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TiTULO: ESTUDO MULTICENTRICO DE PARAMETROS BIOMETRICOS DE PLACENTAS
SIMPLES E PESO FETAL EM FUNCAO DA IDADE-GESTACIONAL

RESUMO

Qualquer disturbio na normal sequéncia do desenvolvimento e crescimento pode levar a
discrepancias dos aspetos placentares e fetais. Sabe-se que o racio peso fetal (R-PFP) e o racio peso
placentar (R-PPF), sdo parametros mais importantes na avaliacdo da funcdo da placenta e do
crescimento fetal que o peso da placenta e o peso fetal (ou do recém-nascido) isoladamente. Assim,
avancos na compreensdo do peso placentar em funcao da idade-gestacional (IG) poderdo expandir a
utilidade do exame da placenta e o seu contributo para o “Projeto da Placenta Humana”.

O Objetivo Geral desta tese foi a producdo de curvas de percentis de peso e didmetros da
placenta e de peso ao nascimento (de fetos e/ou de recém-nascidos) em funcao da IG tendo por base
um estudo-retrospetivo de placentas de gestacdes simples de gravidas portuguesas, ndo descrito até a
data. Como Potenciais Objetivos estabeleceram-se valores de referéncia em funcdo da IG para R-PFP,
R-PPF e racio de diametros placentares e espessura da placenta e volume placentar. Outros Objetivos
Adlicionais decorreram do projeto de tese, resultando em outros artigos relacionados como a
classificacdo das lesdes em produtos de aborto do primeiro trimestre e a avaliacdo de aspetos
patologicos placentares em contextos fetais especificos.

Acredito em geral que a informacdo obtida pelas curvas de percentil sera util para o
acompanhamento fetal e perinatal/neonatal através da melhoria da avaliacdo da funcao placentar e do
equilibrio entre o crescimento fetal e placentar. Contribuirdo ainda para a prevencdo de situacdes
materno-fetais, concorrendo para o alivio psicossocial do casal individual e das familias. Em particular,
proverdo para uma melhor estimativa do volume da placenta (enquanto parametro preditor da funcao
placentar). Esta informacao potenciara a avaliacdo de situacdes de risco associadas a desfechos
adversos. Otimizara ainda as normas de orientacdo clinica para o seguimento fetal/perinatal,
concorrendo para a diminuicao da taxa de mortalidade fetal. Por ultimo serdo também relevantes para
os investigadores envolvidos em estudos atualmente designados de “doencas do adulto com origem

fetal - placentar”.

Palavras-chave: Curvas de percentil; Gravidez simples; |dade-gestacional; Racio peso fetal/peso

placentar; Racio peso placentar/peso fetal.



TITLE: A MULTICENTER STUDY OF SINGLETON PLACENTAS BIOMETRIC PARAMETERS
AND FETAL WEIGHT IN FUNCTION OF GESTATIONAL-AGE

ABSTRACT

Any disturbance in normal sequence of development and growth may lead to discrepancy of
placental and fetal features. It is known that birth weight/placental weight ratio (BPW-R) and
placental/fetal weight ratio (PW-R) are more important parameters in the evaluation of placental
function and fetal growth than placental weight and fetal (or newborn) weight alone. So, advances in
understanding of placental growth in function of gestational-age (GA) could expand and focus the utility
of placental examination and directed to the accomplishment of “Human Placenta Project” also.

The General aim of this thesis was to produce a Portuguese population-based, gestational-age-
specific, percentile curves for placental weight (PW) and diameters, birth weight (BW), in singleton
gestations, not yet described to date. Pofential objectives. Establish reference values in function of GA
for BPW-R, PW-R and ratio of Placental Diameters and Thickness and Placental Volume. Additional
objectives, associated with the thesis project, resulted in others related manuscripts as a classification
of First-trimester lesions and evaluation of placental features in fetal specific conditions.

| believe that these percentile curves information may be useful in many ways for clinicians to
promote advances in placental and fetal follow up enlightening the placental function evaluation and the
balance between the fetal and placental growth. These will also contribute to the prevention of maternal
and fetal situations, improving the psychosocial relief of the individual couple and their families. In
particular, will provide a better assessment of placental volume (as a predictor of placental function).
This information will enhance the assessment (and prevention) of risk situations associated with
adverse outcomes. It will further optimize the clinical guidelines for fetal/perinatal follow-up,
contributing to the reduction of the fetal mortality rate. Finally, could be relevant to the research

involved in the so-called “fetal and placental origins of adult diseases”.

Keywords: Birth/placental weight ratio; Gestational-age; Percentile curves; Placental weight ratio;

Singleton gestation.
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PREFACE

Human Developmental period is not controlled by a strict, hard-wired genetic programme.
Complex interactions between genes and environmental factors during developmental period
particularly in early stages when cells are differentiating and tissues are developing, play an important
role not only in human behavior but also in susceptibility to diseases. Now this period is considered as
a plastic phase which allows the organism to adopt to changes in the environment. Recently, studies
have revealed that chronic placental insufficiency may result in fetal disorders namely neurologic
diseases and increase the risks of diseases later in life.

So, placental studies can be useful in a variety of ways: (1) immediate diagnosis of important
conditions affecting the mother, fetus or newborn; (2) identification of conditions that are likely to recur
in subsequent pregnancies; (3) information that can guide the management of future pregnancies or
influence the long-term care of the mother and infant; (4) giving a diagnosis that explains unexpected
adverse outcomes; (5) as a gold standard for many epidemiologic studies and improving a real time
image technics approach; (6) in recent years, understanding of aspects of placental pathology in
perinatal adverse settings is widely used in medicolegal disputes.

When adequately studied, the placental findings including placental biometries have often been
useful in settling of many difficult cases of perinatal mortality and neonatal diseases. Thus, recently, we
have seen a greater number of requests for placental pathological study even in routine preterm or term
deliveries.

The characterization and randomization of pathological placental processes were determinant for
the gradual acceptance of a standardized, reproducible and biology-based classification system.
(Amsterdam Placental Workshop Group Consensus Statement). This has led to advances in health care
and the improvements of preventive measures in specific maternal and fetal conditions.

There are several placental conditions diagnosed only on histological examination. However, fetal
morbidity and mortality related with placental gross phenotype are well-known. Also, any disturbance in
normal sequence of development and growth may lead to discrepancy of placental and fetal features.
Recently associations between birth weight placental weight ratio (BPW-R) and placental thickness (PT)
with perinatal morbidity and mortality were described. So, advances in understanding of placental
growth as a function of GA could expand and focus the utility of placental examination directed to the

accomplishment of “Human Placenta Project”.
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Placental pathology is related with clinical history and has significant implications in fetal,
perinatal and neonatal periods, and also in maternal health.

The placental measurements namely, PW-R and BPW-R are important and common parameters
in the evaluation of the placental function and for the balance between fetal and placental growth.
However, the evaluation of placental parameters and measurements in relation to a Portuguese-based
population has not been carried out to date.

Thus, the potential objective was to establish placental and fetal percentile curves across
gestational-age (GA) in a Portuguese-based pregnant woman.

| believe that these percentile curves information may be useful in many ways for clinicians to
promote advances in placental and fetal follow up enlightening the placental function evaluation,
perinatal care and maternal health. , and consequently to recover psychosocial relieve of the couples
and families. In particular, these may contribute to increase perinatal success and, directly the birth
rate. Finally, could be relevant to the research involved in the so-called fetal and placental origins of

adult disease and “Human Placenta Project”.
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STATE OF ART

Initially, placental pathology focused on macroscopic abnormalities. Although distinctive, the
macroscopic features do not explain all adverse outcomes.

Classification of placental lesions has evolved from being a purely descriptive exercise through a
stage in which the major pathophysiological processes such as disorders of maternal implantation and
amniotic fluid infection syndrome were first described to a recently proposed comprehensive
classification system that includes maternal and fetal processes, infectious and idiopathic/immune
inflammatory processes.

Authors demonstrated the association of microscopic features such as delayed villous maturation
and fetal death; chorangiosis and neonatal morbidity and mortality; chronic villitis infections and
intrauterine growth restriction (IUGR), fetal demise and neonatal morbidity or mortality; placental
mesenchymal dysplasia and high rates of IUGR and fetal demise.

But new challenges appeared, in part associated with the advent of AART (Assisted Reproductive
Technology) and ICSI (Intra-Cytoplasmic Sperm Injection) related both with parental infertility and also
with increasing of maternal age and morbidity. There are well-known condititons associated with a
distinct placental phenotype.

The understanding of placental pathology and the systematic approach to placental diagnosis
have been important in expanding and focusing the usefulness of placental examination.

So, the request for placental pathologic examination (First-trimester abortions specimens (FTAS)
and Second and Third trimester placenta) has increased in part by the requirements of obstetricians
related with the advancements in prenatal diagnosis and with the new medically litigious challenging
situations.

Even though risk factors for high and low placental weight are poorly understood we have seen a
growing interest in the evaluation of PW and BPW-R as factors associated with adverse fetal or perinatal
outcomes and diseases later in life.

Also, Measurements of the gestational sac (GS) and embryonic size have been used to evaluate
pregnancy failure, intrauterine growth restriction (IUGR) and maternal diseases. However, in Portugal
unfortunately, early abortion and placental pathology is still a subspecialty of surgical pathology

undervalued, ineffectively handled and not clinically shared.
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The pathological study of the placenta, serving as a gold standard, will continue to play an
important role in assessing the quality of the diagnosis and in preventing potential adverse outcome in
subsequent pregnancies of specific individual situations.

Placental morphology and biometric parameters adapted to the Portuguese population, was
carried out to date. Knowing that placental volume is a better parameter to determine placental
function, placental biometric parameters are important to evaluate placental volume. So, part of this
study will include the evaluation and design human placental percentiles curves and embryo-fetal
biometric parameters and birth weight as a function of gestational-age (GA) that reflect the Portuguese
population. These may provide additional relevant information on fetal and placental follow-up in current
maternal contexts.

Placental pathology will likely be important to validate new diagnostic test evaluation and
comparative efficacy trials. Also, the goal of the recently initiated “Human Placenta Project”, are
unlikely to be realized if pathological phenotype and data from the various “omics” technologies are not

considered together.
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“Lo que mas importa a un sistema cientifico es que sea
verdadeiro, e ademas de ser verdadeiro es preciso que sea compreendido”

In £l Tema de Nuestro Tiempo
José Ortega Y Gasset

THESIS LAYOUT

The seeds of this thesis were sown when, about 30 years ago, at the beginning of my career as
a pathologist, | began to study placentas in large numbers.

Placenta is a shared organ and the most important organ in the maintenance of a healthy
pregnancy. It is a recognized diary of intrauterine life promising to explain the mysteries underlying
poor pregnancy outcome.

Placental pathology in earliest stages were focused on macroscopic abnormalities. However, in
itself, the macroscopic aspects do not explain all the adverse outcomes. Consequently, progresses in
placental classification lesions, have been achieved through the gradual acceptance of standardized
and biologically based pathophysiological processes.

Also, over the last decade, increasing research interest has been attached to the placenta
weight and particularly to placental weight ratio (PW-R) and birthweight/placental weight ratio (BPW-R)
has a risk factors to fetal outcome and early mortality, morbidity and even the development of
diseases in adult life.

So, in order to prepare this thesis and to approach it in a systematic way, | read exhaustively
theses, chapters of books and articles on the subject. Also, | prepared multidisciplinary courses with
my obstetrician colleagues and trained my colleagues of surgical pathology and fellows in this specific
area of pathology.

Thus, to introduce the topic of study of the thesis, in Chapter 1 | will develop a global view of
the placenta, the methodology study approach and its more common pathological processes.
Consequently, a comprehensive overview of the related methodology placental study and
terminologies is covered in Chapter 1. In this chapter, | will emphasize the usefulness and importance
of a competent evaluation of the placenta from macroscopic and microscopic examination until the
production of the final report. Also, the normal morphology of the placenta and common lesions are
briefly discussed and adequately illustrated. It whenever necessary, | would consider a comment

heading for the understanding of the placental pathology and its clinical implications.



| believe that only a competent and standardized examination of the placenta could improve the
comparison between studies of frequencies and significance of placental parameters and lesions.
Also, will contribute to the appreciation of this area and will be useful to trainees in pathology,
obstetrics and gynecology, cardiology, neonatology/perineonatology and other specialties such as
radiology and genetics. It is certainly beneficial for clinical practice as well as could be an essential
resource in litigation.

| hope that placental procedure and the percentile curves generated may serve as a guide for
obstetricians and general surgical pathologists and, in the near future, as a comparative population-
based percentiles curves. These may be essential for national and regional epidemiological studies on
maternal, fetal or perinatal and child health.

In accordance with the standards outlined by Medical school of Minho University and
Postdoctoral studies, this thesis is presented in the integrated-article format.

Therefore, this thesis consists of two distinct, yet highly dependent investigations. Both were
addressed using data from the Embryo Fetal Pathology Laboratory Centro de Genética Clinica (CGC),
in Porto, Portugal. The specific objectives are outlined below.

The principal goal consists in Portuguese Population-Based Placental measurements, Placental
Weight Ratio (PW-R) and Birth/placental Weight Ratio (BPW-R). These results will be presented as 2
published manuscripts in Chapter 2.

Nowadays, birth weight (BW) percentiles curves are widely known and used in clinical practice
to monitor fetal growth and classify the risk of some fetal conditions. Also, justify further investigation,
in order to distinguish constitutionally small fetuses for gestational-age (SGA) from fetal growth
restriction (FGR).

Although, studies referring to Placental percentile’s curves such as PW, BPW-R and PW-R are
very rare. Also, the evaluation of largest placental diameter (LPD or PD>), smallest placental diameter
(SPD or PD<) and placental thickness (PT), and its relationship with fetal growth (e.g. FGR, SGA,
appropriate or large for gestational-age) and others fetal adverse outcome are poorly explored yet.

So, resulting from the main investigation of the thesis - evaluation of placental biometric
parameters across gestational-age (GA) — some additional investigations were generated and therefore
are presented separately in Chapter 3, as well as referenced in Appendix 1, Appendix 2 and Appendix
3.

Consequently, the present Thesis is organized in 4 parts.



In Chapter 1, will cover a placental morphology from Firsttrimester to Second and Third
trimester. The most common placental (macroscopic and microscopic) lesions will be briefly
discussed and adequately illustrated. Also, some aspects of the usefulness of a competent
examination of the placenta and their relevance in the litigious contexts are briefly introduced. This
section will help to recognize a systematic approach to placental pathology, encompassing gross
evaluation, sampling for histology, microscopic examination and pathological diagnosis.

Despite description of placental features and their maternal and fetal significance in the
chapter, tables for easy and quick consultation were created. Also, a succinctly message of the utility
of placental examination and placental measurements is introduced.

The subsequent Chapters 2 and 3 of this Thesis contains three manuscripts each with other
contributing authors. Also, related works are referenced in Appendices 1, 2 and 3.

For the purpose of the thesis project Chapter 2, will develop a Population-Based Placental
Weight across Gestational-age Pathological Study, ensuing two manuscripts: Measurements in First-
trimester Abortion Products: A Pathologic Study, the order of authorship is a follow: Nogueira R, Sousa
S; Braga AC, Azevedo A, Pereira N, Carmo O, Correia-Pinto J. and Placental Biometric Parameters:
The Usefulness of Placental Weight Ratio and Birth/Placental Weight Ratio Percentile Curves for
Singleton Gestations as a Function of Gestational-age, the order of Authorship is a follow: Nogueira R,
Cardoso PL, Azevedo A, Gomes M, Almeida C, Varela C, Braga AC, Correia-Pinto J. Also, other related
works are referenced in Chapter 3.

Chapter 3, integrates an approach to the usefulness of a classification of placental lesions
presenting as manuscript: Histopathological Classification of First-trimester Abortion Products Linking
a Clinical Follow-up, the order of Authorship is a follow: Nogueira R, Azevedo A, Cardoso PL, Cadilla J,
Rodrigues G, Gomes M, Almeida C, Varela C, Correia-Pinto J. Others related works are referenced in
Appendix 1, Appendix 2 and Appendix 3. Appendix manuscripts were published each with other
contributing authors. (Appendix 1) Macroscopic and Histological Study of the Placenta: An Essential
Resource in Litigation Processes, the order of authorship is as follows: Nogueira R, Pinto-Ribeiro F,
Pereira S, Valente F. (Appendix 2) Morphological Placental Portraits in Congenital Diaphragmatic
Defects.: A Pathological Study Approach, the order of authorship is as follows: Nogueira R, Cardoso P,
Braga AC, Aimeida C, Nogueira-Silva C, Pinto-Correia J. (Appendix 3) Four FATCO Syndrome Cases.
Clinical, Autopsy and Placental Features with Literature Review Update, the order of Authorship is a
follows: Nogueira R, Sa J, Varela C, Amorim G, Valente F, Tavares P.

Chapter 4, will address the Thesis General Results and Discussion, and the Final Conclusions.



At each Chapter contexts, even though | followed the orientation of the Amsterdam consensus |
would like to emphasize my points of view and relate them to my experience. Also, where relevant and
related to my own experience, | gave my own opinions.

| hope that the readers will find the Thesis useful for clinical practice and, consequently, for

maternal, placental and fetal management.



“The wisdom of the nature is such that it produces
nothing superfluous or useless.”

Nicolaus Copernic

CHAPTER 1
GENERAL INTRODUCTION



BACKGROUND OVERVIEW OF THE HUMAN PLACENTA ACROSS GESTATIONAL-AGE

At the beginning of my learning and introduction to placenta pathology and early miscarriage
specimens, | confess that | was intimidated by the complexity of their anatomy and pathology. Today, |
feel that the placental examination leads, in experienced hands and in most of situations, to a
diagnosis. These allows parents and clinicians to understand the cause of the miscarriage or adverse
outcome and also gives them an option of conduct in future pregnancies.

Pathological placental examination is an important step in the assessment of embryo and fetal
malformation or identification of a previously unsuspected disease processes in the mother or infant
that could require immediate attention.

Knowing that the goals in examination of therapeutic abortion include the goals stated for a SA,
except for the increased likelihood of pathologic findings in the first and the fact that specific studies
are more commonly requested at the last situation. It is important known that the First-trimester and
Second and Third trimester placentas have distinct aspects and different types of lesions.

Adittionally, to be reproducible, pathological reports must adopt uniform sampling criteria and
internationally accepted macroscopic and microscopic terminologies. (Khong TY, et al, 2016;
Turowski G, et al, 2012; Redline RW, 2015). The standardization of gross and histological sampling
of the placenta is important because focal lesions should not be missed, and because the comparison
between studies of frequencies and significance of lesions is dependent on sampling methods.

A few research studies on the growth and development of human placenta are published to
date. But placental measurements are crucial tools on pathological examination and essential for an
understanding fetal outcome (e.g., small for gestational-age (SGA), large for gestational-age (LGA) or
fetal growth restriction (FGR), fetal diseases and even fetal demise) and maternal disturbance.

The development of new technologies, imaging and other ways of monitoring the placental
growth could be easier if it is matched with pathological competent examination. So, this is plausible
that advances on pathological evaluation of the growth and development of the human placenta bring
additional knowledge in this very significant field. This advances could be important implications in
antedating the diagnosis of possible diseases related to problems suffered in utero and that may
express later in adult life.

In routine pathology practice gross description of the placenta include the placental weight and
biometry’s: (i) Placental weight (PW) must be acquired trimmed of extraplacental membranes and

umbilical cord. (Khong TY, et al, 2016); (i Placental disk dimensions should include the



measurement of the placenta in three dimensions: the maximal linear dimension [length — largest
placental diameter (LPD)], the greatest dimension of the axis perpendicular to this linear
measurement [width — smallest placental diameter (SPD)], and the mural minimal and maximal
placental thickness (PT). (Khong TY, et a/, 2016) Only the achievement of these measures allows
percentile curves and correlation studies available.

There are evidences suggesting that placental shape and size are factors that may be
statistically associated with pregnancy complications such as FGR, reduced fetal movements, and an
individual’s long-term health (Ericksson JG, et a/, 2011; Shehata F, et a/, 2011; Barker DJ, et al.,
2011; Barker DJ, et al, 2012).

Placental biometric percentile curves are important predictors of fetal outcome, perinatal and
neonatal morbidity or mortality and adulthood diseases. (Risnes KR, et a/, 2009; Yu KM, et al,
1992). These are essential for comparative epidemiological national and regional studies also.

Actually, there are many studies on BW percentiles, however, the same does not happen with
placental measurements parameters. | believe that additional information from placental biometric
(e.g., PW, PDs, PT, PW-R) and BPW-R percentile curves studies as function of GA may be useful to
clinicians and researchers in different areas. (See Chapter 2).

Such as the placental measurements, the placental phenotype and dysmorphology may explain
a fetal demise or anomalies. These could be relevant to anticipate a fetal, maternal and/or placental
disorders that could be monitoring in future pregnancies. (See Appendix 1, Appendix 2 and Appendix
3).

The characterization of pathological placental processes and their randomization with
reproducible criteria allow the advances in health care and in appropriate preventive procedures.
(Chang KT., 2014). So, the classification of placental lesions should be established as early as
possible, in order to improve fetal follow-up (see Chapter 3). A competent placental examination could
identify: (1) maternal or fetal disease requiring immediate medical intervention (e.g., fragmentation
suggestive of placenta accrete; unusual infections such as cytomegalovirus, parvovirus or listeria;
suggestive changes of aneuploidy or metabolic storage disease and mesenchymal dysplasia); (2)
specific placental lesions with high risk of recurrence and relevant in the follow-up of future
pregnancies (e.g., chronic histiocytic intervillitis, non-specific villitis, spontaneous preterm birth with
histological chorioamnionitis between others); (3) specific conditions (e.g., umbilical cord disorders;
early marginal abruption and oligohydramnios sequence; maternal floor infarction; placental

hypoplasia within others) that explain an adverse outcomes as a fetal death, FGR, spontaneous



preterm birth, or central system nervous (CSN) injury; (4) placental lesions that can guide the
management of future pregnancies or influence the longterm care of mother and infant (e.g.,
gestational trophoblastic diseases (GTD); maternal vascular malperfusion (MVP) or fetal vascular
malperfusion (FVP) with neonatal sequelae; idiopathic/immune lesions, etc.) and, so, minimize these
in future pregnancy. So, a competent placental examination allows the couple’s monitoring and
reproductive planning. (Redline RW, 2015). Furthermore, any additional information is relevant to the
development of fetal or placental studies and research of the actually designated adult diseases with
fetal origin.

Below, will be presented a briefly information on definitions, terminology and pathological

examination approach.

1.1. PLACENTAL MORPHOLOGY

1.1.1 FIRST-TRIMESTER SPECIMENS

1.1.1.1 General Considerations

First-trimester spontaneous abortion specimens (FTSAS) are one of the most frequent
specimens submitted to pathology study. They differ greatly in their composition (e.g, blood clots
admixed with minimal decidua tissue, fragmented villous tissue and embryonic/fetal parts; a
completely empty gestational sac (GS); an embryo; or something between). (Baergen RN, 2011;
Nogueira R et al., 2019).

For the pathologist, examination of FTSA generally involves several goals. The most basic is a
documentation of an intrauterine pregnancy. At this instance it is important to known that the
presence of decidual endometrium alone does not confirm an intrauterine pregnancy as this change is
hormonally dependent and can be seen outside of pregnancy. Also, occasional trophoblastic elements
or chorionic villi do not confirm an intrauterine pregnancy because rarely, a few chorionic villi or
trophoblastic cells may be transported to the endometrial cavity from an ectopic pregnancy. (Baergen
RN, 2011). Therefore, in these situations, communication with the submitting physician is essential in
determining if an ectopic pregnancy is likely.

Potential goals of a competent FTSA products examination include the identification of

previously unsuspected lesions; exclusion of gestational trophoblastic disease (GTD); estimation of



gestational-age (GA); and estimation of maceration (e.g., a change related with the time of intrauterine
retention after embryonic death).

So, Firsttrimester pathological reports must adopt on sets of uniform gross descriptors, GS
and embryonic sampling criteria, microscopic descriptors and terminologies. (Baergen RN, 2011;

Middeldorp S. 2007; Freire K, et al, 2009; Nogueira R, ef al,, 2019).

1.1.1.2 Gross Descriptors

Macroscopy of FTSAS is primarily concerned with identification of different components such as
decidual tissue, GS (villous tissue, amnion), yolk sac, umbilical cord and embryo.

Often the components are disrupted and intermixed with non-embryonic tissues usually more
abundant than embryonic tissue (Figure 1). In general, gross examination of FTSAS does not provide
diagnostic information alone, except in the cases of hydatidiform mole (HM) (Figure 2).

If genetic tests are required, embryonic and GS connective tissue samples must be sent in
saline with ampicillin. Rarely, requests for molecular testing to rule out a specific disease are asked
therefore, in a suspect context a special test may be requested. Nevertheless, this may not be
possible on every spontaneous abortion (SA) for financial or practical reasons.

However, due to either unusual anomalies or no precise clinical information, it is prudent to
freeze embryonic and GS (e.g., chorionic villi and chorionic plate) connective tissue samples in
nitrogen liquid and store at -70°C. (Baergen RN, 2011). In this way, tissue will be preserved and may
be used for many types of molecular testing, namely in the future. (Baergen RN, 2011).

It is known that chromosomal anomalies are present in more than 50% of spontaneous abortion
(SA) (Brook et al, 1984; Morton et al., 1988; Philipp T, ef a/,, 2003; Kalousek, 1987; Kalousek, et
al, 1993; Nogueira R, et al, 2019). Changes suggesting of chromosomal anomalies or metabolic
diseases could be suspected on microscopy. So, oriented genetics or molecular tests (e.g.,
cytogenetics or flow cytometry, exome with copy number variation (CNV) or whole-exome sequencing)
can be advantageous in specific microscopic findings. (Baergen RN, 2011; Lomax ef a/., 1994; Criado
et al., 1997 Eiben et al, 1990; Nogueira R, et al, 2019).

If resources permit, fetal (e.g., muscle, lung, kidney and liver) and placental (e.g., chorionic villi
and chorionic plate with amnion) connective tissue samples should be submitted for cytogenetic

analysis for optimal results anticipating or minimizing in advance the possible diagnosis of confined



placental mosaicism (CPM) and the possibility of non-growing of cultures in cases of maceration

namely embryo-fetal maceration. (Baergen RN, 2011).

Figure 1. Macroscopic evaluation of First-trimester spontaneous abortion specimens. (A), Mixed disrupt components: decidua, blood
clots, gestational sac, embryo. (B), Gestational sac with a growth disorganized embryo. (C), Fragment of decidual tissue. Note the membranous
character with a granular surface. (D), Mixed disrupt components of decidual tissue and chorionic vill at center. (E), Intact gestational sac under
saline with hydropic villi (inset). (F-H), Empty intact gestational sac under saline (H). Nogueira R, Embryofetal Pathology laboratory, CGC genetics.

1.1.1.3 Microscopic Descriptors and Pathological Report
Microscopic examination of FTSAS is essential to understand the underlying causes of

pregnancy loss. These are often complex and with distinct pathogenic mechanisms. (Kalousek DK, ef

al, 1987; Choi TY, et al, 2014; Kalousek DK, 1998; Baergen RN, 2011; Philipp T, et a/, 2003).
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Thus, microscopy is an essential key step that allows definitive diagnosis in most cases. (Middeldorp
S, 2007; Freire K, et al., 2009; Kalousek DK, 1998).

Microscopy (Figure 2) is crucial for evaluation the embryonic and GS development. It is
essential to match the growth as a function of gestational-age (GA) and to diagnose maternal,
placental or embryonic causes for pregnancy loss also.

Microscopically, on decidua and clots, we must analyze implantation zone, vessels lesions (see
Figure 2) and inflammatory or infectious disorders (see Figure 2) even less common in First-trimester.
Despite the characteristic macroscopic aspect of hydatidiform mole (HM) (see Figure 2) microscopic
classification in partial hydatidiform mole (PHM) and complete hydatidiform mole (CHM) or early CHM
(e-CHM) (see Figure 2) is very important for maternal follow-up and future pregnancies. So,
microscopic evaluation and classification of HM is mandatory. Also, chorionic villi features suggesting
change of chromosomal abnormalities (SCCA) or metabolic storage diseases (MSD), are well defined
histologically (see Figure 2).

Additionally, Immunohistochemistry and genetic tests could be useful in some cases such as
early complete hydatidiform mole (e-CHM) or very early complete hydatidiform mole (ve-CHM).
(Gerulath AH, et a/., 2002). Besides, some trophoblastic neoplasia namely extravillous trophoblastic
neoplasias and secondary neoplasias may be diagnosis only under microscopic examination and in
addition requirements of immunohistochemistry may be crucial for diagnosis in difficult cases.
(Ramilo I, et al,, 2014; Caldas R, et al., 2017).

So, only microscopy (see Figure 2) allows the classification of FTSA lesions that could be: (1)
maternal-deciduous (e.g., massive fibrinoid deposition, chronic intervillositis, maternal vascular
malperfusion (MVM), and rare infections such as cytomegalovirus or parvovirus); (2) villous lesions
(e.g., suggesting chromosomal abnormalities or metabolic disease and HM etc.) (See Figure 2); (3)
embryonic disorders (e.g., growth disorganized (GD) embryo or specific organ defects such as neural
tube defects between others) (Figure 3).

First-trimester classification lesions is an essential step on therapeutic approach and guidance
in future pregnancies, allow the assessment of recurrence risk in subsequent pregnancy and helping
in orientation of complementary genetic or others tests. (Kalousek DK, 1998; Philipp T, ef a/.,, 2003;
Nogueira R, ef al., 2019).
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Fgure 2. Macr pic and micr pic features of First-trimester unsuspected disease processes. (A), Microscopy of decidual
vasculopathy: acute atherosis and fibrinoid degeneration. H&E. x200. (B), Hyalinized decidual vessels with adjacent minimal decidual
necrosis. H&E. x200. (C), Microscopic features of severe chronic intervillositis consisting of infiltrates of lymphocytes. H&E. x100. (D-F),
hydrops villi, erythroblastosis, parvorirus B19 infection (D, inset). H&E. x400. (G), Villous changes suggesting chromosomal abnormalities.
H&E. x100. (H,), Villi with trophoblastic and Hofbauer cells vacuolization typical of metabolic storage disorder. H&E. x200 (H) H&E. x400 (I).
(J), Under saline gestational sac macroscopy. Note the hydropic villi character. (K), Marked villous edema with cistern formation. Note the
acellular central region surrounded by edematous, loose stroma devoid of blood vessels and circumferential mild trophoblastic proliferation in
a very early complete hydatidiform mole. H&E. x100. (L), Marked circumferential trophoblastic proliferation in a complete hydatidiform mole.
H&E. x200. (M), Partial hydatidiform mole photographed under saline. Note bulbous swelling of terminal villi. (N), Enlarged irregular villi with
cavitation and scalloped borders and trophoblastic pseudo-inclusions (arrow), circumferential mild trophoblastic proliferation. H&E. x100. (0),
Marked circumferential trophoblastic proliferation in a complete hydatidiform mole. H&E. x200. Nogueira R, Embryofetal Pathology
laboratory, CGC genetics.
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Figure 3. Macroscopic and microscopic features of normal embryo and growth disorganized (GD) embryo and sampling to
histological study: (A, B), Intact gestational sac (GS) with sparse villi; B, close up opened empty GS, consistent with growth disorganized (GD) type
1 (GD1). (C), Intact GS with fine, soft and white chorionic villi with papillary fronds representative of their villous structure. (D), Empty gestational sac
with chorionic hemorrhage. (E), Opened sac showing and amniotic sac that is significantly smaller than the surrounding chorionic sac (arrow),
microscopy of hydropic avascular villi suggesting change of chromosomal abnormalitie (Inset). (F,G), Gestational sac containing a nodular embryo (e)
consistent with a GD2, (arrows). (H), Gestational sac with an embryo with short body stalk (arrow), a GD3 embryo with no recognizable external
features (Inset). (I-K), Embryos with recognizable cephalic and caudal poles (arrows). Microscopic features of a GD3 embryo (Inset). Note the yolk
sac (YS) (K). (L-0), Embryos with recognizable cephalic and caudal poles. (L,M), Embryos with small and distorted head (arrow). Note the lymb buds
(LB) and a cardiac prominence (Inset). (N,0), Embryos with small distorted head, absent or abnormal cervical flexion, a more develop limbs, retinal
pigment and ventral prominence consistent with a GD4 embryo (N). Note the yolk sac (YS). (P), Embryo with neural tube defect: occipital
encephalocele (arrow) and recognizable elbow (arrowhead). Nogueira R, Embryofetal Pathology laboratory, CGC genetics.

Microscopy is a big contribution to understand the adverse outcome including in early
miscarriages. (Kalousek DK, 1998; Philipp T, et al,, 2003; Philipp T, et al,, 2002; Nogueira R, et al.,
1993; Nogueira R, et al., 2019).

A competent First-trimester spontaneous abortion pathologic report must be biologically

comprehensive, standardized and clinically easy-to-grasp to be relevant for national and international

comparisons and as a platform for further research. (See Chapter 3).
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1.1.2 SECOND AND THIRD TRIMESTER PLACENTA

1.1.2.1. General Considerations

Regardless placenta shows extensive growth in the Second and Third trimester, gross
morphology is established early in pregnancy before the end of First-trimester.

Placental function and morphology must appropriately evaluate on the knowing of GA. These
are crucial to matched fetal growth and development (Naeye RL, 1987; Thompson JMD, 2007; Pinar
H, et al, 1996; McNamara H, et al, 2014).

The knowledge of placental phenotypes and morphology, (e.g., weight, shape, size namely
diameters and thickness) have different significance at different GA, and that are related with embryo
and fetal pathology allow us to provide suggestions on what, when and how to do, improving the
interpretive context in specific maternal-placental-embryonic situations. Understanding the process of
placental disease has become a challenge in assessing aspects of the placenta in new fetal and
maternal situations. (Catov JM, ef a/, 2015; McNamara H, et al, 2014; Roberts DJ, et al,, 2006;
Royal College of Pathologists, 2017).

The recently improved interest in placental study is also associated with the fact that previously
unsuspected placental lesions take a major role in deciding negligence cases in obstetrics (Baergen
RN, 2011; Nogueira R, et al,, 2015; Khong TY, 1997).

Gross and histopathological examinations of placenta have yielded insight, regarding morbidity
and mortality in the fetus and offspring. Therefore, the knowledge of fetal morbidity and mortality
associated with altered placental dysmorphology, structure and function had increased the demand of
pathological study. (Catov JM, ef a/, 2015).

Actually, placentas that are examined routinely provide relevant information to the management
of subsequent pregnancies and maternal health. (Langston C, ef a/. 1997; Cox P, ef al. 2011; Redline
RW, 2008; Nogueira ef a/., 2015; Khong TY, et al, 2016; Turowski G, et a/, 2012; the Royal College
of Pathologists guidelines 2017).

Although large perinatal registries have provided tremendous insight regarding risk factors and
consequences of adverse pregnancy outcomes, placental data are included in only a few revisions.
(Roescher AM, et al., 2014; Catov JM, et al,, 2015; Redline RW, 2015).

Also, many reports combine placental lesions and perinatal outcome, but only some histologic

lesions and its fetal consequences are partially understood (Lamont K, ef a/., 2015; McPherson E.,
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2016; Lawn JE, ef al, 2011; Fretts RC, 2005; Goldenberg R, 2010; Groen H, et a/, 2017; Stillbirth
collaborative Research Network Writing Group, 2011).

1.1.2.2. Gross Descriptors

Placental Disk

Placenta is an anatomic and functionally complex organ and is ever-changing as it matures
throughout gestation (Figure 4). It links the mother and fetus during pregnancy, facilitates exchanges
of nutrients, oxygen and waste, and is the site of synthesis and selective transport of hormones and

neurotransmitters.

Weight

As in early pregnancy, Placental weight (PW) and birth weight (BW) are associate with adverse
outcomes. Placental weight can vary because it is affected by fixation, the amount of blood retained,
and the intactness of the maternal surface. So, knowing that the PW is dependent on the amount of
intervillous blood and blood in fetal vessel and formalin fixation it should be preferably achieved after
proper washing of the placenta in current water and fixating in formaldehyde for a period of 24 hours
or less, and after removing the umbilical cord and capsular membranes (see Figure 4). (Baergen RN,
2011; Benirschke K et al., 2006).

Increase PW can be associated with many fetal diseases, placental tumors and infections, and
maternal endocrine disorders. (Naeye RL, 1987; Thompson JMD, 2007; Pinar H, et a/, 1996). On
the other hand, small and low weight placentas can often reflect an intrauterine growth restriction
(IUGR) and may be correlated with circulatory maternal diseases (Naeye RL, 1987; Thompson JMD,
2007; Pinar H, et al., 1996).

So, any deviation of normal PW and measurements can reflect fetal or maternal disorders and
may be associated with disturbance in normal sequence of fetal growth and development.

Although there are few works reporting the PW and the placental weight ratio (PW-R) or birth
weight placental weight ratio (BPW-R) during the grossing process. (Molteni RA, et al,, 1978; Perry |J,

et al, 1995). Standard tables for PW in singleton placentas and BPW-R are available namely later in
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pregnancy. (Thompson JMD, ef a/., 2007; De Paepe ME, Shapiro S, Young LE, ef a/, 2015; Asgharnia
M, et al., 2006).

