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Foreword

Over the past 50 years, the human placenta has gradually become
better understood so far as its function is concerned, and, simultane-
ously, pathologic features have been more clearly delineated. Some
features are characteristic of certain maternal diseases, and others
specify fetal conditions. But for some other features, while they are
well described and their consequences are well characterized, their eti-
ology has remained a mystery. Aspects of placental pathology leading
to an understanding of perinatal problems have also been widely used
in medicolegal disputes in recent years. When they adequately studied,
these pathologic findings have often been useful in settling many dif-
ficult cases of perinatal mortality and of neonatal diseases, such as the
cause of cerebral palsy. All of this has led to a more frequent demand
for placental examination, even of “routine” deliveries, but certainly
of all those leading to premature birth and of neonates that experience
perinatal problems.

As the perinatal mortality has decreased substantially over the past
decades, largely because of better prenatal care, modern sonographic
studies, and the elimination of the common “hyaline membrane
syndrome” of premature infants, attention has now been focused on
understanding preeclampsia and the causes of prematurity, the major
obstetric challenges remaining. But as some diseases have now become
aspects of the historical past, new challenges are being created, in part
through the advent of assisted reproductive technology (ART) and
intracytoplasmic sperm injection (ICSI). The multiple gestations cre-
ated by this technology have produced new challenges in our under-
standing placentation of multiples, especially the relatively common
production of additional multiple offspring from the division of one
or more of the transferred blastocysts. All of these features continue to
make it mandatory that the detailed study of the placenta after delivery
be continued.

The book before us is designed to assist the general pathologist,
whose interests have usually been with neoplasms and other diseases,
to get a handle on an organ that all too often is described as “mature
placenta” when it reaches the pathologist’s desk. Dr. Baergen endeavors
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Foreword

and succeeds in presenting the essential features of placental pathology
to the uninitiated pathologist; she carefully lays out what is a “must-
observe” aspect of each of the placental structures, and how to assess
the findings in the context of normal findings. The book is easily fol-
lowed, directions and diagnostic features are clearly spelled out, and
suggestions for their description in diagnostic terms are provided. The
book does not endeavor to be encyclopedic, but it is well illustrated —
an essential aspect for the morphologist — and the essential references
are provided. No doubt, this book will be a welcomed addition to
the shelves of the practicing pathologist in which to find answers to
the major questions sought for care by the neonatologist, to provide
answers to the obstetricians and the parents, and to serve as the basis
for possible medicolegal questions of the future.

San Diego, CA Kurt Benirschke



Preface to the First Edition

The primary objective of this book is to be a concise, practical manual of
placental pathology. When I began studying placental pathology I was
intimidated by its complex anatomy and pathology. Although Benir-
schke and Kaufmann'’s Pathology of the Human Placenta was, and is, a
comprehensive text, I often wished for a more basic book that would be
appropriate for the neophyte in placental pathology but based on this
respected volume. I hope that this book will fulfill this goal. In an effort
to be true to this ideal, Kurt Benirschke graciously agreed to review and
comment on every chapter — a task for which I am profoundly grateful.
Furthermore, in each chapter, there are references to the Fourth Edition
of Pathology of the Human Placenta (PHP4), which direct the reader to the
corresponding discussion and references in that book.

The book is designed to be a user-friendly, practical guide, and
bench manual that can be used in the grossing room as well as at the
microscope. The first section discusses the approach to the placental
specimen. These chapters provide suggestions on what to do, as well as
when and how to do it. In Chaps. 3 and 4, there are tables of gross and
microscopic lesions, respectively, which give specific figure numbers
where the lesions and associated disease processes are discussed and
illustrated. Inclusion of figure numbers, I believe, make the text quite
usable and give quick access to the remainder of the book. As it turned
out, listing figure numbers rather than chapter or subject headings,
was a labor-intensive process for me as well as for the editorial and
production staff at Springer. Although every attempt has been made
to ensure the accuracy of the figure numbers, errors may occur. If any
are noted by the reader, it would be greatly appreciated if they were
communicated to us.

The second section covers detailed development and normal histol-
ogy of all parts of the placenta for those wanting to learn about specific
areas of the placenta. Subsequent sections discuss placental lesions,
disease processes related to the placenta, neoplasms, and trophoblas-
tic lesions. The subjects discussed in these chapters are all referenced
in the tables in Chaps. 3 and 4. The last section gives an overview of
the legal implications of placental examination and discusses future
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Preface to the First Edition

directions. The last chapter has been kindly written by Kurt Benirschke.
Finally, since the study of placental pathology is intimately associated
with clinical history and has significant implications for neonatal and
maternal health, an appendix is included which provides definitions
and explanations of pertinent clinical and pathologic terms.

Specific features have been included throughout the book to enhance
readability and usability. Bold type has been used to highlight impor-
tant lesions, diseases, or concepts, while italic type has been used
for features and definitions of bolded items. After discussion of each
diagnostic entity, a subheading entitled “Suggestions for Examination
and Report” includes key points in gross examination, sectioning,
and diagnosis. Suggestions for comments that may be included in the
surgical pathology report are included for problematic situations or
when the diagnosis or diagnostic implications are unclear. Tables are
included in many chapters to summarize pertinent information and
to provide easy access to the differential diagnoses of various lesions.
Attempts were made to create images of the highest quality, many of
them in color. Original art was also created for line drawings to provide
a uniform feel to the book.

It is my hope that this book will make examination of the placenta as
enjoyable and rewarding for the reader as it has been for me.

New York, NY Rebecca N. Baergen



Preface to the Second Edition

The primary objective of the first edition was to create a concise, prac-
tical manual of placental pathology; a basic book, appropriate for the
neophyte in placental pathology based on the more comprehensive
Pathology of the Human Placenta. 1 have been gratified to hear positive
feedback from readers, and so I hope this goal has been fulfilled. I have
attempted to stay true to that goal. As in the first edition, there are refer-
ences to the Pathology of the Human Placenta, fifth edition (PHP5), that
direct the reader to the corresponding discussion and references in that
book. The use of bold and italic type and the inclusion of multiple sum-
mary tables have been retained, as has the “Suggestions for Examination
and Report” for each diagnostic entity. This edition has been updated
with more recent information from the literature, but a number of other
changes have also been made. The first eight chapters have been reor-
ganized and rewritten and follow, what I feel is, a more logical progres-
sion. The discussion of normal histology has been streamlined, as have
the tables in Chaps. 3 and 4. The use of tables throughout the book con-
tinues to provide important summary information, but in this edition
the tables have been duplicated in one convenient place in Appendix B
for easy access. Finally, many new, high-quality color images have been
added or have replaced previous black and white images, and color has
been added to many of the line drawings.

New York, NY Rebecca N. Baergen
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Section |

Approach to the Specimen

This section is concerned with the approach to gross and microscopic
placental examination. The chapters provide a systematic “bench”
approach to examination of first-, second-, and third-trimester speci-
mens, which includes initial handling of the specimen, specific steps of
the gross examination, sections to submit, special studies, fixation, and
storage. The first chapter covers gross and microscopic evaluation of
first-trimester abortion specimens. The second chapter covers second-
trimester specimens and briefly discusses handling of dilatation and
evacuation specimens in the setting of fetal anomalies. The third and
fourth chapters cover the macroscopic and microscopic examination of
the placenta, respectively. Both these chapters feature a series of tables
that list pathologic features for each part of the placenta, that is, fetal
membranes, umbilical cord, fetal surface, and so on. When the reader
is confronted with a particular gross or microscopic finding, the tables
at the end of each chapter provide possible diagnoses, instructions on
special handling, and special studies and references to where in the text
the lesions are discussed and illustrated. This arrangement enables the
reader to diagnose even complex lesions quickly and efficiently.






Chapter 1

Evaluation of the First-Trimester
Products of Conception

General Considerations..........c.ccocucueueucueueieieieiieieieeeeieee e
Macroscopic Examination
Cytogenetics, Flow Cytometry, and Other Special Studies.....................
Submission of Microscopic Sections
Microscopic Examination..........ccccoceeieviiiniinnnn.
Therapeutic or Induced Abortion ...,
Spontaneous AbOTHONS...........ccciiiiiiiiiii
Selected RefeTeNCES.........cvviiiiiueiiiicieiecc s
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General Considerations

Early abortion specimens are one of the most common specimens
submitted to pathology. They are quite varied in their composition,
as they may consist of blood clot, decidua, fragmented villous tissue,
and fetal parts in various combinations. There may be minimal tissue,
a completely intact gestational sac, or anything in between. Evaluation
of these specimens is enhanced by an understanding of the purpose of
pathologic examination, and how it may be helpful to both the patient
and the clinician. Goals of examination include:

Documentation of pregnancy

Documentation of an intrauterine pregnancy
Documentation of suspected or unsuspected anomalies
Confirmation of gestational age

Interval of retention after embryonic or fetal death
Etiology of pregnancy loss

* Exclusion of gestational trophoblastic disease

R.N. Baergen, Manual of Pathology of the Human Placenta, 3
DOI 10.1007/978-1-4419-7494-5_1, © Springer Science+Business Media, LLC 2011



4 Chapter 1 Evaluation of the First-Trimester Products of Conception

Macroscopic Examination

Macroscopic examination of first-trimester products of conception is
primarily concerned with the identification of decidual tissue, villous
tissue, and embryonic or fetal tissue. Often the components are dis-
rupted and intermixed, but each component should be identified and
examined individually, if possible. It is convenient to examine the fetal
tissues first, and, in this endeavor, several general questions should
be addressed:

¢ Is there embryonic or fetal tissue present
¢ If present
o Is the embryo or fetus intact and complete
o Is the embryo or fetus macerated and if so, to what extent (Fig. 1.1)
o Is the embryo or fetus the appropriate size for the stated gesta-
tional age? This is best accomplished by comparison of crown-
rump length, foot length, or weight with standard tables (see
Table 3.7 Chap.3)
o Does the embryo or fetus have grossly normal features, major
growth disorganization, or focal defects such as cleft lip or spina
bifida (Figs. 1.2 and 1.3)

Each of these points should be addressed in examination and then
included in the gross description of the report. Detailed examination
of fetal anomalies is beyond the scope of this text, and the reader is
referred to the Selected References (see end of chapter) for several
excellent monographs on the subject.

Figure 1.1. Intact gestational sac with embryo in an early spontaneous abortion.
Note placental/villous tissue is present circumferentially around the embryo.
Maceration is not present in this specimen.
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Figure 1.2. Spontaneous abortus at 9 weeks showing major growth disor-
ganization and a cylindrical embryo. It was also small for the gestational age

(expected crown rump length 2.5 cm).

pregnancy

Fetus presentl

Major gr No gross
Focald disoi‘ga?niza abnormal
Often gen Suggeslive Suggestive
or chrol chromo: 2 maternal
syndrome anomalie faclors
4 Chapter 1 Chapters 17,

No villi, implantatiol
or fetal tis:
IUP NOTdocum:
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I inati Markedly hyd
Lack TR Hydropic vil e il i
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villous edel proliferation
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Figure 1.3. Etiologic significance of gross and microscopic findings in abortion specimens. IUP, intrau-
terine pregnancy.

The nonembryonic tissues are usually more abundant than the
embryonic tissue in early pregnancies. Decidual tissue usually appears
as small, flattened sheets of tissue that are relatively smooth on one surface
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Figure 1.4. Fragment of decidual tissue. Note the membranous character with one smooth (right) and
one granular (left) surface.

and granular or nodular on the opposite surface (Fig. 1.4). Grossly identifi-
able decidual tissue often contains the implantation site and may show
important pathology. Therefore, contrary to the widely held belief that
one should submit only villous tissue, some decidual should always
be submitted for microscopic examination. Grossly, chorionic villi are
generally fine, soft and white, papillary fronds representative of their villous
structure (Fig. 1.5). Villous tissue is often attached to fragments of shiny,
delicate, and translucent fetal membranes (Fig. 1.6). Both should be sub-
mitted for microscopic examination along with a fragment of umbilical
cord if it can be identified. The blood clot that is often present usually
does not contain diagnostic material; however, if the clot is granular or
firm, it may contain fragments of degenerated chorionic villi within. This may be
helpful when villous tissue is not easily identified on gross examination.
In this case, several fragments of blood clot can be submitted in the
hopes of identifying chorionic villi. In general, macroscopic examina-
tion of nonfetal tissue in early products of conception provides little
diagnostic information except in the case of gestational trophoblastic
disease. Here, the villous tissue shows enlarged, hydropic vesicles (see next
section and Chap.23).

Cytogenetics, Flow Cytometry, and Other Special Studies

In up to 50% of spontaneous abortions, chromosomal anomalies are
present. Therefore, in spontaneous abortions, it is advantageous to
send material for cytogenetic analysis. This may not be possible on every
spontaneous abortion for financial or practical reasons. However, in
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Figure 1.5. Fragment of villous tissue in early abortus. Note the fine, delicate papillary structures
characteristic of early pregnancies. Some decidual tissue is also present on the lower right.

Figure 1.6. Translucent fetal membranes (at right) cover a portion of villous tissue.

the case of recurrent or habitual abortion, cytogenetics should always be sent
as the incidence is much higher in these specimens. Some advocate
sending only fetal tissue due to the presence of possible confined
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placental mosaicism (see Chap.11) while others point out that fetal
tissue may be macerated and so does not grow in culture. For these
reasons, it is recommended that fetal tissue be sent if it appears viable,
otherwise villous tissue should be sent. Although skin or connective tis-
sue is often taken, skeletal muscle tends to grow better in culture. If
resources allow, both tissues may be submitted separately for optimal
results. Then, if the fetal tissue does not grow, the placental tissue may
be used for analysis.

Grossly hydropic villi are usually not present except in the case of a partial
or complete hydatidiform mole. Hydropic abortuses generally do not show
the grossly cystic villi seen in molar pregnancies (see Fig.23.1). If these
are identified, the specimen may be sent for flow cytometry or prepared in
such a way that flow cytometry can be done if necessary, as differentiation
between a molar pregnancy and a hydropic abortus may be difficult
on histology alone. Flow cytometry and immunohistochemical stains
can often be done on paraffin-embedded fixed tissue (see Chap.23 for
discussion on differential diagnosis of moles). The testing available and
the ease of use of the various methods to evaluate moles and abnormal
conceptuses will vary from institution to institution, and familiarity
with available resources can help direct the pathologist on how to
prepare tissue in these circumstances.

Rarely, requests for molecular testing of fetal tissue are made to rule
out specific diseases or conditions. In this situation, it is best to commu-
nicate directly with the laboratory that will be handling the test prior
to receiving the specimen, if at all possible, since there may be specific
handling requirements. Unfortunately, advance notice is not always
given. Therefore, if one suspects a special test may be requested, due to
either unusual anomalies or clinical information, it is prudent to freeze
portions of fetal and placental tissue in liquid nitrogen and store at —70
to —=80°C. In this way, tissue will be preserved and may be utilized for
many types of molecular testing. If tissue is to be frozen, it is recom-
mended that connective tissue and tissue from a fetal organ such as liver be
frozen, along with chorionic villi and a portion of chorionic plate.

Submission of Microscopic Sections

Determination of the number of sections to submit for microscopic
examination is based on the index of suspicion for underlying pathology.
Thus, in a therapeutic abortion in which no macroscopic abnormalities are
noted, one cassette, which includes villous tissue and a small portion of decidua
with implantation site, is usually adequate. In a spontaneous abortion, at
least two cassettes should be submitted, and additional sections are recom-
mended in a patient with recurrent or habitual abortions. If an ectopic
pregnancy is in the differential diagnosis, sufficient tissue should be
submitted to ensure the diagnosis of an intrauterine pregnancy. If no
chorionic villi are grossly identified, or when there is a small amount
of tissue, the entire specimen should be submitted. If on initial micro-
scopic examination, an intrauterine pregnancy cannot be documented,
the remaining tissue, if any, should be submitted. Finally, if fetal anoma-
lies are noted, sections should also be taken to optimize diagnosis of
those lesions. In cases in which the embryo is small, submission of the
entire embryo in a single cassette may be accomplished.
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Microscopic Examination

Therapeutic or Induced Abortion

Therapeutic abortions are performed by dilatation and curettage,
dilatation and evacuation, suction curettage, the use of prostaglandins
(with or without the use of cervical laminaria), intraamniotic injection of
hypertonic saline or urea solutions, and other means. The pathological
findings in the aborted specimen differ to some degree for each proce-
dure. For the pathologist, examination generally entails one or more of
the goals stated in the beginning of this chapter. First and foremost is
confirmation of an intrauterine pregnancy, which can be accomplished
by identification of chorionic villi, trophoblastic cells, or portions
of implantation site. The latter consists of decidual tissue and vessels
infiltrated by trophoblast and abundant fibrinoid (Fig. 1.7). The presence
of decidualized endometrium alone does not confirm an intrauterine
pregnancy as this change is hormonally dependent and can be seen
outside of pregnancy.

