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ORIGINAL ARTICLE

Maternal vascular malperfusion in spontaneous preterm birth placentas
related to clinical outcome of subsequent pregnancy

Laura Vissera , Hannah van Buggenuma, J. Patrick van der Voornb, Lotte A. P. H. Heestermansa,
Kees W. P. Hollandera, Maurice G. A. J. Woutersa, Christianne J. M. de Groota and Marjon A. de Boera

aDepartment of Obstetrics and Gynecology, Amsterdam UMC - Locatie Vrije Universiteit Amsterdam, Amsterdam, The Netherlands;
bDepartment of Pathology, Amsterdam UMC - Locatie Vrije Universiteit Amsterdam, Amsterdam, The Netherlands

ABSTRACT
Introduction: Spontaneous preterm birth (SPTB) has several causes and its pathophysiology
remains unclear. In a significant proportion of SPTB, placental histology shows signs of maternal
vascular malperfusion (MVM); commonly associated with hypertensive disorders of pregnancy
(HD), fetal growth restriction (FGR) and placental abruption, together referred to as clinical ische-
mic placental diseases (IPD). We hypothesized that women with SPTB and placental MVM are at
elevated risk for IPD in a subsequent pregnancy.
Methods: We included women with SPTB in our cohort and followed the subsequent ongoing
pregnancy (n¼ 110). Histological placental characteristics in the index were reported according
to new international guidelines, and related to the clinical outcome of the subse-
quent pregnancy.
Results: In the SPTB placentas, we observed MVM in 61.8% (n¼ 68). In the subsequent pregnan-
cies in 19.1% (n¼ 21) at least one clinical sign of IPD was present (HD (12.7%), FGR (5.5%) or
placental abruption (0.9%)). There was no significant difference in the prevalence of clinical IPD
or recurrence of SPTB in the subsequent pregnancy between women with and without placental
MVM in the index pregnancy, although our study was not powered to detect small differences.
Discussion: Women with a history of SPTB have an elevated risk of IPD in the subsequent preg-
nancy. MVM is present in a large proportion of SPTB placentas. The presence of placental MVM
in the index pregnancy does not predict clinical IPD or recurrent SPTB in a subse-
quent pregnancy.
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Introduction

Preterm birth (<37 weeks of gestational age (GA)) is the
leading cause for neonatal morbidity and mortality [1].
Despite the attention to spontaneous preterm birth
(SPTB) in medical research, the etiology of SPTB remains
largely unexplained [2]. It is considered a syndrome
caused by multiple mechanisms such as infection,
inflammation, utero-placental ischemia, hemorrhage,
stress, uterine over distention and other immunologic-
ally mediated processes [3]. In some cases, the cause of
SPTB can be identified through histopathological evalu-
ation of the placenta. Histopathologic signs of increased
inflammation, excessive response to or stimulation of
infection and oxidative stress are known promotors and
have been demonstrated in SPTB [4] as well as in fetal

growth restriction (FGR) and preeclampsia [5]. A signifi-
cant proportion of SPTB placentas shows maternal vas-
cular malperfusion (MVM) [6]. MVM is the most
common histological placental finding in pregnancies
complicated by hypertensive disorders of pregnancy
(HD), FGR or placental abruption, together referred to as
clinical ischemic placental diseases (IPD).

Shared inflammatory processes and genetic deter-
minants have been suggested as mechanisms of
action for both SPTB and cardiovascular disease [7].
Placental vascular lesions and placental bed pathology
are common findings in women with a SPTB [8–11]. In
a subset of patients with SPTB [12], abnormal angio-
genic/antiangiogenic profile in maternal plasma is
seen, as well as in women with preeclampsia. This
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suggests an overlap in etiology of preeclampsia and
SPTB. Additionally, increased resistance in midtrimester
Doppler measurement of uterine artery flow is associ-
ated with an increased risk of SPTB [13], as well as
with preeclampsia and growth restriction. Also, fetal
growth restriction is associated with both SPTB and
hypertensive disorders of pregnancy [14]. Moreover, in
the long-term, women with a SPTB seem to have an
increased risk of developing cardiovascular disease
later in life [15,16]; analogous to preeclampsia.

Previous research focusing on (S)PTB and placenta
pathology is extensive, however until recently no
international consensus existed on how to report on
placental pathology. Therefore, comparison of results
proved to be difficult. In 2016, the Amsterdam
Placental Workshop Group Consensus Statement was
published. This contains a standardized, reproducible,
and biologically based classification system, of histo-
logical evaluation of the placenta [17].

