipients who 
live within endemic areas.

5.2.3.2.2.5 
Tuberculosis

The incidence of pulmonary tuberculosis after lung 
transplantation is estimated to be between 2% and 
3.8% (Kesten and Chaparro 1999; Schulman et 
al. 1997). The transmission of pulmonary tuberculo-
sis after lung transplantation is probably via the do-
nor allograft (Collins 2002). The infection typically 
occurs 1.5–9 months after surgery. CT fi nding are 
nonspecifi c and include subtle bronchial narrowing, 
pleural effusions and bilateral small nodules, mul-
tiple bilateral upper and lower lobe cavitary lesions 

and consolidations as well as mediastinal lymph 
node enlargement (Collins 2002).

5.2.3.2.2.6 
Bacterial Infection in the Nonacute Phase

Although bacterial infection is more common in 
the acute phase after lung transplantation, as men-
tioned above, it also reemerges as a late complica-
tion ( Trulock 1997). Especially among patients in 
whom BOS develops, recurrent episodes of puru-
lent tracheobronchitis are common (Arcasoy and 
 Kotloff 1999). Radiographically these episodes of 

Fig. 5.2.17. Transverse CT section after double-lung trans-
plantation. CT shows large peripheral enhancing masses 
corresponding to fungal infection

Fig. 5.2.18. Transverse CT section after double-lung trans-
plantation. CT shows partly consolidated, partly ground-
glass-like opacities in the right lung, corresponding to My-
cobacterium xenopi
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bacterial infection are often associated with evi-
dence of bronchiectasis (Kramer et al. 1993b).

5.2.3.2.3 
Post Transplantation Malignancy

The chronic use of immunosuppressive agents to 
prevent allograft rejection increases the long-term 
risk of malignancy compared with that of the gen-
eral population.

The most frequent malignancy in lung transplant 
recipients is post transplantation lymphoprolifera-
tive disease (PTLD) and occurs in 5%–20% of pa-
tients (Trulock 1997). The histological fi ndings 
range from benign polymorphic hyperplasia of lym-
phocytes to malignant lymphoma. PTLD is thought 
to be caused by proliferation of Epstein–Barr-virus-
infected donor B-lymphocytes and is more common 
in Epstein–Barr-virus-seronegative recipients who 
receive an Epstein–Barr-virus-seropositive donor 
lung (Collins et al. 1998). Patients may respond to 
a reduction in immunosuppressive therapy, but this 
response must be balanced against increasing al-
lograft rejection.

Common radiographic fi ndings of PTLD con-
sist of single or multiple pulmonary nodules, hilar 
or mediastinal lymphadenopathy, pleural or peri-
cardial effusions, and parenchymal consolidation 

(Fig. 5.2.19) (Collins et al. 1998; Dodd et al. 1992). 
Other neoplasms are skin and lip carcinomas, vul-
var or perineal carcinomas, in situ cervical cancer, 
and Kaposi’s sarcoma. The risk for cancers that are 
common in the general population (e.g., lung, breast, 
prostate, colon) is not increased in transplant recipi-
ents (Penn 1993). When lung cancer has occurred 
in patients undergoing lung transplantation, it has 
typically been described in patients with strong 
risk factors for lung cancer prior to transplantation 
(Fig. 5.2.20) (Arcasoy et al. 2001). In rare cases, the 

Fig. 5.2.19a,b. CT shows large axillary lymph nodes (a) and 
focal pulmonary consolidation (b) in a patient with lym-
phoproliferative disease

Fig. 5.2.20. Transverse CT section of a double-lung trans-
plant recipient shows a large subcarinal mass suggestive of 
post transplant lymphoproliferative disease

a

b
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tumor represents recurrent disease in patients who 
were transplanted for bronchoalveolar carcinoma 
(de Perrot et al. 2003; Garver et al. 1999). A sin-
gle-center review of outcomes following lung trans-
plantation identifi ed bronchogenic carcinoma in 6 
of 251 patients (2.4%). All 6 patients had a history of 
heavy smoking (mean of nearly 80 pack years), and 5 
patients had COPD as their indication for transplan-
tation (Arcasoy et al. 2001).

5.2.3.2.4 
Recurrence of Primary Disease

A number of diseases have been reported to recur in 
the lung allograft, including sarcoidosis (Bjortuft 
et al. 1994; Johnson et al. 1993; Kazerooni et al. 
1994; Milman et al. 2005; Walker et al. 1998), and 
bronchioloalveolar carcinoma (Dransfi eld et al. 
2004; Paloyan et al. 2000). Other less frequently 
observed but reported disease recurrences after 
lung transplantation are idiopathic pulmonary he-
mosiderosis (Calabrese et al. 2002; Wroblewski 
et al. 1997), alpha-1-antitrypsin defi ciency (Mal 
et al. 2004), pulmonary veno-occlusive disease 
( Izbicki et al. 2005), diffuse panbronchiolitis (Baz 
et al. 1995), pulmonary Langerhans’ cell histiocyto-
sis (Fig. 5.2.21) (Etienne et al. 1998; Gabbay et al. 
1998; Habib et al. 1998), lymphangioleiomyomatosis 

Fig. 5.2.21. Transverse CT section through the left lower 
lobe. Recurrence of histocytosis X in transplanted lung

(Nine et al. 1994; O’Brien et al. 1995), desquamative 
interstitial pneumonia (Verleden 1998), and pul-
monary alveolar proteinosis (Parker and Novotny 
1997). Particularly sarcoidosis has been described to 
have a high pathologic recurrence rate in some small 
series (Collins et al. 2001). It usually is discovered 
incidentally when granulomas are noted on lung 
biopsy specimens, but these pathologic recurrences 
have not adversely affected the long-term outcome 
(Johnson et al. 1993). As an example, a series of 12 
patients found post transplantation recurrence of 
sarcoidosis in 3, but reported 3- and 5-year survival 
rates comparable to those of patients transplanted 
for other diseases (Walker et al. 1998). Because the 
history of lung transplantation is brief compared 
with the natural history of the underlying diseases, 
it would not be surprising for recurrence of other 
diseases to be described in the future among long-
term surviving patients.
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6.1.1 
Introduction

Hematopoietic transplantation is increasingly be-
ing used as treatment for a variety of severe dis-
eases. Data from International Registries indicate 
that more than 25,000 transplants are performed 
every year in Europe, and a similar number in the 
United States (US) (Copelan 2006; Gratwohl et 
al. 2007). The objectives of this procedure are: (1) 
to replace hematopoiesis affected by a severe and 
irreversible disorder, (2) to rescue the patient from 
intense marrow toxicity induced by high-dose che-
motherapy and/or radiation, and (3) to use a fraction 
of cells contained in the graft as anti-tumor immu-
notherapy. Of note, one or more of these objectives 
may be pursued in a particular situation; for ex-
ample, in a patient with acute leukemia, transplan-
tation aims to replace the neoplastic hematopoiesis 
by administering high-dose cytotoxic therapy and 
taking advantage of the graft-versus-leukemia effect 
of donor T-lymphocytes from the graft. In contrast, 
in aplastic anemia the only goal of the procedure is 
to restore an adequate hematopoiesis.

There are several transplantation modalities, 
depending on the type of donor and the source of 
hematopoietic cells. In all cases, the donor has to be 
identical or very similar to the recipient in the ma-
jor histocompatibility system of human leukocyte 
antigens (HLA). If the donor is an identical twin 
of the recipient the transplant is named syngeneic, 
whereas if the donor is another type of individual 
the denomination is allogeneic; in the latter cir-
cumstance the donor may be related or unrelated to 
the patient. Frequently, the patient acts as his own 
hematopoietic donor and the name for such an ap-
proach is autologous transplantation. In this situa-
tion, the transplanted cells have to be collected and 
cryopreserved before the administration of high-
dose therapy.

J. Sierra, MD, PhD
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Regarding the source of hematopoietic stem cells, 
the transplant may be from bone marrow, mobilized 
peripheral blood or umbilical cord blood.

6.1.2 
History

In 1939, Osgood administered repeated injections 
of a small amount of intravenous bone marrow to 
treat aplastic anemia without observing a response 
(Thomas 1999). One year later, Morrison unsuc-
cessfully treated another aplastic anemia patient by 
infusing marrow cells into the sternum. During the 
Second World War, the Atomic Energy Commission 
of the US promoted investigations on the intrave-
nous administration of bone marrow cells to irra-
diated dogs. The low dose of radiation, 350 rads or 
3.5 Gy, was insuffi cient to facilitate the engraftment 
of infused marrow.

Between 1949 and 1954, Jacobson, Lorenz, Barnes 
and Loutit made important experiments in mice 
showing that cells from the spleen or the bone mar-
row protected from death caused by radiation. Of 
note, a different evolution was observed after syn-
geneic and allogeneic transplantation, since mice in 
the latter group usually died due to complications 
defi ned as “secondary disease”. This experience an-
ticipated the most relevant problem after this type of 
transplantation, graft-versus-host disease (GVHD).

In 1957, Thomas and Ferrebee published a re-
port on six patients with end-stage hematologic 
cancer who received extensive radiation and in-
travenous marrow cells from healthy donors 
(Thomas et al. 1957). This pioneering experi-
ence in human hematopoietic transplantation led 
to engraftment in only one case. One year later, 
 Kurnick described the first two cases of autolo-
gous transplantation of human marrow cells to 
treat radiation toxicity.

In 1959 Thomas published the fi rst series 
of successful bone marrow transplants in hu-
mans using identical twin donors. One year 
before, Dausset and van Rood had discov-
ered the HLA system, enabling the possibil-
ity of performing allogeneic transplantation 
with a reasonable chance of success. In 1965, 
Mathé et al. were the fi rst to obtain a sustained
allogeneic engraftment, although the patient sub-
sequently died from chronic GVHD.

In 1969, the Seattle transplant team, under the 
leadership of Donnall Thomas, established the pro-
gram of hematopoietic transplantation as a treat-
ment for severe aplastic anemia and advanced-stage 
acute leukemia. These investigators demonstrated 
that this treatment allowed long-term survival in a 
small fraction of otherwise incurable patients. The 
results encouraged this group to investigate this ap-
proach in earlier phases of disease evolution. In 1972 
and 1974 the Seattle team published two reports in 
aplastic anemia patients achieving 40% long-term 
survival. These experiences increased the interest 
about marrow transplantation in other Western 
countries during the second half of the 1970s.

The fi rst unrelated donor marrow transplanta-
tion was performed in 1972 (Thomas 1999). In 1973, 
the Anthony Nolan Registry of the United Kingdom 
(UK) was created to increase the access to HLA-
typed unrelated volunteers. However, due to the ini-
tial complexity of donor search, these transplants 
were infrequent until the second half of the 1980s.

In 1989, Gluckman et al. performed the fi rst hu-
man transplantation with hematopoietic cells from 
the umbilical cord blood of a newborn, in a pa-
tient with Fanconi anemia. One year later, in 1990,
Donnall Thomas was awarded with the Nobel Prize 
of Medicine for his pioneer work and achievements 
in hematopoietic transplantation fi eld.

Until the late 1980s, bone marrow was the stem 
cell source in practically all transplants. In those 
days it became evident that large numbers of he-
matopoietic progenitors could be obtained from 
peripheral blood during the recovery phase fol-
lowing chemotherapy. The introduction of colony-
stimulating factors (CSF) in clinical practice led 
to the same observation: these agents were able to 
mobilize large amounts of hematopoietic progenitor 
cells to peripheral blood. Of note, the combination 
of chemotherapy and CSF increased the harvestable 
cells by means of apheresis devices compared with 
either alone. In autologous transplants, peripheral 
blood rapidly replaced bone marrow as the source of 
hematopoietic progenitors. In contrast, in allogene-
ic procedures the introduction of peripheral blood 
was slower. The reason was the particular concern 
that GVHD could be very frequent and severe, since 
peripheral blood contains 10 times more T-lympho-
cytes than bone marrow. However, this drawback 
was not confi rmed by clinical experience and since 
1995 the proportion of peripheral blood transplants 
has progressively increased, accounting now for 
more than 70% of allogeneic procedures.
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6.1.3 
Indications

Hematopoietic transplantation is mostly indicated 
for hematologic malignancies that can be treated 
with high doses of cytotoxic agents (Copelan 2006). 
Figure 6.1.1 refl ects the most frequent diagnoses in 
patients with neoplastic diseases. Current indica-
tions and practice of this treatment have been re-
cently reviewed (Gratwohl et al. 2007). Patients 
with lymphoma, myeloma, acute leukemia or myelo-
dysplasia may benefi t from this procedure, among 
others. Hematopoietic transplantation is also useful 
for replacing insuffi cient or defective cells derived 
from the marrow progenitors. This is the case in 
patients with marrow aplasia, central cytopenias, 
paroxysmal nocturnal hemoglobinuria, marrow 
myelofi brosis or inherited disorders of metabolism. 
Depending on the disease and degree of marrow 
involvement, patients will be suitable for allogeneic, 
autologous transplantation, or both. Of note, prog-
ress in non-transplant therapies is limiting some 
classical indications for this procedure. A good 
example of this is chronic myelogenous leukemia, 
where the introduction of imatinib, a bcr-abl tyro-
sine kinase inhibitor, has dramatically decreased the 
number of transplants for this disease (Baccarani 
et al. 2006). On the other hand, studies showing no 
superiority of autologous transplantation over con-
ventional treatment in patients with breast cancer 
mean that the former is almost never used now.

6.1.4 
Transplantation Technique

The main phases of hematopoietic transplantation 
procedure are as follows (Fig. 6.1.2): (1) identifi ca-
tion of stem cell donor and stem cell source, followed 
in autologous transplants by the harvest of hema-
topoietic cells, (2) administration of a preparative 
regimen (conditioning) to damage the recipient’s 
hematopoiesis and immune system, to create mar-
row space, and eventually to treat the neoplastic 
disease, (3) collection and infusion of hematopoietic 
progenitors from the donor, or thawing and admin-
istration of the autologous stem cells, (4) supportive 
measures until hematologic and immune recoveries 
are achieved, (5) in allogeneic transplants, manage-
ment of the immune interaction between donor cells 
and recipient tissues potentially leading to graft re-
jection and/or GVHD.

6.1.4.1 
Donor Selection in Allogeneic Transplants

HLA compatibility between donor and recipient may 
be studied by serologic methods or DNA techniques. 
The required resolution of HLA-typing methods is 
lower when recipient and donor are siblings com-
pared to unrelated donor transplantation. In the 
latter circumstance, high-resolution allele typing is 
necessary for an adequate HLA matching. HLA-A, 
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Fig. 6.1.1. Indications of 
autologous, allogeneic or 
syngeneic hematopoietic 
transplantation at the 
Hospital de la Santa Creu 
i Sant Pau in Barcelona. 
(AA, Aplastic anemia; 
ALL, acute lymphoblastic 
leukemia; AML, acute 
myeloid leukemia; CLL, 
chronic lymphocytic 
leukemia; CML, chronic 
myelogenous leukemia; 
HD, Hodgkin’s disease; 
MDS, myelodysplastic 
syndrome; MM, multiple 
myeloma; NHL, non-
Hodgkin’s lymphoma)
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-B, and -DR antigens are analyzed in transplants 
between siblings, whereas HLA-A, -B, -C, DRB1 and 
DQB1 alleles are studied in unrelated pairs. No more 
than one antigen mismatch is acceptable if the do-
nor is a relative of the recipient, and no more than 
one allele mismatch in transplants from unrelated 
volunteers. In umbilical cord blood transplantation, 
units are selected by HLA-A and -B serologic or low-
resolution DNA typing, whereas allele identifi cation 
is required for matching at HLA-DRB1. Up to two 
HLA disparities are acceptable in this type of trans-
plantation.

6.1.4.2 
Hematopoietic Stem Cell Harvest

Multiple punctures in the iliac crests (more than 
100–150) are necessary to aspirate enough marrow 
cells for transplantation. This procedure is made 
under general or less frequently regional anesthe-
sia. Harvest of marrow cells from the sternum is 
exceptional. Marrow blood (1000–1500 ml) has to 
be obtained and subsequently fi ltered to elimi-
nate bone fragments. This product is collected in 
transfusion bags with red cells being removed in 
case of donor–recipient major ABO incompatibil-
ity. The amount of hematopoietic progenitors of an 

adequate marrow product is at least 1×106 CD34-
positive cells/kg of the recipient. Administering 
a high marrow cell dose is particularly relevant 
for improving the outcome after unrelated trans-
plantation.

Hematopoietic stem cells may also be obtained 
from the peripheral blood by means of apheresis 
machines. These devices are sophisticated centri-
fuges which separate circulating blood cells and 
allow their selective aspiration. To mobilize hema-
topoietic progenitor cells from marrow to blood, 
CSF have to be administered to the donor. In au-
tologous harvesting chemotherapy is frequently 
combined with CSF. The usual dose of granulo-
cyte CSF (G-CSF) is 10 µg/kg daily if used alone 
and 5 µg/kg when combined with chemotherapy. 
This chemotherapy may be the patient’s standard 
treatment or consist of a single high dose of cy-
clophosphamide (1–3 g IV). In chemotherapy-
plus-CSF mobilization, peripheral blood stem cell 
collection usually begins on day 11–14 after the 
start of treatment, whereas in CSF priming alone 
harvesting is initiated on day 4 or 5 of therapy. In 
most instances, one to four apheresis sessions are 
required to obtain at least 2×106 CD34+ cells/kg, 
the adequate number of cells for transplantation. 
In autologous collection from heavily pretreated 
patients it is relatively frequent to observe a low 

Fig. 6.1.2. Schema of 
hematopoietic stem cell 
transplantation. The pa-
tient receives conditioning 
regimen with chemother-
apy (CT) and/or radiation 
to create marrow space 
and reduce the tumor. On 
day 0, autologous or allo-
geneic hematopoietic cells 
are administered through 
a right atrial catheter. The 
patient experiences pro-
found aplasia and immune 
suppression. During this 
period immediate toxicity 
and opportunistic infec-
tions appear. After hema-
tologic recovery, recipient 
tissues are recognized 
by immune-competent 
donor-derived T-cells and 
graft-versus-host disease 
(GVHD) develops. Graft-
versus-tumor effect con-
tributes to the eradication 
of residual neoplastic cells
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number of circulating CD34+ cells during the mo-
bilization attempt. This circumstance is known as 
mobilization failure.

Collection of cord blood stem cells consists of 
canalization of the umbilical vein after delivery to 
obtain, by gravidity and pressure on the placenta, 
100–150 ml of blood. An adequate cord blood unit 
for transplantation contains at least 5×106 total 
CD34+ cells. The infused cell dose has to be at 
least 1×105 CD34 cells/kg or 2×107 nucleated cells 
(NC)/kg.

All cell products for transplantation have to be 
bacteriologically and virologically tested. In autol-
ogous and in cord blood transplantation the cells 
collected are cryopreserved and stored for future 
use.

6.1.4.3 
Conditioning Regimen

The conditioning or preparative regimen includes 
chemotherapy, radiation or both. There are two 
categories of conditioning: (1) high-dose condi-
tioning also known as myeloablative, and (2) re-
duced intensity conditioning or non-myeloabla-
tive.

High-dose conditioning has a powerful anti-
neoplastic effect but signifi cant toxicity preclud-
ing its administration to elderly or debilitated 
patients. This type of regimen leads to early full 
engraftment of donor cells. Reduced intensity con-
ditioning has an immunosuppressive effect with 
low anti-tumor activity (Martino et al. 2001). 
This modality of preparative approach has im-
proved short-term toxicity in old and sick patients. 
Engraftment of donor cells is progressive with 
full replacement of recipient hematopoiesis and 
lymphopoiesis (chimerism) being achieved after 
several weeks or months (Fig. 6.1.3). In some cir-
cumstances, complete hematopoietic and immune 
recovery from transplanted cells requires the infu-
sion of additional donor T-lymphocytes.

Cytotoxic drugs commonly administered in 
conditioning regimens are alkylating agents such 
as cyclophosphamide, busulphan or melphalan, 
topoisomerase inhibitors, antimetabolites such 
as cytarabine, nitrosoureas such as BCNU and 
purine analogs such as fl udarabine. Total body 
irradiation is frequently added in high dose (8–
12 Gy) or as part of reduced-intensity conditioning 
(2 Gy). Polyclonal [antithymocyte globulin (ATG)] 

or monoclonal (Campath 1H) antibodies may also 
be incorporated into the preparative regimen to 
facilitate engraftment and decrease GVHD after 
transplantation.

6.1.4.4 
Stem Cell Infusion

A right atrial catheter has to be placed in the recipi-
ent of hematopoietic transplantation. The collected 
cells are infused freshly, or after rapid thawing in 
autologous or cord blood transplantation. Infusion 
duration is variable, from minutes to more than 1 h, 
depending on the volume to be administered. Vitals 
have to be monitored every 10–15 min. The main 
complications of cell infusion are chills, fl uid over-
load and, infrequently, fat emboli in the lungs.

6.1.4.5 
Graft-Versus-Host Disease Prophylaxis in
Allogeneic Transplantation

Allogeneic stem cell infusion without post-trans-
plant immunosuppression or T-cell depletion of the 
graft is followed by hyperacute and lethal GVHD. 
In T-cell replete transplantation, prophylaxis of this 
complication has to be administered. This consists 
of cyclosporine or tacrolimus together with metho-
trexate, prednisone, mycophenolate mofetil (MMF), 
rapamycin or the combination of two of these drugs. 
Adverse effects of cyclosporine and tacrolimus are 
renal and central nervous system toxicities, hyper-
bilirubinemia and thrombotic microangiopathy. 
Methotrexate prophylaxis is associated with muco-
sitis, delayed engraftment, and liver toxicity. Pred-
nisone facilitates the development of fungal and vi-
ral infections. Mycophenolate and rapamycin lead 
to gastrointestinal secondary effects.

