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Abstract Associations between specific placental histologi-
cal abnormalities and obstetric outcomes are reported.
However, most data are based either on high-risk cases or
relate to case–control studies selected from those with
abnormal placental histology findings, with the unavoidable
biases that these approaches entail. This study reports the
frequency of the several common, objective and predefined
histological abnormalities of the placenta as identified by
pathologists blinded to all clinical information. A total 1,153
women were recruited from an unselected population
delivering at 34–43 weeks. Histological findings in common
obstetric outcome groups were compared to those of the
unselected population, and odds ratios and predictive values
were calculated. Normal histological findings were present in
72.1% of pregnancies with normal outcomes and in 79.1%,
66.6%, 80%, and 74.8% of pregnancies affected by
pre-eclampsia (PET), pregnancy-induced hypertension
(PIH), gestational diabetes (GDM), and small for gestational
age (SGA), respectively. Chronic placental underperfusion
was seen more frequently in PIH (odds ratio (OR) 2) and
SGA (OR 1.4), while villitis of unknown aetiology was

observed more commonly in cases with PIH (OR 3.2). Fetal
thrombotic vasculopathy was twice as common in cases with
GDM whilst massive perivillous fibrin deposition was much
more frequent in those with PET (OR 20.2) and SGA (OR
8.9). Chorangiomata were 13 times more common in
pregnancies with PET. However, in all cases, positive
predictive values were low, with the majority of cases with
histological abnormalities being associated with normal
outcome. At term, specific placental histological lesions are
significantly more common in complicated pregnancies, but
the clinical significance of such lesions in a specific case
remains uncertain, since the majority will be identified from
clinically uncomplicated normal pregnancies.
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Introduction

Though recommendations for placental histological examina-
tion in the UK and USA exist [1, 2], the clinical significance
of many histologically detectable placental lesions remains
uncertain, especially in the context of an unselected low-risk
population. Most studies in this area are based on retrospec-
tive review of clinical cases from categories of abnormal
histological findings or abnormal obstetric outcomes; the
placentas thus submitted are by definition at increased risk of
being abnormal. In addition, since most studies are retro-
spective, reporting pathologists have had access to the
clinical information available at submission when reporting
the cases, introducing a source of bias. Clinical information
provided can significantly affect interpretation of placental
histological features [3]. Little data exist reporting the
frequency and pattern of histological lesions present in the
placenta in an unselected population at or near term, with
histological findings identified by pathologists entirely
blinded to all clinical information.
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Complications such as pre-eclampsia (PET), pregnancy-
induced hypertension (PIH), gestational diabetes (GDM), and
small for gestational age (SGA) are associated with prematu-
rity and increased perinatal morbidity and mortality [4–6].
Several placental lesions have been reported in association
with these complications [7–9] in selected populations, and it
is apparent that no specific placental lesion is characteristic
of any one particular obstetric outcome category. For
example, in pre-eclampsia, spiral arteries remain ‘untrans-
formed’ [10], remaining muscular due to the incomplete
invasion of trophoblast, leading to high-resistance blood
flow passing through these vessels and abnormal utero-
placental blood flow. Though ischaemic-type changes have
been observed in the majority of severe preterm cases [8,
11], there may be subjectively normal placental histological
findings even in cases of clinically severe disease at or near
term [12, 13]. Features such as infarction, extensive
perivillous fibrin deposition and chronic villitis are more
frequent in SGA in some studies [14] but not others [15] and
are well-reported in clinically normal pregnancies.

The frequency of common histological lesions present in
an unselected, prospectively recruited population of pla-
centas from deliveries at or near term with histological
features reported by pathologists completely blinded to all
clinical information is unknown. The aims of this study are
to use this approach to determine the frequency of
predefined placental histopathological abnormalities in an
unselected population delivering at or near term in relation
to common obstetric pregnancy outcomes and to determine
the clinical significance of the interpretation of such lesions
by calculating sensitivity, positive predictive values and
odds ratio in relation to obstetric outcomes.

Methods

This was a prospective study performed in a largematernity unit
offering care and delivery both for ‘low risk’ pregnancies and
those requiring tertiary services. The study was approved by the
Cambridgeshire ethical committee (ref. no. 07/Q0106/51), and
written consent was obtained from the women taking part in the
study. No attempt was made at selection by any maternal
characteristics. Unselected women were recruited over a 13-
month period (2007–2008). Of 1,159 women with singleton
pregnancy initially recruited antenatally, 1,153 women were
included who delivered at 34–43 weeks gestation and in whom
the placenta was available for examination. This study includes
unselected cases recruited specifically for the study purposes
and is not a retrospective review of cases submitted as part of
clinical practice to a histopathology department.