Size and Thickness

Placenta at term has 18-cm to 20-cm diameter by 1.5-cm to 2.5-cm thick (see Figure 4).
(Salafaia CM, 2009) Disturbance in normal sequence of placental development and growth may lead
to disproportion of physical features. (Naeye RL, 1987; Thompson JMD, 2007; McNamara H, et a/,
2014). Association between morphology and chorionic thickness and early fetal growth disturbance

are described previously also. (Salafaia CM, et al,, 2010; Salafaia CM, et al,, 2012).

Shape

The placental shape at Second and Third trimester generally is round to ovoid. (Salafaia CM,
2010; Salafaia CM, 2012). Any deviation in placental shape must be described since that can result
from different causes (e.g., anatomic or implantation disorders, etc) as well related with adverse
outcomes.

Bilobed and multilobed placentas (Figure 5) can traduce an abnormal implantation in lateral
uterine sulci or be associated to uterine cavity abnormalities. Succenturiate lobes (see Figure 5),
representing extra portions of placenta in the capsular membranes, are associate with a failure of
atrophy of capsular villi. Unusual shape anomalies may have associated problems involving umbilical
cord or membranous vessels (see Figure 5). (Salafaia CM, et a/. 2010; Salafaia CM, et a/. 2012).

True placenta Previa is a clinical diagnosis and means that placental villous tissue covers the
cervical opening. This predispose to placenta accreta and others forms of abnormally adherent
placentas (Figure 6). Associated complications can be infection, premature delivery and preterm

premature rupture of membranes (PPROM).
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Figure 4. Macroscopic evaluation of Second and Third trimester placenta: Placenta must be washed prior to formalin fixation (inset). Gross
examination must follow a routine protocol. Evaluation of the umbilical cord color, insertion, length and diameter. Remove the cord from the placenta
and check the number of umbilical vessels and lesions. Check for completeness, color and appearance of the membranes and insertion type. Remove
fetal membranes. Make a rolling of membranes (inset). Placental disk weight and measures in three dimensions: diameters and thickness, and check
for completeness, cotyledonary development, blood clots, retroplacental hematoma, etc. Serially section of placental tissue (chorion) at 0.5cm of
intervals for evaluate the color and of villous lesions — note percentage, location and measure (inset). Sampling for histological study (paraffin blocks).
Nogueira R, Embryofetal Pathology laboratory, CGC genetics.
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Maternal surface and villous tissue

The placental parenchyma or chorion (villous tissue) is examined from the maternal surface,

before and during the cut of serial sections (see Figure 4). (Baergen RN, 2011; Benirschke K, 2011).

Abnormalities on the color of villous tissue is largely determined by villous edema and fetal
hemoglobin content related to hematocrit and with total blood volume. So, paler placentas are mostly

characteristic in immature and some types of infections.

Palpation of the placenta often reveals lesions skipped by the knife and furthermore severe
villous lesions show diagnostic gross morphology. Of the most common lesions are related to

placental circulation disturbance related under perfusion maternal or fetal or both.

Villous infarcts (see Figure 6) are common lesions arising from maternal vascular malperfusion.
Usually, old or subacute infarcts are grossly identified, through color change from red to white and
sometimes cystic changes, also hemorrhage or intervillous fibrin thrombi may be seen. (Fox H, et al.,

1978; Katzman PJ, ef al,, 2002; Mandsager NT, et al, 1994).

Fetal Surface and Capsular Membranes

The fetal surface (surface membranes) and peripheral membranes (capsular membranes) are
continuous, and most pathological processes are observed in both (see Figure 5). Capsular
membranes normally insert at the margin of the villous tissue, which is usually the outer limit of the
vascular plate (see Figure 5). A variable amount of decidua is attached to the membranes, this is
where maternal vascular lesions are potentially found. The chorion is minimal at the periphery of the
capsular membranes but is continuous on the surface membranes. So, there is a near proximity to
the maternal blood of the intervillous space. This relationship permits maternal cells access to the

membranes. Amnion is the layer of membranes closest to the fetus.
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Figure 5. Second and Third trimester normal placenta and dysmorphology. (A), Normal fetal surface with eccentrically inserted
umbilical cord. (B), Normal maternal surface, note the divisions into lobules or cotyledons. (C), Bilobed term placenta with velamentous cord
insertion and velamentous vessels (inset). (D), Succentoriate lobes in a 35 weeks GA placenta and surface membrane invagination (inset). (E),
Typical circumvallate placenta with prominent ridge of fibrin and degenerated blood at the periphery (inset). (F), Extramembranous or extracorial
pregnancy (placenta) with circumvallation and diminutive opening, associated with early rupture of both the amnion and chorion. Note a white
nodular cord lesion (inset), microscopically consistent with leiomyoma. (G), Dilatation of the umbilical cord associated with cavernous
hemangioma (inset). (H), Aneurysmal dilatation of the umbilical vein with compression of arteries (inset). (1), Loose true knot in the umbilical cord
and tight true knot (bottom). (J), Massive edema of umbilical cord at term pregnancy associated with fetal demise. (K), Opacity and gray-greenish
color of fetal surface associated to inflammatory-infectious chorioamnionitis (inset). Note the subchorial / subamniotic hematoma. (L) Recent
subamniotic diffuse hemorrhage. Fetal placental surface hemorrhage in circunmarginate placenta (bottom). Nogueira R, Embryofetal Pathology
laboratory, CGC genetics.
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Figure 6. Second and Third tri (cont.). (A), Thrombi in chorionic vessel are visible as tan-white streak (arrow); recent infarct in
underlying parenchyma (inset). (B), Fetal surface of the placenta with fine granules mostly near the chorionic vessel surface (Inset) and not present on the cord which
shows 3 vessels (left corner). (C), Placenta sent to pathological study with information of a simple gestation, gross capsular membranes with flattened mass of
macerated tissue (arrow) consisting histologically on one fetus papyraceous (compressus). (D), Multiple subchorionic cysts and mesenchymal dysplasia demonstrating
dilated and tortuous vessels surrounded by gelatinous material (arrow); parenchymal surface of the same placenta with enlarged grossly identifiable chorionic villi
similar to those seen in partial hydatidiforme moles (Inset). (E), Placenta with marginal insertion type and a twisted (coiled) umbilical cord with 3 vessels (Inset). (F),
Spontaneous abortion with markedly coiled cord and severe constriction (torsion) near the fetal surface (upper left corner), this was the presumed cause of death;
excessively long coiled umbilical cords, note the marked congestion of the cord (upper right corner) and marked umbilical vein congestion (lower right corner). (G),
Furcate insertion cord with visible thrombus in the fetal surface vasculature and subamniotic hemorrhage (arrow). (H), Severe constriction of the cord near the
placental surface with layered fibrin intervillous thrombi (Inset). (I), Maternal surface of membranous placenta and fetal surface (lower Inset); parenchymal section
showing degenerating chorionic villi enmeshed in fibrinoid (upper Inset). (J), Placenta with maternal surface sulci and peripheral disruption; “classic” picture with
chorionic villi attached directly to the myometrium (Inset). (K), Placental maternal surface with a recent retroplacental hematoma showing recent adherent blood clots;
cross section of the placenta shows subacute parenchymal infarct (Inset). (L), Cross section of the placenta showing parenchymal hematomas on the top the
surrounding villous tissue present as red discoloration. Note a hematoma with cystic degeneration (left lower corner). (M), Severe retroplacental hematoma with thin
underlying parenchyma presenting as white infarcted tissue (Inset). (N), Maternal surface of the placenta with “maternal floor infarction” (left) showing loss of normal
cotyledonary structure; on the right, cross sections of the placenta demonstrate the typical “net-like” deposition of fibrinoid throughout the parenchyma. (0), Typical
chorangioma bulging from the fetal surface (arrow); the cut surface of the same area showing a nodular red-brownish discoloration, normal placental tissue is seen
underlying the tumor (Inset).
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Umbilical Cord

The umbilical cord (UC) is lifeline of the fetus and contains the allantois, omphalomesenteric
duct, vitelline vessels and umbilical vessels. The Wharton jelly and expanding amnion surrounds these
structures and covers all cord. Most of the embryonic elements and the right umbilical vein disappear
leave-taking two arteries and one vein (see Figure 6). Cord length increases throughout gestation but

slowly in Third trimester. Cord accidents occur at all GA.

Length and Coil

One of the most obvious gross features of the UC is the length (see Figure 6). Most cord’s
length is achieved by the 28" week of pregnancy and, although growth slows after this time, it never
ceases entirely (Miller ME, et al. 1982; Benirschke K, 1994). Although it is important to measure the
entire cord length received at pathology room, the true measure is ideally done at delivery room. A
minimum cord length of 32cm is necessary for normal vaginal delivery.

If we think that up to 7cm is left attached to the infant at delivery, and other fragments are
discarded or used for blood gas determination or other testing we know that the cord is almost never
entirety submitted to pathological study. (Baergen RN, 2011).

Also, the distinction between absolute and functional lengths is important, because a cord that
is long but entangled around the fetus is functionally short.

Cord lengths seems to be determined by several factors, including gestational-age, genetics and
fetal movement in utero. (Santos J, ef a/, 2013; Semedo T, et a/, 2012; 2013; Nogueira R, ef a/,
2016).

Both abnormally long and short cords have significant clinical relationship and are estimated to
occur, in 4% to 6% and 1% to 2% respectively. Statistically, abnormal cord length shows more
problems in neurologic development. (Catov JM, ef a/,, 2015; Zhao YJ, et al,, 2014; Rayburn WF, et
al., 1981; Miller ME, et al., 1981). Long cords greater than 75cm are well associated with knots and
fetal entanglements (see Figure 5 and Figure 6). By other hand short cord occurs in disorders with
decrease fetal movement and are related with fetal development anomalies or syndromes also (see
Figure 6). (Moessinger AC, et al, 1982; Nogueira R, et a/, 2018). A traction on a short cord can
cause fetal distress, cord tearing with hemorrhage and placental separation. (Moessinger AC, et al.,

1982).
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The umbilical cord is usually coiled or twisted (see Figure 5). Spiral twisting of the cord is
established early in development and most common twist is counterclockwise, a so-called left twist
(Benirschke K, et al., 2006). The degree of coiling has to be somehow uniform throughout the length
of the umbilical cord and may be evaluated as left (counterclockwise) or right, hyper or hypo coiling
and focal constrictions.

Coiling index has been used to evaluate the degree of twisting. This is defined as the number of
coils divided by length cord, with an average coiling index of 0.21/cm or one complete spiral for
approximately 5cm of cord. (Machin GA, et a/,, 2000; Boue DR, ef a/., 1995). The cause of twisting is
unknown but seems to create more functional blood flow and helps to protect the vein from
compression.

Similarly to cord length, coiling is believed related to fetal activity (Baergen RN, et a/, 2001;
Benirschke K, et a/, 2006; Machin GA, et al., 2000; Boue DR, ef a/. 1995; Peng HQ, et a/., 2006). An
excessive twisting is associated with fetal morbidity and mortality (De Laat MWM, ef a/,, 2006; De Laat
MWM, et al,, 2007; Jessop FA, 2014; Khong TY, 2010).

Cord complications can be related to length, torsion or coiling and strictures, knots, edema,
velamentous vessels, entanglement and prolapse (see Figure 5). (Rayburn WF, 1981; Naeye RL,
1985; Miller ME, et a/,, 1981; Benirschke K, 1994; Boue DR, ef a/,, 1995). Cord complications such
as severe edema between others (see Figure 5) can result in an occlusion, rupture or thrombosis
which quickly leads to fetal demise. (Naidu M, ef a/, 2007; Hankins GD, et a/, 2002). Congestion
and thrombosis in cord vessels or hemorrhagic events are helpful signs of true obstruction. Knowing
that intermittent obstruction has been associated with intrauterine brain damage including hypoxic-
ischemic encephalopathy (HIE), intraventricular hemorrhage (IVH) or other fetal distress as a
bradycardia which can result in fetal morbidity or mortality (Machin GA, et a/ 2000; Khong TY, et al.
2016; Krakowiak P, et al, 2004; Luo G, et al, 2013; Redline RW, 2015; Downey A, ef al., 2014;
Proctor LK, 2013; Raio L, et al, 2003; Baergen RN, et al,, 2001; Georgiadis L, et al,, 2014).

Strictures and torsion are more frequent near the fetal and placental cord insertions and are
actually considered not related to post-mortem artifacts (see Figure 6). (Khong TY, et a/,, 2016). True
stricture within the mid-portion of the umbilical cord led to fetal demise also. (De Laat MWM, et a/.,
2006; De Laat MWM, ef al, 2007; Jessop FA, 2014; Khong TY, 2010; Machin GA, et al, 2000;
Benirschke K, et al., 2006; Benirschke K, 1994; Heifetz SA, 1988; Redline RW, 2015; Peng HQ, et
al., 2006).
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Some investigators have suggested that constriction may occur in part because of a gradually
diminishing amount of Wharton jelly, namely near the abdominal surface and they attest that it is not
an artifact. (Redline RW, 2015; Khong TY, 2010). The pathologic changes associated with strictures
support this, specifically the common finding of congestion on one side of the constriction and
thrombosis in fetal vessels. (De Laat MWM, ef a/, 2006; De Laat MWM, et a/, 2007; Jessop FA,
2014; Khong TY, 2010; Machin GA, et al, 2000; Benirschke K, et al, 2006; Benirschke K, 1994,
Heifetz SA, 1988; Redline RW, 2015). Constrictions are also associated with fetal growth restriction
(FGR) and preterm labor fetal intolerance to labor. (Machin GA, ef a/, 2000; Benirschke K, et al,
2006; Benirschke K, 1994; Heifetz SA, 1988).

Also low arterial PH in umbilical cord blood was strongly associated with chronic fetal hypoxia,
perinatal mortality, and long-term adverse outcomes. These outcomes included HIE, PVL, IVH,
cerebral palsy (CP) and death. (Machin GA, et a/., 2000; Peng HQ, ef al. 2006; De Laat MWM, et al.
2007; De Laat MWM ef a/. 2007; Strong TH Jr, ef a/. 1993; Benirschke K, 1994; Heifetz SA, 1988;
Naeye RL, 1985).

Diameter

Umbilical cord diameter varies considerably along the length and is generally thicker near the
infant end. It is correlated with accumulation of fluid in Wharton jelly. The diameter may be greatly
increased in cases of severe edema related to abrupt torsion and is mostly associated with fetal
distress and death (see Figure 5).

Premature infants tend to have thicker UC than more mature babies, whereas in utero-placental
insufficiency and placental hypoplasia the cords are usually thin. (Proctor LK, ef a/ 2013; De Laat
MWM ef a/. 2006; De Laat MWM et a/. 2007; Jessop FA, et al. 2014; Khong TY, 2010; Machin GA, et
al. 2000; Cromi A, et al, 2007; Nogueira R, et a/., 2018). Also, thinner or decrease cord diameter
were described in fetal development anomalies. (Proktor LK, ef al, 2013; Cromi A, et al., 2007;

Nogueira R et al., 2018).

Insertion Type

Central insertion is considered normal, it means a cord insertion more than 4cm at margin of

the placental disk. Marginal and peripheral insertion is considered if lesser than 1 cm and 4 cm at
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margin of placental disk respectively, and when drawstring route in the capsular membranes is
considered velamentous. At interpositional insertion the surface amnion attaches to the cord as a web
several centimeters before the cord reaches the placental surface (see Figure 4). (Khong TY, et a/,
2016; Baergen RN, 2011; Di Salvo DN, ef a/, 1988; Semedo L, et a/, 2012). Any type of cord
insertion, even the central one, can be a furcate or an interposition phenotype. (Baergen RN, 2011; Di
Salvo DN, et al., 1988).

Eccentricity may be related to unequal placental growth later in pregnancy. Velamentous and
marginal insertion is more common in twins and higher multiples and in association with a single
umbilical artery (SUA) and fetal anomalies. (Benirschke K et a/. 2006; Baergen RN, 2011; Khong TY,
et al. 2016; Luo G, ef al. 2013; Nogueira R, et a/., 2018). Membranous vessels are not only confined
to velamentous insertion but also are present in abnormal placental shape as occurs in bilobed and
multilobed placentas and occasionally in marginal insertions. One the most serious complications of
velamentous vessels is vasa previa, a clinical abnormal situation, in which membranous vessels are
present over the internal cervical os and come first the presenting fetal part. (Peng HQ, ef a/,, 2006;
Heifetz SA, 1988). All velamentous vessels have the same susceptibility to thrombosis, compression,
disruption and trauma and hemorrhage (see Figure 5).

During delivery any disruptive event could lead to fetal death more often associated with
exsanguinations or neurologic injury as IVH or HIE (see Figure 5). (Torrey WE Jr., 1952; Cordero DR,
et al. 1993). Thrombosis, rupture and hemorrhage occurs in approximately 1 in 50 velamentous
insertions with a mortality rate estimated as high as 73%. (Benirshcke K, et a/,, 2006; Benirshcke K,
et al,, 1994 Schreier R, et al., 1962; Walker C, ef a/, 2009; Naidu M, ef a/, 2007; Di Salvo DN, et
al, 1998; Benirschke K, et a/, 1994; Semedo L, et a/, 2012; Naidu M, et a/, 2007; Heifetz SA,
1988). In a furcate insertion (see Figure 6), the umbilical cord divides into branch vessels above the
chorionic plate and these have similar risks to other velamentous vessels. At interpositional insertion
there is no loss of Wharton jelly, and is not usually associated with adverse outcome. (Benirschke K,

etal., 2010).

Vessels

Umbilical cord has three vessels, one vein and two arteries (see Figure 4 and Figure 6).

Normally, the right umbilical vein does not develop. (Benirschke K et a/. 2006; Baergen RN, 2011;

Hua M, et al., 2010; Khong TY, et al, 2016).
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Single umbilical artery (SUA) (see Figure 6) is a most common cord vessel anomaly. Absence of
one umbilical artery may occur as aplasia or as the consequence of atrophy of one artery. (Benirschke
K et al. 2006; Baergen RN, 2011; Hua M, ef a/,, 2010). ). In 73% of the cases, the defect locates to
the left artery and the associated fetal anomalies are nearly exclusively seen with left-sided absence.
(Benirschke K et af., 2006; Baergen RN, 2011; Hua M, et a/, 2010). Occasional persistence of the
right umbilical vein is associated with SUA. (Benirschke K et a/, 2006; Baergen RN, 2011).

SUA occurs in approximately 0.5% to 1% of singletons deliveries and 8.8% in twins. (Benirschke
K et al, 2006; Baergen RN, 2011; Hua M, et a/, 2010). Placental anomalies are found in 16.4% of
the cases (Heifetz SA, 1984).

SUA is higher as velamentous insertion or aberrant placental shape, FGR, maternal diabetes,
antepartum hemorrhage, polyhydramnios and oligohydramnios. (Heifetz SA, 1984; Benirschke K, et
al., 2006; Baergen RN, 2011).

Congenital anomalies in SUA may involve any organ or system, and are present in 30% to
44.7% of infants in autopsy studies (Heifetz SA, 1984; Heifetz SA, 1988; Nogueira R, et al, 2018).
Renal anomalies are more frequent, with an incidence of 18.5%. So, neonatal sonography is often
recommended in cases of SUA (Heifetz SA, 1984; Raio L, et a/, 2003; Hua M, et a/, 2010).
Supernumerary vessels are a rare event in humans, and has been reported in association with

congenital anomalies also. (Puvabanditsin S, ef a/,, 2011; Nogueira R, ef al., 2018).

1.1.2.3. Microscopic Descriptors and Pathological Report

Histologic examination is an essential and crucial step in pathologic study. (Redline RW, 2015;
Khong TY, et al., 2016). The specific diagnosis (classification) and dating evolution of some type of
lesions is done only in the microscopic study. Also, only microscopy could identify conditions
associated with high probability of recurrence in subsequent pregnancies, that could be important to
the mother and fetal management namely in future pregnancies. (Redline RW, 2015).

Current placental lesions are nowadays grouped into a simplified categories: (1) Placental
vascular processes (Figure 7); (2) Placental inflammatory-immune lesions (see Figure 7); (3) Other
pathological processes that do not fit into the previous categories and some of them of uncertain
pathogenesis (see Figure 5 and Figure 6), increased circulating erythroblast cells (see Figure 7),
massive fibrin deposition commonly known as maternal floor infarction (see Figure 6) and effects of

prolonged meconium exposure). (Redline RW, 2015).
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These processes can be present at any GA and are associated with FGR, CNS injury,
intrauterine fetal demise, early fetal death, recurrent miscarriage, preterm birth, perinatal death or a
long-term neurodevelopment disability moreover related with HIE. Some of those condition (e.g.,
immune/idiopathic inflammatory processes and maternal floor infarction) have a high prevalence and
a significant risk of recurrence in subsequent pregnancies.

Also, the microscopic grading and evaluation of vascular endothelial injury can predict the fetal
inflammatory response (FIR) (see Figure 7) and associated risk of fetal morbidity. (Holzman C, et al,
2007; Holzman C, et al,, 2013; Khong TY, et al, 2016; Redline RW, 2005; Redline RW, 2015).

Microscopy is essential to perform a specific diagnosis or exclude potential differential diagnosis
and dating the evolution of the diseases processes. Also, it is critical for interpretation of new genetic
and epigenetic data, delineation of mechanistic pathways, and understanding the effects of exogenous
environmental exposures on placental function and so is a gold standard to the recent “Human

Placenta Project”. (Redline RW, 2015).

1.2. PLACENTAL PATHOLOGY

The purpose of a competently placental and First-trimester specimens examination is: (1)
identification of previously unsuspected disease processes or documentation of direct or indirect
placental maternal or embryonic (fetal) conditions associated with high probability of recurrence in
future pregnancies; (2) identification of any additional information that provide a specific explanation
for an adverse outcome that can guide the management of future pregnancies or influence the long-
term care of the mother and infant. (Redline RW, 2007; Luo G, 2013; Redline RW, 2015); (3)
identification of an additional useful information that could be important for legal consideration in

litigious contexts. (Nogueira R, ef al., 2015).
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Legend of Figure 7. Microscopic features of pl tal disease pr (A), Massive acute/subacute chorioamnionitis, with marked infiltration of acute and
chronic inflammatory cells and necrosis is present in the amnion and chorion with fetal response and funisitis. H&E. x100. PAS stain showing pseudohyphae and yeast
forms of Candlida (upper left corner). (B), Chorioamnionitis due to 7oxop/asma. Immunohistochemistry with antitoxoplasma marker x200. 7oxop/asma cysts (inset). (C),
Marked chronic villitis, composed almost entirely of plasma cells with focal necrosis of the trophoblast and vessel walls. H&E. x40 (upper left corner), H&E. x200 (upper
right corner); Avascular villi. H&E. x100 (lower left corner); 7oxoplasma cyst in a newborn brain with congenital infection. H&E. x200 (lower right corner). (D), Parvovirus
B19 (inset) placental infection, normoblastic nuclei showing smudge intranuclear inclusion bodies (arrow). H&E. x400. (E), Listeria abscess, marked necrosis of villi,
fibrinoid deposition and polymorphonuclear leukocytes infiltration. H&E. x100. (F), Nucleated red blood cells in placental hydrops. H&E. x200. (G), High grade chronic
villitis associated with chronic intervillositis consisting of infiltrates of histiocytes and lymphocites in stromal villi. H&E. x200. (H), Chronic chorioamnionitis involving the
fetal membranes. H&E. x100. (I), Maternal vascular malperfusion. Decidual vessel thrombi and vessel wall necrosis. H&E. x40 (upper left corner); Parenchymal old
infarct. H&E. x100 (upper right corner); Preterm placenta with accelerated villous maturation. H&E. x40 (lower left corner); Term placenta with distal villous hypoplasia.
H&E. x100 (lower right corner). (J), Segmental thinning of the umbilical vein an arterial thrombi. H&E. x20 (upper left corner); Microscopic appearance of a hemangioma
of the umbilical cord. H&E. x40 (upper right corner); Single umbilical artery. H&E. x20 (lower left corner); Omphalomesenteric duct of the umbilical cord. H&E. x40 (lower
right corner). (K), Old hemorrhage in the umbilical cord secondary to vein thrombosis. H&E. x40 (upper left corner) with Perl’s stain positive (lower left corner); Muscle
damage of the umbilical artery. H&E. x100 (upper right corner); The newborn placenta (lower right corner). (L), Fetal vascular malperfusion. Thrombosis of a fetal artery
(upper left corner); Stem vessel obliteration consisting in marked thickening of the vessel wall with luminal obliteration (upper right corner); Villous stromal vascular
karyorrhexis (lower left corner); Intramural fibrin deposition indicating remoteness of lesion (lower right corner). H&E. x40. (M), Mesenchymal dysplasia showing dilated
and hydropic villi with no trophoblastic proliferation (top); Myxoid strome in some villi with persistence of fetal appear thick and abnormal wall (bottom). H&E. x40. (N),
Pathology of the fetal membranes. Vacuolated amniotic epithelium in a case of gastroschisis (upper left corner); Squamous metaplasia typical of mature placenta (upper
right corner); Vernix caseosa with squames and other debris (lower left corner); Late stage of amnion nodosum with large nodule, early stage (inset) (lower right corner).
H&E. x40. (0), Placental amniotic band. H&E. x100; encircling extremities in an aborted fetus (insets).

However, different sampling and definitions between laboratories may compromises the value
of placental examination in investigation of adverse pregnancy outcome and more recently, in longer-
term impact on the well-being of the mother and child or both. (Rees S, et a/., 2005; Barker DJ, et a/.,
2012; Amaral LM, et al,, 2015; DeRoo L, ef a/., 2016). So, it was important an implementation of a
unified system with reproducible sampling criteria, grading and staging of placental lesions. (Khong
TY, et al,, 2016). These help to establish evidence-based recommendations for placental submission
and play an essential role in understanding placental lesions and longer-term impact on the fetal and
maternal health.

It is crucial to progress in studying the pathogenesis, diagnosis, and treatment of obstetric (fetal
and maternal) disorders with an underlying placental etiology. (Redline RW, 2015; Khong TY, et al.,
2016).

Recognizing the importance of the placenta in understanding adverse outcomes, it is crucial to
interpret disease processes in the effective development of new tools to monitor not only the size and

growth of the placenta but also to measure its functional capacity.

1.2.1. FIRST-TRIMESTER SPECIMENS

1.2.1.1. Current Topics

First-trimester specimen moreover was submitted, to pathology laboratory, fresh in saline water

with ampicillin or fixed in formalin.
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Gross evaluation is primarily concerned with the identification of the heterogeneous
components (e.g., decidual tissue, villous tissue, embryonic or fetal tissues and variable amount of
blood clots). Many instances early abortion products are better examined under saline specially to
detect chorionic cistern transformation such as occur in HM.

Firstly, a statement about whether or not the gestational sac (GS) and the embryo or fetus are
the appropriate size for gestational-age (GA) is obligatory.

Measurements and photographs must be taken during gross examination. These are invaluable
for consultation or documenting incompleteness specimens. (Gilbert-Barness E, et a/., 2004; Nogueira
R, etal, 2019).

Measurements is best accomplished comparing GS-diameter and chorion-thickness, embryo
crown to rump length (E-CRL), foot length (FL) and embryo weigh (EW) with standard tables. Tables of
normative values with GS-weight and GS-diameter, E-CRL, embryo crown-heel (E-CH), and foot length
can be used for this purpose (Nogueira R, ef a/, 2019; Kalousek DK, et a/., 1992).

Hematoxylin and eosin (H&E) stain is the routine standard stain for histology which always
optimizes the gross examination.

In specific context and if the diagnosis is equivocal, additional sections to microscopic
examination should be submitted. If the question is not clarified or remains equivocal, additional tests
(e.g., immunohistochemistry, fluorescence in situ hybridization (FISH) should be done on paraffin-
embedded, fixed tissue for the identification of chromosomal aneuploidy, confined placental
mosaicism (CPM) and lesser for identification of microorganisms). (Criado B, ef a/,, 1999; Lomax BL,
et al, 1994). Immunohistochemistry can be used in some difficult cases as an early-complete
hydatidiform mole (e-CHM) (see below).

An algorithm of First-trimester specimen’s was constructed (Table 1) as a quickly approach to
classification of First-trimester lesions and a more developed approach could be consulted below (see

Chapter 3).
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Table 1. Algorithm to a classification of First-trimester lesions.
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1.2.1.2. Gross Examination

A competent evaluation (see below) must examine all the components of the specimen and
several general question should be addressed in the initial examination of First-trimester specimens
(FTS) (see Table 1). Histological sample must always submit for microscopic examination to perform a
classification of FTSA lesions.

Decidual tissue usually appears as a small, irregular or flattened sheet of tissue and must be
always submitted for histology (see Figure 1).

Blood clots must be quantified and despite do not contain usually diagnostic material, if it is
granular or firm, it may contain fragments of degenerated chorionic villi within (see Figure 1) and
must be submitted for histology. This may be helpful, when villous tissue is not identified grossly.

Gestational sac (GS), chorionic villi are generally thin, soft, and white, with papillary fronds
representative of their villous structure, and it is often attached to fragments of shiny, translucent

membranes (see Figure 1). GS can be intact and empty or with an embryo, and disrupt or
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fragmented. Weight, diameter and chorion-thickness must be achieved whenever possible. Grossly
hydropic villi are usually not present except in the case of HM (see Figure 1).

Embryo (or embryo tissue components) should be evaluated and described (see Figure 3). Any
abnormal embryo development or maceration should be documented.

The growth disorganized (GD) embryos (see Figure 3) were based on their degree of
disorganization, usually defined in 4 types: GD1, GD2, GD3 and GD4. (Gilbert-Barness E, Debich-
Spicer D, eds, 2004; Phillip T, et al,, 2003; Kalousek DK, 1998; Baergen RN, 2011; Nogueira R, et
al, 2019). The GD1 is characterized by an intact amniotic sac with no evidence of embryo; the GD2
consists of a nodular embryo; the GD3 relates to an embryo up to 10 mm long, with caudal and
cephalic poles present, but without recognizable external structures, moreover retinal pigment can be
present and the GD4 is an embryo with 3-17 mm long, usually with a major distortion of body shape
always involving head and generally with a fusion of the chin and chest.

If a normal Embryo with the appropriate size and features for the stated GA (see Figure 3) is
identified, and the overall components are present and intactness, maternal factors may be the cause
of early abortion (see Table 1). So, histological study is essential for diagnosis (see Figure 3).

Histology must always complement the gross features concerning almost the cases a diagnosis
(see Table 1).

Rarely, request for molecular testing of embryonic or fetal tissue are made to rule out a specific
disease such as chromosomal or metabolic disorders (see Figure 3). In this case, communication with

the genetic laboratory is essential.

1.2.1.3. Sampling for Histology

At least four cassettes should be submitted and must be represent of all components with

completeness of the embryo. Additional sections are recommended in patients with recurrent or

habitual abortions. If on initial microscopic examination an intrauterine (or ectopic pregnancy) cannot

be documented, the remaining tissue or even the entire specimen should be submitted.
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1.2.1.4. Microscopic Examination, Terminology and Diagnosis

An easy approach to microscopy of GS (First-trimester placenta) and embryo, is to review each
part of the components (e.g., gestational sac, umbilical cord, membranes and embryo).

Microscopic sections of each component should evaluate the maturity and appropriateness for
stated GA of overall components, the presence of abnormalities either in embryo or GS, as well as
estimate the interval of retention after embryonic death (see Table 1).

The GS must be analyzed sequentially, that is, the basal plate (e.g., decidual tissue and
decidual vessels; placental chorionic villi (septal and anchoring villi); cells islands; intervillous space;
chorionic plate, fetal vessels, yolk sac; umbilical cord, number of vessels and other lesions and
membranes.

Embryo must be analyzed in completeness and any abnormal deviation stated for GA.

Clots must be analyzed particularly in abortion retention or incompleteness namely associated

with molar or other trophoblastic diseases.

Basal Plate

Represent the part of the maternofetal junctional zone. Is composed of an admixture of
decidual cells, extra-villous trophoblast, utero-placental vessels and endometrial glands.

Utero-placental veins consist of endothelium surrounded by few medial and adventitial cells
embedded in decidua and extra-villous trophoblast cells (see Figure 2).

Utero-placental arteries traverse the basal plate in spiral turns, and connect the maternal
uterine arteries to the intervillous space (see Figure 2).

Decidual cells are transformed endometrial stromal cells and are round to ellipsoid phenotype
(see Figure 2).

Normally, in the decidual and implantation site, we can identify lack of physiologic conversion
or thrombosis and atheromatosis in decidual vessels that could be associated with SA and are most
suggestive of maternal factors (e.g., preeclampsia and other conditions of decreased utero-placental

perfusion) (see Figure 2).
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Chorionic Villi

Chorionic villi changes can suggest possible etiologies for the pregnancy failure (see Figure 2):
(1) Delayed maturation, with decreased vascularity and the presence of large atypical cells of unclear
origin in the stroma (e.g., trisomies 13, 18, 21); (2). Variable cellularity and stromal fibrosis,
trophoblastic hypoplasia with deficient syncytial budding (e.g., classic hydropic abortion, monosomy-
X); (3) Villi edema, trophoblastic pseudo-inclusions or invaginations suggesting chromosomal
anomalies; (4) epithelial trophoblastic and amniotic changes suggesting metabolic diseases; (5) mild
hydropic change in the villi may be seen in embryonic death whereas markedly hydropic villi suggest a
molar pregnancy.

Microscopy is essential to distinguished between hydropic abortion and HM namely e-CHM or
ve-CHM (see Figure 2) and to make a differential diagnosis among some gestational trophoblastic
diseases (e.g., placental site trophoblastic tumor (PSTT), choriocarcinoma (ChoCa) and mesenchymal
dysplasia (Table 2). So, in difficult cases in which histology cannot make the diagnosis alone, it is

recommended complementary studies such as immunohistochemistry, genetic and molecular tests.

Table 2. WHO classification of gestational trophoblastic disease.

Trophoblastic neoplasms Non-neoplastic lesions | Molar pregnancies Abnormal (non-molar)

Choriocarcinoma Exaggerated placental site | Hydatidiform mole Mesenchymal dysplasia
Complete

Placental site trophoblastic Placental site nodule and Partial Confined placental

tumor plague Invasive mosaicism

Epithelioid trophoblastic tumor

Adapted from WHO Classification of Tumours of Female Reproductive Organs, Lyon 2014, P. Hui, R. Baergen.

Immunohistochemistry is essential to differentiate some type of cells and components in some
difficult lesions. Immunohistochemical studies could help to distinguish trophoblast cells from other
cells and may be able to differentiate types of trophoblast cells and different types of trophoblastic
lesions (Table 3). Anti-cytokeratin (CK) markers stain epithelial cells such amniotic epithelium and all
trophoblast cells. It is a useful marker in distinguishing extra-villous trophoblast from decidual cells or
intra-arterial trophoblast from maternal endothelium. Human chorionic gonadotropin (hCG) stains
strongly syncytiotrophoblast cells, while human placental lactogen (hPL), o-inhibin (alfa-inhibin),

melanoma cell adhesion molecule (Mel-CAM) also known as CD146 and placental protein 19 (PP19)
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are good markers in the differential diagnosis of certain lesions including melanomas and various
types of gestational trophoblastic lesions including extra-villous trophoblast disorders.

Also, a cyclin-dependent kinase (CDK) inhibitor p57KIP2 also referred to as p57 is strongly
expressed in maternal tissue such as decidua and cytotrophoblast cells and villous stromal cells if a
maternal component is present. So, it may be helpful in difficult cases such as hydatidiform partial
mole (HPM), hydropic abortion and complete hydatidiform mole (CHM) namely early CHM (e-CHM) or
very early CHM (ve-CHM). (Kurman RJ, et a/, 1984; Baergen RN, 2011; Fukunaga M, 2002; Genest
DR, 2001). Cytokeratin and P57 are useful markers in distinguishing gestational trophoblastic
neoplasia (see Table 3). (Kurman RJ, ef a/., 1984; Baergen RN, 2011).

The antibody Ki-67, is expressed in proliferating cells and is a useful marker to distinguish
proliferating stem cells population from differentiated ones. It is useful to evaluate the labeling index in
specific conditions as placental site nodules (PSN) and placental site trophoblastic tumor (PSTT) (see
Table 3) (Baergen RN, 2011). Also, in some cases with equivocal diagnosis, serum [-hCG levels
should be requested and clinical correlation is mandatory and may be essential in the differentiation
of these kind of lesions.

Other antibody studies may be helpful when abnormal or atypical cells are present in the
intervillous space or fetal vessels. These may represent choriocarcinoma or metastatic tumors from
the mother or fetus.

Finally, in some occasion’s immunohistochemistry may be helpful in identification of rare
specific organisms causing chronic infectious villitis such as cytomegalovirus, herpes virus and

parvovirus B19 within others.
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Table 3. Trophoblastic neoplasms and nonneoplastic, non-molar lesions.:

Pathologic characteristics PSN EPS PSTT ETT ChoCa
Gross
forms a mass - - + + + -
Histology
chorionic villi presente - + very rare very rare -
Fibrinoid + + +
Hemorrhage - +- + + ++
Necrosis - + - + ++ ++
vascular invasion - + + + +
degenerative changes - - - - +
extravillous trophoblast + + + +
syncytiotrophoblast - + 2 - ++
nuclear pleomorphism - - ++ - ++
mitotic activity minimal or minimal or
+ + +
absent absent
History of previous mole - - 5-8% 5-8% 50%
Metastasis occurs in 10- occurs in 10-
none none Potential
15% 15%
Prognosis >90%
guarded if guarded if
no sequelae no sequelae responsive to
malignant malignant
chemo-therapy
Serum BhCG appropriate for ~ moderately Tin moderately fin
normal markedly 1
pregnancy 80% 80%

*Adapted from Benirschke and Kaufmann’s, pathology of the human placenta, Baergen. Springer, 2004 ISBN 0-387-22089.

