
36

The etiologies underlying intrauterine growth restriction 
(IUGR) are not fully understood, but histologic evaluation of 
the placentas from IUGR pregnancies has significantly contrib-
uted to our understanding of the involved pathophysiology in-
volved. An impairment in the invasion of fetal trophoblast cells 
into the maternal decidua has been hypothesized as a cause of 
placental insufficiency and this leads to IUGR.1 The gross find-
ings of placentas from IUGR pregnancies include a reduced 
placental weight, a thin umbilical cord, and parenchymal loss. 
The examples of the histologic findings include changes in the 
terminal chorionic villi such as increase syncytial knots or vil-
lous infarcts by maternal underperfusion, fetal blood supply ab-
normalities due to fetal thrombotic vasculopathy, and inflam-
matory conditions of the placental membrane such as chorio-
amnionitis.1,2 

The severity of IUGR has been proposed based on Doppler 
velocimetry of the umbilical artery and this measurememt re-
flects different degrees of placental insufficiency.3 Doppler velo-
cimetry of the umbilical artery is used to evaluate the patholog-

ically small fetus, which is caused by aberrant uteroplacental 
perfusion, and a fetus with absent or reversed end diastolic ve-
locity (AREDV) of the umbilical artery: both types of fetuses 
require maternal hospitalization and daily fetal monitoring be-
cause of the high fetal mortality.4 Histopathologic studies have 
suggested that abnormal Doppler velocimetry is correlated with 
pathologic lesions of the placenta that are characterized by oblit-
eration of the arterioles in the tertiary stem villi.5 AREDV is a 
strong indication of placental insufficiency and it is a significant 
at-risk indication for the progression of fetal acidosis, fetal dis-
tress, a low Apgar score, and even perinatal death.6-8

There are many studies that have focused on the pathology of 
the placenta in various circumstances. The aim of this study was 
to identify the pathologic findings of the placentas in IUGR 
pregnancies which show different rate of occurrence between 
the placentas with and without AREDV, and to suggest the 
possible pathogenic mechanisms of AREDV at the level of the 
placenta. 
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MATERIALS AND METHODS

The research subjects

This study was approved by the Clinical Study Medical Eth-
ics committee (VC10E1S10035) and written informed consent 
was obtained from all the subject. Among the pregnancies di-
agnosed with IUGR and that were delivered in the Department 
of Obstetrics at the Catholic University of Korea of St. Vincent’s 
Hospital, the umbilical arterial blood flow was measured within 
1 week prior to delivery. The study subjects were divided into 
the following two groups: IUGR with AREDV (the AREDV 
group, n=18); and IUGR only (the control group, n=17). In 
this study, IUGR was defined when the actual birth weight was  
less than the 5th percentile birth weight for the gestational age 
according to the definition of Seeds.9

Research methods

The medical records from the IUGR pregnancies with or with-
out AREDV and the pathologic examinations of the placentas 
were included in this study. The clinical information included 
the maternal age, parity, the co-existing obstetric diseases such 
as pre-eclampsia or gestational diabetes mellitus, the mode of 
delivery, the gestational age at delivery, the birth weight, gen-
der, and the Apgar scores. Among them, the birth weights were 
adjusted for the gestational age.10

Placental pathologic examination

The placental sizes and weights, the gross findings of the pla-
centas such as chorangiomas and hematomas, and the gross find-
ings of the umbilical cords including the single umbilical artery 
and cord knots, were recorded. The percentage of placental wei
ght was calculated based on the mean placental weight for the 
corresponding gestational age.11 The placentas were fixed in 
formalin. From each placenta, four tissue samples were embed-
ded in paraffin blocks for microscopic assessment, as follows: 
one section from the free membrane, one section from the um-
bilical cord, and two sections from the full thickness placenta. 
All the pathologic examinations were performed by one pathol-
ogist. The placental pathology has been classified differently in 
the various reports.12-16 In this study, the pathologic findings of 
the placentas were divided into two groups. The one group in-
cluded the lesions found in the fetal membrane, including the 
umbilical cord, the chorionic membrane and the decidua pari-

