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Abstract

Objectives: Maternal vascular malperfusion (MVM) refers to
dysfunctional uteroplacental circulation and is associated
with increased risk of adverse maternal and fetal outcomes.
The diagnosis of MVM is one of the most common pathological
diagnoses in term placentas. The aim of the study was to test
the interrater reliability of the MVM Amsterdam criteria.
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Methods: A group of 12 international perinatal pathologists
reviewed digital histological sections of placentas (n=29;
20 MVM/ 9 non-MVM controls), applying published Amster-
dam workshop consensus criteria. Kappa statistics were
used for interobserver agreement analysis.

Results: Agreement levels on final MVM diagnosis ac-
cording to Amsterdam consensus were calculated as slight
to fair (K-values of 0.187 and 0.260, p<0.001). Substantial
agreement was reached one time for infarcts (K-value of
0.707, p<0.001). Complementary tested criteria achieved
none to moderate agreement.
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Conclusions: Our results highlight the need to refine current
MVM criteria to support consistent international diagnosis.

Keywords: Amsterdam consensus; maternal vascular mal-
perfusion; placenta; perinatal pathology; reproducibility;
interobserver variability

Introduction

Indications for submitting placentas, standardized protocols for
macroscopic sectioning, agreement on terms and criteria of
histopathological diagnostics, and an understandable report for
the clinician were suggested by experts in the field [1-3]. The
Amsterdam consensus, published by an international group of
perinatal pathologists in 2016, classified and defined four major
patterns of placental injury, commonly accepted by pathological
and clinical specialists in the field [3-5] (Table 1). The main
categories encompass maternal vascular malperfusion, fetal
vascular malperfusion (FVM), acute chorioamnionitis, and
villitis of unknown etiology (VUE) [3, 4]. MVM relates to gross
findings including placental hypoplasia, infarction, and retro-
placental hemorrhage as well as histopathological changes
comprising aberrant maternal vasculature and altered villous
morphology [5]. The underlying pathophysiological mechanisms
are still not fully understood but refer to impaired uteropla-
cental circulation. This condition is linked to fetal growth re-
striction, recurrent preterm birth, stillbirth/perinatal death, and
long-term associated risks for the mother and the offspring [6—
8]. Maternal associated systemic obstetric diseases (e. g. pre-
eclampsia) and autoimmune diseases (e. g. systemic lupus ery-
thematosus, antiphospholipid syndrome) are reported. The risk
of recurrence in subsequent pregnancies and long-term car-
diovascular and metabolic risk factors are increased [5-7].

Nevertheless, nearly a decade after publication, the
Amsterdam recommendations have been variably imple-
mented (Table 1), and pattern-specific morphological fea-
tures continue to pose diagnostic challenges, even for
experts in the field [7, 9].

Within an established, continuously active working
group of international perinatal pathologists, the discussion
on placental findings was challenging and provoked un-
certainties and controversies. This prompted the group to
test the reproducibility of the MVM criteria as proposed by
the Amsterdam workshop consensus.

Materials and methods
Participants

Table 1 lists the group members’ experience level in peri-
natal pathology.
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Cases

The selection of 29 placentas (gestational age (GA) 24+2 to
41+2 weeks) from the archives of the pathological in-
stitutes (Oslo, Basel, Maastricht, Berlin) was consensus-
based and guided by representation of Amsterdam
criteria [3]. The study included (n=20) MVM cases and
those with normal or other histopathological changes
(n=9). The analysis was conducted in two equal consecu-
tive sessions. One representative anonymized slide of
central placental tissue of each case was scanned and
assessed digitally. No clinical data or prior diagnoses were
shared except GA. No case discussions took place between
the test periods.

Assessed criteria

Eight morphological criteria were assessed for the diag-
nosis of MVM, including those defined by the Amsterdam
consensus: accelerated villous maturation, increased
syncytiotrophoblastic knots, decidual arteriopathy, and
infarcts. Additional criteria evaluated were calcifications,
inter-/perivillous fibrin depositions, villous stromal
hypercellularity and fibrosis (see Supplementary 1).
Complementary criteria were assessed alongside the
Amsterdam consensus features to explore potential
adjunctive markers of MVM. For each case, a binary de-
cision was recorded for each parameter, and a final
determination of MVM presence was made. Distal villous
hypoplasia, which is recognized as more reliably diag-
nosed before GA of 32 weeks, was excluded due to its
diagnostic limitations in the cohort’s gestational age dis-
tribution (7/29 <GA of 32 weeks). A final column was pro-
vided to list desirable clinicopathologic information to
strengthen the diagnosis of MVM.