Systematic and standardized placental histologic
evaluation after an SPTB might assist in uncovering
possible causes of SPTB for the purpose of diagnosis,
prevention and treatment in a subsequent pregnancy
[18]. Women with a history of SPTB and histological
signs of MVM in the placenta might benefit more
from a treatment with focus on attacking the patho-
logical process of development of MVM, by for
example low dose aspirin use (which is proven to be
effective in reducing recurrent FGR and/or preeclamp-
sia [19]) together with or instead of standardized treat-
ment with progesterone in order to reduce recurrent
SPTB. Insight in the contribution of MVM to the
genesis of SPTB might therefore lead to more “tailor-
made” preventive management in a subsequent preg-
nancy after SPTB.

We hypothesized that women with a SPTB, and in
particular women who also have histological signs of
placental MVM, have an increased risk of developing
(other) clinical IPD such as HD and FGR in a subse-
quent pregnancy. The aim of this study was to
describe placental histological characteristics in
women with SPTB by using an international accepted
classification with special attention to MVM, and to
relate these findings to the prevalence of clinical IPD
in the subsequent pregnancy.

Materials and methods

This is a cohort study of women of with a history of
SPTB, which was defined as preterm birth (<37 weeks
of gestational age) after spontaneous onset of contrac-
tions or after preterm prelabor rupture of membranes

(PPROM). The subsequent pregnancy was followed for
clinical outcome.

Study subjects

Women were included if a SPTB occurred between 16
and 37 weeks of gestation [20] in the Amsterdam
UMC, location VU Medical Center in Amsterdam, the
Netherlands from January 2004 to December 2014,
and the antenatal care of the subsequent pregnancy
was provided in our hospital and placental tissue of
the index pregnancy was available for histopatho-
logical evaluation. We excluded women with multiple
gestations (both in index and subsequent pregnancy),
fetal congenital malformations, congenital malforma-
tions of the uterus and delivery <16 weeks of gesta-
tion in both pregnancies. For the selection of women,
an electronic database was used containing data of all
women with a previous SPTB under care in our dedi-
cated antenatal care clinic for a subsequent pregnancy.

Outcome

Our primary outcome measure was presence of one or
more clinical phenotypes of IPD in the subsequent
pregnancy. We defined IPD as presence of at least one
of three obstetric complications; HD (preeclampsia,
HELLP-syndrome and pregnancy induced hyperten-
sion), FGR or placental abruption. HD were defined
according the International Society for the Study of
Hypertension in Pregnancy (ISSHP)-classification [21].
Fetal growth restriction (FGR) was defined as a
birthweight< P10 on the Dutch reference curves for
birthweight by gestational age (separate for parity and
sex) [22] or birth weight< P10 plotted on the Hadlock
3 fetal growth curve [23,24]. Abruption of the placenta
was defined as a clinical diagnosis of (partial) detach-
ment of the placenta from the uterine wall prior
to delivery.

Outcomes and covariates

We collected general data concerning characteristics,
general and obstetric medical history from an elec-
tronic database for both the index and the subse-
quent pregnancy. Missing or incomplete data were
completed by reviewing medical records. We analyzed
demographic and obstetric characteristics including
maternal age at delivery of the index pregnancy, eth-
nicity, mean gestational age at delivery, mode of con-
ception, Body Mass Index (BMI), intoxications,
educational level based on occupation, interpregnancy
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interval. We also recorded comorbidity that could pos-
sibly be of influence on the primary outcome includ-
ing; presence of cardiovascular disease such as
(gestational) diabetes and preexisting hypertension.

Histological examination

Histological examination of preserved placental tissue
was performed by a clinical pathologist specialized in
perinatal pathology (PvdV) who was blinded to the
outcome of the subsequent pregnancy. The classifica-
tion was performed according to the recently formu-
lated international consensus (by the Amsterdam
Placental Workshop Group) for the histopathological
evaluation of placentas [17]. This classification distin-
guishes three main pathological placental processes;
vascular, inflammatory-immune and other. MVM
describes pathological placental processes leading to
clinical phenotypic expressions of IPD such as HD and
FGR and is often referred to as (utero-)placental insuf-
ficiency in previous publications. Characteristics of
MVM are defined as placental hypoplasia (defined as
placenta weight below the 10th percentile [25]), (early
or late) accelerated villous maturation (AVM), infarction
of more than 5% of the placenta, (focal or diffuse) dis-
tal villous hypoplasia, retro-placental hematoma and
decidual arteriopathy. Based on the histopathological
characteristics, the women were divided into women
with and without MVM. Positive for MVM was defined
as any one of these features present. Potential intra-
amniotic infection was screened for by screening for
acute chorioamnionitis (defined as neutrophils in the
chorionic plate) or funisitis.

Statistics

The combination of the histological characteristics
(normal perfusion, mild and severe signs of MVM) and
the clinical manifestation of IPD in the index preg-
nancy, were compared by using either a chi square,
Fisher’s exact, one-way ANOVA or Kruskal Wallis test.