Rarely, a few chorionic villi or trophoblastic cells may be transported to the
endometrial cavity from an ectopic pregnancy. Therefore, if only a few cho-
rionic villi are present in the entire specimen and there is no implanta-
tion site, communication with the submitting physician is essential in
determining if an ectopic pregnancy is likely. If it is, a comment in the
report should indicate that rare trophoblastic elements or chorionic
villi do not confirm an intrauterine pregnancy. On the contrary, pres-
ence of an implantation site is confirmation of an intrauterine pregnancy.
The normal physiologic conversion of decidual vessels into uteroplacental
vessels should be identified in every specimen (Fig. 1.7). Converted

Figure 1.7. Curettings from a spontaneous abortion. Note the fibrinoid mate-
rial admixed with large extravillous trophoblast. There is normal physiologic
conversion of decidual vessels seen with infiltration by trophoblast, a large,
irregular lumen, and thin vascular wall with fibrinoid. Despite the absence of
chorionic villi and syncytiotrophoblast, this histologic picture suffices for the
diagnosis of placental site and thus an intrauterine pregnancy. H&E x260.

9



10 Chapter 1 Evaluation of the First-Trimester Products of Conception

Figure 1.8. Yolk sac at 6 weeks gestation. Note the large sinusoids filled with
erythropoietic cells. The tissue is rich in glycogen and occasionally endodermal
epithelium may be seen within. H&E x240.

vessels should have large, irreqular lumens and a thin wall composed
primarily of fibrinoid and scattered extravillous trophoblast. These findings
are diagnostic of a normal implantation site. If an ectopic pregnancy
is suspected, and microscopic sections do not show villi, implantation
site, or trophoblastic cells, the entire specimen should be submitted for
microscopic examination. Rarely, in early abortions, curettage is not
successful in removing all products of conception, and, again, only
a few villi may be present in the specimen. There have been unusual
cases in which this occurred, the pregnancy continued undiscovered
until abortion was no longer possible and there was subsequent legal
action on the part of the patient. Therefore, depending on the clinical
circumstances, it is prudent to suggest in a comment that retained or
remaining products of conception may be present.

Occasionally the remnant of the yolk sac may be present in early
abortion specimens (Fig. 1.8) and cause confusion with other struc-
tures. The yolk sac remnant has a lacy, reticular appearance with many
glandular-like spaces and the presence of erythropoietic cells.

Spontaneous Abortions

The spontaneous abortion often arrives with various designations,
which have clinical definitions:

Threatened — uterine bleeding without cervical dilatation
Inevitable — uterine bleeding with cervical dilatation or effacement
Incomplete — all tissue (products of conception) has not yet passed
Missed — intrauterine retention after embryonic or fetal death
Habitual — three or more consecutive spontaneous abortions

The goals in examination of these specimens include the goals stated
for an induced abortion, with the increased likelihood of pathologic
findings. Special studies are more commonly requested. Unfortunately,
pathologic changes that are present are often more related to the timing of
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embryonic or fetal death rather than the etiology of the demise. In previous
embryonic death, the chorionic villi often show hydropic change and
sclerosis, and because many villi are degenerating, there is often much
finely granular mineralization (calcification) along the trophoblastic basement
membrane (see Chap.20 and Fig.20.13). Hydropic change is more likely
to be present with early embryonic death when the villi are not well
vascularized, i.e., less than 6 weeks embryonic age, whereas sclerosis
occurs more often when death occurs after this period.

The early abortion specimen may show abnormalities that suggest
possible etiologies of the pregnancy failure, and this is illustrated in
Fig. 1.3. Abnormalities of the implantation site associated with sponta-
neous abortions are most suggestive of maternal factors such as preec-
lampsia and other conditions of decreased uteroplacental perfusion (see
Chap.18). For example, small spiral arterioles with persistent muscle
and small lumens in an area in which trophoblast is present are diag-
nostic of lack of physiologic conversion. In addition, marked inflamma-
tion and necrosis in the implantation are also abnormal findings. Caution
must be used, however, as normally there is a mild chronic inflamma-
tory infiltrate in the decidua and implantation site. Fetal anomalies are
most suggestive of a genetic or chromosomal disorder as is irregularity
of the villous contour, with or without trophoblastic pseudoinclusions
or invaginations (see Chap.11). Mild hydropic change in the villi will
usually be seen with embryonic death, while markedly hydropic villi
suggest a molar pregnancy (see Chap.23). Massive chronic intervil-
lositis is occasionally present in first-trimester specimens. This lesion is
characterized by the presence of massive numbers of mononuclear cells,
primarily histiocytes, in the intervillous space, and has been associated
with pregnancy loss in all three trimesters (see Chap.16). Other abnor-
malities that may occasionally be seen are subinvolution of the placental
site (see Chap.12), trophoblastic disease other than hydatidiform moles
(see Chaps.26 and 27), and infections (see Chap.16). These pathologic
processes are discussed in more detail in the respective chapters. It is
important to remember that although examination of early pregnancy
specimens may not give a definitive answer, it may direct additional
testing of the mother, fetus, or placental tissue, thus enabling identification
of the underlying etiology of the pregnancy loss.

Suggestions for Examination and Report

Diagnosis: If normal appearing chorionic villi are present along
with gestational endometrium (decidua), implantation site and fetal
tissue, a descriptive diagnosis including all components present
is sufficient. An example is “immature chorionic villi, gestational
endometrium and implantation site.” Use of the term “products of
conception” is NOT recommended because this is really a clinical
term and does not have the specificity of a descriptive diagnosis. If
villi and/or implantation site show pathologic changes, those spe-
cific lesions should be specified (see above).

(continued)

11



12 Chapter 1 Evaluation of the First-Trimester Products of Conception

Suggestions for Examination and Report (continued)

Comment: Certain circumstances deserve an additional comment. If
villi and implantation site are not identified, then a comment such as
“No chorionic villi, trophoblastic cells or implantation site are identi-
fied, and therefore an intrauterine pregnancy cannot be confirmed.
Clinical correlation is suggested.” is warranted. If only a few villi
are present and there is no implantation site, this information should
be included in the diagnosis and a comment made such as “As only
rare villi are present, the possibility of retained products of conception
should be considered.” Depending on the clinical history, a comment
about ectopic pregnancy not being entirely excluded can also be made.
It is prudent to call the clinician in these cases as significant and impor-
tant clinical history that may explain the findings may be lacking on the
pathology requisition. Finally, if the clinical history specifically indicates
that an ectopic pregnancy was in the differential diagnosis, a comment
should be made as to whether this can or cannot be ruled out.
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General Considerations

Second-trimester products of conception with no history of fetal
demise, anomalies, or other problems can be handled in much the same
way as first trimester specimens, with documentation of intrauterine
pregnancy and identification of any unexpected abnormalities. When there
are fetal anomalies, additional attention is required to document the
specific anomalies present and in some cases, to submit tissue for special
testing. Like first trimester specimens, there is marked variability in the
type of tissue received and the extent of disruption. If the specimen is
delivered spontaneously or after induction of labor, the fetus may be
relatively intact, although the placenta often does not survive undam-
aged. When surgical procedures are performed to terminate the preg-
nancy or remove uterine contents, both the placenta and fetus can be
quite disrupted, making examination problematic. In addition, in cases
of fetal demise, autolysis may further hamper evaluation. For these
reasons, examination of these specimens creates unique challenges to
the pathologist. Although detailed examination for fetal anomalies is
beyond the scope of this text, it is the author’s hope that this chapter,
covering the general approach and overview to the handling these types
of specimens, will assist in initial evaluation of these specimens. The
reader is referred to the Selected References at the end of the chapter
for several excellent texts detailing fetal examination in the setting of
congenital anomalies.

R.N. Baergen, Manual of Pathology of the Human Placenta, 13
DOI 10.1007 /978-1-4419-7494-5_2, © Springer Science+Business Media, LLC 2011
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Macroscopic Examination and Description

The first step in gross examination is separation of fetal tissue from the
nonfetal tissue. With practice, the fine papillary villi can be identified
and separated from the remaining tissue along with membranes and
fragments of umbilical cord (see Figs.1.4-1.6). This is a relatively simple
procedure in the second trimester, as the components are better defined
compared to the first trimester specimen. Once the placental tissue is
separated, the placental tissue should be measured and weighed in aggre-
gate, and the cord length and cord diameter should be ascertained if possible.
Abnormalities of the cord, such as excessive twisting, knots, constrictions,
discolorations, or abnormal length, should be noted at this time, as
these are important causes of demise even in the second trimester (see
Chap.15). If a cord abnormality is noted, a photograph is recommended
before further examination and sectioning. The fetal membranes should
be evaluated for opacity or discoloration as well as identification of the
rare amnionic band (see Chap.14). The villous tissue should be exam-
ined for blood clots, infarcts or other lesions (see Fig.3.8).

After the fetal tissue has been separated, an attempt to “reconstruct”
the fetus should be made, placing the fetal parts in anatomic position
(Fig. 2.1). This will provide an opportunity to make an inventory of
the fetal organs and fetal parts and possibly gain some insight into
their relationships. If any major skeletal structures are missing, it may be
prudent to contact the clinician, as this could indicate that tissue is retained
in the uterus. It is important to try and identify each major organ, but
disruption and maceration may prohibit identification of all organs
even if they are present. If identification of each organ is not possible,
it is suggested that sections be taken of “unidentifiable” tissue or “pos-
sible” organs in the hopes that additional organs will be recognized
microscopically. Photographs should be taken if any abnormality is
noted. In cases of fetal anomalies and in particular, fetuses with com-
plex or unusual anomalies, photographs are invaluable for later study
or consultation. Radiographs should also be taken at this time, if neces-
sary (see below).

Many specimens show marked disruption, and it is notable that
different portions of the fetus are more or less prone to disruption.
Usually, the extremities are the most likely to remain intact, while the
abdomen is usually the most disrupted. The pelvis, chest, and head
are variably disrupted. Adequate clinical history is extremely helpful
in directing examination for anomalies, but is not always forthcoming.
Therefore, a systematic approach is suggested in which each portion of the
fetus is examined in order to maximize the information gained.

The following is an example of a systematic approach to these speci-
mens:

e External examination
m Measurements
o Crown-rump
o Crown-heel
o Head, abdominal, and chest circumferences
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Figure 2.1. Fetus after pregnancy termination procedure with typical disruption. The fetal parts have
been arranged such that the normal anatomical position has been approximated. The skull became
collapsed during the procedure. This is a common artifact.

¢ Foot length — may be the only measurement possible in severe

disruption but it has a good correlation with gestational age
(Table 3.7)

m External appearance — initially give an overall evaluation of the

extent of disruption. Then for each region below, describe each

structure that can be identified indicating whether is anomalous
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or normal and list structures that cannot be evaluated or identi-

fied due to disruption

o Skull, head, and face

o Neck

o Chest

o Abdomen

o Pelvis

o Extremities

o External genitalia

* Internal examination — describe what organs can be identified,

whether they have normal relationships to other organs and
whether they are anatomically normal, if possible. Then list those
that cannot be evaluated due to disruption

The following is an example of the initial portion of a gross description
of a normal, but disrupted fetus:

The fetus shows marked disruption and is quite fragmented. The head is
markedly disrupted, with collapse of the skull and minimal brain tissue is
present. Therefore, examination of the brain for anomalies is not possible.
Evaluation of the cranium and upper face is not possible due to disruption.
The lower jaw, lower lip, and portions of the upper lip are intact and show
no abnormalities. There is no evidence of a cleft lip, but evaluation for a cleft
palate is not possible due to disruption. One ear is present and shows normal
development and placement. No other craniofacial features can be evaluated
due to disruption.

It is recommended that when some portions are not present, one
include what is present and what cannot be identified. It is not recom-
mended to say that parts are missing, as this may imply that portions
of the fetus were misplaced. This format is continued for the remaining
areas of the body. One must be particularly careful in examination of
the external genitalia because young fetuses are often missexed. The
large size of the clitoris in female fetuses often gives the impression
that they are male, and this is a common mistake made by novices. One
must not just look at the phallus but examine the genital folds and identify
whether they are fused (scrotum) or separate (labia) and if there is a patent
vagina. These findings should be clearly stated in the gross section of
the report rather than saying the fetus is “female” or “phenotypically
female.” It is always helpful to have sections of the gonads to confirm
sex. The sex is often important information both medically and person-
ally for the family. If the external genitalia are entirely consistent with
male or female sex, but the gonads could not be identified to confirm,
then it is suggested that the diagnosis read “phenotypically male (or
female) fetus” rather than “male (or female) fetus,” the latter being
used when gonads are able to be examined microscopically.

The same systematic approach is used for the internal organs. Each
visceral organ should be identified, and the organ relationships should
be evaluated, if possible. This is particularly important in the setting of
congenital heart defects where relationships with the lungs and great
vessels are essential to diagnosis. Finally, anatomic defects in each
organ are evaluated. Although each organ and portion of the fetus is
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examined individually, attempts should be made to integrate the findings
and provide as much information about each organ systems as pos-
sible. Organ weights should be included for intact organs only. The
following is an example of a description of disrupted organs.

The abdomen and pelvis are markedly disrupted. Organs that can be identi-
fied are liver, bowel, stomach, kidneys, bladder, and gonads, all of which are
grossly unremarkable and show no anatomic defects. Normal entrance of both
ureters into the bladder is present, but the kidneys are partially disrupted and
their relationship to the ureters cannot be ascertained. Other organ relation-
ships cannot be evaluated due to disruption. Organ weights of intact organs
are as follows...

When there is marked disruption, it is recommended that a comment
be made indicating that “interpretation is limited due to disruption.”
In addition, the report should indicate whether or not the specific
anomalies indicated in the clinical history may or may not be ruled
out, and if the latter, why not. When specimens are macerated and
autolyzed, additional artifacts are introduced. Specifically, the joints
may be lax such that abnormalities of positioning of the extremities,
such as arthrogryposis, cannot be evaluated. Dehydration also occurs
and may make the diagnosis of hydrops or nuchal edema difficult if
not impossible. The brain may not be able to be examined due to lig-
uefaction. With fetal death, there is often hemorrhage, discoloration,
and softening in many of the fetal tissues. These artifacts may also
limit meaningful interpretation. In these circumstances, a “disclaimer”
should also be included indicating that examination is limited due to
marked autolysis.

Special Procedures

In certain situations, special procedures may be required. Cytogenetic
analysis is essential in cases of fetuses with multiple malformations.
Sometimes this is done prenatally via amniocentesis or chorionic vil-
lus sampling. If one is aware that these procedures have been done
and has knowledge of these results, cytogenetic testing need not be
repeated. In some states, it is required that these results be confirmed
by sending a sample from the abortion specimen. Pathologists should
be conversant with the health statutes in their area in order to be com-
pliant. If a specimen is to be submitted for cytogenetic analysis, it is
prudent to send samples of both placenta and fetus. The rationale for this
is the following. The fetal tissue is optimal as it will be representative
of the fetal genetic makeup. Placental tissue may or may not be reflec-
tive of the fetal genotype due to confined placental mosaicism (see
Chap.11), in which there is a variation of the placental genetic makeup
disparate from the fetus. However, if the fetal tissue is macerated, fetal
tissue will often not grow in culture. Therefore, it is best if both are sub-
mitted separately so that placental tissue may be used if the fetal cells
do not grow. For the fetal sample, connective tissue such as tendon is
often used, but skeletal muscle often grows better in culture. Chorionic
villi or chorionic plate tissue is suggested for the placental sample, as
this will avoid the maternal tissue that is present in the basal plate.

17
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The specimen should be submitted in a sterile fashion in the appropri-
ate medium as required by the specific laboratory. In cases without
a significant clinical history suggesting a chromosomal anomaly and
lack of fetal anomalies, the yield of karyotypic analysis is usually low,
depending on the patient population.