PSN, placental site nodule; EPS, exaggerated placental site; PSTT, placental site trophoblastic tumor; ETT, epithelioid trophoblastic tumor; ChoCa, choriocarcinoma; BhCG, B
human chorionic gonadotrophin; GTD, gestational trophoblastic disease; CHM, complete hydatidiform mole; PHM, partial hydatidiform mole; IM, invasive mole; hPL, human
placental lactogen; EVT, extravillous trophoblast.

WVilli are present only in placental or “in situ” ChoCa. *Multinucleate cell similar to syncytiotrophoblast may be present.

Embryo

Embryo abnormalities could be related with several causes, moreover suggesting of a genetic or
chromosomal disorder, and could justify the pregnancy loss. Hydrops could be associated with
aneuploidy, teratogens or some lethal submicroscopic genetic events; disruption and infectious
contexts could explain miscarriage also (see Figure 3).

If a focal or generalized defect was identified correlation with clinical history and genetic tests
should be performed. Microscopy is essential to identify a previously unsuspected disease such as

Parvovirus B19 infection or metabolic disorder (see Figure 3).
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Gross and microscopic findings should be integrated with the goal of making a specific
diagnosis that could be associated with a high probability of recurrence in a subsequent pregnancy.
(Edmonds DK, et a/., 1982; Redline RW, 2015). In fact, different syndromes have markedly different

recurrence risks and so have significance to the family in making decisions about future pregnancies.

Blood Clots

Usually, blood clots do not contain diagnostic material, but histology can identify fragments of

degenerated chorionic villi within (see Figure 1).

1.2.2. SECOND AND THIRD TRIMESTER PLACENTA

1.2.2.1. Current Topics

Placentas may be sent to the pathology laboratory either fresh or fixed, depending on
institutional practice. Fresh tissue has the added an advantage of providing material for cultures,
genetic, metabolic or ultrastructural studies. Fresh placentas can be stores in a refrigerator, kept at 4°
C, for at least a week.

An adequate clinical history is extremely helpful in directing placental and fetal examination, but
this is not always forthcoming.

Adequate formalin fixation of Second and Third trimester placental specimen is essential to
microscopy study and these is mandatory in blood-borne diseases such as hepatitis or maternal
immunodeficiency virus. (Baergen RN, 2005).

If the placenta is delivered spontaneously or after labor induction and cesarean, it may be
intact. Otherwise, it may be quite disrupted associated to surgical procedures related to termination of
pregnancy (TOP) or implantation disorders such as placenta accreta.

Placentas must be evaluated in size (two diameters and thickness) and weight. Also, umbilical
cord (UC) length and diameter and insertion type must be analyzed. In fragmented placentas
diameter and weight must be achieve in aggregate. In these cases, clinician contact may be
important, as this may indicate intrauterine tissue retention and could led to bleeding or infection.

Cord length, and cord diameter should be ascertained if possible and a systematic macroscopic
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examination of each component of the specimen must be examined to maximize the information
gained.

A correlation between pathological features and clinical aspects is important and may be
essential in the differentiation of placental lesions, knowing that some lesions are better identified in
fresh specimens whereas others are better recognized after fixation. So, formalin fixation must be
correctly and adequately performed.

Photographs are invaluable tools for later study or consultation namely in cases of fetal
anomaly or incompleteness specimens.

If a cytogenetic analysis is required, it is prudent to send samples of both placenta and fetus.
The rationale for this is the following: (1) the fetal tissue is optimal as it will be most representative of
the fetal genetic makeup; (2) macerated fetal tissue, may not grow in tissue culture and placental
tissue may be used; (3) in confined placental mosaicism (CPM) the placental tissue is not
representative of the fetus. Therefore, it is best if samples of both, (e.g., fetus and placenta) are

submitted.

1.2.2.2. Gross Examination

Gross examination is an important step in placental study. As like Firsttrimester specimen’s it
is crucial for measurements and weight evaluation, to determine the site and extension of chorion
lesions, and to document membranes or cord abnormalities (see Figure 4).

Gross evaluation must include notation of the following features: (1) Abnormalities of placental
shape or configuration (e.g., succenturiate lobe; abnormalities of placentation such as extrachorial or
membranous placentation, etc); (2) Chorion should be examined for blood clots, infarcts, hematoma,
fibrin deposition, abscesses or others lesions (see Figure 4). The appearance and extension of each
lesion should be reported. Three-dimensional measurements of all lesions should be recorded, or an
estimation of the percentage of the placenta involved in a process such as infarction or hematoma;
(3) Capsular and surface (fetal) membranes should be evaluated for opacity, translucency, or
discolorations, amniotic bands, amnion nodosum, fetus papyraceus (compressus), etc., (see Figure 5
and Figure 6); (4) Cord parameters (e.g., length and diameter) type insertion and number of vessels
and others features such as, discoloration, edema, hemorrhage, coil and constrictions, true knots, etc

should be evaluated also (see Figure 4 and Figure 5).
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Also, if a fetus or fetal components is present, external examination is performed first.
Measurements should be taken at this time: (1) crown-rump length (CRL); (2) Crown-heel length
(CHL); (3) Head circumference (HC); (4) Abdominal circumference (AC); (5) Chest circumference
(CC); (6) Hand length (HL); (7) Foot length (FL). In fetal maceration, FL have a good correlation with
GA. Other measures such as philtrum, internal and external intercantal distance must be achieved.

After measuring and weighing the fetus, the external appearance of each area of the body is
examined, starting with the skin. Then, evaluation of the skull, head and face, neck, chest, abdomen,
pelvis and external genitalia should be performed, followed by examination of the extremities. Fetal Rx
is essential and it is crucial in skeletal dysplasia. If fetus is fragmented or incomplete, the fetal tissue
must be separated and an attempt to reconstruct should be made placing the fetal parts in

anatomical position. Photographs may be taken at this time.

1.2.2.3. Sampling for Histology

At least a minimum of 5 or 6 blocks should be submitted: 1 block to include a roll of the
extraplacental membranes from the rupture edge to the placental margin, including part of the
marginal parenchyma and 2 cross section of UC, one from the fetal end and another approximately
2cm from the placental insertion end. (Khong TY, ef a/,, 2016). Also, three other full-thickness section
of normal-appearing placental parenchyma should be taken from close to the umbilical cord insertion
site, from within the central two-third of the placental disk. (Khong TY, ef a/, 2016). If the transmural
thickness is greater than the length of the cassette, two options are available: the upper third
(chorionic plate and subjacent tissue) and lower third (basal plate) of the parenchyma can be
submitted in one cassette, or the gross slice can be divide into two and submitted in two cassettes
(see Figure 4). A block of the lesion (one of each type of lesion) should be sampled, with adjacent
normal parenchyma if possible, in up to 3 additional blocks. (Placental workshop group consensus
statement).

For histological examination the standard hematoxylin and eosin (H&E) stain is usually
adequate. On many occasions, however, it is useful to employ special stains for microorganisms such
as Gram, Warthin-Starry, periodic acid-Schiff (PAS), Giemsa, Ziehl-Nielsen, etc.

Immunohistochemistry may be used to differentiate trophoblast cells from other cells and may

be able to differentiate different types of lesions and placental processes (see above). (Baergen RN, et
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al, 2003; Baergen RN, ef a/, 1997). (see Table 2 and Table 3). (Kurman RJ, ef a/, 1984; Bargen
RN, 2005; Baergen RN, 2011; Fukunaga M, 2002; Genest DR, 2001).

1.2.2.4. Microscopic Examination, Terminologies and Diagnosis

An easy approach to microscopic examination of the slides is to review each part of the
placenta sequentially, that is, the fetal membranes, umbilical cord (e.g., Wharton jelly and vessels)
and placental disk (e.g., basal plate including basalis decidua, and decidual vessels; chorionic villi,
villous stroma, villous capillaries, stem vessels; cells islands, intervillous space and chorionic plate,
chorionic vessels, amniotic epithelium).

Sections of the placenta have a complex configuration. Therefore, a low-power survey is
essential for orientation and identification of the specific structures and evaluation of a whole placenta

as function of GA. This is essential for interpretation of any maturity deviation also.

Chorionic Villi

The chorionic villi are the only components of the placenta that have a dual blood supply from
the fetal and maternal circulations. Despite the diversification of villous types, all the chorionic villi
exhibit the same basic structure (see Figure 7). They are covered by an epithelial surface layer
(syncytiotrophoblast) that is in direct contact with maternal blood and functions as an endothelium.
Between syncytiotrophoblast and the basement membrane are the villous cytotrophoblast, (or
Langhans' cells), stem cells of the syncytium, supporting its growth and regeneration. The
trophoblastic basement membrane separates the trophoblast from the villous stroma. These is
composed of connective tissue cells, connective tissue fibers, ground substance, and fetal vessels
(see Figure 7). In the larger stem villi, the vessels are mainly arteries and veins, while in the peripheral

branches most fetal vessels are capillaries (Demir R, ef a/. 1989).

Fetal Membranes

The membranes, (capsular and surface (fetal) membranes) are usually taken to be synonymous

with the amnion and the chorion leave of extraplacental membranes. These are the “bag of waters” in

which the fetus is enclosed.
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The structure of the membranes remains constant from the 16" weeks until term. Histologically
can be seen the following layers: Amnion (amnionic epithelium, amnionic mesoderm, basal lamina or
basement membrane, compact stromal layer, fibroblastic layer); intermediate spongy layer, chorionic
leave (chorionic mesoderm, blood vessels, basal lamina or basement membrane); trophoblast and

decidua capsular (see Figure 7).

Umbilical Cord

The umbilical cord contains two arteries and one vein suspended in Wharton’s Jelly sometimes
surrounded by myofibroblasts (see Figure 6) (Fox H, ef a/, 1990). Lymphatic vessels do not exist in
the cord or placenta. (Fox H, et al, 1990).

The surface of the cord consists of a layer of amniotic epithelium, which is contiguous with the
surface of the placenta and the fetal skin. The cord is sparsely cellular with a few macrophages and
mast cells (see Figure 7). The conjunctive tissue of the cord is derived from the extraembryonic
mesoblast. The jelly-like material of Wharton's jelly is composed of a ground substance (collagen,
laminin, heparin sulfate, hyaluronic acid, carbohydrates with glycosol and mannosyl groups)
distributed in a fine network of micro fibrils.

Placental disorders could be related with (i) gross major phenotypes or dysmorphology (e.g.,
placental shape abnormalities; increase or lower size and weight; implantation disorders) (see Figure
5 and Figure 6); (i) inflammatory-immune or inflammatory-infectious processes (see Figure 7); (iii)
maternal vascular lesions such as marginal venous abruption and arterial abruption placenta (see
Figure 7); (iv) fetal vascular lesions (see Figure 7) and (v) other placental processes of uncertain
pathogenesis or do not fit comfortably into either the vascular or inflammatory categories (e.g., floor
maternal infarct; morbidly adherent placentas (see Figure 5 and Figure 6); increased circulating
nucleated red blood cells (NRBC) (see Figure 7) and effects of prolonged meconium exposure).

So, a biologically comprehensive system classification of placental lesions is a pre-requisite for
the definition of robust and reproducible placental phenotypes and dysmorphology (Table 4).

So, a usefulness from a competently performed placental evaluation (Table 5) falls into the
main 4 categories (see above) (Redline RW, 2015). Microscopy usually leads a diagnosis that could
provide an additional relevant information. For exemple metabolic diseases (e.g., gangliosidoses,
mucolipidoses, Gaucher's disease, Zellweger syndrome, glycogen storage disease, etc.) could be

suspected by the presence of empty vacuoles in the syncytiotrophoblast, extra-villous trophoblast,
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Hofbauer cells, endothelium and fetal white blood cells in villous capillaries. But a specific
categorization of metabolic disorder is not possible by placental examination alone. So, molecular,

enzymatic and electron microscopy is essential to a specific diagnosis.

1.3. PLACENTAL MEASUREMENTS

Any deep knowledge involving placental and fetal parameters adapted to the understanding the
placental function has been crucial for a clinical and well-founded interpretation of placental
phenotypes and dysmorphology. (Wallace JM, et a/, 2013; Vinnars MT, et a/., 2015; Redline RW,
2009) Its relation with poor obstetric outcomes are well defined also. (Wallace JM, et af, 2013;
Vinnars MT, ef af, 2015; Redline RW, 2009; Redline RW, 2006; Chang KT, 2014; Adams-Chapman I,
etal,, 2002).

Placental weight (PW) is the most common way to characterize placental growth. It is a
summary of many measurements of the placenta (e.g., the laterally expanding growth and increasing
thickness of chorionic disk). Placental growth reflect the ramification and vascular exchange surface of
chorionic villi across gestational-age (GA). (Thame M, et a/, 2001; Thompson JMD, et al., 2007;
Almog B, et al, 2011; Armitage P, et al., 1967).

Fetal growth depends on placental growth (Little RE, ef a/, 2003; Lo Y-F, et a/, 2002;
Heinonen S, et a/, 2001; Lurie S, ef a/, 1999; Dombrowski MP, et a/., 1995; Molteni RA, et al,
1978; Yu KM, 1992; Little WA, 1960) and several studies have given emphasis to the clinical
importance of placental growth and adverse fetal outcome including early mortality. (Lao TT, ef af,
1999; Thompson JMD, ef a/., 2007; Naeye RL, 1987; Risnes KR, ef al., 2009; Zhao YJ, et al., 2014).
PW has been found to be lower in small for gestational-age (SGA) than in average or appropriate for
gestational-age (AGA) and large for gestational-age (LGA) fetus, newborn and infants. (Heinonen S, et
al., 2001; Lo Y-F, et al, 2002; Thame M, et al,, 2011; Wallace JM, et a/., 2004).

Despite the fact that percentile curves for birth weight (BW) are relatively common in most
countries, percentile curves for placental parameters are rare, even in large series of placental
studies. Also, in Portugal, there aren’t population-based studies on placental biometric parameters.

The placental weight ratio (PW-R) is defined as the placental weight (PW) divided by the birth
weight (BW), and it changes across gestation as the placenta matures. (Thame M, ef a/, 2001;
Thame M, et al,, 2004; Thompson JMD, et a/., 2007; Molteni RA, et al., 1978; Wallace JM, et al,
2013). Similarly the birth weight placental weight ratio (BPW-R) is defined as the BW divided by the
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PW, and it changes across gestation also. The PW-R decreases as GA increases (Almog B, ef al,
2011; Thame M, et al., 2004; Nogueira R, et al., 2019) and the BPW-R increases as GA increases but
not in reverse. (Nogueira R, et al,, 2019)

A significant correlation between PW and placental volume (PV) across gestational-age (GA)
exist. (Almog B, et al, 2011; Thame M, et a/., 2004) Figure 8 and Figure 9 documents this correlation

as function of gestational aage (GA) also. (Nogueira R, et a/,, 2019).
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Figure 8. Relation between placental weight and placental volume. Nogueira R, et a/, Embryo Fetal Pathology Laboratory, CGC Genetics, Porto
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Also, placental hypertrophy and reduced fetal growth have been postulated to be an adaptation
to maintain placental function in pregnant woman with complications such as malnutrition or other
environmental factors such as tobacco, endocrine disorders between others.

Recently studies documented that PW, PW-R and BPW-R are important predictors of maternal
disease. (Myatt L, 2002; Wagarachchi PT, et al, 2001; Brody SC, et a/., 2003). Also, association with
poor obstetrical outcome, perinatal and neonatal morbidity or mortality and adulthood diseases were
documented. (Barker DJ, et al., 2013; Barker DJ, et al,, 2012; Barker DJ, et al, 2011; Wen X, et al,
2011; Winder NR, et a/, 2011; Redline RW, et a/., 2005; Redline RW, 2008; DeRoo L, et a/, 2016;
Rees S, 2005; Risnes KR, et a/,, 2009; Barker DJ, et a/., 1993; Barker DJ, et a/, 1989; Barker DJ, et
al., 1990; Nyongo AD, ef al,, 1991; Zhao YJ, 2014; Asgharnia M, et a/., 2008).

Some studies documented that the BW and PW Mean significantly increase from SGA to LGA
infants, yet the PW-R is significantly increased in SGA infants. (Lo Y-F, ef a/, 2002; Thame M, ef a/,
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2004; Thame M, et al., 2001; Eskild A, et al,, 2009; Janthanaphan M, ef a/., 2006). Also, a high PW-
R is significantly correlated with short-term adverse perinatal outcomes. (Shehata F, ef a/, 2011).

Since PW differ between SGA, AGA and LGA infants, size distribution trajectories to determine
when and how they differ across GA and percentiles will be useful for both research and clinical
practice.

The knowledge of the PW-R and BPW-R as a potential determinant of health throughout life,
increased the clinical and investigational relevance of the reference values for the present-day
population. (Wallace JM, et a/., 2013; Asgharnia M, et a/., 2008; Thompson JMD, et a/,, 2007; Lurie
S, etal, 1999; Barker DJ, ef al., 1993; Barker DJ, et a/., 1990; Molteni RA, et al., 1978; Armitage P,
et al, 1967; Aherne W, 1966; Little WA, 1960).

Although, our-days percentile curves for PW, PW-R and BPW-R are rare comparatively to most
common BW percentile curves. (Thompson JMD, et a/., 2007; Aimog B, et al., 2011; Asgharnia M, et
al., 2007).

So, this thesis consists of two distinct, yet dependent investigations. Both objectives were
addressed using data from Embryo Fetal Pathology Laboratory, CGC Genetics in Porto.

The specific objectives are outlined before. The Principal Objective, to establish PW, BW, PW-R
and BPW-R percentile curves across GA in a Portuguese-based sample, is addressed as one
investigation in Chapter 2.

So, a retrospective cross-study intended to evaluate fetal weight (FW), birth weight (BW), and
PW in singleton gestations, in order to design percentile curves for PW, PW-R and BPW-R between the
5 and 41+ weeks of GA.

In constructing the pathological study basis on placental and fetal or live born biometric
parameters in singleton gestations, a work were developed at Embryo Fetal Pathology Laboratory,
Centro de Genética Clinica, Porto, Portugal over the four-year period between 1st January 2014 and
31st December 2017.

According to a standard protocol guidelines of placental examination (see above), percentile
curves for PW, BW, PW-R and BPW-R in singleton gestation across GA were achieved.

The main work, see Chapter 2, covers the specific objective is presented as two manuscripts:
the first one - Measurements in First-trimester Abortion Products: A Pathological study and the
second one — Placental Weight, Placental Weight Ratio and Birth-Placental Weight Ratio Percentile

Curves across Gestational-age.
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Additional consequential work has been addressed in particular the classification of placental
lesions from First-trimester gestation (see Chapter 3), as well as the usefulness of a competent
placental study namely in litigious context (see Appendix 1) and placental dysmorphology associated

with congenital fetal and birth defects (see Appendix 2 and Appendix 3).

1.4 PLACENTAL LESIONS CLASSIFICATION

A lack of interest in the study of the placenta compared to the fetal study is notorious in the
literature.

Although, the competent examination of placenta would demonstrate important information
about whatever has happened on embryo or fetus and mother. (Barker DJ, et al,, 2013; Barker DJ, et
al., 2012; Barker DJ, et al,, 2011; Redline RW, 2015).

As during my practice of pathologist, | always studied placentas, averaging about 1,500 per
year, | began to recognize variants of common placental lesions and also to identify unusual and rare
types of lesions.

The present study, was a basis for the need | felt to organize the placental disease processes
that allowed a biologically and clinically comprehensive classification, since a First-trimester abortion
specimens. | am pleased that my approach to classification of placental lesions is in general close and
in agreement with the current Amsterdam Placental Workshop Group Consensus Statement. (Khong
TY, at al, 2016) and in approach to coleagues works that | very appreciate as Redline and
Bernirschke.

Also, in recent times evidence has begun to accumulate that placental function has even
longer-term impact on the well-being of both the mother and the child and even the adult. (Redline
RW, 2015; DeRoo L, et al., 2016; Rees S, et al., 2005)

Similarly, recent studies have highlighted the clinical importance of placental biometries and
phenotypes and its association with fetal disturbances and diseases later in life. (Barker DJ, ef al.,
2013; Barker DJ, et al., 2012; Barker DJ, et al., 2011; Wen X, et al, 2011; Winder NR, et a/,, 2011;
Redline RW, 2015; Khong TY, 2016; Winder NR, et a/., 2011; Myatt L, 2002; DeRoo L, ef a/., 2016,
Rees S ef al., 2005).

Even though the major advances in Second and Third trimester placentas, First-trimester
abortion specimens (FTAS) are often poor described from a developmental perspective. (Edmonds

DK, et al,, 1982; Wilcox AJ, et al., 1988; Whittaker PG, ef a/,, 1983; Zinaman M, ef al., 1996).
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So, the examination of placenta across gestational-age (GA) would be useful in a variety of
ways. It could evaluate a quickly approach of weight, size and morphology deviation. Also, it could
diagnose important conditions affecting the mother and infant related to pregnancy loss and identify
conditions that are likely to recur in subsequent pregnancies. (Redline RW, 2015) So, placental
examination could help on separating clinical syndromes and associations into distinct pathological
phenotypes for further investigation and uncovering the underlying cause of unexpected adverse
outcomes. (Redline RW, 2015).

Although, epidemiologic studies have reported wide geographic and temporal variations in the
prevalence of some placental diseases, making reliable international comparisons difficult namely in
severe disorders (e.g., gestational trophoblastic diseases such as hydatidiform mole and extra villous
lesions). (Joneborg U, et al., 2018).

So, recently, a international comprehensive classification of Second and Third trimester
placental lesions has been proposed. (Khong TY, et a/, 2016)

The implementation of a unified system with reproducible criteria helps to establish evidence-
based recommendations and terminologies for the pathological study of the Second and Third
trimester placentas and First-trimester abortion specimens too. (Redline RW, 2015; Turowski G, et a/.,
2012) Also, a competent placental examination improves the advances in the knowledge of the
pathogenesis, diagnosis and treatment of obstetric disorders.

Knowing that placental lesions have a heterogeneous and complex etiologies associated with
distinct placental phenotype, these understanding could improve both an effective clinical follow-up in
future and on new emergent diagnostic “omics” approach and target therapies.

So, the Chapter 3 covers my approach to a comprehensive classification of First-trimester

abortion lesions.
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1.5. UTILITY OF PLACENTAL EXAMINATION

Useful information from a competently performed placental examination allows a specific
diagnosis and serves for the purposes of quality assurance, risk process disease management of the
mother or infant and patient health care education. (Redline RW, 2015).

Depending on their clinical relevance (Table 6), placental lesions can be broadly classified into
four types: 1. Lesions responsible for fetal or neonatal morbidity and/or mortality (e.g., infarction,
unusual infection, abruption, etc.) (see Table 6); 2. Lesions related to premature delivery (e.g.,
chorioamnionitis, abruption, etc.) (see Table 6); 3. Lesions that are likely to modify immediate
management of the mother (e.g., HM, accreta) 4. Placental lesions that explain specific adverse
outcomes (e.g., abruption, MVM, FVM, etc).

A comprehensive classification of placental lesions (see Table 4) have significant implications
for fetal, infant and maternal health, and may provide valuable information to the clinicians and
families (see Table 6). Also, could prevent the risk of recurrent lesions (Table 7). (Redline RW, 2015;
Salafaia CM, et al,, 2009; Roberts DJ, et al., 2006; Langston C, et al., 1997; Khong TY, et al, 2003;
Fox H, et al., 2007; Turoswski G, et al,, 2102; Vinnars MT, et al,, 2015, Nogueira R, et a/,, 2015). In
addition, it is important in litigation processes related to adverse pregnancy outcomes, sometimes
associated with inflammatory-immune infectious diseases (l1ID) (Table 8) (Chang KT, 2014; Nogueira

R, etal, 2015; Khong TY, et al, 1997).
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Table 4. Comparative classification of placental lesions.

Redline (2015)

Amsterdam Placental Workshop Group Criteria (2016)

Placental vascular processes

a. Maternal stromal-vascular lesions
Developmental
Superficial implantation/ decidual arteriopathy
Increased immature extravillous trophoblast
Malperfusion
Global/Partial
Early: distal villous hypoplasia
Late: accelerated villous maturation
Segmental/Complete
Villous infarcts
Loss of Integrity
Abruptio placenta (arterial)
Marginal abruption (venous)
Acute
Chronic
b. Fetal stromal-vascular lesions
Developmental
Villous capillary lesions
Delayed villous maturation®
Dysmorphic villi
Malperfusion
Global/partial
Segmental/complete
Loss of integrity
Large vessel rupture (fetal hemorrhage)
Small vessel rupture (feto-maternal hemorrhage)
Villous edema

a. Maternal vascular malperfusion (MVM)

Decidual arteriopathy
Other findings

Placental hypoplasia (PW<P, or UC ©< 8mm or <P,)
Distal villous hypoplasia
Accelerated villous maturation
Infarcts

Infarction hematoma
Retroplacental hemorrhage/Retroplacental hematoma (RPH) ©

b. Fetal vascular malperfusion (FVM)

Delayed villous maturation™

High grade(severe form)
Low grade

Placental inflammatory-immune processes

a. Infectious—Inflammatory lesions

Acute

Maternal inflammatory response:

Fetal inflammatory response:

Chronic

Plasma cells villitis (CMV, others)

Intervillositis (malaria, others)

b. Immune/Idiopathic—Inflammatory lesions

VUE® and related/associated lesions
Chronic villitis

Chronic chorioamnionitis
Lymphoplasmacytic deciduitis
Eosinophil T-cell fetal vasculitis
Chronic histiocytic intervillositis

a. Infectious inflammatory lesions
Ascending Intrauterine infection
Stage and grading (see table 8)

Chronic plasma cell villitis
Plasma cells villitis (CMV, others)

b. Immune/idiopathic-inflammatory Lesions
Nonspecific chronic villitis®
Chronic usually lymphohistiocytic villitis
Other inflammatory lesions
Chronic choriomanionitis
Chronic deciduitis
Eosinophilic/T-cell vasculitis
Chronic intervillositis or chronic histiocytic intervillositis

Other placental processes

Massive perivillous fibrin deposition (MFI)
Abnormal placental shape or UC insertion site
Morbidity adherent placentas (accreta)
Meconium-associated changes

Increased circulating nucleated red blood cells

Massive perivillous fibrin deposition (MFI)™
Abnormal placental shape or UC insertion site
Morbidity adherent placentas (accreta)
Meconium-associated changes

Increased circulating nucleated red blood cells
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Legend of Table 4. "For gestational-age, delayed villous maturation, as being the opposite of accelerated villous maturation, usually seen after 36 weeks and rarely before
34 weeks. MVM, maternal vascular malperfusion: Infarcts must be qualified as recent or remote and central or peripheric, the central one should be preferentially sampled
for histology. When hemorrhage is encased by infarction, the term infarction hematoma should be used. Placental abruption is a clinical diagnosis and the correct
description is retroplacental hematoma (RPH).FVM: The lesions described under this umbrella are due to obstruction in fetal blood flow (e.g., umbilical cord lesions with
partially obstructed blood flow, hypercoagulability, complications of fetal cardiac dysfunction, hypoxia, etc.). Histopathological findings are thrombosis; recent intramural
fibrin in large vessels; segmental avascular villi (more than one focus), and villous stromal-vascular karyorrhexis. FVM must be classified classified: Low grade: and High
grade. Thrombosis would be considered to be a pre-mortem process.

Inflammatory-infectious process — The topography and constituents of the inflammatory response should be documented. Poor fetal outcomes are more often associated
with a fetal inflammatory response (FIR). Histologic chorioamnionitis may not be equivalent to clinical chorioamnionitis. Chronicity of response may have different clinical
implications from purely acute response.

VUE, villitis of unknown etiology is a histologic diagnosis and it is usually a lymphohistiocytic villitis, although rare plasma cells may be present. Must be classified as: high
grade or low grade. An infectious etiology, such cytomegalovirus (CMV) herpes virus must be suspect when frequent plasma cells are present. High grade nonspecific villitis
has significant association with fetal growth restriction, neurodevelopmental impairment and recurrence risk in subsequent pregnancies.

MFI, maternal floor infarction; a kind of lesion with high recurrence risk and association with adverse pregnancy outcomes.

Table 5. Usefulness from a placental examination.*

Identification of unsuspected disease Placenta accrete
Unusual infection (eg. CMV, Listeria, Parvovirus)

Findings suggestive of aneuploidy or metabolic storage disease

Conditions associated with a high Idiopathic/Immune inflammatory lesions (chronic histiocytic intervillositis)

recurrence in future pregnancies Massive fibrin deposition (maternal floor infarction)

Non-specific chronic villitis
Placenta accrete
Maternal vascular malperfusion:

Spontaneous preterm birth with histological chorioamnionitis

Information that guide the management of Maternal vascular malperfusion
future pregnancies Spontaneous preterm birth with histological chorioamnionitis
Idiopathic/immune inflammatory lesions

Fetal vascular malperfusion

Delayed villous maturation

Diagnosis that provide a specific Umbilical cord severe edema, stenosis, thrombosis

explanation for an adverse outcome?

*Adapted from Redline RW 2015. Terminology consensus Khong TY, 2016.

Legend: CMV, cytomegalovirus; FD, fetal death; FGR, fetal growth restriction; CNS, central nervous system.

! Distal villous hypoplasia is associated with early-onset fetal growth restriction. Accelerated villous maturation is associated with FGR, preeclampsia, preterm labor.
?FD, FGR, Preterm birth, CNS injury
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Table 6. Clinical relevance of placental lesions.

Placental causes of specific adverse outcomes

Preterm fetal death

Maternal vascular malperfusion
High grade / Global fetal vascular malperfusion

Spontaneous preterm birth

Accute chorioamnionitis

Marginal abruptio

Maternal vascular malperfusion

Idiopathic/Immune inflammatory lesions (non-specific chronic villitis)
High grade / Global fetal vascular malperfusion

Term fetal death

Abruptia placenta (RPH)

High grade / Global fetal vascular malperfusion
Umbilical cord accident

Fetomaternal hemorrhage

Delayed villous maturation

CNS injury at term

Global fetal vascular malperfusion

Global fetal vascular malperfusion (UC accident)

Idiopathic/Immune inflammatory lesions (non-specific chronic villitis)
Accute chorioamnionitis with severe fetal response

Multiple placental lesions

Growth fetal restriction

Maternal vascular malperfusion?
Idiopathic/Immune inflammatory lesions

Modified from Redline RW 2015. Terminology consensus Khong TY, 2016.

Legend: UC, umbilical cord; CNS, central nervous system; RPH, retroplacental hemorrhage/hematoma.
'Staging and grading of the maternal and inflammatory responses is essential.

2Distal villous hypoplasia is associated with early-onset fetal growth restriction.
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Table 7. Placental lesions with recurrent risk in subsequent pregnancies.”

Rare Chronic histiocytic intervillositis
Massive perivillous fibrin deposition
More common Placenta accrete

Non-specific chronic villitis

Idiopathic/Immune inflammatory lesions (Maternal vascular malperfusion)
Fetal vascular malperfusion

Spontaneous preterm birth with histological chorioamnionitis

Aneuploidy

Hydatidiform mole

*Modified from Redline RW 2015.

Detailed study of the placenta after delivery contributes to the understanding of placental
function towards the identification of specific primary (intrinsic) or secondary lesions that can reflect
an adverse intrauterine environment and explain an adverse fetal or perinatal outcome (see Table 6
and Table 7). (Vinnars MT, et al, 2015; Redline RW, 2015; Khong TY, et al., 2016).

Recently, evidence has begun to accumulate that placental function has even longer-term
impact on the well-being of both the woman and the child - and even the adult — who results from the
pregnancy. (Rees S, et al, 2005; Barker DJ, et al., 2012; Amaral LM, et a/., 2015; DeRoo, et al,
2016).

As an emergent topic | alert to the importance of a competent placental examination in litigation
against hospitals and clinicians (see Appendix 1).

Finally, considering the inclusion and exclusion criteria for the selection of percentile placental
sample and in order to exclude twin pregnancies, fetal conditions (e.g., congenital fetal malformation),
placental disorders (e.g., tumors) and maternal disorders that could affect placental growth and
consequently PW and PW-R a global retrospective placental and fetal pathological reports was
performed at the CGC Embryo Fetal Pathology Laboratory. As a result, others studies were
consequent and secondarily developed such as, an overview of fetal congenital malformation that
could be directly related to PW and dysmorphology were developed as additional studies which results

in two manuscripts (see Appendix 2 and Appendix 3).
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Table 8. Histopathological chorioamnionitis classification.

MATERNAL RESPONSE

FETAL RESPONSE

ACUTE

Neutrophils between amnion and chorionic plate

STAGE
N

Neutrophils in subchorionic fibrin

(subchorionitis/chorionitis)
Neutrophils within mesenchymal chorioamniotic

ticenn

Karyorrexis, necrosis of amniocytis (necrotizing

charinamninnitis)

Vasculitis (chorionic vessel or umbilical
phlebitis)
Umbilical phlebitis and arteritis

Funisitis necrotizing

GRADE

Not severe (mild)
Severe: Confluent neutrophils

in chorion or micro abscess

Not severe (mild)
Severe: Intramural neutrophils with

destructing smooth muscle cells

SUBACUTE

Neutrophils and mononucleates

cells between amnion and chorion, necrosis

CHRONIC

Lymphocytes between amnion

and chorion

STAGE
N

Lymphocytes on chorionic
Lymphocytes on mesenchymal chorioamniotic

tissue

GRADE
N

2 3 foci or patchy inflammatory

Diffuse inflammatory process

*Modified from Khong TY, et al,, 2016

1.6. ETHICAL ISSUES

The increase of litigation processes towards hospitals and obstetricians is a reality, and in most

cases, the litigant part claims negligence (see Appendix 1).

In litigation processes, the pathologist is frequently called upon and questioned to clarify

specific pathological processes and dating their evolution (see Table 5 and 6). The evaluation of the

real retention-time after fetal death is frequently asked also.

Several placental lesions of previously unsuspected disease process in the mother or fetus are

identified only on microscopic placental examination. So, placental examination including the

membranes and umbilical cord, is crucial in specific maternal and fetal conditions. (Table 9).

A useful information from a competently placental evaluation must combine a macroscopic and

microscopic examination.
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A competent gross and microscopic placental examination is an important issue with strong
association with adverse outcomes and high recurrence rate in future pregnancies (see Table 7).
However, these issues are sometimes challenging to assess due to the coexistence of competing
injuries, requiring a confident understanding of its pathogenesis and implications (see Appendix 1).

Microscopy is essential for classification, evaluation and dating of the placental vascular
maternal or fetal malperfusion and inflammatory-immune processes (either infectious or idiopathic)

(see Table 4 and Table 8).

Table 9. Placental, membranes and umbilical cord abnormalities in fetal conditions.:

Placental Processes Fetal Process
Umbilical Cord
Tumor / masses Teratoma may represent an acardiac twin
Hemangioma may associate rupture or hematoma
Vessels abnormalities Single umbilical artery associated with other fetal anomalies
Supernumerary vessel rare, may be associated w/ fetal anomalies
Membranes
Circunvallate Fibrin/fibrinoid preterm delivery, fetal anomalies
Chorionic Plate
Miscellaneous Yolk sac remanants no clinical significance

Fetus papyraceus

Hematoma Subchorionic
Subamnionic if large, may be associated with stillbirth
Vascular mass Chorangioma if large may associated with fetal hydrops

Chorionic Villi and

Blood clot Intervillous thrombus may be associated with FMH

Fibrin / fibrinoid Maternal floor infarction often involves full may be associated with IUGR/FGR

Infarcts related to MVM often associated with IUGR

Abscess related to infection often associated with fetal sepsis

Edema or hydropic Mesenchymal dysplasia may be associated with placental mosaicism and
Vesicles Hydatidiform mole may be partial or complete including ve-CHM®

Basal Plate

Increased fibrinoid Maternal floor infarction may be associated with IUGR
Hemorrhage Retroplacental hematoma may be associated with other changes of
Adherent myometrium Placenta accrete may be associated with maternal and fetal

?Adapted from the Manual of Benirschke and Kaufmann’s Pathology of the Human Placenta.

IUGR, intrauterine growth restriction; FGR, fetal growth restriction; MVM, maternal vascular malperfusion; FMH, fetomaternal hemorrhage; ve-CHM, very
early complete hydatidiform mole.

b microscopy is essential to classification and may be complemented with immunohistochemistry and genetic tests.
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1.7. SUMMARY AND FUTURE DIRECTIONS

The major processes frequently found in the placenta have been outlined previously. The
availability of clinical information and reason for pathological submission study is critically important to
all examinations because some processes, such as premature placental separation, may have little
recognizable gross change (see above).

In experienced hands macroscopic examination of placenta optimizes the histological
interpretation through appropriate choice of areas to submitting to microscopy (see Figure 4).

Macroscopy allows assessment of placental biometry and morphology which could related with
several maternal and fetal conditions (see Appendix 2 and Appendix 3).

Placental measures are crucial tools to evaluate prenatal PW, placental size and PV. PW is the
most common way to characterize placental growth, and it is a summary of many measurements of
the placenta. Actually, several studies have given emphasis to the clinical importance of placental
growth and placental function and adverse fetal outcome including fetal death and perinatal mortality.