6.1.4.6 
Post-Transplant Supportive Measures

Transplanted patients develop profound aplasia and 
immunosuppression as a consequence of the con-
ditioning regimen. During the neutropenic period 
it is recommended to keep the patients in isolated 
rooms equipped with high-effi ciency particulate 
air (HEPA) fi lters. Diet has to be free of germ con-
tamination, and oral antibacterial, antifungal, and 



182 J. Sierra

antiviral prophylaxis is administered. Red cell and 
platelet transfusions are given until these cells are 
produced by the graft. In some circumstances, CSF 
are administered to accelerate hematological re-
covery. In patients with severe hypogammaglobu-
linemia the substitutive intravenous supply of im-
munoglobulins is recommended.

6.1.4.7 
Hematopoietic and Immune Reconstitution 
from Transplanted Cells

More than 0.5×109/l neutrophils are achieved at a me-
dian of 10–14 days after transplantation of peripheral 
blood progenitor cells, 21–28 days after marrow infu-
sion, and 25–35 days when umbilical cord blood is the 
hematopoietic source. A self-sustained platelet count 
above 20×109/l is usually reached 5 days to 3 weeks af-
ter neutrophil recovery. Full immune reconstitution 
is slow and takes several months. CD4+ cell counts 
are low after transplantation. B-cell production and 
function are also impaired after the procedure. New 
ontogeny of the immune system after allogeneic 
transplantation requires vaccination against the most 
common pathogens, once the ability to effectively 
produce antibodies is restored.

As soon as hematopoietic cells appear in marrow 
and in blood, their origin from the donor may be 
demonstrated by several techniques. These include, 

among others, studies of red cell antigens, sex dis-
parities, and molecular methods such as analysis of 
the variable number of tandem repeats (VNTR). The 
circumstance of donor hematopoiesis in the recipi-
ent is known as chimerism. This chimerism may be 
full donor or mixed with the persistence of a variable 
proportion of host cells. Chimerism is early and com-
plete when high-dose conditioning is administered. 
In contrast, mixed chimerism for weeks or months 
may be observed after reduced-intensity condition-
ing transplantation. Persistent mixed chimerism is 
frequently associated with disease recurrence or graft 
rejection. On the other hand, full donor chimerism is 
usually a requisite for developing GVHD.

6.1.5 
Transplant Complications

6.1.5.1 
Graft Failure

Lack of engraftment (or primary graft failure) is 
exceptional in transplantation after full-dose con-
ditioning for neoplastic diseases, provided that the 
patients receive an adequate hematopoietic cell dose 
of autologous origin or from an HLA-identical sib-
ling. Transplantation from unrelated donors, par-

RIC

Patient

DONOR

DLI+–

Donor Mixed chimera Full chimera

HCT

Fig. 6.1.3. Allogeneic 
hematopoietic cell trans-
plantation (HCT) after 
reduced intensity condi-
tioning (RIC). In the fi rst 
weeks after transplant 
there is coexistence of 
donor and recipient he-
matopoietic cells (mixed 
chimerism). Spontane-
ously or after donor lym-
phocyte infusions (DLI) 
full donor chimerism is 
established
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ticularly if there is some degree of HLA disparity, 
and from umbilical cord blood increases the risk 
of graft failure, as well as the administration of re-
duced-intensity conditioning. Graft failure is also 
more frequent if the patient has preserved immune 
integrity before the procedure, such as in aplastic 
anemia or chronic myeloid leukemia without prior 
intensive treatment. In the high-risk circumstances 
mentioned, the frequency of this complication rang-
es between 5% and 20%.

Secondary graft failure, also known as poor graft 
function, develops in patients with severe systemic 
infections early post-transplant and in those with 
CMV replication after the procedure. Parvovirus 
B19 is another pathogen that has to be investigated 
in cases of secondary graft failure. Certain drugs 
used after transplantation such as methotrexate, co-
trimoxazole, ganciclovir, amphotericin B, and my-
cophenolate mofetil are myelotoxic and may cause 
or contribute to poor graft function.

6.1.5.2 
Opportunistic Infections

A wide variety of infectious complications may de-
velop after transplantation (Fig. 6.1.4). During the 
neutropenic period, fever appears in practically 
all patients. The causative pathogens are usually 
Gram positive cocci entering the body through the
intravenous catheter or as a consequence of severe 
oral mucositis. Gram-negative sepsis may also oc-

cur with the more frequent entry route being the 
gastrointestinal tract.

Bacterial, viral or fungal pneumonia is also rela-
tively common after transplantation. Computed 
tomography of the thorax is useful for early detec-
tion of this complication and the radiologic fi ndings 
will be extensively reviewed in this book. In patients 
with pulmonary infection, bacteria, fungi, commu-
nity viruses, CMV, and Pneumocystis carinii have to 
be investigated by antigenemia or polymerase chain 
reaction (PCR) in blood, nasopharyngeal cultures 
and direct staining and cultures of bronchoalveolar 
brushing and lavage. Transbronchial or transpa-
rietal lung biopsy may be necessary for an etiologic 
diagnosis. If the pulmonary complication is not un-
der adequate control severe respiratory failure may 
develop requiring mechanical ventilation.

Viral infections that occur after transplantation 
are not limited to the lung. Herpes simplex infections 
are frequent early after the procedure, manifesting 
as oral vesicles or ulcerations. Less frequent is genital 
involvement by herpes simple virus, hepatitis or en-
cephalitis. Herpes zoster and varicella reactivate in 
most patients, particularly if aciclovir prophylaxis is 
discontinued. Occasionally, severe cerebral arteritis 
or pneumonia caused by this virus may occur. CMV 
infection is frequent after transplantation and has 
to be regularly monitored by antigenemia and/or 
PCR for early treatment avoiding CMV disease. Ep-
stein Barr virus (EBV) infection and EBV-associated
lymphoproliferative disorders have also to be tested 
on a regular basis, especially in transplants with “in 
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Fig. 6.1.4. Pattern of in-
fections after hematopoi-
etic cell transplantation 
(HCT). (Adeno, adenovi-
rus; CMV, cytomegalo-
virus; GVHD, graft-ver-
sus-host disease; HHV6, 
human herpes virus 6; 
HSV, herpes simple virus; 
TCD, T-cell depletion; 
TOXO, toxoplasma; VZV, 
varicella zoster virus)
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vivo” or “ex vivo” T-cell depletion. Rituximab , a 
monoclonal antibody against cells expressing CD20 
antigen, is an effective treatment of post-transplant 
EBV-related disorders.

Aspergillus infection is frequent after transplan-
tation, despite galactomannan antigen monitoring 
and antifungal prophylaxis. Prolonged neutropenia, 
GVHD, and immunosuppressive treatment predis-
pose to this complication. Angioinvasive pulmonary 
involvement is the most frequent clinical picture. 
Bronchial aspergillosis and solitary lung lesions 
are less common. If the disease does not respond to 
treatment, widespread aspergillosis may occur with 
cerebral disease. In the latter situation, mortality is 
practically constant.

Other fi lamentous fungi and Candida sp. infec-
tion are much less frequent than aspergillosis, al-
though they have also to be taken into account in 
the differential diagnosis of patients with suspected 
fungal infection.

Occasional post-transplant infections include 
toxoplasma or tuberculosis of the lungs and/or cen-
tral nervous system disease, and Pneumocystis cari-
nii pneumonia. These diseases respond well to treat-
ment and because of that early and precise diagnosis 
is mandatory.

6.1.5.3 
Graft-Versus-Host Disease

The recognition of several tissues of the recipient 
by the immune-competent T-cells from the donor 
causes GVHD. This phenomenon occurs in 50%–
90% of allogeneic transplants, being more frequent 
in cases of HLA disparity, transplantation from un-
related donors, and in male recipients transplanted 
from female donors. There are two forms of GVHD 
with a different clinical picture. The acute form de-
velops before day 100 after transplant and involves 
skin, liver, and gastrointestinal tract. Patients have 
erythema, papulae (Fig. 6.1.5a) or epidermolysis 
(Fig. 6.1.5b), hepatitis and/or cholestasis, vomiting 
and diarrhea. Chronic GVHD is diagnosed when 
present after day 100. This complication manifests 
as lichenoid, sclerodermiform or hypopigmented 
skin lesions, mucosal and ocular involvement (Sic-
ca syndrome), restrictive or obstructive (obliterans 
bronchiolitis) lung disease, chronic hepatitis and/or 
cholestasis, and less frequently muscular or fasciae 
infl ammation. The treatment of GVHD consists 
of immunosuppressive and immunomodulatory 

drugs such as steroids, cyclosporine or tacrolimus, 
 mycophenolate mofetil, thalidomide, rapamycin, 
and polyclonal or monoclonal anti T-cell antibod-
ies. The overall complete response rate to treatment 
for GVHD is higher than 50%. In contrast, patients 
who do not respond or have a relapse have poor 
outcome in terms of long-term survival. In patients 
transplanted for malignancies, the best scenario is 
to develop moderate and sustained GVHD which 

Fig. 6.1.5a,b. Acute graft-versus-host disease of the skin 
with a papulae and b epidermolysis

a

b
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responds to treatment. This circumstance is asso-
ciated with decreased recurrence of the neoplastic 
disease due to the powerful graft-versus-tumor ef-
fect (Martino et al. 2002).

6.1.5.4 
Other Complications

Liver veno occlusive disease, recently defi ned as si-
nusoid obstruction syndrome (SOS), may develop 
in the fi rst 40 days after transplantation as a conse-
quence of a high-dose conditioning regimen. Prior 
liver disease predisposes to this complication which 
manifests as cholestasis and fl uid retention second-
ary to portal hypertension and renal dysfunction. 
Current treatment of SOS consists of fl uid restric-
tion, diuretics, and defi brotide. Although transient-
ly severe, the evolution is favorable in most cases.

Renal insuffi ciency, usually reversible, is com-
mon after the procedure and commonly related to 
the use of nephrotoxic drugs such as ciclosporin, 
tacrolimus, vancomycin or amphotericin B. In a 
minority of instances dialysis may be required. Mi-
croangiopathic hemolysis and thrombocytopenia 
secondary to ciclosporin or tacrolimus may further 

impair renal function. Hemorrhagic cystitis is also a 
possible complication of the transplant and is related 
to the use of high-dose cyclophosphamide, bacterial 
or viral infection (adenovirus) or mucosal GVHD. 
Infertility is almost inevitable after transplantation, 
unless a reduced-intensity conditioning regimen is 
administered.

With the improvement of long-term results of 
hematopoietic transplantation, late complications 
of the procedure are becoming evident. Cataracts, 
hypothyroidism, growth retardation, impaired hair 
growth, sexual dysfunction, and depression among 
other disorders have to be carefully evaluated and 
treated. However, more than 80% of transplant sur-
vivors are asymptomatic and able to carry on with a 
normal life.

6.1.6 
Results

The results of hematopoietic transplantation depend 
mainly on age, disease stage, and type of procedure 
(Copelan 2006). The results are best in young pa-

Table 6.1.1. Results according to type of hematopoietic transplantation and disease-stage
(modifi ed from reference Copelan 2006). (CP, Chronic phase; NHL, non-Hodgkin’s lymphoma)

100-Day mortality 5-Year relapse 5-Year event-
free survival

Autologous

Diffuse large-cell NHL

1st CT-sensitive relapse 3–5 45–52 45–50

2nd CT-sensitive relapse 5–8 47–65 30–35

Refractory 10–20 70–85 5–10

Allogeneic

Acute myeloid leukemia

1st complete remission 7–10 25–38 55–65

2nd complete remission 10–20 40–60 30–40

Refractory 30–40 40–55 15–20

Chronic myeloid leukemia

CP<1 year after diagnosis 5–10 10–25 70–80

CP>1 year after diagnosis 10–15 25–40 50–60

Accelerated 15–20 45–55 30–35

Blastic 35–45 40–60 5–15
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tients with early disease transplanted from HLA-
identical siblings. The use of adult unrelated donors 
has an approximately 15% higher procedure-related 
mortality and decreased survival as compared to 
HLA-identical sibling transplants. An additional 
10% mortality should be generally predicted if the 
stem cell source is umbilical cord blood. Autograft-
ing has a lower procedure-related mortality but a 
higher relapse rate than allogeneic transplantation. 
The same phenomenon is observed after reduced-in-
tensity conditioning compared to conventional allo-
geneic transplant, a lower mortality but more recur-
rences. The main results obtained in the different 
disease categories are summarized in Table 6.1.1.

6.1.7 
Future Developments

Hematopoietic transplantation is a fi eld of active 
research. New methods are being developed to re-
fi ne the transplantation technique to make it safer 
and more effective. Conditioning regimens targeted 
to neoplastic and/or immune cells and to preserve 
extrahematological tissues are under investigation. 
Antigen or molecularly targeted treatment may also 
be useful for eradicating minimal residual disease 
after the procedure (Ravandi et al. 2004). Improved 
knowledge of the mechanism of GVHD and the graft-
versus-tumor effect may allow them to be separated, 
to achieve control over the neoplasia without un-
desirable toxicity. Progress in the fi eld of immune 
tolerance may allow the surpassing of HLA barriers 
in some donor–recipient pairs, and the safe perfor-
mance of HLA-haploidentical transplants. Finally, 
the selective use of hematopoietic and mesenchy-
mal cell subsets may improve engraftment and allow 
further exploitation of these cells for tissue repair or 
as a form of immune modulation and therapy (Xia 
et al. 2004; Lazarus et al. 2005).
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6.2.1 
Introduction

The term “hematopoietic stem cell transplantation” 
has supplanted the previously employed term “bone 
marrow transplantation” to refl ect the broader range 
of donor stem cell sources that are now available: bone 
marrow, fetal cord blood, and growth-factor-stimu-
lated peripheral blood (Kotloff et al. 2004). Hemato-
poietic stem cell (HSC) transplantation is being used 
with increasing frequency for the treatment of leuke-
mia, aplastic anemia, myeloma, and some forms of 
lymphoma and solid tumors. It is estimated that more 
than 50,000 marrow and HSC transplantations are per-
formed annually worldwide (Tabbara et al. 2002).

Although HSC transplantation is a well-estab-
lished procedure, thoracic complications are com-
mon (Winer-Muram et al. 1996; Yen et al. 2004) 
and occur in a signifi cant number of patients after 
marrow transplantation (Krowka et al. 1985; Chan 
et al. 1990; Soubani et al. 1996; Worthy et al. 1997; 
Kotloff et al. 2004). 

Pulmonary complications are a common cause of 
morbidity and mortality after HSC transplantation oc-
curring in 40%–60% of recipients and accounting for 
more than 90% of mortality (Yen et al. 2004). The spec-
trum of pulmonary complications has been infl uenced 
by changes in transplantation technique, prophylactic 
treatment for infections, and the use of new chemo-
therapeutic drugs that contribute to lung injury. Allo-
geneic recipients develop pulmonary complications at 
a much higher frequency than those receiving autolo-
gous HSC transplant ( Tabbara et al. 2002).

Marrow grafting is preceded by intense immu-
nosuppressive treatment to prevent rejection of the 
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transplanted marrow. Preparative regimens cause a 
spectrum of pulmonary acute toxicities and compli-
cations that may be either infectious and related to 
the degree of ongoing immunosuppression, or non-
infectious and related to previous chemotherapy, 
degree of immunosuppression, and, in allogeneic 
transplants, the presence of graft-versus-host dis-
ease (GVHD) (Chan et al. 1990).

Pneumonia remains a common life-threatening 
complication in HSC recipients occurring as a di-
rect result of transplantation-induced immune sup-
pression (Aronchick 2000). Non-infectious com-
plications include pulmonary edema, engraftment 
syndrome, alveolar hemorrhage, drug-induced lung 
injury, idiopathic pneumonia, obliterative bronchi-
olitis, cryptogenic organizing pneumonia, pulmo-
nary veno-occlusive disease, and post-transplant 
lymphoproliferative disorder (Alam and Chan 
1996; Soubani et al. 1996; Worthy et al. 1997). As 
the number of survivors increases, several late ef-
fects of treatment are becoming evident. Sarcoidosis 
has been sporadically reported as a rare complica-
tion following either autologous or allogeneic HSC 
transplantation (Bhagat et al. 2004). In these pa-
tients the prevalence of sarcoidosis may be tenfold 
higher than that of the normal population (Bhagat 
et al. 2004).

In this chapter, imaging features of various infec-
tious and non-infectious pulmonary complications 
following HSC transplantation are discussed and il-
lustrated.

6.2.2 
Clinical Considerations

Specifi c pulmonary complications tend to occur dur-
ing identifi able phases that correspond with the state 
of immune reconstitution after the marrow trans-
plant. It is useful to divide the post-transplant period 
into three phases: (1) neutropenic phase (the fi rst 
30 days); (2) early phase (days 31–100); and (3) late 
phase (more than 100 days after the transplant). Al-
though this division is clinically useful, overlap oc-
curs in the timing of specifi c complications (Chan et 
al. 1990; Soubani et al. 1996; Worthy et al. 1997).

Signs and symptoms of pulmonary disorders re-
lated to HSC transplantation are often non-specifi c 
and rapid and accurate diagnosis is essential in these 
life-threatening disorders.

6.2.3 
Integrating Clinical Factors, Imaging 
Findings, and Other Diagnostic Procedures

Although imaging has a limited role before HSC 
transplantation, it is important after transplanta-
tion when it may support the clinical diagnosis of 
a variety of complications. It may also be used to 
monitor the effect of therapy and to detect recur-
rence of the underlying disease if the transplant is 
unsuccessful (Evans et al. 2003). The most useful 
imaging modalities available for the evaluation of 
the patient with known or suspected post-transplant 
pulmonary complications are chest radiography and 
computed tomography (Wah et al. 2003).

Combining clinical factors, including the type 
of transplant and the point of time during the post-
transplantation course, with characteristic imag-
ing features yields the most specifi c and accurate 
differential diagnosis for radiologic fi ndings in 
these patients (Nusair et al. 2004; Coy et al. 2005; 
 Franquet et al. 2005a). In the absence of clinical in-
formation, radiologists cannot reliably distinguish 
between pneumonia and other non-infectious pul-
monary processes. 

Diffuse parenchymal infi ltrates are common ra-
diographic fi ndings in HSC transplant recipients. In 
the neutropenic phase, < 30 days after transplanta-
tion, infectious causes of pulmonary infi ltrates have 
been documented in fewer than 20% of recipients 
who underwent open lung biopsy (Crawford et al. 
1988). In this phase, pulmonary edema secondary 
to cardiac decompensation, intravascular volume 
excess, acute respiratory distress syndrome, or pul-
monary capillary leak is the major reason for dif-
fuse parenchymal infi ltrates. However, between 30 
and 180 days after transplantation, infections are 
the commonest cause of diffuse parenchymal ab-
normalities (Crawford et al. 1988;  Cunningham 
1992). Pulmonary edema and the idiopathic pulmo-
nary syndrome (IPS) are the most common condi-
tions to be distinguished from bronchopneumo-
nia when a generalized pulmonary abnormality 
is radiographically demonstrated (Cardozo and 
Hagenbeek 1985; Crawford 1999). 

Focal parenchymal infi ltrates are frequently due 
to infection regardless of the time of presentation 
after transplant; however, distinction of localized 
pneumonia from other pulmonary processes can-
not be made with certainty on radiologic grounds 
(Janzen et al. 1993). Unfortunately, the clinical data 



  Imaging in Bone Marrow Transplantation 189

and imaging fi ndings often fail to lead to a defi ni-
tive diagnosis of pneumonia because an extensive 
number of non-infectious processes associated with 
febrile pneumonitis – i.e., drug-induced pulmonary 
disease, IPS, and organizing pneumonia – mimic 
pulmonary infection (Janzen et al. 1993). Localized 
pulmonary disease of a lobar or segmental distribu-
tion can also be produced by pulmonary edema and 
hemorrhage.

6.2.3.1 
Conventional Chest Radiography

A posteroanterior (PA) (and lateral when possible) 
chest radiograph is the primary imaging modal-
ity used in the initial evaluation and follow-up of 
HSC transplant recipients with fever. Other roles for 
chest radiography are an enhanced ability to assess 
the extent of disease, to detect complications (i.e., 
cavitation, abscess formation, pneumothorax, pleu-
ral effusion), and to detect additional or alternative 
diagnoses and sometimes to guide invasive diagnos-
tic procedures. The non-specifi city of radiographic 
fi ndings as well as the wide range of potential causes 
often lead to frustration when evaluating the imag-
ing fi ndings of a patient with a suspected thoracic 
complication.

6.2.3.2 
Computed Tomography

Although CT is not recommended for the initial 
evaluation of patients with pneumonia, it is useful 
in the detection, differential diagnosis, and manage-
ment of the HSC transplanted recipient with acute 
pulmonary disease when chest radiographs show 
non-specifi c abnormal fi ndings or when the radio-
graphic fi ndings are normal with clinical fi ndings of 
pulmonary disease (Worthy et al. 1997; Tanaka et 
al. 2002; Franquet et al. 2005a).

There is a large literature indicating that CT is a 
sensitive method capable of imaging the lung with 
excellent spatial resolution providing anatomical 
detail similar to that seen by gross pathological 
examination. Differences in tissue attenuation and 
parenchymal changes caused by an acute infl am-
matory process can be seen readily by CT. Unlike 
chest radiography, CT provides cross-sectional im-
ages and the pattern and distribution of pulmonary 
processes are therefore much more readily appreci-

ated than on conventional examinations. The fi nd-
ings of air-space disease, air-space (acinar) nodules, 
ground-glass opacities, consolidation, air broncho-
grams, and centrilobular or perilobular distribution 
are seen better by CT than by conventional radiog-
raphy. Air-space nodules represent the size of the 
acinus (6–10 mm) and are centrilobular in distribu-
tion. They are best appreciated in early disease and 
best seen at the edge of the pathologic process where 
consolidation is incomplete.

6.2.3.3 
Non-Invasive and Bronchoscopic Diagnostic 
Procedures

The clinical and radiographic presentation of pul-
monary disease in HSC transplant recipients often 
fails to allow the specifi c identifi cation of a causative 
pathogen or to permit the distinction between infec-
tious and non-infectious processes (Ettinger 1993; 
Starobin et al. 2003).

