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Objective: At present there is no internationally accepted, clinically easy understandable, comprehensive
morphological placental classification. This hampers international benchmarking and comparisons, and
clinical research.
Study design: Internationally published criteria on morphological placental pathology were collected,
standardized and focused into a comprehensive diagnosis category system. The idea was to create
a clinically relevant placental pathology scheme related to major pathological processes. A system of nine
main diagnostic categories (normal placenta included) was constructed. Pathologists and obstetricians
discussed the mutual understanding of the wording in the reporting. The previously published diagnostic
criteria were merged, structured and standardized. Through an interobserver correlation study on 315
placentas from intrauterine deaths and 31 controls (placentas from live births) the microscopic criteria in
this classification system were tested on user-friendliness and reproducibility.
Results: The clinical feedback has been very positive, focusing on the understandability and usefulness in
patient follow-up. The interobserver agreement in the microscopic correlation study was in general good.
The differences in agreement mainly reflected the degree of preciseness of the microscopic criteria,
exemplified by excellent correlation in diagnosing acute chorioamnionitis. Maternal and fetal circulatory
disorders need grading criteria and studies are needed to get more insight and clinical correlations of
villitis and maturation disorders.
Conclusion: The clinically oriented, unifying and simple placental pathology classification system may
work as a platform for standardization and international benchmarking. Further research is needed to
define diagnostic criteria in staging and grading of some main diagnostic categories.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Major advances in basal research on trophoblast- and placental-
issues have resulted in a better understanding of placental function
and dysfunction [1e4]. Valuable standardization of a clinically
oriented examination of placenta, and structured clinical patho-
logic correlation studies [5e8] have resulted in better definitions
and sets of criteria. Advances in perinatal medicine and introduc-
tion of antenatal steroids for lung maturation and surfactant
replacement therapy have dramatically improved the immediate
outcome for the preterm born baby [2,9]. Intrauterine growth
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restriction is associated with perinatal mortality as well as peri-
natal and long-term morbidity [10,11]. It is generally accepted
that fetal growth restriction (FGR) is a marker of placental
dysfunction [10e15]. Various methods to diagnose intrauterine
growth restriction have been developed, including ultrasound
measurements of fetal growth, fetal and maternal circulation, and
maternal perception of fetal movements [16]. A better under-
standing of placental morphology in functioning and dysfunctional
placentas has resulted in an increased interest in and request for
placental examination [2,8]. The lack of a standardized, interna-
tional accepted placental classification is, however, partly reflected
in the fact that placental causes of intrauterine death (IUFD) are
reported to vary from 28 to 85% [17,18]. The aim of this study was
to construct a standardized and clinically easy understandable
placental classification system and to test the microscopic criteria
for interobserver reproducibility.
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Table 1
A new, clinically oriented, unifying and simple placental classification system, with
nine major diagnostic categories, including normal placenta.

Diagnostic
category

Diagnostic wording

1. Placenta with normal morphology,
according to gestational age

2. Placenta with chorioamnionitis
3. Placenta with villitis and intervillositis
4. Placenta with maternal circulatory disorders

(decidual vasculopathy)
5. Placenta with fetal circulatory disorders
6. Placenta with delayed villous maturation
7. Placenta with findings, suggestive of genetic aberration
8. Placenta with implantation disorders
9. Placenta with other lesions
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2. Method for constructing the classification system

In constructing the clinically oriented, unifying and simple placental classifica-
tion system, pathologists and obstetricians discussed various ways to overcome the
challenges of a written report. The aim was a reporting that should be biologically
adequate and clinically easy-to-grasp, standardized to be relevant for national and
international comparisons and benchmarking, and a platform for further research.
In these interdisciplinary discussions, we used the routine placental diagnostics to
work out guidelines for diagnostic wording and comments.

Internationally published criteria on morphological placental pathology were
collected and discussed, partly including the Norwegian group of perinatal and
placental pathologists. In multi headed microscopes findings in placental sections
were identified. Discrepancies in the understanding of the findings, and thewording
of criteria were discussed. This process resulted in merged, structured and stan-
dardized wording of the diagnostic criteria.