The placentas were placed in a labelled double bag within
20 min of delivery, which was kept in a dry, clean 1–2-l plastic
container with an airtight lid and in a fridge with the

temperature maintained at 4–6°C. All placentas were examined
macroscopically by technicians trained specifically for this
study under the direct supervision of a consultant paediatric
pathologist in a specialist histopathology department. The cord
was excised from the point of insertion into the chorionic plate;
blood was drained from the placenta, and adherent blood clots
removed from the maternal surface. All extraplacental mem-
branes were trimmed from the chorionic plate, and the placenta
was weighed on a fixed electronic scale. Details of the methods
are entirely standard and are described in detail elsewhere [16,
17]. The placenta was serially sliced and examined macro-
scopically, and blocks were obtained from membranes,
umbilical cord and the full thickness of the placental
parenchyma according to standard diagnostic protocols [18].
Three standard samples were taken from the umbilical cord:
maternal end, fetal end and from the centre. Three full-
thickness central and one peripheral parenchymal block were
taken, and one ‘en face’ block was taken from the maternal
surface. Additional blocks were taken from any macroscopic
abnormality. To avoid sampling bias, all samples that were
taken were examined histologically.

Histological examination of haematoxylin and eosin-
stained sections was subsequently performed by two specialist
paediatric pathologists (NJS/FAJ) who classified any histo-
logical features according to previously agreed and standard
criteria (Appendix 1). Pathological lesions were recorded for
the purpose of this study as present’ or absent’. In cases
where there was presence of more than one histological
lesion, each lesion was recorded. The pathologists
performing the histological examinations were completely
blinded to all clinical information, including gestational age,
the cases being identified by study number only and reported
in batches purely for the purposes of the study. Cases were
reported independently by two pathologists, and any
discrepancy was resolved by consensus, giving priority to
the possible presence of any abnormality. Specific histolog-
ical subtypes predefined in this study included no significant
histological abnormality, ascending genital tract infection,
chronic placental underperfusion, intervillous thrombus,
villitis of unknown aetiology (VUE), fetal thrombotic
vasculopathy, massive perivillous fibrin deposition, chronic
histiocytic intervillositis, chorioangiosis, chorangioma and
retroplacental haematoma/abruption. Brief descriptions of
diagnostic criteria for these abnormalities are provided in
Appendix 1 but are based on widely accepted and published
standard criteria from major textbooks [18] (Fig. 1).

Histological findings of placentas from cases with normal
outcomewere compared with those from patients with obstetric
complications: pre-eclampsia (PET), pregnancy-induced hy-
pertension (PIH), gestational diabetes (GDM) and small for
gestational age (SGA). Definitions of the common obstetric
outcome groups of PET, PIH, GDM and SGA are briefly
described: Pre-eclampsia was defined as blood pressure ≥140/
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90 on two or more occasions after 24 weeks, at least 6 h apart,
with significant proteinuria of more than 300 mg/l in a 24-
h collection in a previously normotensive woman [19, 20].
We also included women with ≥2+ in a urine sample in the
absence of a demonstrable urinary tract infection in this group.
PIH was defined as blood pressure ≥140/90 in pregnancy after
20 weeks without any evidence of proteinuria. According to
WHO criteria, gestational diabetes is carbohydrate intolerance
resulting in hyperglycaemia of variable severity with onset or
first recognition during pregnancy. The definition applies
irrespective of whether or not insulin is used for treatment or
the condition persists after pregnancy. We defined the
gestational diabetes according to WHO criteria: fasting blood
glucose level ≥7 mmol/l or 2 h post 75 mg of oral glucose
load ≥7.8 mmol/l [21]. Birth weight <10th centile for
gestational age defined the SGA group. To calculate these,
we used the standard UK 4-in-1 charts (girls and boys), which
are the growth charts designed principally for hospital use for
preterm and term babies and their follow-up [22].

Descriptive statistics were performed for each obstetric
outcome category, and the frequency of each common
histological diagnosis was reported (Table 1). Comparison
of the significance of differences in frequencies of common
histological lesions between groups was performed using
chi-square test (comparison of proportions). Pearson chi-
square test was used to determine significance of differences
in frequencies between the groups where the number of
cases was more than five, with Yates's continuity correction.
P≤0.05 was considered significant. Odds ratios were
calculated for histological categories in the obstetric outcome

groups (disease present versus absent). Odds ratio, positive
predictive value and sensitivity were calculated for histolog-
ical features for obstetric outcome groups.