etalis, and the other group included the lesions found in the 
placenta proper. The definition of these findings was based on 
the criteria suggested by the Perinatal Section of the Society for 
Pediatric Pathology and other reports that focused on placental 
pathology.12,14,17-21 The lesions found in the fetal membrane 
included acute chorioamnionitis, chronic deciduitis, mural hy-
pertrophy of the decidual arteries, acute atherosis, thrombi of 
the large fetal vessels and an intimal fibrin cushion of the large 
fetal vessels, and the lesions found in the placenta proper in-
cluded villous infarct, an increased syncytial knot, villous ag-
glutination, increased intervillous fibrin, distal villous hypopla-
sia, avascular villi, villous stromal-vascular karyorrhexis, chronic 
villitis, fetal thrombotic vasculopathy, advanced villous matura-
tion, chorangiosis, acute atherosis and persistent muscularization 
of the basal plate artery. Because syncytial knots are the usual 
finding in the ordinary placenta, only the severe syncytial knots 
(more than 30% of the parenchyma) were counted. Also, because 
acute atherosis was found not only in the deciduas parietalis but 
also in the placenta proper, it was included in both sites. 

Statistical analysis

The data is presented as the mean ±  standard deviation. Data 
analysis was performed with SAS ver. 8 (SAS Inc., Cary, NC, 
USA). Student’s t-test was used to compare continuous variables 
(maternal age, gestational age, birth weight, gravidity, parity, 
and placental weight); a chi-square test or Fisher’s exact test was 
used for some of the clinical categories and the placenta patho-
logic findings. For all the statistical analyses, a p-value<0.05 
was considered significant.

RESULTS

Clinical characteristics 

Table 1 shows a comparison of the clinical characteristics be-
tween the AREDV and control groups. The mean maternal age 
was not significantly different between the 2 groups (31.6 years 
and 30.6 years, respectively). Numerically, the birth weights 
(1,107 g and 1,862 g, respectively) were considerably lower in 
the AREDV group than that in the control group, but when 
the birth weights were adjusted according to the gestational 
age,10 all of the neonates in both groups were in the 10th or 25th 
percentile, and the differences were not statistically significant. 
Pre-elcampsia, a non-stress test, and fetal distress were detected 
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more frequently in the patients with AREDV than that in the 
control group. 

Placental characteristics

The placental gross findings are summarized in Table 2. The 
placental histopathologic characteristics are shown in Table 3. 
The placental diameter and weight were considerably less in the 
AREDV group (14.07±1.39 cm and 265.83±54.2 g, respec-
tively) compared with that in the control group (16.27±2.07 cm 
and 432.29±151 g, respectively). When the placental weight 
was adjusted for gestational age, the placental weight percen-
tiles were significantly lower in the AREDV group than that in 
the control group.11 The fetoplacental weight ratio was not sig-
nificantly different between the two groups. Two cases of mar-

ginal insertion of the umbilical cord were detected in the con-
trol group and one case of meconium staining occurred in the 
AREDV group. No other gross pathologic findings, such as a 
single umbilical artery, hematomas, and chorangiomas, were 
found in either group. 

Histopathologically, specific lesions were not found in the um
bilical arteries of either group. In the fetal membranes, the rates 
of chronic deciduitis, mural hypertrophy of the decidual arteries 
and an intimal fibrin cushion of the large fetal vessels were sig-
nificantly higher in the AREDV group compared to that of the 
control group (p=0.007, p=0.045, and p=0.004, respectively) 
(Fig. 1). In the placenta proper, the rates of increased syncytial 
knots, villous agglutination, avascular villi, villous stromal-vas-
cular karyorrhexis, and acute atherosis were significantly higher 
in the AREDV group compared to that of the control group 
(p=0.000, p=0.003, p=0.035, p=0.003, and p=0.019, re-
spectively) (Fig. 2). Although villous infarct, distal villous hy-
poplasia, fetal thrombotic vasculopathy, advanced villous matu-
ration and chorangiosis were more frequently found in the AR
EDV group compared to that in the control group, the differ-
ences were statistically insignificant (Fig. 3). 

Table 1. Maternal and neonatal characteristics between the two 
groups

AREDV 
(n=18)

Control
(n=17)

p-value

Maternal age (yr) 31.5±4.26 30.6±4.23 0.505a

Gravidity (n) 2.11±1.61 2.18±2.51 0.927a

Pre-eclampsia (%) 77.77 35.29 0.011b

Diabetes mellitus (%)   5.55 0 0.331c

Oligohydramnios (%) 44.44 29.41 0.358b

Non-reactive NST (%) 72.22 11.76 0.000c

Fetal distress (%) 100 17.65 0.000c

Cesarean section (%) 100 70.59 -
Birth weight (g) 1,107±0.36 1,862±0.26 0.000a

Birth weight percentile 0.407b

   Numbers within 10% 12 9
   Numbers within 25%   6 8
Perinatal death (%) 5.56 0 -

aStatistical significance test was determined by student’s t-test; bStatistical 
significance test was determined by chi-square test; cStatistical significance 
test was determined by Fisher’s exact test.
AREDV, absent or reversed end diastolic velocity; NST, nonstress test.