3. Material for the interobserver correlation study

The placentas were collected from two major hospitals in the Oslo region (Oslo
University hospital Ullevål and Akershus University hospital) from a total of 332s
and third trimester intrauterine deaths (IUFD) in single pregnancies, registered in
the period 1990e2003. IUFDwas defined as fetal death in gestational week 22þ 6 or
more, or fetal weight above 500 g. Seventeen placentas were excluded: four due to
gestational age less than 22 weeks, and ten because of lacking data about gestational
age. In three cases the specimens were not found in the archives. 315 placentas were
thus examined according to the new classification system. Thirty-one single
placentas from live births in the same period were used as controls. These placentas
had been sent to morphological examination on various clinical indications, form
variations, or umbilical cord variations with false knots. Cases and controls were
clinically well defined as part of a previous study (the Venous Thrombosis in
Pregnancy (VIP) study [19]). Verified chromosomal abnormalities had been
excluded. The placentas had routinely been examined macroscopically, sectioned
and diagnosed by general pathologists in the two university hospitals, without
standardized protocols for macroscopic examination and sampling. In general,
however, sections had been sampled from the umbilical cord and membranes in
addition to two to five sections from placental tissue with or without focal paren-
chymal lesions. The tissue sections had been routinely fixed in buffered formalin,
processed and embedded in paraffin blocks. 3.5 mm sections had been routinely
stained with HematoxylineEosin (HE).

4. Method for the interobserver correlation study

The original HE sections were used for the review. The sections were de-
identified and blinded prior to individual reexamination according to merged
microscopic criteria and the classification scheme by two experienced placental
pathologists (GT and BR). Gestational age was the only available information. Eval-
uation of correlation and reproducibility was carried out [20].

5. Statistics

The interobserver agreement was calculated by un-weighted
kappa analysis as a measurement of interobserver reproducibility.
Summed interobserver reproducibility of the study, and kappa
values to each diagnostic category was calculated in the case and
control material. Kappa values relate to the strength of agreement.
Values lower than 0.20 means poor agreement; 0.21e0.40 fair
agreement; 0.41e0.60 moderate agreement; 0.61e0.80 good
agreement; 0.81e1.00 very good agreement [20].

6. Ethical considerations

The study was approved by the Regional Committee for Medical
Research Ethics, Region East, Norway, with authorization from the
Norwegian Ministry of Health and Social Affairs (REK Sør-Øst C:
2009/1462, 03.01.2011).

7. Results

Through discussions between pathologists and obstetricians,
a simplified reporting system was constructed, consisting of nine
diagnostic categories related tomajor pathophysiological processes,
including one category of normal placenta according to gestational
age. Category nine comprises a variety of conditions including those
with unknown or debated etiology (Table 1). In reporting placental
pathology, the morphological findings preferentially were to be
recorded in one main diagnostic category. Alternative findings and
diagnoses were to be discussed in an additional comment. The idea
with the preferentially chosen diagnosis in reporting placental
pathology, is analogous to the algorithm of an autopsy report. This
system has been used in routine diagnostics in our pathology
department for some years with very positive feedback from clini-
cians. The merged and structured diagnostic criteria, all previously
published internationally, are listed in Table 2.