Results

Of the total 1,153 cases, placental histological findings were
available in 1,122. Details of the obstetric outcome groups are
provided in Table 1. Table 2 reports maternal, neonatal and
placental characteristics of the study participants. The
frequency of histological lesions in the clinical outcome
groups is provided in Table 3. The majority of cases in all
groups revealed no significant histological abnormality:
72.1%, 79.1%, 66.6%, 80% and 74.8%, respectively, in the
normal, PET, PIH, GDM and SGA groups. There was no
difference in the incidence of ascending genital tract
infection between any of these obstetric outcome groups at
or near term. Certain placental histological findings were
more common in particular outcome groups, such as VUE
and PIH, FTV and GDM, MPFD with PET and SGA, and
chorangioma with PET. However, despite the increased odds

Fig. 1 Photomicrographs dem-
onstrating placental histological
lesions including a acute athe-
rosis, b villitis of unknown
aetiology, c chorioangioma and
d fetal thrombotic vasculopathy.
(haematoxylin and eosin)

1,153 cases; % (n)

PET 2.3 (27)

PIH 2.6 (30)

GDM 4 (46)

SGA 9.3 (107)

Table 1 Prevalence of common
obstetric outcome cases in the
study population
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ratios of these specific histological findings for obstetric
complications, the overall sensitivity and positive predictive
value for any specified histological lesions was low, with the
majority of histological abnormalities being associated with
normal obstetric outcome (Table 4).

Discussion

The findings of this study have demonstrated first, that in an
unselected population delivering at or near term, the majority
of placentas demonstrate no significant histological abnor-
mality. Secondly, we confirm that certain histological features
are more frequent in association with specific obstetric
complications, but no histological feature is associated with
definitive diagnosis of a clinical complication. Finally, since
most pregnancies are uncomplicated, the sensitivity and
positive predictive value of most histological findings for
pregnancy outcome in this population is low, with the vast
majority of pregnancies demonstrating any particular histo-
logical feature having a normal outcome, even when that

feature is strongly associated with a complication such as PIH
or pre-eclampsia. Therefore, whilst data based on highly
selected groups of complicated pregnancies, in whom
placentas were submitted according to indications as part of
clinical care, have correctly reported a range of histological
lesions in pregnancies with adverse obstetric outcomes,
most—if not all—are not specific to any particular outcome
group and importantly are also commonly found in normal
pregnancies.

The lack of finding statistically significant differences in
some placental lesions is unsurprising. For example, the
incidence of histological chorioamnionitis is strongly related
to the gestational age at delivery, being strongly associated
with severe preterm delivery, but is not related to complica-
tions such as PIH or SGA. The frequency reported at 20–
24weeks of gestation is >80%, falling to <10% of deliveries at
term [23]. We report a similar frequency of histological
chorioamnionitis in this cohort of a near-term unselected
population, indicating that the criteria used for classification
are consistent with previous studies and therefore supporting
correct interpretation. Similarly, the frequencies of clinical

Table 2 Maternal and neonatal
characteristics of those
included in the study

Maternal characteristics Number Mean (range) ± SD

Age 1,153 30.9 (16–46)±5.73

GA at del (weeks) 1,153 39.5 (34–43)±1.39

% Nulliparity (n) 1,148 48 (551)

% Smoker (n) 1,150 9.2 (106)

% Caucasians (n) 1,143 91.4 (1,045)

% Emergency C/S (n) 1,153 11.4 (131)

% Induced labour (n) 1,153 19.6 (226)

Neonatal characteristics

Birth wt 1,153 3,488.7 (1,180–5,120)±495

% Females (n) 1,153 46.5 (536)

% Males (n) 1,153 53.5 (617)

% Neonatal admissions (n) 1,153 5.7 (66)

Table 3 Frequency of predefined histological lesions in reference population and common obstetric outcome groups

Predefined histological features Normal population PET PIH GDM SGA
% (n=935) % (n=24) % (n=27) % (n=45) % (n=106)

Normal histology 71.6 (669) 79.1 (19) 66.6 (18) 80 (36) 74.8 (79)

Ascending genital tract infection 11.3 (106) 8.3 (2) 11.1 (3) 4.4 (2) 10.3 (11)