Non-invasive and bronchoscopic procedures 
have been shown to be safe and useful techniques for 
evaluating pulmonary infi ltrates in immunocom-
promised patients. Fiber-optic bronchial aspirates 
(FBAS) and broncho-alveolar lavage (BAL) are the 
procedures of choice for evaluating pulmonary infi l-
trates in HSC transplant recipients and they have the 
highest diagnostic yield and impact on therapeutic 
decisions (Young et al. 1984; Springmeyer et al. 
1986; Heurlin et al. 1991; Soubani et al. 2001). BAL 
has proved valuable even in patients who have severe 
thrombocytopenia (Stover et al. 1984; Huaringa 
et al. 2000). Negative results do not exclude angioin-
vasive fungal infections, such as aspergillosis.

6.2.3.4 
Invasive Diagnostic Procedures

Diagnostic information may also be obtained by 
transbronchial or percutaneous needle aspiration. 
Transbronchial biopsy may be unsafe to perform in 
severely thrombocytopenic patients.

Despite its reported results in the diagnosis of 
pulmonary infection being variable (11.7%–73%), 
percutaneous fi ne needle aspiration is an alterna-
tive method used to identify causative pathogens 
in selected patients with pneumonia (Jantunen et 
al. 2002). Transthoracic needle aspiration should be 
considered for patients who have not responded to 
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initial therapy, who may have nosocomial superin-
fection, who are immunocompromised, or in whom 
TB is suspected but has not been confi rmed by ex-
amination of the sputum or gastric lavage. It is not 
clear whether use of transthoracic needle aspiration 
results in a reduction in mortality and morbidity in 
a cost-effective fashion, compared to a less invasive 
approach.

6.2.3.5 
Open Lung Biopsy

Surgical lung biopsy (SLB), by way of either thora-
cotomy or video-assisted thoracoscopy, may be di-
agnostic (Crawford et al. 1988; Snyder et al. 1990). 
SLB provides a specifi c diagnosis in the majority 
of patients with hematologic malignancy or HSC 
transplant recipients and unexplained pulmonary 
infi ltrates (Wong et al. 2002; Zihlif et al. 2005). 
Even in severely immunosuppressed patients, the 
morbidity and mortality that are associated with 
this technique seem to be acceptable, especially 
when the biopsy is performed thoracoscopically 
(Roviaro et al. 2002).

6.2.4 
Infectious Complications

Although the incidence of pulmonary infection 
after HSC transplantation has declined, pneumo-
nia remains a common life-threatening complica-
tion in these patients and occurs as a direct result 
of transplantation-induced immune suppression 
(Crawford et al. 1988; Choi and Leung 1999). Dur-
ing the initial post-transplant period, patients are 
profoundly neutropenic (absolute neutrophil count 
< 500 cells/µl) and the majority of microbiologically 
documented pneumonias are caused by fungi or 
bacteria (Cunningham 1992). If neutropenia is pro-
longed beyond 2 weeks, Aspergillus spp. as well as 
other opportunistic moulds may cause life-threat-
ening infections (Kaiser et al. 1998; Fukuda et al. 
2004). While fungi are the most common cause of 
pulmonary infection in the early pre-engraftment 
phase, viruses most commonly occur in the post-
engraftment phase (Kapoor et al. 1989; Giacchino 
et al. 1993). Conversely, in the late post-engraftment 
phase, from day 100 until the patient regains normal 

immunity usually 1–2 years later, there is no pre-
dominant pathogen and the majority of infections 
are usually bacterial (Paulin et al. 1987; Kotloff 
et al. 2004).

6.2.4.1 
Bacterial Infection

Bacterial infections are responsible for approxi-
mately 90% of infections during the early phase of 
neutropenia and are not lethal as often as are viral 
and fungal infections (Maschmeyer 2001). The list 
of pathogens that can cause bacterial pneumonia in 
HSC transplant recipients is extensive, but a nar-
row spectrum accounts for most cases. During the 
fi rst few days after transplantation, the organisms 
involved are aerobic bacteria found in the bowels 
(Escherichia coli, Klebsiella, Pseudomonas) and those 
found on the skin or intravenous catheters (Staphy-
lococcus aureus, coagulase-negative staphylococci); 
other causative organisms are Legionella, Haemoph-
ilus infl uenza, Viridans streptococci, Enterobacter, 
and Nocardia (Villablanca et al. 1990; Kumar and 
Jimenez 2001; Lin et al. 2004). Viridans streptococcal 
shock syndrome may occur early in the transplan-
tation course (6 or 7 days post-transplantation) in 
patients with severe neutropenia and viridans strep-
tococcal bacteremia (Martino et al. 1995).

Clinical symptoms of bacterial infection include 
fever, cough, and progressive dyspnea that is present 
in more than 90% of patients. Although the pulmo-
nary examination may reveal rhonchi and crackles, 
the examination may be normal in 50% of patients. 

The radiographic fi ndings in bacterial infections 
are non-specifi c. Plain radiographs most commonly 
show focal alveolar infi ltrates, but may be normal 
in 30% of patients, most likely because of the rou-
tine use of broad-spectrum antibiotics for febrile 
patients (Maschmeyer 2001). On high-resolution 
CT, a focal air-space consolidation, which typically 
presents in either a segmental or lobar distribution, 
is frequently identifi ed. Differentiation from atypi-
cal patterns of opportunistic infections is often im-
possible on the basis of radiographic fi ndings. Con-
versely, atypical patterns, including bilateral diffuse 
opacities, are not uncommon manifestations of bac-
terial pneumonia.

Pyogenic airways disease, including infectious 
bronchitis and bronchiolitis, are increasingly seen 
in HSC transplant recipients. Histologically, they 
are characterized by an active cellular bronchiolitis 
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with mononuclear cell infl ammation of the respira-
tory bronchioles and the presence of an infl amma-
tory exudate and mucus in the bronchiolar lumen 
(Aquino et al. 1996). Bronchogenic dissemination of 
pyogenic bacteria can result in dilatation and thick-
ening of bronchiolar walls. Chest radiography may 
have normal or non-specifi c fi ndings consisting of 
heterogeneous ill-defi ned opacities, especially vis-
ible in the lower lung regions. Other common radio-
graphic fi ndings are peribronchial thickening occa-
sionally observed as “tram tracking”.

Associated airway abnormalities can also be de-
picted by CT. Characteristic CT fi ndings include: 
(1) small ill-defi ned centrilobular densities rep-
resenting bronchioles impacted with infl amma-
tory material and peribronchiolar infl ammation 

(“tree-in-bud”), (2) branching linear opacities cor-
responding to infl ammatory cells in the walls of the 
airways, and (3) focal areas of consolidation due to 
bronchopneumonia (Fig. 6.2.1) (Aquino et al. 1996). 
Although these fi ndings are reversible in the major-
ity of cases, recurrent and persistent infections may 
lead to bronchiolectasis.

6.2.4.1.1 
Mycobacterial Infection

Infection with Mycobacterium tuberculosis and a 
variety of non-tuberculous mycobacteria has been 
observed in HSC transplant recipients (Navari et al. 
1983; Mohite et al. 2001). Mycobacterium tubercu-
losis infection can occur after HSC transplantation, 
but the incidence in the reported series is lower than 
that of other infections (Roy and Weisdorf 1997; 
Aljurf et al. 1999; Mohite et al. 2001). Overall, 
the incidence of tuberculosis has bee reported to 
be between 0.19% and 5.5% of cases (Martino et 
al. 1996; Roy and Weisdorf 1997). Reports of non-
tuberculous mycobacterial disease in both HSC and 
solid organ transplant recipients have also increased 
(Ozkaynak et al. 1990; Busch et al. 1991; Doucette 
and Fishman 2004).

6.2.4.2 
Fungal Infections

A major infectious cause of death in HSC transplant 
recipients is invasive fungal infection (Allan et al. 
1988; Bodey and Vartivarian 1989; Bag 2003). 
Beyond the fi rst week after transplantation, fun-
gal infections become increasingly common, being 
identifi ed as a cause of pneumonia in 12%–50% of 
patients (Connolly et al. 1999). With increased use 
of prophylactic fl uconazole, infections with resistant 
fungi have become more common. Other less com-
mon pulmonary mycoses (e.g., Penicillium purpu-
rogenum, Acremonium strictum and Scedosporium 
apiospermum) have been also observed.

6.2.4.2.1 
Pneumocystis Jiroveci 
(Formerly Pneumocystis Carinii)

The disease known as Pneumocystis pneumonia 
(PCP) is a major cause of illness and death in per-
sons with impaired immune systems. Pneumocystis 
organisms from different host species have very dif-

Fig. 6.2.1a,b. A 48-year-old man with Pseudomonas aeru-
ginosa pneumonia after allogeneic hematopoietic stem cell 
transplantation. a Close-up view of an anteroposterior chest 
radiograph shows an ill-defi ned opacity in the right upper 
lobe. b Corresponding HRCT scan at the same level shows 
multiple branching linear opacities and some areas of lobu-
lar consolidation

a

b
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ferent DNA sequences, indicating multiple species. 
In recognition of its genetic and functional distinct-
ness, the organism that causes human Pneumocys-
tis carinii pneumonia is now named Pneumocystis 
jiroveci (Stringer et al. 2002).

Pneumocystis jiroveci has been reported to be a 
rare cause of pulmonary infection in HSC trans-
plant recipients (Saito et al. 2001; Chen et al. 2003; 
Resnick et al. 2005). The manifestations of disease 
depend on the severity of infection. Clinical symp-
toms of PCP include non-productive cough, short-
ness of breath, and hypoxia on room air.

Abnormal chest radiographs have been reported 
in up to 90% of patients with suspected PCP showing 
the typical fi ndings of diffuse bilateral interstitial 
infi ltrates most marked in a perihilar distribution 
(Soubani et al. 1996; Worthy et al. 1997; Resnick 
et al. 2005). As the disease progresses, alveolar infi l-
trates may also develop. The widespread use of Pneu-
mocystis prophylaxis has led to a larger proportion 
of patients that present with normal radiographs. 
However, normal radiographs do not exclude the di-
agnosis (Boiselle et al. 1997).

Computed tomography is the imaging modality of 
choice to evaluate those symptomatic patients with a 
clinical suspicion of PCP but with an otherwise nor-
mal or equivocal chest radiograph. Characteristic 
CT features are perihilar ground-glass opacity, often 
in a patchy or geographical distribution, with areas 
of affected lung interspersed by normal lung paren-
chyma (Fig. 6.2.2). In addition to the ground-glass 
pattern, there is often associated thickening of the 
interlobular septa giving a “crazy paving” appear-
ance. Other less common radiographic patterns of 
PCP are parenchymal consolidation, mass lesions, 

multiple pulmonary nodules, pleural effusion, and 
lymph node enlargement (Boiselle et al. 1999).

6.2.4.2.2 
Aspergillosis

Aspergillus are ubiquitous organisms that are part of 
the normal environmental fl ora and abound in the 
soil around us (Denning 2000, 2001). Aspergillosis 
is a mycotic disease caused by Aspergillus species, 
usually A. fumigatus. Other pathogenic species in-
clude A. fl avus, A. niger, and A. terreus. Aspergillus 
infections can result in a variety of clinical, radio-
logic, and histologic manifestations (Aquino et al. 
1994; Gotway et al. 2002). Although all humans 
beings are commonly exposed to these organisms, 
the type and severity of pulmonary involvement 
are infl uenced by the patient’s immunologic status 
and the presence of pre-existing lung disease. Dis-
seminated and invasive forms most often occur in 
immunologically compromised hosts representing 
a common cause of life-threatening opportunistic 
infection in neutropenic patients (Allan et al. 1988; 
Alangaden et al. 2002; Bag 2003).

The defi nitive diagnosis of invasive pulmonary 
aspergillosis is traditionally based on the histologic 
evidence of tissue invasion by branched septate hy-
phae. In recent years it has been shown that Asper-
gillus infection can result in a broad range of airway 
complications (Gotway et al. 2002; Franquet et al. 
2004).

6.2.4.2.2.1 
Angioinvasive Aspergillosis

Angioinvasive aspergillosis is commonly seen in 
immunocompromised patients with severe neutro-
penia (Denning 2000; Fukuda et al. 2004). There 
has been a substantial increase in the number of 
patients at risk of developing invasive aspergillo-
sis for many reasons, including the development 
of new intensive chemotherapy regimens for solid 
tumors, diffi cult-to-treat lymphoma, myeloma, and 
resistant leukemia as well as an increase in the num-
ber of solid organ transplantations and increased 
use of immunosuppressive regimens for other au-
toimmune diseases. Angioinvasive aspergillosis is 
the most common fungal pulmonary infection in 
severe neutropenic patients. It is much more com-
mon in allogeneic than in autologous HCT recipients 
and in patients with acute leukemia (Denning 2000; 
Fukuda et al. 2004).

Fig. 6.2.2. A 36-year-old female patient with Pneumocystis 
pneumonia (PCP) after allogeneic hematopoietic stem cell 
transplantation. HRCT scan at the level of the lower lobes 
demonstrates diffuse bilateral patchy areas of ground-glass 
attenuation
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The diagnosis of angioinvasive aspergillosis is 
based on clinical, radiological, and mycological data. 
Although a febrile neutropenic patient with pulmo-
nary infi ltrates should be evaluated for aspergillosis, 
a conclusive diagnosis of angioinvasive aspergillosis 
is seldom straightforward and remains a signifi cant 
clinical problem. Disseminated aspergillosis occurs 
in up to 60% of patients with invasive pulmonary 
aspergillosis; sites of involvement include the brain, 
kidney, liver, thyroid, heart, and spleen.

The consensus criteria for angioinvasive asper-
gillosis developed by the European Organization for 
Research and Treatment of Cancer/Mycoses Study 
Group (EORTC/MSG) were intended to provide uni-
form criteria for inclusion and evaluation of onco-
hematologic patients with suspected angioinvasive 
aspergillosis enrolled in clinical trials (Ascioglu et 
al. 2002).

Newer techniques, such as polymerase chain re-
action and the galactomannan test, may change the 
current diagnostic approach. Galactomannan and 
nucleic acid detection in serum or in bronchoalveo-
lar lavage (BAL) fl uid are useful for the early iden-
tifi cation of invasive aspergillosis in the immuno-
compromised host; however, a defi nite diagnosis of 
invasive aspergillosis still requires the demonstra-
tion of the fungus in tissue specimens (Maertens et 
al. 2001). The value of early diagnostic criteria such 
as the galactomannan test needs to be proven in pro-
spective trials. 

Angioinvasive aspergillosis is characterized his-
tologically by invasion and the occlusion of small to 
medium pulmonary arteries by fungal hyphae. This 
leads to the formation of necrotic hemorrhagic nod-
ules or pleural-based wedge-shaped hemorrhagic 
infarcts. The clinical diagnosis is diffi cult, and the 
mortality rate is approximately 85%. The charac-
teristic CT fi ndings consist of nodules surrounded 
by a halo of ground-glass attenuation (halo sign) 
or pleural-based wedge-shaped areas of consolida-
tion (Fig. 6.2.3) (Kuhlman et al. 1985). These fi nd-
ings correspond to hemorrhagic infarcts. In severely 
neutropenic patients the halo sign is highly sugges-
tive of angioinvasive aspergillosis (Kuhlman et al. 
1985, 1987, 1988).

However, a similar appearance has been described 
in a number of other conditions including infection 
by Mucorales, Candida, Herpes simplex and cyto-
megalovirus, Wegener’s granulomatosis, Kaposi’s 
sarcoma and hemorrhagic metastases (Primack et 
al. 1994). Separation of fragments of necrotic lung 
(pulmonary sequestra) from adjacent parenchyma 

results in air-crescents similar to those seen in my-
cetomas. The air-crescent sign in angioinvasive as-
pergillosis is usually seen during convalescence, i.e., 
2–3 weeks after onset of treatment and concomitant 
with resolution of the neutropenia (Franquet et al. 
2001; Gotway et al. 2002). 

6.2.4.2.2.2 
Airway Invasive Aspergillosis

Aspergillus bronchopneumonia, also known as 
airway invasive aspergillosis, occurs in up of 10% 
of cases of invasive pulmonary aspergillosis. It is 
characterized histologically by the presence of As-
pergillus organisms deep to the airway basement 
membrane (Franquet et al. 2004). Airway invasive 
aspergillosis occurs most commonly in immuno-
compromised neutropenic patients and in patients 
with acquired immunodefi ciency syndrome (AIDS) 
(Franquet et al. 2002). Clinical manifestations in-
clude acute tracheobronchitis, bronchiolitis, and 
bronchopneumonia. Patients with acute tracheo-
bronchitis usually have normal radiologic fi ndings. 
Occasionally tracheal or bronchial wall thicken-
ing may be seen. Bronchiolitis is characterized on 
high-resolution CT by the presence of centrilobular 
nodules and branching linear or nodular opacities 
giving an appearance resembling a “tree-in-bud”. 
The centrilobular nodules have a patchy distribu-
tion in the lung. Aspergillus bronchopneumonia 

Fig. 6.2.3. Halo sign due to angioinvasive aspergillosis in a 
47-year-old woman after allogeneic hematopoietic stem cell 
transplantation. Close-up view of a HRCT scan at the right 
lower lobe shows a peripheral nodular opacity with a sur-
rounding halo of ground-glass attenuation. These fi ndings 
correspond to a nodular area of infarction surrounded by 
hemorrhage
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results in predominantly peribronchial areas of 
consolidation. Rarely, the consolidation may have 
a lobar distribution.

Centrilobular nodular opacities similar to those 
seen in Aspergillus bronchiolitis have been de-
scribed in a number of conditions, including en-
dobronchial spread of pulmonary tuberculosis, M. 
avium-intracellulare, viral and mycoplasma pneu-
monia (Aquino et al. 1996). The radiologic mani-
festations of Aspergillus bronchopneumonia are 
indistinguishable from those of bronchopneumo-
nias caused by other microorganisms (Aquino et al. 
1996; Franquet et al. 2004).

A similar appearance has been described in 
bronchocentric mycosis. Although this process is 
histologically somewhat similar to bronchocentric 
granulomatosis, a high index of suspicion of infec-
tion needs to be maintained when this pathologic 
process is identifi ed in a transplant host (Tazelaar 
et al. 1989).

6.2.4.2.3 
Mucormycosis

The Mucor species are ubiquitous , saprophytic 
molds, usually found in soil and in decaying food. 
Infection occurs by either inhalation of airborne 
fungal spores or through hematogenous spread 
from a distant focus. The spectrum of disease in-
cludes rhinocerebral and pulmonary, gastrointes-
tinal, cutaneous, and disseminated manifestations 
( Connolly et al. 1999; Maertens et al. 1999).

The most common associated conditions include 
diabetes mellitus, solid organ transplantation, renal 
failure, chemotherapy, and hematologic malignant 
neoplasms (Gaziev et al. 1996). Lung involvement 
occurs in more than 30% of cases. Radiographic 
manifestations are non-specifi c and include consoli-
dation, cavitation or abscess formation, nodules and 
masses. Lesions are most often unifocal affecting 
more frequently the upper lobes. As occur in other 
angioinvasive fungal infections such as aspergillo-
sis and candidiasis, the “air-crescent” sign and the 
“halo” sign may also be seen in patients with mu-
cormycosis (McAdams et al. 1997; Connolly et al. 
1999).

6.2.4.2.4 
Cryptococcal Pneumonia

Cryptococcus neoformans is an encapsulated non-my-
celial, budding yeast found worldwide, particularly 

in soil contaminated by bird droppings (Cameron 
et al. 1991). Cryptococcus is a common pulmonary 
fungal pathogen in the AIDS population usually 
when the CD4 count is below 100 cells/mm3 (Sider 
and Westcott 1994). Although the central nervous 
system is the most commonly affected organ, the 
lungs are also involved (Vilchez et al. 2001). In a 
series of 31 HIV-infected patients with cryptococ-
cal infection, 12 (39%) had cryptococcal pneumonia 
(Sider and Westcott 1994). Presenting symptoms 
are non-specifi c and include fever, cough, dyspnea, 
sputum production, and pleuritic chest pain. The 
most common radiographic fi ndings consist of 
a reticular or reticulonodular interstitial pattern. 
Less common manifestations include ground-glass 
attenuation, air-space consolidation, “tree-in-bud” 
opacities, and miliary nodules (Fig. 6.2.4) (Khoury 
et al. 1984). The CT pattern in immunocompromised 
non-AIDS patients seems to differ from that in AIDS 

Fig. 6.2.4a,b. A 39-year-old woman with acute myelocytic 
leukemia and miliary cryptoccocosis. a Close-up view of an 
anteroposterior radiograph shows a diffuse miliary pattern. 
b Corresponding HRCT scan confi rms numerous small mili-
ary nodules in a random distribution

a

b
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patients by the presence of nodules and the absence 
of reticular or reticulonodular interstitial infi ltrates 
(Zinck et al. 2002).

6.2.4.2.5 
Histoplasmosis

Histoplasma capsulatum is a pathogenic dimorphic 
yeast found in temperate regions throughout the 
world. Histoplasmosis is rare in Europe and occurs 
in endemic areas in North America such as the Ohio-
Mississippi and St Lawrence River valleys (Conces 
et al. 1993; McAdams et al. 1995). Histoplasmosis is 
rare, but often a life-threatening infection in patients 
with AIDS and hematologic malignancies. Most 
cases of disseminated histoplasmosis occur either 
as a result of new infection after an environmental 
exposure or as a result of reactivation of a remote 
infection (Conces et al. 1993; Kauffman 2002). The 
radiographic fi ndings of disseminated histoplasmo-
sis are varied and non-specifi c; approximately 40% 
of patients with pulmonary disseminated histoplas-
mosis have a normal chest radiograph (Conces et al. 
1993). CT can be helpful in the assessment of patients 
who have symptoms of pulmonary disease and nor-
mal or non-specifi c radiographic fi ndings. The most 
common radiographic fi ndings are diffuse nodular 
opacities 3 mm or less in diameter, nodules greater 
than 3 mm in diameter, small linear opacities, and 
focal or patchy areas of consolidation (McAdams 
et al. 1995).