315 placentas from the stillbirths, distributed by gestational age,
had peak numbers in weeks 36e41. The microscopic findings
according to the nine diagnostic categories are summarized in
Table 3. The overall interobserver agreement between the two
perinatal pathologists according to all diagnostic categories was
calculated to 0.79, indicating good reproducibility. Three placentas
(3/315; 0.95%) were diagnosed as morphologically normal (week
26, 33 and 38), all without agreement. Twelve cases, mainly from
weeks 22e27 (12/315; 3.8%) were diagnosed with acute cho-
rioamnionitis; interobserver agreement calculated to 0.91, i.e. very
good reproducibility. Only six cases (6/315; 1.9%) were diagnosed
with villitis/intervillositis (weeks 24, 25 and 37, 38), calculated
kappa value 0.66. Maternal circulatory disorder was the main
diagnostic category, diagnosed in 239 cases (239/315; 75.87%), peak
number in weeks 38 (23/315) and 40 (24/315). Kappa value was
calculated to 0.79. Twelve cases with fetal vasculopathy (12/315;
3.8%), gestational week 24e40, were diagnosed with kappa value
0.59. Placentas with maturation disorders were found in 34 cases
(34/315; 10.79%), mainly in weeks 38 (6/315), 39 (4/315) and 40
(5/315), calculated kappa value 0.60. Although placentas from
infants with chromosomal anomalies had been excluded, four cases
were diagnosed as morphologically suspicious for gene aberrations
(4/315; 1.3%), kappa value 0.25. No placentas were diagnosed in
category eight, implantation disorders. Five cases (5/315; 1.6%) with
edematous villi without other signs of genetic aberration were
placed into diagnosis category nine, other disorders, kappa value
0.79 (Table 3).

The control placentas (n ¼ 31) from live born children were
mainly from gestational weeks 31, 36 and 40. Overall interobserver
agreement was calculated to 0.63, indicating good reproducibility.
Two placentas, gestational week 36 and 40 (2/31; 6.45%) were
diagnosed as microscopically normal by one of the pathologists.
Four cases with acute chorioamnionitis were diagnosed by both
pathologists (4/31; 13%). One case of villitis/intervillositis was
diagnosed without agreement. Maternal circulatory disorders,
diagnosed in 23 placentas (23/31; 74%), mainly from gestational
weeks 31, 36, 37 and 40, had a calculated kappa value of 0.61
(Table 4). One placenta was diagnosed with maturation disorders



Table 2
Morphological criteria relevant for the diagnostic categories [4,21e29,31,33e42].
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by one of the pathologists. No placentas were diagnosed in
categories seven, eight or nine.

8. Discussion

Placenta has been called the diary of pregnancy, written by
mother and child. A placental examination can reveal the etiology
of adverse events like stillbirths, preterm delivery, FGR and neu-
rodevelopmental impairment, and can indicate whether the path-
ological process was acute or chronic. Importantly, conditions with
a recurrence risk can be identified, thus resulting in adequate
follow-up and treatment in a subsequent pregnancy.

The challenges to pathologists in the diagnosis of placental
structural findings are numerous. They partly lie in the complexity
of the organ with a continuous development and adaptation
throughout the pregnancy. At term, all placentas will exhibit
structural changes. The clinical relevance and implication of the
structural changes will depend on the location and size of the
lesions and on the reserve capacity of the placenta. A relevant
diagnosis thus depends upon macroscopic as well as microscopic
findings, and additionally must relate to normal variations
according to gestational age. Relevant clinical information is crucial
for the macroscopic examination, sampling of relevant sections for
microscopy (standardized ones plus relevant extras) and weighing
the clinical relevance of processes seen in the sections by micros-
copy. In diagnosing and reporting of changes in the clinical setting,
the challenge also lies in the formulation of an easily understood
diagnosis and a subsequent clinically oriented comment or
discussion of differential diagnoses and assumed relevance of the
findings. As in all areas of pathology, commonly accepted
Table 3
Placental main diagnostic categories in microscopic review of 315 cases of intrauterin
4 ¼maternal circulatory disorders, 5 ¼ fetal circulatory disorders, 6 ¼ delayed villous ma
lesions.