If the constellation of malformations does not fit into one of the various
chromosomal syndromes, e.g., trisomies, and the diagnosis is not
apparent from prenatal testing or gross examination, it may be sensible
to freeze a portion of fetal tissue. This requires minimal labor but the
rewards are great if tissue is needed for molecular studies to make the
diagnosis. If the tissue is found to be unnecessary, it may easily be dis-
carded. Usual recommendations are to snap freeze organ tissue, such
as the liver, and connective tissue in liquid nitrogen and then store at
-70 to —80°C. Placental tissue may be frozen as well.

If the fetus has obvious limb or bony abnormalities, radiographs should be
taken. These are necessary for the diagnosis of skeletal dysplasias as
well as many malformation syndromes with bony anomalies. Bony
abnormalities include shortened, missing or abnormally formed limbs or
digits and abnormalities of the spine, ribs, or skull. On occasion, severe
growth restriction of the fetus has been confused with skeletal dyspla-
sias, and radiographs will help differentiate these cases. The fetal parts
should be positioned anatomically with an attempt to straighten them
into an anterior-posterior position. The exposure of the radiograph
should be adequate for evaluation of bony structures (Fig. 2.2). In cases
of suspected skeletal dysplasia, longitudinal sections of a long bone should
also be submitted for routine histology and a portion of bone should be
snap frozen and stored at —70 to —80°C, in addition to organ tissue and
connective tissue.

Uncommonly, fetuses may suffer from metabolic disorders. If these
are suspected, a small amount of fetal tissue should be fixed for later
electron microscopy as well as snap-frozen. Finally, in some cases,
bacterial cultures of the fetus or placenta may be indicated. This is par-
ticularly true when the fetal surface of the placenta is opaque, which is
suggestive of an ascending infection. To take the culture, the amnionic
membrane is lifted from the chorionic plate and the surface of the plate
should be swabbed. This will usually avoid bacterial contamination.
Unless the clinical history or gross examination suggests an ascending
infection or acute chorioamnionitis, bacterial cultures are usually not
recommended.

Submission of Microscopic Sections

Sections of each organ identified should be submitted for microscopic exami-
nation. At times, marked disruption may make identification of solid
organs difficult, particularly the liver, spleen, and adrenals. In this
situation, there are often additional fragments of tissue that cannot
grossly be identified as a particular organ but are clearly of fetal origin.
It is suggested that these fragments also be submitted for microscopic
examination. Depending on the type of anomaly identified, special sec-
tions of the anomalous part are submitted. For example, in anencephaly
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Figure 2.2. Radiograph of the fetus depicted in Fig. 2.1. The X-ray has been
taken with the fetal parts placed in an approximation of the normal anatomical
position. An attempt should be made to ensure that there is minimal twist-
ing so that a typical anterior-posterior (A-P) position is achieved. This fetus
showed no gross, radiographic, or microscopic abnormalities.

sections through the base of the skull are particularly illustrative of the
lack of brain tissue and the presence of the cerebrovasculosa. Thus,
sectioning must be tailored to the anomalies that are present as well as
those that are suspected. The reader is referred to the many excellent
texts on the subject of fetal anomalies and the best techniques for the
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dissection of those anomalies. Sections of the placenta should also be
submitted similar to that for third trimester placentas (see Chap.3),
including two sections of the membranes, two sections of umbilical
cord, and several sections of villous tissue. The latter should include
both fetal and maternal surfaces if possible. If grossly identifiable
decidual tissue is present, a small fragment should also be submitted
for microscopic examination.

Microscopic Description, Diagnosis, and Report

Microscopic sections of each organ should be examined for appropriate-
ness for stated gestational age as well as the presence of abnormalities.
In some cases, this is confirmation of a grossly identified abnormality,
while in others it may be primarily a microscopic finding. The gross
and microscopic findings should be integrated with the goal of mak-
ing a specific diagnosis. This is important in that different syndromes
have markedly different recurrence risks and so have significance to
the family in making decisions about future pregnancies.

A statement about whether or not the fetus is the appropriate size
for the gestational age is obligatory. Tables of normative values with
crown-rump, crown-heel, and foot length can be used for this pur-
pose (see Table 3.7). The sex of the fetus should also be stated if this is
known. If the determination of sex is based solely on external genitalia,
it is wise to indicate that the fetus is “phenotypically” male or female.
Thus, one can state “Phenotypically male fetus, size consistent with 17
weeks’ gestation.” If a diagnosis of a particular syndrome can be made,
this should follow in the next statement. If a particular syndrome is
suspected clinically, but cannot be confirmed, a statement such as
“Clinical history of ...” may be used instead. This should be followed
by the specific anomalies noted on gross and microscopic examination.
Each abnormality indicated in the clinical history should be addressed
as present, absent, or unable to be evaluated due to disruption or macera-
tion. This is important because lack of specific anomalies may rule out
certain syndromes that are in the differential diagnosis. Unfortunately,
with disrupted fetuses, limitations in examination often make mean-
ingful diagnosis impossible. In that case, it should be clearly stated that
a diagnosis cannot be made and why. A general comment may also be
added indicating that pathologic evaluation is limited due to marked
disruption.
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Selection of Placentas for Pathologic Examination

In general, tissue removed or spontaneously passed from the body
must be sent for pathologic examination. Placentas are the notable
exception in that they are the only specimens for which routine exami-
nation is not required. The Joint Commission on the Accreditation of
Hospitals states that “normal placentas” from “normal deliveries” are
not required to be examined or submitted to pathology. However, a
definition of what is normal is not forthcoming. Although there are a
number of options for placental selection, this task is frequently left
to obstetricians or other health care workers involved in the delivery,
and thus selection is seldom based on specific criteria. This is the least
desirable of the possible options discussed below.

R.N. Baergen, Manual of Pathology of the Human Placenta, 23
DOI 10.1007 /978-1-4419-7494-5_3, © Springer Science+Business Media, LLC 2011
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Examination of All Placentas

Most placentas are normal, as are most babies; therefore, examination of all
placentas may not be warranted, and from a practical standpoint, may
not be possible due to time constraints and other practical and financial
considerations, particularly in hospitals with large numbers of deliv-
eries. Nonetheless, a case can be made for this option. First, sporadic
examination does not allow the general surgical pathologist or pathol-
ogy resident to obtain sufficient background knowledge as to what constitutes
a truly normal placenta. Gross and microscopic examination of many
placentas is necessary to have a good base of knowledge of what is and
what is not normal. Another reason examination of all placentas may be
desirable is today’s litigious climate, which makes the study of placentas
highly valuable, particularly in the defense of obstetricians (see Chap.26).

Selection Based on Consensus Indications

Another option is selection of placentas based on relevant indications for
submission, which is a reasonable compromise. The College of American
Pathologists coordinated a multidisciplinary working group on placental
pathology, which developed indications for submission of placentas for
pathologic examination that included placental, fetal, and maternal indi-
cations. An adapted version is shown in Table 3.1. When delivery per-
sonnel are responsible for the selection of placentas, it is recommended
that these indications be provided to them and adopted for routine use.
If these indications are followed, the likelihood that a placenta with any
significant pathology will not be examined is very small.

Initial Selection with Storage of Remaining Placentas

In this approach, placentas are initially selected for examination by consensus
criteria as above and the remaining placentas are stored in a refrigera-
tor at 4°C. This method is particularly desirable as a number of neonatal
problems are not apparent until several days of life. Furthermore, it provides
a way to “catch” those placentas that should have been submitted but
for some reason or another, were not. One week is usually sufficient time
for storage, and placentas are almost perfectly preserved for meaningful
examination when stored for this time period. If this approach is to be
implemented, a refrigerator with seven shelves labeled with the days of
the week is recommended. The placentas are placed on the shelf corre-
sponding to the day of delivery, and each day the placentas not selected
from 1 week prior are discarded. During that week of storage, neonatolo-
gists, obstetricians, or other personnel may request placental examina-
tion based on development of neonatal or postpartum problems. This is
method used in our institution.

Gross Examination of All Placentas with Microscopic
Examination on Selected Placentas

In this scheme, all placentas are initially examined macroscopically. Based on
gross examination and clinical information, a portion of them is submitted
for microscopic examination. Those with no significant gross abnormalities
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and normal pregnancy and delivery history would only be examined
macroscopically. The success of this approach is partially dependent on the
skill and experience of the examiner as well as the availability of clinical
history. A variation of this technique is macroscopic examination along
with submission of tissue for processing into blocks on all placentas. Histologic
sections are then cut only on selected cases based on gross examination and
history as above. If problems occur in the future, the blocks may then be cut.
This approach has not commonly been used, and at some institutions regu-
lations may prohibit such a system from being implemented. However, in
recent years some malpractice insurance companies have shown interest in
this approach as a type of “insurance” against future litigation.

Storage

Placentas should ideally be examined in the fresh state or at least prior to
fixation. Placentas should never be frozen prior to examination, as it
makes macroscopic examination difficult and obliterates the most useful
histologic characteristics. Specimens that have been previously frozen
will show reddish discoloration of the fetal surface, cord, and membranes due
to hemolysis. Formalin fixation prior to examination is not optimal, as it
obscures many macroscopic features, makes examination more difficult,
and causes difficulties in the submission of specimens for tissue culture,
cytogenetics, and bacteriologic examination. Although some lesions are
better visualized after fixation, examination of unfixed placentas affords
the opportunity to view lesions in both fresh and fixed states. If storage is
needed, placentas should be stored in tightly sealed containers at 4°C.
During storage, the placenta loses some weight to a small extent by evapora-
tion but predominantly by leakage of blood and serum. The freshly exam-
ined placenta is thus softer, bloodier, and thicker than one that has been
stored. Weight loss is most significant in hydropic or edematous placentas.
After formalin fixation, the placenta will gain approximately 5% in weight.

Macroscopic Examination

As with examination of any specimen, it is wise to follow a routine
protocol. This will not only enhance subsequent interpretation, but also
provide a systematic approach so that nothing will be omitted. The
following is an example of such a procedure for placental examina-
tion. Readers are encouraged to tailor this to their personal style and
needs. Specific gross lesions are listed by location in tables at the end
of the chapter (Tables 3.2-3.6), and Fig. 3.1 gives an example of a gross
reporting form useful for macroscopic evaluation.

Instruments

The instruments needed are basic, and consist of a ruler or tape measure; a
long, sharp knife; forceps with teeth; scissors; and a scale. Mounting the ruler
directly over and perpendicular to the cutting board is advantageous, as
the cord length, placental diameter, and other measurements can be eas-
ily made. The knife should be long, relatively thin, and very sharp. Often
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SYNOPTIC REPORT OF MACROSCOPIC PLACENTAL EXAMINATION

Name :

Medical Record #,

History:

GENERAL:

Weight (disk only) g
O Formalin-fixed

O Unfixed
Size. x_x____cm
CORD:
Insertion: O Central
O Eccentric
O Marginal
O Furcate
O Interpositional
O Velamentous

__ cm from margin

Velamentous vessels:

O Intact

O Disrupted

O Thrombosis

MEMBRANES:

Insertion: [0 Marginal

O Circumvallate

O Circummarginate

Color: O Green

O Opaque
O Brown
O Normal
O Other
Point of rupture from margin: cm
[m] Amnion nodosum
[m] Squamous metaplasia
Other
SURFACE VESSELS
ABNORMALITIES:
TWINS: O Yes
O No
HIGHER MULTIPLES:
Fused: 00 Yes
O No
O DiDi
O DiMo
O MoMo
Anastomoses

Figure 3.1. Suggested macroscopic worksheet.

Special Studies

Cord Vessels: [m| 3
[m] 2
[m] 4
Thrombosis: O Yes
O No
Knots: O Yes
O No
Length: cm  Diameter. cm
Coiling: O Left
O Right
O None or minimal
O Marked
Discoloration: [ Green
O Yellow
O Brown
O Other.
Other lesions
MATERNAL SURFACE:

Intact: O Yes
O No
Color: O Normal
O Pale
O Congested
Retroplacental hematoma: Size cm,
% of surface
O oud
O Recent

CUT SURFACE/VILLOUS TISSUE:

Infarct(s): O Yes
O No
Multiple (no.)
Largest size(cm)
% of total placenta,
O oud
O Recent
Intervillous thrombi
Increased Fibrin

Other Lesions:

Pictures taken?

O Yes
0O No
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the best knife for this use is obtained from a butcher supply house or
cutlery store rather than conventional sources. The forceps, scissors, and
scale are all standard items and easily obtained. In addition, an adjacent
sink is optimal, as this facilitates rinsing of the placenta for easy, gentle
removal of blood and other fluids. This will assist in accurate identifica-
tion of lesions and discolorations of the membranes, cord, or surfaces
of the placenta and makes for a cleaner work area. The placenta should
never be wiped off, as this will damage the surfaces.

Procedure for Examination

After removing the placenta from the container and rinsing briefly in
water, perform the following steps:

¢ General characteristics:
® Check for odors — may indicate bacterial growth.
® Ascertain shape — irregular, discoid, etc. Immersion of the pla-
centa in water will return the placenta to its shape in utero and
thus demonstrate the shape of the uterine cavity. This is par-
ticularly useful with abnormally shaped placentas (see Chap.13)
and in cases of uterine anomalies.
¢ Membranes (Table 3.2):
® Check for completeness — sufficient membranes should be
present to enclose the fetus.
= Measure membrane rupture site — this is the distance from the
placental edge to the nearest rupture site (Fig. 3.2). If it is greater
than zero in a vaginally delivered specimen, a placenta previa is
ruled out.

Figure 3.2. Demonstration of the measurement of the shortest distance between
the membrane rupture site and the margin of the placenta. The two arrows along
the ruler indicate this measurement.

27
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Figure 3.3. Rolling of membranes for fixation and later sectioning. It is best to use a standardized
protocol, rolling the membranes with the amnion inside, starting at the site of rupture and proceeding
toward the edge of the placenta as shown at left. A segment is taken from the rolled portion (center) and
fixed (right) before sectioning.

® Evaluate color and appearance — the membranes are normally
translucent and shiny, but may be opaque or discolored yellow,
green, brown or red-brown.

® Jdentify membrane insertion — the normal insertion is at the
margin; insertion other than at the edge indicates circumvalla-
tion or circummargination (Figs. 13.4-13.6 in Chap.13).

® Remove fetal membranes — use sharp scissors and keep the
orientation to rupture site.

= Make a “membrane roll” — take a strip approximately 10 cm
wide, and with forceps grasp the portion representing the rupture
site (furthest from the placental margin). Roll the membranes
with the rupture site in the center and with the amnion inward
(Fig. 3.3).

¢ Fetal surface (Table 3.3):
® Evaluate color and appearance — the fetal surface is normally
purple-blue and translucent (Fig. 3.4). As with the membranes,
note opacity and discoloration.
® Examine surface and subchorionic region — identify nodules,
plaques, amnionic bands, hemorrhage, cysts, fibrin, masses and,
SO on.
® Inspect the fetal surface vessels — look for vascular thrombosis,
hemorrhage or disruption; arteries cross over veins (Fig. 3.5).
e Umbilical cord (Table 3.4):
= Measure length and diameter.
" Identify spiraling of the umbilical cord — right or left twist
(Fig. 3.6); excessive or minimal twisting or constriction.
® Jdentify insertion of the umbilical cord — marginal, eccen-
tric, central, paracentral, or velamentous (see Fig. 15.17); if
velamentous, measure the distance from the insertion to the
placental edge, and note hemorrhage, disruption, or thrombosis
of vessels.
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Figure 3.4. Normal fetal surface of the placenta. The surface is blue to purple
and translucent with a pearly white, eccentrically inserted umbilical cord (top).
Normally, subchorionic fibrin/fibrinoid deposits are present which appear as
irregular white patches on the fetal surface (bottom).

= Knots — identify true knots; note whether tight or loose and if
congestion is present.

= Umbilical vessels — normally three, but two or four vessels may
occur.

= QOther - discoloration, thrombosis, hemorrhage, cysts, surface
nodules, masses, etc.

= Remove the cord from the placenta at the insertion site.

¢ Placental disk (Tables 3.5-3.7):

= Measure the placenta in three dimensions.

= Weigh the placenta — without cord or membranes.