6.2.4.2.6 
Candidiasis

Pulmonary candidiasis is a relatively uncommon 
complication seen in immunocompromised patients 
and is rarely reported in patients without predis-
posing conditions. Candida sp. have been increas-
ingly recognized as an important source of fungal 
pneumonia in patients with hematologic malignan-
cies (acute leukemia and lymphoma) and allogeneic 
bone marrow transplant recipients (Buff et al. 1982; 
 Allan et al. 1988; Connolly et al. 1999; Franquet 
et al. 2005b, 2005c). Factors that predispose bone 
marrow transplant recipients to Candida infec-
tions include allogeneic bone marrow transplanta-
tion, increased age, and a prolonged neutropenia 
( Verfaillie et al. 1991). A defi nitive diagnosis of 
pulmonary candidiasis requires demonstration of 
the organism in tissue. Pathologically, areas of con-
solidation represent areas of bronchopneumonia, 

intra-alveolar hemorrhage, exudates, and hyaline 
membranes. Chest radiographic and CT abnormali-
ties consist of multifocal patchy areas of consoli-
dation, focal cavitation, and multiple pulmonary 
nodules (Franquet et al. 2005b).

6.2.4.3 
Viral Infection

Viruses have been increasingly recognized as im-
portant causes of serious respiratory illnesses in 
HSC transplant recipients. Most respiratory viral 
infections produce acute symptoms such as fever, 
non-productive cough, dyspnea, and hypoxemia. 
These infections may result from reactivation of a 
latent process or refl ect newly acquired infection.

6.2.4.3.1 
Community Respiratory Viruses

Community respiratory viruses particularly respira-
tory syncytial virus (RSV), infl uenza, parainfl uenza, 
and adenovirus have been recognized as potential 
causes of severe pneumonia, accounting for the ma-
jority of non-CMV pulmonary infections in both au-
tologous and allogeneic HCT recipients (Krinzman 
et al. 1998; Markovic et al. 1998; Ghosh et al. 1999; 
Nichols et al. 2001; Chakrabarti et al. 2002; Ison 
et al. 2003; Nichols et al. 2004). In these patients, 
respiratory viral infections can be mild and self-
limited, but also can lead to severe, life-threatening 
disease more frequently than in normal immune 
hosts. The prevalence of respiratory viral infections 
in HSC transplanted patients is variable. In a pro-
spective study conducted by the European Group for 
Blood and Marrow Transplantation, 40 respiratory 
virus infections (2%) were diagnosed in 1863 pa-
tients (Ljungman 2001). In another study, Leung et 
al. (1999) found respiratory viral infections in only 
three (5%) of the 59 infectious episodes (two RSV 
and one infl uenza B).

Human metapneumovirus (HMPV) is a recently 
identifi ed new RNA respiratory virus that belongs to 
the Paramyxoviridae family and to the larger Pneu-
movirinae subfamily (Boivin et al. 2002;  Williams 
et al. 2004). Their clinical manifestations are virtu-
ally indistinguishable from those associated with 
other respiratory viruses. Clinical symptoms typi-
cally consist of fever exceeding > 38 C, non-produc-
tive cough, progressive dyspnea, and hypoxemia 
(Boivin et al. 2002). Despite the fact that HMPV may 
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cause serious pneumonia in high-risk patients, it is 
often unsuspected in an immunocompromised host 
because their clinical features are indistinguish-
able from those associated with other respiratory 
viruses. 

The descriptions of the thin-section CT appear-
ances in respiratory viral infections have been lim-
ited to very few studies. Oikonomou et al. (2003) 
reviewed the thin-section CT fi ndings in four pa-
tients with hematologic malignancies and infl uen-
za A pneumonitis and found that the predominant 
CT fi ndings were ground-glass opacities and cen-
trilobular nodules lesser than 10 mm in diameter 
(Fig. 6.2.5). Gasparetto et al. (2004) reviewed the 
thin-section CT fi ndings in 20 patients with RSV 
pneumonitis after HSC transplantation and found 
that the most common thin-section CT fi ndings 
consisted of small centrilobular nodules and mul-
tifocal areas of consolidation and ground-glass 
opacities in a bilateral asymmetric distribution. The 
CT appearances of HMPV infection were patchy 
areas of ground-glass attenuation, small nodules, 
and multifocal areas of consolidation in a bilateral 
asymmetric distribution (Fig. 6.2.6) (Franquet 
et al. 2005c). Similar fi ndings have been described 
in patients with CMV, Herpes simplex virus, and 
Herpes varicella-zoster virus pulmonary infections 
(Foot et al. 1993; Kang et al. 1996; Franquet et al. 
2003a;  Gasparetto et al. 2005).

6.2.4.3.2 
Cytomegalovirus (CMV)

The incidence of CMV pneumonia has been signifi -
cantly reduced with the use of ganciclovir prophy-
laxis. Nevertheless, CMV remains one of the ma-
jor complications in the post-engraftment phase, 
mostly within the fi rst 4 months, being responsible 
for up to 50% of cases of pneumonia occurring in 
50%–70% of allogeneic bone marrow transplant re-
cipients (Cordonnier 1990;  Kotloff et al. 2004). 
CMV disease rarely develops earlier than 14 days 
after transplantation and may become evident as 
late as 4 months after the procedure. CMV in-
fection may be related to primary acquisition or 
to reactivation of latent infection or reinfection 
with a different strain in a previously seropositive 
 patient.

CT fi ndings of CMV pneumonia are diverse and 
consist of unilateral or bilateral interstitial infi l-
trates, alveolar consolidation, ground-glass opaci-
ties, and multiple small nodules with associated ar-
eas of ground-glass attenuation (“halo”) (Fig. 6.2.7) 
(Kang et al. 1996; Franquet et al. 2003a). It has re-
cently been reported that nodule size is helpful in the 
differential diagnosis of infectious causes of nodules 
in immunocompromised patients ( Franquet et al. 
2003b).

Fig. 6.2.5. Parainfl uenza 3 infection in a 60-year-old man 
who had severe neutropenia secondary to chemotherapy and 
HSC transplant for myelodysplastic syndrome. Transverse 
thin-section (1-mm collimation, lung window) CT scan at 
the level of the aortic arch shows bilateral areas of ground-
glass opacity in the upper lobes

Fig. 6.2.6. Human metapneumovirus pneumonia in a 58-
year-old man with neutropenia following HSC transplan-
tation. Transverse thin-section (1-mm collimation) CT 
scan obtained at level of the carina shows bilateral areas of 
ground-glass attenuation and multiple ill-defi ned nodules 
affecting the posterior segment of the right upper lobe and 
both superior segments of the lower lobes
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6.2.5 
Non-Infectious Complications

Non-infectious causes of lung injury after HSC 
transplantation include a spectrum of syndromes: 
pulmonary edema, engraftment syndrome, alveo-
lar hemorrhage, drug-induced lung injury, idio-
pathic pneumonia syndrome (IPS), bronchiolitis 
obliterans (BO), cryptogenic organizing pneumonia 
(COP), pulmonary veno-occlusive disease (VOD), 
and post-transplantation lymphoproliferative dis-
order (PTLD) (Worthy et al. 1997; Khurshid and 
 Anderson 2002). 

Most of these causes are attributed to treatment-
related toxicities and are infl uenced by the myeloab-
lative conditioning regimens used before transplan-
tation, the degree of immunosuppression, and the 
interaction of the graft with the host. Therefore, 
these causes tend also to occur within specifi c time 
periods after transplantation. “Early” complications 
occur within the fi rst 100 days after transplanta-
tion and “late” complications occur beyond day 100 
(Worthy et al. 1997).

6.2.5.1 
Early Complications

Early complications can be further subdivided into 
those that appear in the neutropenic phase (fi rst 
30 days of transplantation) or in the early phase 
(within 30–100 days of transplantation).

During the period of neutropenia, patients have 
a signifi cant risk of developing non-infectious pul-
monary complications such as pulmonary edema, 
engraftment syndrome, alveolar hemorrhage, and 
drug-induced lung injury.

6.2.5.1.1 
Neutropenic Phase

6.2.5.1.1.1 
Pulmonary Edema

Pulmonary edema is one of the earliest complica-
tions following HSC transplantation and may occur 
even in those patients with normal cardiac function. 
It is usually secondary to the large volumes of fl u-
ids infused to minimize the toxicity of condition-
ing regimens, and to transfusion of blood products 
(Worthy et al. 1997). Characteristic chest radio-
graphic fi ndings include diffuse interstitial lines 
such as Kerley A and Kerley B. The HRCT fi ndings 
include enlarged pulmonary vessels, septal lines, 
peribronchial cuffi ng, ground-glass opacities, and 
small pleural effusions (Evans et al. 2003; Wah et al. 
2003) (Fig. 6.2.8). The ground-glass opacities tend to 
involve mainly the dependent lung regions.

Fig. 6.2.7. Cytomegalovirus (CMV) infection in a 23-year-
old man with acute myeloid leukemia and allogeneic HSC 
transplantation. CT scan obtained at the level of the inferior 
pulmonary veins shows diffuse ground-glass attenuation 
and multiple small ill-defi ned nodules in both lungs

Fig. 6.2.8. Pulmonary edema due to fl uid overload in a 28-
year-old woman after allogeneic HSC transplantation. HRCT 
scan through upper lobes shows smooth septal thickening in 
a gravity-dependent distribution. The left interlobar fi ssure 
is also prominent due to subpleural edema. (With permis-
sion from Franquet et al. 2005a)

6.2.5.1.1.2 
Engraftment Syndrome

Engraftment syndrome is a non-infectious pulmo-
nary complication that represents a form of diffuse 
capillary leak associated with lung injury and pul-
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monary edema. It has been described, during recov-
ery from neutropenia, in autologous HSC transplan-
tation. The median time of onset is 7 days after HSC 
transplantation (Khurshid and Anderson 2002). 
Clinically, as occurs with other non-infectious pul-
monary complications, patients are febrile and may 
also present with skin rash similar to that in acute 
GVHD, and hypoxia. Chest radiograph fi ndings are 
non-specifi c and range from normality to bilateral 
air-space opacifi cation, diffuse vascular redistribu-
tion, and pleural effusions (Fig. 6.2.9). On CT, en-
graftment syndrome usually manifests as bilateral 
ground-glass opacifi cation, air-space consolidation 
distributed at the hilar or peribronchial regions, and 
smooth thickening of interlobular septa (Evans et 
al. 2003; Wah et al. 2003).

derstood, predisposing risk factors include intensive 
pre-transplantation chemotherapy and total body and 
thoracic irradiation (Worthy et al. 1997). The HRCT 
fi ndings consist of extensive bilateral ground-glass 
opacities with or without superimposed intralobular 
linear opacities (“crazy-paving” pattern) (Fig. 6.2.10) 
(Evans et al. 2003; Wah et al. 2003).

Fig. 6.2.9. Engraftment syndrome in a 46-year-old woman 
with non-Hodgkin lymphoma 3 weeks following allogeneic 
HSC transplantation. HRCT scan shows bilateral areas of 
consolidation having a peribronchovascular and subpleural 
distribution. Note a right pleural effusion. (With permission 
from Franquet et al. 2005a)

6.2.5.1.1.3 
Diff use Alveolar Hemorrhage (DAH)

Diffuse pulmonary alveolar hemorrhage (DAH) is a 
life-threatening complication following bone mar-
row transplantation with a reported mortality of 
approximately 70%–100% (Afessa et al. 2002; Ben-
Abraham et al. 2003). The overall incidence of DAH 
is higher following autologous (20%) than allogeneic 
(10%) HSC transplantation. It typically occurs as a 
diffuse process in the fi rst month after transplant, 
often at the time of granulocyte recovery (Schmidt-
Wolf et al. 1993; Alam and Chan 1996; Afessa et 
al. 2002). Although its pathogenesis is not entirely un-

6.2.5.1.1.4 
Drug-Induced Lung Injury

Drug-induced lung disease occurs in up to 10% of 
patients following autologous or allogeneic HSC 
transplantation and must always be considered in 
the differential diagnosis of pulmonary infi ltrates in 
transplant recipients. A wide range of histologic re-

Fig. 6.2.10a,b. Diffuse alveolar hemorrhage in a 46-year-
old woman with non-Hodgkin lymphoma 3 weeks after al-
logeneic HSC transplantation. a HRCT scan at the level of 
carina shows diffuse ground-glass opacity in addition to 
septal thickening (“crazy-paving”). b Histologically, mac-
rophages containing hemosiderin are present within the 
alveolar spaces (arrows). (H and E, ×100; with permission 
from Franquet et al. 2005a)

a

b
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action patterns can be seen, the most common being 
diffuse alveolar damage, hypersensitivity reaction, 
non-specifi c interstitial pneumonia, and organizing 
pneumonia (Ellis et al. 2000). 

Plain chest radiography is likely to underestimate 
subclinical forms of drug-induced lung disease, 
compared with HRCT. The CT manifestations are 
non-specifi c and refl ect the histologic fi ndings. CT 
features have been divided into four categories ac-
cording to their dominant pattern and distribution 
of disease: fi brosis (irregular linear opacities with 
architectural distortion) with or without consolida-
tion, ground-glass opacities, widespread bilateral 
consolidation, and bronchial wall thickening with 
areas of decreased attenuation (Fig. 6.2.11) (Evans 
et al. 2003; Wah et al. 2003).

6.2.5.2 
Early Phase 

6.2.5.2.1 
Idiopathic Pneumonia Syndrome (IPS)

Idiopathic pneumonia syndrome (IPS) is defi ned as 
diffuse lung injury occurring after HSC transplanta-
tion in the absence of active lower respiratory tract 
infection even in the presence of non-lobar radio-
graphic infi ltrates and physiologic changes consis-
tent with pneumonia (Kantrow et al. 1997). Thus, 

the diagnosis of IPS is one of exclusion, which re-
quires the elimination of potential infectious agents 
as a cause of the patient’s respiratory status. Id-
iopathic pneumonia is the most common cause of 
diffuse radiographic abnormalities between 30 days 
and 180 days after HSC transplantation. Clinical 
symptoms include dyspnea, cough, and fever. The 
mortality rate of IPS remains greater than 70%, and 
two-thirds of all deaths are associated with progres-
sive respiratory failure (Kantrow et al. 1997). The 
histologic features of IPS range from a primarily 
interstitial reaction with diffuse or focal widening of 
the alveolar septa and interstitial spaces by mononu-
clear infl ammatory cells and edema to diffuse alveo-
lar damage with intra-alveolar hyaline membranes, 
edema, and hemorrhage. Other associated patterns 
such as organizing pneumonia and vascular damage 
have also been described. The pathologic fi ndings of 
IPS are similar to those found in acute interstitial 
pneumonia and acute respiratory distress syndrome 
(ARDS) and can be separated into acute exudative, 
subacute proliferative, and chronic fi brotic phases. 
Characteristic CT fi ndings include focal or diffuse 
ground-glass opacity and air-space consolidation 
with a basilar predominance (Fig. 6.2.12), a pattern 
consistent with non-cardiogenic pulmonary edema 
(Kantrow et al. 1997). Pleural effusions may be 
present. Architectural distortion, traction bronchi-
ectasis, and the presence of honeycombing are in-
dicative of the fi brotic phase of IPS. 

Fig. 6.2.11a,b. Vincristine-induced interstitial pneumonitis in a 63-year-old man with myeloma. a HRCT scan at the level of 
the carina shows diffuse ground-glass attenuation in the right lung and bilateral patchy areas of consolidation. b Photomi-
crograph of histopathologic section shows patchy expansion of the interstitium by lymphocytic infi ltrate, mild interstitial 
fi brosis, and reactive hyperplastic type II pneumocytes (arrows) (H and E, ×250) (with permission from Franquet et al. 
2005a)

a b
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6.2.5.2.2 
Acute GVHD 

GVHD is an immune reaction mediated by donor 
T-lymphocytes that recognize the recipient’s tissue 
as a foreign body. It may present as acute or chronic 
pulmonary complication after HSC transplantation 
(Cooke and Yanik 2004). Acute GVHD develops in 
20%–75% of patients (Tabbara et al. 2002; Freud-
enberger et al. 2003). The most commonly affected 
tissue systems are the skin, liver, and gastrointestinal 
system. Pulmonary involvement is rare. The median 
time of onset of respiratory symptoms is 5 months 
(range 1–13 months). The reported radiologic mani-
festations include mild perihilar or diffuse intersti-
tial fi brosis, cysts, and lung nodules (Fig. 6.2.13).

6.2.5.2.3 
Pleuro-pericardial Eff usion/Hepatic Veno-occlusive 
Disease

Pleuro-pericardial effusion has been reported in ap-
proximately 16% of patients in the fi rst few weeks af-
ter receiving HSC transplantation (Freudenberger 
et al. 2003). The most common non-infectious cause 
of pleural effusion is aggressive treatment with fl u-
ids, blood, and blood product transfusion. The ef-
fusion is usually bilateral or right sided and rarely 
related to an identifi able infectious source. Hepatic 
veno-occlusive disease, an occasional complica-
tion in allogeneic HSC transplantation recipients, 
is characterized by jaundice, hepatic enlargement, 
right upper quadrant pain, and ascites (Barker et 
al. 2003; Freudenberger et al. 2003). Pleural effu-
sion has been reported in up to 50% of HSC trans-
plantation recipients with hepatic veno-occlusive 
disease. Patients with veno-occlusive disease and 
pleural effusions have either no or minimal respira-
tory symptoms. Hepatic veno-occlusive disease usu-
ally precedes the development of pleural effusion 
(Fig. 6.2.14). Although pleural and pericardial effu-
sions may be detected on conventional chest radio-
graphs, they are better evaluated with CT and MR.

Fig. 6.2.13. Acute graft-versus-host disease in a 34-year-old 
man with CML 5 weeks following allogeneic HSC transplan-
tation. HRCT at the level of the inferior pulmonary veins 
shows small areas of consolidation (arrow) in association 
with discrete right pleural effusion. (With permission from 
Franquet et al. 2005a)

Fig. 6.2.12a,b. Idiopathic pneumonia syndrome in a 40-
year-old man with AML 4 weeks following allogeneic HSC 
transplantation. a HRCT scan at the level of lower lung zones 
shows bilateral patchy areas of consolidation and ground-
glass attenuation. b Histologically, the alveolar septa are 
thickened by edema and round cell infi ltration (arrow). 
Hyperplasia and desquamation of the alveolar lining cells, 
fi brinous exudation, and hyaline membranes (arrowheads) 
are seen within the alveolar spaces. (H and E, ×250) (with 
permission from Franquet et al. 2005a)

a
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6.2.5.2.4 
Pulmonary Cytolytic Thrombi (PCT)

A rare early pulmonary vascular complication con-
sisting of endothelial swelling with arteriolar, venu-
lar, and capillary thrombi has been described after 
allogeneic HSC transplantation with acute GVHD 
(Gulbahce et al. 2000, 2004). Active GVHD shortly 
before or at the time of PCT in all patients is indica-
tive of the presence of alloreactive donor cells and 
supports an etiologic association. Pathologically it 
is characterized by intravascular formation of baso-
philic thrombi frequently accompanied by pulmonary 
infarcts (Gulbahce et al. 2000, 2004). The median 
time of onset of PCT is 2 months after transplantation 
although cases have been reported as early as 2 weeks. 
Although its pathogenesis is unknown, PCT may be a 
manifestation of acute GVHD. CT fi ndings consist of 
multiple pulmonary nodules (Fig. 6.2.15).

6.2.5.2.5 
Post-Radiation Thoracic Injuries

Radiation-induced thoracic injures can usually be 
diagnosed from characteristic imaging appearances 
and knowledge of the radiation port, radiation dose, 
and time interval since therapy. Commonest tho-
racic complications are acute radiation pneumonitis 
and fi brosis. Rare complications include spontane-
ous pneumothorax, thymic cysts, calcifi ed lymph 

Fig. 6.2.14. Pleuro-pericardial effusion in a 28-year-old 
woman after allogeneic HSC transplantation. HRCT scan 
photographed using mediastinal window shows the presence 
of bilateral pleural and small pericardial effusions. (With 
permission from Franquet et al. 2005a)

Fig. 6.2.15a–c. Pulmonary cytolytic thrombi in an 11-year-
old patient after allogeneic HSC transplantation for an 
ALL. a CT scan with discrete peripheral pulmonary nod-
ules suggestive of opportunistic infection (arrows). b His-
tologically, the nodules consisted primarily of hemorrhagic 
infarcts (asterisk). Occlusive vascular lesions were present 
within, adjacent to, and away from the hemorrhagic infarct 
(arrowheads). (H and E, ×40). c Intensely basophilic, tena-
cious, amorphous material occludes the lumen of the vessels 
(arrows). Few intact cells recognized as leukocytes (arrow-
heads) are also seen (inset) (H and E, ×400). (Courtesy of 
Gulbahce HE, Minneapolis, Mn., USA). (With permission 
from Franquet et al. 2005a)

a

c
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nodes, vascular calcifi cations, and osseous sarco-
mas (Bluemke et al. 1991).

6.2.5.2.5.1 
Radiation Pneumonitis

Radiation to the chest can result in acute pneumonitis 
or chronic fi brosis. Risk factors for radiation injury 
include total dose delivered, preexisting lung disease, 
and concurrent treatment with agents that sensitize 
the lung to radiation damage. Radiation pneumonitis 
presents 6 weeks to 6 months after completion of ra-
diation therapy (Evans et al. 2003; Wah et al. 2003). 
In patients who progress to a clinically evident ra-
diation pneumonitis, the radiographic fi ndings range 
from normal to mild perivascular haziness. Over 
time, these initial lesions may develop into alveolar 
infi ltrates. Radiologic changes may be observed in 
completely asymptomatic patients.