Diagnostic
category

Gestational week

22 23 24 25 26 27 28 29 30 31 32

1 0 0 0 0 1 0 0 0 0 0 0
2 1 2 1 3 2 1 0 0 0 0 0
3 0 0 1 1 0 0 0 0 0 0 0
4 0 8 11 7 7 13 5 13 9 10 12
5 0 0 2 1 0 1 0 0 1 0 1
6 0 0 1 1 1 0 3 0 1 1 0
7 1 0 0 0 0 1 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 1 0 1 1 0
Total 2 10 16 13 11 16 9 13 12 12 13
macroscopic and microscopic criteria, guidelines of supplementary
examinations like immunohistochemistry and molecular markers,
and harmonization of the wording of the diagnosis are important
for international correlations and benchmarking, and for further
research. The lack of an internationally accepted diagnostic
placental classification often has led to a plethora of diagnostic
setups, often in long prose descriptions of morphology. Such
reports have often made it difficult for clinicians to grasp the
essence of the structural findings. In the clinical setting, relevant
placental findings can constructively be discussed at perinatal
audits and clinical-pathological meetings locally. The introduction
of this classification system with standardization of the written
reports with one main, process-related diagnosis and a following
discussion/comment has been welcomed by obstetricians and
midwifes. It has increased the interest for placental examinations.
For statistics and further research, the SNOMED coding system
(Systematized Nomenclature of Medicine) was used. In addition to
topography (T) and morphology (M), an EP code (etiology, patho-
genesis) for main diagnostic category was developed locally, as
exemplified in Table 5. This coding system could easily be adapted
into other comprehensive pregnancy related coding systems, like
the CODAC-system (Causes of death and associated conditions).

In the interobserver correlation study, the focus was on the
microscopic criteria. The only clinical information available for the
pathologists while reviewing the sections, was gestational age. The
results in the correlation study thus have no bearing as to the cause
of the stillbirths. The interobserver correlation study only intended
to test reproducibility of the microscopic criteria and to identify
areas with need for further research. Interobserver reproducibility
varied between 0.25 and 0.91, that is fair to very good agreement
e fetal deaths. 1 ¼ normal, 2 ¼ chorioamnionitis, 3 ¼ villitis and intervillositis,
turation, 7 ¼ suggestive for genetic aberration, 8 ¼ implantation disorders, 9 ¼ other

33 34 35 36 37 38 39 40 41 42 43 Total

1 0 0 0 0 1 0 0 0 0 0 3
1 0 0 0 0 0 0 0 0 0 1 12
0 0 0 0 2 2 0 0 0 0 0 6

10 6 8 17 14 23 15 24 19 7 1 239
1 1 0 1 0 1 1 1 0 0 0 12
1 0 3 2 2 6 4 5 2 1 0 34
0 0 1 0 1 0 0 0 0 0 0 4
0 0 0 0 0 0 0 0 0 0 0 0
0 0 1 1 0 0 0 0 0 0 0 5

14 7 13 21 19 33 20 30 21 8 2 315



Table 4
Placental main diagnostic categories in microscopic review of 31 control cases of live born children. 1 ¼ normal, 2 ¼ chorioamnionitis, 3 ¼ villitis and intervillositis,
4 ¼maternal circulatory disorders, 5 ¼ fetal circulatory disorders, 6 ¼ delayed villous maturation, 7 ¼ suggestive for genetic aberration, 8 ¼ implantation disorders, 9 ¼ other
lesions.

Diagnostic
category

Gestational week

22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 Total

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 2
2 0 0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 4
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
4 0 1 0 1 0 0 1 2 0 4 1 0 0 1 3 3 1 0 3 1 1 23
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 0 1 1 1 0 1 1 2 0 5 2 0 0 1 4 3 2 1 4 1 1 31
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[20]. Acute chorioamnionitis, with well definedmicroscopic criteria
related to localization, staging and grading according to fetal and
maternal response to inflammation [21], had very good agreement
(kappa value 0,91 to 1), a consequence in part of Redlines well
defined criteria [21]. The major diagnostic category “maternal
circulatory disorders” had a good interobserver agreement of 0.79.
Microscopic criteria like increased syncytial knots, villous aggluti-
nation, intervillous fibrin deposition and infarcts are well known
and well defined findings in placental hypoxia [4,22e25]. More
specific criteria of staging and grading are however lacking, both in
general and in relation to advanced gestational age. In our material,
increased syncytial knots and intervillous fibrin deposition were
seen in nearly every placenta. Many sections included infarcts. This
might explain the good interobserver agreement in our study.