Microscopy is essential to define placental underlying maternal or fetal disease processes. A
simple, comprehensive, and widely accepted classification system including in First-trimester abortion
specimens (see Chapter 3) is a pre-requisite for definition of a robust and reproducible placental
phenotypes and terminologies. (Khong TY, et a/, 2016; Redline RW, 2015).

Once a clinical context and significance of the placental phenotypes across GA are better
understood (see Chapter 3), it should be possible to refine submission guidelines and decrease the
number of unhelpful placental examinations, thereby reducing costs to health care system. (Redline
RW, 2015).

The goals of the "Human Placenta Project', to develop new biomarkers and imaging
techniques that allow the prospective diagnostic evaluation and the development of new target
therapies will be greater if the contribution of placental biometry, dysmorphology and phenotype are
considered together. (Redline RW, 2015).

Like as other authors | believe that placental pathology will likely continue to play an important
role, serving as a gold standard for diagnosis, quality assessment, diagnostic test evaluation and
comparative effectiveness trials, and guiding the management of individual patients to prevent

adverse outcomes in subsequent pregnancies. (Redline RW, 2015).
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AIMS

The primary aim of this thesis was to produce a Portuguese-based population percentile curves
for placental weight (PW), placental diameters (PDs), fetal weight (FW) / birth weight (BW), placental
weight ratio (PW-R) and birth weight placental weight ratio (BPW-R) in singleton gestations across
gestational-age (GA) .

Additional relevant goals were: (1) to develop a classification of placental lesions namely in
early abortion products. That helps to establish evidence-based recommendations for complementary
tests and allow advances in the understanding early abortion disease processes which can guide the
management of future pregnancies, particularly in maternal disorders; (2) to evaluate macroscopic
placental dysmorphology and biometric parameters associated with fetal diseases.

Future directions: Related to critical placental measurements across GA and the goals of the

“Human Placenta Project”.

REFERENCES

Adams-Chapman |, Vaucher YE, Bejar RF, Benirschke K, Baergen RN, Moore TR. Maternal floor
infarction of the placenta: association with central nervous system injury and adverse
neurodevelopmental outcome. J Perinatol. 2002;22:236-41.

Aherne W. A weight relationship between the human foetus and placenta. Biol Neonat. 1966;10:113-
8.

Alexander JM, Mclintire DN, Leveno KJ. Chorioamnionitis and the prognosis for term infants. Obstet
Gynecol. 1999;94(2):274-8.

Almog B, Shehata F, Aljabri S, ef a/ Placenta weight percentile curves for singleton and twins
deliveries. Placenta. 2011;32(1):58-62.

Amaral LM, Cunningham MW, Cornelius DC, LaMarca B. Pre-eclampsia: Long-term consequences for
vascular health. Vasc Health Risk Manag. 2015;11:403-15.

Armitage P, Boyd JD, Hamilton WJ, Rowe BC. A statistical analysis of a series of birth-weights and
placental weights. Hum Biol. 1967;39:430-44.

Asgharnia M, Esmailpour N, Poorghorban M, Atrkar-Roshan Z. Placental weight and its association
with maternal and neonatal characteristics. Acta Medica Iranica 2008;46(6):467-72.

Baergen RN, Benirschke K. (Eds). Manual of pathology of the human placenta. ed.: 2nd. New York:
Springer: 2011.

55



Baergen RN, Malicki D, Behling C, Benirschke K. Morbidity. Mortality and placental pathology in
excessively long umbilical cords: retrospective study. Pediatr Dev Pathol. 2001;4(2):144-53.

Baergen RN, Rutgers JL, Young RH. Extrauterine lesions of intermediate trophoblast. Int J Gynecolog
Pathol. 2003;22:362-7.

Baergen RN, Rutgers JL. Trophoblastic lesions of the placental site. Gen Diagn Pathol. 1997;143:143-
58.

Baergen RN. Macroscopic examination of the placenta immediately following birth. J. Nurse Midwifery
1997;42:293-402.

Barker DJ, Bull AR, Osmond C, Simmonds SJ. Fetal and placental size and risk of hypertension in
adult life. BMJ. 1990;301:259-62.

Barker DJ, Clark PM. Fetal undernutrition and disease in later life. Rev Reprod. 1997;2:105-12.

Barker DJ, Hales CN, Fall CH, et a/ Type 2 (non-insulin-dependent) diabetes mellitus, hypertension
and hyperlipidaemia (syndrome X): relation to reduced fetal growth. Diabetologia 1993;36(1):62-7.

Barker DJ, Larsen G, Osmond C, Thornburg KL, Kajantie E, Eriksson JG. The placental origins of
sudden cardiac death. Int J Epidemiol. 2012;41:1394-9.

Barker DJ, Osmond C, Golding J, Kuh D, Wadsworth ME. Growth in utero, blood pressure in childhood
and adult life, and mortality from cardiovascular disease. BMJ (Clinical research ed.)
1989;298(6673):564-7.

Barker DJ, Osmond C, Thornburg KL, Kajantie E, Eriksson JG. The lifespan of men and the shape of
their placental surface at birth. Placenta 2011;32(10):783-7.

Barker DJ, Osmond C, Thornburg KL, Kajantie E, Eriksson JG. The shape of the placental surface at
birth and colorectal cancer in later life. Am Hum Biol: Off J Hum Biol Counc. 2013;25:566-68.

Benirschke K, et al. (Eds.). Pathology of the human placenta. New York: Springer Science + Business
Media, Inc: 2006.

Benirschke, K. Obstetrically important lesions of the umbilical cord. J Reprod Med. 1994;39(4):262-
72.

Blume HK, Li Cl, Loch CM, et a/. Intrapartum fever and chorioamnionitis as risks for encephalopathy
in term newborns: a case-control study. Dev Med Child Neurol. 2008;50(1):19-24.

Boué DR, Stanley C, Baergen RN. Placental Pathology casebook. Long umbilical cord with torsion and
diffuse chorionic surface vein thrombosis: multiple associated congenital abnormalities including

destructive encephalopathy. J Perinatol. 1995;15(5):429-31.

Bourrouillou G, Colombies P & Dastugue N. Chromosome studies in 2136 couples with spontaneous
abortions. Human Genetics 1986;74:399-401.

56



Branch DW, Gibson M. and Silver RM. Clinical practice. Recurrent miscarriage. N Engl J Med.
2010;363(18):1740-7.

Brody SC, Harris R, Lohr K (2003) Screening for gestational diabetes: a summary of the evidence for
the U.S. Preventive Services Task Force. Obstet Gynecol. 101(2):380-392.

Brook JD, Gosden RG & Chandley AC. Maternal ageing and aneuploid embryos — Evidence from the
mouse that biological and not chronological age is the important influence. Human Genetics
1984;66(1):41-5.

Caldas R, Oliveira P, Rodrigues C, Reis I, Scigliano H, Nogueira R, Aratjo C and Ferreira, S.
Intraplacental choriocarcinoma: Rare or underdiagnosed? - Report of 2 cases diagnosed after an
incomplete miscarriage and a preterm spontaneous vaginal delivery. Case Reports in Medicine, 2017,
Article ID 7892980, 4 pages.

Castle D & Bernstein. Cytogenetics analysis of 688 couples experiencing multiple spontaneous
abortions. American Journal of Medical Genetics 1988;29:549-56.

Catov JM, Peng Y, Scifres CM, Parks WT. Placental pathology measures: Can they be rapidly and
reliably integrated into large-scale perinatal studies? Placenta 2015;36(6):687-92.

Chang KT. Examination of the placenta: medico-legal implications. Semin Fetal Neonatal Med.
2014:19(5):279-84.

Choi TY, Lee HM, Park WK, Jeong SY, Moon HS. Spontaneous abortion and recurrent miscarriage: A
comparison of cytogenetic diagnosis in 250 cases. Obstet Gynecol Sci. 2014;57(6):518-525.

Cordero DR, Helfgott AW, Landy HJ, Reik RF, Medina C, O’Sullivan MJ. A non-hemorrhagic
manifestation of vasa previa: a clinicopathologic case report. Obstet Gynecol. 1993;82(4 Pt 2
Suppl):698-700.

Cox P, Evans C. Tissue pathway for histopathological examination of the placenta. The Royal College
of Pathologists 2011:1e15.

Criado B, Brandao O, Nogueira R, ef al. Interphase cytogenetic analysis of the sex chromosomes in
archival material from abortions. Progresos en Diagnostico Prenatal 1997;9(7):376-82.

Cromi A, Ghezzi F, Di Naro E, Siesto G, Bergamini V, Raio L. Large cross-sectional area of the
umbilical cord as a predictor of fetal macrosomia. Ultrasound Obstet Gynecol. 2007;30(6):861-6.

Daya S, Ward S & Burrows E. Progesterone profiles in luteal phase defect cycles and outcome of
progesterone treatment in patients with recurrent spontaneous abortion. American Journal of

Obstetrics and Gynecology 1988;158(2):225-32.

De Laat MWM, Franx A, Bots ML, Visser GHA, Nikkels PGJ. The umbilical coiling index in normal and
complicated pregnancies. Obstet Gynecol 2006;107(5):1049-55.

57



De Laat MWM, van Alderen ED, Franx A, Visser GHA, Bots ML, Nikkels PGJ. The umbilical coiling
index in complicated pregnancy. Eur J Obstet Gynecol Reprod Biol. 2007;130(1):66-72.

De Paepe ME, Shapiro S, Young LE, Luks F I. Placental weight, birth weight and fetal: placental weight
ratio in dichorionic and monochorionic twin gestations in function of gestational-age, cord insertion
type and placental partition. Placenta 2015;36,213-20.

Demir R, Kaufmann P, Castelluci M, ef a/. Fetal vasculogenesis and angiogenesis in human placental
villi. Act Anat. 1989;136:190-203.

DeRoo L, Skjeerven R, Wilcox A, Klungseyr K, Wikstrom AK, Morken NH, Cnattingius S. Placental
abruption and long-term maternal cardiovascular disease mortality: a population-based registry study
in Norway and Sweden. Eur J Epidemiol. 2016;31(5):501-11.

Di Salvo DN, Benson CB, Laing FC, Brown DL, Frates MC, Doubilet PM. Sonographic evaluation of the
placental cord insertion site. AJR Am J Roentgenol. 1998;170(5):1295-8.

Dombrowski MP, Berry SM, Johnson MP, Saleh AA, Sokol RJ. Birth weight-length ratios, ponderal
indexes, placental weights and birth weight-placenta ratios in a large population. Arch Pediatr Adolesc

Med. 1995;148:508-12.

Downey A, Hore K, McAuliffe FM, Mooney E. Umbilical cord shortening: quantification post-delivery
and post-fixation. Pediatr Dev Pathol. 2014;17(5)327-9.

Edmonds DK, Lindsay KS, Miller JF, ef a/. Early embryonic mortality in women. Fertility and Sterility
1982;38(4):447-53.

Edwards RG. Causes of early embryonic loss in human pregnancy. Human Reproduction
1986;1(3):185-98.

Eiben B, Bartels |, Bahr-Porsch S, et a/. Cytogenetic analysis of 750 spontaneous abortions with the
direct-preparation method of chorionic villi and its implications for studying genetic causes of

pregnancy wastage. American Journal of Human Genetics 1990;47(4):656-63.

Ericksson JG, Kajantie E, Thornburg KL, Osmond C, Barker DJ, Mothers body size and placental size
predict coronary heart disease in men. Eur Heart J. 2011;32(18):2297-2303.

Eskild A, Romundstad PR, Vatten LJ. Placental weight and birthweight: does the association differ
between pregnancies with and without preeclampsia? Am J Obstet Gynecol. 2009;201(6):595e1-5.

Fox GE, Wesep RV, Resau JH, Sun CC. The effect of immersion formaldehyde fixation on human
placental weight. Arch Pathol Lab Med. 1991;115:726-8.

Fox H & Sebire NJ. Pathology of the placenta (Major problems in Pathology). ed.: 3rd. London:
Saunders Elsevier: 2007.

Fox H, Elston CW. Pathology of the placenta. Major Probl Pathol. 1978;7:1-491.

58


https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Salvo%20DN%5BAuthor%5D&cauthor=true&cauthor_uid=9574605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Benson%20CB%5BAuthor%5D&cauthor=true&cauthor_uid=9574605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laing%20FC%5BAuthor%5D&cauthor=true&cauthor_uid=9574605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brown%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=9574605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frates%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=9574605
https://www.ncbi.nlm.nih.gov/pubmed/?term=Doubilet%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=9574605

Fox H, Khong TY. Lack of innervation of human umbilical cord. An immunohistochemical and
histochemical study. Placenta 1990;11:59-62.

Freire K, Padilha PC, Saunders C. Fatores associados ao uso de alcool e cigarro na gestacado. Rev
Bras Ginecol Obs. 2009;31(7):335-41.

Fretts RC. Etiology and prevention of stillbirth. Am J Obstet Gynecol. 2005;193(6):1923-35.

Fritz MA. Inadequate luteal function and recurrent abortion: diagnosis and treatment of luteal phase
deficiency. Semin Reprod Med. 1988;6(2):129-43.

Fukunaga M. Immunohistochemical characterization of p57KIP2 expression in early hydatidiform
moles. Human Pathology 2002;33(12):1188-92.

Garcia-Enguidanos A, Calle M, Valero J, Luna S, Dominguez-Rojas V. Risk Factors in miscarriage: a
review. Eur J Obstet Gynecol Reprod Biol. 2002;102(2):111-9.

Genest DR. Partial Hydatidiform mole: Clinicopathologic features, differential diagnosis, ploidy and
molecular studies, and gold standards for diagnosis. Int J Gynecol Pathol. 2001;20:315-22.

Georgiadis L, Keski-Nisula L, Harju M, et a/. Umbilical cord length in singleton gestations: a Finnish
population-based retrospective register study. Placenta 2014;35(4)275-280.

Gerulath AH, Ehlen TG, Bessette P, Jolicoeur L, Savoie R. Gestational trophoblastic disease. J Obstet
Gynaecol Can. 2002;24(114):434-46.

Gilbert-Barness E, Debich-Spicer D. (Eds.). The Human Embryo and Embryonic Growth
Disorganization. In: Embryo and Fetal Pathology - Color Atlas with Ultrasound Correlation. New York:
Cambridge University Press: 2004:1-22.

Goldenberg RL, McClure EM, Saleem S, ef al Infection-related stillbirths. The Lancet
2010;375(9724):1482-90.

Groen H, Bouman K, Pierini A, et al. Stillbirth and neonatal mortality in pregnancies complicated by
major congenital anomalies: Findings from a large European cohort. Prenat Diagn.

2017;37(11):1100-11.

Gropp A, Kolbus V, Giers D. Systematic approach to the study of trisomy in the mouse. Il
Cytogenetics and Cell Genetics 1975;14:42-62.

Guerrero RV and Rojas Ol. Spontaneous abortion and ageing of human ova and spermatozoa. The
New England Journal of Medicine 1975;293:573-5.

Hankins GD, Koen S, Gei AF, ef a/. Neonatal organ system injury in acute birth asphyxia sufficient to
result in neonatal encephalopathy. Obstet Gynecol. 2002;99(5Pt 1):688-91.

Harlap S, Shiono PH. Alcohol, smoking, and incidence of spontaneous abortion in the first and second
trimester. The Lancet 1980;316(8187):173-6.

59



Hassold T, Chen N, Funkhouser J, et a. A cytogenetic study of 1000 spontaneous abortion. Annals of
Human Genetics 1980;44:151-78.

Heifetz SA. Single umbilical artery. A statistical analysis of 237 autopsy cases and review of the
literature. Perspect Pediatr Pathol. 1984;8(4):345-78.

Heifetz SA. Thrombosis of the umbilical cord: analysis of 52 cases and literature review. Pediatr
Pathol. 1988;8(1):37-54.

Heinonen S, Taipale P, Saarikoski S. Weights of placentae from small-for-gestational-age infants
revisited. Placenta 2001;22(5):399-404.

Hertig AT, Rock J & Adams EC. A description of 34 human ova within the first 17 days of
development. The American Journal of Anatomy 1956;98:435-93.

Holzman C, Lin X, Senagore P, Chung H. Histologic chorioamnionitis and preterm delivery. Am J
Epidemiol. 2007;166(7):786e94.

Holzman C, Senagore PK, Wang JL. Mononuclear leukocyte infiltrate in extraplacental membranes
and preterm delivery. Am J Epidemiol. 2013;177(10):1053e64.

Hua M, Odibo AO, Macones GA, Roehl KA, Crane JP, Cahill AG. Single umbilical artery and its
associated findings. Obstet Gynecol. 2010;115(5):930-4.

Hustin J, Jauniaux E & Schaaps JP. Histological study of the materno-embryonic interface in
spontaneous abortion. Placenta 1990;11:477-86.

Hustin J, Jauniaux E. Morphology and mechanisms of abortion. In Barnea ER, Hustin J & Jauniaux E
(Eds.): The first twelve weeks of gestation. Berlin, Heidelberg: Springer-Verlag: 1992:280-96.

Instituto Nacional de Estatistica. (Ed. 2018). Estatisticas demograficas 2017 (Portugal). ISSN 0377-
2284,

Jacobs PA. Epidemiology of chromosome abnormalities in man. American Journal of Epidemiology
1977;105(5):180-91.

Janthanaphan M, Kor-Anantakul O, Geater A. Placental weight and its ratio to birth weight in normal
pregnancy at Songkhlanagarind Hospital. Journal of the Medical Association of Thailand, Chotmaihet

thangphaet. 2006;89(2):130-7.

Jessop FA, Lees CC, Pathak S, Hook CE, Sebire NJ. Umbilical cord coiling: clinical outcomes in an
unselected population and systematic review. Virchow Arch. 2014;464(1):105-12.

Joneborg U, Folkvaljon Y, Papadogiannakis N, Lambe M & Marions L, ef a/ Acta Oncologica
2018;57(8):1094-99.

60


https://www.ncbi.nlm.nih.gov/pubmed/?term=Roehl%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=20410765
https://www.ncbi.nlm.nih.gov/pubmed/?term=Crane%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=20410765
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cahill%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=20410765

Kalousek DK, Baldwin VJ, Dimmick JE, ef a/. Embryofetal-perinatal autopsy and placenta examination.
In: Dimmick JE, Kalousek DK. (Eds). Development pathology of the embryo and fetus. Philadelphia:
Lippincott: 1992:55-82.

Kalousek DK, Pantzar T, Tsaim et a/. Early spontaneous abortion: Morphologic and karyotypic findings
in 3912 cases. Birth Defects 1993;29:53-61.

Kalousek DK. Anatomical and chromosomal abnormalities in specimens of early spontaneous
abortion: seven years’ experience. Birth Defects Orig Artic Ser. 1987;23(1):153-68.

Kalter H. Diabetes and spontaneous abortion: A historical review. American Journal of Obstetrics and
Gynecology 1987;156(5):1243-53.

Katzman PJ, Genest DR. Maternal floor infarction and massive perivillous fibrin deposition: histological
definitions, association with intrauterine fetal growth restriction, and risk recurrence. Pediatr Dev

Pathol. 2002;5(2):159-64.

Kelly R, Holzman C, Senagore P, Wang J, Tian Y, Rahbar MH, ef a/. Placental vascular pathology
findings and pathways to preterm delivery. Am J Epidemiol. 2009;170(2):148e58.

Khong TY, Gordijn SJ. Quality of placental pathology reports. Pediatr Dev Pathol. 2003;6(1):54-8.

Khong TY, Liddel HS & Robertson WB. Defective haemochorial placentation as a cause of miscarriage:
a preliminary study. British Journal of Obstetrics and Gynecology 1987;94:640-55.

Khong TY, Mooney EE, Ariel |, et a/. Sampling and Definitions of Placental Lesions: Amsterdam
Placental Workshop Group Consensus Statement. Arch Pathol Lab Med. 2016;140(7):698-713.

Khong TY. Evidence-based pathology: umbilical cord coiling. Pathology 2010; 42(7)618-22.

Khong TY. Re: From Delivery Suite to Laboratory: Optimizing Returns from Placental Examination in
Medico-legal Defence. Aust NZ J Obstet Gynecol. 1997;37:1-5.

Kline J. & Stein Z. Very early pregnancy. In Dixon RL (ed.) Reproductive Toxicology. New York: Raven
Press: 1985:251-65.

Krakowiak P, Smith EN, De Bruyn G, Lydon-Rochelle MT. Risk factors and outcomes associated with
short umbilical cord. Obstet Gynecol. 2004;103(1):119-127.

Kurman RJ, Main CS, Chen H-C. Intermediate trophoblast: a distinctive form of trophoblast with
specific morphological, biochemical and functional features. Placenta 1984;5:349-70.

Lackman F, Capewell V, Gagnon R, Richardson B. Fetal umbilical cord oxygen values and birth to
placental weight ratio in relation to size at birth. American journal of obstetrics and gynecology
2001;185(3):674-82.

Lamont K, Scott N, Jones G, ef a/. Risk of recurrent stillbirth: systematic review and meta-analysis.
BMJ 2015;350:h3080.

61



Langston C, Kaplan C, Macpherson T, Menci E, Peevy K, Clark B. Practice guideline for examination
of the placenta: Developed by the Placental Pathology Practice Guideline Development Task Force of
the College of American Pathologists. Arch Path Lab Med. 1997;121(5):449-76.

Lao TT, Wong W. (1999) The neonatal implications of a high placental ratio in small-for-gestational-age
infants. Placenta 20:723-6.

Lawn JE, Blencowe H, Pattinson R, ef a/ Stillbirths: Where? When? Why? How to make the data
count? Lancet 2011;377(9775):1448-63.

Little RE, Zadorozhnaja TD, Hulchiy OP, et al Placental weight and its ratio to birthweight in a
Ukrainian city. Early human development. 2003;71(2):117-27.

Little WA. The significance of placental/fetal weight ratios. Am J Obstet Gynecol. 1960;79:134-7.

Lo Y-F, Jeng M-J, Lee Y-S, Soong W-J, Hwang B. Placental weight and birth characteristics of healthy
singleton newborns. Acta paediatrica Taiwanica = Taiwan er ke yi xue hui za zhi. 2002;43(1):21-5.

Lomax BL, Kalousek DK, Kuchinka BD, Barrett |, Harrison KL, Safavi H. The utilization of interphase
cytogenetic analysis for the detection of mosaicism. Human Genetics 1994;93(3):243-7.

Luo G, Redline RW. Peripheral insertion of umbilical cord. Pediatr Dev Pathol. 2013;16(6):399-404.

Lurie S, Feinstein M, Mamet Y. Human fetal-placental weight ratio in normal singleton near-term
pregnancies. Gynecol Obstet Inves. 1999;48:155-7.

Machin GA, Ackerman J, Gilbert-Barness E. Abnormal umbilical cord coiling is associated with adverse
perinatal outcomes. Pediatr Dev Pathol. 2000;3(5):462-71.

Mandsager NT, Bendon R, Mostello D, et a/ Maternal floor infarction of the placenta: prenatal
diagnosis and clinical significance. Obstet Gynecol. 1994;83(5Pt1):750-4.

Martinez-Biarge N, Madero R, Gonzalez A, et al. Perinatal morbidity and risk of hypoxic-ischemic
encephalopathy associated with intrapartum sentinel events. Am J Obstet Gynecol.
2012;206(2):148e1-7.

McDonald IA. Cervical Incompetence as a Cause of Spontaneous Abortion. In: Spontaneous and
Recurrent Abortion. MJ Bennett, DK Edmonds. (Eds.). Oxford: Blackwell Scientific Publications:
1987:177.

McNamara H, Hutcheon JA, Platt RW, Benjamin A, Kramer MS. Risk factors for high and low placental
weight. Paediatr Perinat Epidemiol. 2014;28(2):97e105.

McPherson E. Recurrence of stillbirth and second trimester pregnancy loss. Am j Med Genet A.
2016;170A(5):1174-80.

Middeldorp S. Thrombophilia and pregnancy complications: cause or association?. J Thromb
Haemost. 2007;5(1):276-82.

62



Miller JF, Williamson E, Glue J, Gordon YB, Grudzinskas JG, Sykes A. Fetal loss after implantation: A
prospective study. Lancet 1980;2(8194):554-6.

Miller ME, Higginbottom M, Smith DV. Short umbilical cord: its origin and relevance. Pediatrics
1981;67(5):618-21.

Miller ME, Jones MC, Smith DW. (1982). Tension: the basis of umbilical cord growth. J Pediatr.
1982;101(5):844.

Mills JL, Simpson JL, Driscoll SG, Jovanic-Peterson L, Van Allen M, Aarons JH, Metzger B, Bieber FR,
Knopp RH, Holmes LB, et a/. Incidence of spontaneous abortion among normal women and insulin-
dependent diabetic women whose pregnancies were identified within 21 days of conception. The New
England Journal of Medicine 1988;319(25):1617-23.

Moessinger AC, et al/. Umbilical cord length as an index of fetal activity: experimental study and
clinical implications. Pediatr Res. 1982;16(2):109-12.

Molteni RA, Stys SJ, Battaglia FC. Relationship of fetal and placental weight in human beings:
fetal/placental weight ratios at various gestational-ages and birth weight distributions. J Reprod Med.

1978;21:327-34.

Morton NE, Jacobs PA, Hassold T. & Wu D. Maternal age in trisomy. Annals of human genetics
1988;52(3):227-35.

Mowbray JF, Underwood JL, Michel M, Forbes PB, Beard RW. Immunization with paternal
lymphocytes in women with recurrent miscarriage. Lancet 1987;1:679-80.

Myatt L. Role of placenta in preeclampsia. Endocrine 2002;19(1):103-11.
Naeye RL. Do placental weights have clinical significance? Human Pathol. 1987;18:387-91.
Naeye RL. Umbilical cord length: clinical significance. J Pediatr. 1985;107(2):278-81.

Naidu M, et a/. Umbilical cord rupture: a case report and review of literature. Int J Fertil Womens Med.
2007;52(2-3):107-10.

Nogueira R, Barroca H, Brandao O. Pathology of the first two periods of intra-uterine development. An
epidemiological study of 749 cases. Pathol Res Pr. 1993;189(6-7):771.

Nogueira R, Cardoso P, Braga AC, Almeida C, Nogueira-Silva C, Correia Pinto, J. Morphological
Placental Portraits in Congenital Diaphragmatic Defects: A Pathological Study Approach. Clin Surg.
2018;3(Article 2197):1-6.

Nogueira R, Pinto-Ribeiro F, Pereira SM, Valente F. Macroscopic and Histopathological Study of the
Placenta - An Essential Resource in Litigation Processes. J Clin Res Bioeth. 2015;6(6):247.

63



Nogueira R, Sa J, Varela C, Amorim G, Valente F, Tavares P. Four FATCO syndrome cases: clinical,
autopsy and placental features with literature review update. Journal of Medical Biomedical and
Applied Sciences 2016;4(12):20-5.

Nogueira R, Sousa S, Braga AC, Azevedo A, Pereira N, Carmo O, Tavares MP, Pinto JC.
Measurements in First-trimester Abortion Products: A Pathologic Study. Arch Pathol Lab Med. doi:
10.5858/arpa.2018-0181-0A.

Nyongo AD, Gichangi PB. Placental weights: do they have clinical significance? East African medical
journal 1991;68(3):239-40.

Out HJ, Kooijman CD, Bruinse HW, Derksen HWM R. Histopathological findings in placentae from
patients with intra-uterine fetal death and anti-phospholipid antibodies. European Journal of Obstetrics
& Gynecology and Reproductive Biology 1991;41(3):179-86.

Peng HQ, ef a/. Umbilical cord stricture and overcoiling are common causes of fetal demise. Pediatr
Dev Pathol. 2006;9(1):14-9.

Penrose LS, Delhanty JDA. Triploid cell cultures from a macerated foetus. The Lancet
1961;277(7189):1261-2.

Philipp T, Philipp K, Reiner A, Beer T, Kalousek K. Embryoscopic and cytogenetics analysis of 233
missed abortions: Factors involved in the pathogenesis of developmental defects of early failed
pregnancies. Human Reprod. 2003;18:1724-32.

Poland BJ, Miller JR, Harris M, et al. Spontaneous abortion: A study of 1,961 women and their
conceptuses. Acta Obstetrica et Gynecologica Scandinavica 1981(suppl 102):1-32.

Proctor LK, Fitzgerald B, Whittle WL, ef a/. Umbilical cord diameter percentile curves and their
correlation to birth weight and placental pathology. Placenta 2013;34(1):62-66.

Promboon S, Mi MP, Chaturachinda K. Birth weight, placental weight and gestation time in relation to
natural selection in Thailand. Ann Hum Genet. 1983;47(2):133-41.

Puvabanditsin S, et a/. Four-vessel umbilical cord associated with multiple congenital anomalies: a
case report and literature review. Fetal Pediatr Pathol. 2011;30(2):98-105.

Raio L, Ghezzi F, Di Naro E, Duwe DG, Cromi A, Schneider H. Umbilical cord morphologic
characteristics and umbilical artery doppler parameters in intrauterine growth-restricted fetuses. J
Ultrasound Med. 2003;22(12):1341-7.

Ramilo I, Mendinhos G, lIgreja F, Aleluia MC, Nogueira R, Gomes F and Pereira JM. Unusual
combination of gestational trophoblastic neoplasias: case report. J Bras Patol Med Lab.

2014;50(5):375-8.

Rayburn WF, Beynen A, Brinkman DL. Umbilical cord length and intrapartum complications. Obstet
Gynecol. 1981;57(4):450-2.

64



Redline RW. Classification of placental lesions. Am J Obstet Gynecol. 2015;213(4 Suppl):S21-8.

Redline RW. Clinical and pathological umbilical cord abnormalities in fetal thrombotic vasculopathy.
Hum Pathol. 2004;35(12):1494-8.

Redline RW. Disorders of placental circulation and the fetal brain. Clin Perinatol. 2009;36(3):549-59.
Redline RW. Placental pathology and cerebral palsy. Clin Perinatol. 2006;33(2):503-16.

Redline RW. Placental pathology: a systematic approach with clinical correlations. Placenta
2008;29(suppl A):S86-91.

Redline RW. Severe fetal placental vascular lesion in term infants with neurologic impairment. Am J
Obstet Gynecol. 2005;19(2):452-7.

Rees S, Inder T. Fetal and neonatal origins of altered brain development. Early Hum Dev.
2005;81:753-61.

Regan L, Rai R. Epidemiology and the medical causes of miscarriage. Bailliere's Best Pract Res Clin
Obstet Gynaecol. 2000;14(5):839-54.

Risnes KR, Romundstad PR, Nilsen TI, Eskild A, Vatten LJ. Placental weight relative to birth weight and
long-term cardiovascular mortality: findings form a cohort of 31,307 men and women. Am J
Epidemiol. 2009;170:622-631.

Roberts CJ & Lowe CR. Where have all the conceptions gone? The Lancet 1975;305(7905):498-9.

Roberts DJ, Oliva E. Clinical significance of placental examination in perinatal medicine. J Matern
Fetal Neonatal Med. 2006;19(5):255-64.

Rolfe BE. Detection of fetal wastage. Fertility and Sterility 1982;37(5):655-60.

Romero R, Espinoza J, Gongalves LF, ef a/. Inflammation in preterm and term labour and delivery.
Semin Fetal Neonatal Med. 2006;11(5):317-26.

Salafaia CM, Misra DP, Yampolsky M, Charles AK, Miller RK. Allometric metabolic scaling and fetal
and placental weight. Placenta 2009;30(4):355e60.

Salafaia CM, Yampolsky M, Misra DP, Shlakhter O, Haas D, Eucker B, Thorp J. Placental surface
shape, function, and effects of maternal and fetal vascular pathology. Placenta 2010;31:958-62.

Salafaia CM, Yampolsky M, Shlakhter O, Mandel DH, Schwartz N. Variety in placental shape: When
does it originate? Placenta 2012;33:164-70.

Santos J, Nogueira R, Pinto R, Cerveira |, Pereira S. First Trimester Diagnosis of VACTERL Association.
Clinics and Pratice 2013;3(1):e5.

65



Schreier R, Brown S. Hematoma of the umbilical cord. Report of a case. Obstet Gynecol.
1962;20:798-800.

Semedo L, Aimeida D, Leca O, Mourinho V, Viana J, Nogueira R, Lobo |. Velamentous Cord Insertion
and Fetal Outcomes: Case Reports and Review of the Literature Article. International Journal of
Gynecology & Obstetrics 2012;119:(S3).

Serrano F, Centeno M, Ramalho C. Estudo das Situacdes de Morte Fetal apos as 24 Semanas.
Normas de Orientacao Clinica da SPOMMEF. Acta Obstet Ginecol Port. 2018;12(3).

Shehata F, Levin I, Shrim A, Ata B, Weisz B, Gamzu R, Almog B. Placenta/birthweight ratio and
perinatal outcome: a retrospective cohort analysis. BJOG 2011;118(6):741-7.

Spencer MK, Khong TY. Conformity to guidelines for pathologic examination of the placenta. Arch
Pathol Lab Med. 2003;127(2):205-7.

Stanek J, Sheridan RM, Le LD, Crombleholme TM. Placental fetal thrombotic vasculopathy in severe
congenital anomalies prompting EXIT procedure. Placenta 2011;32(5):373-9.

Stillbirth collaborative Research Network Writing Group. Causes of death among stillbirths. JAMA.
2011;306(22):2459-68.

Stouffer, R. Perspectives on the corpus luteum of the menstrual cycle and early pregnancy. Seminars
in Reproductive Endocrinology 1988:6(2):103-13.

Strong TH Jr, Elliot JP, Radin TG. Non-coiled umbilical blood vessels: a new marker for the fetus at
risk. Obstet Gynecol. 1983;81(3):409-11.

Thame M, Osmond C, Bennett F, Wilks R, Forrester T. Fetal growth is directly related to maternal
anthropometry and placental volume. European journal of clinical nutrition 2004;58(6):894-900.

Thame M, Osmond C, Wilks R, Bennett Fl, Forrester TE. Second-trimester placental volume and infant
size at birth. Obstetrics and gynecology 2001;98(2):279-83.

The Royal College of Pathologists. Guidelines on Tissue pathway for histopathological examination of
the placenta. London (UK): 2017.

Thompson JMD, Irgens L, Skjaerven R, Rasmussen S. Placenta weight percentile curves for singleton
deliveries. BJOG: an international journal of obstetrics and gynaecology 2007;114:715-720.

Tita AT, Andrews WW. Diagnosis and management of clinical chorioamnionitis. Clin Perinatol.
2010;37(2):339-54.

Torrey WE Jr. Vasa previa. Am J Obstet Gynecol. 1952;63(1):146-52.

Turowski G, Berge LN, Helgadottir LB, Jacobsen EM, Roald B. A new, clinically oriented, unifying and
simple placental classification system. Placenta 2012;33(12):1026-35.

66



Van den Berg M, Vissenberg R, Goddijn M. Recurrent Miscarriage Clinics. Obstet Gynecol Clin North
Am. 2014;41(1):145-55.

Vinnars MT, Vollmer B, Nasiell J, Papadogiannakis N, Westgren M. Association between cerebral palsy
and microscopically verified placental infarction in extremely preterm infants. Acta Obstet Gynecol

Scand. 2015;94(9):976-82.

Wagarachchi PT, Fenando L, Premachadra P, Fernando DJ. Screening based on risk factors for
gestational diabetes in an Asian population. J Obstet Gynecol. 2001;21(1)32-4.

Walker C, Ward J. Intrapartum umbilical cord rupture. Obstet Gynecol. 2009;113(2Pt2):552-4.

Wallace JM, Bhattacharya S, Horgan GW. (2013) Gestational-age, gender, and parity specific centile
charts for placental weight for singleton deliveries in Aberdeen. UK. Placenta 34:269-74.

Wen X, Triche EW, Hogan JW, Shenassa ED, Buka SL. Association between placental morphology and
childhood systolic blood pressure. Hypertension 2011; 57:48-55.

Whittaker PG, Taylor A & Lind T. Unsuspected Pregnancy Loss in Healthy Women. The Lancet
1983;321(8334):1126-7.

Wilcox AJ, Weinberg CR, O'Connor JF. Incidence of Early Loss of Pregnancy. The New England
Journal of Medicine 1988;319:189-94.

Winder NR, Krishnaveni GV, Hill JC, Karat CL, Fall CH, Veena SR, ef a/. Placental programming of
blood pressure in Indian children Acta Paediat. 2011;100:653-60.

Witschi E. Developmental causes of malformation. Experientia 1971;27(10):1245-7.

Yoon BH, Romero R, Moon JB, et a/. Clinical significance of intra-amniotic inflammation in patients
with preterm labor and intact membranes. Am J Obstet Gynecol. 2001;185(5):1130-6.

Yu KM. Relation between placental morphometry and fetal growth. Zhonghua Fu Chan Ke Za Zhi.
1992;27(4):217-9.

Zhao YJ, Zhang HJ, Li CX, Wu T, Shen XM, Zhang J. Selecting placental measures that have clinical
implications in child development and diseases. Placenta 2014;35(3):178e87.

Zinaman M, Clegg E, Brown C, O'Connor J, Selevan S. Estimates of human fertility and pregnancy
loss. Fertil Steril. 1996;65(3):503-9.

67



68

“Measure what is measurable, and make
measurable what is not so.”

Galileo Galilei

CHAPTER 2
PLACENTAL PERCENTILE CURVES



2.1.