Clinical symptoms of radiation pneumonitis 
can be separated into early and late phases. Dur-
ing the early phase, 1–3 months after treatment, 
patients present with fever and leukocytosis mak-
ing radiation injury a clinical syndrome diffi cult to 
distinguish from infection. Computed tomography 
is helpful in distinguishing radiation pneumonitis 
from pulmonary infi ltrates of other causes. Given 
that radiation changes rarely occur outside the 
treated fi eld, a characteristic CT fi nding consists of 
sharply marginated ground-glass opacities that do 
not follow an anatomic border (Fig. 6.2.16) (Evans 
et al. 2003; Wah et al. 2003). 

6.2.5.3 
Late Complications

6.2.5.3.1 
Chronic GVHD

Chronic GVHD is the most common non-relapse 
problem, occurring in approximately 60%–80% of 
long-term survivors of allogeneic HSC transplant 
and is a major cause of late morbidity and mortal-
ity. Onset is usually between 100 days and 6 months 
after transplantation, although earlier and later de-
velopment are possible (Patriarca et al. 2004). The 
disease is more common in older patients, in re-
cipients of mismatched or unrelated stem cells, and 
in those with a preceding episode of acute GVHD. 
Pulmonary complications include bronchiolitis ob-
literans (BO) and cryptogenic organizing pneumo-
nia (COP). Moreover, patients with chronic GVHD 
have a particularly high risk of infections due to 
hypogammaglobulinemia and immune dysfunc-
tion. These patients must be re-immunized at 1 and 
2 years for tetanus, diphtheria, polio, pneumococ-
cus, meningococcus, and Haemophilus infl uenzae 
type B. In most patients, chronic GVHD resolves 
but it may require 1–3 years of immunosuppressive 
treatment. 

6.2.5.3.1.1 
Bronchiolitis Obliterans (BO)

Bronchiolitis obliterans, an obstructive pulmonary 
disorder that affects the small airways, has been 
reported in between 2% and 14% of allogeneic HSC 
transplantation recipients who survive more than 
3 months (Freudenberger et al. 2003). Bronchiol-
itis obliterans is associated with high mortality (up 
to 60%) at 3 years post HSC transplantation (Freud-
enberger et al. 2003). Presenting symptoms include 
gradual dyspnea accompanied by persistent cough 
and expiratory wheeze. Pulmonary function test-
ing shows new obstructive lung defects defi ned by 
a forced expiratory volume in 1 s (FEV1) < 80% of 
predicted or a decrease of FEV1/forced vital capacity 
by  10% within a period of less than 1 year.

Histologically, there is a predominantly constric-
tive bronchiolitis with destruction and narrowing 
of the bronchiolar lumen by fi brous tissue. This 
association suggests an immunologic mechanism 
that includes bronchial epithelial injury. High-res-
olution CT fi ndings include areas of decreased at-
tenuation and vascularity (mosaic perfusion), air 

Fig. 6.2.16. Acute radiation pneumonitis in a 28-year-old 
woman after allogeneic HSC transplantation. HRCT shows 
paramediastinal ground-glass attenuation with associated 
broncho-vascular distortion. Notice the sharp border be-
tween the radiated area and the normal lung parenchyma (ar-
rowheads). (With permission from Franquet et al. 2005a)
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(Winer -Muram et al. 1996) trapping, and bron-
chial dilatation (Fig. 6.2.17) (Urbanski et al. 1987; 
Ooi et al. 1998). 

6.2.5.3.1.2 
Organizing Pneumonia (OP)

Organizing pneumonia (OP), also known as bron-
chiolitis obliterans organizing pneumonia (BOOP), 
is defi ned as granulated tissue plugs within lumens 
of small airways that extend into alveolar ducts and 
alveoli (Epler 1995). Organizing pneumonia is in-
creasingly recognized as an important cause of dif-
fuse infi ltrative lung disease and is a well-known late 
manifestation of chronic GVHD occurring in up to 
10% of stem cell transplantation (Freudenberger 
et al. 2003). Risk factors for OP include allogeneic 
HSC transplantation and GVHD (Winer-Muram et 
al. 1996; Khurshid and Anderson 2002). CT fi nd-
ings consist of patchy consolidation frequently in a 
subpleural or peribronchial location, ground-glass 
opacities, and, occasionally, centrilobular nodules 
(Franquet et al. 2005a) (Fig. 6.2.18).

6.2.5.3.1.3 
Air-Leak Syndromes

Although air-leak syndromes have not been rec-
ognized as a fatal complication in HSC transplant 
recipients, pneumothorax, pneumomediastinum 
and subcutaneous emphysema are potential com-
plications of patients with chronic GVHD and BO. 

Fig. 6.2.17a,b. Chronic (obliterative) bronchiolitis in a 48-year-old woman 5 months following allogeneic HSC transplanta-
tion. a HRCT scan at the level of lower lobes shows a striking dilatation of subsegmental airways in the right lower lobe. 
A general reduction in lung parenchymal density is also noted. b Histologic section of lung parenchyma shows a moderately 
severe mononuclear infl ammatory cell infi ltrate in the peribronchiolar interstitial tissue (arrows). (With permission from 
Franquet et al. 2005a)

a b

Fig. 6.2.18a,b. Organizing pneumonia after allogeneic 
HSC transplantation. a HRCT scan at the level of lower 
lung zones shows bilateral patchy areas of consolidation 
in a predominantly peribronchial distribution. b Photo-
micrograph shows the presence of fi broblastic tissue in the 
lumens of peribronchial alveoli (arrows). (H and E, ×100) 
(with permission from Franquet et al. 2005a)

a
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In these patients, air in the peribronchial sheets 
(pulmonary interstitial emphysema) can be associ-
ated with impairment of respiratory function and/or 
chest pain, possibly resulting from compression of 
small vessels by the interstitial air. In most patients, 
pulmonary interstitial emphysema is transient and 
it is well known that this process is diffi cult, if not 
impossible, to detect by chest radiograph. Chest CT 
should be performed in any HSC transplant recipi-
ent with known or suspected cGVHD who present 
with acute clinical symptoms, especially chest pain, 
to rule out associated air-leak syndromes. There-
fore, suspicion of BO should be high and prompt 
therapy should be initiated in long-term HSC trans-
plant recipients presenting with spontaneous pneu-
momediastinum, pneumothorax or subcutaneous 
emphysema (Franquet et al. 2007).

6.2.5.3.2 
Post-Transplant Malignancies

Post-transplant malignancies in HSC transplanta-
tion patients are seven times more common than 
primary cancer in the general population. Post-
transplant malignancies include solid tumors, he-
matologic neoplasms, and post-transplantation 
lymphoproliferative disorder (PTLD) (Libshitz et 
al. 1978; Worthy et al. 1997).

Solid tumors have been attributed to radiation 
therapy with most of them occurring within or ad-
jacent to the directly irradiated tissues or radiation 
ports (Bluemke et al. 1991; Bhatia et al. 2001). The 
risk of radiation-associated solid tumor develop-
ment after HSC transplantation appears to rise with 
increasing levels of irradiation and is likely to in-
crease with longer follow-up. This underscores the 
importance of close monitoring of patients who un-
dergo bone marrow transplantation (Bhatia et al. 
2001).

Bone and soft-tissue sarcomas and breast carci-
noma are the most common radiation-induced tu-
mors. Radiation-induced sarcoma of bone should be 
considered when bone destruction and an associated 
soft-tissue mass are shown on CT, or when changes 
occur in the appearance of previously stable irradi-
ated bone (Lorigan et al. 1989). Radiation-induced 
mesothelioma, lung carcinoma, and esophageal car-
cinoma have also been described.

Post-transplantation lymphoproliferative dis-
order (PTLD) represents a heterogeneous group of 
Epstein–Barr-virus-related lymphoid tumors that 
occur in the setting of ineffective T-cell function 

because of pharmacologic immunosuppression af-
ter solid-organ transplant and HSC transplantation 
recipients (Worthy et al. 1997). Post-transplan-
tation lymphoproliferative disorder occurs in ap-
proximately 2% of HSC transplantation patients, es-
pecially after heart-lung and renal transplantation. 
On chest radiograph or CT, PTLD usually consists of 
multiple pulmonary nodules and/or hilar or medias-
tinal lymph node enlargement (Fig. 6.2.19) (Bragg 
et al. 1994; Rappaport et al. 1998;  Pickhardt et al. 
2000).

Fig. 6.2.19. Post-transplantation lymphoproliferative disor-
der (PTLD) in a 54-year-old man with multiple myeloma, 
2 months after allogeneic HSC transplantation. CT scans 
shows multiple axilar and mediastinal adenopathies. (With 
permission from Franquet et al. 2005a)

6.2.5.3.3 
Radiation Fibrosis

Radiation fi brosis typically occurs 6 months or more 
after radiation therapy. Fibrotic changes are vari-
ably present between 30 and 40 Gy, and are always 
seen after 40 Gy. Permanent scarring resulting in 
respiratory compromise may develop if the dose and 
volume of lung irradiated are excessive. The HRCT 
fi ndings consist of a reticular pattern with associ-
ated traction bronchiectasis limited to the radia-
tion portal (Worthy et al. 1997; Wah et al. 2003) 
(Fig. 6.2.20). 

6.2.5.3.4 
Calcifi cation of Mediastinal Lymph Nodes and 
Thymic Cysts

Calcifi cation of lymph nodes and pre-sternal soft 
tissue disease may be seen after radiotherapy for 
Hodgkin’s disease (Worthy et al. 1997). Calcifi ca-
tion of non-enlarged nodes in HD signifi es a fa-
vorable response to therapy (Fig. 6.2.21). Thymic 
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Fig. 6.2.21. Mediastinal lymph node calcifi cation in a 38-
year-old man after radiation therapy for lymphoma. Close-up 
view of CT shows multiple calcifi ed retrosternal lymphade-
nopathy (arrows). The patient had undergone radiotherapy 
for Hodgkin’s disease 3 years previously. (With permission 
from Franquet et al. 2005a)

Fig. 6.2.20a,b. Radiation fi brosis in a 48-year-old man af-
ter radiation therapy for lymphoma. a Chest radiograph 
obtained 1 year after radiation therapy shows bilateral fi -
brotic changes in the paramediastinal lung zone (arrows). 
b CT scan confi rms bilateral paramediastinal fi brosis in the 
fi eld of irradiation (arrowheads). (With permission from 
 Franquet et al. 2005a)

a

b

Fig. 6.2.22a–c. Calcifi ed thymic cyst in a 30-year-old man 
after radiotherapy for Hodgkin’s disease. a Posteroanterior 
and lateral b chest radiograph show a well-defi ned anterior 
mediastinal mass with a thin rim of calcifi cation (arrows). 
c CT scan clearly shows a well-defi ned anterior mediastinal 
mass with a thin rim of calcifi cation. (With permission from 
Franquet et al. 2005a)

a
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cysts, sometimes with a thin rim of calcifi cation, 
may develop as an infl ammatory response after ra-
diotherapy for Hodgkin’s disease (Fig. 6.2.22); occa-
sionally they enlarge and simulate recurrent tumor 
(Worthy et al. 1997). 

6.2.6 
Conclusion

The radiologist plays an important role in the diag-
nosis and management of HSC transplant recipients 
with suspected pulmonary complications. Conven-
tional chest radiography remains the fi rst imaging 
procedure in the imaging work-up of patients. Al-
though CT is not recommended for the initial evalu-
ation, it is frequently appropriate in those cases with 
normal, equivocal, or non-specifi c radiographic 
fi ndings. High-resolution CT is helpful in the dif-
ferential diagnosis of infectious from non-infectious 
acute parenchymal lung disease. A combination of 
the clinical information and HRCT fi ndings, which 
are sometimes characteristic of several entities, may 
help the radiologist in forming a meaningful differ-
ential diagnosis of these disorders. Familiarity with 
the appearance of more typical pulmonary compli-
cations should improve diagnosis and patient care. 
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7.1 
Introduction to Pancreas Transplantation

Successful pancreas transplantation is currently the 
only known therapy that establishes an insulin-in-
dependent euglycemic state with normalization of 
glycosylated hemoglobin levels. Insulin-secreting 
cells are part of the pancreatic islets, which are pre-
dominantly located in the tail (Williams 1995). In 
the majority of cases, pancreas transplantation is 
performed together with the kidney from the same 
donor as simultaneous pancreas–kidney transplan-
tation in patients with coexisting end-stage diabet-
ic nephropathy, and less frequently as sequential 
pancreas after kidney transplantation or pancreas 
transplantation alone. In all modifi cations of pan-
creas transplantation the recipient’s native pan-
creas is left untouched. The fi rst human pancreas 
transplantation was performed at the University of 
Minnesota in 1966 (Kelly et al. 1967). Since then, 
pancreas graft survival has improved consistently, 
especially in the last decade, thanks to refi ned surgi-
cal techniques and the introduction of better immu-
nosuppressive regimens including tacrolimus and 
mycophenolate mofetil, which have decreased tech-
nical and immunological failure rates. In total, over 
90% of pancreas transplantations are performed as 
simultaneous pancreas–kidney transplantations 
from the same donor, with the remaining cases 
classifi ed as sequential pancreas after previous kid-
ney transplantation, and rarely as pancreas trans-
plantation alone. Today the international pancreas 
transplant registry reports a 1-year patient survival 
rate of greater than 95%, a 1-year pancreas graft 
survival rate of greater than 80% for simultaneous 
pancreas–kidney transplantation, and of nearly 80% 
for pancreas after previous kidney transplantation 
and pancreas transplantation alone (Gruessner 
and Sutherland 2001; International Pancreas 
Transplant Registry 2004). Although the majori-
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ty of transplant centers formerly used exocrine blad-
der drainage to divert pancreatic juice, an increas-
ing proportion of simultaneous pancreas–kidney 
transplantations are being performed with the more 
physiologic enteric drainage and either systemic or 
portal endocrine drainage.

Knowledge of the transplantation procedure and 
postoperative imaging anatomy of the pancreas 
allograft are basic requirements for radiologists. 
Early diagnosis of organ-related complications after 
pancreas transplantation is essential for short- and 
long-term results (Moulton et al. 1989; Dachmann 
et al. 1998). For these reasons the following sections 
schematically illustrate the intraoperative appear-
ance during the most important steps of the pancre-
as transplantation procedure performed in patients 
with standard vascular anatomy, i.e., organ pro-
curement, back-table reconstruction, and pancreas 
implantation (Fig. 7.1).

7.2 
Organ Procurement

The growing organ shortage together with the es-
tablishment of pancreas transplantation caused 
multiorgan procurement, including liver and whole 
pancreas from the same donor, to become stan-
dard. This requires either en bloc retrieval of liver 
and pancreas followed by back-table separation (de 
Ville et al. 1995) or separate procurement of the 
liver prior to the pancreas (Imagawa et al. 1996). 
For procurement of the donor’s pancreas (Fig. 7.1a) 
together with a duodenal segment, various vascu-
lar structures have to be ligated and transected in 
an ordered temporal and spatial sequence. These 
are the proximal gastroduodenal artery, proximal 
splenic artery, proximal portal vein, superior and 
inferior mesenteric vein at the mesenteric root and 
lower rim of the pancreas, respectively, proximal 
superior mesenteric artery distal to the origin of 
the inferior pancreaticoduodenal artery including 
the proximal vascular root of the mesentery and 
the splenic vascular pedicle at the pancreatic tail. 
Also, the distal common bile duct is ligated and 
transected, the duodenum is stapled and transected 
distal to the pylorus and at the third segment, and 
the spleen is excised. Additionally, the donor’s iliac 
artery bifurcation is procured for reconstruction of 
the arterial conduit.

7.3 
Back-Table Reconstruction

The procured pancreatic graft, attached to a small 
portion of the duodenum containing the ampulla of 
Vater, is then further prepared in lactated Ringer‘s 
solution at 4°C under sterile conditions at the back-
table (Fig. 7.1b) (Gill et al. 1997). Minimal require-
ments for successful arterial reconstruction of the 
pancreatic graft are a full-length splenic artery and 
a proximal superior mesenteric artery including the 
inferior pancreaticoduodenal artery. Arterial recon-
struction is performed with the donor’s iliac artery 
bifurcation. The donor’s external iliac artery is anas-
tomosed in an end-to-end fashion to the donor’s 
proximal superior mesenteric artery and the donor’s 
internal iliac artery to the donor’s splenic artery. 
The donor’s common iliac artery serves as a com-
mon arterial conduit for the donor’s pancreas and 
connects two formerly unrelated arterial territories, 
i.e., mesenteric and splenic. Moreover, excess tissue, 
especially fat, is carefully removed from the pancre-
atic borders without injuring the parenchyma and 
vessels. The distal portion of the duodenum is kept 
suffi ciently long until the side-to-side duodenojeju-
nostomy is completed in the recipient.

7.4 
Pancreas Transplantation

A midline abdominal incision is used for intraperito-
neal placement. The donor‘s pancreas is placed later-
ally in the pelvis with the duodenal segment facing 
either preferentially cephalad for enteric exocrine 
diversion or sometimes caudad for bladder drain-
age. Whenever possible, the graft is revascularized in 
an end-to-side fashion connecting the donor‘s portal 
vein to the recipient‘s right common iliac vein or dis-
tal inferior vena cava and the donor‘s arterial conduit 
to the recipient‘s right common iliac artery (Fig. 7.1c). 
The side-to-side duodenojejunostomy connects the 
donor‘s duodenal segment to the recipient‘s upper 
jejunum, approximately 30–40 cm distal to the liga-
ment of Treitz, using a circular stapler for a circular, 
radio-opaque suture line (Fig. 7.1d). The second por-
tion of the duodenum is then shortened in situ to its fi -
nal length of approximately 10 cm and closed distally 
with a stapling device. Modifi cations to this approach 
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a

b

c d

Fig. 7.1a–d. Colored drawings schematically illustrate the transplantation procedure for whole cadaveric pancreatic graft with 
enteric exocrine drainage. (d Donor’s, CIA common iliac artery, CIV common iliac vein, CTR celiac trunk, D duodenum,EIA 
external iliac artery, GDA gastroduodenal artery, IIA internal iliac artery, IMV inferior mesenteric vein, IVC inferior vena cava, 
PG, black arrow pancreatic graft, PV portal vein, SA splenic artery, SMA superior mesenteric artery, SMV superior mesenteric 
vein, SV splenic vein). a Drawing shows intraoperative appearance at the end of pancreas procurement before splenectomy but 
after dissection of the gastroduodenal artery, splenic artery, superior and inferior mesenteric vein, superior mesenteric artery at 
the line of the mesenteric root, and proximal and distal duodenum. Dissected common bile duct not shown due to superposition 
of donor’s pancreatic head and duodenum. b Drawing shows back-table procedure with display of pancreatic graft from behind 
and emphasis on arterial reconstruction. End-to-end anastomosis of donor’s external iliac artery to donor’s superior mesenteric 
artery and donor’s internal iliac artery to donor’s splenic artery is performed; donor’s common iliac artery serves as common 
arterial conduit of the pancreatic graft. c Colored scheme shows magnifi ed intraoperative appearance following revascularization. 
End-to-side anastomosis is utilized to connect the donor’s portal vein to the recipient’s right common iliac vein and the donor’s 
arterial conduit to the recipient’s right common iliac artery. Surgical drapings cover the recipient’s intestine. d Colored drawing 
illustrates the intraoperative appearance at the end of the transplantation procedure. The pancreatic graft is placed intraperito-
neally in the pelvis in cephalad orientation with side-to-side duodenojejunostomy connecting the donor’s duodenal segment to 
the recipient’s upper jejunum; donor’s duodenum is closed on both ends using sutures (arrowhead) or staples. Recipient’s native 
pancreas in the upper abdomen is left untouched
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include portal rather than systemic venous drainage 
of the endocrine pancreas, and bladder rather than 
enteric diversion of the pancreatic juice. For portal 
drainage the graft is placed parapancreatic, and an 
end-to-side anastomosis is performed to join the 
donor‘s portal vein to the recipient‘s infrapancreatic 
superior mesenteric vein and the donor‘s arterial con-
duit to the recipient‘s proximal common iliac artery. 
Using this approach, exocrine diversion is completed 
by end-to-end anastomosis of the donor‘s distal duo-
denum with a Roux-en-Y loop. For exocrine blad-
der drainage the pancreas graft with the duodenal 
segment faces caudad with subsequent side-to-side 
duodenocystostomy. The recipient‘s native pancreas 
is left untouched.

The examples below illustrate the normal postop-
erative imaging anatomy following pancreas trans-
plantation with systemic venous and exocrine enteric 
or portal drainage using sonography, computed to-
mography (CT), magnetic resonance imaging (MRI), 
angiography and small bowel follow-through exami-
nation (Figs. 7.2–7.12). Additionally, an example shows 
the normal postoperative imaging anatomy following 
segmental pancreas transplantation with systemic 
venous and vesical exocrine drainage (Fig. 7.13). All 
imaged patients underwent pancreas transplantation 
for long-standing type 1 diabetes mellitus.

7.5 
Posttransplantation Complications

Knowledge of the transplantation procedure and 
postoperative imaging anatomy of the pancreas 
allograft are basic requirements for radiologists. 
Graft survival, among other factors, corresponds to 
early diagnosis and therapy for specifi c graft-related 
complications including thrombosis, leakage of en-
teric anastomosis, hematoma, abscess, pancreatitis, 
pseudocyst formation, rejection, and posttransplan-
tation lymphoproliferative disorder.