= Evaluate shape of placental disk — discoid, irregular, bilobed,
succenturiate, etc. Evaluate membranous vessels if present.
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Figure 3.5. Entrance of the vessels on the chorionic plate into the cotyledon. One
artery (large arrow) brings in the fetal blood and the vein (small arrow) returns it to
the fetus. Note that the arteries cross over the veins.

® Maternal surface — check for completeness, cotyledonary
development, blood clots, calcifications (Fig. 3.7).
= Retroplacental hematoma (abruptio placentae) — look for
adherent blood clot, compression of villous tissue, underlying
infarct (Fig. 3.8).
e Serially section the placental tissue at 5-mm intervals.
e Evaluate the color of villous tissue — pale, congested or normal.
¢ Identify and describe villous lesions — measure, note location
(fetal versus maternal surface; peripheral versus central), single or
multiple and percentage of placenta involved (Fig. 3.8).

Normal Macroscopic Appearance

In 90% of the cases, the placenta is disk-like, flat, and round to oval.
Abnormalities of shape occur in about 10% of cases and include
bilobed placenta, succenturiate lobes, and placenta membranacea
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Figure 3.6. Diagram of cord twisting. When cord is placed vertically, the direc-
tion of the spiral is compared to the arms of the letter “V.” If the spiral is in the
direction of the left arm, the cord is left twisted, and if it is in the direction of
the right arm, it is a right twist. This method ensures the same results no matter
which way the cord is oriented.

Figure 3.7. Normal maternal surface of the term placenta. Note the divisions
into lobules or cotyledons and the small white speckled areas representing
calcifications.

31



32 Chapter 3 Macroscopic Evaluation of the Second- and Third-Trimester Placenta

Choriongioma Subchorionic Subamnionic

Marginal
hematoma

hematoma hematoma

Retroplacental

Villous
hematoma

lesion ) Infarct
Intervillous

thrombus

Figure 3.8. Diagram of selected, grossly visible lesions of the placenta. Miscellaneous lesions include
acute or chronic villitis, fibrinoid deposition, intervillous abscesses and various tumors.

(see Chap.13). At term, the average diameter is 22 c¢cm, thickness is
2.5 cm, and weight is 470 g (Table 3.7). The umbilical cord is normally
pearly white and measures an average of 55 cm in length and 1.0-1.5cm
in diameter at term (Table 3.4). It most commonly inserts eccentrically
and usually contains three vessels, two arteries, and one vein. It may
have a marginal, velamentous, or furcate insertion. Occasionally a
single artery or a persistent second vein occurs (see Chap.15). Care
must be taken when evaluating the cord for the presence of a single
umbilical artery, as the arteries commonly anastomose close to their
insertion on the placental surface. The cord is left twisted in about 70%
of cases (Fig. 3.6). The coiling index is sometimes used to evaluate the
amount of twisting, although this may vary throughout the length of
the cord. A normal coiling index is 0.2+0.1 coils/cm, i.e., one coil for
every 5 cm.

The fetal membranes are generally translucent and shiny but in
pathologic conditions may be opaque or discolored (Table 3.2). The
fetal surface, facing the amnionic cavity, is usually blue to purple with
a glossy or shiny appearance. Pathologic conditions may lead to dis-
coloration or opacity (see Chap.14). The chorionic vessels run under-
neath the amnion and branch is a star-like pattern, centrifugally from
the cord insertion (Fig. 3.4). Arteries cross over veins (Fig. 3.5, Table 3.3).
Around the larger vessels, the chorionic plate is more opaque due
to increased numbers of collagen fibers. White plaques or nodules
are due to subchorionic fibrinoid and in moderate amounts are not
significant. Occasionally, the remnant of the yolk sac can be identified
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underneath the amnion, consisting of a chalky white, flattened ovoid
of tissue (see Fig. 14.7a).

After delivery of the placenta, some decidua basalis is left in utero
and some remains as part of the basal plate. The plate is composed
of a heterogeneous population of trophoblastic and decidual elements
embedded in extracellular debris, fibrinoid, and blood clot. An
incomplete system of “grooves” subdivides the basal surface into
10-40 lobes or cotyledons (Fig. 3.7), which correspond to the septa seen
histologically.

On cut section, the villous tissue is red to red-brown, and spongy
on cut section. Its color is almost wholly determined by its content of
fetal blood and thus the fetal hemoglobin/hematocrit (Tables 3.5 and 3.6). If
the fetal hemoglobin is high, the villous tissue is dark and congested; if
the hemoglobin is low, the villous tissue is pale. In the center of many
delivered placentas are holes or so-called lakes, which were filled
with blood in utero, they are of no consequence. At the periphery of
many term placentas, the villous tissue may show areas of tan-white
and firmer tissue and thus may appear “infarcted.” These are not
true infarcts but rather villous atrophy due to poor circulation at the
periphery.

Suggested Gross Description

The following is a suggested gross description with options in paren-
theses. It can be used as a template for dictation and transcription.

Received (fresh/unfixed/in formalin), labeled with the patient’s name
and ID, is a (discoid/bilobed/irregularly shaped) placenta measuring

x X cm in greatest dimensions with a trimmed weight of
g. The (three/two) vessel umbilical cord has a (right/left/minimal/
marked) twist. It measures cm in diameter by cm in

length and has (an eccentric/a marginal/a velamentous/a central) insertion.
There (is/is no) evidence of hemorrhage, thrombosis, discoloration or true
knots. The membranes are (complete/incomplete) and are ruptured cm
from the placental margin. The fetal surface is (purple, translucent/discolored
yellow/opaque, etc). The maternal surface is (intact/disrupted/incomplete)
with (no/a recent/an old) retroplacental hematomas. Cut section reveals
spongy, (pale/congested/friable/unremarkable) soft spongy tissue with (no/a
single/numerous) infarct (s). (The infarcts comprise % of the pla-
cental tissue.) No other gross lesions are identified. Representative sections are
submitted. Summary of sections: A1 — umbilical cord (x2) and membrane roll
(x2), A2—-A4 - villous tissue, A4 — lesion, A6 — maternal surface.

Submission of Microscopic Sections

Routine sections that should be taken on every placenta are listed
below. Additional sections should be taken when abnormalities are
present, and the reader is directed to Tables 3.2-3.6 for descriptions of
specific lesions. The routine sections should include:

e Two sections of membrane roll, one from the rupture site and one
from the placental margin
e Two sections of umbilical cord from each of two areas
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e Two full-thickness sections of villous tissue including fetal and
maternal surfaces
e Sections of the maternal surface

Several small sections of the maternal surface in one cassette may enhance
one’s examination of decidual vessels. The sections of the villous
tissue should be taken away from the margin of the placenta, as the per-
fusion is not consistent throughout the placenta and abnormalities
exist in peripheral areas of poor perfusion that may not be reflective of
the remainder of the specimen. Sections of the fetal surface with chori-
onic vessels should be included in those sections of villous tissue. This
requires taking at least one section near the insertion of the umbilical
cord to obtain vessels of sufficient caliber.

Fixation

Pathologists commonly fix tissue for histological study in 10% buff-
ered formalin solution (a 1:10 dilution of the commercial 40% formal-
dehyde). However, brief fixation in formalin is usually insufficient for
placental tissue, which tends to be quite bloody. Inadequate fixation
makes trimming of the tissue and sectioning on the microtome more
difficult, giving poor results in final sections. This is particularly true
of the sections of the membrane roll. One option is to fix the initial
sections of placental tissue for a longer period, at least overnight before
trimming and processing. Another option is to briefly fix the tissue in
Bouin’s solution prior to trimming and processing. Bouin’s solution
makes tissue considerably harder and allows one to trim the tissue
more readily before embedding. Bouin’s solution is made by prepar-
ing a saturated solution (1.2%) of picric acid in water and adding
40% formaldehyde solution and glacial acetic acid in proportions of
15:5:1. After 1-3 h fixation, the tissue is ready to be trimmed. Ideally,
the Bouin’s-fixed sections are immersed in a saturated lithium carbon-
ate solution before embedding. This step is not required, but it helps
to remove extraneous pigments. Moreover, some intervillous blood
is lysed, and pigments derived from blood (“formalin pigment,”
acid hematin) are more frequently present when lithium carbonate is
omitted. This is also important when one wishes to do immunohis-
tochemistry.

Special Procedures

The placenta is a good source of tissue for chromosome analysis,
particularly when the fetus is macerated, as tissue from that source
will often not grow in culture. The procedure is to disinfect the
amnion with alcohol and then strip the amnion off a portion of
placental surface. With sterile instruments, a piece of chorion is
taken, placed in culture medium, and then transferred to the cyto-
genetics laboratory. Multiple areas of the placenta may need to
be sampled if one needs to rule out confined placental mosaicism
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(see Chap.11). For bacterial culture, tissue swabs or tissue samples
from the undersurface of the amnion should be taken as contamina-
tion of the amnion is likely.

Photography should be an integral part of any gross examination.
The old adage that “a picture is worth a thousand words” is most
applicable in this instance, and particularly true when the placenta is
the subject of future litigation. Any unusual or clinically significant
lesion should be photographed, as dissection will usually destroy the
macroscopic lesion. Photography is particularly important when the
macroscopic appearance, and not the microscopic appearance, dem-
onstrates the lesion best.

Table 3.1. Indications for placental examination.

Maternal indications

History of reproductive failure — >1 spontaneous abortions (Abs), stillbirths,
neonatal deaths,
or premature births

Maternal diseases

Coagulopathy

Hypertension (preeclampsia, pregnancy induced or chronic)
Diabetes mellitus

Prematurity (<2 weeks)

Postmaturity (>42 weeks)

Oligohydramnios

Polyhydramnios

Fever or infection

Repetitive bleeding

Abruptio placentae

Fetal and neonatal indications

Stillbirth or perinatal death

Fetal growth restriction (intrauterine growth retardation, IUGR)
Hydrops

Severe neonatal central nervous system (CNS) restriction or neurologic
problems such as seizures

Apgar score of 3 or less at 5 min

Suspected infection

Congenital anomalies

Thick meconium

Placental indications

Any gross abnormality of the placenta, membranes or umbilical cord,
such as masses, thrombi, excessively long, short or twisted umbilical
cord, etc.

Optional recommendations

Prematurity between 32 and 36 weeks

Low 1-min Apgar score

Fetal distress or non-reassuring fetal status

Multiple birth

Adapted from the College of American Pathologists (Altshuler and Deppisch 1991).
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Table 3.2. Macroscopic lesions of the fetal membranes (see Chap.14).

Figure
Type of lesion Diagnosis Comment number
Discoloration
Green, Meconium Check for staining of umbilical cord 14.15a
green-yellow (see Table 3.4)
Opaque, white  Acute inflammation Check for odor 16.2
to yellow (chorioamnionitis) Consider culture
Brown to yellow Hemosiderin Old bleeding — retromembranous 14.19a
or retroplacental hematoma
Red-brown, Hemolysis Most often due to fetal demise or -
red-pink freezing
Focal lesions Description Diagnosis
Plaques Red to brown, Retro- May be secondary to ruptured 14.12
shaggy membranous membranes, decidual bleeding
hematoma or iatrogenic due to amniocentesis
Yellow to white, Decidual May be due to decidual vascular -
ragged necrosis lesions but most commonly
nonspecific
Tan, roundish, Fetus Ascertain placentation if 10.1-10.3
plaque-like papyraceous possible
Pasty, Vernix caseosa  Usually secondary to membrane 14.8
hydrophobic rupture and is of little consequence
material
Strings or bands  Usually tethered ~Amnionic Chorionic plate will be devoid 14.24-14.29
of membrane to base of bands of amnion
umbilical May be associated with isolated
cord amputations, various fetal

anomalies or cord entanglement
Take photograph

Table 3.3. Macroscopic lesions of the fetal surface and chorionic plate (see Chaps.14, 21, and 22).

Figure
Description Diagnosis Comment number
Plaques or nodules
White, hydrophobic Squamous Adherent to surface 14.21a
plaques metaplasia DDx: amnion nodosum
Translucent, white Amnion nodosum  Can be scraped off 14.22
or yellow nodules Due to oligohydramnios
DDx: squamous metaplasia
Oval, chalky disk, under Yolk sac remnant Normal embryonic remnant 14.7a
amnion
Firm, white subchorionic Subchorionic Usually of no consequence 34,38
nodules or plaques fibrin/fibrinoid
Well-circumscribed, hemor- ~ Chorangioma Note size, consistency 3.8
rhagic, fibrous or myxoid Villous tissue may be pale due to 22.1-22.4
nodule associated hemorrhage
Cyst Subchorionic cyst Usually of no consequence 14.4,14.5

(continued)
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Figure
Description Diagnosis Comment number
Plaques or nodules
Hemorrhage or hematoma Amnionic cyst Usually of no consequence 14.2
Subchorionic Note size and % surface 3.8,14.13
hematoma If large, may be associated with 14.14
demise
Subamnionic Usually iatrogenic 3.8,14.11
hematoma Look for source of bleeding —
disrupted fetal vessels in
chorionic plate (rare)
Chorionic vessels
White streak or firmness Thrombosis Extra sections of fetal surface vessels 21.1-21.3
in vessel May be associated umbilical cord
problems
Dilated and tortuous Acute cord May be associated with cord -
vessels compression problems, e.g., hypercoiling, long
cords, knots, entanglements, etc.
Mesenchymal May be associated with 19.18a
dysplasia cystically dilated villi
DDx differential diagnosis.
Table 3.4. Macroscopic lesions of the umbilical cord (see Chap.15).
Figure
Description Diagnosis Gross examination number
Insertion
Insertion at placental Marginal Usually of no consequence unless 15.17

margin

Insertion into/ Velamentous
within membranes

Cord divides before  Furcate
insertion

Cord inserts and Interpositional
runs in mem-
branes without
branching

Length: Normal 55 cm
<40 cm Short cord

>70-80 cm Long cord

Diameter: Normal 1-1.5 cm

Increased Thick cord

there are associated velamentous vessels
(velamentous insertion)

Measure from insertion to placental
margin

Note disruption, hemorrhage or thrombosis
of vessels

Submit separate membrane roll of
velamentous vessels

Check that all vessels are intact

Usually of no consequence

Difficult to diagnose without measurement
of total cord length at delivery

Check for associated chorionic plate
vascular thrombosis

If focal, may represent a cyst
May be associated with diabetes,
macrosomia or hydrops

15.17,15.18,
15.21, 15.22

15.17,15.19

15.17,15.20

15.9

15.10

(continued)
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Table 3.4. (continued)

Figure
Description Diagnosis Gross examination number
Diameter: Normal 1-1.5cm
Decreased Thin cord May be associated with growth restriction 15.8
Focal constriction Stricture Measure diameter and take sections 15.8
through stricture
Check for associated chorionic plate
vascular thrombosis
Knot True knot Document 15.12, 15.13,
Loose or tight 15.16
Congestion on one side of the knot
If, after untying, cord stays coiled
Take sections through untied knot
False knot Redundant vessels of no consequence 15.15
Twisting or coiling
Excessive twist Check for associated thrombosis or stricture 15.6, 15.7
May be associated with adverse outcome
Minimal or no twist May be associated with adverse outcome 15.6
Vessels: Normally three
Two vessels Single umbilical Avoid sections near insertion site due to 15.23
artery arterial anastomosis
Four vessels Persistent vein Avoid sections with false knots -
Thrombosis Thrombosis Ensure it is not in an area of cord clamping  15.24
or due to false knots
Serially section and submit
Take photograph
Discoloration: Normal — white
Pink, red, or red- Hemolysis Usually due to fetal demise or freezing of -
brown the placenta
Brown, yellow- Hemosiderin Due to old bleeding 14.19a
brown
Green or yellow- Meconium Note if focal or diffuse 14.15a
green Take extra sections of stained cord
Yellow Bile Note in report 14.18
May be due to maternal hyperbilirubinemia
Chalky deposits Calcification Usually due to infection — necrotizing 16.21
funisitis
Mass
Cyst Embryonic Measure and take extra sections 15.2
remnants
White, tan, or yellow Candida infection  Take additional sections of lesions 16.16
surface nodules
Hemorrhage Hemorrhage, Ensure it is not in an area of cord clamping  15.26, 15.27
hematoma, or
hemangioma
Miscellaneous
Edema Edema If localized, may represent a cyst 15.10
May be associated with macrosomia or
hydrops
Rupture Rupture Look for associated lesions that could 15.26

explain rupture, such as hematoma,
meconium, masses, etc.