MEASUREMENTS IN FIRST-TRIMESTER SPECIMENS

Orriginal Articte

Measurements in First-Trimester Abortion Products

A Pathologic Study
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should he compared 10 cxperied measarements and
correlated with wlrasound Bndings, clirical information,
and mivrescapic Hndings. Deviations fram expeoled valoes
could [ead to an understanding of 2arly prepnance loss.

(Arch Pathed Lob Med. doi: 10.5838/arpa. 201841 81-
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Figure 1. Cxamples of complete fnt-timester spontancpus abxvtion pathologic specimens, Gross pammeters weve ket o each inofvidoal
cowponent; gestatoral sac (GSy, embiryo crowntumgp fength (CRLY, and amiilical cord (UC), A, Intact G5 with sparse chavsomic villl (CVi
contalning an early embeve (development age 32 days) with recognizable cephalic pole farmmwhead ) and caudal pofe without other recognizabiie
estemal features, 8, Opened CS containiag an embryo with 4 small head and retinal pigment, chin fused to chest, paddie-shaped hand plate and

lowver fimt bud showing incansistent development, shart UC leagth (UCL) faprowhead). This embiyo i a0 growth-disoeganized tyge IV with
47XY4 0 haryotype. €, Opened G5 with a normal ambryo at weok 7, with pigmented eye, auricuar hittocks, elbow;, and free tingers. Umbilical cord
cpsts (white arows ) and yolk sac romnant (black arrow), D, Opeyed C8 showvang o mormal colling U and an imdact fetes @t begamning of the fetal
penod (9th development woeksi. Nuchal thickening rransiucency white areow)

institutions and Minho University Medicine School (Braga, and decidua and formalin fixation during 24 hoars, the welghts of
Portugal) approved the work and waived the need for writton (S and embryo separately were acquired vsing a GS62() balance
[nformed consent. with measuring range 001 10 620 g (serlal number 12105085,
. Kern)
Collecting Data
CGeneral maternal parameters were collected: mother's age, Statistical Analysis

clinicil data, obstetric history, and pregoancy GA. Gross pitram-
eters were taken of each Individual component: gestational sae
diameter and weight. embryn CRL and weight, and umbilical cord
longth and diameter, Measurements were acquired using a digital
caliper with measuring ringe D to 150 mm (-6 inches; Wurth
International AG). Gestational sse diameter was evaluated by ! X !
measuring. distanice between the curved membrates In the 'wc:ghl) [?.1!« labu!.\tw\ nn\l‘gmphxml .l\lf:a.ttm:ho!\ were per-
chorienic plate. Embryo CRL was measured in its natural position, formed using the statistcal software lHM‘ShS Statistics version
from the outer edge of the cephalic pole o the ouler edge of the 24.0, According to the nature of the vnn.;:bln, Wi l‘(.\ndl.l\‘h‘d a
embrya remp i younger embryos and from the crown 1o the ump deseriptive study using charts andfor tables; an amlytical study
in older embryos as they began to straighten. Any patential gross {95% confidence intervals for the mean values): a causation study
embryo maltormations were identified & growth disorganized (regression models to estimate patameters accoeding to GA); or a
Umbilical cord Jength was measured only in thase cases where the distribution adjustment to verify the normality assumption
embryo remained attached to the GS. After removal of the clots (Shapiro-Wilk test),

Data analysis was pedomed using deseripbive. stabistics and
lincar regression technigues, determining the mean, median
standard  deviation, mindmum, and maximum as well as the
percentifes of the different parameters analyzed (diameter and
weight of the GS, UC length and diameter, embryo CRL and

Arch Pathol Lab Mex! FristTrimester Abation Specimen Messurements——Nogueira etal 3
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~ ¥i 2. Percentiks (P) for gestational sac
60 - -3 (0.8 dlameter accorcling to gostational age
B /ﬁ{!!”h {GA).
0.1 2
S
YeEEIS

V.-;--m

21
0
[ - - -
1 4 L] 7 L] s 10 1n 12
X, GA (weeks)
% 3. Poscentiles (P fov gestational sac
(G:S) weight according to gestrtional age
45 ==l e e = // 1GA),
o~y £33305¢
“0 vl
P
35 /
s’ //-
i” " /
8 _ i
> 20 PESE TN
15
10 & y =11677%
5 y=05589%
0 1702913 L
3 4 5 ? L 9 10 1 1 13
X, OA (weeks)

Table 3. Summary Statistics for Umbilical Cord (UC) Length

UC Length, mm
Percentile
GA, wk No. Valid Mean sSD Median Min Max Sth 25th 75th 95th
0 2 1.5 — 105 O 15 —_ —_ — —
7 7 7 29 6 1 mn 1 5 10 10
B 19 125 8.4 i p 40 2 b 15 A0
9 Eh 10.6 i w0 3 43 k) 5 15 24
w 2h 10.6 7 135 2 B0 a4 10 25 45
18] 23 204 224 iy 2 Bo 3 O 30 70
12 i 265 2513 1 5 (] 5 10 375 w

Abbreviations: GA, gestational age; Min, minimum; Max, maximum.
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Table 4. Summary Statistics for Umbilical Cord (UC) Diameter
UC Diameter, mm
Perceniils
G, wk Mo, Valid Mean &0 Adedian Bin [T ETY Sth 25ih 75th a5ih
B 2 4 - — 3 E - - - —
9 5 i | A 2 + 2 1 4 4
i 5 33 1.3 3 2 5 2 1 45 5
n 2 4.5 - - 4 3 - - - -
Iz 3 3 — — 4 4 == — - —
Ablvewiations: G, gestational age; sin, minimum; Max, maximum,
Figure 4. FPercentiles () ior wmbilical cord o P
U fength according oo gestatioet! age e
GA) —POS — P -~ -PS0 P75 —F85 =" y=asa3ms
-
. | =
" e
=
B
E §=21434s
h.'m |
_-_ - — ¥ 07549
— — uTD_a;uu_
o ’ St
5 7 ] ] 15 11 12
My B ]
Eigm 5, Perceniios (P for orhepos seivihe
decarding i gestational age (GAL % 1 S = ——
)
e N
e el
6 o

. Embrys weight (1]

34
=0 A0
x o =
e w188
14 — =
—_—— yu Oirkdn
n L Elefera ]
B r L3 L] I L1
N, GA fuweeke|
b Amch Pethal Lab Med First-Trimester Afmoticar Specimes Measiemmente-Nogusin o al
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Table 5. Summary Statistics for Embryo Weight
Embryo Weight, g
Percentile
GA, wk No. Valid Mean SD Median Min Max 5th 25th 75th 95th
[ ! - - — 0 ot — — — —
7 5 0.3 03 o1 (i8] 0.6 01 01 0.6 0.6
B @ 1 0.7 0.7 0.1 2 0,1 5 18 2
9 22 2.5 5 1.3 0.5 14 a6 1 2 12
iy [R) &l 1 3 0.3 K o 1.4 3 Kl
i 16 3.2 la 1.5 0.2 B4 .2 1 45 Ha
12 1 - — — 10 0 - - - -
Abbroviations: GA, Gegabonal age; Min, minimum; Max, Maximum,
Table 6, Summary Statistics for Embryo Crown-Rump Length (CRL)
Embryo CRL, mm
Percentile
GA, wk No. Valid Mean SD Median Min Max 5th 25th 75th 95th
5 R “.a 6 8 | 0 ) 4 155 20
0 a 5.3 2.3 5 23 10 23 K ] 10
7 7 G4 48 11 i 15 ) N 14 15
f 1y 13.7 a4t 1 2 10 2 b 20 30
9 27 208 9.1 20 2 42 [ 15 27 5
w 23 226 134 28 2 R 28 5 A0
" o 294 120 30 12 a8 12 20 40 58
12 2 52 - a2 44 ) - - - -
Abbreviations: GA, yestational age; Min, minimum; Max, maximum,
LU Figure 6. Fercenttes ('] fovr embryvo crown-
rump leogth (CRL scoovding o gestational
M5 P26 D FI5 —bES age (GA),
5
40 | = ,—»-,Ii;n-
£ "
s o
i” | — 2 y=2551x
2 | = = y=2187
| e —— Vil
e
e i e —
EES==NSEE e eSS ¥~ 0.588¢
o
“ S (3 7 v 3 10 1"
X, GA (worka|
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2.2, SECOND AND THIRD TRIMESTER PLACENTAL MEASUREMENTS
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Abstract

Objective: To produce reference values for Lhe placental weight (PW), Placental diameters (PLs), Placental thickness (PT),
placental welght matio (FW-R) and birth/placental weight ratio (BPW-R) in singleton gestustions s a function of gestational
age (GA),

Stody Design and Sening: A retrospective 4-vears case study of dingleton placentas reports between, 15t ol Jamuary 2014
1o kist of December 2017, The placentas were sent for histopathological diapnosis to Embrvofetal Pathology Laboralory,
Centro de Genetica Clinlea (CGC), Porto, Portugal. In a cohort of singleton placentas, PW, FDs, I'IL PW-R, ond BPW-K
were analyzed to produce percentile curves, Considering the inclusion criteria, 1,951 singleton placentas were selected from
asample o0 7321 placentas, We recorded the W, PDis, 171, PW-R, and BPW-R between 12% and 41V G AL

Results: PW, PDs PW-Rand BIW-R mables and pescentiles curves for singleton placentas across GA were produced,

Condusions: Placental percentile curves may act os a reference for other populations as weéll until population-specific curves
can be praduced. PDs could predict placental volume and could help to estimate the prenatal PW-Rand BIW-R.

Keywords: Placental weight; placesital diameter; placental weight ratlo; birth/placental welght rutio; percentiles; singleton
gestinlion.
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Introduction

Recently we have seen an increasing interest on the
evaluation of biometric parameters of the placenta and its refa-
tion with the obstetric outcome. However, the relative lack of
interest in the study of the placents when compared (o the fetal
study was responsible for the existence of a great gap in the un-
derstanding of the biological significance of the placental lesions
related to perinatal and neonatal context [1-5).

Macroscapic placental evaluation in the delivery room
may improve a selection of placentas to histopathological study
and, on the other hand, allow the evaluation of the placental
weight (PW) und consequently the placental weight ratio (PW-
R) and birth/placental weight ratio (BPW-R). Knowing these are
factors that may be associated with pregnancy complications |1-
5],

While birthweight (BW) percentile curves are relatively
common in most countries, percentile curves for PW are rare,
even in large series of placental studies [6.7]. At present we have
avallable some fetal and placental percentiles curves which the
majority refers to gestational age (GA) above 24 weeks [6,7).
However, some of the existing information may be out of date, as
documented for the BW percentile curves [6,7]. Thus, the updat-
ing of percentile curves and their comparison between regions
and even between countries are important to manage the preg-
nancy risks and 1o enhance the mother education and healthcare
[1-4].

Although additional evidence is needed, the percentile
curves are useful in evaluating fetal follow-up and maternal and
child diseases, The percentile curves comprehension can opti-
mize it targeted intervention in fetal adverse contexts such as in-
trauterine growth restriction(1UGR) and maternal diseases such
as hypertension and disbetes alsa.

Objective

To produce gestational age-specific percentile curves
for PW, placental diameters (PDs), placental thickness (PT),
PW-R and BPW-R.
Material and methods

Sample and Definition

We conducted a retrospective case-study of 7,321 pla-
centas sent to Embrya-fetal Pathology Laboratory, Centra de

Genética Clinica (CGC), Unilabs, Porto, Portugal The speci-
mens had been sent for histopathological examination o con-
firm or determine suspected or unsuspected lesions that explain
the obstetric outcame such as fetal demise und perinatal morbid-
ity and mortality,

We collected information of 4-years placental patho-
logical report performed between 1st of January of 2014 to 31st
of December of 2017. The GA range of 12 to 41 weeks. Biom-
etric parameters were collected from placentas and fetal deaths
autopsy reports. Also, biometric parameters of newborns were
obtained through the information contained in the dinical req-
uisition of the placental pathological study. The registry involved
data on maternal age and parity; GA; pathological placental re-
ports; fetal autopsy reports and newborns clinical data. Placental
parameters biometry's: P, placental shape and diameter, um-
bilical cord length, diameters, and type Insertion. Fetal deaths
parameters acquired: weight and gender, Newborns parameters:
weight and gender, Inclusion criteria: - 1, Known GA - 2, Mater-
nal: i, Portuguese population-based woman; ii. Singleton deliver-
ies = 12 weeks of gestation. - 3. Placental: i, Formalin fixation
equal or inferior lesser than 24 hours; 1. Absence of macroscopic
lesions before 36th weeks of GA; iil. Macroscopic peripheral pa-
renchymal lesion < 5% at 237 weeks of GA. - 4. Fetal deaths:
i. Maceration is lesser than 12 hours; - 5, Newborns: i. Known
birthweight. Exclusion criteria — 1. Maternal: . Non-Portuguese
woman; il. Multiple pregnancies: iii. Singleton gestation relating
to assisted reproductive technology. iv. Known chronic maternal
disease (e.g, dinbetes, hypertension with or without preeclamp-
sia),~2. Placental: 1. Macroscopic lesions maore than 5% at any
GA; ii, Gestational traphoblastic di iii. Tumars; iv. Di
processes with high-grade histopathological lestons; v. Hydrops.
vi. Incomplete, fragmented or disrupted placenta; vii. Placental
curettage.-3, Fetal: i maceration=12h; i, Hydrops; iii. intrauter-
ine growth restriction (IUGR).~4, Newborn: . Unknown BW; it
TUGR,

‘The PW and FW were acquired using # balance GS6202
with measuring range 0.01g-620g - scale 0,015 (serial number
12105085, Kern); a balnce MOD 470 with measuring range
0.5g-2,000g - scale 0.1g (serial number 42770096, Kern) and
balance MOD 734 with measuring range 0g-20,000g - scale 0.1g
(serie 1/1, Seca). The placental measures were acquired with a
visual scale linear millmetric graduation ruler. Also, to smallest
specimens, 4 comy study achleved with 4 two
linear scale ruler and a digital Vernier gauge 0-150mm scale
Wiirth® was performed with similar results, BW was achieved in
the delivery room care unit.
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Ta produce percentile curves, 1,951 placentas were se-
lected from a sample of 7,321 placental histopathological reports.
Corresponding fetal gender, BW and FW registry were analyzed.
We exclude non-native Portuguese woman {701); Newborn cases
with missing data (846); Maceration traducing fetal demise with
retention = 12h (438); congenital abnormality was recorded as:
no abnormalities, minor abnormalities, and major abnormalities
(e.g., neural tube defects, such as, anencephaly, cranium-rachis-
chisis, exencephaly and holoprosencephaly, skeletal dysplasia;
limb body stalk complex). So, major defects were excluded (108);
Fetal hydrops. or placental findings suggesting ancuploidy or

bolic storage di (306); TUGR (190); Multiple pregnan-
¢y (621); Partial hydatidiform moles (14); Extravillous tropho-
blastic diseases (4); Glant chorloangioma (7); Placental maternal
vasculir processes (652); Placental fetal vascular processes (314);
histopathological pattern consistent with high grade immune /
idiopathic infl tory lesians (257} and infectious inflamma-
tory lesions such as chronic plasma cell villitis (CMV, Parvovirus
B19, Herpesvirus, Toxoplasma, listeria) (80) and chronic histio-
cytic intervillositis (CHI) (36); Other placental processes ay mas-
sive fibrin depasition and maternal floar infarction (98); Single
placenta gestation relating to assisted reproductive pregnancy

technology (135); Incamplete, fragmented or disrupted placenta
(474); Placenta accreta (37); and Placental curettage associated
with retention (52). Knowing that PW increase approximately
5% after formal in fixation and the weight loss is little and most
significant in hydropic or edematous placentas [6-9). Initially,
placentas were fixed in formalin for 24 hours. Then, after remot-
ing the capsular membrane and umbilical cord, the PW, PDs and
placental thickness (PT) were achieved in accordance with in-
ternational guidelines. [8-9]. Placental disk dimensions mclude
the measurements of the placenta in three dimensions at manuval
macroscopic examination in embryofetal pathology laboratory,
and were achicved as: The maximum lincar dimension {largest
diameter = length) and the minimum linear dimension {(smallest
diameter = width) always sequired through the insertion point
and perpendicular to each other. The maximum thickness was
acquired in the central two-thirds of the disc, in accordance
with international guidelines [8-9]. In addition, newbomns were
weighted in the delivery room care unit and fetus were weighted
in the autopsy room. Placental macroscopic examination, sam-
pling, and classification of placental lestons were performed In
accordance with international guidelines [6-9].

All the samples used in the present study were unlinked
and unidentified from their donors. Due to the retrospective na-
ture of the study, the Local Ethical Review Committees of the
involved institutions and Minho University Medicine School

[Scholar Publishers

3
(Braga, Portugal) approved the work and waived the need for
written informed consent.

Statistical Analysis

The percentiles curves for PW, PDs, PT, PW-R, and
BPW-R were based on the same observations, The statistical anal-
ysis was conducted in [BMSPSS Statistics version 25 using the
most appropriate tests according to the nature of the variables
involved. To evaluate the normality, we used the Q-Q plots due
to the sample size.

Results

The final sample was 1,951 singleton placentas. PW,
PDs, PT. BPW-R, and PW-R mean, standard deviation (SD), me-
dian, minimum and maximum to maternal, placental and fetal
or newborn quantitative and qualitative variables are summa-
rized in (Table 1) and (Table 2). Maternal age range from 15 to
48 years, Sex was defined as either: female, male and ambiguous
or unknown if the data was missing. So, the gender distribution
was female in 818 (47.7%) cases, male in 884 (51.5%) cases and
ambiguous in 13 (.8%) cases (Table 2). GA was a key variable for
this rescarch and played an integral role in estabiishing BPW-R
and PW-R. For the purpose of this study, GA remained as a
continuous Integer variable, but only the gestational week was
used, not the number of days, According to chnical practice, GA
estimation was derived from the first day of the last menstrual
period, Otherwise, GA was corrected on the basis of ultrasound
measurements that are routinely obtained for all pregnant wom-
an in Portuguese hospitals. Placental weight, Fetal and newbarn
BW was recorded In grams as a continuous variable,

Measures of interest for this study were PW, PDs [e.g.,
largest placental diameter (LPD or PD>) smallest placental di-
amecter (SPD or PD<) and placental thickness (PT)], BW, BPW-
R, and PW-R, The t-student test was used to compare the mean
value of PW at cach GA according to gender and likewise for
the BW or FW, According to gender, with the exception of 27
weeks (p = 033), there were no statistically significant differenc-
es between mean PW for male and female fetuses (p> .05). These
results are summarized in the graph of Figure 1. Also, except
for 16 weeks (p = .021) and 40 weeks (p = 018}, there were no
statistically significant differences between mean BW for male
and female fetuses (p= .05). These results are shown in the graph
in Figure 2. Taking into account these results, it was decided to
draw tables for percentiles, a number of observations. mean and
standard deviation, minimum and maximum for the PW, BW
(e.g., fetal weight and newborn weight). These results are shown
in (Table 3) and (Table 4) respectively. The same analysis was
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|E¢:§c results are shown in {Table 3] and (Table & } respectively.

Table 1. Sumimary statistics for some important fetal, placental and maternal quantitative variahles

Valid (N) Mean S0 Mediun Min Max
MA (v 1547 3.8 6.1 321 15.1 482
GA (w) Lasl p i) 9 26 12 41
PW i) 1951 233.25 15925 195.00 G010 995
FD (cm) 15949 135 5.0 130 L7 320
PT (cm) 1947 211 70 2.00 30 5.50
FW (g} 1651 1248.70 1153.93 T66.00 540 4880

Legend: 5D standard deviation; Min, minimum: Mix, maximum; MA, matcrnal age: GA, gestational age: PW,
placental weight; PO, placental diameter; FT, placental thickness; W, fetal weight; v, vears: w, weeks; g gramsiom,
copkimelers.

Table 2. Summary stotistics tor some important fetal, placental and maternal gualitative variables

] Pereent

Mother Parity I R0 45.2%
2 595 32.8%
3+ 400 22,0
Totl 1815 LT et

Fetal Gender F Bl 47.7%
M a5d 51.5%
A 13 A%
Total 1715 1L

Placemal Shape Mormal 1731 88.7%
Rilabed 113 58%
Crcumyvallane LT 53%
Membranacea 3 2%
Totnl 1951 10,0 %%

Legend: F, female; M, male; A, ambigoons.
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Table 3. Percentiles, number of observations, the mean and standard deveation for placental weight as a function of

GA
Percentile Placental weight (g)

GA  snl ggh egth goth  gyth  Number  Mean SD
12 [t 13 33 h7.3 96 53 3871 2393
13 1y 21 E 14 4 ] 40,79 1723
14 e 30 45 75 HE GH 5L22 1796
15 16 ELS ] L] 108 72 =003 2353
16 138 43 71 100 148 72 7136 25.04
17 4 a7 89 126 160 &4 9539 3R.03
18 33 T 95 132 149 73 95 3249
19 41 63 114 L&M0 ln4 72 11339 3567
20 57 &3 20 166 180 il 126,69 45,79
21 = 103 433 184 200 71 141,82 35444
12 74 104 141 191 220 71 14538 39,37
23 a3 123 174 223 M43 72 17212 4478
24 a7 w7 1535 241 2} ] 1706 5581
15 74 82 134 270 ER1 48 18194 69,42
o B 106 (L] 2RR ilw 43 1S E7 71.35
s 6 131 23EA5 289 41 35 2203 7323
18 96 123 o2 El 351 &l 0338 7606
29 134 154 240 365 4314 43 254.84 H9.83
30 99.6 151 a7 M5 423 47 2481 77
kN 14 143 2935 405 462 i 18046 9087
2 182 203 oF 471 sl2 7 3461 B9.16
33 & 22 3345 442 515 72 33667 BRA7
MH 195 253 344 445 496 2 34194 B4.01
35 200 37 356 546 B54 75 37479 123.68
36 137 267 RE] 440 315 77 l1e B0.6
3 242 275.3 35 507 593 72 380.02 .21
38 273 296 405 390 735 72 43361 136.89
EL 254 312 A4 Gl 678 71 45034 128089
40 335 £ 458 580 632 i 47544 .66
41 37 353 170 G135 640 72 47818 10599

Legend: GA, gestational age: g, grams; 5. standard deviation. Nogucira R, et al., Portugal. Forto, Embryofetal Pathology Eabo-

ratory.
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Table 4. Percentiles; number of observations, the mean and standard deviation for birthweight as a function of GA

Percentile Birthweight (g)
GA ard wth  spih gpth  goth  Number Mean 5D
12 3.7 53 16 29 111 53 2383 38,499
13 6.7 L& 27 4] 46 fil 28,22 20,96
14 L6 4 16 7 77 o8 44.72 17.3
15 15 24 70,5 T 120 72 6786 227
16 25 4 99.35 16 15 72 FLH 44,33
17 7 B9 166 226 166 6% L6563 51.58
18 66.5 122 209 261 g 73 20L.52 5664
14 = 127 261 133 A0z 72 25384 B0
20 141 42 i1 430 155 i 33038 8185
21 [0 206 497 535 71 400.56 B6.21
22 241 353 495 589 b 71 48648 14164
23 335 i1 565.5 Tl 772 72 AL 109,35
24 343 44 6415 THE £54 ) B37TY 143,32
25 179 180 73l £700 1175 4y ATRA] 33224
26 And L] 6l 925 1870 43 TR 293,23
27 188 620 ELT L150) 1200 35 91178 19251
25 30 549 Sl 1240 14400 fil S2R.62 27044
29 a9y HIR 1075 1720 2160 43 1203.65 488,17
30 Gl F3 1275 T30 1860 a7 126734 49,7
a1 BN @20 1464.3 1930 2180 St 14749.11 3587
32 937 1219 1750 2250 2500 67 1759.27 8778
33 1§77 1500 1960 340 2480 72 193108 3] .88
34 1331 1515 2095 2690 2860 72 213657 443,36
35 1530 1720 2270 RS0 3640 75 233768 5A1.11
36 1640 1860 2440 3175 33490 7 245445 45796
a7 2000 2140 2450 2995 3690 72 2570.04 51311
38 2090 2300 27375 1580 4120 72 2620 SRTAS
39 1930 2730 2780 WA 3840 71 2BEL 54 59053
40 2400 2580 320 3360 Jodn 7 325327 477 65
41 2500 2600 33135 2900 4210 T2 338,19 50744

Legend: GAL gestational age; g, grams: S0 standard deviation. Nogueira B oof o, Portugal, Porto, Embryofetal Pathology Labo-

ratory.
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Table 5. Percentiles, number of observations, the mean and standard deviation for birth/placental weight rotio
{APW-R) as a function of GA

Fercentile BFW-R
S BT UMM ——
12 21 28 i | 122 197 53 LR A7
13 Az B B3 146 b al i Ak
14 35 51 X 1.32 134 a8 92 A2
15 34 a3 1.1 1.93 248 73 119 55
16 5 it} 141 2.1 it 72 1.43 52
17 A3 1 L78 L7l ER T [+ 14] LEG "t
15 1 1.37 218 14 365 73 135 Tk
19 93 1.47 2.28 e 377 72 1.28 b9
20 141 192 1.59 4 4.39 G 178 R}
21 1.6 213 284 3499 4.5 71 185 B2
2 1.97 134 341 4.5 357 71 335 JBE
23 Az 2.38 3.56 4,69 521 72 343 81|
24 235 167 3R 515 6.1 68 34 1
25 1.82 223 3.56 522 7 48 383 1.57
26 2.16 2,55 39 514 .84 43 KRR ] Lig
o 2,66 1.39 409 642 .08 35 445 ]
28 245 3.09 4,82 645 7.7 al 477 1.35
29 2.91 119 4.63 627 .74 43 185 L4
30 252 3.7 542 6.74 .68 47 5.28 1.16
3 3.58 417 542 689 807 56 5.54 117
32 378 4:12 567 7.53 75 67 574 1:2B
33 3.82 4,33 596 7.7 B.63 73 5,06 1.2
34 459 4.91 645 798 8.91 72 649 1.78
a5 4.73 5.04 BAs g1 B.531 75 bhAR 1.148
36 4.58 53 [k E.B9 97 i) BhAG 1.31
37 4,96 5.46 6,76 EBO ER 72 695 1.27
38 464 529 6,93 R.56 851 73 H 86 1.34
39 395 4.9 653 85 H.88 71 665 1,34
440 483 568 6.y ES7 H.O8 Fi a7 107
41 535 595 ki ] s 7i 7 o4

Legend: €:A . gestational age; $13, standard deviation. Nogueira B, ¢f al,, Portugal, Porto, Embryaferal Pathology Laboratory.
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Table 6. Percentiles, number of observations, mean and standard deviation for placental weight ratio (PW.R}asa

function of GA
Percentiie PFW-R
GA qrd oth gpth ggth _grth  Number Meun L8]
12 Al B2 1.%6 355 4,84 53 132 177
13 A0 54 1.549 245 AT &l 1.63 &7
14 72 76 107 1.98 283 i 127 ]
15 Al 52 Al 1.89 240 72 1008 72
16 43 A7 71 1.47 1.8 7z B4 4T
17 32 37 56 1.0 1.0 B9 A2 26
18 Blg P | A6 frk Lo 73 50 20
19 27 A3 A4 K] 107 72 50 28
20 . 25 A5 52 7l 69 A A5
21 A 25 35 A7 63 71 AT 10
22 A8 22 29 A3 S 71 a1 BRI
23 A9 21 30 A2 47 72 -3 R
24 b A9 26 37 43 68 a7 07
5 A4 A9 28 A5 55 48 29 A0
6 A6 A9 26 39 A6 43 28 09
27 A4 A6 24 Ju A8 35 .24 07
8 A3 Aa 21 3d Al il 23 07
29 A3 A6 22 31 M 43 22 06
EL] U3 A5 A8 27 28 47 20 05
3 12 14 18 24 28 56 L 4
a2 A3 A3 18 24 26 57 A9 07
33 A2 A4 v 2 26 72 A8 05
34 Al RE] R 1 20 22 72 A6 03
35 A2 A2 Ak 20 21 75 8 03
36 A0 Nl 14 14 22 7 A5 03
37 A0 1 A5 8 20 72 A5 03
38 A1 A2 14 19 22 72 A5 n3
3y A1 A2 A5 il 25 71 16 4
40 A1 Az 14 18 21 7 A5 Rk
41 Al A3 14 AT A9 72 4 02

Legend: GA, gestational age; SD, standard deviation. Nogueira R, et al, Portugal, Forto, Embryoletal Pathology Laboratory.

Percentiles curves for PW, BW, PEW-R, and PW-H,
between 12th and 41st weeks of GA, were produced. These re-
sults are shovwn in {Figure 3), (Fignee 1), (Figure 51 and (Figure
6) respectively. An approach to placental volume (PV] was de-
termined using the calculation [LPE s SPD « PT). Se, graphs to
evaluate PV - PW. and PDs - PW correspondences were pro-
duced These results are shown in (Figure 7).

Tov assess whether there was an association between
PW and PV a Peardon correlation tes was performed Lo eval-
uile the Linear asiocition between variables. The resulls ob-
tained are found in the matrix (Table 71, It is verified that there

is segnificant linear assocation with: Positive Very Strong asse-
ciation hetween: LPTI and SPD (=918, p <.01); Positive Strong
associution between: PW and PV (r=833, p <01} PW and LPD
{e=.826; p =01} PW and SPD (=429, p <01}, PV and LPD
(=833, p<.01), and PV and SPD (=477, p <01} Maoderate
Positive association between: PW and BT (r=019, p <.01) and
FV and PT (r=621, p <01} Weak Positive assoclation between:
LPD and PT (r=396, p <017 and SPTand PT {r=398, p<.01].
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Figure 3. - Mlacental weight percentile curves by gestational age, Nogueira R, etal., Portugal. Porto, Emhryofetal Pathology
Laboratory,
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Figare 4.-Birthwelght percentile curves by gestational age, Nogueira R, et al. Portugal, Porto, Embryofetal Pathology-
Laboratory.
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Figure 5 - Birth/placental weight ratio percentile curves by gestational age, Nogueira B, et al., Portugal, Porto, Fm-
bryofetal Pathology Laboratory
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Figure 6. - Placental/birth welght ratlo (FW-R) percentile curves by gestational sge, Noguelra R, et al., Poriogal,
Porta, Embrvofetal Pathology Lsboratory.
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Figure 7. - Relation between placental measures.

Legend: g, grams: Diameter >, largest placental diameter: Diameter <, smallest placental diameter.

Discussion

The placental examination has been importanl in
documenting a pathophysiological complex process associated
with poor obstetric outcomes such as fetal and neonatal mor-
bidity and mortality and chronic diseases in later life [1-5].

Over the years there has been the production of per-
centile curves for BW as a function of GA to guide physicians
and parents about fetal and newborn growth [5-7], Those
mostly charts are restricted to 3rd trimester gestation {5-7).
Also, some of these studies address specific contexts such as
fetal gender, parity. and cthnicity [10-12}. Beings a positive
association hetween PW and BW with ethnicity and parity
[10-12]. Moreover multiparous Increases the ndds of having
a PW-R290th percentile, and the effect 35 most pronounced in
the imfants born at €32 weeks [10). Knowing that fetal gender
shows association with PW, the categorization into male and
female-specific curves is impartant because male weigh more
thun female at cach GA [11-18], Unlikely. the present study
discloses non-statistically significant differences hetween gen-
der for PW, FW, and BW, except for the PW at 27 weeks of GA

{p=.033) and BW at 25 weeks (p=021) and 40 wecks (p=.018).
‘This suggest thut the association between or BW and gender will
not be relevant at early GA.

There is some evidence that the shape and size of the
placenta are factors that may be statisticully associated with preg-
nancy complications {e.g, IUGR, reduced fetal moyements) and
an individual’s long-term health [19-24].

Besides PW has been described as an imdependent
predictor of BW and a good predictor for chronic diseases in
later life [2,3;11,13,15,17-24]. PW percentile curves are rare and
mostly refer to GA = 24 weeks [14-18,21,22). BPW-R (e.g. the
BW over the PW) and PW-R (e.g. PW over the BW) percentile
curves werea significant contribution to the literature and medi-
cine practice [14-18,21,22] However, rare population curves 1o
date have looked at an early GA such as 1 2th weeks or earliest
[25].

Although reversed, PW-R percentile curves are more
specific to the purpose of the present study see {Figure 5) and (
Figure 6). Also, a significant linear assoctation with a very strong

IScholar Publishers

JClin Anat Pathol 2019 | Vol 4; 104

88



13

Table 7. Correlation betvween plecental measures, placental weight and placental velume

Correlations
L I Smallest
Placental Macental i i [facental
Placental  Placental
Weight (g) Volume i g Thickness
Dianeter Diamater
Pem Cﬂ.‘- 1 .383" _EIﬁh ,Eﬂ“ IE]Q“
Placental Tt bon - - o
Welght (g) Sig: (2-tadled) M 00 A0 000
N 1951 1944 14949 1944 1547
Tepn Cop 883 [ FAY 77 61
Placestal relation ' ' '
Valume Sige, {2-tailed) oo 000 A 000
b 1944 1944 1944 15944 1944
Pearsan Cor- ¥ s ‘ .
e - 826 583 ! o8 396"
H. Sig. (2-tailaif) 00 JHIG A A0
[Hameter ———————————
™ 1949 1944 1949 1948 1945
P\!II’H'H‘I - el i ' "
: ) BT 918 I el ]
Smalhest Helotian . ¢
D Sig 12 miled) A00 JHIR 00 A00
i T
N 1948 1944 1948 1948 1944
Pearson Cor- - w4 . P
! B9 A2l 296 A98 I
Placental telation
Thiekness Sl (2-tailed) A0 JEI 200 04
N 1947 1944 1845 1544 1547

“*Correlation [s significant at the 001 level (2-1afled), Nogueira B, ef al, Portugal, Porto, Embryotetal

Pathology Loboratory,
or strong positive association between placental biometries may
imprave the charaterization of the PW and PV and consequently
the placental function evaluation.

Knowing that BPW-B and PW-E arc important pa-
rumeters for the halince between fetal and placental growth and
constdering the functional reserve capacity of the placenta, those
may be the greatest predictors of TUGR and diseases in later life
thin PW and BW alone [112,1518,21,22], PW-R appears 1o re-
flect differences in growth pattern and placental efficiency and
correlales significantly with fetal marhidity and short-term ad-
wverse perinatal putcomes also [19-24],

Thus, the existence of a linear correlation hetween pla-
cental measuremients and a good association with placental vol-

uwine demonstrated fn the present study, may Dmprove prenatal
diagnosis and anticipate measures in specific placental andfor
fetal situations to prevent the adverse outcome of pregiancy.

Conclusions

Gestational-age-specific  placental  percentile  curves
for PW, BIW-R, and PW-R for singleton delivery between 12th
andl 415t weeks of gestation are gvailable wo liken results between
coumtries and regions. The 5iBniﬁmm assnciation between pla-
cental mepsuramenty eontribules 1o the assessment of placental
funetion {related to gize and volume  and its implication in feal
growth, asssting climcians in preventing fetal life risks and -
proving maternal and child health.
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“The natural condition of the bodies is not the rest, but the movement.”

Nicolaus Copernic

CHAPTER 3
CLASSIFICATION OF PLACENTAL LESIONS



3.1. FIRST-TRIMESTER ABORTION LESIONS
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ABSTRACT

BACKGROUND The histopathological study of First-trimester abortion products (FTAp) may be useful
in document an intrauterine pregnancy, identifying an important pathology affecting the mother or the
embryo and diagnosing conditions that are likely to reccur in future pregnancies or that warrant the
adverse outcome. Relevant information provided by a systematic histopathologic study is essential to
determine the cause and to guide the patients with early pregnancy failure.

AIMS A histopathological classification of FTAp.

METHODS International pathologic published criteria in First-trimester abortion were collected,
standardized and focused into a comprehensive diagnosis. The idea was to create a comphrensive
classification related to major pathophysiological processes. So, 7 categories were created: i. Changes
suggesting aneuploidy (SCA) or metabolic storage disease; ii. Embryo anomaly (EA); iii. Multifactorial
(MF) causes; iv. Maternal causes (MC); v. Gestational trophoblastic disease, such as hydatidiform
mole and nonneoplastic lesions and neoplasms; vi. Ectopic pregnancy; vii. Other. A 5-years
retrospective study of FTAp < 12th weeks of gestational age (GA). Two groups were created: i. A study
group of FTAp with a pathological diagnosis; ii. A control group FTAp with pathological diagnosis and
cytogenetic result.

RESULTS Histopathological criteria concordance between inter-observers was generally good, with an
excellent correlation in the diagnostic categories of EA and HM. In the CSA and MC categories there
was greater disagreement even though the correlation with the cytogenetic and molecular result were
very positive.

CONCLUSION A standardized, reproducible and biologically comprehensive FTAp classification

based on histopathological criteria may improve fetal follow-up and couple’s management.

Keywords: Firsttrimester abortion; Histopathology; Chorionic villi morphology; Embryo pathology;

Classification system; Clinical relevance.
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INTRODUCTION

Spontaneous abortion (SA) it's one of the most common Firsttrimester complications
affecting over 15% of pregnant women in the childbearing age and can rise to 45%.% A precise
incidence of First-trimester spontaneous abortion (FTSA) is not well-established In Portugal, there are
no statistical data in FTSA.

Regardless of the high incidence of early abortion, the First-trimester abortion products (FTAp)
are often poor described from a developmental perspective, which contributes to the low number of
pathology examination requests.