Table 2. Gross characteristics of the placentas 

AREDV 
(n=18)

Control
(n=17)

p-value

Size (cm)   14.07±1.39 16.27±2.07 0.001
Weight (g) 265.83±54.2 432.29±151.3 0.000
Placental weight 
  percentagea (%)

    75.97±12.58   98.85±34.93 0.003

Fetoplacental weight ratio     0.26±0.06   0.23±0.07 0.282
Single umbilical artery (%)     0   0 -
Membranous insertion (%)     0   0 -
Marginal insertion (%)     0   2 -
Hematoma (%)     0   0 -
Chorangioma (%)     0   0 -
Meconium staining (%)     1   0 -

aPlacental weight/mean placental weight of the corresponding gestational 
age.

Table 3. Histopathologic findings of placentas

AREDV
(n=18)

Control 
(n=17)

p-value

Lesions of umbilical cord, chorionic membrane 
  and decidua parietalis
    Funisitis and umbilical vasculitis   0 0 -
    Acute chorioamnionitis   1 0 1.000
    Chronic deciduitis 13 4 0.007
    Mural hypertrophy of decidual arteries   5 0 0.045
    Acute atherosis   8 2 0.060
    Thrombi of large fetal vessels   1 1 1.000
    Intimal fibrin cushions of large fetal vessels 12 5 0.044
Lesions of placenta proper and implantation site
    Villous infarct   7 2 0.121
    Increased syncytial knots 15 3 0.000
    Villous agglutination 10 1 0.003
    Increased intervillous fibrin   7 8 0.738
    Distal villous hypoplasia   8 4 0.289
    Avascular villi 10 3 0.035
    Villous stromal-vascular karyorrhexis 10 1 0.003
    Chronic villitis (VUE)   1 0 1.000
    Fetal thrombotic vasculopathy   2 1 1.000
    Advanced villous maturation   3 0 0.229
    Chorangiosis   3 0 0.229
    Acute atherosis   6 0 0.019
    Persistent muscularization of basal 
      plate arteries 

  0 0 -

AREDV, absent or reversed end diastolic velocity; VUE, villitis of unknown 
etiology.
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DISCUSSION

The definition of IUGR is currently not completely settled,20 

but in this study, IUGR was defined when the actual birth wei
ght was less than the 5th percentile of birth weight for the ges-
tational age according to the definition of Seeds.9 In the present 
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Fig. 1. (A) Histopathologically, chronic deciduitis is characterized by a lymphohistiocytic infiltration with plasma cells in the deciduas. (B) Nec-
rotizing deciduitis is found in 1 case of absent or reversed end diastolic velocity group. (C) Mural hypertrophy of the arterioles in the decidua 
parietalis. (D) Acute atherosis, which is characterized by fibrinoid necrosis of the arterial smooth muscle, is seen in the deciduas. (E) Thrombi 
and features of vasculitis are found in the fetal vessels in the chorionic plate. (F) An intimal fibrin cushion composed of subendothelial fibrinoid 
deposits is noted within the walls of the large fetal vessels. 
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study, differences in the histopathologic findings between the 
placentas from pregnancies complicated by IUGR with and 
without AREDV were noted. The gross and microscopic patho-