Macroscopic Examination 39

Table 3.5. Macroscopic lesions of the maternal surface (see Chaps. 16, 18, and 19).

Description Diagnosis

Comment

Figure number

White, chalky, stippled, Calcifications
gritty lesions

Shaggy, tan loosely Decidual necrosis
adherent plaques
Adherent blood clot Retroplacental
hematoma

(abruptio placentae)

Marginal hematoma

Yellow discoloration; Maternal floor
firm, corrugated infarction
surface (massive perivillous
fibrinoid)
Firm, white or reddish  Infarct, intervillous
lesions thrombus or fibrin
deposition

Normal finding

Usually a nonspecific finding but
may be associated with
decidual vascular disease

Note size and % of maternal
surface involved

Note compression of villous
tissue

Note if old or recent

Note if there is an underlying
infarct

Often due to ascending infection
(acute chorioamnionitis)

Note size and % of maternal
surface involved

Note compression of villous
tissue

Note % involvement of placental
parenchyma
Note if diffuse or multifocal

Note size and % involvement
Take extra sections of lesions

3.7

3.8,18.13,18.14,
19.5,19.6

3.8
16.3

19.13

19.14

3.8,18.7-18.9,
19.6

Table 3.6. Abnormalities of placental shape and macroscopic lesions of the villous tissue

(see Chaps. 13, 18-23).

Figure
Description Diagnosis Comment number
Shape alterations
Two equal lobes Bilobed Check membranous vessels 13.1,13.2
to ensure they are intact
and without thrombosis
Two or more unequal Succenturiate lobe Check membranous vessels 13.1,13.3
lobes to ensure they are intact
and without thrombosis
Extremely large, thin Membranacea May be associated with bleeding  13.1, 13.12
placenta and/or placenta accreta
Membranes do not insert Circumvallate or Note if partial or complete 13.4-13.6, 13.8
into placental margin circummarginate Measure distance from insertion
to placental margin
Extrachorial or Measure distance from insertion  13.9, 13.10
extramembranous to placental margin
pregnancy
Full thickness defect in Fenestra Usually of no consequence 13.1,13.13
placenta
Ring shaped placenta Zonary placenta Usually of no consequence 13.1,13.14

(continued)
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Table 3.6. (continued)

Figure
Description Diagnosis Comment number
Diffuse lesions of villous tissue
Firm, net-like, white Maternal floor Note extent — % of villous tissue 19.15-19.17
deposits throughout infarction/massive involved
villous tissue perivillous fibrin Note if multifocal or diffuse
deposition Note involvement of maternal
floor
Mottling of villous tissue Chronic villitis Usually very subtle 3.8,16.29
Note the extent — % of villous
tissue involved
Focal lesions
Well-circumscribed, Recent infarct (pink to  Note if single or multiple 3.8,18.8

round lesion with
granular surface

red discoloration)
Old infarct (white

discoloration)
Well-circumscribed, Intervillous
angular lesion with thrombus
shiny surface
Well-circumscribed Chorangioma

nodular lesion with
consistency of blood
clot, myxoid or
“fibrous” tissue

Poorly demarcated Intervillous abscess

white, granular lesion

Cystically dilated villi Mesenchymal
dysplasia

Hydatidiform moles

Nodular lesion with con-
sistency of blood clot,
myxoid or “fibrous”
tissue

Chorangioma
Chorangiomatosis

Note % of placenta involved

Note if single or multiple
Note % of placenta involved

Usually of no consequence

If large or multiple may be
associated with fetomaternal
hemorrhage

Benign hemangioma
Usually of no consequence
unless large

Associated with bacterial
infection, most commonly
Listeria

Dilated, tortuous vessels on fetal
surface may also be present

Additional sections should be
taken

Consider cytogenetics, flow
cytometry, etc.

Benign hemangioma

Multiple lesions — various
clinical associations

Color of villous tissue — reflective of fetal hematocrit

Pale Fetal anemia
Twin-to-twin
transfusion

Congestion Villous congestion

May be associated intervillous
thrombi

May be associated with
fetomaternal hemorrhage or
hydrops

Note type and size of vascular
anastomoses

May be associated with
maternal diabetes or
obstruction of venous return
(possible umbilical cord
problems)

3.8,18.7-18.9,
19.6

3.8
19.1
19.2

3.8,22.1-22.4

16.12

19.18a

23.2,23.3,23.6

3.8,22.1-224
19.10

20.1

9.7,10.13

17.3
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Table 3.7. Normative values.

Fetal/
Pregnancy Crown- pla- Umbilical
week rump Foot Embryonic/ Placental cental Placental Placental cord
postmen-  length length fetal weight weight weight thickness diameter length
strual (mm) (cm) (g) (g) ratio (cm) (cm) (cm)
3
4 0.2
5 2.5 0.4
6 5 0.7
7 9 1.2
8 14 1.1 6 0.18 2.0
9 20 2 8 0.25 3.3
10 26 5 13 0.38 5.5
11 33 11 19 0.58 9.2
12 40 17 26 0.65 12.6
13 48 1.2 23 32 0.72 5.0 15.8
14 56 1.7 30 41 0.73 1.0 5.6 18.8
15 65 1.9 40 50 0.80 1.1 6.2 21.5
16 75 2.2 60 60 1.00 1.2 6.9 24.0
17 88 2.5 90 70 1.29 1.2 7.5 26.4
18 99 2.8 130 80 1.63 1.3 8.1 28.7
19 112 2.9 180 101 1.78 14 8.7 30.9
20 125 3.3 250 112 2.23 1.5 9.4 33.0
21 137 3.6 320 126 2.54 1.5 10.0 35.0
22 150 3.9 400 144 2.78 1.6 10.6 36.9
23 163 4.2 480 162 2.96 1.7 11.2 38.7
24 176 4.5 560 180 3.11 1.8 11.9 40.4
25 188 47 650 198 3.28 1.8 12.5 42.0
26 200 5.0 750 216 3.47 1.9 13.1 43.5
27 213 5.3 870 234 3.72 1.9 13.7 45.0
28 226 5.5 1,000 252 3.97 2.0 144 46.4
29 236 5.8 1,130 270 4.19 2.0 15.0 47.7
30 250 6.0 1,260 288 4.38 2.1 15.6 49.0
31 263 6.2 1,400 306 4.58 2.1 16.2 50.2
32 276 6.5 1,550 324 4.78 22 16.9 52.0
33 289 6.7 1,700 342 4.97 22 17.5 53.0
34 302 6.9 1,900 360 5.28 2.3 18.1 54.0
35 315 7.1 2,100 378 5.56 2.3 18.7 54.9
36 328 74 2,300 396 5.81 24 19.4 55.7
37 341 7.6 2,500 414 6.04 24 20.0 56.5
38 354 7.8 2,750 432 6.37 24 20.6 57.2
39 367 8.0 3,000 451 6.65 2.5 21.3 57.9
40 380 8.1 3,400 470 7.23 25 22.0 58.5

Portions of this table were modified from Kalousek et al. (1992)
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Approach to the Specimen

A systematic and straightforward approach to microscopic examina-
tion of the placenta is to review each part of the placenta separately and
in a specific order, which will ensure that no area or structure is omit-
ted. It is thus convenient to review the extraplacental fetal membranes,
umbilical cord, and placental disk separately. To this end, each compo-
nent of the placenta is listed below with specific features that should
be evaluated and possible abnormalities that may be present. Tables at
the end of the chapter list lesions along with a microscopic description,
possible diagnoses, and the location in the text where figures depicted
the abnormality or feature can be found.

Fetal membranes (Table 4.1):

* General:
o macrophages, which may contain pigment such as hemosiderin
or meconium
o acute or chronic inflammatory cells
o bacteria
o hematoma or other masses
* Amnionic epithelium (Fig. 4.1):
o “metaplastic” change to keratinized stratified squamous epithe-
lium
o degenerative changes, piling up of cells, sloughing, or cytoplasmic
vacuolization
o deposition of amniotic fluid debris

R.N. Baergen, Manual of Pathology of the Human Placenta, 43
DOI 10.1007 /978-1-4419-7494-5_4, © Springer Science+Business Media, LLC 2011
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Epithelial Abnormalities

Squamous Amnion nodosum Meconium Gastroschisis
metaplasia

Figure 4.1. Various epithelial abnormalities of the amnionic epithelium are depicted. These lesions are
referenced and described in Table 4.1.

¢ Decidua capsularis:
o necrosis, inflammation
o abnormalities of vessels such as thickening, necrosis, inflamma-
tion, or thrombosis

Umbilical cord (Table 4.2):

¢ General:

edema

ulceration

inflammation

calcification

hemorrhage

masses including hematoma, tumors, cysts, or epithelial
remnants

o

O O O O O

¢ Umbilical vessels:
o single umbilical artery or second umbilical vein
o disruption
o thinning of the wall
o degeneration of smooth muscle
o thrombosis

Placental disk:

e Chorionic plate (Table 4.3):
O masses, cysts, hematomas
o excessive fibrinoid
o fetal membranes of chorionic plate (see above)
¢ Chorionic and stem vessels (Table 4.3):
o inflammation
o thrombosis or other vascular lesions
e Intervillous space (Table 4.4):
o intervillous thrombosis
o excessive fibrinoid
o cellular infiltrate including:
(a) inflammatory cells
(b) abnormal or atypical cells



Routine and Special Stains

Chorionic villi (Table 4.5):
o size and morphology:
(a) appropriate for gestational age
(b) enlarged (delayed maturation) or small (hypermature)
(c) increased or decreased syncytial knots
o simplified outlines, invaginations or irregularities of the surface
o hydropic change
o ischemic change or infarction
Villous stroma (Table 4.5):
o inflammatory cell infiltrate
o microcalcification
o edema
o hyalinization
o hemorrhage
Villous capillaries (Table 4.5):
o increased or decreased
o thrombosis
o disruption or extravasation of red blood cells into the stroma
Basal plate including decidua basalis (Table 4.6):
o excessive fibrinoid
O necrosis
o chronic inflammation with plasma cells
o hematoma

Decidual vessels (Table 4.6):
o thrombosis
o other vasculopathy

Abnormalities in each area of the placenta should be noted and the
findings correlated with all other findings and with the clinical history
if possible. See Tables 4.1-4.6 for more specific information on each
lesion and corresponding figures for more specific information. Certain
clinical conditions are associated with specific placental lesions and the
most common are listed in Table 4.7.

Routine and Special Stains

For histological examination, the standard hematoxylin and eosin
(H&E) stain is usually adequate. Special stains such as trichrome or
mucin rarely have use in diagnostic placental pathology. On some
occasions, however, it is useful to employ special stains for microor-
ganisms. These include tissue Gram stains, silver stains such as
Warthin-Starry, Steiner, or Gomori methenamine silver stains, or
periodic acid-Schiff (PAS), Giemsa, and acid-fast stains. However,
generally speaking, bacterial organisms causing acute chorioamnioni-
tis are difficult to identify in tissue sections even if special stains are
performed. Specific immunohistochemical stains that disclose the
presence of viruses, e.g., cytomegalovirus and herpes antigens, are
sometimes helpful if a specific organism is suspected. Thus, immuno-
histochemistry may be helpful in identification of specific organisms
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causing chronic villitis and congenital infections. See Chap.16 for
more information on specific infections.

Immunohistochemical Markers

Immunohistochemical stains may be used for reasons other than
identification of infectious organisms. First, certain stains are used
to differentiate trophoblastic cells from other cells, particularly in
the setting of trophoblastic disease (see Chapts.24 and 25). Since all
trophoblastic cells are epithelial, they will stain strongly positive for
all cytokeratins. There are many different antibodies on the market,
most of which work well in paraffin sections. These include AE1/AE3,
CAM 5.2, and others. The amnionic epithelium will also stain for these
antibodies. Syncytiotrophoblasts stain strongly for human chorionic
gonadotropin (hCG), while extravillous trophoblastic cells are either
negative or weakly positive. Extravillous trophoblast stain for human
placental lactogen (hPL), placental alkaline phosphatase (PLAP),
a-inhibin, Mel-CAM, and placental protein 19 (PP19). Some of these
markers are able to differentiate different types of extravillous tro-
phoblast (see Chap.25 for more specific information). Anti-vimentin
antibodies stain all mesenchymal-derived cells such as connective tis-
sue cells, macrophages, decidual cells, smooth muscle cells, and endothelial
cells. Generally, most cells in the placenta will be positive for either
cytokeratin or vimentin. Vimentin will also stain decidual cells as
they are stromal in origin, and so vimentin and cytokeratin are useful
markers in distinguishing extravillous trophoblast, particularly intraarte-
rial trophoblast, from decidual cells in the implantation site. Therefore,
they may often be used together and are particularly helpful in pos-
sible ectopic pregnancies to document or rule out intrauterine preg-
nancy.

The antibodies Ki-67, MIB-1, and anti-PCNA (clones PC10, 19A2,
19F4) bind to nuclear proteins and are expressed in proliferating cells.
Ki-67 is only applicable on frozen sections, but MIB-1 is its analogue
and works wells in both formalin-fixed paraffin sections as well as fro-
zen sections. Anti-PCNA can be used only for paraffin material. These
antibodies are useful markers to distinguish proliferating stem cell popula-
tions from differentiated ones and identifying growth zones. They are also
useful in the differential diagnosis of trophoblastic lesions, particularly
lesions of extravillous trophoblast (see Chap.25).

Other immunohistochemical stains may be helpful when abnormal
or atypical cells are present in the intervillous space. The differential
diagnosis of these lesions is generally between a metastatic malignancy
to the placenta from the mother (see Chap.17) and choriocarcinoma
(see Chap.22). In this case, characterization of these cells with immu-
nohistochemistry is usually necessary.



Table 4.1. Lesions of the fetal membranes (see Chap.14).

Routine and Special Stains

Description

Diagnosis

Comment

Figure
number

Pigment in macrophages

Yellow-brown

Brown,
particulate,
refringent

Meconium

Hemosiderin

Inflammation — see also Table 16.1

Hemorrhage

Cyst
Epithelial
Squamous

Extravillous
trophoblast

Epithelial change

Squamous
change

Anucleate
squames and
debris form-
ing nodules

Vacuolization
Degenerative

change of
epithelium

Acute
inflammatory
cells

Chronic
inflammatory
cells

Acute
inflammatory
cells with
necrosis

Retromembranous
hematoma

Amnionic cyst
Epidermoid cyst
Subchorionic cyst

Squamous meta-
plasia

Amnion nodosum

Gastroschisis

Meconium

Often associated with
degenerative change
of the amnion

Look for source of
bleeding — often
from decidua

Iron stain may be
needed to confirm

Acute chorioamnionitis
Gram stain done rarely
— usually negative

Chronic
chorioamnionitis

May be associated with
chronic villitis

Often only present in
decidua

Subacute chorioam-
nionitis — acute chori-
oamnionitis of longer
duration

May be associated
with rupture of
membranes, but
usually nonspecific
finding

No clinical significance
No clinical significance
No clinical significance

Normal finding near
term

Usually secondary to
severe oligohydram-
nios and associated
with fetal renal
anomalies

Specific finding
associated with
gastroschisis

Degenerative change
may indicate that
meconium discharge
is more remote

4.1,14.15b
14.16

14.19b

16.4, 16.5

16.20, 16.32

16.10

14.12

14.1
14.2
14.3

4.1,14.21b

41,1423

4.1,14.20

4.1,14.16

(continued)
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Figure
Description Diagnosis Comment number
Miscellaneous
Cartilage, bone, Teratoma May represent acardiac  —
skin twin
Embryonic No clinical significance -
remnants
Fetus Document and identify =~ 10.4
papyraceous membranes relation-
ships if possible
Anucleate Vernix caseosa No clinical significance ~ 14.9, 14.10
squames Often occurs with
and debris membrane rupture
Necrotic Decidual May be associated -
tissue necrosis with decidual
vasculopathy or
hemorrhage but
often non-specific
Inflammation  Acute May be associated with ~ 16.6
in decidua deciduitis acute chorioamnioni-
tis, otherwise is non-
specific
Chronic May be associated with ~ 16.20
deciduitis chronic villitis
Diagnosis usually
made only with
intense infiltrate
and/or presence of
plasma cells
Abnormal Decidual vascu- May be associated with ~ 18.1-18.5
vessels lopathy other changes of pla-
cental malperfusion
Table 4.2. Umbilical cord (see Chap.15).
Figure
Description Diagnosis Comment number
Skin, cartilage, Teratoma May represent an -
bone acardiac twin
Vessels Hemangioma  May be associated 15.25
with hematoma or
rupture
Epithelial Embryonic Allantoic duct remnant 15.1
elements remnants Omphalomesenteric duct  15.3-15.5

remnant
Vitelline vessel remnant

(continued)



Table 4.2. (continued)

Routine and Special Stains

Figure
Description Diagnosis Comment number
Edema Focal - Usually develops from 15.2
embryonic embryonic remnants
cyst
Diffuse May be associated with 15.10
- edema fetal hydrops
Acute Acute Fetal inflammatory 16.7
inflammation funisitis response
See also Ca.ndida. Focal lesions of umbilical  16.17
Table 16.1 infection cord surface
Usually not associated
with acute chorioam-
nionitis
PAS or Gomori methen-
amine silver (GMS) to
confirm
Necrotizing May be associated with 16.8
funisitis calcification 16.22
Classically seen in syphi-
lis but may be seen in
other infections
Pigmented Meconium Meconium filled macro- -
macrophages phages rarely identified
in cord despite gross
staining
May be associated with
myonecrosis of umbilical
vascular smooth muscle
Single umbilical ~ Single May be associated with 15.23
artery umbilical other fetal anomalies
artery
Four umbilical Super- Rare, may be associated -
vessels numerary with fetal anomalies
vessel
Thrombosis Thrombosis Often associated with 15.24b
thrombosis in chorionic
or stem vessels
Hemorrhage Hematoma May be associated with 15.27
other cord lesions
May compress umbilical
vessels (particularly the
umbilical vein) leading
to vascular embarrass-
ment
Thinned Varix or May lead to 15.30
vessels aneurysm hemorrhage or
rupture
Vascular Meconium Usually due to 14.17
necrosis induced prolonged
ascular meconium exposure

necrosis

in utero
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Table 4.3. Chorionic plate (see Chaps. 14, 21, and 22).