A competente FTAp examination is essential in identification of previously unsuspected
disease.® Also, the success of pathological examination is partially dependent on the skill and
experience of the examiner.® As such as examination of any specimen, it is wise to follow a routine
protocol.=2FTAp differ greatly in their composition. So, grossly, they may consist of blood clot admixed
with minimal decidua tissue and fragmented villous tissue and embryonic/fetal parts, a complete (or
not) gestational sac (GS) and an embryo; or something between.s' Histopathological examination is
an integral and a routine component of the management of patients with sporadic and recurrent early
pregnancy failure.=

Useful information from a competently performed FTAp evaluation falls into the following
categories: (1) Document an intrauterine pregnancy; (2) ldentification of previously unsuspected
disease affecting the mother or the embryo (fetus) that require immediate attention (eg, unusual
infections, hydatidiforme mole; changes suggesting aneuploidy or metabolic storage disease); (3)
Identification of conditions that are likely to reccur in future pregnancies or that warrant the adverse
outcome (eg, unusual infections, chronic histiocytic intervillositis, maternal malperfusion, hereditary
settings); (4) Conditions that can guide management of future pregnancies (e.g., hydatidiform mole,
extravillous trophoblastic lesions).= Also, routine histopathologic examination of FTAp, either
spontaneous or recurrent, and surgically or medically evacuated, is beneficial in protecting
obstetrician and gynecologist from medico-legal recrimination. At our institution, these are routinely
subjected to histopathological examination.

Etiology of SA is a complex and heterogeneous process correlated with gestational age (GA).:
s The most common causes of early or very early spontaneous abortion (ESA) are aneuploidies or

chromosomal aberrations often resulting in abnormal embryo and solitary or multiple malformations
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indicative of specific syndromes or associations.2=# Embryo anomaly (EA), maternal causes (MC),
multifactorial (MF) or environmental contexts and teratogens are often adverse causes of miscarriage.
These interfere with normal embryogenesis resulting in distint embryonic abnormalities related on
timing of the errors occurs.se1s2022229 Gestational trophoblastic diseases (GTD) comprise a complex
and challenging group of lesions that are classified as into several groups.'s** Molar pregnancies,
e.g., hydatidiform moles (HM) are an abnormal placenta with variable degrees of trophoblastic
hyperplasia and villous hydrops.® HM morphologicaly and genetically are classified as complete
hydatidiform mole [CHM, very early complete hydatidiform mole (VECHM)], partial hydatidiform mole
(PHM) and invasive type.*¥ In Portugal, the incidence of HM is one in 570 pregnancies (0.2%).* Non-
neoplastic gestational trophoblastic lesions [e.g., exaggerated placental site (EPS) and placental site
nodule (PSN)], and gestational trophoblast neoplasms [e.g., choriocarcinoma (ChoCa), placental site
trophoblastic tumor (PSTT) and epithelioid trophoblastic tumor (ETT)] are an heterogeneous group of
tumors consisting of a extravillous trophoblastic cell proliferation.» EPS represents part of the
spectrum of the normal impantation-site changes. PSN is a benign, well circumscribed nodule
consisting of trophoblastic cell proliferation. ChoCa, is a malignant trophoblastic tumor consisting of a
trimorphic proliferation of extravillous trophoblastic cells, syncytiotrophoblast and cytotrophoblast, in
the absence of chorionic villi.;t=4« PSTT, is a trophoblastic tumor consisting of neoplastic
implantation site-type extravillous trophoblast, while the ETT is a trophoblastic tumor consisting of
neoplastic chorionic-type extravillous trophoblast.st#%4

In a muldisciplinary practice, a biologically comprehensive, histopathological-based
classification of FTp allows a guide treatment decision and management in sporadic and recurrent
early miscarriage. 511222, Also, a competent FTAp histopathological examination could improve a
selection-case to complementary genetic or molecular tests.>212 Finally, genetic correlation (control

group) make available evidence-based histopathological criteria for future investigation in this area.
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OBJECTIVE

A biologically comprehensive histopathologically-based classification of FTAp.

MATERIALS AND METHODS

A retrospective crossy-study of FTAp reports of 3,228 products sent to histopathological
diagnosis to Embryofetal Pathology Laboratory, centro de genética clinica (CGC) unilabs, Porto,
Portugal, between January 2013 and December 2018. Histopathological diagnosis was based on
routine histopathologcial examination [hematoxylin and eosine (H&E)-stained slides of paraffin-
embedded material]. Additional complementary study (e.g., immunohistochemistry) had been
performed when applicable. Guidelines to FTAp examination were used.s*r2 The full text of FTAs
reports were screened to identify those potentially fulfilling the sample selection criteria. Study sample
was categorized into two groups: - 1. Study Group: i. Intrauterine FTp < 12+ week of GA. — 2. Control
Group: intrauterie FTp < 12+ week of GA with concurrent genetic study (n=223). Inclusion criteria: i.
histopathological diagnosis classification into one of the defined categories; ii. Interobserver
agreement. Exclusion criteria: i. Degenerative changes associated with retention; ii. FTp relating to a
medical or social termination of pregnancy (TOP); iii. Twin pregnancy.

A competent gross examination allowed adequate evaluation of maternal (decidua), placental
and embryonic components, and submission for microscopy (see above). For the present study the
original hematoxylin and eosin (H&E) sections were used for the review. Gestational age (GA) dated
from the first day of the last menstrual period was the only available information. Discrepant criteria
were revised by two experienced embryofetal pathologists and an interobserver consensus was
achieved together with a senior embryofetal Pathologist. The histopathological interobserver
agreement was calculated by un-weighted kappa analysis as a measurement of interobserver
reproducibility. So, a diagnostic algorithm in FTAp was created. (Figure 1).

In the interdisciplinary discussions we used the international guidelines for the FTAp
examination with the objective of evaluate histopathological criteria like seem to an algorithm
approach to FTAp classification (see Figurel). Also, an additional recommendation in simplified
comment mode, could summarize an explanation in difficult cases. This system has been routinely

used in our laboratory for several years with very positive feedback from obstetricians.
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The sum of the histopathological features fell preferentially in a single diagnostic category
integrating all the findings, e.g., when CSA were histopathologically identified and a growth
disorganized (GD) embryo coexists, the classification was in the EA category. (see Figure 1).

So, a simplified classification was constructed, consisting into 7 main diagnostic categories,
including one category for multifactorial or debated etiology (Table 1).

Table 2, summarizes the histopathological FTAp classification at each Pathological category.
CSA, concerns a gestational sac (GS) and chorionic villi dysmorphic features for the GA and rare
specific conditions (e.g., metabolic storage dieseases). EA category encodes 5 embryo phenotypes-
based on the embryonic developmental defects; MC category covered microscopic features of
decidual arteriopathy and impaired trophoblast invasion like as a feature related in antiphospholipid
antibody (aPL)-associated loss. Also, unusual infections, and rare specific conditions such as chronic
histiocytic intervillositis (CHI) and fibrin(oid) deposition were categorized under the MC. MF category
enclosed mixed histopathological villous dysmorphic features and other chorion-decidual anomalies
considering hindering a single unequivocal etiology. Ectopic pregnancy means a pregnancy outside
the uterine cavity, which can occur in different localizations. Gestational trophoblastic diseases (GTD)
classification were summarized in Table 3. So, GTD were classified as hydatidiform mole (HM), and
extravillous trophoblastic (EVT) lesions (e.g., non-neoplastic lesions such as EPS and PSN, and
neoplasms such as ChoCa and PSTT).

In order to validate the histopathological diagnosis previously performed, a control group of
223/3,169 (7%) cases with concurrent cytogenetic study were compared. (See Table 4). Genetic
studies was conducted by CGC Cytogenetics and Molecular Laboratory, Porto, Portugal. It consisted of
conventional cytogenetic techniques by culturing fibroblasts in separate bottles harvested tissue of
embryo and chorionic villi samples. Whenever necessary, the exclusion of maternal contamination,
from samples of chorionic villi and maternal blood, was performed by amplification (Polymerase Chain
Reaction - multiplex PCR) of polymorphic genetic markers. Also, the results of molecular tests for
thrombophilia were evaluated.

All the samples enrolled in the present study were unlinked and unidentified from their
donors. The study was approved by the Local and Regional Ethical Committees for Medical Research.
Due the retrospective nature of the study, the Local Ethical Review Committees of the involved
institutions and Minho University Medicine School, Braga, Portugal, approved the work and waived the

need for written informed consent.
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RESULTS

The pathological criteria considered in each category allows a conclusive diagnosis in 98.2%
(3,169/3,228) cases (See Table 1 and Table 2). The category “other” includes 59/3,228 (1.6%)
cases of not documented intrauterine pregnancy (NDIUP) and severe degenerative changes related
with retention.

Histopathological CSA criteria (Figure 2) concern a gestational sac (GS) and chorionic villi
dysmorphic features for the GA (e.g., enlarged scalloped, clubbed, round villi; multifocal and polar
trophoblastic proliferation/hyperplasia or hypoplasia; stromal pseudo-inclusion and decreased stromal
vessels),s14

EA encodes 5 embryo phenotypes, (Figure 3) based on the embryonic developmental
defects, since individual organ malformation such as neural tube defects, to growth disorganized
embryo (GD). So, GD1, was characterized by an intact GS with no evidence of embryo (Figure 3A). 5
GD2, consists of a nodular embryo moreover attached to chorionic plate (Figure 3B).s1+ GD3, relates to
an embryo up to 10 mm long, with caudal and cephalic poles without others recognizable external
structures, moreover retinal pigment may be present (Figure 3C-G).5** GD4, consists of an embryo
with 3-17 mm long usually with a major distortion of body shape always involving head and generally
with a fusion of the chin and chest (Figure 3H-I).5

Maternal causes (MC) (Figure 4) were diagnosed hystologicaly as impaired trophoblastic
invasion, decidual vessels pathology, decidual lymphocyte cell infiltration or fibrinoid deposition.s=
Also, unusual infections (Figure 4A); massive perivillous fibrin deposition, or maternal poor perfusion
(eg, increase number of tertiary villi, fibrotic villi and decidual arteriopathy) (Figure 4B); chronic
histiocytic intervillositis (CHI) (Figure 4C) were included under this category.e* Multifactorial (MF)
category covering mixed histopathological chorionic villi pattern between MC and CSA considering
hindering a single unequivocal etiology. Hydatidiform moles (HM) (Figure 5) traditionally, have been
subdivided into complete hydatidiform mole (CHM) and partial hydatidiform mole (PHM). CHM
macroscopically, have abundant tissue with grossly identifiable translucent vesicles (Figure 5A-C). On
microscopic examination, the villi, primarily in the terminal villi, are diffusely hydropic with a central
acellular space and trophoblast hyperplasia (Figure 5A). Circumferential, trophoblast hyperplasia is
universally present and is a requirement for diagnosis (Figure 5B-C).* Extravillous trophoblast (EVT)
lesions and intraplacental ChoCA are rare with 0.25% and 0.05% of cases respectively.72% In our

serie ectopic pregnancy (EP) occurrence was 48% (155/3,228) cases.
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CSA and EA groups are the most frequent pathological diagnosis with 1,279 (39.6%) cases
and 953 (29.5%) cases respectively (Table 1). CSA and EA groups did have a good correlation with
genetic results (Table 4). In CSA category, 71% (59/83) cases did had an abnormal karyotype.
Trisomy 16 and trisomy 21 were the most prevalent with 16.9% (10/59) cases each, followed by
trisomy 22, trisomy 15, monosomy X and triploidy. EA group showed a high incidence of
chromosomal abnormalities with 66.2% (51/77) cases, being monosomy X and triploidy the most
frequent 13.7% followed by trisomy 16 and then by trisomy 15 and trisomy 21. Structural
chromosomal changes was detected in 5.5% (6/110) cases, of CSA and EA groups. MC and MF
categories encompass 337 (10.4%) cases and 317 (9.8%) cases respectively. These categories were a
good correlation with cytogenetic results (see Table 4). In MC category 82.6% (19/23) cases did had
a normal karyotype. Also, molecular tests identified thrombophilic defects in 21/337 cases of MC
category. In MF category, 40% (10/25) cases did had a normal karyotype. The incidence of overall
HM was 3.8% (122/3,228) cases (see Table 4). HM matched to cytogenetic results, occurs in 13.1%
(16/122) cases. Furthermore, the classical pathological study showed PHM and CHM criteria in 12
and 4 cases respectively. Cytogenetic study documented triploidy, triploidy and tetrasomy and
tetraploidy in overall PM (Table 4). One case of CHM did had a 46,X,+18 karyotype and another one
had a mosaicism (Table 4). EVT lesions and ChoCa occur in 0.25% and 0.05 cases respectively. EP
occured in 4,8% (155/3,228) cases, mostly (98.7%) on the Fallopian tube wall and one case on the

ovarian surface, and one-other on the abdominal cavity.

DISCUSSION

SA is an event with great impact on the couple who want a child. Also, FTSA are a common
and clinically significant problem. Although, there are a few reports addressing the clinical value of
routine histopathological examination of FTAp. A competent and systematic approach to macroscopic
and microscopic study of FTAp allows a conclusive histopathological diagnosis in majority of the cases
#11 However, despite these general findings, about 2-12% of the cases in our serie remains without a
specific histopathological feature or an obvious etiology of the miscarriage. Although, an useful
information from a competent histopathological study are relate to: (1) confirmation of the presence of
an intrauterine pregnancy; (2) identification of previously unsuspected disease process in the mother
or embryo; (3) exclusion of a gestational trophoblastic disease, namely in the form of CHM or PHM;

(4) identification of conditions with a high probability of recurrence in future pregnancies.#is227.28512
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Besides, FTAp histopathology could estimate the GA and the interval of retention after embryonic
death.s”1t Also, it is beneficial in protecting obstetrician and gynecologist from medico-legal
recrimination. So, a competent examination of FTAp must take into account the confirmation of an
intrauterine pregnancy, the validation of ultrasound features and an effective clinical follow-up toward
parental orientation and additional complementary tests. 4621272831338

A systematic performed histopathological examination of FTAp demonstrate that CSA and EA
criteria had a good correlation with genetic tests results.s?z: Trisomy 16, 15, 21 and monosomy X
were the most prevalent. Several studies indicate that more common trisomy is the trisomy 16,
followed by trisomies involving chromosomes 15, 21, 22, and 13.s72% Trisomy occurrence was
associated with advanced maternal age, which is a growing problem our-days, seeing that the average
of maternal age has increased in most developed countries. Monosomy X is one of the most common
chromosome anomaly detected in cytogenetics tests of FTp and occurs in most cases as a result of
paternal nondisjunction errors. Structural chromosoamal changes frequency is identical to others
studies, in which the presence of structural changes occurs in about 4% of the cases of First-trimester
abortion with abnormal karyotype.c722 EA category, showed a high incidence of chromosomal
abnormalities when matched the morphological criteria and cytogenetic results. However, the
existence of EA with a diploid normal karyotype, may suggest the interference of teratogenic agents
(eg, drugs, viruses, alchol, tobacco, hyperthermia) or other lethal disruptive events during normal
embryogenesis. 82122728

Also, the frequency of normal karyotype in MC and MF categories supports and validates the
histopathological criteria. Maternal or embryonic nongenetic factors including environmental contexts
and teratogens are well-known causes associated with failure of protective mechanisms inherent to
normal gestation or severe embryo malformation.i #2522 Immunological disorders, thrombophilia and
antiphospholipid antibody syndrome, especially in aPL-associated loss have been associated with early
miscarriage. Presently available data indicate that a small subgroup of women with recurrent FTSA
may show evidence of CHI or massive perivillous fibrin deposition. Both conditions are
histopathological diagnosis which may influence future reproductive management. These conditions
are moreover related with maternal homeostasis disturbance. 22 Also, it is currently known that
celiac disease have an increased risk of FTSA, in fact related to deficience absorption of essential
factors to organogenesis, such as iron, folic acid and vitamin K.7#» Despite that molecular tests

identified thrombophilic defects in 21/337 (6.2%) cases. Also maternal age (MA) at the time of
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abortion shows a significant effect on the incidence of FTSA moreover associated with SCA and EA,
namely growth disorganized (GD) embryo. w01z 1921252

An additional minority of FTAp will be due to HM. The incidence of HM in our study was 3.8%
(122/3,169), of which 53.3% (65/122) cases were not previously suspected. Pathological evaluation
improves the diagnosis of GTD. So, histopathological study has been a major clinical significance
because these patients require surveillance for detection of persistent gestational trophoblastic
disease and also for the risk for recurrent mole in future pregnancy. Also, a very early complete
hydatidiform mole (VECHM) represent a greate challenge in diagnosis, as the pathologic features are
more subtle and less developed.® PHM features are similar to the CHM but are usually less striking
and have an admixture of relatively normal immature villi and irregularly distended and scalloped
hydropic villi (Figure 4). Invasive mole is a rare entity composed of trophoblastic cells and molar villi,
which invade the uterus and have potential invasion of adjacent structures.#:# |n Portugal, the
incidence of HM is one in 570 pregnancies (0.18%).2* However our study document a higher
incidence. HM tend to have macroscopic and microscopic characterisitcs features but in difficult
cases the use of immunohistochemistry and genetic tests may be useful.*z+ Although both forms of
HM include excessive expression of paternally derived genes. But, CHM and PHM are slightly different
conditions with different clinical implications. CHM presents an increased risk of developing ChoCa
and is generally diploid, while the PHM is mostly triploid. In our serie, the higher incidence of overall
HM could reflect the under pathological examination of FTSAp and the difficult diagnosis of VECHM
cases..exx5% [n HM group, a concurrent cytogenetic result validates the pathologic diagnosis in overall
cases of PHM. Also, EVT lesions are a complex and heterogeous group of lesions, since a benign
nonneoplastc lesions (eg, placental site nodule and exaggerated placental site) to a potentialy
malignant conditions such as placental site trophoblastic tumor and intraplacental ChoCa. A routine
histhopatological examination of all the products of early miscarriage can increase the real incidence
of HM, EVT lesions and intraplacental ChoCa and consequently improve maternal management, 274

Ectopic pregnancy can occur in different localizations, mostly in the fallopian tube and rarely
in the ovary or in the abdomen.* Pelvic inflammatory disease, tubal surgery, oophoritis and in vitro

fertilization therapy have been implicated as risk factors, being a HM, a rare complication described.*
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CONCLUSIONS

A comprehensive histopathological classification of FTAp is a prerequisite for the definition of
reproducible embryonic and placental phenotypes. Understanding its clinical significance can serve as
a gold standard for additional complementary test and comparative effectiveness trials. Together
could guiding the management of individual patients improving maternal and fetal monitoring in future

pregnancies.
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Figure Legends

Figure 1. Algorithm Diagnosis in First-trimester Spontaneous Abortion specimens.
Legend: FTSAs, Firsttrimester Spontaneous Abortion specimens; FISH, Fluorescent In Situ Hybridization; NTD, Neural Tube Defects; GD, Growth Disorganized; NDIUP, Not
Documented Intrauterine Pregnancy; IHC, Immunohistochemistry.

Figure 2. Spontaneous abortion from 6* week GA age concerning pathological features to the
category changes suggesting aneuploidy. A, Macroscopic features of a shrunken GS, chorion
hemorrhage and clots and 47,XX,+22 karyotype. B, Histhopatological section, hydropic avascular villi
(V). H&E stain, x100. C, fibrotic villi (V), and disorganized embryonic tissue (E). H&E stain, x100. D,
Intact GS photographed under saline, with bulbous swelling villi. E, Hydropic villi with hypoplastic
trophoblast and diploid karyotype. H&E stain, x100. F, amniotic epithelium (A) and yolk sac (Y). H&E
stain, x100.

Legend: GA, gestational age; GS, gestational sac; H&E, hematoxylin eosin.

Figure 3. Etiologic significance of macroscopic and microscopic features concerning to the
embryonic development anomaly category. The following detailed pictures, refer an abortion
specimens with 7 to 9 weeks GA dated from first day of last menstrual period. A, an Empty GS
consistent with GD1 and normal karyotype (46,XY). B and C, histological features of a nodular embryo
without any differentiation consistent with GD2 and a 47,XX,+13 and 48,XX,+2,+22 karyotype
respectively; amniotic epithelium and villi at the left superior corner. H&E stain, x40. D and E,
macroscopic features GS containing a GD3 embryo with 47,XX,+15 and 47,XX,+16 karyotype
respectively. F, GS with hyperplastic chorion and GD4 embryo, with a major distortion of body shape
(arrow) and 47,XY,+16 karyotype. G, GD4 embryo with major distortion of the body and fusion of the
chin to the chest (black arrowhead). H and I, embryo with a parietal encephalocele (white arrowhead)
and umbilical cord cyst (double arrowhead) with a normal 46,XX, karyotype. J, embryo with acrania
and diploid 46,XX karyotype. K, macroscopic and microscopic normal embryo with diploid karyotype.

Legend: GA, gestational age; GS, gestational sac; GD, growth disorganized; H&E, hematoxylin eosin.

Figure 4. Etiologic significance of macroscopic and microscopic features concerning maternal cause
category. The following detailed pictures, refers a 10" week's GA specimens dated of first day of last
menstrual period. A, macroscopy: hydropic embryo and placental hydropsis; microscopy: marked
swelling of the villi and erytroblasts with parvovirus inclusion (inset). H&E stain, x200. B, microscopy:
decidual vascular changes with adjacent decidual necrosis. H&E stain, x100. C, macerated embryo
with disruption of abdominal wall (iatrogenic); microscopy: massive chronic intervillitis, consisting of
histiocytic and lymphocytic infiltrates in maternal space. H&E stain, x100.

Legend: GA, gestational age; H&E, hematoxylin eosin.

Figure 5. Macroscopic and microscopic features of Aydatidiform mole category. Specimens
corresponding to abortions with a GA range between 6* and 10" week dated from first day of last
menstrual period. A, B, C, macroscopic features of a HM photographed under saline, note bulbous
swelling of villi. Microscopic features: A, hydropic villi intermixed with translucent vesicles with mild
trophoblastic hyperplasia consistente with PHM and 69,XXX,+7,+14 karyotype, H&E stain, x40; B,
hydropic villi with central cistern and circumferential trophoblastic hyperplasia and absence of fetally-
derived tissue in a case of VECHM with a 46,X,+18 karyotype, H&E stain, x100; C, scalloping hydropic
villi with central cisterns and circumferential (apolar) trophoblastic hyperplasia in a case of PHM with
69,XXY, karyotype H&E stain, x40.

Legend: GA, gestatonal age; HM, Hydatidiforme mole; PHM, partial hydatidiforme mole; VECHM, very early complete hydatdiforme mole; H&E, hematoxylin eosin.
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Figure 4. Nogueira R., ef al., 2019
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Figure 5. Nogueira R., ef al, 2019
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Table 1. Distribution of the cases according to the main seven histopathological

categories given in absolute value (n) and percentage (%).

Cases
(3,228)
Classification of First Trimester Abortion Specimens Lesions:
n %
i. Changes Suggesting Aneuploidy 1,279 39.6
ii. Embryo Anomaly 953 29.5
iii. Maternal Causes*: 337 10.4
iv. Multifactorial Causes 317 9.8
v. Gestational Trophoblastic Disease
Hydatidiform Mole 122 3.8
Extravillous Trophoblastic Lesions 5 0.25
Choriocarcinoma 1 0.05
vi. Ectopic Pregnancy 155 4.8
vii. Other 59 1.8
Total 3,228 100

t molecular thrombophilic defects identified in 21 cases.  Cytogenetic study was performed in 23 cases

» other (e.g., undocumented intrauterine pregnancy, retention abortion components and degenerative changes associared
with intrauterine retention).
Nogueira R., efal., 2019
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Table 2. First-trimester Abortion Products Pathological Categories

Histopathological Categories of First-trimester Spontaneous Abortion Products -

Characteristics* CSA EA MC MF HM EP:
Complete Partial
Embryo/Fetus may be present  usually may be present  may be present  rarely present often presente may be
abnormal present
Gestational sac
histology
- villous mild to mild to rare mild marked * mild to moderate may be
enlargement moderate moderate present
- villous range of villi range of villi admixture of admixture of relatively Partly normal, admixture
population from small to from small to villi, to tertiary villi from uniform; partly hydropic of villi from
hydropic? hydropicz villi fibrotic to hydropic villi fibrotic to
clubbed or clubbed or
round round
- villous shape clubbed or clubbed or elongated to admixture from  usually round scalloping with Variable:
round and round and small elongated to inclusions
scalloping scalloping clubbed or
round and
scalloping
- cisterns usually absent usually absent usually absent usually absent common? rare to mild usually
absent:
- trophoblastic rare to mild rare to mild usually absent; rare to mild common; mild to moderate usually
poliferation (focal) and (focal) and increase (focal); apolar,circumfe  (focal); apolar, absent:
polar polar syncytial knots increase rential circumferential
syncytial knots hyperplasia* hyperplasia
- trophoblastic none or rare none or rare none or rare none or rare commons® Minimal none or
atypia minimal
- fetal blood absent or rares moderate mild to mild to rare usually Common common
vessels/nucleat moderate moderate absent’
e red blood
cells
- intervillous usually absent usually absent may be may be present  usually absent usually absent none or
inflammatory present rare
infiltrates
Plate basal
- utero-placental may be present  may be present  usually present  usually present  may be present  may be present absent
vessels lesions
Persistent GTD no no no no >20%, may <5%, usually not none or
develop ChoCa requiring rare
chemotherapy

:Adapted from Benirschke and Kaufmann'’s, pathology of the human placenta, Baergen. Springer,2004 ISBN 0-387-2208

CSA, changes suggesting of aneuploidy or metabolic storage disease; EA, embryo anomaly; MC, maternal causes; MF, multifactorial; HM, Hydatidiform
Mole; EP, ectopic pregnancy; GTD, gestational trophoblastic disease; ChoCa, choriocarcinoma;
» most common presentation, but variation may occur. < molar disease may exist. *viral inclusion may be identified.
< one case with Very Early Complete Hydatidiform Mole (VECHM) included in HM category.
1 may be mild in VEHCM; znamely in hydropic abortion; :rare in VECHM; *moderate in VECHM; <including in VECHM; ¢ particularly in hydropic abortion;
may be present in VECHM
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Table 3. Histopathological classification of Extra Villous Trophoblastic Lesions

Extra Villous Trophoblastic Lesions -

Characteristics PSN EPS PSTT ETT ChoCa
Macroscopy
- forms a mass - - + + ¥-

Histopathology

- chorionic villi present - + very rare very rare a
- fibrinoid + + +
- hemorrhage - +- + + ++
- necrosis - +- + 4 4+
- vascular invasion - + + + +
- degenerative changes - - - - ¥
- extra villous trophoblast + + + +
- syncytiotrophoblast - + 2 - + ¥
- nuclear pleomorphism - - ++ - ++
- mitotic activity minimal or minimal or + + +
absent absent
History of previous Mole - - 5-8% 5-8% 50%
Metastasis none none occurs in occurs in potential
10-15% 10-15%
Prognosis no sequelae  no sequelae  reserved if reserved if >90%
malignant malignant responsive
to chemo-
therapy
Serum (3-hCG normal appropriate moderately ~ moderately ~ markedly 1
for 1 in 80% 1in 80%
pregnancy

> Adapted from Benirschke and Kaufmann's, pathology of the human placenta, Baergen. Springer,2004 ISBN
0-387-22089

PSN, placental site nodule; EPS, exaggerated placental site; PSTT, placental site trophoblastic tumor; ETT,
epithelioid trophoblastic tumor; ChoCa - choriocarcinoma.; B-hCG, - human chorionic gonadotrophin

1Villi are present only in placental or “in situ” ChoCa.
2Multinucleate cells similar to syncytiotrophoblast may be present.
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Table 4. Correlation of Histopathological Categories (CSA, EA, MC, MF and HM) and

Control Group (genetic results) in absolute values (n).

Histopathological Classification of FTSAp Lesions
CSA EA MC MF HM Total
Normal 24 26 19 10 3 82
Trisomy 2 0 1 0 0 0 1
Trisomy 4 0 1 0 0 0 1
Trisomy 5 1 1 0 0 0 2
Trisomy 7 2 1 0 0 0 3
Trisomy 8 0 2 0 0 0 2
Trisomy 9 2 0 0 0 0 2
Trisomy 10 2 0 0 0 0 2
Trisomy 13 0 1 0 0 0 1
Trisomy 14 0 1 1 0 0 2
Trisomy 15 4 6 0 0 0 10
Trisomy 16 10 3 0 0 0 13
Trisomy 17 0 1 0 0 0 1
& Trisomy 18 4 2 0 1 0 7
3 Trisomy 20 1 0 0 0 0 1
& Trisomy 21 10 4 0 0 1 15
£ Trisomy 22 5 3 0 3 11
g Monosomy X 4 7 2 8 0 21
¥ Triploidy 4 7 0 2 8 21
5‘ Tetraploidy 3 2 0 0 1 5
'g'. Mosaicism 3 1 0 1 1 6
e Structural aberration 1 0 0 0 0 1
% Hypertriploidy 1 0 0 0 0 1
.E Additional mat(.er{al of 0 1 0 0 0 1
S unknown origin
Monosomy 21 0 1 0 0 0 1
Monosomy X + Trisomy 18 0 0 0 0 1 1
Robertsonian translocation 1 3 1 0 0 5
Triploidy + two additional
Chr. 7 and one additional 0 0 0 0 1 1
Chr. 9
Triploidy + , 1
Tetrasomy 7 and 14 0 0 0 0 L
Trisomy 2 + 1
Trisomy 22 0 L 0 0 0
Trisomy 7 + 1
Trisomy 18 L 0 0 0 0
Trisomy X + 1
Trisomy 22 0 ! 0 0 0
Total 83 77 23 25 16 223

Legend: FTSAp, Firsttrimester spontaneous abortion products; CSA, changes suggesting aneuploidy; EA, Embryo anomaly; MC, maternal
causes; MF, multifactorial; HM, hydatidiform mole; PHM, partial hydatidiform mole; CHM, complete hydatidiform mole; VECHM, very-early
complete hydatidiform mole; Chr. Chromosome.

' molecular thrombophilic defects identified in 21/337 cases of MC category.

> all CHM, 2 VECHM;. » all PM.

Nogueira R., ef al., 2019
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“Quality is not an act, it is a habit.”

Aristotle

CHAPTER 4
GENERAL DISCUSSION
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4.1. THE IMPACT OF SPONTANEOUS ABORTION

In Portugal, the main birth and fertility indicators show that after two years of recovery, birth
numbers have fallen in 2017 and the ongoing postponement of childbearing persists. Although, the
crude birth rate remained, 8.4 live birth per 1,000 inhabitants. The mean age of women at first
pregnancy remained at 29.6 years of age, and the mean age of women at childbirth rose from 31.1 to
31.2 years of age. (INE, IP, Lisboa, Portugal 2018).

As recorded by the statistics Portugal Register, in 2017 there were 86,154 live births from
women living in Portugal, 972 less than registered in 2016, corresponding to a decrease of 1.1%.
(INE, IP, Lisboa, Portugal 2018).

Up to 60% of all conceptions will be lost, most of them not being noticed by the woman, so-
called “occult abortion”. (Roberts CJ, et a/., 1975; Miller JF, et a/., 1980; Edmonds DK, et a/., 1982;
Rolfe BE, 1982; Whittaker PG, ef a/,, 1983; Kline J, et a., 1985; Wilcox AJ, et al., 1988) It is generally
known, that 1 out 6 clinically recognized pregnancies end in spontaneous abortion (SA) (Kline J, et af.,
1985; Wilcox AJ, et al., 1988; Harlap S, et a/, 1980; Miller JF, et a/,, 1980). Similarly, it is estimated
that about 12-15% of all clinically recognized pregnancies result in miscarriage most of them (60-70%)
taking place before 12+ weeks of gestation, commonly between 6+ and 12+ weeks.

Accordingly, in Portugal nearly 10,338 to 12,923 SA occurs every year resulting in a common
phenomenon. Also, the infant mortality until 1 year of age was 2.7 deaths per thousand live births.
There are no statistical data about fetal death namely early and late fetal death.

The divisions in early and late abortion almost equals the definitions of SA. In Portugal, First-
trimester spontaneous abortion (FTSA) is defined as loss before the end of the 11w+6d of pregnancy
and late abortion as occurring at Second and Third trimester pregnancy. This makes sense as the
causes and morphology are different for both periods. (Lawn JE, ef a/., 2011; McPherson E, 2016;
Lamont K, ef a/,, 2015).

Pregnancy is a very complicated “process” where the participation of mother, embryo/fetus
and gestational sac/placenta are essential. Problems in one of these “compartments” might lead to
disturbances in the others “compartments”. However frequently, the primary site of deterioration
cannot be discerned.

The cause of early miscarriage can be related to several factors, knowing that there are certain
factors and uncertain factors dependent on gestational-age (GA) and related to maternal (parental),

embryonic or placental conditions.
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So, as other authors, in this thesis | attest, the human placenta is a multitalented, but still a
mysterious shared organ. (Guttmacher AE, ef a/,, 2015; Burton G, et a/, 2015; Nelson DM, 2015).
Solo, it performs at intrauterine life functions that, after birth, will require numerous “vital” organs that
will include lungs, liver and kidneys. (Guttmacher AE, ef a/., 2015) Recognizing the vital importance of
the placenta, there are more and more focused studies on it. (Guttmacher AE, et a/, 2015).

The placental features may explain some fetal anomalies that could be relevant to
understanding the miscarriage and may also be crucial to monitoring the newborn in early neonatal
care. The characterization of pathological placental processes and their randomization allow the
advance in health care, as well as, taking the appropriate preventive procedures to specific maternal,
placental and fetal conditions.

Pathologic categories in First-trimester spontaneous abortion specimens and Second and Third
trimester singleton (and multiple) placentas, permit monitoring the couple and reproductive planning.
This can provide data to evaluate fetal risks including of neurologic effect on the child and its
recurrence, and could minimize the maternal risk diseases in future pregnancy also. Moreover, any
additional information is relevant to studies of fetal and placental growth and development, and to

research involved in the so-called fetal origins of adult disease.

4.2, BRIEF SUMMARY OF RESULTS

Percentile curves for placental and embryo-fetal parameters across gestational-age (GA)

between 5 and 41+ weeks were produced.

First-trimester Products

Gestational sac (GS), umbilical cord (UC) and Embryo cranio to rump length (CRL) percentile
curves between 5" and 11 weeks were generated.

GS diameter percentiles 5, 25, 50 75 and 95 were calculated according to the gestational-age
(GA) and at each 1 week interval it increases an average or 3.7907 mm. UC length percentiles 5, 25,
50, 75 and 95 were also calculated and at each 1 week interval it increases an average of 1.161
mm. Embryo-CRL estimated mean+SD (standard deviation) values were: GA 6: 5.3+2.3 mm; GA 7:
9.4+4.8 mm; GA 8: 13.7+8.2 mm; GA 9: 20.849.1 mm; GA 10: 22.6+13.4 mm; and GA 11: 29.
4+12.9 mm; GA 12: 52 mm.
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Second and Third Trimester Placenta

In a cohort of singleton placentas, placental weight (PW), birth weight (BW), placental weight
ratio (PW-R) and birth-placental weight ratio (BPW-R) were analyzed to produce percentile curves.
Considering the inclusion criteria 1,951 singleton placentas (form a sample of 7,321 placental
reports) between 12+ and 41+ weeks of gestation were selected. The percentiles curves for PW, fetal
or birthweight (BW) and BPW-R and PW-R were based on the same observations. Mean, standard
deviation (SD), median, minimum and maximum for maternal, placental and fetal quantitative and
qualitative variables are summarized in the second manuscript of the Chapter 2. With the exception
for PW for 27 weeks (p = .033), and BW for 16 weeks (p = .021) and 40 weeks (p = .018), in our
study there were no statistically significant differences between male and female fetuses (p> .05)
unlike previous studies. So, gender freely percentile curves for PW, PW-R, BPW-R and PW-R were

produced between 12+ and 41+ weeks of GA.

4.3. STUDY IMPLICATIONS, STRENGTHS AND LIMITATIONS

Placental characteristics and morphology has been reported to influences placental weight
(PW), placental weight ratio (PW-R), birth weight (BW) and birth weight placental weight ratio (BPW-R)
and placental thickness (PT). (Little WA, 1960; Aherne W, 1966; Armitage P, ef a/, 1967; Molteni RA,
etal, 1978; Lurie S, et al, 1999; Wallace JM, et al,, 2013; Salafaia CM, et a/., 2010; Yampolsky, et
al., 2009; Salafaia CM, et a/. 2008; Salafaia CM, et al., 2007).

Although, placental size has been described as an independent predictor of BW. (Asgharnia M,
et al., 2008; Promboon S, ef al., 1983; Naeye RL, 1987). Previous studies have been postulated that
placental hypertrophy and fetal growth restriction (FGR) are an adaptation to maintain placental
function in pregnant woman with several conditions (e.g., malnutrition, gestational diabetes,
hypertension and others endocrine or metabolic maternal disorders). (Nelson DM, 2015; Yu KM,
1992; Myatt L, 2002).

This heightened interest in PW and its relationship with BW has related to a crucial role of the
placenta as a potential factor of maternal diseases and even long-term impact on the well-being of the
mother. (Amaral LM, ef a/,, 2015; DeRoo L, et a/., 2016; Barker DJ, ef a/, 2012; Nelson DM, 2015;
Heinonen S, et al,, 2001; Lo Y-F, et a/, 2002; Naeye RL, 1987; Barker DJ, et a/., 1997; Barker DJ, et
al. al., 1993; Myatt L, 2002; Dombrowski MP, ef a/., 1994).
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Also, fetal or neonatal morbidity and mortality, congenital fetal defects (see Appendices 2 and
3) and longer-term impact on the well-being of the child lifelong health are related with PW and size.
(Risnes KR, et al., 2009; Hasegawa J, et al, 2011; Barker DJ, et al., 2013; Barker DJ, et a/. 2012;
Barker DJ et al,, 2011; Wen X, et al, 2011; Heinonen S, et a/., 2001).