Chronic placental underperfusion 7.7 (72) 4.2 (1) 14.8 (4) 4.4 (2) 10.4 (11)

Intervillous thrombus 5 (47) 8.3 (2) 3.7 (1) 6.8 (3) –

Villitis of unknown aetiology 3.7 (35) – 11.1 (3) – 3.7 (4)

Fetal thrombotic vasculopathy 1 (9) – – 2.2 (1) 0.9 (1)

Chorangiosis 0.9 (8) – – 2.2 (1) –

Massive perivillous fibrin deposition 0.2 (2) 4.2 (1) – – 1.9 (2)

Chorangioma 0.3 (3) 4.2 (1) – – 0.9 (1)

Chronic histiocytic intervillositis 0.2 (2) – – – 0.9 (1)

Total % is >100%, as some placentas had more than one histological lesion, and each histological lesion has been counted separately
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complications such as PET, PIH, SGA and GDM and
histological findings, such as fetal thrombotic vasculopathy,
are also broadly similar to published epidemiological data,
indicating that both our population and interpretation of
histological findings are consistent with expected frequen-
cies. This supports the generalisibility of the findings in
placentas from deliveries at or near term; however, these
findings should not be applied to pregnancies with more
severe complications resulting in preterm deliveries.

The sensitivity for most histological findings was low. It
is recognized that diagnostic macroscopic and histological
changes in the placenta from cases with PET and PIH may
not be present even in clinically severe disease. Previous

studies have reported increased frequency of abnormal
histological features, such as placental infarcts, in placentas
from pregnancies which are complicated by preterm PET/
PIH. In the current study, the frequency of chronic placental
underperfusion, VUE, MPFD and chorioangiomata were
indeed greater in pregnancies with PET/PIH; however,
since the incidence of PET and PIH in an unselected
population is so low compared to the frequency of normal
uncomplicated pregnancies, the positive predictive value of
such histological features is very low. For example, even
though this study has demonstrated that chorioangiomata
are much commoner in cases with PET, most cases of PET
will not show such lesions (low sensitivity), and the

Table 4 Odds ratios (95% confidence interval; OR), positive predictive values (PPV) and sensitivity for selected histological findings and
outcomes in unselected pregnancies at or near term

CPU–yes CPU–no OR (95% CI) PPV Sensitivity

PET 1 23 0.52 (0.09–3.1) 1.4% 0.042 (0.01–0.20)

Normal population 72 863 4.2%

PIH 4 23 2 (0.74–5.9) 5.3% 0.15 (0.06–0.32)

Normal population 72 863 15%

GDM 2 43 0.52 (0.09–3.09) 1.4% 0.04 (0.007–0.196)

Normal population 72 863 4.2%

SGA 11 95 1.39 (0.72–2.68) 13.3% 0.104 (0.06–0.17)

Normal population 72 863 10.4%

VUE–yes VUE–no

PIH 3 24 3.21 (1.0–10.54) 7.9% 0.11 (0.04–0.27)

Normal population 35 900 11%

FTV–yes FTV–no

GDM 1 44 2.34 (0.38–14.71) 10% 0.02 (0.004–0.09)

Normal population 9 926 2%

SGA 1 105 0.98 (0.159–6.064) 10% 0.01 (0.002–0.038)

Normal population 9 926 1%

Chorangiosis–yes Chorangiosis–no

GDM 1 44 2.63 (0.42–16.73) 11% 0.02 (0.004–0.09)

Normal population 8 927 2%

MPFD–yes MPFD–no

PET 1 23 20.28 (2.58–161.89) 33% 0.04 (0.008–0.099)

Normal population 2 933 4%

SGA 2 104 8.97 (1.57–51.39) 50% 0.02 (0.01–0.03)

Normal population 2 933 2%

Chorangioma–yes Chorangioma–no

PET 1 23 13.51 (1.88–99.30) 25% 0.04 (0.008–0.116)

Normal population 3 932 4%

SGA 1 105 2.96 (0.42–20.91) 25% 0.01 (0.002–0.026)

Normal population 3 932 1%

CPU chronic placental underperfusion, VUE villitis of unknown aetiology, FTV fetal thrombotic vasculopathy, MPFD massive perivillous fibrin
deposition, PET pre-eclampsia, PIH pregnancy-induced hypertension, GDM gestational diabetes mellitus, SGA small for gestational age
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majority of cases with chorioangiomata present will have a
normal outcome (low positive predictive value).