logic examinations of the placenta are invaluable tools for eluci-
dating the pathophysiology underlying IUGR, and they can 
help us understand the causes and risks of recurrence.12 Placen-
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Fig. 2. (A) Infarction of the chorionic villi is noted near the chorionic plate. (B) Increased syncytial knots are characterized by aggregates of 
syncytiotrophoblast nuclei along the stem or distal villi. (C) Villous agglutination is seen as clusters of adherent distal villi agglutinated by fibrin 
and/or bridging syncytial knots. (D) Distal villous hypoplasia is found, which shows a small size and a decreased number of distal villi. (E) Avas-
cular villi are characterized by terminal villi showing the total loss of villous capillaries and bland hyaline fibrosis of the villous stroma. (F) In vil-
lous stromal-vascular karyorrhexis, the nuclear debris of fetal cells can be noted in the stroma of the terminal villi.
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tal insufficiency is the most common pathophysiologic cause of 
IUGR. In pregnancies complicated by IUGR, some fetuses have 
abnormal Doppler velocimetry of the umbilical artery, whereas 
other fetuses have normal Doppler velocimetry of the umbilical 
artery. Doppler velocimetry of the umbilical artery can be useful 
for distinguishing small, but normally growing fetuses from 
pathologically small fetuses,6 and it can be effective to help pre-
vent perinatal mortality or morbidity by anticipating and plan-
ning for fetal compromise. AREDV is a severe form of placental 
insufficiency. 

The placental pathology in IUGR pregnancies with AREDV 
varies and this includes an abnormal placental shape, marginal 
cord insertion, and maldevelopment of the peripheral chorionic 
villi.22-24 Defective extravillous trophoblast invasion and a re-
duction of the inter-villous blood flow may be responsible for 
the development of ischemic lesions in the placenta.22,23 Pla-
cental pathology has been classified into inflammatory lesions 

A B
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Fig. 3. (A) In chronic villitis, lymphocytic and histiocytic infiltrations are found in the villi. (B) Fetal thrombotic vasculopathy that’s characterized 
by obliterative vasculopathy is noted in the stem villi. (C) In this case of a 27 gestational week pregnancy, advanced villous maturation is not-
ed, which has similar histologic features as that of a near term placenta. (D) Chorangiosis is characterized by increased capillaries in the ter-
minal villi.

and vasculopathies in several reports.14,25,26 For example, Salafia 
et al.25 classified the lesions according to the categories of intra-
placental vaso-occlusion, uteroplacental vasculopathy, and in-
flammatory conditions, and they found that the AREDV cases 
had more fetal stem villi with medial hyperplasia and luminal 
obliteration, more poorly vascularized terminal villi, villous stro-
mal hemorrhage, hemorrahgic endovasculitis, and abnormal 
thin-walled fetal stem vessels. The Perinatal Section of the Soci-
ety for Pediatric Pathology has recently classified the pathology 
of the placenta into inflammatory lesions, maternal vascular ab-
normalities and fetal vascular abnormalities. In addition, they 
suggested the definitions of these lesions. In this study, the in-
terpretation of most of the pathologic items described in the his-
topathology were largely based on these definitions.17-19 Among 
the lesions that occurred in the fetal membrane, acute chorio-
amnionitis means a diffuse-patch infiltration of neutrophils in 
the fibrous chorion and/or amnion. Although chronic deciduitis 
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was not included in this definition, it is defined as a lymphohis-
tiocytic infiltration with plasma cells in the deciduas.20,21 Mural 
hypertrophy of the decidual arteries is thickening (mean wall 
diameter>30% of the mean circumference) of the maternal ar-
terioles in the decidua parietalis. Acute atherosis means fibri-
noid necrosis of the arterial smooth muscles in the muscularized 
maternal arteries of basal plate, the marginal zone and/or the 
membranous deciduas. Thrombi of large fetal vessels means or-
ganized blood clots, occlusive or nonocclusive, of any age and 
that compromise the lumina of the fetal vessels in the chorionic 
plate or the proximal portion of the villous tree. Intimal fibrin 
cushion of the large fetal vessels is subendothelial or intramus-
cular fibrin or fibrinoid deposition within the walls of the large 
fetal vessels. Among the lesions that occurred in the placenta 
proper, villous infarct is coagulation necrosis of the chorionic 
villi. An increased syncytial knot means aggregates of syncytio-
trophoblast nuclei along the stem villi or at one or more poles 
of the distal villi. Villous agglutination is defined as clusters of 
adherent distal villi agglutinated by fibrin and/or bridging syn-
cytial knots accompanied by stromal fibrosis, cellular degenera-
tion or karyorrhexis. Increased intervillous fibrin means abnor-
mal amounts of intervillous fibrin that either coat the proximal 
stem villi or that are eccentrically adherent to the distal villi. 
Distal villous hypoplasia means the modal diameter of the dis-
tal villi is decreased. In avascular villi, three of more foci of two 
or more terminal villi show the total loss of villous capillaries 
and bland hyaline fibrosis of the villous stroma. Villous stromal-
vascular karyorrhexis means three or more foci of two or more 
terminal villi showing karyorrhexis of fetal cells with preserva-
tion of the surrounding trophoblast. In chronic villitis lympho-
cytic, a histiocytic infiltration is seen in the terminal villi.14 Fe-
tal thrombotic vasculopathy is obliterative vasculopathy in the 
stem villi. Chorangiosis, is vascular hyperplasia of the terminal 
chorionic villi, and this is defined as the occurrence of 10 or more 
villi with 10 or more capillaries in 10 low-power microscopic 
fields of the non-infarcted placental areas.27