7.6 
Imaging Techniques

Various imaging modalities are routinely used to 
detect early and late posttransplantation compli-

cations. In contrast to other solid organ trans-
plants, for instance liver and kidney, imaging of 
the pancreas allograft by sonography and color-
coded sonography is hampered by superposition 
of intestinal gas. This results from the heterotopic 
position of the graft in the right pelvis adjacent 
to the iliac vessels and surrounded by air-fi lled 
intestinal loops. For this reason complete evalu-
ation of the vascular and enteric anastomoses as 
well as the parenchyma of the pancreatic graft can 
be best accomplished by contrast-enhanced helical 
CT (Dachmann et al. 1998). Additionally, con-
trast-enhanced multidetector CT enables 3D re-
construction of the vascular anatomy with respect 
to neighboring anatomic structures. MRI without 
contrast application (Vahey et al. 1988), with 
static ( Fernandez et al. 1991) and especially with 
dynamic (Krebs et al. 1999) contrast enhance-
ment enables better evaluation of the pancreatic 
parenchymal graft. However, MR angiography is 
inferior to CT angiography due to its limited spa-
tial resolution. Moreover, evaluation of the enteric 
anastomosis by MRI is diffi cult. Additionally, re-
nal function also determines the selection of an 
appropriate cross-sectional imaging modality 
after simultaneous pancreas–kidney transplan-
tation. In case of decreased renal function, con-
trast-enhanced MRI and not contrast-enhanced 
CT represents the preferred examination in order 
to preserve the renal graft. MR pancreaticography 
is a complementary examination for detection of 
duct abnormalities. Catheter angiography is used 
to confi rm vascular complications while permit-
ting immediate endovascular therapy. Other im-
aging-guided interventions are employed to treat 
localized fl uid collections percutaneously, for in-
stance seroma, hematoma, abscess. Occasionally, 
small bowel follow-up studies are performed to 
detect complications of the enteral anastomosis.

7.7 
Imaged Abnormalities

The following complications after pancreas trans-
plantation with enteric anastomosis can be ob-
served: vascular graft complications including re-
jection, pancreatic graft complications including 
infection, and other transplantation-associated 
complications.
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Fig. 7.2a–d. A 33-year-old man with a history of two separate pancreas transplantations at different times. (CIA Common 
iliac artery, CIVB common iliac vein bifurcation, d donor’s,,DPA dorsal pancreatic artery, EIA external iliac artery, IIA 
internal iliac artery, IMA inferior mesenteric artery, l left, r right, SA splenic artery, SMA superior mesenteric artery). 
Annotation: pancreatic graft (black arrow), renal graft (black asterisk). a–c Contrast-enhanced helical CT scans obtained 
36 months after initial simultaneous pancreas–kidney transplantation and normal pancreatic graft function at the time of 
examination. Dominant arterial phase at the line of arterial anastomosis (a), and cephalad (b) and caudad (c) to the arte-
rial anastomosis displays normal posttransplant arterial anatomy, homogeneous enhancement of pancreatic graft (arrow), 
and donor’s normal duodenum (black arrowhead) with hyperdense staple line (white arrowhead). d 3D volume-rendering 
display of contrast-enhanced MDCT during dominant arterial phase (obtained 5 days after sequential pancreas-after-kidney 
retransplantation after vascular failure and pancreatectomy of initial pancreatic graft) shows normal posttransplant arterial 
anatomy, residual arterial conduit (RAC) after pancreatectomy of initial pancreatic graft, hyperdense staple line (single ar-
rowheads) of donor’s duodenum, and hyperdense circular staple line (double arrowheads) of duodenojejunostomy (intestinal 
wall structures and grafted pancreatic parenchyma are not seen due to applied electronic thresholds)

c d

b

a
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Fig. 7.3a,b. A 53-year-old man after simultaneous pancreas–kidney transplantation. (CIA Common iliac artery, d donor’s, EIA 
external iliac artery, IIA internal iliac artery, IPDA inferior pancreaticoduodenal artery, r right, RA renal artery, RV renal vein, 
SA splenic artery, SMA superior mesenteric artery). a Angiogram obtained 31 months after operation shows normal posttrans-
plant arterial anatomy with right-sided pancreatic and left-sided renal graft. b Maximum-intensity-projection reconstruction 
of contrast-enhanced MR imaging obtained 47 months after operation with normal posttransplant arterial anatomy

a

a

Fig. 7.4a,b. A 39-year-old woman; image obtained 56 months after simultaneous pancreas-kidney transplantation. Arte-
rial revascularization of pancreatic graft was performed with donor’s arterial conduit to recipient’s infrarenal aorta and 
right-sided renal transplantation due to advanced calcifying arthrosclerosis. (CTR Celiac trunk, d donor’s, RA renal artery, 
SMA superior mesenteric artery). a Lateral view of maximum-intensity-projection reconstruction of contrast-enhanced MRI 
displays normal enhancement of donor’s arterial conduit (between arrow and arrowhead) and originating donor’s superior 
mesenteric artery. b Frontal view of maximum-intensity-projection reconstruction of contrast-enhanced MRI shows ad-
ditional high-grade stenosis of right common iliac artery (arrow) and serpentine arterial collateral between median sacral 
artery and internal iliac artery territory (arrowhead)

b

b
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Fig. 7.5a–c. A 40-year-old man; image obtained 14 days after 
simultaneous pancreas–kidney transplantation. (CIA Com-
mon iliac artery, CIV common iliac vein, d donor’s, EIA 
external iliac artery, IIA internal iliac artery, l left, PV por-
tal vein, r right, SMV superior mesenteric vein, SV splenic 
vein). Annotations: pancreatic graft (black arrow), renal 
graft (black asterisk). a–c Contrast-enhanced multidetector 
CT during dominant parenchymal phase at level of venous 
anastomosis (a), cephalad (b) and caudad (c) to venous anas-
tomosis displays normal posttransplant venous anatomy, 
homogeneous enhancement of pancreatic graft (black ar-
row), donor’s normal duodenum with hyperdense staple line 
(black arrowhead), hyperdense mesenteric staple line (white 
arrowhead), and intermediate density of donor’s mesenteric 
fat (white arrow) at level of superior mesenteric vein (b)

a c

b

Fig. 7.6. A 28-year-old man; image 
obtained 3 weeks after simultaneous 
pancreas-kidney transplantation with 
systemic venous drainage. 3D volume-
rendering display of contrast-enhanced 
MDCT during dominant venous phase 
shows normal posttransplant venous 
anatomy. (CIV Common iliac vein, d 
donor’s, IVC inferior vena cava, PV por-
tal vein, r right, RV renal vein.) Anno-
tations: pancreatic graft (arrow), renal 
graft (black asterisk) 
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Fig. 7.7a,b. A 58-year-old man; image obtained 9 days after sequential pancreas-after-kidney transplantation. a Contrast-
enhanced multidetector CT shows normal side-to-side duodenojejunostomy with hyperdense, circular staple line (arrows), 
donor’s duodenum (black arrowhead), recipient’s jejunum (black arrowheads), and ascites (white asterisk). b Contrast-
enhanced multidetector CT 5 cm caudal of duodenojejunostomy displays donor’s duodenum closed proximally (black ar-
rowhead) and distally (white arrowhead) with hyperdense staple line, hyperdense mesenteric staple line (arrowheads), 
pancreatic graft (arrow), renal graft (black asterisk) and ascites (white asterisk)

Fig. 7.8. A 42-year-old man; image obtained 7 days after si-
multaneous pancreas-kidney transplantation. Small bowel 
follow-through examination with water-soluble contrast ma-
terial shows duodenojejunostomy (single arrow) and partly 
contrasted donor’s duodenum (arrowheads). Contrast-fi lled 
small bowel loops and partially air-fi lled descending co-
lon indirectly outline pancreas graft. Also seen are radio-
opaque cutaneous staples (double arrows) resulting from 
median laparotomy

Fig. 7.9. An 18-year-old man; image obtained 15 days after 
simultaneous pancreas-kidney transplantation. Coronal 
T2-weighted turbo spin-echo MRI displays normal pancre-
atic graft (arrow) in pelvis. Annotation: renal graft (black 
asterisk)

a b
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Fig. 7.10a–d. A 25-year-old woman; image obtained 14 days 
after simultaneous pancreas-kidney transplantation. (CIA 
common iliac artery, d donor’s, EIA external iliac artery, 
IIA internal iliac artery, l left, r right, SA splenic artery, SV 
splenic vein). Annotations: pancreatic graft (black arrow), 
renal graft (black asterisk). a–c MRI with fat-suppressed 
T1-weighted gradient-echo sequences without contrast en-
hancement (a) and with contrast enhancement during domi-
nant arterial phase (b) and during dominant parenchymal 
phase (c) show normal vascular anatomy, homogeneous 
parenchymal enhancement of pancreatic graft (arrow), and 
major pancreatic duct (arrowhead). d MR pancreaticogra-
phy shows vertically oriented major pancreatic duct (arrow), 
donor’s duodenum (between arrowhead and arrowheads) 
and ascites (white  asterisk) in pelvis

a

d

b

Fig. 7.11a,b. A 40-year-old woman; image obtained 63 months after a simultaneous pancreas-kidney transplantation. (d 
Donor’s, DPA dorsal pancreatic artery, SA splenic artery). a High-resolution sonography (longitudinal section) displays 
normal hypoechogeneic parenchyma of pancreatic graft (between arrow and arrowhead). b Color-coded sonography (lon-
gitudinal section) shows normal arterial and venous anatomy to better advantage

ba 

c
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7.8 
Vascular Graft Complications
Including Rejection

The most serious vascular complication is venous and 
arterial graft thrombosis and results in pancreatic 
graft necrosis and pancreatectomy in the majority of 
cases. Typically, contrast-enhanced CT displays an 
intraluminal fi lling defect in the larger graft veins 
(Fig. 7.14). Arterial thrombosis results in complete oc-
clusion of the vessel with non-enhancement of the pa-
renchymal graft indicating graft necrosis (Fig. 7.15). 
Further progression can result in an emphysematous 
transformation of the pancreatic graft; in a patient 
without clinical signs of local infection or sepsis this 
is described as an innocuous gas collection in the 
pancreatic graft (Vas et al. 1989). But image-guided 
biopsy represents the only defi nite test to distinguish 
an infected from non-infected pancreatic graft with 

Fig. 7.12a,b. A 41-year-old woman; image obtained 5 weeks 
after simultaneous pancreas-kidney transplantation with en-
teric exocrine drainage and portal endocrine drainage. (d do-
nor’s, CIA common iliac artery, l left, r right, RA renal artery, 
SA splenic artery, SMA superior mesenteric artery.). Annota-
tions: pancreatic graft (arrow), renal graft (asterisk). a Three-
dimensional volume-rendering image of contrast-enhanced 
MDCT during dominant arterial phase. Arterial revascular-
ization of segmental pancreatic graft was performed with long 
segment of donor’s common iliac artery to recipient’s right 
external iliac artery and systemic endocrine drainage (not 
shown). b Three-dimensional volume-rendering image of 
contrast-enhanced MDCT during dominant portal–venous 
phase. Venous revascularization was performed with donor’s 
portal vein to recipient’s superior mesenteric vein

a

b

Fig. 7.13. A 33-year-old woman with history of segmental 
pancreas transplantation with vesical exocrine drainage. 
Three-dimensional volume-rendering image of contrast-
enhanced MDCT during dominant arterial phase obtained 
after 20 days after simultaneous pancreas-kidney trans-
plantation. Arterial revascularization of segmental pan-
creatic graft was performed with donor’s arterial conduit 
to recipient’s right external iliac artery and systemic endo-
crine drainage (not shown). (AC Arterial conduit, d donor’s, 
EIA external iliac artery, IIA internal iliac artery, r right, 
white asterisk urinary bladder.) Annotations: segmental 
pancreatic graft (arrow), pancreatic vesical splint (arrow-
head), renal graft (black asterisk)
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gas collection (Fig. 7.16). Risk factors for early graft 
loss due to arterial occlusion after pancreas trans-
plantation are mainly posed by technical complica-
tions involving back-table preparation or the vascular 
anastomosis in the recipient. In the later course graft 
loss due to arterial occlusion represents the endpoint 
of graft rejection due to alloimmune vasculitis, re-
sulting in occlusion of small vessels, progressing to 
larger vessels and fi nally involving the anastomosed 
greater donor’s vessels (Krebs et al. 1999). For this 
reason, dynamic contrast-enhanced MRI appears to 

be a promising means of assessing parenchymal en-
hancement in order to detect early changes of vascu-
lar rejection (Krebs et al. 1999); other MRI protocols 
or other imaging modalities including sonography, 
color-coded sonography and contrast-enhanced CT 
did not meet expectations. However, considering the 
absence of reliable clinical markers and the persistent 
uncertainty regarding imaging examinations, image-
guided biopsy of the pancreatic graft (Fig. 7.17) still 
represents the gold standard for the diagnosis of graft 
rejection (Lee et al. 2000).

Fig. 7.14a,b. A 43-year-old woman with abdominal discomfort; image obtained 12 days after simultaneous pancreas–kid-
ney transplantation. a, b Contrast-enhanced multidetector CT displays acute thrombosis of superior mesenteric vein (ar-
rowheads) and splenic vein (arrowhead) but homogeneous contrast enhancement of pancreatic graft (arrow) with donor’s 
duodenum (arrows) and renal graft (asterisk). (CIA common iliac artery, CIV common iliac vein, d donor’s, IPDA inferior 
pancreaticoduodenal artery, l left, r right, SA splenic artery, SMA superior mesenteric artery)

b

Fig. 7.15a,b. A 36-year-old woman with newly developed hyperglycemia, graft necrosis and subsequent graft pancreatectomy; 
image obtained 8 months after pancreas transplantation alone. a Contrast-enhanced multidetector CT during dominant arte-
rial phase shows enhancement of donor’s arterial conduit (arrowhead) but non-visualization of graft arteries and non-en-
hancement of pancreas graft (arrow) indicating arterial occlusion and absent parenchymal perfusion. (CIA Common iliac 
artery, l left, r right.) a Angiogram verifi es CT fi ndings with residual enhancement of donor’s arterial conduit (arrowhead) but 
non-visualization of graft arteries and absent parenchymal enhancement of pancreatic graft

a b

a
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pancreatitis (Fig. 7.18) occurs preferentially in the 
early posttransplant period due to reperfusion injury 
and typically involves the entire graft. Focal edema-
tous swelling of the donor’s remaining mesenteric fat 
attached to the superior mesenteric arterial stump 
should not be misdiagnosed as focal edematous 
pancreatitis (Fig. 7.19); presumably this condition re-
sults from ligation of the donor’s lymphatic vessels. 
Necrotizing pancreatitis is the most severe form of 
pancreatitis (Fig. 7.20) and necessitates graft pancre-
atectomy. Pseudocyst formation develops later in the 
clinical course after onset of graft pancreatitis and 
can occur in various sizes, contours, and septations 
inside or outside the pancreatic graft. Sonography is 
the imaging modality of choice for large pseudocysts 
(Fig. 7.21), whereas complex pseudocysts (Fig. 7.22), 
infected pseudocysts (Fig. 7.23a) as well as percutane-
ous catheter drainage of pseudocysts (Fig. 7.23b) are 
best imaged by contrast-enhanced CT (Patel et al. 
1991). Infection of pseudocysts after pancreas trans-
plantation is a frequent occurrence and can cause 
pseudoaneurysm formation in arteries (Fig. 7.24) and 
veins (Tan et al. 2002). Finally, fi stula formation can 
result from pancreatitis with communication to the 
skin (Fig. 7.23c) or peritoneal cavity (Fig. 7.24), and si-
nus tract formation can involve the retroperitoneum 
(Figs. 7.25, 7.26) and gut (Fig. 7.26).

Enteric complications manifest either as leakage 
of the duodenojejunostomy or duodenal stump with 
ensuing abscess and peritonitis or sometimes as vol-
vulus from twisting of the small bowel around the 
longitudinal axis of the graft (Fig. 7.27).

7.10 
Other Transplantation-Associated
Complications

Pseudothrombosis of the iliac vein (Fig. 7.28) has 
been described following simultaneous pancreas–
kidney transplantation with bilateral revascular-
ization to the respective iliac vessels (Gupta et al. 
2002). Pseudothrombosis results from delayed ve-
nous opacifi cation of the iliac vein ipsilateral to the 
pancreatic graft as compared to the contralateral 
side of the renal graft. This phenomenon results 
from longer transit time and reduced blood fl ow 
to the pancreas as compared to the kidney. Pseu-
dothrombosis can also involve the ipsilateral iliac 
vein below the vascular anastomoses of the pancre-

Fig. 7.16. Image from a 44-year-old man obtained 9 months 
after simultaneous pancreas–kidney transplantation with 
graft necrosis but without local infection or sepsis and sub-
sequent graft extirpation. Contrast-enhanced multidetector 
CT shows absent parenchymal enhancement and emphyse-
matous transformation of pancreatic graft (arrow) consis-
tent with innocuous gas collection. Annotation: renal graft 
(black asterisk) and ascites (white asterisk)

Fig. 7.17. Image from a 33-year-old man obtained 20 months 
after simultaneous pancreas–kidney transplantation with 
pancreatic graft dysfunction and acute rejection verifi ed by 
histopathological examination. Helical CT is used for im-
age-guided percutaneous biopsy (arrows) of pancreatic graft 
(arrow) adjacent to contrast-medium-fi lled small bowel (ar-
rowhead) and renal graft (asterisk)

7.9 
Pancreatic Graft Complications
Including Infection

Complications of the pancreatic graft itself are an im-
portant cause of morbidity in the early posttransplant 
period. These complications include pancreatitis, 
pseudocyst formation including expansion, infection 
with abscess formation, pseudoaneurysm formation, 
leakage of the enteric anastomosis or duodenal stump, 
and small bowel obstruction. Self-limited edematous 
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Fig. 7.18a,b. Image from a 40-year-old man obtained 16 days after simultaneous pancreas–kidney transplantation and graft 
pancreatitis. Annotations: pancreatic graft (arrow), donor’s duodenum (arrowhead), renal graft (black asterisk), and peri-
renal fl uid (white asterisk). a Contrast-enhanced multidetector CT shows homogeneous contrast enhancement of pancreatic 
graft (arrow). b Contrast-enhanced multidetector CT performed 5 days after initial CT displays inhomogeneous contrast 
enhancement and increasing size of pancreatic graft (arrow) indicating edematous pancreatitis

a

Fig. 7.19. Image from a 51-year-old man obtained 4 weeks af-
ter simultaneous pancreas–kidney transplantation. Contrast-
enhanced multidetector CT shows edematous swelling of 
donor’s remaining mesenteric fat (arrows) and lymph nodes 
(white asterisk) attached to unremarkable, homogeneous con-
trast-enhancing pancreatic graft (arrow). Condition presum-
ably results from ligature of donor’s lymphatic vessels. CT also 
shows normal enhancement of donor’s (d) vessels including 
superior mesenteric artery (SMA), external iliac artery (EIA), 
splenic artery (SA) and renal graft (black asterisk)

Fig. 7.20. Image from a 38-year-old man obtained 5 weeks af-
ter simultaneous pancreas–kidney transplantation with nec-
rotizing graft pancreatitis and subsequent graft extirpation. 
Contrast-enhanced helical CT displays remnants of contrast-
enhanced pancreatic graft (arrow) surrounded by fl uid and 
thin-walled membrane (arrowhead) representing pseudocyst 
formation due to necrotizing pancreatitis. Ascites (white as-
terisk) and renal graft (black asterisk) are also seen

b
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Fig. 7.22. Image from a 34-year-old woman obtained 
5 months after simultaneous pancreas-kidney transplan-
tation with exudative pancreatitis and pseudocyst forma-
tion. Contrast-enhanced helical CT displays homogeneous 
enhancement of small pancreatic graft (arrow) surrounded 
by thin-walled peripancreatic pseudocyst (arrowhead) and 
various intra-abdominal pseudocysts (white asterisk). An-
notations: renal graft (black asterisk). (CIA Common iliac 
artery, d donor’s, SMA superior mesenteric artery, SMV su-
perior mesenteric vein)

Fig. 7.23a–c. Images from a 27-year-old man obtained 4 weeks 
after simultaneous pancreas–kidney transplantation with 
infected peripancreatic pseudocyst requiring percutaneous 
drainage, and pancreatic–cutaneous fi stula. a Contrast-en-
hanced helical CT shows homogeneous contrast enhancement 
of pancreatic graft (arrow) surrounded by septated, peripan-
creatic fl uid collection (white asterisk) combined with air-fl uid 
level (white arrowhead) and thin, contrast-enhanced wall (black 
arrowhead) consistent with infected pseudocyst. Annotation: 
renal graft (black asterisk). b Subsequent CT-guided percuta-
neous drainage was performed with pigtail catheter (arrows) 
for treatment of infected peripancreatic pseudocyst. Pancreatic 
graft (arrow) and renal graft (asterisk) are seen. c Contrast-
enhanced helical CT performed 10 weeks after initial CT, after 
CT-guided percutaneous drainage and ultimately operative de-
bridement of recurrently infected pseudocyst, shows pancreat-
ic–cutaneous fi stula (arrowhead) originating from pancreatic 
graft (arrow). Annotation: renal graft (asterisk)

a

Fig. 7.21. Image from a 54-year-old man obtained 5 months after 
simultaneous pancreas–kidney transplantation with graft pan-
creatitis and pseudocyst formation. Sonography shows large, 
partly septated cyst (white asterisk) adjacent to pancreatic graft 
(not shown) consistent with peripancreatic pseudocyst

b
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Fig. 7.24a–d. Image from a 50-year-old man obtained 18 days after simultaneous pancreas–kidney transplantation and after 
pancreatic graft extirpation (5 days after operation) due to infected graft pancreatitis with localized retroperitoneal and 
intra-abdominal abscesses, and subsequent surgical arterial repair of symptomatic mycotic pseudoaneurysm. a Contrast-
enhanced helical CT shows residual donor’s arterial conduit (arrow) after pancreatic graft extirpation surrounded by small 
fl uid collection with thin-walled contrast-enhanced membrane (arrowhead). Also residual fl uid collection (white asterisk) 
in perirenal location is seen. (CIA Common iliac artery, CIV common iliac vein, l left, r right.) Annotation: renal graft (black 
asterisk). b Contrast-enhanced multidetector CT with dominant late parenchymal phase performed 9 days after initial CT 
displays donor’s residual arterial conduit (arrow) and newly developed emphysematous transformation (arrowhead) of 
adjacent fl uid collection, indicating recurrent abscess. Decrease in fl uid (white asterisk) adjacent to renal graft (black aster-
isk) is noted. c, d Contrast-enhanced multidetector CT performed 12 days after initial CT shows newly developed mycotic 
pseudoaneurysm (arrows) originating from donor’s arterial conduit (arrow) and recently developed large retroperitoneal 
hematoma (arrowhead). Annotation: renal graft (black asterisk)
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Fig. 7.26a,b. Image from a 43-year-old man obtained 10 weeks after simultaneous pancreas-kidney transplantation com-
plicated by pancreatitis, infection of peripancreatic pseudocyst, and subsequent surgical debridement and drainage tube 
placement. a Spot fi lm during small bowel follow-through examination shows contrast-fi lled small bowel loops (SB), cecum 
(arrowhead) and two partly contrast-fi lled sinus tracts (arrow) opening to cecum. b Contrast-enhanced helical CT confi rms 
retroperitoneal location of partly contrast-fi lled sinus tracts (white arrow) adjacent to cecum (arrowhead) and pancreatic 
graft (black arrow), indicating previously existing pancreatic-colic fi stula. Annotation: renal graft (asterisk)

a b

Fig. 7.25. Image from a 29-year-old man obtained 3 weeks 
after simultaneous pancreas-kidney transplantation with 
infected peripancreatic pseudocyst and complex pancreat-
ic-cutaneous fi stula. Drainage catheter (arrows) was placed 
through a cutaneous fi stula opening, and sonogram displays 
large central cavity (arrow) with communication to perito-
neal cavity (black arrowhead) and sinus tracts (white arrow-
head) in retroperitoneal location

atic graft due to more peripheral implantation of 
the renal graft on the contralateral side and longer 
transit time of the lower extremity as compared to 
the renal graft. Posttransplant lymphoproliferative 
disorder (Fig. 7.29) is a serious but rare complication 
of pancreas transplantation. It manifests predomi-
nantly as a diffuse enlargement of the pancreatic 
graft, which is indistinguishable from acute pancre-
atitis for imaging modalities, or rarely as intra- or 
extra-allograft focal masses, lymphadenopathy or 
organomegaly (Meader et al. 2000).