Fetal placental circulatory disorders had a kappa value 0.59,
meaning moderate interobserver agreement. Interobserver agree-
ment of each of the criteria of fetal vessel pathologymadebyRedline
et al. had kappavalues between0.34 and0.78 [26]. Again there is the
challenge of grading and weighing fetal placental circulatory
disorders versus other diagnostic categories, pinpointing the
importance of discussion in the comments. Fetal vasculopathy was
Table 5
Examples of pathology reports. Relevant clinical information is crucial. Macroscopic descri
variations. Routine sections include two from the umbilical cord (one near child, one ne
maternal plate/decidua. Extra sections from lesions. Microscopic findings include thos
comment. The code includes SNOMED system and a local coding system stating the mai

Case 1
Clinical information 35 year old woman with preeclampsia.
Macroscopy Placental weight (net) 263 g, basal plate

Focal parenchymal lesions (chronic infar
Microscopy Numerous syncytial knots, focal villous

villous diameter and many vasculosyncy
the decidua with lymphocytes and calci

Diagnosis Placenta with maternal circulatory disor
Comment Placenta is low in weight and disc area

with maternal underperfusion in additio
vessels in stem villi. Chronic villitis near

Codes: SNOMED þ local T 88,000, M 36,050, M 43,000, EP 74,000
Case 2
Clinical information 37 year old woman with diabetes mellit
Macroscopy Placental weight (net) 553 g. Eccentric u

lesion. Routine sections.
Microscopy Umbilical cord and membranes without

vessels and few vasculosyncytial memb
Focal trophoblastic condensation.

Diagnosis Placenta with delayed villous maturatio
Comment Placental villous microscopy, consistent

that the IUFD is related to delayed place
Codes: SNOMED þ local T 88,000, M 75,000, EP 76,000.
assumed tobe secondary tomaternal circulatorydisorderswhen the
latter were dominant in the sections. Avascular villi were seen in
placentas with and without prominent hypoxic changes. They were
diagnosed as maternal vascular underperfusion only when other
features of that entity were present and other features of fetal
vascular obstructionwere absent. Retentionphenomena (diagnostic
category 9) were differentiated from avascularity in fetal vasculop-
athy. Focal vessel wall changes like endothelial edema and endo-
thelial cushions were assumed to be local vessel wall injury caused
by hypoxia.

Focal lymphocyte invasion in the villous stroma, disrupted
trophoblastic epithelium, destructed fetal vessel walls and
increased number of Hofbauer cells in the stroma were conclusive
for chronic villitis. Invasion of neutrophils, lymphocytes or histio-
cytic cells in the intervillous space were interpreted as acute or
chronic intervillositis. Villitis and intervillositis are graded into high
and low grade. The high grade lesions correlate with intrauterine
death, fetal growth restriction and recurrence risk [27,28]. Six cases
were diagnosed as villitis and intervillositis, good interobserver
agreement. Lymphocytic villous invasion close to hematomas or
infarcts was read as related to the maternal circulatory lesion. In 13
ption includes net weight andmeasurements, and information of placental lesions or
ar placenta), membrane roll, normal looking full thickness placenta, and two from
e of importance for the main diagnosis and other findings to be discussed in the
n diagnostic category.

Acute C-section in gestational week 38. Child weight 2300 g, Apgar score: 7e9.
15 � 13.5 cm. 65 cm long umbilical cord, central insertion, diameter 1,8 cm.
cts) <5%. Few calcifications. Routine sections.
agglutinations and increased fibrinoid in intervillous space. Areas with small
tial membranes. Villous groups with chronic inflammation in the stroma, near
fication.
ders.
compared to gestational age. Microscopy reveals ischemic changes consistent
n to areas with compensatory villous capillary proliferation. Normal fetal
the basal plate is seen as a secondary reaction to maternal circulatory disorders.
.

us type 1. IUFD in gestational week 38 þ 6. Girl, 3350 g, 50 cm.
mbilical cord insertion, 53 cm. Basal plate 17 � 18 cm. No focal parenchymal

any inflammation. Immature secondary villi with centrally localized fetal
ranes. Normal fetal vessels in stem villi. Increased intervillous fibrinoid.

n.
with maturation arrest is probably related to maternal diabetes type 1, so
ntal maturation.
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cases the diagnosis villitis was competingwithmaternal circulatory
disorders. Morphological changes indicative for viral inclusions
were not found either in case placentas or control placentas.