Statistical evaluation

Individual results were compiled in a Microsoft
Excel sheet (Microsoft Corp., Seattle, WA) and further
analyzed using SPSS 22.0 (SPSS Software, Chicago, IL)
for interobserver agreements. Cohen’s kappa value
was interpreted as follows: <0: no agreement;
0.10-0.20: slight agreement; 0.21-0.40: fair agreement;
0.41-0.60: moderate agreement; 0.61-0.80: substantial
agreement; 0.81-0.99: near-perfect agreement; 1: perfect
agreement.
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Table 1: Workplace-related parameters and status of Amsterdam implementation (2024).

Years of Practicing Approx. ratio of  Approx. num- Approx. ratio of Year of official Implementation of
experiencein exclusively placentas sent ber of perinatal all practicing institutional imple- Amsterdam
perinatal as perinatal/ in for examina- pathologists in pathologists in mentation of consensus into na-
pathology pediatric tion, % the country the country, % Amsterdam tional guidelines
pathologist consensus
Basel, 5 No 7 10 1-2 2018 Yes®
Switzerland
Berlin, Germany 12 No 2.5 20 1.1 2024 No®
Edinburgh, 7 Yes 3.35 55 3.8 2021 yes
United Kingdom
Braga/Porto, 33 Yes 20 10 5 2016 No®
Portugal
Houston, TX, 5 Yes 50 400 1.8 2018 Yes
United States
Lisboa, Portugal 9 No 9.5 10 5 2016 No®
Madison, WI, 22 Yes 72 400 1.8 2016 Yes
United States
Maastricht, The 8 No 30 25 6 2018 Yes
Netherlands
Olso, Norway 25 No 20 10 34 2016 Yes
Salzburg, Austria 7 No 22 5 1 2024 Yes
Split, Croatia 14 No 23 10 7 2018 No°
Udine, Italy 10 No 31 30 1.5 2024 Yes®

pPMID, 39465447. "Guideline manuscript (AWMF) submitted, revision not yet finalized. ‘Proposition to accept Amsterdam consensus not yet accepted by
Croatian Pathology Society. “National consensus recommendations on placenta, AFIP guidelines included: Raccomandazioni operative per la diagnostica
della placenta umana. SIAPeC - SIGO, AOGOL, AGUIL, AGITE (2023). *Proposition to accept Amsterdam consensus and AFIP guidelines on placental

pathology classification

Results
Overall agreement

K-values of 0.297 (p<0.001) and 0.386 (p<0.001) were deter-
mined in the first and second section, respectively, and show
only fair agreement on the criteria tested.

Agreement on final MVM diagnosis

For the presence of MVM according to Amsterdam, K-values of
0.260 (p<0.001) and 0.187 (p<0.001) were reached in the first and
second sections, indicating fair or slight agreement (Table 2).

Agreement on single criteria

Accelerated villous maturation (K-values of 0.290 and 0.210,
p<0.001) and decidual arteriopathy (K-values of 0.213 and
0.361, p<0.001) reached fair agreement levels each. Increased
syncytiotrophoblastic knots obtained none to slight agree-
ment levels (K-values of 0.051 and 0.159, p<0.001). Infarction
reached none to slight as well as substantial agreement

(K-value of 0.005, p 0.882, and K-value of 0.707 p<0.001)
depending on the session. The complementary tested criteria
showed lower agreement (Table 2).

Agreement on additional information

The most frequently requested clinical or gross pathological
information by the group members included maternal history
and placental weight (each 41.8 %), fetal/birth weight (31.6 %),
and evidence of an infectious/inflammatory event (7.9 %).

Discussion

Our study tested interobserver reliability on final MVM
diagnosis and MVM criteria according to the Amsterdam
consensus statement with variable agreement; only infarc-
tion reached substantial agreement (Table 2). The observed
discrepancy in interobserver agreement for infarcts be-
tween the two evaluation sessions is likely multifactorial.
Variation in case composition between sessions may have
influenced diagnostic reproducibility, as subtle or chronic
infarctions are inherently more difficult to distinguish from
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Table 2: Agreement levels on morphologic criteria.
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Morphological criterion p-Value Cohen’s kappa Strength of
coefficient® agreement
MVM criterion according to Amsterdam Accelerated villous maturation <0.001 0.290 Fair
consensus <0.001 0.210 Fair
Increased syncytiotrophoblastic knots 0.140 0.051 None to slight
<0.001 0.159 Slight
Decidual arteriopathy <0.001 0.213 Fair
<0.001 0.361 Fair
Infarct(s) 0.882 0.005 None to slight
<0.001 0.707 Substantial
MVM diagnosis (final) <0.001 0.260 Fair
<0.001 0.187 Slight
Additional tested criterion® Increased calcification <0.001 0.288 Fair
<0.001 0.477 Moderate
Increased inter-/ perivillous fibrin <0.001 0.120 Slight
depositions <0.001 0.228 Fair
Stromal fibrosis 0.728 0.013 None to slight
0.503 0.026 None to slight
Stromal hypercellularity <0.001 0.137 Slight
0.276 -0.039 None