A comprehensive pictorial essay of imaging fi nd-
ings after pancreas transplantation with enteric exo-
crine drainage was published by the authors of this 
book chapter (Freund et al. 2004a, 2004b).

7.11 
Introduction to Intestinal Transplantation

Intestinal transplantation represents an alternative in 
patients with irreversible, chronic intestinal failure in 
order to restore enteral absorption of ingested food 
and fl uid. In adults the most common cause of chron-
ic intestinal failure results from extensive resection 
of the small bowel due to occlusion of the superior 
mesenteric vessels, infl ammatory bowel disease, or 
abdominal trauma. In children the causes of short-
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Fig. 7.28. Image from a 54-year-old man obtained 9 months 
after simultaneous pancreas-kidney transplantation. Con-
trast-enhanced multidetector CT shows pseudothrombosis of 
right external iliac vein (arrows) as compared to left side. This 
is due to delayed venous opacifi cation on right side resulting 
from longer transit time and reduced blood fl ow of right-sided 
pancreatic graft as compared to left-sided renal graft, as well 
as due to more peripheral implantation of renal graft and 
longer transit time of the lower extremity as compared to re-
nal graft. Homogeneous contrast enhancement of pancreatic 
graft (arrow) and ascites (white asterisk) is seen. (d Donor’s, 
EIA external iliac artery, EIV external iliac vein, l left, r right, 
SA splenic artery, SV splenic vein)

Fig. 7.29. Image from a 45-year-old woman after sequential 
pancreas-after-kidney transplantation with enteric exo-
crine drainage and systemic endocrine drainage. Coronal 
T2-weighted turbo spin-echo MRI obtained 16 years after 
kidney transplantation and 7 years after pancreas trans-
plantation shows soft tissue mass (black arrow) between dis-
placed pancreatic graft (white arrow), uterus (white asterisk) 
and urinary bladder (arrowhead). Histologic evaluation of 
image-guided biopsy (not shown) revealed CD20-positive, 
EBV-negative diffuse large B-cell lymphoma consistent with 
posttransplantation lymphoproliferative disorder (PTLD)

Fig. 7.27a,b. Image from a 39-year-old woman obtained 
14 days after simultaneous pancreas-kidney transplanta-
tion with clinical signs of upper intestinal obstruction due 
to intermittent small bowel volvulus and subsequent surgi-
cal reduction. a Contrast-enhanced multidetector CT shows 
prestenotic, dilated, fl uid-fi lled loops of small bowel (white 
asterisk), twisted segment of small bowel (between arrow and 
arrowhead) consisting of collapsed loop of small intestine 
located adjacent to donor’s duodenum (arrows) with hyper-
dense staple line (arrowhead), and poststenotic, non-dilated 
colon (black asterisk) fi lled with intraluminal contrast ma-
terial from prior unremarkable small bowel follow-through. 
b Upright abdominal radiograph after repeat small bowel 
follow-through with water-soluble contrast material verifi es 
mechanical small bowel obstruction at level of presumed 
location of head of pancreatic graft (between arrow and ar-
rowhead) with dilatation and pathological air-fl uid levels of 
partly contrast-fi lled, prestenotic small intestinal loops (as-
terisk) including stomach
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bowel syndrome are midgut volvulus, gastroschisis, 
intestinal atresia, and necrotizing enterocolitis. Infre-
quently intestinal failure results from permanent in-
testinal dysfunction despite normal intestinal length. 
This occurs more frequently in children and includes 
aganglionosis, malabsorption syndromes, particu-
larly microvillus inclusion disease, and motility dis-
orders, particularly intestinal pseudo-obstruction 
(Mazariegos and Kocoshis 1998). Intestinal trans-
plantation with ciclosporin-based immunosuppres-
sion started in the 1980s in North America (Cohen 
et al. 1986) and Europe (Deltz et al. 1989) and was 
followed by multivisceral transplantation (Starzl et 
al. 1989; Margreiter et al. 1992) and liver–intestinal 
transplantation (Grant et al. 1990). Isolated intesti-
nal transplantation is indicated for patients with ir-
reversible intestinal failure without liver dysfunction 
and serious total parenteral nutrition-related compli-
cations, mostly lack of venous access due to recur-
rent thrombosis. Liver–intestinal transplantation is 
primarily indicated for patients with intestinal failure 
and total parenteral nutrition-related cholestatic liver 
failure. Multivisceral transplantation is indicated for 
patients with irreversible failure of small bowel and 
liver combined with portomesenteric thrombosis or 
Gardner’s syndrome with intra-abdominal desmoid 
tumor (Furukawa et al. 1998).

Proper interpretation of imaging studies after 
transplantation depends on familiarity with surgi-
cal anatomy (Bach et al. 1991, 1992; Campbell et 
al. 1993, 1995; Furukawa et al. 1998). For this rea-
son this pictorial essay schematically illustrates the 
intraoperative appearance during the most impor-
tant steps of the main intestinal transplantation 
procedures performed in children and adults. Each 
procedure is supplemented with examples of typi-
cal anatomy as shown by various imaging modali-
ties including sonography, CT, MRI, gastrointestinal 
contrast examination, and angiography.

The various procedures of small bowel transplan-
tation are described and illustrated in the following 
order: intestinal, multivisceral, and liver–intestinal 
transplantation.

7.12 
Intestinal Transplantation

In order to understand the postoperative anatomy 
the time sequence of isolated transplantation of 

the small bowel is schematically shown in a ca-
daveric donor (Fig. 7.30) (Furukawa et al. 1998) 
although living-related intestinal transplanta-
tion has already been performed (Gruessner 
and Sharp 1997). During procurement the size-
matched donor small bowel together with an arte-
rial and venous main stem are excised. The ileum 
is transected proximal to the ileocecal valve and 
the jejunum is divided close to the Treitz liga-
ment; especially the ileal branches of the ileocolic 
artery should be preserved. If the pancreas is not 
to be used as a graft, the origin of the superior 
mesenteric artery is excised. The splenic vein is 
transected next to the venous confluence and the 
portal vein is transected above the confluence of 
the superior mesenteric and splenic veins. In the 
case of pancreas procurement the superior mes-
enteric vein is transected at the lower rim of the 
pancreas. In the recipient all adhesions from pre-
vious surgical procedures are dissected and the 
infrarenal abdominal aorta as well as the venous 
conf luence or inferior vena cava are exposed. In 
the case of orthotopic transplantation the intes-
tinal allograft is revascularized in an end-to-side 
fashion connecting the donor superior mesenteric 
artery to the recipient infrarenal abdominal aorta 
above the origin of the inferior mesenteric artery, 
and the donor superior mesenteric vein to the re-
cipient superior mesenteric vein or portal vein. 
In the case of heterotopic transplantation vascu-
lar continuity is restored in end-to-side fashion 
connecting the donor superior mesenteric artery 
to the recipient infrarenal abdominal aorta be-
low the origin of the inferior mesenteric artery 
or common iliac artery and the donor superior 
mesenteric vein to the recipient inferior vena cava 
or common iliac vein. Proximal intestinal conti-
nuity is established between the most distal level 
of the recipient upper gastrointestinal remnant 
and the donor jejunum, duodenum, or stomach. 
A gastrojejunal anastomosis is usually performed 
in end-to-side fashion. The type of duodenojeju-
nal or jejunojejunal anastomosis, either end-to-
end or side-to-side, is dictated by anatomic and 
surgical considerations. The distal enteric anasto-
mosis varies depending on recipient anatomy. In 
patients with an intact terminal ileum, an ileoileal 
anastomosis can be performed, which preserves 
the ileocecal valve. In patients with only parts 
of the colon remaining, the donor ileum can be 
anastomosed to the residual recipient colon. In 
every case a temporary ileostomy is performed 
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for direct inspection of graft mucosa and for ac-
cess of surveillance endoscopy and biopsies; it is 
surgically closed 3–6 months after transplanta-
tion. For patients with previous proctocolectomy 
a terminal ileostomy is performed.

Typical examples of regular anatomy are shown 
below using CT, catheter angiography, and gastroin-
testinal contrast studies (Figs. 7.31–7.35).

7.13 
Multivisceral Transplantation

A multivisceral graft usually employs the liver, pan-
creas, part of the stomach, duodenum, and small 
bowel (Fig. 7.36) (Starzl et al. 1989; Margreiter 
et al. 1992). During explantation the various donor 

Fig. 7.30a–c. Schematic illustrations of isolated intestinal trans-
plantation. (Ao abdominal aorta, CIA common iliac artery, d do-
nor, IVC inferior vena cava, L liver, r recipient, S spleen, ST stom-
ach, SMA superior mesenteric artery, SMV superior mesenteric 
vein, TI temporary ileostomy.) Annotation: duodenojejunal 
anastomosis (arrow), ileocolonic anastomosis (arrows), superior 
mesenteric vein stump (open arrowhead), venous extension graft 
(closed arrowhead), intestinal graft (black asterisk), residual re-
cipient colon (white asterisk). a Depiction of intestinal graft after 
explantation and ex situ preparation on back-table. b Depiction 
of intraoperative appearance of recipient site after heterotopic in-
testinal transplantation shows end-to-side anastomosis of recipi-
ent common iliac artery to donor superior mesenteric artery and 
donor superior mesenteric vein to recipient inferior vena cava. 
c Depiction of intraoperative appearance of recipient site after 
orthotopic intestinal transplantation shows end-to-side anasto-
mosis of recipient infrarenal abdominal aorta to donor superior 
mesenteric artery and donor superior mesenteric vein to recipi-
ent superior mesenteric vein stump utilizing venous extension 
graft

b
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Fig. 7.31a–f. Images obtained 14 months after heterotopic intestinal transplantation in 3-year-old girl with short-bowel syn-
drome. (Ao abdominal aorta, d donor, IMA inferior mesenteric artery, IVC inferior vena cava, L liver, r recipient, S spleen, 
ST stomach, SMA superior mesenteric artery, SMV superior mesenteric vein.) Annotations: intestinal graft lumen (black 
asterisk), subsegmental arteries and veins in mesenteric fat of intestinal graft (arrow), donor lymph node (arrowhead). a, 
b MDCT with only oral (a) and with oral and intravenous contrast application (b) shows normal wall, mucosal folds, and 
contrast enhancement of intestinal graft. c, d MDCT with oral and intravenous contrast application at level of arterial 
anastomosis (c) and venous anastomosis (d) shows dSMA arising from recipient infrarenal aorta and dSMV draining in 
rIVC. e, f Selective catheter angiogram during dominant arterial phase (e) shows arterial anastomosis of dSMA to recipient 
infrarenal aorta. Angiogram during dominant venous phase (f) displays venous anastomosis of dSMV to rIVC
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Fig. 7.32a–d. Contrast-enhanced MDCT obtained 14 months after orthotopic intestinal transplantation in 39-year-old man 
with short-bowel syndrome and normal graft function. (Ao abdominal aorta, d donor, GB gallbladder, IVC inferior vena 
cava, r recipient, SV splenic vein, ST stomach, SMA superior mesenteric artery stump, SMV superior mesenteric vein.) Anno-
tations: intestinal graft lumen (black asterisk), loculated fl uid (white asterisk), subsegmental arteries and veins in mesenteric 
fat of intestinal graft (arrow), donor lymph node (black arrowhead), hyperdense staple line (white arrowhead). a–d Images 
show dSMV draining in recipient portal venous confl uence (a, b) and dSMA arising from recipient infrarenal aorta (c, d)

ba

dc

Fig. 7.33a,b. Contrast-enhanced MDCT obtained 4 months after operation in 5-year-old girl with short-bowel syndrome after 
intestinal transplantation. (Ao abdominal aorta, C colon, CIA common iliac artery, d donor, D duodenum, I ileum, IMA inferior 
mesenteric artery, IVC inferior vena cava, J jejunum, r recipient, SMV superior mesenteric vein.) Annotations: intestinal graft 
lumen (white asterisk), subsegmental arteries and veins in mesenteric fat of intestinal graft (arrow), donor lymph node (black 
arrowhead), proximal intestinal anastomosis (between white arrowheads), distal intestinal anastomosis (between white ar-
rows). a, b Images show (a) proximal intestinal end-to-end anastomosis (between white arrowheads) between recipient duode-
num and donor jejunum as well as (b) distal intestinal end-to-end anastomosis (between white arrows) marked by hyperdense 
staple line between donor ileum and recipient ascending colon

ba
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Fig. 7.34. Upper gastrointestinal series with water-soluble con-
trast material obtained 4 weeks after intestinal transplantation 
in 39-year-old man with short-bowel syndrome. Image shows 
proximal intestinal side-to-end anastomosis (between arrows) 
between recipient duodenum and donor jejunum. (d donor, 
D duodenum, J jejunum, r recipient, ST stomach.) Annotations: 
recipient duodenal stump (asterisk), proximal intestinal anas-
tomosis (between arrows), gastric tube (arrowhead)

Fig. 7.35. Retrograde intestinal enema study obtained 3 months 
after intestinal transplantation in 59-year-old man with short-
bowel syndrome shows blocked Foley’s catheter (open arrow-
head) within isolated donor intestinal loop (asterisk) and distal 
intestinal end-to-side anastomosis (between arrows) between 
donor ileum and recipient rectum. (d donor, I ileum, J jejunum, 
r recipient, R rectum.) Annotation: intestinal tube (arrowhead)

Fig. 7.36a,b. Schematic illustrations of multivisceral transplantation. (d donor, L liver, P pancreas, r recipient, S spleen, 
ST stomach, TI temporary ileostomy.) Annotations: gastrogastric anastomosis (black arrow), cavocaval anastomosis (white 
arrow), ileocolonic anastomosis (arrows), aortic segment together with celiac trunk and superior mesenteric artery (open ar-
rowhead), inferior vena cava segment together with hepatic veins (closed arrowhead), aortoaortic anastomosis (arrowheads), 
intestinal graft (black asterisk), residual recipient colon (white asterisk). a Depiction of multivisceral graft on back-table 
after explantation. b Depiction of intraoperative appearance of recipient site after implantation

ba
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organs are mobilized en bloc without manipulation 
of the portal venous system. If the stomach is utilized 
the greater gastric curvature is mobilized with pres-
ervation of the gastroepiploic arch; the short gastric 
vessels are transected and the greater omentum is 
resected. Cholecystectomy and splenectomy are per-
formed either in situ or ex situ on the back-table. Dur-
ing procurement the donor liver is typically removed 
together with the inferior vena cava. For arterial re-
vascularization 10 cm of donor aorta is excised above 
the celiac trunk and directly below the superior mes-
enteric artery in order to preserve the origins of the 
renal arteries for further renal transplantation. The 
procured aorta is suture-closed below the origin of 
the superior mesenteric artery. This creates an aortic 
conduit with the celiac trunk and superior mesen-
teric artery; the proximal part of the aortic conduit 
is designated for aortoaortic anastomosis. Formerly, 
the combined origins of the celiac trunk and superior 
mesenteric artery were excised for arterial revascu-
larization. This technique was abandoned because it 
was more technically demanding and unpredictable 
due to anastomotic scarring and ensuing arterial ste-
nosis. Transection of the small bowel is performed in 
a way similar to that used in intestinal transplanta-
tion except for dissection of venous and arterial ves-
sels. In the recipient exenteration of the abdominal 
organs is performed; this includes the liver with or 
without the intrahepatic vena cava, pancreas, spleen, 
part of the stomach, and small bowel. The infrarenal 
abdominal aorta is exposed. The arterial anastomosis 
is restored in end-to-side fashion connecting the large 
donor aortic conduit to the recipient infrarenal ab-
dominal aorta. The venous anastomosis is restored in 
end-to-end fashion connecting the suprahepatic and 
infrahepatic inferior vena. Sometimes the piggyback 
technique is employed as follows: in the recipient the 
liver is removed without inferior vena cava; after im-
plantation the infrahepatic portion of the vena cava of 
the graft is stapled resulting in a caval stump. The do-
nor suprahepatic vena cava is anastomosed in end-to-
side fashion at the level of the hepatic veins or in side-
to-side fashion to the recipient vena cava. Proximal 
gastrointestinal reconstruction of the multivisceral 
graft is performed by connecting the proximal por-
tion of the recipient stomach to the donor stomach. 
Distal intestinal continuity of the multivisceral graft 
is established analogous to intestinal transplantation 
as described, utilizing one of the various types of 
intestinointestinal anastomosis. Also a pyloroplasty 
is performed to prevent gastric outlet obstruction re-
sulting from denervation of the stomach.

Typical examples of the regular anatomy are shown 
below using various imaging modalities after multi-
visceral transplantation (Figs. 7.37–7.39).

7.14 
Liver-Intestinal Transplantation

A combined liver–intestinal graft employs at least the 
small bowel attached to the liver. In the early period 
of liver–intestinal transplantation only the portal 
vein was left intact; the bile duct was transected and 
its distal portion together with the donor duodenum 
and pancreas was removed during back-table prepa-
ration in order to avoid donor pancreatitis (Grant 
et al. 1990). This technique has been discarded be-
cause of surgical problems related to diffi cult prepa-
ration in pediatric donors, bile leaks after biliary 
anastomosis, and the risk of torsion of the portal 
vein. Nowadays liver and small bowel with the at-
tached, intact, proximal stapled duodenum and the 
adjacent rim of the pancreatic head are transplanted 
en bloc. This modifi cation simplifi es graft prepara-
tion, eliminates dissection of the bile duct within the 
hepatoduodenal ligament, omits biliary anastomotic 
complications, and obviates vascular torsion (Sudan 
et al. 2001). This technique also enables procurement 
of a reduced and size-matched liver and intestinal 
graft from donors who are larger than the recipient 
(de Goyet et al. 2000). For this reason the range 
of possible donors for children on the waiting list 
is extended. Size reduction is achieved by resection 
of segments II and III or segments II, III, and IV or 
extended right hemihepatectomy and, if necessary, 
by resection of a distal segment of the ileum. In the 
recipient the procedure starts with hepatectomy and 
preserves stomach, duodenum, and pancreas. The 
residual native portal vein draining the remnant 
viscera is anastomosed to the native suprarenal in-
ferior vena cava in end-to-side fashion (Fig. 7.40). 
After implantation the donor graft is revascularized 
analogous to multivisceral transplantation. Proxi-
mal intestinal continuity is established between the 
remaining recipient duodenum or jejunum and the 
donor proximal jejunum; distal intestinal continuity 
is established analogous to intestinal transplantation 
as described, utilizing one of the various types of 
intestinointestinal anastomosis.