The prevalence of IPD in the subsequent pregnancy
in women with a previous SPTB, with either mild,
severe and no signs of MVM during examination of
placenta in the index pregnancy, were also compared
by using chi square test and Fisher’s exact test for dis-
crete variables. A one-way ANOVA test was performed
to compare the continuous data, provided the data
were normally distributed. When data were not nor-
mally distributed, a Kruskal–Wallis test was used. We
used a 95% confidence interval.

We compared women with normal perfusion of the
placenta to women with signs of MVM in the placenta.
For these analyses, we performed a chi square or
Fisher’s exact test for discrete variables and an inde-
pendent t-test (if normally distributed) or nonparametric
test (if not normally distributed) for continu-
ous variables.

Because diabetes and cardiovascular disease are
associated with MVM and clinical IPDs [26], the three
groups (normal perfusion, mild and severe signs of
placental MVM) were compared in prevalence of these
diseases. The data were analyzed with the Statistical
Package for the Social Science software, version 22.

Results

After application of our in- and exclusion criteria, we
have evaluated 110 women. The mean maternal age
was 30.3 years (SD 4.7) at birth of the index pregnancy
and 70.9% were nulliparous. The mean GA at birth of
the index pregnancy was 27.7 weeks (16.80–36.71 weeks);
51% (n¼ 56) had an extreme premature birth (GA <

28 weeks), 36.4% (n¼ 40) an early premature birth (GA
28–34 weeks) and 12.7% (n¼ 14) a late premature
birth (34–37 weeks). The clinical characteristics of the
index and subsequent pregnancy are presented in
Table 1.

In the index pregnancy, besides the SPTB, clinical
signs of IPD were seen in 20.9% (n¼ 23) of the
women; 0.9% (n¼ 1) developed preeclampsia, 7.3%
(n¼ 8) developed pregnancy induced hypertension,
1.8% (n¼ 2) had an abruption of the placenta and
10.9% (n¼ 12) delivered a neonate with a birth
weight<p10 on either the growth curves for
neonates (n¼ 1) or Hadlock 3 fetal growth
curves (n¼ 11).

Evaluation of the preserved placental tissue
revealed MVM in 61.8% (n¼ 68) of cases. Accelerated
villous maturation was most prevalent with 48.2%
(n¼ 53), followed by placental hypoplasia 23.6%
(n¼ 26). Classification of the characteristics of the
observed MVM can be found in Table 2. In 31.8%
(n¼ 35) of cases, MVM was classified as mild, in 30%
(n¼ 33) as severe. Severe fetal vascular malperfusion
was observed in 12.7% (n¼ 14). Maternal and fetal
inflammatory response was observed in 51.8% (n¼ 57)
and 46.4% (n¼ 51), respectively.

In the placentas with MVM, maternal inflammatory
response was observed as a secondary finding in
42.6% (n¼ 29) and fetal inflammatory response in
36.8% (n¼ 25) of the placentas with MVM. In 19.1% of
the subsequent pregnancies, IPD was diagnosed and
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classified as 2.7% (n¼ 3) preeclampsia, 10% (n¼ 11)
pregnancy induced hypertension, 5.5% (n¼ 6) birth
weight< P10 and 0.9% (n¼ 1) abruption of
the placenta.

Hypertensive disorders of pregnancy occurred in
16.2% of women with MVM versus 7.1% in women
without MVM, this was not statistically significant.
Also, difference in the prevalence of other IPD in the
subsequent pregnancy between women with or with-
out MVM were not significantly different. Neither a dif-
ference in recurrent SPTB was seen in women with
MVM in the first pregnancy (31.8%) compared to

women without MVM (26.2%), see Table 3. Three
women used low dose aspirin in the subsequent preg-
nancy because of a history of eclampsia, hypertension
and antiphospholipid syndrome. Prevalence of comor-
bidity did not differ between the group with and with-
out MVM. Subgroup analyses of mild and severe MVM
also showed no significant difference.

Discussion

In the present cohort study, we observed MVM in
61.8% (n¼ 68) of SPTB placentas. This rate is much
increased when compared to unselected (near)term
pregnancies. A large prospective cohort study in an
unselected at or near-term population observed MVM
in 8% (n¼ 90) of 1.122 pregnancies [27].