In the current study, we did note significant differences in the 
pathologic findings such as chronic deciduitis, mural hypertro-
phy of the decidual arteries, an intimal fibrin cushion of the large 
fetal vessels, increased syncytial knots, villous agglutination, 
avascular villi, villous stromal-vascular karyorrhexis, and acute 
atherosis between the IUGR pregnancies with AREDV and 
those without AREDV. These results show that maternal or fe-
tal vascular abnormalities may play an essential role in the gen-
eration of placental insufficiency, which in turn causes AREDV 
on the Doppler velocimetry. Chronic villitis and villous stromal 

hemorrhage have been reported to occur more often in the IU
GR placentas by other investigators,26,28 and this is in contrast 
to our findings. Moreover, villous infarcts and syncytiotropho-
blastic knots were not reported in the AREDV group by other 
investigators,25 yet syncytiotrophoblastic knots were found sig-
nificantly more often in the current study. Of the inflammatory 
conditions, including acute chorioamnionitis, chronic chorio-
amnionitis, acute necrotizing deciduitis or chronic deciduitis, 
only chronic deciduitis was significantly associated with the 
IUGR pregnancies with AREDV. Embryologically, impairment 
of trophoblast invasion into the maternal spiral arteries begin-
ning in the 1st trimester results in restriction of stem villi growth 
and an increase in the fetoplacental flow resistance, which dis-
plays an abnormal Doppler waveform. The villi from IUGR 
pregnancies with AREDV demonstrate poor vascular develop-
ment, poor cytotrophoblast proliferation, syncytiotrophoblastic 
aging, and excessive syncytiotrophoblastic knotting.23 We think 
that the results of our current study support this pathogenesis. 
These histopathologic phenomena are associated with poor trans-
fer of oxygen and nutrients to the fetus, which results in patho-
logic IUGR. 

We are aware of the limitations to our study. First, the gesta-
tional age was significantly different between the two groups. 
Second, the number of patients was small. Above all, not only 
the cases of AREDV, but also those of IUGR were not sufficient 
to compare the clinical and pathologic findings according to 
gestational age. Therefore, although the fetal birth weights and 
placental weights could be adjusted according to gestational age, 
there were some difficulties when comparing the pathologic 
findings of the placenta. But when we remember on one hand 
that in the developmental process of the placenta, the first and 
second trimesters are characterized by the formation of mesen-
chymal villi, immature intermediate villi and finally stem villi 
with the establishment of an arterio-venous network, and dur-
ing the third trimester the complete form of placentas are es-
tablished by the formation of mature intermediate villi and ter-
minal villi,23,29,30 and on the another hand that when compari-
sons of the histologic states were done between the two groups 
of this study and the placental formations were generally com-
patible with the third trimester stage, except for two cases of 
AREDV that showed advanced maturation of villi, we think 
that the comparisons of the pathologic findings of the placenta 
in this study were not forced into interpretation. Of course, a 
more precise study may be possible when sufficient cases become 
available. Despite these limitations, we conclude that IUGR 
with AREDV has more defects in the maternal and fetal vascu-
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latures than does IUGR without AREDV. Thus, although pa
thologic examination of the placenta may not be a primary tool 
for the diagnosis of pathologic IUGR, the histopathologic find-
ings can be informative for understanding the pathophysiology 
underlying IUGR.

In summary, we observed that the extent of maternal or fetal 
vascular abnormalities, and especially mural hypertrophy of the 
decidual arteries, an intimal fibrin cushion of large fetal vessels, 
increased syncytial knots, villous agglutination, avascular villi, 
villous stromal-vascular karyorrhexis, and acute atherosis, result 
in abnormal blood flow of the umbilical arteries. In addition, the 
pathologic findings described in this study may provide helpful 
guidelines for the interpretation of the pathology slides of the 
placenta associated with IUGR.
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