Although, several studies has been shown that maternal diseases (e.g., gestational diabetes,
severe anemia and hypertension, preeclampsia) and fetal diseases (e.g., hydrops, FGR and small for
gestational-age) influence PW and fetal weight, PW-R and BPW-R. (Heinonen S, et a/, 2001;
Hindmarsh PC, et a/,, 2000; Thame M, ef a/., 2000; Myatt L, 2002; Lao TT, ef a/., 1999).

Thus, the selection of singleton placentas sample for biometric (e.g., weight and size)
assessment with a view to the creation of percentile curves requires the exclusion of maternal or/and
fetal disorders (e.g., hypertension, diabetes, FGR, SGA, LGA) related with gross placental lesions that
may be directly implicated in the deviation of those parameters. Also some placental conditions such
as large tumors and hydrops must be exclude.

Percentile curves for BW are relatively common in most countries but percentile curves for PW,
and PW-R and BPW-R still rare. (Wallace JM, ef a/,, 2013; Thompson JMD, et a/, 2007; Almog B, et
al., 2011). However, recently some countries have required the placental weight be notified as a part
of the medical birth registry. (Thompson JMD, et a/., 2007).

The present Thesis established a gestational-age-specific reference values for PW, BW, PW-R
and BPW-R for singleton gestation between 5 and 41 weeks of gestational-age (GA) in a single
institution over the 4-year period (see Chapter 2).

This is the first time that Portuguese population-based percentile curves have been produced
for PW and hence for the PW-R and BPW-R. The percentile curves have been made possibly by
including these important items of data in medical registry request and pathological reports of
placental examination and fetal autopsy.

The PW, PW-R and BPW-R percentile curves achieved across GA (see Chapter 2) may act as a
reference curves for Portuguese population. Those should be used with caution elsewhere knowing
that BW often differ between countries and multiethnic communities. So, percentile curves should be
population specific when possible.

Perhaps more important than BW and PW percentile curves alone are the PW-R and BPW-R
percentile curves (see Chapter 2).

PW-R is defined as the placental weight over the birth weight and BPW-R is defined as the birth

weight over the placental weight. The PW-R and BPW-R are a common indication for the balance
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between fetal and placental growth. Probably, these ratios would not differ in any significant way
between populations, unless there is a difference in placental function between different populations,
which under normal conditions would seem less likely. So, for the meantime, these percentile curves
may act as a reference for other populations as well.

Still, for the most populations in which BW percentile curves are available, it would be possible
to derive suitable PW percentile curves from the ratio curves presented in this thesis.

Nevertheless, in other populations, | would recommend caution using, either placental weight
and ratio curves and particularly at the extremes of the gestational range.

Because of growing evidence for a correlation of PW with chronic diseases in late-life, we
suggest attention and correct examination of placenta and recording all of the observation in patients’
files as an important evidence for future.

A competent placental examination is an important tool concerning the principal goal of the
recently created “Human Placenta Project” also. (Guttmacher AE, et a/, 2014).

The selection of placentas macroscopically normal or near-normal, drastically decreased the
sample for the purpose of constructing percentile curves for PW, PPW-R. Also, the lack of detailed
clinical information about BW, particularly in cases of live born contributed to the decrease in the
number of cases gone from the sample.

Also, knowing that the PW is dependent on the amount of intervillous blood and blood in fetal
vessel and formalin fixation (see Chapter 1) it should be preferably achieved after proper washing of
the placenta in current water and fixating in formaldehyde for a period of 24 hours, and after remoting

the umbilical cord and capsular membranes. (Baergen RN, ef a/., 2001; Bernischke K et al., 2006).
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4.4, FINAL CONCLUSIONS

The Thesis project has generated gestational-age-specific percentile curves between 5 and 41+
week of GA in singleton gestation for gestational sac and placental biometry’s and (embryo) fetal and
BW also. Equally Percentile curves for PW-R and BPW-R were achieved.

| believe that the information provided in the thesis will be useful in various ways to medical
community, in particular for obstetrics and general clinicians. It is particularly relevant to researchers
with interest in embryo-fetal and placental development and to research related with so-called adult
diseases with fetal origin.

In our-days the low birth rate and the advanced maternal age should lead us to bet on
improvement of placental, fetal and infant health. The percentile curves show how the PW-R and BPW-
R changes across gestation. Also, the overall curves offer populations standards that may have
particular interest in fetal outcome.

Knowing that placental size is an independent predictor of BW, PW, PW-R and BPW-R. These
may be crucial in fetal follow-up and may be an important predictor of fetal diseases and long-term
childhood and maternal diseases. Thus, the assessment of the placental growth should be as early as
possible and should begin in early pregnancy.

A potential interest of the data thesis could imply an upgrade of the clinical guidelines in
obstetrics considering that, the Portuguese Society of Obstetrics and Gynecology has clinical
guidelines which not include instructions for the weighing of the placenta registry.

These are all issues that modern clinician scientist cannot ignore, especially if we are to move
to an era of precision medicine with the potential for anticipatory approaches long before disease is
clinically apparent.

This work may be important to explore the challenges of the Portuguese pregnant woman in a
future taking into account the placental factors that increase these challenges, and the contribution
that research can make anticipating the beginning of them. We must recognize the importance of a

healthy start to life for future results.
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4.5. FUTURE REFLEXING

For many, the term personalized medicine is related to the uniqueness of an individual's
genetic code. However, considering the health of the individual as a whole, it is the non-genomic side
of personalized medicine that helps us reorganize the term art of medicine. This integrates the
objective synthesis, which can be improved by computer tools, and the subjective global view
requirement of a conscious medical researcher who interprets heterogeneous and often complex
processes. Tomorrow's clinical scientist is likely to be at the forefront of this philosophy, combining
the science and art of medicine with genuinely shared decisions to take medical practice to new

heights.
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Abstract

The pathological study of the placenta is of upmost importance in cases of unexplained fetaliperinatal oss and
elen these carry liligation implicstons. Integrating pathologicsl fndings and the underlying palhaohysiological
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Understanding the placental functlon has been cruckl for a dinieal
and well founded interpretation of pathological alterations associated
with poor obstetric outcomes. The anatomaopathalogical study of the
p!m:eﬂra allows the Invesi Hration of unforeseen cases of Fehll.fperjlmml
lows, while further developing our knowledpe of some neonntal
diseases, The significance of this study i even greater if one considers
that about 31,000 children will suifer of some sort of cercbral palsy
f1-4]. The increase of fitigation processes wwards hospitals and
obstetricians & a reality and in most cases, the litigant part cdaims
negligence, Setting aside, well documented cases of true negligence,
one must consciously and responsibly select ceses with patholegy
assoclated with & poor obsielric outcome. Far this purpose, the study
of the placental is fundamental [3], It is important o noge that, the aim
of this article i= not to describe any epideminlagical study of specific
cases of placental disorders but, to emphasize that the siudy of the
placenta may reveal wndingnosed or unsuspected pathologies in coses
of pour obstetric outcomes that explains und justifies letal!perinatal
Lintese

Placental pathalogical features and adverse fetal outcome

Trnplantation anomalies can bead o velimemons cord nsertion with
or withoul vasa previa, to placental acorete andfor 10 placenta previa
and It is well documented its relattonship with newrological damage
and increased risk of [etal loss |6,7].

Placental infarction bs 1 pathological condition of unknown etiolegy
with distincthve Features and has been assoclabed with feta] Inteauterine
growth  retardation  (IUGH),  microcephaly  and  neuralogical
complications [1,8].

Wil for the evaluation of poor fadal and perinalal outcomes and (o

Decidnal - arteriopathy i 2 type of injury  dingnosed  only
histelogically und usually cccurs o sesult of maternal croulstory
disorders, such ws pre-eclompsin, hypertension, antiphospholipidic

-syndrome and thrambophilia. It is also associated with placental poor

perfusion and low weight. leading to TUGR [5.9]. The period of time
that, placental lesions take to evelve and extend, and bow fhey become
installed wre determining factors for fetal complications. The most
common exampie i the sbrupt placenta, a serious condition tn which,
the time period taken 1o develop o retroplacental hematoma s crucial
for the macroscopic interpretation of the lesion and i critical to
understand fetal complications, When fetal death does not ovcur,
neurelogical dimage - is wsually frequent [2.3], Similarly, placental
imfarctions have consequent (etal comglications according o the time
of occurrence, location, extension and sy progression. Mossive
perivillous fibrin deposition is the main diagnostic features of maternal
floos Infarctlon, & placental kesbon reparted 1o be as high as 1 of 200
plocentus. The cause is unknown bot, congenital infection, immune.
mediated  rejection and  abnormal  estravillous  trophoblastic
praliferation fave been suggested etiologies in part because of its
rectrTent natire

Fetal vessel thrombosis i o type of leslon singularly diagnosed with
histology and greatly reloted fo prematurity and incrensed incidence
on fetal thrombosis and meonatal newralogacal complications [4.8,10].

[mfections ure commaon and highly contagious situations, with infra.
clinical rates in 0% to 15%. [t may reach the plocenta and ferus in
several ways by ascomsion from  tract wvaginal infeclions. by
hematogenous  transmission  from maternal  blood by direct
mtroduction via amnsocentesis, chorionic villus sampling and ather
ivasive diagnostic pracedure or by direct extenssons feam infection n
the endometrium, It is well known an associetion with fetaf foss and
cerebral palsy |7], Hematogenous infection can result in fetal loss due
fo anemla following Farvovices B19 infection or lead B sevene fetal
disease due to toxoplasmesis andlor cytomelovirus (CMV) infection
|L112]. Defindtive diggnosks of an lfectious disease an be establlched
by histologheal ohservatbon of & characteristic inflanmatory infilivate
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and of pathognomonic virel indusions asmodaied with CMY and
parvovirus infection, When, morphological criterin are not fully
present. fhe study should be completed with immunohistochemistry or
other laboratory  lechnibques, such as molecular  analysis, The
ascending/adjzcent infection s & subdinical condition that is present
In ahoat 200 of cases. OF these, hstology amalysis allows the diagnosis
of scutedsubacote chorioammionitic and should always be clasified
acoarding to the stage. degree and as possible with dating time
evadubion by the presence of hemosidering Chronic chorioammienits is
2 medical condition with pathogenesis not yei determined and
diagnosed only with histobogleal examination. This conditbon has been
demaonsirated to be assoclated with maternal hypertension, dibetes,
IUGE, oligofydrammnios, hydrops fetalis und poor perinatul evolution
(13,140,

Massive chromic imtervillogitis is s medical condition also singularly
diagnased with histology and ts associated with TUGH and fetal death
and commonly deseribed in recurrent abortions, In 700 of cases, this
condition 15 present simultancously with chronac villitis and s related
to prematurity and nearobogical injury [15]. Chonic villitie occars in
5% to 10% of all placentas and higher percentage s well dorumented
when placents of complicated pregnancies are studied. AL times
infections etiology & apparent however, in majority of cases no specific
lindogy i elicited and the term villite oF unknown siology (VUE) is
used. There are no doubts that VUE s & recurrent lesion with
veeurrence rates of 10% W 23%. Two theores are postulated with
respect 1o the etivlogy of VUE. One suggest that is an infectious
disease caused by o vet unrecognized apgent and other suggest an
immune reacton supparied by the preferential locnlization of these
leslon and type of inflammatory cellss VUE is also associoted with
prentaturity, abnormmal ru_-umlngh: demlopmtnl and Imira-uterine fetal
demise | 16].

Thie etiology of “ATAM complex” (amniotic deformities, adhesons
and mutilations) i widely discussed as iy imcidence b difficalt
document and shudics suggest & rate of 142,500 to 1710000 newboms:
Amnion rupture will cause, by mechanical way, amniotic bands or
sheets, leading to fetal amputations, anomalies or even demise. The
amnion rupbare etiofogy is unknown however, it is imporiant to nowe
that this is usually nonrecurring but the fetal pathological condition s
presented with o varied pattern related with the time of decurmence and
can result in severe malformations iF it eccurs prematurely, mimicking
trisvmy 13 plenosype. or minor malformations sometimes  nol
prenatally detecied.

On the ather hand, the color change in the placents has a distinct
pathogenesis. About 2% of newborns present a green placenta related
to meconiem and it is believed that fetal distress is due to
vasaconstrictor effect, Inducing vascular muscle: cell pecrisls and
compromising the reurn of the venous oxvgenated placental blood
[I7.1B). In premature newberns, the same color an translate in
hemosiderin deposits asocited with retramembranous hematom,
with risk of fetal-maternol  transfusion,  fesel  bemalysis. and
thrombocytopenia [19], I turn, the alteration in parenchyma color
rellects the hem-ugluhin content of the villi and, when Flll!, wu:di]r
tmunslates in fetal hydropsianemia, with heteropeneous etiology and
regularly in neurological damage.

Villi morphalogy when histologically evaluated is correlated with
pestatbonal age and deviation from normal development s wsually
clagsified as: (1) maturation srrestidelay, reflecting maternal or fetal
pathology and (i) advanced maturity, reflecting .pﬂl'ﬂ' perfusion and
Lotar veebght with fetalmeonatal lwyparxia and dearh[1520], When futal

death oceurs, determining time of desth s wfero is always important
and is based in macroscopic and histological changes of the placenu
and fetus [21,22]

Chorangiosis 15 an alteration that nsalts from an abnormal
proliteration and caplliory neovascularkation process assoclated with
prodonged  fetal hypoxia and even  though the significomce and
integration mto the tetal-placental unit s not completely understond,
recent shudies have shown its correlation with perinatal complications

1231,

Erythroblastosis  uswally correlates  with  hypoxia,  Infections,
bleeding and hemalytic anemio and it can be assoclated with genetic or
epigenetic disorders, being also described a: a secondury effect of
trauma [19,24]

Fetal imjuries in coses of mesenchymal dysplusin are well reported
and it iz known that ahowt 1-2% of this change, often unsuspected, is
associated with placental muosaicism |25],

The intrinsic placental lesicns correspond mostly o primary
tumors, where chorangiona i the most frequent and have an
increased risk of fetal moreidity/mortality. Gestational tropheblastic
diseases are not true neoplasm. However, they are associated with an
increased sk for the  development of  meoplasm,  specifically
charocarcinema. Other gestational trophohlsstic disease like placental
aite nodule and exagperated placental site, are vor grosaly identfishle,
anlike placental sie trophoblastic wmar (PSTT) and epithelioid
trophoblastic tumer {ETT) are generally evident as infiltrative masses.
Ustally these situntions do not pose uny problem (o litgation process,
Chorangiomas  and  gestational {rophoblestic  discase requive an
upproprigte clinicel follow-ap due 1o the risk of recurrence and
mallgnancy, or even maore aggressive disease like can agcurs in PSTT
and ETT.

[n twin pregnancies, in order o understand (he origin of fetal
lesions and repercussions, it is essential that the physician provides
adeguate a referencing of fetal umbilical cord. 1t is the pathologists
respansihility to document: [i] the relationehip between membranes/
division septum and their cormefation with the chorionic/vascular
equator; and chorioniclty; {il) the presence of vascular anastomosis
(WA with or without criteria for twin-to-iwin transfsion qrm.irume
(TTF=)and (50 ) the relationship and insertion type of umbilical conde,
Both cord’s pathology and pathology releled to Lhe presence of VA are
well documented and undersiood, Secondary  vasculogenic organ
damage and destructive lesions cn ocour in the surviver after fetal
death of ome twin, parli.cu!,a:i‘f in monoechorionic twins,  while
polybydramnios snd oligehydramnios are most frequently found in
chronic TTTS and yet justify the discrepancy of fetal growth [25].

What type of placentas should one select for the
anatomopathological study?

Selecting a cobort of placentas 1o stuiy it is not o consensval matter
and may be based on specific clinlcal eriteria, consist in macroscopic
examination of all placentas and microscople study of specific cases or
be restricted to cases of fetaliperinatal complications withiwithout
dizgnesed or suspected matemal problems [26,27],

It is essential that the selection of placentas is accompaniad by the
complete clinical information for the diagnostic to be integrated and
weful. The obaetrician sbould s;nIJ'mr,-'Pn.v-":dE all relevant clinical
imformation and a List of isswes 1o clarify; while the pathologist is
responsible for stadying the placenta 1o establish & disgnosis that
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integrates pathological Andings with dinical implications [17-30], The
pathological diagnosis should be inegrated considering: (1) maternal
age and invasive diagnostic and therapeutic procedures, Including
mmedically assisted reproduction techniques; (] gestanonal age and
maturation-related deviations and {ii} traumatic injuries, including
roadd wraffic accldents, which many times present clinicopathological
festures similar to other conditions such as sbrupt  placenta,
infarctions, hemorrhagic vilfitis andfor intra-amniotic hemorrhage
[6.2721).

Conclusion

The development of standard puidelines amd  multidiscipiinary
clinical consensps would allow the establishment of an accurate
profocol and  reproductive methodologies  that would  assist in
estimating adequate criteria for subscquent actions. Tsble | reports
some sltuations with clinical indicatbsn for the anatomopathological
study of the placenta [32] (Table 1),

Matermal Diabeles Futal!Mocnatal Placera,

mamhranas

and|
wmbilical cords |

Pregrancy-induged o | Fatal or necnstal deslh

Infaretiona, mnmu;;
sheaniz hyperieasian |

wfarcion of e

Dacantal bed
4
Premature Fugilung of | Twin pregnanty Placantal abruption
Mambraras.
|
Preterm  hith (=30 | Prematuriy asa provia |
L]
Postderm  birty (=42 | Intrautaring Placanta previa
wanke) talzrdation (ILGRY |
Poor cbalednc history Hydrogs Ay al:rmrmul:
appearares  of e
wrmibilical =
mambares o of he
placenta |
Uanwplained  fewbt ot | Cangeatil anemalos
infection
Qligetydamigs Faial'nagnaial
erythwoblasiosis

Fettary &l drug e Mot rEageLing futal glatis /

Transter bo nacnatal cene unil
Qmmeue faart mie
M=tonium dscharge

Low Apgar socors (=5 at 1'
and «T 8t 5}

Table 1: Indicatioens for nnatomapathobogl cal siudy of the plocenta.

In litigation processes, the pathologist bs fregquently called upon wnd
questioned o clarify specific pathologicol  processes and  their
evalution. The progress of intectious, thrombatic/ischemic events and
the establishment of fetal time of death are guestions frequently
requested, These issues are sumetimes challengging to assess due 1o the
coexkstence af compeling injuries, requiring a confident understanding
of s pathogenssis and implications. A cautious pathologlst should
minimize possitle errors, olways integmting the complesity of
processes, thls avoiding an unfounded opinien that maey be dispuled,

It is ewential to establish o good communication conduct between
obstetrician and pathologist for the production of & dinically
Integrated and consistent report,

Eeypoints

The progress on the knowledge and understanding placenta’s
function and its associated pathophysiological processes has allowed
the placenta io become 2 reflection of infronzerine e

The placenta’s anatomopathelogical study is fundamental for the
integration and comprehension of peor ebstetric outcomes and plays
an imyportant role in liigation processes.

A functionally and macrscopically normal placents can coexist
with an adverse infrouterine environment and be the cause of fetal loss,

The anstomopathological dizgnosis of the placents shoald integrale
lesbons and its progression with consequent clinscal implications,
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Abstract

Introduction: The pathogenesis of Congenital Diaphiragmatic Defects (CODT is not Clear, Placentid
fuctors have been implicated m the pathegenesis of congenital anomalies,

Objective; To assess the placental measurements on CDHD and 1o compare with o group of fetuses
without CDD,

Material and Methods: [n this retraspective cross-study, 20 placentus of fetuses with CDD sent to
Rmbrya fetal Pathology Laboratory, Centro de Gendtica Clindea (CGC), Porto, was evalimted. To
compare the placental parameters in COD group, 71 placentas from fetuses without CBD, matched
by Gestational Age (GA) were sdected

Conclusion: Placental size and umbilical cond length and diameter bave an impact on CDD,

Keywords: Congenital diaphragmatic defects: Diaphragmatic agenesis; Diaphragmatic
eventration; Placenta size; Umbilical cord length; Umbilical cord diameter

Introduction

Congenital Diaphragmatic Defects (CODY are rare snomalies, which incdudes a spectrum of
defects such as Diaphrogmatic Beentration (DE) and Diaphragmatic Hernia (IDH), Besides the
existence of a delect in the diaphragm, the abdominal conteats protrude in to the thuracic cavity
11.2). Development of the diaphragm starts during the 4% week of gestation and is completed by the
8% week, However, in the case of fetuses with diaphiragmatic defects, the diaphragm doesn't close
campletely during this period [3,4). Congenital Diaphragmatic Hernla (CDH) s a developmental
unamaly, with & mean incidence of 122300 births [1,2]. 1t s considered as the major life-threatening
cause of respirntory failure in newborns: Thercfore, prenatal and postnatal clinical munagement
remains a challenge [1-4]. About 5% of CDD cases represent Diaphragmatic Eventration {DE), a
condition resulting in a reduced muscle thickness that allows tenting of the diaphragm in to the
thoracic cavity, Usually, it is charucterized by a diaphragmatic defect that allows intra thoracic
herniation of abdominal organs and consequently lung hypoplasie, or lung alveoli and pulmonary
vessels deviations. At birth, this leads to respiratory insufficiency and persistent pulmonary
hypertension [1-5].

CDH more over is associated with dinphragmati 4is or large di ymatic muscle defect.
About §5% of cases of COH arca left-sided pomrolnlcml location through foramen of Bochdalek
and less than 2% take place in other locationy [2.6). Clinically dassified ax cither isofated, syndromic
or associated with other anomalies [2). Infact, thie CDH prognosis depend on the presence of other
associated fetal anomalles Including central nervous system, gastrointestinal tact, skeletal system,
genitor urinary und heart defects |2,367.

The processes imvolved in CDH pathegenests are still poorly understood (7], Some studies
suggest that these processes are detesmined by abnormal gene expression it recapitulates
important event sin embryonic lung and plesroperitoneal membrane developmend [7:9] A few
familiar cases deseribved suggest a possible autesomial recessive trimsmisston in this pathegenesis
{71 Aveuploidy, wsually trisomy 21 or 18, occurs in 4% of the cases of COH and many COH
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may be part of & syndrome, such as Beckwith- Wiedemann, Fryns
syndrome, Tvemark or Goltz syndrome (6,71 Other studies suggest
that mesenchymal dysplasia. hypoxic embryonic and placental
environmenis are invelved also [8-10],

CND can be accuratdy diagnosed during the second trimester
routine ultrasoand examination [1,6], The optimal antenatal risk
stratification of CDD s necessary for caricr prenatal counseling,
personalized progaosis and appropriate perinatal and postnatal
management [2.4.5.7].

COH is a malformation which arises during the organogenesis
period that affects to the development of pleuroperitonesl membrane
and consequently thoracic abdominal wall. So. it s pessible that
umbilical cord muldevelopment can be o biologically plausible
hypothesis involved in CODI7,11-14]

Hence, the aim ol this study is w investigate placental festures in
CDD and predict a potential tasget in early prenatal diggnosis,

Materials and Methods
We carried out are trospective pathelogical study in CGC

Genetics embryofctal pathology laboratory between January 01,
2001 and December 31, 2016 in order to select placental pathological
reported refated with a fetal disphragmatic defects cases In 2503
fetal/perinatal autopsy reports, we identified 30 CDD cases (1.03%)
which 22 cases correspond 4 CIH and 8 cases 4 DE, Gestational age
ranged from the |1 and the 40" week, Seventy-one placentas (1.6%],
from fetus without €D, matched by GA were selected from a sample
ol 4,492 placentis cass in the same period, Two Edwards's syndrame
without CDDand one case of cardine anomaly were induded ingroup
without CDD for comparkson with the simllir cases of CDE group,

Statistical anal ysis o [the datawas done using the stabistseal soflware
IBM' SPSS Statistics version 24,0, Given the nature of the vartables
involved, we opted for the use of statistical tools most appropriate
to the messurement scales used, Therefore, in the deseriptive study
of the data-qualitative and guantitative variables (bar and pic charts,
frequency tables, mean, median, standazd deviations, minimum,
maximum and box plot graphs) were used, In the analytical study
ol the data ay relationship between two varisbles, the chi-syuare test
(qualitative variables) was used. In the comparative study to evaluate
differences between groups, one wiy ANOVA techniques was used
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Umiilizal vesssis end (o) Oihar detects

Faguwro 3; Significant sxsaciabon resuls of congenital daphragmass defocts Congenital Digphragmatic Hemia ({Z0H| and Deaphragmatc Evendration (DE) va {3}

LLE L

(b

when the varables presented normal Behavieral their equivalent and
Kruskal-Wallis when the normality assumption s poi verified be
Shapiro-Walk test wis nsed b evaluate the Gdjostment 1o nocmadity,
The decision of significant statistical vvidence [or probability values
{p-valoe) was [ess than (005

Pathological studies were conducked according to published
recodmmniislations - [1506) Placentas. were  Inbilly  examined
macroscoplcally. for photos acquisitbon amd  gross  pammeters
evaluation. Placental disk messure were achieved o all growps:
placenta weight (), disk diameters and thickness aml sige (om]-
umbilicel cond length and dismeter (cm)-cord insertion type and
namber ol wmbilical wessels. Cord insertion type was dassibod as
normal, where there was a central or eccentric insertion, Paiholugic
insertbon was considered when it was magginal (<1 em from the
neurest margin} and velsmentous (when drawstring route in the
membranes) [16].

In CDH and DE groups several fetal delucts were studied for
cach case Individually: lung malformation, congeniml beart discase,
thomoic-abdomingl wall defect. urogenitnl snomaly, endocrine
ancmaly and peural tube defect and in the same way with the 3
syndromic cases of the group of placentas without G The number
of defects was compared in the three proups, and the differences were
evaluated by analysis of variance (ANOVA tes).

Selected fragmenta for histologhcal study based on the macroscopic
duta, elinical information and follswing patholugical protecals, wese
samplod, prepared sectioned a1 5 pm and stalned with Hematogylin-
Eawin [H & E) v albow the pathalogionl diagnosis in placenta nnd fetal
samples [16].

All the uuuplex enrodled I the present mu!:.' were unlinked
and untdentified from ther donors, and fulfilled the intermational
ethics recommendations for Medical Tesearch in Humans of e
Declaration of Helsinkl, the Waorld Health Organietion and the
Ewropean Community, 1o be wsed in this study, The Ethical Review
Committers of the Invobved institutlons and Medicine School of
Minho University spproved the work end waived the need for writien
intormued consent, Patients authorized the reafization of pathulogical
study in G0 Crenetlos, Ports, as well as all the proced ors noeded for
puthodogte diagnosis educatien and scientific resourch

Results

OF the 100 cases evaluated, Table 1 summarizes the distribution
aies- in the groups sccornding to the evaluited placestal and cord

parameters, type of delivery, syodvomic or non-syndromic cases,
Thirty cies prisented CO, H 02.9%) corresponding a DE and 22
(208%) & COH of which 16 were on the lelt side, Fotal gender i 31
(3EAN] cases were Formsle ansd in A0 DRLAN) eases were minde and in
3h casen |s unkniwn, In order 1o evalwae the association af C1HD
with fetal qndmme. a chi-square independence lest was performed,
with i stukistically significant association {y'=35.0590, DF=Z, p<i{o1)
i that the presence of syndrome is asecintad with CIVH. This
resull is dlustrated in the graph of Figare 1. For the comparisen of
the guantiative measures (placenta dizmeter, cond length, placenta
welght wnd cord diamueter) secording to the growp, the datay normality
was assured by the analytical test, In the placental weight parameter,
the datz normality was done through Kroskal  Wallis,  After
completing the multiple comparison tests, and given the exislence of
aconired geoap, Dunnett's st revealed that: 1. There were skgnificant
differences in the mean placestal dinmeter value when we compared
the CIPH groap with the comtrol (p=00081 in thal the mean- vilue
ol the CIH groap was significanily lower; 2 There were significant
dilferences in the mean-value of the placent a diameter when we
compared the DE group with the controd (p=0.004} in that the mean-
value of the DE group was significantly: 3. There were significant
difereness I the macan-value of te wmbllical cend leagth when we
clmlp.amd the (CH group with the controb ip =0AKaYy in that the
mean-valug of the CIH group is significantly lower 4, There wire
significant differences in the mean-value of the umbilical cord lemsth
when we compared the I group with the contral {p=0.00 } in that
the mezn-value of the DE group s significantly lower: 5, There wire
significant didferences in the mesn-value of wmhilical cord dlameter
when we compaired the COH geoup with the control (p=0005] in that
the mean=valae of the COH group issignificandy lower; 6, There were
sgnificant differences in the mcan umbilical cond diameter when we
compare the DE group with the contwol {p=0.012) in that the mean-
value of the DE group ds significantly lower,

To evaluate placental weight en the groups, the Kruslkal-Wallis
test was performed. There were significant differences in the mean-
value of the placenta weight dug to the group o which it helnngs
(x'=tea9d, di=2, pe0.001), Multple comparison tests reveated that
I, There were as slgnilicant diferences in the mean- valoe of placental
“E'ltl;hl when wr.-u:umpar\:_\d the [‘.Ejllsmupwhh tha runlrul{p:ﬂﬂﬂJ
i the sense that e i value of Bhe COF group wis signilicantly
lowers 2 Theri were significonl differences.im mean placental welight
when we compuared the DE group with the contral (p=0.023] in the
senge that the mesn-valng of the DE group wis significanty lower, All
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Tabile 1: Characierizslicn of sireal ard palhalegical svakisted paramated in congenial uiunmnrﬁmman and 2apiral greups, givan 0 abschils svaluals (A} and

parrentage (%),
GoD
Witthavt COH DE Total

W ] (2.0 18 {F2:7} 7 (87 .8 Az iy

FE 38 535 4 118:2¢ 1 125 43 428
Delvery trpe, N ()

MND o il l #.5) o o} 1 i

HE 24 (33.8) 1 4.5 o o} 25 (24.8)

Ha & 4.8 ] 44,5} (] \ L H a1 2
Syncrama, N (%) (388 {652.5) 15

Yo 3 {42y 11 5o 1) a {37.5) 1% (184

Cantral 57 (an.a) 13 7.2 4 B4 74 T
Cord inserton, N %) Margiral et (187 i 2.3 2 (#86) n (208

Velarierious ] o 1 5.8 1 {143 7 21

Thies e @ 12 16E) - 1300 aw 3em
Umbilical vessals, N (%

Twg, 4+ 2 28 # 14c] o m " (1013

Ansent a2 (B73) 18 1o T 110m BT (90 6)
Umbilizal knatz. N %) Falae Kpots E HET a ] o T} y (& 4)

True Krilg o 1 a i o (@ i i

. , Marmsi L1 [Ex1) 1 185 7 ] (131 an (]

Membeanes nesstion, N {%)

Grcumvalae | {7l 3 {143} 1 (14.3) ] 1)
34 fwaeks), (500 271 (8.6 20 184 158 Lo R T (&)
Pacenta diameder (e, M 30 136 (443 0E %23 g4 3 128 (&)
Comd lgngth (o, M (50 o] [RER] 182 .z 1 -8 ] s -1 [RER:]
Gord diametes tom). M (ST 1.4 (6.5 oT 3:3) 06 e 1 5

N Count. % Perceniage M. Maan, S0: Sizncand Deviafion, COD. Cengenital Disphvogrmatic Defecis; COH Congenilal Diaphragmatic Hernis, DE, Digphragmatic
Evariration, MT, Medcal Tarmiraticn of pragnancy; FO' Fetal Death, WND: Meg Natal Daath, N8 Newbom, 38, Sestatonal Age dated of the 1 day of st mensinal

parian
these results are llusteated s the graph of {FPgue 2),

It was detected significant  association between  CINF and
umbilical vessels (F=24.736, p<t0dl), other congenital defects
X' =29052, el L), There were no significant associations hetween
CODand cord insertlon, umbilical knats and mombranes insertion
1}-'pq:|'lp>lj.lE|.

Figure 3 fllustrane the siatistically significant association between
L0 and wnbilical vessels, In thet the existence of 2 vesscls was
associated with the CDH group. Alse there was a stadistically
significant association between CDD and the existence of other
defects, In thi other defects was associated with the CDH group,

Discussion

In the present study cocway ANOYVA verilicd significans
ditlerences in the mean-value of winbilical cord lengths and umbiical
cord diameters: in CPIY and control gmups, (F (292j=1k464,
peitabil ) and (F (293 =F710, p=0001}, respectively, LUmblical
cord characteristics are well determined |15.08]. Also, ambilical
cord amimalies are well described as well as the associaion with fetal
anomialies or gesetic defects [11,12,17,18],

Excessively thin umbilical cords are mssociated with fetal
problems. as Feial growth restriction. A thick umbilical conl are
associsted with mateenal disbetes and fetal macrosomia and fetal
hydrops |17,18], MNevertheless, o dhwe best of our knowledpge, no
previons asspcidtion has been described beiween decreased diamcier
af the umbilical eord and COTY. Our emdy docomented-signifizant
differences in the men-value of wabilical cond dimeter whon we

compared the CDH amd DE graups with the contrel (p= 0005 and
(p=0312) respeciively, In fact, the mean-value of cord diameter in
CHIY and DE groups are significantly lower whea compared to the
comienl groug,

Iheee are many stodies documenting assoclations betwoen
urnbilical cord lengih and fefal congenital malfrmation, namely
CIVH | 11-26, In our stody, the mean-value of ambilical cord length
was atgnificantdy lower when we compared the CTH and DE groups
with the coniral (p=O006] and (p=0d01) respeciively, UG lengih
showed a grester difference in the DE group possibly related with
ahdominal sndfor thoracic-shdominal wall defects o omphaloeele,
ectopin corids, and limb body stalk complex seen in these groups
[11-14]. Single Umbilical Artery (SUA) nocurred [n 409 of COH
group End LER I contrel grouyp, Prevalence of SUA is higher in
congenital aml structurad fetal anomalics and chromesomal defects
compared with 0.5% o 1% incidence n normal singleton. Higher
prevalence of SUA in CIH growp may be related o fetal pathology
associnted in this group, Pathobogic conl insertion s associated with
conpenital anomalics when compared with normel pregnancies in
which velamentous and marginal cord Insertlon In geseral occurs
aroanad 1% and 7% correspondingly [25,27] Our resolts docarmen ed
a higher number of pathologic cord insertien in DE and CIVH groups
with 14.3% and 5.6% respectively.

Mormal placenial functien Ls critical to optimize feal growth
and develapment. Some avthors docamented o decrease bn placental
size with a hypoxic enviromment and placental hypoxic njury,
namely fetul vessels bestons [16,206-32]. Placenial size deviaton has
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been related with merbidity and mortality in the fetus 116], This
may provide rol 10 the muanagement of fetal and
perinatal vutcomes |16,32,33], Our study documented a significantly
Tower mean of placent a diameter vilue in CDH and DE groaps when
campared with the control group (p=0.008). Placenta weight is well
estublished as well as its corrdation with fetal abnormalities {16,
The mean-value of placental welght 1s significantly fower In CDH
group and DE group whenr compared with the control (p=0.002) and

{p=0.025),
Conclusion

Ihe results herein seposted suggest that placental disk and
umbilical cord measurements could be a risk predictor of fetal
anomalies that must rule out the presence of congenital disphragmatic
defects.