The microscopic criteria of villous morphology in relation to
gestational age, and differentiation between primary and
compensatory changes of maturation is poorly defined and not
internationally accepted. A standardization of maturation disorder
criteria thus does not exist. Little is known about the correlation of
maturation disorders and clinical outcome [29,30]. Combining the
microscopic criteria published by Becker [33], Vogel [31] and
Kaufmann [4], normal maturation was defined in relation to
gestational age by villous branching architecture (stem, secondary
and tertiary villi), villous stroma changes (embryonic, reticular,
cellular or fibrous), and micro vascular changes (transformation of
the villous capillaries into sinusoids and development of the vas-
culosyncytial membranes). In the merged microscopic criteria,
secondary and/or tertiary villi with increased number of fetal
vessels are interpreted as a compensatory accelerated maturation,
secondary to maternal circulatory disorders. Retarded maturation,
inadequate to gestational age was categorized into main diagnostic
category six, ‘delayed villous maturation’. These findings were in
part focal, partly explaining the variation in the registered main
diagnosis. Again there was the problem of staging and grading.

Placentas from infants with verified chromosomal defects had
been excluded from this material. Morphological changes like
trophoblastic invaginations, intravillous inclusions and large edem-
atous villi [32], reported as ‘suggestive of genetic aberration’ were,
however, found in four cases, fair reproducibility. Edematous or
dysmature villi are not defined in number or extent and thus
competed with retention phenomena and maturation delay.

The five cases with edematous villi without other signs of gene
aberrationwere placed into group nine, ‘other lesions’, kappa value
0.79, meaning good interobserver agreement. Only using
morphology without available clinical data, hydrops and/or fetal
anemia was suspected. No diagnosis of implantation disorders was
made in this clinical series.

There are several limitations in the interobserver correlation
study. The study could preferable have included more pathologists
from other hospitals. The microscopic criteria were tested on
retrospective material of placentas from fetal deaths. The sections
had been sampled in a non-standardizedway and essential sections
from macroscopically normal looking placentas to evaluate matu-
ration disorders were often missing. Placentas from normal preg-
nancies could preferably have been included.

In conclusion, this clinically oriented, unifying and simple
placental pathology classification system has been welcomed by
the obstetricians. The diagnostic categories are useful to the clini-
cians because they accentuate care assessment. Generally, the
merged microscopic criteria showed moderate to very good inter-
observer agreement. Criteria without specification of stages and
grades were more vulnerable for lack of reproducibility. Substantial
further research is needed to define diagnostic criteria in the
staging and grading in major diagnosis categories as maternal and
fetal circulatory disorders and maturation disorders.
Acknowledgment

We acknowledge the support and discussion with our group of
Norwegian perinatal and placental pathologists, representing every
health region in Norway. We especially mention Ricardo Laurini.
Without the practical support by research technician Marina Nov-
ikova and the financial support by Ekstrastiftelsen Helse og Reha-
bilitering (H&R) and Landsforening for Uvented Barnedød (LUB),
this study could not have been done.
References

[1] Korteweg FJ, Erwich JJ, Holm JP, Ravise JM, van der Meer J, Veeger NJ, et al.
Diverse placental pathologies as the main causes of fetal death. Obstet
Gynecol 2009 Oct;114(4):809e17.

[2] Redline RW, Heller D, Keating S, Kingdom J. Placental diagnostic criteria and
clinical correlatione aworkshopreport. Placenta2005Apr;26(Suppl.A):S114e7.