Figure
Description Diagnosis Comment number
Focal lesions
Oval, lacy Yolk sac Embryonic remnant of 1.8,14.7b
structure remnant no clinical significance
Fetal skeleton Fetus Note membrane 10.4
papyraceous  relationship if
possible
Fibrinoid Subchorionic  If excessive, may be 3.4
fibrinoid ssociated with
placental malperfusion
or maternal floor
infarction
Cyst Subchorionic  Usually of no clinical 14.6
cyst significance
Hematoma Subchorionic  If large, may be -
hematoma associated with
stillbirth
Subamnionic  Fresh blood under -
hematoma amnion, most
commonly an artifact
secondary to excessive
traction on cord during
delivery
Rarely due to disruption of
fetal chorionic vessels
Vascular mass Chorangioma Benign vascular 22.5-22.7
neoplasm — similar to
hemangioma
Chorionic vessels
Thrombosis Thrombosis Look for other 21.4-21.7
associated thrombotic 21.10
lesions in villous tissue:
avascular villi, villous
stromal karyorrhexis
Inflammation Acute Ascending infection 16.4
See also chorioam- May be associated with 16.5
Table 16.1 nionitis thrombosis 16.9
Chronic chori- Often associated with 16.32
oamnionitis chronic villitis
Subacute Due to long standing 16.10
chorioam- ascending infection
nionitis
Degeneration Meconium Usually due to long 14.17
of muscle induced standing meconium

damage




Table 4.4. Intervillous space.

Routine and Special Stains

Figure
Description Diagnosis Comment number
Blood clot Intervillous If large or multiple, may 3.8
thrombus be associated with 19.3
fetomaternal hemorrhage
Fibrin/fibri- Increased If excessive, may represent 19.12
noid perivillous maternal floor infarction 19.15
fibrin 19.16
19.17
Inflammation Intervillous Most commonly due to 3.8
— see also abscess Listeria infection 16.13
Tables 16.1 Rarely due to maternal sepsis
and 16.2 Chronic Idiopathic disorder with 16.33
intervillositis infiltrate of histiocytes
and lymphocytes
Abnormal Malignancy — Cells may present as clusters 3.8
or atypical fetal or in intervillous space or 22.8-22.10
cells maternal invade villi
metastatic Immunohistochemistry may
be necessary for specific
diagnosis
Intraplacental Markedly atypical 24.10-
choriocarci- syncytiotrophoblast 24.12
noma and cytotrophoblast
Collapse of Early villous Often associated with 18.10
intervillous ischemic infarction
space change
Expansion of  Villous Often associated with other 18.16
intervillous hypoplasia - changes of placental
space terminal malperfusion
villus
deficiency
Table 4.5. Chorionic villi.
Figure
Description Diagnosis Comment number
Villous morphology
Increased Increased syncytial Associated with placental 18.15
syncytial knots malperfusion 18.17
knots
Delayed Villous immaturity Associated with maternal 17.4
maturation diabetes

May be associated with IUGR, IUFD

(continued)
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Table 4.5. (continued)

Figure

Description Diagnosis Comment number

Villous morphology

Straight, unbranched  Villous hypoplasia/ Indicative of profound 18.15
villi terminal villus decrease in perfusion 18.16

deficiency Usually associated with
abnormal Doppler (absent
or reversed end
diastolic flow)

Invagination, Trophoblastic Suggestive of 11.7
irregular inclusions chromosomal defect 23.9
contour Also seen in

hydatidiform moles

Clear space Cisterns Hydatidiform moles 234

inside villi Beckwith-Wiedemann 20.6
syndrome 19.19
Mesenchymal dysplasia

Degeneration, Ischemia Evidence of early 18.11
smudging of infarction
nuclei Associated with

placental malperfusion

Ghost villi Infarction Old infarction 18.12

Vacuolization of Storage disorder Various cells may 20.9
trophoblast or show vacuolization
other cells See Table 20.1

Trophoblastic Hydatidiform Associated with 23.4
proliferation mole hydropic villous change 23.5

See Tables 23.2 and 23.3 23.8
23.9
23.10
23.12
Edema Villous edema Focal villous edema (if diffuse,  19.21
may be seen in hydrops - 205
see below) ’

Villous stroma

Inflammation Acute villitis Generally due to Listeria 16.13

See also infection
Tables 16.1 May be due to maternal sepsis
and 16.2 Chronic villitis Differential diagnosis is 16.18

chronic villitis of unknown 16.19
etiology versus infectious 16.23
etiology 16.25
16.30
16.31

Fine stippled Microcalcification Seen in fetal death, twin-twin 20.13
calcification transfusion and hydrops
of stroma or base-
ment membrane

Hyalinization of Avascular villi Associated with thrombosisin ~ 21.8

stroma

fetal circulation

(continued)



Table 4.5. (continued)

Routine and Special Stains

Figure
Description Diagnosis Comment number
Villous stroma
Hemorrhage Intravillous May be secondary to acute 19.4
hemorrhage injury, ischemia, abruption
Red blood cells in Villous stromal Generally associated with 194
stroma karyorrhexis/ other thrombotic lesions 21.12
hemorrhagic 21.13
endovasculopathy
Edema or hydropic Mesenchymal Developmental abnormality 19.19
change dysplasia of villous tissue
Also associated with tortuous
chorionic vessels
Molar pregnancy Marked hydropic change 234
Trophoblastic hyperplasia is 23.5
necessary for the diagnosis 23.8
— see Tables 23.2 and 23.3 23.9
23.10
23.12
Villous edema May be secondary to acute 19.21
injury or ischemia 20.5
Villous immaturity Diffuse villous immaturity 19.20
for gestational age
Hydropic abortus Seen in early pregnancy and 11.8
may be confused with a 11.9
hydatidiform mole 23.11
Hydrops Placental and/or fetal 20.2
hydrops (diffuse edema) 20.3
May be secondary to
etomaternal hemorrhage
Immature Residual immature villi in 74
intermediate villi term placenta may be confused
with villous edema
Villous capillaries
Increased vessels Diffuse — chorangiosis Placental response to hypoxia 19.8
Multifocal — Focal, segmental, or 19.11
chorangiomatosis multinodular diffuse
Single lesion— Localized lesion — increased 22.5-22.7
chorangioma capillaries representing a
benign neoplasm
Diffuse — congestion ~ Not true increase in vessels 19.9
but may be confused with
chorangiosis
Associated with decreased
venous return and maternal
diabetes
Disruption of Villous stromal Associated with disruption 21.11-
vessels karyorrhexis/ of vessels and extravasated 21.13
hemorrhagic red blood cells and thrombosis
endovasculopathy
Thrombosis Thrombosis May be associated with other 21.12
thrombotic lesions 21.13
Nucleated red blood = Nucleated red blood  Fetal response to hypoxia or 20.7
cells cells anemia
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Figure
Description Diagnosis Comment number
Increased Maternal floor Some fibrinoid is 19.12
fibrinoid infarction — normal 19.15
massive If excessive may represent  19.16
perivillous a “maternal floor 19.17
fibrin deposition infarction”
May be associated with
proliferation of
extravillous
trophoblast
Necrosis Decidual Look for associated -
necrosis lesions such as
hemorrhage or
decidual
vasculopathy
Inflammation ~ Acute May be associated 16.6
deciduitis with acute
chorioamnionitis
Chronic May be associated 16.20
deciduitis with chronic villitis
Hemorrhage Retroplacental Underlying tissue may be 3.8
hematoma ischemic or infarcted 18.14
May be associated with 19.7
other changes of
placental malperfusion
Abnormal Decidual Usually associated with 18.1-18.5
vessels vasculopathy other changes of
placental malperfusion
Adherent Placenta accreta Diagnosis based on lack 12.6
myometrium of decidua between
chorionic villi and
myometrium
Table 4.7. Placental lesions in specific clinical situations.
Clinical Fetal
situation Placental conditions Maternal conditions conditions
Preterm Placental Poor nutrition Fetal
delivery malperfusion Uterine anomalies anomalies
Infarction
Decreased weight
Retroplacental
hematoma
Circumvallate
membrane
insertion
Maternal floor
infarction
Acute
chorioamnionitis

(continued)



Table 4.7. (continued)

Routine and Special Stains

Clinical Fetal
situation Placental conditions Maternal conditions conditions
Intrauterine Maternal floor Drug use Genetic
growth infarction Tobacco conditions
restriction Villitis of unknown  Alcohol Confined
etiology Poor nutrition placental
Fetal thrombotic Uterine anomalies mosaicism
vasculopathy Systemic disease Chromosomal
Shape abnormalities Diabetes mellitus disorders
Umbilical cord with vascular Genetic
Excessively long disease disorders
cord Preeclampsia
Velamentous Gestational
insertion hypertension
Renovascular disease
Autoimmune disease
Thrombophilias
Intrauterine Maternal floor Systemic disease Infection
fetal demise infarction Diabetes mellitus TORCH
Villitis of unknown with vascular Ascending
etiology disease infection
Fetal thrombotic Preeclampsia Fetomaternal
vasculopathy Gestational hemorrhage
Abruptio placentae hypertension
Umbilical cord Renovascular
Entanglement disease
True knots Autoimmune
Torsion disease
Constriction Thrombophilias
Rupture
Excessive length or
twisting
Velamentous
insertion and
rupture

TORCH toxoplasmosis, other agents, rubella, cytomegalovirus, and herpes simplex titer
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Section 11

Development and Normal Histology

This section presents the development and histology of the normal
placenta. Chapter 5 discusses the early development of the placenta.
Normal histology of chorionic villi is covered in Chap.6, along with
a discussion of the development of different villous types, including
mesenchymal villi, immature intermediate villi, mature intermediate
villi, stem villi, and terminal villi. Chapter 7 provides an overview and
microscopic survey of both the first-trimester placenta and placentas
of the second or third trimester. Histology of the fetal membranes,
umbilical cord, the placentone (placental lobule), and the intervillous
space are also presented here. Finally, Chap.8, covers histology and
development of the extravillous trophoblast and components of
the implantation site such as decidua, fibrinoid, and uteroplacental
vessels.
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Early Placental Development
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General Considerations

For many years, it was thought that the understanding of placental
pathology required only a limited knowledge of implantation and
early placental development, as disturbances of these early steps of
placentation seemed to cause abortion, rather than affecting placental
structure and function. Increasing experience with assisted repro-
ductive technology (ART), as well as clinicopathologic correlation of
placental pathology with fetal well-being, however, has taught us that
improper conditions during implantation can handicap early develop-
ment and result in inappropriate functioning of the fetoplacental unit
and impaired outcome. For this reason, basic understanding of early
placental development has become increasingly important.

Prelacunar Stage: Day 1-8 Postconception
The prelacunar stage is defined as the period from conception to day

8 PC (postconception). After fertilization, the zygote develops into a
blastocyst, a flattened vesicle composed of between 107 and 256 cells.

R.N. Baergen, Manual of Pathology of the Human Placenta,

DOI 10.1007 /978-1-4419-7494-5_5, © Springer Science+Business Media, LLC 2011
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Figure 5.1. Simplified drawings of the stages of early placental development. (a, b) Prelacunar stages.
(c) Lacunar stage. (d) Transition from lacunar to primary villous stage. (e) Secondary villous stage. (f)
Tertiary villous stage. Note that the basal segments of the anchoring villi (e, f) consist only of trophoblast
and form cell columns. All maternal tissues are in red, and all fetal tissues are in blue. E endometrial epi-
thelium, EB embryoblast, CT cytotrophoblast, ST syncytiotrophoblast, EM extraembryonic mesoderm,
CP primary chorionic plate, T trabeculae and primary villi, L maternal blood lacunae, TS trophoblastic
shell, EV endometrial vessel, D decidua, RF Rohr’s fibrinoid, NF Nitabuch’s or uteroplacental fibrinoid,
G trophoblastic giant cell, x X-cells or extravillous cytotrophoblast, BP basal plate, PB placental bed,
J junctional zone, M myometrium (modified from Kaufmann and Scheffen 1992, with permission).

The cells of the outer wall are the trophoblast, which surround the
blastocystic cavity (Fig. 5.1a). The inner cell mass is a small group of
larger cells on the inner surface. The trophoblast is the forerunner of
the placenta, while the inner cell mass forms the embryoblast, from
which the embryo, umbilical cord, and amnion are derived. Both
embryoblast-derived mesenchyme and embryoblast-derived blood
vessels contribute to the formation of the connective tissue and blood
vessels of the chorionic villi.

The first step in implantation of the blastocyst is called apposition
and takes place around day 6-7 PC. In most cases, the blastocyst is
oriented so that the embryonic pole attaches to the endometrium, thus



Lacunar Stage: Day 8-13 Postconception

forming the implantation pole. If, during implantation, the blastocyst
rotates so that the embryonic pole and the implantation pole are not
identical, abnormal cord insertions will occur (see Chap.15). The
implantation window is a short, specific phase during which attach-
ment of the blastocyst occurs. To find or to generate this window is the
most important prerequisite for successful implantation in in vitro fer-
tilization and other forms of ART.

In the following days, the trophoblastic cells proliferate to form a
double layer as they progressively invade the endometrial epithelium.
The inner layer, which does not initially contact the maternal tissues, is
composed of cytotrophoblast. The outer layer, facing the maternal tissue,
becomes the syncytiotrophoblast by fusion of neighboring cytotro-
phoblastic cells (Fig. 5.1b). The syncytiotrophoblast is a continuous
system, not interrupted by intercellular spaces and is thus not com-
posed of individual cells or units (see Chap.6). At the implantation
pole, the syncytial mass forms branching, finger-like extensions that
deeply invade, and interdigitate with, the endometrium. This is the
trophoblastic shell.

Lacunar Stage: Day 8-13 Postconception

On day 8 PC, small vacuoles appear in the syncytiotrophoblastic mass. The
vacuoles grow and become confluent, forming a system of lacunae
(Fig. 5.1b, c). The lacunae are separated from each other by bands
of syncytiotrophoblast, called trabeculae. The syncytiotrophoblastic
mass and the lacunar system expand circumferentially over the entire
blastocystic surface. By day 12 PC, the blastocyst is deeply implanted
and the uterine epithelium closes over the implantation site. The
cytotrophoblastic cells extend into the trabeculae and, by day 13 PC,
reach the trophoblastic shell, eventually coming into contact with the
endometrium (Fig. 5.1d—f).