‘The pathological ents, could improve the ultra sound
paramieters accuzacy alter an appropriated  protocol and  serial
statistical approach.
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ARTICLE INFO ABSTRACT

Fibular Aplasia-Tibial Campomelia-Oligosyndacty|v, or FATCO, 15 a rare
syndromic condition reported in |8 cases so far, from which only 3 were
diagnosed at prenatal stages, In this study we report comprehensive clinical,
placental and autopsy findings of four additional prenatal cases of FATCO,
with the &im of further defineaiing this syndromic condition, Understanding
this disorder ar prenatad stages will allow for an earlier diagnosis through the
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INTRODUCTION
Limb  malformations  in  neonales  oceurs  in peeded in order 1o have a comprehensive understanding

approximately 1in LODO [1]. Fibular aplasia is the most
comman malformation amongst long bone deficiency
syndromes 2], FATCO (OMIM 246570) is an extremely
rare syndromie condition involving Fibular Aplasia-
Tihial Campomelia-Oligosyndactyvly, first designated by
Courtens ¢ af, (2003), Individuals with this syndrome
present a remarkable shortening and anterior bowing of
one or both lewer limbs and oligesyadactvly of ar least
one toot. Frequently, involvement of upper extremities
also oceurs. Nevertheless. psyvchomotor development
was always described as normal [3-11] and heart defocts
were rately reported [T001,12]0 An o update of the
literature  review  describing  major  malformations
reported =0 Far is displaved i Supplementary data 1. Up
to now, three FATCO subjects have been dingnosed at a
prenatal stape [5.12.13 ] From these, a single case was
deseribed  where FATOOD syndrome  was  diagnosed
during ultrasound  examination  and  where parents
decided to continue with their pregnancy [5]. In the other
two reports, skeletal dysplasia was adentified during
ultrasound imaging but FATCO syndrome was only
dingnosed during fetal autopsy [12.13]. Further cases are

of this disorder prenatally, allowing parents to make on
informed decision about their pregnancy development.
In the present study, we report four unrelated cases of
FATCO syndrome, of which three of them were
diagnosed during fetal autopsy and one diagnosed during
ultrasound examination, Prenatal. autopsy and placenial
findings are detailed in full for a comprehensive FATOO
diagnosis,

All the cases enrolled in the present study were unlinked
and unidentificd from their donors, Due the retrospective
nature of the study, no written informed consent from
patients was obtained. The Ethical Review Commitices
of the invelved institwtions approved the work and
waived the need for written informed consent,

CASE REPORT

Fetus 1. Fetus | was a product of the first pregnancy of
& non-consanguineous Caucasian healthy couple. with
no reported family history ol skeletal dysplasia. The
mother was 34 vears of age at time of pregnancy and
claims 10 not have taken any drugs nor been exposed 0
radiation during pregnancy. First trimester screening
revealed no ultrasound anomaly and nuchal ranslucency
(MNT) and ¢rown to rump length (CRL) measurements s
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I3 weeks (w)+ | day (d) gestational age (GA) were 1.9
mm and 681 mm, respectively (50" percentile, =Py
Standard brometric measurements were appropriste for
GA  with  free  B3-hCG: 118 MoM and  PAPP-
Az 037 MoM., and thus overall result was of reduced
risk for combined prenatal screening of trisomy 21, 18
and 13, During second trimester ultrasound screening, al
2w 4+ bd GA. abnormal skeletal ultrasound findings
were found, showing skeletal malformations on right
lower limh with shortening and bowing of the tibia,
fibular aplasiz and Rocker-Bottom feet with only four
toes (Figure 1, Al-A2}. At the same GA, feml
echocardiogram was performed with normal ouleome.
Amniocentesis was performed at 22w of GA and
revealed a normal karvotype for a male Fetus (46.XY).
Parents requested medical termination of pregnancy
(MTP) which was granted with permission from the
Prenatal Diagnosis Unit Ethics Committee. MTP was
performed al 23w + 2d GA vio vaginal misoprostol
Neray analysis confirmed prenatal findings (Figure 1.
B1-B2) Fetal autopsy reported a male fetus with minor
cranio-facial  anomalies  and  oligesyndactyly,  with
absenice of the 3" e and the 3" meratarsal, associated
with libular aplasis and tibial campomelia, Autopsy
diagnosis was concluded as FATCO syndrome (Figure
1, C: Tuble 1).

Fetus 2. Pregnant was referred to the Centre al 20w+3d
GiA due o suspected anomalies on the lower left limb of
the fetus. Fetus 2 was the first pregnancy of Caucasian
healthy parents. Family history of skeletal dysplasia,
drug intake or exposure to radiation during pregnancy
was denied. Mother was 33 vears old at time of current
pregnancy, Combined first trimester sereening test was
performed at | 1w + 4d of GA with standard results with
NT: 1.3mm and CRL: 484 mm {Psw) frec
B-hCG: 069 MoM and  PAPP-A: 1.20 MoM  and,
therefore, result was concluded s reduced risk for
trisomy 21, 18 and (3. An ultrasound at | Tw + 2d GA
lead 1o suspicion of an anomaly present on the lower lefi
limb, ™o hean  defeets were found by fel
echocardiogram.  Amniceentesis  was  performed  and
chromosomal analysis revealed a male fetus with nommal
karvotype (46,5Y) Alpha-fetoprotein was measured in
the amniotic Muid and levels (1.1 ModM) were within
reference values for GA,

Al 2w + 3d GAL ultrasonography showed normal nght
lower limb (tibia'fibula complex [6/18 mm) and left
lower limb with skeletal anomaly: single bone with a
remnarkable shortening (b mm), overlying soft tissue
dimpling (Figure |, 1) and clubfoor, MTP was requested
by the parents and performed with permission from the
Prenatal Diagrosis Unit Ethics Committee, via vaginal
misoprostol. Fetal X-Ray confirmed fibular aplasia and
tibial compomelia (Figure 1, BEI-E2). Besides the later
twoe  features, fetal autopsy alse reported bilateral
oligosyndactyly  (3-ray  feet),  indicating  FATCO
syndrome as diagnosis (Figure L, F).

Fetus 3. Pregnant was referred to the Centre at 23w+2d
GA due i suspected anomalies on the lower right limb,
Fetus 3 was the second pregnancy of Caucasian healthy
parents. Family history of skeletal dysplasia, drug intake
or exposure to madiation during pregnancy was denied.
Mother was 24 yvears old at time of current pregnancy .
Combined first trimester screening test was perdormed at
1w + 4d of GA with standard results with NT: 1.3 mm
amd CRL: 483 mm. Alpha-fetoprotein was measured in
the ammiotic fuid and levels (1.1 MoM) were within
reference values for GA. Result was coneluded as
reduced risk for trisomy 21, 18 and 13, No heart defects
were found by fetal echocardiogram. Amniccentesis was
performed and chromosomal analysis revealed a female
fetus with normal karvetvpe (46, XX).

At 20w + 4d GAL wltrasonography showed normal left
lower limb (tibia/fibula complex 16/18 mm) and right
lower limb with skeletal anomaly: remarkable short
femur and Nbular aplasia and tibial campomelia (Figure
I, G MTP was requested by the parems and performed
a1 23w+ 2d with permission from the Prenatal Diagnosis
Unit Ethies Committee, via vaginal miseprosiol. Fetal
X-Ray confirmed fibular aplasia and tibial campomelia
{Figure 1, H1-H2), Besides the latter two features, fetal
autopsy also reported a typical overlying soft tissue
dimpling and  bilateral  oligosyndaciyly  (3-ray  feet),
indicating FATCO syndrome as diagnosis (Figure [, 1),
Esophagesl atresia with tracheal fistula were also
identified without others anomalics.

Fetus 4. Feus 4 was o product of the second pregnancy
of a non-consanguineous Caucasian couple. with no
reported family history of skeletal dyvsplasia. The mother
was 38 years old at time of pregnaney and also presented
previous arterial hypertension with taking 2.5 mg of
bisoprolol per day until 9w of GA. A first rimester
pregmancy-induced  gestational  diabetes  are  also
diagnosed,  Family history o skelal dysplasia or
exposure 1o radiation during the pregnancy was denied.
Mo heart defects were found by fetal echocardicgram,
Combined [irst trimester screening test was performed a
Iw of GA with standard results of NT: 1.7mm and.
therefore, result was concluded as reduced risk for
trisomy 21, 18 and |5, Due o a poor ultrasound window
suspicion rodimentary right leg and feet are noted.
Ammocentesis was performed and array CGH study
revealed 8 male fetus with a normal karvotvpe (46.XY),
Sceond tnimester cchography screening at 21w+3d of
GA showed s major defect in left lex, with fbular
agenesis, lbial campomelin and  rudimentary  feet
{ultrasound data not available}, MTP was requested by
the parents, which was granted with permission from the
Prenatal Diagnosis Unit Ethics Committee. and it was
performed vig vaginal misoprostol ar 21w+3d of GA,
Fetal X-Ray confirmed fibular aplasia (unilateraly and
tibial campomelia and it also revealed hypoplasia of the
tarsal bones and oligosyndaciyly (Figure 1. J1-J2). Fetal
autapsy further reported shortening of right lower limb
consistent with FATCOD syndrome as diagnosis {Figure
1, K).
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Ultrasound Fetal X-Ray Fetal Autopsy

Fetus I

Fetus 2

Fetus 3

Fetus4

Figure 1. Image documentation of ultrasound (A1-A2. D and G), fetal X-Ray (B1-B2, E1-E2, HI-H2 and J1-J2) and
fetal autopsy features (C, F, Land K) of the four fetuses presented in this study, demonstrating key features of FATCO
syndrome, such as fibular aplasia, tibial campomelia and oligosyndactyly. Ultrasound imaging of the right lower limb
of fetus 4 demonstrating key features of FATCO was not available.

Clinical detect anomalies and detailed autopsy description of all four fetuses and correspondent placental units are
described in Table 1.

Table 1. Clinical mdicatons and detarled macm and microscopic examination during tetal autopsy and placental stady of fetwses with FATUO syndrome (GA)
gestational age

Fotus | Fetus 2 Fetus 3 Fens 4

MEDICAL TERMINATION OF PREGNANCY (MTT1)

Ciestational Age (GA) w24 2w + o Vw+ 2w +5d
Medical Information Skeletal malformation of the Absence of fibala in el lower Right ,ower Limb with short Right lower fimb with fibalar
right lower b (Rodker- fimb [emur, short and bowed tibie.  aplasia, short tite and
Bottom fest) leading o a fibular aplasia and axial undeyeloped right foot
shortening wsd bowing of the destation of the foom
hibi, fibular splasin, 4 wes
Karyolype 15.XY 16.XY 16,XX 46,XY
Gestatwnnl dinbetes,
FAMILY HISTORY Artenial Hypertension pn
hypertension
FETAL AUTOPSY
Macrgscopic Examination
Fetal gender (GA) Male (GA 23 weeks) Male (GA 21 weeks) Female (GA 23 weeks) Made (UA 217 weeks)
Biometric parnmeters Normud 1 anwer Normiul Narmal
Bodvy weigla cuial, g1 Normal - 480 Normal - 330 Normul - 490 Higher - 495 (nonmul = 389 =
"
2
Inmtermal organs (weight. g) Normal Normal Normal, except: Normal, except
o= ~=
Author(s) agree that this article remain permanently open access under the terms of the
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DISCUSSION

Including the four fetuses desenibed in the present study,
there are now 22 cases of FATCO syndrome reported to
date  [3-16] (Supplementary  data 1) Al authors
consistently report the main  features  characteristic
FATCO syndrome in at the least one lower limb,
namely, fibular aplasia’hypoplasia. tibial campomelia
and olignsyndactyly of the feet. Frequently, ane or both
upper  limbs  are also  involved  [3.5.7.9-11.13].
Psyehomotor development was always described as
normal in live FATCO syndrome individuals [3-11].
Interestingly, owt of 21 cases in which patient gender
was reporied. only 3 females were described (male to
female ratio. 18:3) thus being clearly biased towards
male preponderance. One of the female cases reported
had a diseased half-sibling male, from the mother side.
with severe symptoms also involving upper and lower
extremities: absenl hanes, absent lefl leg and absent ngh
foot. such as observed in phocomelia features [11].
Additionally, another author reported that the mother of
a patient diagnosed at 1] years of age (patient 3, |7}
presented bilateral partial skin syndacivly of wes 2-3,
extending to the proximal interphalangeal joints. These
two examples suggest that this disorder possibly has an
X-linked inheritance with variable penetrance, which is
also in agreement with a suggestion from Bieganski and
eolleagues [7]. An inleresting feature noted from
literature review on prenatal diagnosed FATCO cases
was that nuchal translucency (NT) measurements,
between week 12 and 13, were slightly increased with
3.6 mm for both fetuses [5,12]. Fetal NT thickness above
3.5 mm (=P ), between week 17 and 14, s known o be
involved in congenital cardiac defects, chromosomal
abnormalities and fetal malformarions, including skeletal
dvsplasin.  deformations,  disruptions  and  genetic
syndromes [ 17]. In the present study. all four fetases had
standard N'T measurements, with pereentile above 50,

Therefore. even though it is very important to take note
of NT measurements, our evidence cannot support that
FATCO syndrome might be related with increased NT.
Nevertheless, within reported FATCO cases, increase in
NT measurement has been described in association with
a membraneus ventricular sepial defect [12]. Also,
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Bieganski et al., (2012} noted that FATCO patient | was
borm with the same membranous ventricular sepral
defect, even though no NT value between week 11-14
was reported [7], Furthermors, in patient | of Heeht and
Scott (1981), a congenital eyanotic hean defect has been
reporied which later was identificd as the cause of death
at day 11 [11]. If this disorder is found 1o be X-linked, it
would explain the severity in the male patient reporied
b Hecht and Scott (1981) (patient 1) in relation to his
Fermale balf-sib (patient 2301 1], Nevertheless, 10 this date,
the etiology of FATCO syndriome remains unknown and
because clinical symploms show some degree of
heterogeneity, it is very likely that many other patients
were misdiagnosed and not reported.

CONCLUSION

FATCO syndrome must be considered in prenatal
diagnosis, by the presence ol fibular aplasia, tibial
campomelia  and  oligosyndactyly.  Shorter  and
asymmetric limbs can translate into & single dysplastic
bone. The current study further delineates FATCO
syndrome at o prenatal stage and supports that comeet
diagnosis during early prenatal stages is of upmost
importance for adequate parental eounselling on the
current pregnancy and its recurrence risk for future
pregnancies,

ACKNOWLEDGMENTS

Wi are grateful to the parents for their collaboration in
this study. We also thank Dr. Pauln Rendeiro for her
constructive seientific comments regarding this work.

CONFLICT OF INTEREST DISCLOSURE
Authers have no conflict of interest 1o declare,
REFERENCES

| Helder-Espinasse M. Devisme L, Thomas D, Boute O,
Vaast P, Fron D, Herbaux B, Puech F. Manouvrier-Hanu
5 Pre- and postnatal diagnesis of limb anomalies: A
serics of 107 cases. American Journal of Medical
Uenetics Pad A 2004;124A:417422,

Page 24

142



Rosere f Four FATCO syndrome easest elinleal. autopsy and placental features with lierature review update

2 Lewin SO0 Opitz IM: Fibular a/hypoplasia: Review
andd documentation of the fibular developmental Deld
Am ) Med Genet Suppl 1986:2:2 1 5-258,

‘s

3 Courtens W, Jespers A, Harrewijn . Puvlaert D,
Vanhoenacker F: Fibular aplasin. tibial campomelia, and
oligosyndactyly in a male newborn infant: A case report
and - review
Medical Geneties Part A 2005:134A:321-325.

4 Goval M. Kaur R, Gupea M. Bhatty S, Paul R: Fateo
syndrome variant - lbalar hypoplassa, libal campomelia
aned oligosyndactyly - a case report. J Clin Diagn Res
207 4:8:20,

5 Sezer O, Gebesoglu 1. Yuan B, Koraca E. Gokee E,
Gunes  5: Fibular  aplasia, tibial campomelia, and
oligosyndactyly: A Turther patient with a Z-year (ollow-
up. Clin Dysmorphol 2014:23:12(-126.

6 Ekbote AV, Danda 5: A case report of fibular aplasia,
tibinl campomelia. and oligosyndactyly (fateo) syndrome
associated with Klinefeher syndrome and review of the
Iiterature. Foot Ankle Spec 200 2;5:37-40,

7 Bieganski T, Jamsheer A, Sowinska A. Baranska D,
Miedriclski K. Kozlowski K. Crarny-Ratajerak M-
Three new patients with fatco: Fibular agenesis with
ectrodactyly. American Journal of Medical Genetics Part
A 2012:158A:1542-1550.

8 Vyskocil V. Dortova E, Dort ), Chodacek £ Fateo
syndrome--fibular  aplasia, tbial  campomelia  and
oligosyndactyly, Joimt Bone Spine. 2011 Mar; 78(2):217-
8 doi: 10016/, jbspin 2010.08.013. Epub 2000 Oct 14,

9 Kitaoka T. Mamba N, Kim JY. Kubota T. Miura K.
Mivashi Y, Hirai H, Kogo M, Ceono K: A japanese
male patient with 'fibular aplasia, tibial campomelia and
oligodactyly': An -additional case report. Clin Pediatr
Endocrinal 2009: 18:81-86,

of the lierature, American Journal of

10 Huber J. Wolpon JB. Ramos ES: Fuhrmann
syndrome: Two brazilian cases. Clinical Divsmorpholoey
2003:12:85-88.

1T Heeht JT, Seott Cl: Limb deficiency syndrome in
half-sibs. Clinical Geneties 1981:20:432-437.

12 Ozgun MT, RKutuk M5, Akgun H. Uludag S.
Delanbay M, Basbug M: P11 Prenatal diagnosis of
fibular aplasia, tbial campomelia and oligosyndacivly
(facto) syndrome. Ulrasound in Obstetrics &
Givnecology 2014;44:245-245,

13 Capece G. Fasolino A, Della Monica M. Lonardo F.
Scarano G, Neri G Prenatal diagnosis of femus-libuka-
ulng complex by ultrasonography in a male fetus ar 24
weeks of pestation, Prenat Diagn 1994;14:502-505,

14 Karaman A, Kahveci H: A male newborn infant with
fatco syndrome (fibular aplasia, tibial campomelia and
oligodaciviyy: A case report. Gengt Couns 2010:21:285-
Q8B

15 Bastaki LA, Al-Hathal M, Sadik DI Alrohail” HE,
Yousel HY, Khallal MG: A case report ol falco
syndrome:  Fibular aplasia, tibial campomelia. and
oligosyndactyly. Middle FEast of Medical
Genetics 201 5:4:28-30,

Journal

1o O Y, Dintexici BC, nan U, Kiraz N Osteomyelitis
due o aspergillus flavas inoan immunocompetent child
with fatco syndrome: A case report and literature review
I Pediatr Inf 201 2:6

17 Souka AP, Von Kaisenberg U8, Hvett JA. Sonek 11D,
Micolaides KH: Inereased nuchal rranslucency with
normal karvotvpe, Am J Obstel Gynecol 2005;192:1005-
1021,

Author{s] ageee that this acticle remain permanently open access under the terms ol the

Creative Commaons Attribution License 4.0 International Liconse

Page 25

143



APPENDIX 4

Appendix B 505

Table 3.7. Normative values.

Fetal/
Pregnancy Crown- Embryonic/ pla- Umbilical
week rump  Foot fetal Placental cental  Placental Placental cord
postmen- length length weight weight  weight thickness diameter length
strual (mm) (cm) (g) (g) ratio (cm) (cm) (cm)
3
4 02
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 33
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 19 40 50 0.80 1.1 6.2 215
16 75 2.2 60 60 1.00 1.2 6.9 24.0
17 88 25 90 70 1.29 1.2 7.5 26.4
18 99 2.8 130 80 1.63 1.3 8.1 287
19 112 29 180 101 1.78 1.4 8.7 309
20 125 33 250 112 2.23 1.5 94 33.0
21 137 3.6 320 126 2.54 1.5 10.0 35.0
22 150 39 400 144 2.78 1.6 10.6 36.9
23 163 42 480 162 2.96 1.7 11.2 38.7
24 176 45 560 180 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 13.1 435
27 213 53 870 234 3.72 1.9 13.7 45.0
28 226 55 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 2.2 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 23 18.1 54.0
35 315 7.1 2,100 378 5.56 23 18.7 54.9
36 328 74 2,300 396 5.81 2.4 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)

Rebecca N. Baergen. In Manual of Pathology of the Human Placenta. Second Edition Springer.
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APPENDIX 5

Requerimento
Excelentissima Diretora do Centro de Genética Clinica, Porto, Portugal

Eu, Rosate Maria Amorim Novais Nogueira Cardoso, aluna de Doutoramento em
Medicina, Escola de Medicina da Universidade do Minho, com o nimero de aluno
ID5281, pretendo realizar um projeto de investigagdo no Laboratdrio de Patologia
Embriofetal do CGC Genetics, sob supervisdo do Prof. Dr. Jorge Correia Pinto e
da Prof. Dra. Maria Purificagdo Tavares. O Titulo do Doutoramento & "A
Multicenter Study of Singleton Placentas Biometric Parameters and Fetal Weight
In Function of Gestational-Age" e tem como objetivo principal produzir curvas de
percentis para o peso placentar e récio peso fetal/peso placentar em fungdo da
idade gestacional.

Assim, venho por este meio requerer a autorizagao de V* Ex® para a realizaggo
deste estudo.

Pede deferimento,
Com os meus malis sinceros cumprimentos,

WL AVA, MNZL, VON . CAn / \

(Rosete Maria Amorim Novais Nogueira Cardoso, Aluna de Doutoramento em
Medicina, Escola de Medicina da Universidade do Minho)

Ne aluno: ID52871
Correio eletrénico. id528 1@alunos.uminho.pt
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Proc. n.® 11200/ 2016 | 1

Autorizag3o n.® T687/ 2016

Rosete Nogueira notificou & Comissdo Nacional de Protecggo de Dados (CNPD) um
tratamento de dados pessoais com a finalidade de realizar um Estudo Clinico sem
Intervencao, denominado Estudo Multicéntrico de Pardmetros Biométricos de Fefos e

Placentas em Diferentes ldades Gestacionals .

A investigacdo ¢ multicéntrica, decorrendo, em Porfugal, nos centros de investigagdo
identificados na notificag&o,

O participante & identificado por um codigo especificamente criado para este estudo,
constituido de modo a ndo permitir 28 imediata identificacio do titular dos dados;
designadamente, nao sao ulilizados codigos que coincidam com 0s numeros de
idenlificacao, iniciais do nome, data de nascimento, numero de telefong, ou resultem
de uma composicdo simples desse lipo de dados. A chave da codificaggo so &
conhecida do(s) investigador{es).

E recolhido o consentimento expresso do participante ou do seu representante legal,
A informacdo & recolhida indiretamenta do processo clinico.

As eventuais fransmissoes de informag3o sao efeluadas por referéncia ac codigo do
participante, sendo, nessa meadida, andnimas para o dastinatarnia.

A CNPD ja se pronunciou na Deliberagdo n.® 1704/2015 sobre o enquadramento legal,
os fundamentos de legitimidade, os principios aplicaveis para o correto cumprimento
da Lei n." 67/88, de 26 de outubro, alterada peta Lei n.” 1032015, de 24 de agosio,
doravante LPD, bem como sobre as condigies e limites aplicaveis ao tratamento de
dados efetuados para a finalidade de investigagaoe clinica.

Mo caso em aprego, o tratamento objeto da notificacdo enquadra-se no ambito
daquela deliberagao e o responsavel daclara expressamente que cumpre os limites e
condigtes aplicaveis por forca da LPD e da Lei n.” 21/2014, de 18 de abrl, alterada
pela Lei n® 73/2015, de 27 de junho — Lei da Investigacao Clinica —, explicitados na
Deliberagdo n.” 1704/2015.

O fundamento de legitimidade & o consentimento do titular,
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A informacao ralada & recolhida de forma licita, para finalidade detarminada, explicita
& legitima e ndo & excessiva — cf. alineas a), b) e ¢) don.™ 1 do artigo 5.7 da LPD.

Assim, nos termos das disposigiies conjugadas do n.® 2 do artigo 7.7, da alinea a) do
n." 1 do artigo 28." & do artigo 30.° da LPD, bem como do n® 3 do artigo 1.°edon®9
do artign 16.° ambos da Lei de Investigacdo Clinica, com as condigfes e limites
explicitados na Deliberacdo da CNPD n® 1704/2015, gue aqui se dao por
reproduzidos, autoriza-se o presente tratamento de dedos pessosis nos seguintes
termos:

Responsavel - Rosete Nogueira

Finalidade - Estudo Clinico sem Intervencio, denominado Estudo Multicéntrico de
Parametros Biometricos de Fetos e Placentas em Diferentes |dades Gestacionais

Categoria de dados pessoals tratados - Codigo do participante; dados da historia
clinica; dados de meios complementares de diagnodstico

Exercicio do direito de acesso — Afraves dos investigadores, por escrito

ComunicagBes, interconexbes e fluxos ftansfronteirigos de dados pessoais
identificaveis no destinatério — Nao existem

Prazo maximo de conservagio dos dados — A chave que produziu o codigo que
parmite 2 dentificacio indireta do titular dos dados deve ser eliminada 5 anos apas o
fim do estudo.

Da LPD e da Lei de Investigagao Clinica, nos termos a candigtes fixados na presente
Autorizacao e desenvolvidos na Deliberagao da CNPD n® 1704/2015, resultam
obrigagies que o responsdvel tem de cumprir. Deslas deve dar conhecimeanto a lodos
os que inlervenham no tratamento de dados pessoais.

Lisboa, 09-08-2018

A Presidente

' .
?J-FJ /Il}fl’l-' —
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Filipa Calvaa
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Leva a0 conhecments desse Conselho Diretiva a Informac3o sohre o!
"Estudo multicéntrico de¢ pardmetros biométricos de fetos e
placentas em diferentes idades gestacionals”, aprovade na reunido;
de 26 de juiho de 2016, por unanimidade, para deliberacéo. .
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ARS NORTE e

Al atrogac: Bagirnesl
i el e Maale, L1

Comissac de Etica para a Sagda
Administrag3o Regional de Sadde da Nerte, [P

Sobre o estudo T55T - " Exiude multicéntrice de parametros biométricos de fetes a placentas
am diferentes idades gestacionais”

A — Relatér o

1. O processo TSS7 respeila 2 uma investigagio com o titule supra. na ambata Doutoramento
pela Universidade do Minha a desenvolver pels investigadora Rasete Maria Martim MNowvais
Wogueira Cardoso, licentiada em Medicina. Er inglés o titulo apresertado & “Flacental
waight and umbiical cord measurements amt aulopsy slandards of body parameters and
oroan weights in nommacerated and macerated human fotuses af different gestational age”.
o quai foi assim apresentada & Comissda Macional de Frotecao de Dados.

A investigadora propde gue este trabalho de mvestigacdo seja realizada ne Caniro =
Gendtica Clinica Gensfizs, no Ambito do protocelo gue este datém com hospitais piblicos
de Portugal como prestador de servico =a area oa Patclogia Embrio-Fetal 7 da placenta O
referir que a investigadora & dirstor a oo lsporalorio de anatomia patolégica !
embriofetopatologa do referide Ceniro, sendo uma das onentaderas a Diretara do referide
laberatorio.

Segundn nforma @ investigadora serfio instiluiches participantes, alem o refarido
laboratério, Lridades de diagnosticn pré-natal de hospitais plblicos de nore, centre € sul
de Portugal.

O nbjetiva geral & o de contribuir para alargat o cortheciments sobre indicadores de &ficacia
do diagndetien pré-natal para detecio pregece ne alteraches patoldgicas que conduzam 4
possibibdade de terapéulica prevenzao de compicagfes & ou do mortzlidade fetal ou
neanatal. conTibuindo também dessa forma para a methoria cortinua dos servicos
prestades pefas nstituicdes 3 populagic de gestantes em Portugal

IJma parte dos objetivos erwolve avaliagdo de pardmetros de crescimento para 2 idade
gestacional gue possbilitern o desenho de tabelas de crescimenic & pesd da placema ¢
fetc para a idade gestacionai & avaliem a realdade portugueasa. Por essa via tambEn se
propde contrib e para alargar o sonhecimerto sobre indieadores de ef cdcia em diagnostico
pra-nalal de patolog a da placenia gue permitam a detegdo precoce de aspaios pataldgices
associados a marsiidade Tetal / necnatal, ou materna e / cu a maus desfechos obstétricos,
O chistwos espacificos envelverm estudos em patologia da placenta { de aspetos
Macresedpices e micrpssépicos do disco conal, membranas e corddn umbilical para & idade
gestacional) e sstudos em patologia fetal 2 periratal {de pardmeties bipmetricos corporais @
peso dos Grgdos em auitpsia fetal em fetes ndo maceradas e macerados para & idade
gestacional}, que possam vir a dar resposta as perguntas de investigagao, de ertre as

quais:

R RR T
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N

- Guais as implicagdes dos desvias de crescimento & de desenvolvimanto?

- Quais 55 causas dos desvios de crestimento & desenvalvimento?

. Que parfmetros se associam a maier fisce de morbilidade embrio-fetal | perinatal?

- Critérios "de nove” preditvos do prognastics de situagdes fetas & / ou maternas?

- Gorrelande anatomno-clinica. o esludo patolégico & auséncia f ndo suspeicac de ancmalias
ulirassenograficas?

2. & estudo, do tupo observacional e descrilivo, tera gomo populagdo as amostias de
placenlas e auldpsiaz embrio-fetais-periratais enviadas ac Laboratéric de Analomiz
Patologica / Laboratario de patolsgia Embrie-Fetal do Cenlo de Genatica Clinica (LG
Geneties) Poto, de acordo com ¢ pedido clinicc 3 solicitar o respetive estudo patelogico &
mediante req.isicao clifca e consentimente informade para o efeits.

Procader-se-a A avaliapdo dos registo cos pardmetros clinicos referidos e dos ragisto dos
parimetns  znatomopatoldgicos  Macroscopicos & MICTOSCORICOS. Serd  tambem
desemvolvido um sistama de classificaglo patolégica das lesdes clinicaments crientada.
Nao & indicada a dimenssa da amostra, que s& infarma estar relacionada com o ndmero de
CE508 eI arquivo, eslando o perioda de tempo do projelo dependents do rumero de Casos
e g nutros fatoras.

Fara @ pupulagao alvo serd mealizada uma recolha de daos biograficos gerais e aspetos
ronsiderados relevantes da histéria cinica (mes ndo 530 remetidos os “ormularios de
recalha dessa informagas). A histona famifar & pessval bem coma os achados
ultrassonograficos serdo 0s Jue constam na requisicAo clinica associada ap [rocesst
patologica, As imagens ecograficas du patoldgicas, tais como o8 restanias dados recoliudoes
serap avalados em formato digital e codificadas de forma a garantic a sua anonimizagao.
Totos os casos incluidos pars estuds serio codficados atraves de numeracao arahe
avibuida de um mada crescente de acordo com a inclusdc dos masmas na areslra de
astude.

3. Segundo resuka do descntd, ndo haverd acesso direto aos citulares das amastras
estudadas, sendo o cansentirments infarmade conferide apenas para a realizagac do exame
anatomo-patolboico & apends of ca2sos com doagio para estudo de investgagao fardc
pare da amostra ‘atalfparinatal.

B — CanclusGes

1. Em faca do gue ficou exposto, a GES delibera nao emitir parecer, por néo se tratar de \
projeto com intarvangdo das unidades de cuidados de saude primarios, nem haver *
indicagtes de intervengido de profissionals destas.

%
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2, Pelo contrario, os produtos hioldgicos que serdo investigados sdo colhidos &m
unidades de cuidados de sadde hospitalares, tanto quante & informado, palo gue
serio competentes para a emissao do respetivo parecer as CES de4s%ax mesmas
unidades.

Aprovado em reunids do dia 26/7/2016. par unanimidade

O ralavor,

d_:m. Bee i, gn_-h.a
Mestre Sandras Ferrgira

O Presidente da Comissdo de Elica para @ Salde da ARS Mare IP

FrofessorLlfuutor Alberto Pl Hespanno

MR IR QA

oo el o TEECET weediaae i saeslee COVERML LE
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COMISSAO DE ETICA PARA A SAUDE
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{A autora deve enviar o relatonio final, guando for Lo 7
oRortung)
fr;;; 3. ,-I g

Estudo: “Estudo multicEntrico de pardmetros biométricas de fetos e placentas em

diferentes idades gestacionais [Proc. n? 39/2056],

ASEUNTO:
Autoras: Dra Rosete Mogueira tdiretors do Laboratdrio de Anatomia Paiologica da
Universidade do Minho).

£ urn trabalho de doutoramenlo & realizar pela Ora Rosete NMogucira, sob g orientago do Prof, Doutor
lorge Corteia Pinto, da Universidade do Minho, e da Prof? Douzora Purificagao Tavares, da Faculdade
de Medicing Dentaria da Universidade do Parto, e que pretende incluir diversos hospitais mediante
protocale.

Este trabalho pretende anshsar embrioes, fetos, placontas e corddes ombilicas, de modo o
rorrelaclonar aspetos micro e macroscapicos com a idade pestarional e 4 causa do desfecho obstétrico
adversa, Também correlaciona 2lguns lacles dinicos  maternos, incluindo  ublrassonografia
[anonimizadas atravis de codificagdo) com as altoragées observadas.

A amostra & composta de plazentas e avtdpsias embriofetais perinatais, enviadas ao Lab de Anatomia
Patelogica / Laboratario de Patalogia Ermdrio-Fomal do Contra de Gondtica Clivica no Porto, E feita a
requisicaa polo ciinico rospetivo & ha o consentimenta infermado do doentefgostante,

Todas os dados recolhidos serdo confidenciais, “salvaguardando-se sempre o identidade @ anonimato
dos seus participanles, ficando limitado o seu acosso 208 mvestigadores respansaveis”, Para isso os
cadernns de recolha de dados serBo aronimizados o codificados,

Foi enviado @ projeto do esiudo, hem coma as fothas de preenchimento do dados ¢ questionaria, que
nos parecem corretamente elaborados.

05 custos sordo suporiudos pela estudante de doutoramento, atraves de bobsa.

Ha o consenbinenta informado em “boa e devica forma”,

J& hi autarizaglio da Comissio de Etica da Universidade da Minha.
O Relator e Presidente da Comigsao de Ctica,
T

Q,_;fl b

Carlos A, Fontes Ribreire
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Exma. Senhora
Dr.2 Rosete Nogueira

Rosete.N ir enetics.com
c/C
Sua Referéncia Sus Comunicagio de Nossa Referéncia Data
S6B8/CES/2016 19.05.2016

Assunto: “Estudo Multicéntrico de Pardmetros Blométricos de Fetos e Placentas em Diferentes ldades
Gestacionais.”

A Comissdo de Etica para a Saude da ARSLVT, apreciou o projecto mencionado em epigrafe, tna
reunido do dia 13-05-2016, tendo sido deliberado que o mesmo preenche critérios de isengdo de

parecer.

Declaragdo de conflito de Interesses: Nada a declarar

0 Conselho Directivo, atento ao teor do parecer emitido por aquela Comissdo, entende que o

presente projecto, cumpre critérios de isencdo de apreciagao.

Com os melhores cumprimentos,

0 Vice - Presidente do Conselho Directiva

Y.

r\——P‘/. R

Luis P!sco}

Av. Estadas Unidos da América n"75-77, 1749-096 Lishoa
Tel. 4351 218 424 800 | Fax. +351 218 499773
gerab@Eassivi.min-saudept | www.asisvLmin-saude.pt
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Parecer
Proc.033/CES/INV/2016
Titulo: Estudo Multicéntrico de Pardmetros Biométricos de Fetos e Placentas em Diferentes Idades
Gestacionais
Ambito do estudo: doutoramento
Enquadramento institucional do proponente: Universidade do Minho

Investigador (es): Rosete Nogueira (Centro de Genética Clinica e Patologia)
Orientador{es): Purificacio Tavares (Genética Médica FMDPorto) e Jorge Correia Pinto (Escola de Ciéncias
da Saude da Universidade do Minho)

Financiamento : sem financiamentos externos

Fundamentag¢ao do estudo:
“Ndo se conhece até @ data qualquer estudo avaliando parGmetros de crescimento da

placenta e anexos fetols adaptedos & populogdo portugueso, desconhecendo-se ainda os
implicagdes fetais e maternas que (hes possam estar associadas. Assim, parte do objetivo deste
estudo # avaiiar pardmetros de crescimento para o idode gestacional, que possibilitem o desenho
de tabelas de crescimento e peso da plocenta e feto para a idade gestacional e avaliem o realidode
portugueso.

O diagnéstico ultrassonografico precoce de determinadus patologios da plucenta e do feto estiio
dependentes do reconhecimento das mesmas. Assim, € determinonte e Util @ suo caraterizagdo
patolégica (macroscdpica e micrascdpica), a correlogdo com os achadas pré-natais e as implicacoes
clinicas materngs e fetais. S6 assim o médico obstetra poderd desenvolver eritérias
ultrassonogrificos para a suo detegbo gue resultem em morcodores de avoliogdo de risco de
morbilidade e mortalidode fetal/neanatal, e que por outro ledo permitam também a suo

prevencdo em futuras gestagdes e consequentemente resultam em melhorio da setde materna.

Assim, propomo-nos contribuir pare olorgar o conhecimento sobre indicodores de eficacio em
diagnastico pré-natal de potologla da placenta que permitam o dete¢do precoce de ospetos
potolégicos associados a morbilidede fetal/neonatal ou materno, efou a maus desfechos

obstétricos.

2 | Comissdo de Ftica para a Saude da ARSLVT
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A detecdo precoce doqueles aspetos e o atitude médico consequente poderGo minimizar as
perdas e otimizar ainda medidas de preven¢do de riscos assaclados o contextos adversos em

futuras gravidezes.”

Apreciagao

Trata-se de um estudo com potencial interesse e valor social que procura caracterizar alargar o
conhecimento sobre indicadores de eficacia em diagnostico pré-natal de patologia da placenta e podera vir
a cumprir no que concerne & sua fundamentacao, critérios de valor social, interesse e relevincia (clinica e
de satde publica).

Conclusdo:

O presente protocolo ndo cumpre critérios para apreciacdo por esta comissdo, pelos seguintes motivos :

1.- N3o envolve Profissionals de Saude das Unidades de Saide abrangidas pelo ambito geogrdfico e
institucional desta Comissao;

2.- Envolve amostras e exames de utentes que foram referenciados & unidade de Saide gue pretende
realizar este estudo por instituicdes do Servica Nacional que dispSem de Comissdes de Etica para a Saude
competentes para a sua apreciagao;

Da apreciagdo deste projecto salientam-se alguns aspectos 2 merecer melhor fundamentagdo .

Nestas circunstancias consideramos que ndo estarem cumpridos os quesitos para apreciacdo deste estudo
por esta Comissdo, devendo a investigadora referenciar o pedido de apreciagao a cada uma das instituicoes
de Saude que referenciaram utentes ao Centro de Investigagao.

06 de Malo de 2016
Declaracdo de conflito de interesses: Nada & declarar

\_[ Comisséo de Etica parn 3 Satde da ARSLVT
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