[3] Redline RW. Placental pathology: a systematic approach with clinical corre-
lations. Placenta 2008 Mar;29(Suppl. A):S86e91.

[4] Benirschke K, Kaufmann P, Baergen RN. Pathology of the human placenta. 5th
ed. New York: Springer; 2006.

[5] Roberts DJ, Oliva E. Clinical significance of placental examination in perinatal
medicine. J Matern Fetal Neonatal Med 2006 May;19(5):255e64.

[6] Roberts DJ. Placental pathology, a survival guide. Arch Pathol Lab Med 2008
Apr;132(4):641e51.

[7] Sun CC, Revell VO, Belli AJ, Viscardi RM. Discrepancy in pathologic diagnosis of
placental lesions. Arch Pathol Lab Med 2002 Jun;126(6):706e9.

[8] Langston C, Kaplan C, Macpherson T, Manci E, Peevy K, Clark B, et al. Practice
guideline for examination of the placenta: developed by the Placental
Pathology Practice Guideline Development Task Force of the College of
American Pathologists. Arch Pathol Lab Med 1997 May;121(5):449e76.

[9] Iacovidou N, Varsami M, Syggellou A. Neonatal outcome of preterm delivery.
Ann N Y Acad Sci 2010 Sep;1205:130e4.

[10] Huppertz B. Placental pathology in pregnancy complications. Thromb Res
2011 Feb;127(Suppl. 3):S96e9.

[11] Vedmedovska N, Rezeberga D, Teibe U, Melderis I, Donders GG. Placental
pathology in fetal growth restriction. Eur J Obstet Gynecol Reprod Biol 2011
Mar;155(1):36e40.

[12] Todros T, Piccoli E, Rolfo A, Cardaropoli S, Guiot C, Gaglioti P, et al. Review:
feto-placental vascularization: a multifaceted approach. Placenta 2011 Mar;
32(Suppl. 2):S165e9.

[13] Vedmedovska N, Rezeberga D, Teibe U, Melderis I, Donders GG. Microscopic
lesions of placenta and Doppler velocimetry related to fetal growth restric-
tion. Arch Gynecol Obstet 2011 Nov;284(5):1087e93.

[14] Baschat AA. Neurodevelopment following fetal growth restriction and its
relationship with antepartum parameters of placental dysfunction. Ultra-
sound Obstet Gynecol 2011 May;37(5):501e14.

[15] North RA, Ferrier C, Long D, Townend K, Kincaid-Smith P. Uterine artery
Doppler flow velocity waveforms in the second trimester for the prediction of
preeclampsia and fetal growth retardation. Obstet Gynecol 1994 Mar;83(3):
378e86.

[16] Heazell AE, Froen JF. Methods of fetal movement counting and the detection
of fetal compromise. J Obstet Gynaecol 2008 Feb;28(2):147e54.

[17] Kidron D, Bernheim J, Aviram R. Placental findings contributing to fetal death,
a study of 120 stillbirths between 23 and 40 weeks gestation. Placenta 2009
Aug;30(8):700e4.

[18] Stallmach T, Hebisch G, Meier K, Dudenhausen JW, Vogel M. Rescue by birth:
defective placental maturation and late fetal mortality. Obstet Gynecol 2001
Apr;97(4):505e9.

[19] www.clinicaltrials.gov; 2009Ref type: Internet communication.
[20] Landis JR, Koch GG. The measurement of observer agreement for categorical

data. Biometrics 1977 Mar;33(1):159e74.
[21] Redline RW. Inflammatory response in acute chorioamnionitis. Semin Fetal

Neonatal Med 2012 Feb;17(1):20e5.
[22] Baergen RN. Manual of pathology of the human placenta. 2nd ed. New York:

Springer; 2011.
[23] Kraus FT, Redline RW, Gersell DJ, Nelson DM, Dicke JM. Placental pathology.

Washington, DC: American Registry of Pathology in collaboration with the
Armed Forces Institute of Pathology; 2004.