Trophoblastic proliferation and syncytial fusion start at the implanta-
tion pole, making the trophoblast thicker here. This area of preferential
growth is later transformed into the placental disk. The opposing thinner
trophoblastic circumference eventually atrophies and becomes the smooth
chorion, or the chorion laeve. At this point, the trophoblastic covering
of the blastocyst is divided into three layers (Fig. 5.1c, d):

¢ The primary chorionic plate, facing the blastocystic cavity
¢ The lacunar system including the trabeculae
¢ The trophoblastic shell, facing the endometrium

Primary Chorionic Plate

The primary chorionic plate is composed of cytotrophoblast covered
by syncytiotrophoblast on the “maternal” side (Fig. 5.1d). On day 14
PC, embryonic mesenchyme spreads around the inner surface of the
blastocyst cavity and cytotrophoblast layer. This forms a triple-layered
chorionic plate composed of mesenchyme, cytotrophoblast, and syncytio-
trophoblast. At the same time, the first villous outgrowths form from
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the trabeculae (Fig. 5.1d, e). The trabeculae are henceforth called the
villous stems, which later become the stem villi. The lacunar system is
transformed into the intervillous space. The chorionic plate creates a
“lid” over the intervillous space and serves as the base from which the
villous trees are suspended.

Lacunar System

Below the primary chorionic plate is the lacunar system (Fig. 5.1c).
Around day 12 PC the trabeculae are invaded by cytotrophoblastic
cells (Fig. 5.1d) from the primary chorionic plate. At the maternal
surface, the trabeculae join together to form the trophoblastic shell. The
syncytiotrophoblast is present at the “luminal” surface of the lacunae;
below that is a zone of cytotrophoblast. Below the latter and facing the
endometrial connective tissue is an additional discontinuous layer of
syncytiotrophoblastic elements.

During the early stages of implantation, erosion of the maternal
tissues occurs under the lytic influence of the syncytial trophoblast.
Subsequently, there is proliferation and migration of trophoblast,
resulting in deep invasion of the endometrium and superficial myo-
metrium. This is accomplished by multinucleated and mononucleated
trophoblastic elements far removed from the trophoblastic shell — the extravil-
lous trophoblast. The extravillous trophoblast are intimately involved
in development of the implantation site including invasion and remod-
eling of the decidual vessels (see Chap.8). Meanwhile, the endometrial
stromal cells transform into the decidual cells. On day 12 PC, invading
trophoblast cause disintegration of the endometrial vessel walls and
the expanding extravillous trophoblast replaces the capillary walls in a
stepwise fashion, from beginning to end.

Trophoblastic Shell

Around day 12 PC, as the cytotrophoblast expands into the trabeculae,
the distal ends of the trabeculae join together and form the outermost
layer of the trophoblast, the trophoblastic shell. Initially, this is a
syncytiotrophoblastic structure, but when the cytotrophoblast reaches
the shell at about day 15 PC, the shell becomes more heterogeneous
(Fig. 5.1e). The syncytiotrophoblast face the lacunae, followed by
cytotrophoblast and then a discontinuous layer of syncytiotrophoblas-
tic elements facing the endometrial connective tissue. From day 22 PC
onward, the term trophoblastic shell is usually replaced by basal plate,
a term that includes the base of the intervillous space together with all
placental and maternal tissues that adhere to it after parturition.

Early Villous Stage: Day 13-28 Postconception

In the early villous stage, cytotrophoblast invades the trabeculae, and
trophoblastic sprouts grow into the lacunae to form the primary villi
(Fig. 5.1d, e). Primary villi are composed only of an outer layer of syncytio-
trophoblast and a core of cytotrophoblast. Their presence marks the begin-
ning of the villous stages of placentation. Further proliferation and
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subsequent branching initiate the development of primitive villous
trees, the stems of which are derived from the former trabeculae
(Fig. 5.1e). The villi that keep their contact to the trophoblastic shell are
called anchoring villi. Subsequently, cells derived from the mesenchy-
mal layer of the primary chorionic plate invade the villi, transforming
them into secondary villi (Fig. 5.1e). Secondary villi consist of an outer
layer of syncytiotrophoblast, an inner layer of cytotrophoblast, and a core of
connective tissue. Within a few days, the mesenchyme expands peripher-
ally to the villous tips. The expanding villous mesenchyme does not
completely reach the trophoblastic shell. Clusters of cytotrophoblast
surrounded by an incomplete layer of syncytiotrophoblast persist as
cell columns (Fig. 5.1e, f). They are places of longitudinal growth of the
anchoring villi as well as sources of extravillous trophoblast. Focally, the vil-
lous tips of free-floating villi may not be invaded by villous mesen-
chyme, and these become the trophoblastic cell islands (see Chap.8).

The first fetal capillaries appear in the villi on day 18-20 PC. They
are derived from hemangioblastic progenitor cells, which locally
differentiate from the mesenchyme. The appearance of capillaries in
the villous stroma marks the development of the first tertiary villi. When
enough capillary segments are fused with each other to form a capil-
lary bed, a complete fetoplacental circulation is established. This occurs
at the beginning of the fifth week.

The early villous trees expand in the following way: At the surfaces
of the larger villi, cytotrophoblastic cells proliferate and subsequent
syncytial fusion produces syncytial (trophoblastic) sprouts. These
sprouts are comparable to the early primary villi as they consist of only
cytotrophoblast and syncytiotrophoblast. Most degenerate, but a few
are invaded by villous mesenchyme and transformed into villous
sprouts, which are comparable to the secondary villi. Fetal vessels then
form within the stroma, similar to the development of tertiary villi. Fetal
and maternal blood comes into close contact with each other as soon
as a fetoplacental circulation is established. The two bloodstreams
are always separated by the placental barrier (see Fig.6.1), which is
composed of syncytiotrophoblast, cytotrophoblast, basal lamina,
connective tissue, and fetal endothelium. In the last trimester, the
cytotrophoblast is discontinuous and the fetal endothelium is sur-
rounded by endothelial basal lamina.

Second Month and Beyond

Starting with the second month PC (Fig. 5.2), the connective tissue layer
of the chorionic plate becomes more densely fibrotic and fibrous tissue
extends into the villous stems. Subsequently, the tertiary villi undergo a
complex process of differentiation that results in various villous types,
which differ from each other in structure and function (see Chap.7).
With maturation, the syncytiotrophoblast is reduced in thickness and the
cytotrophoblast becomes rarefied. The mean villous diameter decreases, and
the fetal capillaries are more numerous and closer to the villous surfaces. This
results in considerable reduction of the thickness of the placental bar-
rier and thus a reduction in the mean maternofetal diffusion distance.
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Figure 5.2. Semithin section across embryo and placenta of the fourth week
after conception. Underneath the embryo (E), one can identify the connective
stalk (C) as precursor of the cord, the yolk sac (YS), and a small amnionic vesi-
cle (AV). The chorionic cavity is surrounded by the chorionic plate (CP); from
the latter, numerous placental villi protrude into the surrounding intervillous
space (IVS). The basal plate is missing in this specimen (x9.5) (from Kaufmann
1990, with permission).

Development of the Fetal Membranes

Depending on its spatial relation to the implanting chorionic sac, the
decidua is subdivided into several segments (Fig. 5.3). The decidua at
the implantation site, below the blastocyst and later the placenta, is the
basal decidua or decidua basalis. When the embryo becomes
completely embedded in the endometrial wall, the decidua closes over
the blastocyst. Growth of the embryo and placenta causes the decidua
to protrude into the uterine cavity. This protruding portion of the
decidua, which has lost a direct connection with the uterine wall, is the
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PD BD

a: 10 weeks p.m. b: 12 weeks p.m. 'c:.17 weeks p.m.

Figure 5.3. Development of the fetal membranes. The fetus and amnion are black, trophoblast is
blue, decidua is red, and myometrium is brown. (a) Up to 10 weeks postmenstruation, the embryo is
surrounded by the chorion frondosum (blue); later, it develops into the chorion laeve and the placenta
or chorion frondosum, indicated on the diagram by only a slight thickening. The capsular part of the
chorion frondosum is covered by the capsular decidua (CD), which is continuous with basal decidua
(BD) at the placental site, and with the parietal decidua (PD), which lines the uterine cavity (UC). The
amnion (black dotted line) is not fused in most places with the chorion frondosum. (b) Two weeks later
(12th week postmenstruation), the original chorion frondosum has differentiated into the placenta
(P) and the thinner fetal membranes that surround the inner amniotic cavity (AC). At this stage, the
membranes are composed of the amnion (A), chorion laeve (CL), and capsular decidua (CD). Because
of the embryo’s small size, the uterine cavity (UC) still is quite large. (C) From 17 weeks on, the mem-
branes come into close contact with the uterine wall. The remainder of the capsular decidua (CD) fuses
with the parietal decidua (PD) and obliterate the uterine cavity (UC). From then on, the chorion laeve
contacts the parietal decidua (modified from Kaufmann 1981).

capsular decidua or decidua capsularis. The remaining decidua, that
which is without contact with the blastocyst (i.e., on the opposite
uterine wall), is the parietal decidua or decidua vera. With growth of
the chorionic sac, the capsular decidua focally degenerates, and even-
tually touches the parietal decidua (Fig. 5.3c). Between the 15th and
20th weeks PC, the smooth chorion, together with its attached residual
capsular decidua, locally fuses with the parietal decidua, thereby largely oblit-
erating the uterine cavity (Fig. 5.3c). From this date onward, the smooth
chorion has contact with the decidual surface of the uterine wall over
nearly its entire surface. However, there is no true fusion between the
decidua capsularis and the decidua vera.

Small cells lining the inner surface of the trophoblast, the amniogenic
cells, are the forerunners of the amnionic epithelium. A cleft separates
these cells from the embryoblast, which ultimately becomes the amni-
otic cavity (Fig. 5.4, day 13). Before the 12th week PC, the amniotic
cavity is separated from the chorion by chorionic fluid, the magma
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Figure 5.4. Simplified representation of the development of the umbilical cord and amnion. (a) Day 13
postconception. The embryonic disk consists of two epithelial layers: the ectoderm (E), which is con-
tiguous with the amnionic epithelium (AN), and the endoderm (ED), which partially surrounds the
primary yolk sac cavity (PY). Both vesicles are surrounded by the extraembryonic mesoderm (EM). (b)
Day 18 postconception. At this stage, the entoderm has become closely applied to the periphery of the
yolk sac; and at the presumptive caudal end of the germinal disk, the allantoic invagination (a) has
occurred. In the extraembryonic mesoderm, the exocoelom (EC) has cavitated. A mesenchymal bridge,
the connecting stalk (CS) has developed that will ultimately form the umbilical cord. (c) Day 28 post-
conception. The embryo has begun to rotate and fold. The primary yolk sac is being subdivided into the
intraembryonic intestinal tract and the secondary (extraembryonic) yolk sac (SY). Secondary yolk sac
and allantois extrude from the future embryonic intestinal tract into the connecting stalk. The amnionic
sac largely surrounds the embryo because of its folding and rotation. Villous formation has occurred
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reticulare. Extraembryonic mesenchyme expands to cover the surface
of the amnionic epithelium and becomes the amnionic mesoderm.
During the sixth to seventh week PC, the amnionic mesoderm fuses
with the chorionic mesoderm, near the cord insertion site at the cho-
rionic plate (Fig. 5.4, day 28 and 40). This process is completed in the
12th week PC. However, fusion of the amnion and chorion is never com-
plete, and thus the two membranes can always easily slide against each
other. This is different from the situation in the umbilical cord, where
the expanding amnion becomes closely attached to the surface of the cord and
firmly fuses with it.

Development of the Umbilical Cord

The development of the umbilical cord is closely related to that of the
amnion. At the end the second week PC, the embryoblast within the
blastocystic cavity is surrounded by a loose meshwork of mesodermal
cells (Fig. 5.4, day 13). The double-layered embryonic disk is between
the amnionic vesicle and the primary yolk sac. Basal to the amnionic
vesicle, the mesodermal cells condense and form the connecting stalk
(Fig. 5.4, day 18), which is the early forerunner of the umbilical cord.
During the same period, a duct-like extension of the yolk sac, originat-
ing from the future caudal region of the embryo, grows into the con-
necting stalk. This structure is the transitory allantois, the primitive
extraembryonic urinary bladder. Remnants of allantoic elements may be
found in sections of the umbilical cord at term (see Chap.15).

The subsequent weeks are characterized by three developmental
processes. First, the embryo rotates so that the yolk sac is turned toward
the implantation pole rather than away from it. Second, the amniotic
cavity enlarges and extends around the embryo. Lastly, the originally
flat embryonic disk is bent in both the anteroposterior and lateral
directions and thus “herniates” into the amniotic cavity. As the embryo
bends, it subdivides the yolk sac into an intraembryonic duct (the gut)
and an extraembryonic part (the omphalomesenteric duct), which is
dilated peripherally to form the extraembryonic yolk sac vesicle.

Both the allantois and the extraembryonic yolk sac extend into the
mesenchyme of the connecting stalk (Fig. 5.4, day 22). Between days
28 and 40 PC, the expanding amniotic cavity surrounds the embryo
and the connecting stalk, allantois, and yolk sac become compressed to a
slender cord covered by amnionic epithelium (Figs. 5.2 and 5.4, day 28 and
40), the umbilical cord. The cord lengthens as the embryo “prolapses”
backward into the amniotic sac. During the same process of expansion,
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Figure 5.4. (continued) at the entire periphery of the chorionic vesicle, forming the chorion frondosum
(CF). (d) Day 40 postconception. The embryo has now fully rotated and folded. It is completely sur-
rounded by the amniotic cavity and is attached to the umbilical cord. The latter has developed from the
connecting stalk as it has become covered by amnionic membrane. The exocoelom has become largely
compressed by the expansion of the amniotic cavity. At the anembryonic pole of the chorionic vesicle,
the recently formed placental villi gradually atrophy, thus forming the chorion laeve (CL). Only that
portion that retains villous tissue, that which has the insertion of the umbilical cord, develops into the

placental disk.
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the amnionic mesenchyme locally touches and finally fuses with the
chorionic mesoderm, thus obliterating the exocoelomic cavity. This is
completed at 12 weeks.

During the third week PC, the extraembryonic yolk sac, the ompha-
lomesenteric duct, which connects with the embryonic gut, and the
allantois become supplied with fetal vessels. Two allantoic arteries
originate from the internal iliac arteries, and one allantoic vein enters
the hepatic vein. These allantoic vessels invade the placenta and
become connected to the villous vessels. The allantoic participation
in placental vascularization is the reason that the human placenta is a
“chorioallantoic” placenta.
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Histology

The chorionic villi are the site where virtually all maternofetal and
fetomaternal exchange takes place. Most metabolic and endocrine activi-
ties of the placenta are localized there as well. The villi have a dual
blood supply from both the fetal and maternal circulations. Despite
the diversification of villous types, all chorionic villi exhibit the same basic
structure (Fig. 6.1). They are covered by syncytiotrophoblast, an epithe-
lial surface layer (Fig. 6.1a) that is in direct contact with the maternal
blood and functions as an endothelium. Between syncytiotrophoblast and
the basement membrane are the villous cytotrophoblast, or Langhans’
cells. These are the villous stem cells of the syncytium, supporting its
growth and regeneration. The trophoblastic basement membrane sepa-
rates the trophoblast from the villous stroma. The stroma is composed
of connective tissue cells, connective tissue fibers, ground substance, and fetal
vessels. In the larger stem villi, the vessels are mainly arteries and veins,
while in the peripheral branches most fetal vessels are capillaries or

R.N. Baergen, Manual of Pathology of the Human Placenta, 69
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Figure 6.1. Morphology of human placental villi. On the left is a simplified light microscopic section
of two terminal villi, branching off a mature intermediate villus. This is shown in greater detail on
the right, with a schematic electron-microscopic section of the placental barrier, demonstrating typical
layers (modified from Kaufmann P. Vergleichend-anatomische und funktionelle Aspekte des Placenta-
Baues. Funkt Biol Med 1983;2:71-79, with permission).