Each criterion was assessed in two independent rounds of testing (1st line 2 first section, 2nd line £ second section). °No defined Amsterdam consensus
MVM criterion. "Interpretation of Cohen’s kappa value: <0: no agreement; 0.10-0.20: slight agreement; 0.21-0.40: fair agreement; 0.41-0.60: moderate
agreement; 0.61-0.80: substantial agreement; 0.81-0.99: near-perfect agreement; 1: perfect agreement.

dense inter- or perivillous fibrin than acute, well-
demarcated lesions. Likewise, very early infarcts, espe-
cially if not all criteria are fulfilled, may have led to differ-
ences in the interpretation.

Decidual arteriopathy (DA) reached fair agreement. This
could be due to the fact that DA is a collective term that
encompasses different findings, such as acute atherosis,
fibrinoid necrosis, mural hypertrophy, chronic peri-
vasculitis, absence of vascular remodeling of spiral arteries
among others [3], and not all criteria were always fulfilled.
Patchy distribution may also have contributed to interob-
server variability.

Accelerated villous maturation (AVM) attained fair
agreement. The definition provided by Amsterdam is broad,
and there are no precise reference values based on gesta-
tional age, so the interpretative cut-off point is likely to have
varied. Increased syncytiotrophoblastic knots, a sub-
criterion of distal villous hypoplasia (DVH), that often ac-
companies AVM, resulted in none to slight agreement,
despite proposed reference values [10]. As distal villous hy-
poplasia (DVH), which is recognized as more reliably diag-
nosed before GA of 32 weeks [3], increased syncytial knots
may be difficult to distinguish from a physiological increase
in preterm and term placentas, taking the cohorts’ compo-
sition into consideration (22/29 cases >32 weeks of GA).
Complementary tested criteria as increased inter-/peri-
villous fibrin depositions, which are often associated with

AVM [3], and have been suggested by other experts, obtained
slight to fair agreement [6, 11, 12]. Here too, the boundaries
between the physiological and pathological ranges, in rela-
tion to the respective week of pregnancy, are blurred and
have not yet been sufficiently defined. While placental cal-
cifications are considered within a range of normal aging to
a certain extent at term and above, the early occurrence of
placental calcifications (<36 weeks) can be a morphological
correlate of underlying placental dysfunction. The agree-
ment levels were slightly better but require further analysis.

The restricted number of cases in our study and the
availability of only one central histological section per case
represent limitations which might have impact on general-
izability. Future large-scale studies also incorporating clinical
data and gross findings could make a valuable contribution to
a better understanding and greater consistency.

A recent work showed an association of MVM with
adverse fetal outcome when reduced placental weight (<10th
percentile), AVM, DA, infarcts, DVH, and increased multi-
nucleated basal plate trophoblast were evident [9]. In
another pattern-based study on preeclampsia, two different
classes of MVM were identified, with low-grade MVM
including villous lesions only, while high-grade MVM
encompassed both villous and maternal vascular lesions
[13]. Moreover, the MVM pattern associated with a status of
inflammation or infection has rarely been addressed to
date [8].
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Regarding the incidence of MVM (32.8 % at term, 50.6 %
at preterm), recurrence risk and potential maternal and
neonatal or long-term offspring outcomes [6-8], it is crucial
that pathologists are consistent in their diagnosis. When
applying standardized definitions of Amsterdam, the overall
agreement in our study was only slight to fair with consid-
erable differences in the interpretations. Currently, there is
no agreement on ‘must-haves’ and additional criteria for
subclassifications, grading and staging of MVM [4, 6, 7].

The Amsterdam workshop consensus, published in 2016,
aimed to create a unified placental classification system,
based on suggested pathological patterns and criteria [3, 4],
and to achieve higher interrater agreement and reliability
[6]. After almost 10 years, the importance of revision is clear;
the criteria require refinement.

The necessity of clinical data, more stringent placental
submission according to indication and following guidelines
by obstetricians and midwives [1, 14] (Table 1), and the need
for diagnosis by trained perinatal pathologists should be
emphasized [15].
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