No statistical significant difference was found in the
prevalence of clinical IPD in the subsequent pregnancy
between women with or without MVM in the placenta
of the index pregnancy. In the subsequent pregnan-
cies, we observed a hypertensive disorder of preg-
nancy in 12.7% (n¼ 14). The incidence of hypertensive
disorders of pregnancy was increased when compared
to national epidemiological data from the Dutch
Perinatal Registry, where hypertensive disorders of
pregnancy were recorded in 5.6% (n¼ 18.332) of
329.300 multiparous women without a history of SPTB
[28]. Our study shows an increased risk of

Table 2. Placental histological characteristics of the
index pregnancy.
Characteristic n (%) of cohort

Any sign of maternal vascular malperfusiona 68 (61.8)
Placenta hypoplasia (weight <10th percentile) 26 (23.6)
Infarction >5%

Early 12 (10.9)
Late 4 (3.6)

Distal villous hypoplasia
Focal 3 (2.7)
Diffuse 8 (7.3)

Accelerated villous maturation 53 (48.2)
Retroplacental hematoma 10 (9.1)
Decidual arteriopathy 0 (0)

Severe fetal vascular malperfusion 14 (12.7)
Maternal inflammatory response (�stage 2) 57 (51.8)
Fetal inflammatory response 51 (46.4)
aBecause of overlap, the total number of “sign of malperfusion” is lower
than the total count of the individual components.

Table 1. Clinical characteristics of index and subsequent pregnancy.
Characteristics n (%)

Non-Caucasian maternal ethnicity 36 (32.6)
Low educational level 25 (22.7)
Interpregnancy interval
0–12 months 38 (34.5)
12–60 months 70 (63.6)
>60 months 2 (1.8)

Pregnancy specific characteristics Index pregnancy Subsequent pregnancy

Parity, n (%)
0 78 (70.9)
1 24 (21.8) 78 (70.9)
2 6 (5.5) 24 (21.8)
�3 2 (1.8) 8 (7.3)

Weeks of GA, median (min–max) 27.7 (16.8–36.7) 38.8 (16.3–41.4)
<28 weeks, n (%) 56 (50.9) 6 (5.5)
28–34weeks, n (%) 40 (36.4) 8 (7.3)
34–37weeks, n (%) 14 (12.7) 18 (16.4)
>37 weeks, n (%) 76 (69.1)

Age in years, mean (SD) 30.3 (4.7) 32.7 (4.9)
BMI, n (%)
<18.5 kg/m2 2 (1.8) 1 (0.9)
18.5–25 kg/m2 56 (50.9) 48 (43.6)
25–30 kg/m2 20 (18.2) 29 (26.40)
>30 kg/m2 6 (5.5) 7 (6.4)

Smoking, n (%) 7 (6.4) 7 (6.4)
Diabetes, n (%) 3 (2.7) 6 (5.5)
Pre-existent 2 (1.8) 3 (2.7)
GDM 1 (0.9) 3 (2.7)

Fetal male gender, n (%) 68 (61.8) 51 (46.4)

GA: gestational age; SD: standard deviation; BMI: Body Mass Index; GDM: Gestational Diabetes Mellitus.
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hypertensive disorders of pregnancy in women with a
history of SPTB. Clinicians should therefore be aware
of an increased risk of hypertensive disorders in a sub-
sequent pregnancy in women with a history of SPTB.

More than half of the studied women had a history
of extreme premature birth. In 20.9% (n¼ 23) an
(other) clinical form of IPD was observed in the SPTB
pregnancy, more than half of these conditions
was FGR.

MVM seems to play a role, also in extreme prema-
ture births, even though this group is known to have
a higher rate of infection than late and early preterm
births [29]. The studied population of a tertiary obstet-
ric care center is possibly not representative for the
total SPTB population. As the prevalence of extreme
premature birth is over 50% in our cohort, in compari-
son with 5% in epidemiologic data [1]. Previous stud-
ies showed that MVM is most frequently observed in
moderate to late preterm births [30], therefore our
finding might be an underestimation. However, we
still observed MVM in 61.8% of the placentas. This
indicates an important role of MVM in the pathogen-
esis of SPTB, as one of the several factors leading to
(extreme) SPTB [31]. We did not find a difference in
recurrence of preterm birth depending on placenta
pathology of the first pregnancy. The fact that MVM
was found in such a large proportion of spontaneous
preterm birth placentas adds to the little evidence
that exists on the possible effect of low dose aspirin
in reducing the number of SPTB [32,33].

Percentile value for birth weight was only available
from 24 weeks onward. Therefore, due to the large
portion of extremely premature neonates in our
cohort, in 28.2% of cases the percentile for birth
weight and in 22.7% of growth on Hadlock 3 could
not be determined.

Another limitation of this study is the relatively
small number of cases. The studied cohort is not com-
prehensive enough to establish a statistically signifi-
cant association between MVM and clinical IPD in the
subsequent pregnancy. We conclude that the risk of

developing hypertensive disorders in subsequent
pregnancy after SPTB is elevated. In a large proportion
of SPTB placentas signs of MVM are seen, yet these
signs are not predictive of recurrent SPTB.
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