Previously described histological features in gestational
diabetes are similar to those of pre-existing diabetes mellitus;
however they are usually less pronounced and reduced in
frequency [24, 25]. The pathological findings of the placenta
do not predict the severity of the disease or relate to the
duration of the disease, [25] and in practice, any morpho-
logical changes are usually subtle and difficult to identify on
routine examination. Some specific histological lesions are
more frequent, for example, placentas from diabetic preg-
nancies show increased incidence of vascular pathological
changes such as FTV and chorangiosis which we also
demonstrate [18]. In the present study, both of these
histological lesions were more than twice as common in
pregnancies complicated with GDM compared to the normal
population, but both FTV and chorangiosis have very low
sensitivities for the detection of GDM and positive predictive
values of 10%; on finding FTV in an unselected placenta at
term, >90% of cases will not be associated with GDM or any
other obstetric complication. Nevertheless, it should be
recognized that, based on previous case–control study data,
FTV may be associated with fetal/neonatal complications
such as visceral thrombotic lesions, regardless of whether
they are GDM related or not. However, since the majority of
these cases will be apparently clinically uncomplicated
pregnancies, as demonstrated in the present series, according
to most guidelines and the practice of the majority of centres,
these placentas will not be routinely examined, and hence,
the presence of such lesions will remain unrecognized!

Histological lesions found in association with SGAwere, as
expected, primarily those of chronic placental underperfusion,
VUE, MPFD, chorangioma, fetal thrombotic vasculopathy and
chronic histiocytic intervillositis. SGA by our definition
encompasses not only small, growth restricted babies but also
those constitutionally small. These are all expected histological
features based on previous case–control study data and
represent changes secondary to the maternal vascular compro-
mise leading to abnormal placental perfusion or other specific
IUGR associations. Interestingly, the frequency of histological
changes of chronic placental underperfusion was only slightly
greater in cases with SGA compared to normals, highlighting
the fact that in pregnancies delivering with mild growth
restriction at term, there may be minimal morphological
changes in the placental parenchyma, the sensitivity for SGA
being only 10%. Conversely, similar morphological features
may be commonly seen at term in pregnancies resulting in
normal outcomes, with >85% of all cases with histological
changes such as infarcts being included in the normal group.
Previous studies considering placentas from clinically prese-
lected outcome groups will therefore intrinsically overestimate
the importance of any identified histological finding since the
vast majority of pregnancies with normal outcome do not

undergo placental examination. Furthermore, selecting known
‘normal’ cases as controls is also inappropriate because the
pathologist will be biassed as to the supposed clinical
significance of a histological finding if the outcome is already
known.

The major strengths of this study are the prospective
recruitment and collection of a large number of unselected
cases near term, specifically for study purposes, with uniform
methodology of placental examination and outcome defini-
tions. A unique feature to remove any interpretative bias is that
all histological examinations were performed by two inde-
pendent paediatric pathologists who were blinded to all
clinical details, including outcome and gestational age. All
histological features were recorded in an unbiased manner for
the entire population, comparison of frequencies of histolog-
ical lesions across subgroups in the absence of any interpretive
bias. The weaknesses of the study are that, despite of
prospective recruitment of over 1,000 women, many histo-
logical abnormalities have a low incidence, and only small
numbers of cases were recorded in some outcome groups.
Therefore, where we have low number of cases in outcome
groups, the odds ratio with wide confidence interval may not
be robust. Also, these findings cannot be extrapolated to
preterm cases, in which the frequency of complications and
pathophysiology of disease is different. The data from this
study must not therefore be used to suggest that there is no
value in placental histological examination, since strong data
exist from high-risk case control studies regarding association
between certain placental lesions and obstetric complications.
However, the data do provide contemporaneous reference
data regarding the frequencies of a range of placental
histological features in an unselected population delivering
at or near term in the UK and highlight the important finding
that simply demonstrating the presence of a placental
histological ‘lesion’ should not necessarily be regarded as
evidence of a clinically significant obstetric complication or
causation, and the clinical significance of placental patholog-
ical features should not be over interpreted.

In summary, we present the frequencies of specific placental
histological features in an unselected population in the late third
trimester and report that whilst certain histological features are
found more commonly in association with complicated
pregnancies, the sensitivity and positive predictive values for
these findings are generally low. The vast majority of placentas
with histological abnormalities will be seen in clinically normal
pregnancies, and histological examination may be normal even
in the presence of clinically severe obstetric disease.
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