Typical examples of regular anatomy are shown 
below using sonography (Fig. 7.41).
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Fig. 7.37a–d. Contrast-enhanced MDCT during dominant arterial phase obtained 5 weeks after multivisceral transplanta-
tion in 61-year-old man with liver cirrhosis, hepatocellular carcinoma, and portomesenteric thrombosis. (Ao abdominal 
aorta, AoC aortic conduit, C colon, CHA common hepatic artery, CTr celiac trunk, d donor, IVC inferior vena cava, LRV left 
renal vein, L liver, P pancreas, PV portal vein, r recipient, SA splenic artery, ST stomach, SMA superior mesenteric artery, 
SMV superior mesenteric vein.) Annotations: intestinal graft lumen (black asterisk), subsegmental arteries and veins in 
mesenteric fat of intestinal graft (arrow), renal cyst (white arrowhead). a–d Images show normal anatomy at level of arterial 
anastomosis (a), origin of celiac trunk (b), origin of superior mesenteric artery (c), and bifurcation of celiac trunk (d)
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Fig. 7.38a,b. Contrast-enhanced helical CT obtained 7 days after multivisceral transplantation with piggyback technique 
in 67-year-old man with liver cirrhosis, hepatocellular carcinoma, and portomesenteric thrombosis. (Ao aorta, d donor, L 
liver, r recipient, ST stomach.) Annotations: ascites (white asterisk), donor inferior vena cava (arrow), liver vein (open arrow), 
recipient inferior vena cava with hyperdense staple line (arrows), gastric tube (black arrowhead), subphrenic drain (white 
closed arrowhead), staple line of donor caval stump (white open arrowhead). Images at level of hepatic veins (a) show side-
by-side location of donor and recipient inferior vena cava as well as stapled caval stump caudally (b)

ba
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Fig. 7.39. Upper gastrointestinal series with water-soluble 
contrast material obtained 5 years after multivisceral trans-
plantation in 41-year-old woman with Gardner’s syndrome 
and intra-abdominal desmoid tumor. (d donor, r recipi-
ent, ST stomach.) Annotations: intestinal graft (asterisk), 
urethral drainage tube (arrowhead). Image shows normal 
postoperative anatomy after end-to-end gastrogastrostomy 
with normal intestinal contrast passage (exact position of 
end-to-end gastrogastrostomy not discernible)

Fig. 7.40a,b. Schematic illustrations of liver-intestinal transplantation. (CBD common bile duct, CHA common hepatic artery, 
CTr celiac trunk, d donor, D duodenum, IMV inferior mesenteric vein, IVC inferior vena cava, L liver, LHV left hepatic vein, 
LLHA left lateral hepatic artery, LLHD left lateral hepatic duct, P pancreas, PV portal vein, r recipient, S spleen, SA splenic 
artery, SMA superior mesenteric artery, SMV superior mesenteric vein, ST stomach, SV splenic vein, TI temporary ileostomy.) 
Annotations: duodenoduodenal anastomosis (arrow), ileocolonic anastomosis (arrows), portocaval anastomosis (white ar-
rowhead), intestinal graft (black asterisk), residual recipient colon (white asterisk). a Depiction of intraoperative appearance 
of recipient site after removal of diseased liver in patient with short-bowel syndrome shows end-to-side anastomosis between 
portal vein and inferior vena cava. b Depiction of intraoperative appearance of recipient site after implantation of size-reduced 
liver–intestinal graft utilizing extended right hemihepatectomy and distal segmental small bowel resection

ba
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Fig. 7.41a,b. High-resolution sonogram obtained 3 months after liver-in-
testinal transplantation in 2-year-old girl with short-bowel syndrome. 
Annotations: Ao aorta, d donor, L liver, r recipient, asterisk intestinal 
graft. a Image (axial section) displays side-to-end arterial anastomosis 
(between arrowheads) between recipient abdominal aorta (rAo) and 
donor aortic conduit (arrow). b Image (oblique section) shows normal 
anatomy of portal vein (arrows) and hepatic artery (arrow)

b
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7.15 
Posttransplantation Complications

Compared to other solid organ transplantations in-
testinal transplantation is hampered by the presence 
of a large number of immunocompetent donor lym-
phocytes in gut-associated lymphoid tissue and mes-
enteric nodes as well as bacterial contamination, all 
of which increase the risk for rejection and infection. 
In the last decade patient and intestinal graft survival 
have improved consistently thanks to refi ned surgical 
techniques, introduction of better immunosuppres-
sive regimens including tacrolimus, and better anti-
microbial therapy of opportunistic infections. These 
advances decreased technical and immunological 
failure rates as well as infection rate. Today transplan-
tation centers report 1-year patient and graft survival 
rates of 81% and 63%, respectively (Port 2003). This 
compares less favorably to other solid organ trans-
plantations of the heart, liver, kidney, and pancreas 
with 1-year patient and graft survival approaching or 
exceeding 90% (Port 2003).

Knowledge of the transplantation procedure and 
postoperative imaging anatomy of the intestinal 
graft are basic requirements for radiologists. Graft 
survival, among other factors, corresponds to early 
diagnosis and therapy for specifi c graft-related com-
plications including leakage of enteric anastomosis, 
abdominal abscess, peritonitis, thrombosis of graft 

vessels, hematoma, and posttransplantation lympho-
proliferative disorder. This pictorial essay uses vari-
ous imaging modalities to show the imaging spec-
trum of diseases after isolated intestinal, combined 
liver–intestinal or multivisceral transplantation.

7.16 
Imaging Modalities

Various imaging modalities are routinely used to de-
tect early or late posttransplantation complications. 
During the initial period of intestinal transplan-
tation in the early 1990s gastrointestinal contrast 
studies with barium or water-soluble contrast mate-
rial were performed to evaluate the integrity of the 
intestinal graft; for example, upper gastrointestinal 
and small bowel series, enteroclysis, and contrast 
enema (Bach et al. 1991; Campbell et al. 1993). Par-
ticularly a Foley’s catheter blocked within the iso-
lated intestinal loop after its introduction through 
the temporary ileostomy facilitates a retrograde 
contrast enema examination. Today gastrointesti-
nal contrast studies are performed only occasionally 
to detect complications of the enteric anastomosis 
or to evaluate gastrointestinal motility. Due to the 
accumulated knowledge of the clinical pattern of 
complications cross-sectional imaging studies are 
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currently utilized to detect pathologies of the ves-
sels, intestinal wall, and abdominal cavity (Bach et 
al. 1992; Campbell et al. 1995). The use of sonogra-
phy and color-coded sonography to image the vas-
cular system, entire intestinal graft, and abdominal 
cavity is hampered by intraluminal intestinal gas 
(Campbell et al. 1995), but postoperative motility 
of the intestinal graft can be suffi ciently evaluated 
by sonography due to its real-time display. Contrast-
enhanced helical CT represents the primary imag-
ing modality for complete evaluation of the vascular 
and enteric anastomoses, vessels, intestinal graft, 
and abdominal cavity (Lappas 2003). MRI without 
and with intravenous contrast application may also 
be useful in evaluating the intestinal graft, but eval-
uation of the enteric anastomosis by MRI is diffi cult. 
Sometimes patients have coexistent impaired renal 
function before and after intestinal transplantation; 
renal function determines the selection of the appro-
priate cross-sectional imaging modality. In order 
to preserve renal function contrast-enhanced MRI 
and not contrast-enhanced CT represents the pre-
ferred examination. Catheter angiography is used 
to confi rm vascular complications while permitting 
immediate endovascular therapy (Lappas 2003). 
Other imaging-guided interventions are employed 
to treat localized fl uid collections percutaneously, 
for instance seroma, hematoma, abscess.

Imaging modalities are not utilized to detect 
rejection and graft-versus-host disease. Acute re-
jection is diagnosed by endoscopy combined with 
mucosal biopsies from donor stomach, duodenum 
or distal ileum via the ileostomy. Graft-versus-
host disease manifests most commonly as skin le-
sions or mucosal lesions in the recipient’s residual 
gastrointestinal tract; both sites are best amenable 
for visual or endoscopic inspection and biopsies.

7.17 
Imaged Abnormalities

Organ-specifi c complications after combined liv-
er–intestinal and multivisceral transplantation 
concern mainly the intestinal graft and therefore 
resemble complications after isolated intestinal 
transplantation. These complications rarely involve 
the hepatic or pancreatic graft due to lack of opera-
tive manipulation of the hepatobiliary and portal 
venous system.

Mainly the following complications are observed 
after intestinal transplantation by imaging modali-
ties: intestinal graft complications including infec-
tion, vascular complications, and other transplanta-
tion-associated complications.

7.18 
Intestinal Graft Complications
Including Infection

Typical graft complications include graft dysmotility, 
dehiscence, and stricture of the enteric anastomosis 
as well as abdominal infections. Intestinal graft dys-
motility occurs frequently in the early postoperative 
period and can be observed directly by real-time so-
nography or gastrointestinal studies; it is also sus-
pected on abdominal radiographs and CT by the ap-
pearance of a gasless abdomen or increased numbers 
of air-fl uid levels and luminal dilatation (Fig. 7.42c). 
Anastomotic complications manifest either as dehis-
cence or stricture and can involve any anastomosis 
encountered in intestinal transplantation procedures. 
For proper interpretation of an imaging study the 
radiologist must be familiar with the presence, loca-
tion, and fashion of the various enteroanastomoses 
including end-to-end, end-to-side, and side-to-side 
reconstruction of intestinal tract continuity. Gastro-
intestinal contrast studies are performed with water-
soluble contrast material in the case of a suspected 
anastomotic dehiscence. Typically, a contrast leakage 
is observed either contained or with free commu-
nication within the abdominal cavity (Fig. 7.43). An 
anastomotic stenosis presents as luminal narrowing 
on gastrointestinal contrast studies and may exhibit 
prestenotic dilatation and dysmotility (Fig. 7.42d).

Abdominal infections represent a frequent com-
plication after intestinal transplantation and mani-
fest as abscess, peritonitis or fi stula formation. The 
typical fi ndings for an intra-abdominal abscess in-
clude localized fl uid collection with or without gas 
formation, air-fl uid level, and contrast-enhancing 
abscess membrane (Fig. 7.45a). Imaging-guided bi-
opsy is required for defi nite diagnosis and for dif-
ferentiation between abscess and seroma or hema-
toma. An abscess can also occur in intra-abdominal 
parenchymal organs; the liver is especially prone 
to abscess formation because of its fi lter function 
of portal venous drainage from the intestinal graft 
(Fig. 7.45b). The diagnosis of localized or general-
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Fig. 7.42a–d. Image from a 41-year-old woman after multivisceral transplantation necessitated by Gardner’s syndrome 
with intra-abdominal desmoid tumor. a Ten days after operation with laboratory evidence of acute hemorrhage. Contrast-
enhanced helical CT displays mesenteric pseudoaneurysm (closed black arrowhead) with localized contrast extravasation 
(open black arrowhead) and mesenteric hematoma (black asterisk). Annotations: intestinal graft lumen (white asterisk), 
mesenteric arteries and veins of intestinal graft (arrow), postoperative changes in abdominal wall (between white ar-
rowhead). b Six weeks after operation with normal intestinal graft function. Helical CT after oral and intravenous con-
trast application shows large loculated fl uid collection (white asterisk) with displacement of intestinal graft loops (black 
asterisk). Subsequent image-guided drainage revealed lymphocele. Annotations: postoperative dressing of ileostomy 
(arrow). c Eight months after operation with clinical evidence of intestinal obstruction. Helical CT without intravenous 
but with oral contrast administration shows dilated, non-thickened loops of intestinal graft (asterisk) with air-fl uid level 
consistent with intestinal dysmotility. d Clinical evidence of intestinal obstruction at 34 months after operation. Radio-
graph obtained during enema with water-soluble contrast material displays concentric high-grade stenosis of ileorectal, 
end-to-side anastomosis (arrow). Annotations: air-fi lled recipient rectal stump (open arrowhead), contrast-fi lled distal 
rectum (white asterisk), donor ileum (closed arrowhead)

a

c

ized peritonitis is challenging, even by contrast-en-
hanced CT or MR imaging; imaging fi ndings include 
edematous infi ltration of the mesenterial fat as well 
as increased contrast enhancement of the intestinal 
wall and involved mesenterium (Fig. 7.46). Fistula 
formation results from an abdominal infection with 
communication to the skin; sinus tract formation 
involves the retroperitoneum including the psoas 
muscle.

Contrast-enhanced CT sometimes shows an un-
specifi c diffuse thickening of the intestinal wall 
and mucosal folds early after transplantation pre-
sumably due to edema related to organ procure-
ment and interruption of draining lymphatic ves-
sels combined with an unspecifi c enlargement of 
the donor’s mesenteric lymph nodes (Fig. 7.47b). 
CT can also detect an unspecifi c focal wall thick-
ening of the small bowel but cannot delineate the 

d

b
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Fig. 7.43. Upper gastrointestinal examination with water-
soluble contrast material obtained 17 days after intestinal 
transplantation utilizing side-to-end jejunojejunal anasto-
mosis in 59-year-old man with short-bowel syndrome. Image 
shows contained contrast leakage (open arrow) of recipient 
jejunal stump with staple line (closed arrow). Annotations: 
donor jejunum (closed arrowhead), recipient duodenum (as-
terisk), recipient jejunum (open arrowhead)

underlying cause (Fig. 7.44a). This requires fur-
ther clinical or short-term imaging evaluation and 
especially exclusion of rejection or opportunistic 
infection.

7.19 
Vascular Graft Complications

The most serious vascular complication is arterial 
and venous graft thrombosis and can result in intes-
tinal graft necrosis necessitating graft enterectomy. 
Typically, contrast-enhanced CT displays either an 
intraluminal fi lling defect or complete occlusion of 
the involved artery with non-enhancement of the 
intestinal wall indicating graft necrosis (Fig. 7.44d). 
Sometimes an intraluminal membrane can be ob-

served on imaging (Fig. 7.44f); this fi nding is sug-
gestive of arterial dissection. In patients with venous 
thrombosis, contrast-enhanced CT shows an intra-
luminal-fi lling defect of the involved vein. Segmen-
tal venous thrombosis of the intestinal graft may 
result in intestinal pneumatosis (Fig. 7.45c). Throm-
botic occlusion of the portal vein is followed by 
portal hypertension, venous congestion syndrome, 
and splenic infarction (Fig. 7.44b). Hematomas can 
also be detected by various imaging modalities 
(Fig. 7.42a); these either indicate a localized vascular 
abnormality including pseudoaneurysm (Fig. 7.42a) 
and vascular anastomotic dehiscence or result from 
clotting disorders.

7.20 
Other Transplantation-Associated
Complications

Varying degrees of fl uid collection are observed 
after intestinal transplantation including lympho-
cele (Fig. 7.42b) and seroma; ascites is often lo-
cated between the intestinal graft loops. In most 
cases these fl uid collections regress in size without 
treatment, but sometimes percutaneous diagnos-
tic aspiration or therapeutic drainage is necessary. 
Posttransplantation lymphoproliferative disorder 
represents a serious but rare complication of iso-
lated intestinal, multivisceral and combined liver–
intestinal transplantation, and manifests often as 
involvement of the intestinal or parenchymal organ 
graft (Fig. 7.47) or infrequently as involvement of 
the recipient’s remaining native gastrointestinal 
tract or as an extra-allograft lymphadenopathy 
(Reyes et al. 1996). Complications after combined 
liver–intestinal and multivisceral transplantation 
rarely involve extra-intestinal graft organs but 
may include fatty liver degeneration (Fig. 7.47a), 
pancreatitis (Fig. 7.48a) and pancreatic pseudocyst 
(Fig. 7.44c) as well as thrombosis of the inferior 
vena cava (Fig. 7.44e).

A comprehensive pictorial essay of the spectrum 
of imaging fi ndings after intestinal, liver–intesti-
nal, or multivisceral transplantation was published 
by the authors of this book chapter (Unsinn et al. 
2004a, 2004b).
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Fig. 7.44a–f. Images from 3-year-old girl after intestinal transplantation necessitated by short-bowel syndrome (a–d), graft 
failure (b–d) and subsequent retransplantation utilizing multivisceral graft (e, f). a Contrast-enhanced helical CT obtained 
26 months after operation shows unspecifi c focal wall thickening of intestinal graft with reduced contrast enhancement 
(arrow) compared to non-thickened, regular contrast-enhanced intestinal loops (arrowhead) consistent with focal intestinal 
ischemia. Annotation: ascites (asterisk). b–d Contrast-enhanced MDCT obtained 3 years after operation in patient with 
chronic intestinal graft failure. b Image displays complete acute thrombotic occlusion of portal vein (arrow) with non-
enhancement of spleen (asterisk) indicating infarction. Annotation: gastric tube (arrowhead). c Image additionally shows 
thin-walled pancreatic pseudocyst (arrowhead) and focal ductal dilatation of pancreatic body (arrow). Annotations: ascites 
(black asterisk), splenic infarct (white asterisk), surgical clip (open arrowhead), unspecifi c focal gastric wall thickening 
(arrows). d Image shows contrast enhancement of donor superior mesenteric artery (arrow) but non-enhancement of graft 
arteries and intestinal wall (arrowhead), indicating chronic vascular occlusion. Additional intra-abdominal abscess (open 
arrowhead) with cutaneous fi stula (between arrows). e, f Contrast-enhanced MDCT obtained 3 years after initial intestinal 
transplantation with graft failure and 8 weeks after subsequent multivisceral transplantation with normal graft function. 
e Image shows acute thrombosis of inferior vena cava (arrow) at level of renal veins. Normal enhancement and appearance 
of intestinal graft (black asterisk) as well as hyperdense prosthetic mesh inlay (arrows) for abdominal wall repair are noted. 
Annotation of donor anatomic structures: celiac trunk (closed arrowhead), duodenum (white asterisk), pancreas (open ar-
rowheads), superior mesenteric artery (closed arrowheads), superior mesenteric vein (open arrowhead). f Image displays 
dissection membrane in abdominal aorta (arrow). Annotation: intestinal graft loops (asterisk)

b
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Fig. 7.46. Contrast-enhanced MDCT obtained 6 weeks after 
intestinal transplantation in 39-year-old man with short-
bowel syndrome who presented with acute sepsis syndrome. 
Image shows large ventral abdominal wall defect (between 
arrows) due to dehiscence and subsequent operative wid-
ening of median laparotomy, intra-abdominal abscess (as-
terisk) with air bubbles (white arrowheads) and cutaneous 
drainage (arrows). Also seen are intestinal graft enlargement 
due to edematous infi ltration, engorgement of mesenteric 
vessels, and increased contrast enhancement of intestinal 
wall (black arrowheads), all of which are consistent with 
surgically proven peritonitis

Fig. 7.45a–c. Images from 39-year-old woman after intesti-
nal transplantation necessitated by Gardner’s syndrome with 
intra-abdominal desmoid tumor (a), graft failure and subse-
quent retransplantation utilizing multivisceral graft (b, c). 
a Contrast-enhanced MDCT obtained 2 months after initial 
intestinal transplantation displays multiple intra-abdomi-
nal abscesses (asterisks) with air-fl uid level and contrast-
enhancing abscess membrane. Mesenteric lymphadenopa-
thy (open arrowhead), partly thickened wall of intestinal 
graft (solid arrowhead), recipient descending colon (double 
arrows) are depicted. b Contrast-enhanced MDCT obtained 
2 months after retransplantation displays multiple intrahe-
patic focal hypodensities consistent with nocardial abscesses 
(arrow). Annotations: fl uid-fi lled stomach (asterisk), small 
intra-abdominal abscess (arrowhead). c Contrast-enhanced 
MDCT obtained 3 months after retransplantation that used 
multivisceral graft shows non-enhancement of intestinal 
graft (lower white arrows) except proximal jejunum (black 
arrow), focal intramural pneumatosis (white arrowhead) 
and free intra-abdominal air bubble (black arrowhead) due 
to arterial thrombosis with ischemia and perforation. Local-
ized fl uid (white asterisk) with cutaneous fi stula (between 
upper white arrows) is also depicted

b

a

c
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Fig. 7.48a,b. MDCT of 5-year-old girl with short-bowel syndrome obtained 4 months after intestinal transplantation and 
newly developed ascites. Annotation: gastric tube (arrowhead). a Non-enhanced study shows fatty liver degeneration (white 
asterisk) and focal hyperdensity (arrow) in left liver lobe. b After contrast enhancement additional focal intrahepatic hy-
podensities (arrows) are seen representing pathologically proven multifocal posttransplantation lymphoproliferative dis-
order. Contrast-enhancing inferior vena cava (black arrowhead)

ba

Fig. 7.47a,b. 67-year-old man after multivisceral transplantation necessitated by liver cirrhosis with intrahepatic hepato-
cellular carcinoma and chronic thrombotic occlusion of portomesenteric venous system with clinical evidence of infec-
tion. a Contrast-enhanced helical CT obtained 2 weeks after operation shows enlargement of pancreatic head with reduced 
contrast enhancement (white arrow) consistent with edematous pancreatitis. Annotation: ascites (black asterisk), gastric 
tube (white arrowhead), periportal lymphedema (black arrow), stomach (white asterisk). b Contrast-enhanced helical CT 
obtained 4 weeks after operation displays unspecifi c enlargement of mesenteric lymph nodes (arrow) of intestinal graft. 
Annotations: ascites (asterisk), calcifi cation of iliac artery (arrowhead)

ba
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CAN, see chronic allograft nephropathy
Candida   147, 166–168, 184, 195
– albicans   40, 62
Cantlie‘s line   112
captopril-sensitized renography   73
cardiac
– allograft vasculopathy (CAV)   26, 34
– computerized tomography (CT)   47
– orthotopic transplantation, see also heart transplantation   

16, 20
– output   143
cardiectomy   15
cardiomyopathy
– idiopathic dilated   12
– ischemic   12
cardiopulmonary bypass (CPB)   17, 154
cardiorespiratory compromise   105
cardiovascular disease   87
CAV, see cardiac allograft vasculopathy
CD34+ cells   181
celiac trunk   229
centrilobular
– density   191
– nodule   196
chemotherapy   181
chest
– computerized tomography (CT)   34
– fi lm   37
– radiography   34, 144, 188, 189
– tube   143

Child-Pugh point scoring system   99
cholangitis   120
cholestatis   184
chronic
– allograft nephropathy (CAN)   52, 85
– infection   91
– liver disease   99
– obstructive pulmonary disease (COPD)   140, 153
– rejection   26
– renal insuffi ciency   51
CMV, see cytomegalovirus
coangulopathy   123
Coccidioides   40
– immitis   168
colony-stimulating factor (CSF)   178
color mapping   56
combined liver-intestinal graft   233
computerized tomography (CT)   6, 188
– all-in-one   127, 131
– angiography   121
– cardiac   47
– dual-energy   128
– helical   5
congenital heart disease   12
consolidation   145
corticomedullary differentiation   85
corticosteroid   161, 166
Corynebacterium urealyticum   64
cough   195, 199
Couinaud‘s surgical anatomy   111
crazy paving   192, 198
cryptococcal pneumonia   194
Cryptococcus   40, 147, 168
– neoformans   194
cryptogenic organizing pneumonia (COP)   197
CSF, see colony-stimulating factor
CT, see computerized tomography
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