“sinusoids.” The human placenta is hemochorial in that the maternal
blood has direct contact with trophoblast. The layers separating mater-
nal from fetal blood are as follows (Fig. 6.1b):

¢ Syncytiotrophoblast

® An incomplete layer of cytotrophoblast
* Trophoblastic basement membrane

* Connective tissue

* Endothelial basement membrane

e Fetal capillary endothelium

These layers form the vasculosyncytial or placental “membrane.”

Syncytiotrophoblast

The syncytiotrophoblast is a continuous, normally uninterrupted layer
that extends over the surfaces of all villous trees and chorionic villi as
well as over parts of the inner surfaces of chorionic and basal plates.
It thus lines the entire intervillous space and is a single continuous structure
for every placenta. Therefore, plural terms such as syncytiotrophoblasts
and syncytial cells, which are often used, are inappropriate and should
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be avoided. Their use indicates a misunderstanding of the true nature
of the syncytiotrophoblast. The syncytium is involved in complex, active
maternofetal transfer mechanisms, including:

e Catabolism and resynthesis of proteins and lipids
* Synthesis of various hormones

¢ Diffusional transfer of gases and water

e The facilitated transfer of glucose

e Active transfer of amino acids and electrolytes

The syncytium varies in thickness from 2 to about 10 mm (Fig. 6.2).
On tissue sections of first-trimester placentas (Fig. 6.3), the syncytio-
trophoblast appears as a single layer surrounding the cytotrophoblast
with no cell border. The nuclei are small, with moderately dense chromatin.
The cytoplasm is homogeneous to finely granular, somewhat basophilic, and

syncytiotrophoblast
cytotrophoblast

fetal capillary

fetal macrophage

fibroblast
fetal sinusoid
vasculo-syncytial membrane

Figure 6.2. Simplified drawing of a cross section of a terminal villus dem-
onstrating the structural variability of the syncytiotrophoblast. Depicted
are vasculosyncytial membrane, syncytiotrophoblast with well-developed
smooth and rough endoplasmic reticulum, cytotrophoblast, fetal sinusoid,
fetal capillary, syncytial knot, and additional cells within the villus includ-
ing macrophage and fibroblast (from Kaufmann P, Schiebler ThH, Biobotaru
C, Stark J. Enzymhistochemische Untersuchungen an reifen menschlichen
Placentazotten. II. Zur Gliederung des Syncytiotrophoblasten. Histochem
1974;40:191-207, with permission).
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Figure 6.3. Light microscopic appearance of a first-trimester chorionic villus
with relatively thick syncytiotrophoblast and well-defined cytotrophoblastic
layer. H&E x100.
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Figure 6.4. Light microscopic appearance of third-trimester chorionic villi with

irregularly thinned syncytiotrophoblast and focally incomplete cytotrophob-
lastic layer. H&E x100.

is often vacuolated. Later in pregnancy (Fig. 6.4), the syncytiotrophoblast
varies markedly in thickness and focally may be thinned to almost
invisibility, forming the vasculosyncytial membrane (Fig. 6.2a). In
some areas it appears as a single layer of cells, while in other areas the
nuclei are piled up forming syncytial knots (Fig. 6.2e). Nuclei may
focally show degenerative change, but under normal circumstances
mitotic figures are not identified in syncytiotrophoblast.

Syncytial Knots, Sprouts, and Bridges

Syncytial knots, sprouts, and bridges are a heterogeneous group of
syncytiotrophoblastic specializations characterized by aggregates of
trophoblastic nuclei at the trophoblastic surface. The term syncytial knots
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Figure 6.5. Longitudinal section of a newly sprouting villus demonstrates the
stages of the sprouting process. In the upper third a group of syncytial sprouts
(ss) is formed; they become invaded by cytotrophoblast to form a trophoblastic
sprout (ts), followed by invasion of cellular stroma to form a villous sprout
(vs). Development of fetal capillaries marks the transition to a mesenchymal
villus (mv). The latter branches to form an immature intermediate villus (iiv),
the starting point of the sprouting process. Paraffin section. H&E x560.

is often used to refer to this entire group as they are generally indistin-
guishable on light microscopy. In the first half of pregnancy, most knots
visible on histologic section are syncytial sprouts or trophoblastic
sprouts (Fig. 6.5). These are characterized by vermiform extensions from
the villous surface with loosely arranged, large ovoid syncytial nuclei at the
tip. These are true proliferative outgrowths of the chorionic villi (vide
infra). A minority of syncytial knots show apoptotic changes and are
the sites of shedding of apoptotic nuclei into the maternal circulation.
These apoptotic knots are characterized by densely packed nuclei with
condensed chromatin and occasional degenerative change. Syncytial bridges
are true bridges and they develop from fusion of adjacent villi. They are
quite rare. In the third trimester of pregnancy, knots visible by light
microscopy are most commonly the result of tangential sectioning across
syncytiotrophoblastic surfaces (Fig. 6.4). The contour of the chorionic villi
changes as the placenta matures, and as it does so, there is a corre-
sponding increase in syncytial knots due to tangential sectioning. Thus,

Histology
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despite the fact that this is an artifact, it is a consistent one, and there-
fore is helpful in determining the age of placentas as well as evaluating
uteroplacental perfusion (see Chap.17).

Villous Cytotrophoblast (Langhans” Cells)

The Langhans’ cells or villous cytotrophoblastic cells form a second
trophoblastic layer beneath the syncytiotrophoblast. During early preg-
nancy, this layer is nearly complete (Fig. 6.3), but later in gestation it
becomes discontinuous (Fig. 6.4). As the villous surface expands, the
cytotrophoblastic cells become widely separated, and thus are less
numerous in sectioned material. They have the characteristic features
of undifferentiated, proliferating stem cells (Figs. 6.3 and 6.4). Typically
they are cuboidal, polyhedral, or ovoid cells with well-demarcated cell bor-
ders, and large, lightly staining nuclei containing finely dispersed chromatin.
The cytoplasm is usually clear to slightly granular and somewhat
basophilic. In contrast to syncytiotrophoblast, mitotic figures are occa-
sionally found.

Villous Stroma

The trophoblastic basement membrane separates the trophoblastic epithelium
from the villous stroma. The stroma consists of fixed connective tissue
cells, connective tissue fibers, free connective tissue cells (Hofbauer
cells), and fetal vessels. Undifferentiated stromal cells or mesenchy-
mal cells are the prevailing cell type until the end of the second month.
In later pregnancy, they are generally found only in stem villi and in
the few remaining villous precursors (vide infra). These cells are small
spindled cells with little cytoplasm (Fig. 6.6). At the end of the second
month, the mesenchymal cells differentiate into fibroblasts, which
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Figure 6.6. Immature chorionic villus with several typical undifferentiated
mesenchymal cells present underneath the trophoblastic cover. H&E x400.
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Figure 6.7. H&E-stained section of an immature chorionic villus with promi-
nent Hofbauer cells (arrows) x400.

have elongated, bizarre-shaped cell bodies from which several long, thin,
branching cytoplasmic processes extend forming flat sails of cytoplasm.
These form the stromal channels of the immature intermediate villi
(vide infra). Later in pregnancy the mesenchymal cells differentiate
into myofibroblasts, which have abundant cytoplasm, with only a few
short, filiform, or thick processes.

Most free connective tissue cells of placental villi are tissue macro-
phages, the Hofbauer cells. However, there are a few mast cells and
plasma cells. Hofbauer cells are numerous in both the villous stroma and
the chorionic plate throughout pregnancy. Initially, they are derived from
chorionic mesenchymal cells, but once fetal circulation is established,
they likely derive, as other macrophages do, from fetal bone marrow-
derived cells. Hofbauer cells are large, isolated cells that are round, ovoid,
reniform, or stellate in shape and have an eccentric nucleus (Fig. 6.7). At
term, Hofbauer cells are difficult to identify and difficult to differenti-
ate from other cells. In the case of villous edema, the Hofbauer cells are
said to be “unmasked” and are easier to appreciate.

General Considerations of Villous Development
and Villous Types

The ramifications of the villous trees can be subdivided into five villous
types based on caliber, stroma, vasculature, position within the villous
tree, function and development (Fig. 6.8a—e). The five types are:

® Mesenchymal villi

¢ Immature intermediate villi
e Mature intermediate villi

e Stem villi

e Terminal villi
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Figure 6.8. Simplified representation of the mature placental villous tree (a)
and cross sections of the various villous types (b—f). For further details see text
(from Kaufmann P, Scheffen I. Placental development In: Polin RA, Fox WW
(eds) Neonatal and fetal medicine — physiology and pathophysiology, Vol 1.
Saunders, Orlando, 1992:47-55, with permission).

Each of these types is present to a varying degree in most placen-
tas. Therefore, identification and differentiation of these villous types
is important so that they are not mistaken for pathologic changes.
Immature intermediate villi develop from maturation of mesenchy-
mal villi during the first two trimesters and are ultimately transformed
into stem villi (Fig. 6.9a). In the third trimester, mature intermedi-
ate villi develop from mesenchymal villi and are later transformed
into terminal villi (Fig. 6.9b). Thus, “intermediate” villi are transitions
from mesenchymal to mature villi. Intermediate villi are typically found
between the centrally located stem villi and the most peripheral termi-
nal villi.
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a
First and Second Trimester

b
Third Trimester

Figure 6.9. Routes of villous development during the first and second trimester (a) and third trimester
(b). (a) Trophoblastic sprouts are produced along the surfaces of mesenchymal and immature interme-
diate villi. Via villous sprouts, they are transformed into mesenchymal villi. The latter differentiate into
immature intermediate villi, which produce new sprouts before they are transformed into stem villi.
(b) Throughout the third trimester, the mesenchymal villi differentiate into mature intermediate villi,
which then may produce terminal villi. Mesenchymal villi no longer produce immature intermediate
villi, but those still remaining continue to differentiate into stem villi. Thus, their number decreases
with increasing gestational age. The source of new sprouts is also then reduced and therefore the
growth capacity of the villous tress gradually slows.

Mesenchymal Villi

Mesenchymal villi are the first generation of the tertiary villi and are
the precursors from which all other villous types arise. Mesenchymal villi
develop beginning in the fifth week (from last menstrual period) at the
onset of villous vascularization. From the fifth to the sixth week they
develop from the tertiary villi via primary and secondary villi. After the
sixth week, the villi develop syncytial outgrowths or syncytial sprouts.
In growth of cytotrophoblast forms trophoblastic sprouts, and growth
of connective tissue forms villous sprouts. Finally, fetal capillaries form
in the connective tissue core to create new mesenchymal villi. From
early gestation through the second trimester, mesenchymal villi
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Figure 6.10. Mesenchymal villi; eighth week postmenstruation. As can be
seen from the diffuse stromal structure, the villi still belong to the mesenchy-
mal type x100.

differentiate into immature intermediate villi. In the third trimester,
mesenchymal villi primarily differentiate into mature intermediate
villi (Figs. 6.8 and 6.9 and Table 6.1).

Mesenchymal villi have a thick trophoblastic cover with prominent
cytotrophoblast. They have the highest mitotic index of all villous
types. There is a primitive stromal core with loosely arranged collagen,
fibroblasts and a few Hofbauer cells (Figs. 6.8b and 6.10). Fetal capillaries
are poorly developed. Early on, mesenchymal villi are not only the source
of villous proliferation but also the site of maternofetal exchange and
endocrine activity. With advancing pregnancy their functional impor-
tance is reduced to villous growth. At term, they are only found in small
numbers on the surfaces of immature intermediate villi in the center of
the villous trees and comprise less than 1% of the placental volume.

Immature Intermediate Villi

The immature intermediate villi appear around the eighth week
and comprise the majority of villi from the 14th to the 20th week. At
term, only rare clusters are present in the center of the villous trees,
where they comprise less than 5% of the placental volume. These
villi mature into stem villi, a transformation that is a gradual process
resulting in many intermediate forms. Morphologically, immature
intermediate villi are bulbous in shape with a thick trophoblastic cover,
prominent cytotrophoblast, and a distinctive reticular stroma containing
fluid-filled stromal channels (Figs. 6.8c and 6.11). The stroma contains
easily identifiable Hofbauer cells. The fetal capillaries are poorly
developed. The reticular stroma may cause diagnostic problems,
as it simulates villous edema. Starting at about the eighth week,
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Figure 6.11. Immature intermediate villi and stem villi; 15th week. The larger
immature intermediate villi exhibit the first signs of central stromal fibrosis,
originating from the larger fetal vessels, thus establishing the first stem villi
(SV). Several typical immature intermediate villi (IV) and mesenchymal villi
(MV) can be seen. As is typical for mesenchymal villi of the second and third
trimester, they are associated with degenerating villi and are becoming trans-
formed into intravillous fibrinoid x125.

the immature intermediate villi act as growth centers of the villous
trees by forming new mesenchymal villi. Thus, new mesenchymal
villi are formed from both old mesenchymal villi and immature
intermediate villi.

Stem Villi

Stem villi are derived from immature intermediate villi and begin
to appear at about the eighth week (Figs. 6.11 and 6.12). The large
“trunks” and “branches” of the villous trees and the anchoring villi
are all stem villi and differ only in caliber and position. At term, they
make up to 20-25% of the placental volume because many are so large.
Because of their branching pattern, their “volumetric” share is highest
in the central subchorionic area of the placenta, particularly beneath the
cord insertion site. Functionally, stem villi serve to mechanically support the
structure of the villous trees. Their share in the function of maternofetal
exchange is negligible.

Histologically, stem villi have a thick trophoblastic cover with identifi-
able cytotrophoblast on about 20% of the villous surfaces. In the mature
placenta, the surfaces of these villi are often degenerative and partially
replaced by fibrinoid, particularly in the large caliber stem villi. The
stroma consists of condensed bundles of collagen fibers with occasional
fibroblasts and rare macrophages or occasional mast cells (Figs. 6.11 and
6.12). In the larger stem villi, there is a central artery and corresponding
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Figure 6.12. Stem villus. Cross section of a large stem villus. Note that the
adventitias of the right and vein directly continue into the surrounding dense
fibrous stroma of the villus. Superficially, numerous smaller vessels of the par-
avascular capillary net are seen. The trophoblastic covering has been replaced
by fibrinoid in many places x115 (from Leiser et al. 1985, with permission).

vein along with smaller arterioles, venules, and superficial paravascular
capillaries (Fig. 6.12). The adventitia of the vessels continues without
sharp demarcation into the surrounding fibrous stroma.

The transition from immature intermediate villi to stem villi is
gradual. Initially, the vessels acquire a distinct media and adventitia,
which expand to include the entire villus. Concurrently, an increase in
the connective tissue leads to compression and finally disappearance
of the stromal channels. In “immature” stem villi, there is a superficial
rim of reticular stroma surrounding the fibrous stroma, which represents
a differentiation gradient, the most central layer showing the highest
degree of differentiation. Stem villi are established when the superficial
reticular stroma beneath the trophoblast is thinner than the fibrous
tissue surrounding the stem vessels.

Mature Intermediate Villi

In the third trimester, the mesenchymal villi switch from forming
immature intermediate villi to forming mature intermediate villi.
These are the precursors of the terminal villi. Mature intermediate
villi are usually long and slender, but when their surfaces bear develop-
ing terminal villi they form a zigzag configuration as the terminal villi
branch off (Fig. 6.13). The stroma consists of unoriented, loose bundles
of connective tissue fibers and connective tissue cells. There are numerous
capillaries, small terminal arterioles, and collecting venules. Cross sections
contain less than 50% vascular lumens and therefore they participate
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Figure 6.13. Mature intermediate villi; 29th week PM. During this period, the
mature intermediate villi and the stem villi (lower left) are the prevailing villous
types. Immature intermediate villi with typical reticular stroma (lower right) are
less common x125.

significantly in fetomaternal exchange. Approximately 25% of the
placental volume at term consists of this villous type.

Terminal Villi

Terminal villi are the final ramifications of the villous tree. They are
grape-like outgrowths of the mature intermediate villi and appear as single
villi or as side branches (Fig. 6.13). The peripheral end of the mature
intermediate villus normally branches into an aggregate of terminal
villi and is connected to them by a narrow neck region. There are scant
connective tissue fibers and rare macrophages with a thin trophoblastic cover
in intimate contact with sinusoidally dilated capillaries (Figs. 6.13 and 6.14).
The capillaries possess a continuous endothelium and complete basal lamina.
Strictly speaking, terminal villi are those villi in which the vascular
lumens