[24] Redline RW, Boyd T, Campbell V, Hyde S, Kaplan C, Khong TY, et al. Maternal
vascular underperfusion: nosology and reproducibility of placental reaction
patterns. Pediatr Dev Pathol 2004 May;7(3):237e49.

[25] Stanek J. Placental membrane and placental disc microscopic chorionic cysts
share similar clinicopathologic associations. Pediatr Dev Pathol 2011 Jan;
14(1):1e9.

[26] Redline RW, Ariel I, Baergen RN, Desa DJ, Kraus FT, Roberts DJ, et al. Fetal
vascular obstructive lesions: nosology and reproducibility of placental reac-
tion patterns. Pediatr Dev Pathol 2004 Sep;7(5):443e52.

[27] Redline RW. Villitis of unknown etiology: noninfectious chronic villitis in the
placenta. Hum Pathol 2007 Oct;38(10):1439e46.

[28] Redline RW. Infections and other inflammatory conditions. Semin Diagn
Pathol 2007 Feb;24(1):5e13.

[29] Emmrich P. Pathology of the placenta. III. Maturation disorders of the
placenta. Zentralbl Allg Pathol 1990;136(7e8):643e56.

[30] Emmrich P. Pathology of the placenta. IV. Maturation disorders of the placenta
under special clinical conditions. Zentralbl Pathol 1991;137(1):2e13.

[31] Vogel M. Atlas der morphologischen Plazentadiagnostik. 2nd ed. Berlin:
Springer; 1996.

[32] Vogel M, Horn LC. Gestational trophoblastic disease, villous gestational
trophoblastic disease. Pathologe 2004;25(4):269e79.

[33] Becker V. Functional morphology of the placenta. Arch Gynakol 1963;198:
3e28.

[34] Lee J, Romero R, Dong Z, Xu Y, Qureshi F, Jacques S, et al. Unexplained fetal
death has a biological signature of maternal anti-fetal rejection: chronic

http://www.clinicaltrials.gov


G. Turowski et al. / Placenta 33 (2012) 1026e1035 1035
chorioamnionitis and alloimmune anti-human leucocyte antigen antibodies.
Histopathology 2011 Nov;59(5):928e38.

[35] Boog G. Chronic villitis of unknown etiology. Eur J Obstet Gynecol Reprod Biol
2008 Jan;136(1):9e15.

[36] Emmrich P. Pathology of the placenta. VI. Circulation disorders of the
placenta. Maternal circulation (intervillous space). Zentralbl Pathol 1991;
137(4):316e24.

[37] Emmrich VP, Godel E, Amendt P, Muller G. Pregnancy of diabetic
women with diabetic angiopathy. Clinical results in correlation of
morphological findings on the placenta. Zentralbl Gynakol 1975;97(14):
875e83.
[38] Emmrich P. Pathology of the placenta. V. Circulatory disorders of the placenta.
Fetal vascular system. Zentralbl Pathol 1991;137(2):97e104.

[39] Redline RW. Placental pathology and cerebral palsy. Clin Perinatol 2006 Jun;
33(2):503e16.

[40] Higgins M, McAuliffe FM, Mooney EE. Clinical associations with a placental
diagnosis of delayed villous maturation: a retrospective study. Pediatr Dev
Pathol 2011 Jul;14(4):273e9.

[41] Redline RW. Distal villous immaturity. Diagn Histopathol 2012;18(5):189e94
(Placental and trophoblastic pathology).

[42] Horn LC, Vogel M. Gestational trophoblastic disease. Non-villous forms of
gestational trophoblastic disease. Pathologe 2004 Jul;25(4):281e91.


	A new, clinically oriented, unifying and simple placental classification system
	1. Introduction
	2. Method for constructing the classification system
	3. Material for the interobserver correlation study
	4. Method for the interobserver correlation study
	5. Statistics
	6. Ethical considerations
	7. Results
	8. Discussion
	Acknowledgment
	References


