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Abstract
Despite advances over the past 25 years in the monitoring of in utero fetal status, the gravid uterus remains a ‘‘black box’’ integrating
underlying genetic risk factors, preexisting maternal disease, and injurious extrinsic events in a poorly understood way to produce an evolving
state linked to pregnancy outcome. It is currently believed that many short- and long-term adverse pregnancy outcomes and even some long-term
chronic diseases extending into adult life are at least in part determined by processes occurring during intrauterine life. The placenta has been
described as a ‘‘diary of intrauterine life’’ and has the potential to illuminate many aspects of these processes. Unfortunately a systematic and
objective catalog of placental abnormalities has never been agreed upon. This report outlines a simple conceptual framework separating placen-
tal patterns of injury and maladaptation into three categories of lesions affecting the maternal and fetal vasculature (maldevelopment, obstruc-
tion, and disruption) and two categories of inflammatory lesions (infectious and idiopathic). Data are presented supporting the importance of
these processes for an understanding of preterm delivery, intrauterine growth restriction, hypoxic-ischemic injury, and recurrent pregnancy loss.
� 2007 Published by IFPA and Elsevier Ltd.
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1. Introduction

The placenta has two major functions, nutrient exchange
and protection of the fetus. In the former it must continually
adapt, maximizing maternal supply and fetal extraction of
nutrients without compromising the integrity of the two circu-
latory systems. In the latter it responds to danger signals by
mounting an inflammatory response [1]. The maternal and fe-
tal placental vascular trees are dynamic structures which can
be significantly altered by abnormal development, luminal
obstruction, and physical loss of integrity. Inflammatory re-
sponses can develop at the maternalefetal interfaces of the
placenta where organisms enter the placental environment,
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fetal antigens are presented to the adaptive maternal immune
system, and ischemic processes release mediators that can ac-
tivate the innate immune system. This perspective delineates
the range of placental reaction patterns that can develop in
the attempt to supplement the developing fetus and, in the
worst-case scenario, protect the mother by prematurely termi-
nating the pregnancy. The preponderance of placental pathol-
ogy can be accommodated in this framework (Table 1) and
clinical correlation studies have begun to identify the subset
of patterns that are most commonly associated with specific
adverse pregnancy outcomes.
2. Maternal vascular supply

Most lesions in the maternal vascular category can ulti-
mately be traced to early abnormalities in placental develop-
ment dictated by underlying abnormalities in the uterus and
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Table 1

Patterns of placental maladaptation and injury

Maternal vascular

supply

Maldevelopment Superficial implantation/

decidual arteriopathy,

undergrowth/distal villous

hypoplasia, migration

disorders: previa, accessory

lobes, peripheral cord insertion,

and massive perivillous

fibrin(oid) deposition (maternal

floor infarction)

Obstruction Partial: increased syncytial

knots, agglutination,

intervillous fibrin

Complete: villous infarction

Loss of integrity Arterial rupture: abruptio

placenta, Venous rupture: acute

or chronic marginal abruption

Fetal vascular

supply

Maldevelopment Chorangioma, chorangiosis,

and distal villous immaturity/

deficiency of vasculosyncytial

membranes

Obstruction Fetal thrombotic vasculopathy,

chronic partial/recurrent

intermittent umbilical cord

compression, vessel wall

damage: meconium-associated

necrosis, inflammatory

Loss of integrity Fetomaternal hemorrhage,

ruptured vasa previa, and

intraplacental hemorrhage

Inflammatory Acute chorioamnionitis

(infectious)

Maternal inflammatory

response only, and ‘‘fetal

inflammatory response

syndrome’’

Chronic placentitis Infectious: villitis (herpes

viruses, syphilis,

toxoplasmosis), and

intervillositis (viral, parasitic,

fungal)

Idiopathic: villitis of unknown

etiology (maternal T

lymphocytes), and chronic

histiocytic intervillositis

(maternal macrophages)

Chronic deciduitis lymphoplasmacytic (maternal

plasma cells)
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its vascular supply [2]. Central is the process of placental im-
plantation characterized by trophoblastic infiltration of the en-
dometrium and myometrium and remodelling of the uterine
spiral arteries [3]. Maternal factors preventing normal vascular
remodelling are incompletely understood, but may include
underlying vascular disease leading to local tissue hypoxia
(diabetes, essential hypertension), genetic polymorphisms as-
sociated with abnormal vascular function (angiotensin T235,
thrombophilic mutations), autoantibodies directed against ma-
ternal endothelium (antiphospholipid and anti-angiotensin II-R
antibodies), failure of uterine natural killer cells to produce
trophic cytokines in response to some trophoblast MHC-C al-
leles, and resistance of previously unmodified uterine arteries
in primiparous mothers to invasion by extravillous trophoblast
[4e9]. Superficial implantation can lead to decidual arteriopa-
thy, initially manifesting as mural hypertrophy of the muscular
walls and persistence of muscularized arteries in the basal
plate. Later these abnormal uterine arteries are susceptible to
the endothelial-toxic actions of circulating mediators such as
sflt-1 and endoglin resulting in fibrinoid necrosis of the vessel
wall (acute atherosis) [10]. Severe reduction in uterine blood
flow can lead to undergrowth of the placental villous tree man-
ifest pathologically by distal villous hypoplasia and clinically
by increased placental vascular resistance. More localized per-
fusion defects often caused by structural abnormalities in the
underlying uterus such as leiomyomas, scarring from previous
curettages, or uterine malformations can lead to placental
migration disorders [11]. These disorders including accessory
lobes, peripheral cord insertions, and placenta previa are the
consequence of preferential growth of the placenta toward
an optimal blood supply and can leave major fetal vessels
exposed to injury (see below). Massive perivillous fibrinoid de-
position (maternal floor infarction) is a rare idiopathic disorder
associated with abortion and preterm pregnancy loss [12].
Whether the fibrinoid material that encases the terminal villi
in this disorder reflects coagulation secondary to stasis of ma-
ternal blood in the intervillous space or aberrant programming
of villous trophoblast leading to secretion of matrix compo-
nents normally produced only by extravillous trophoblast is
not known.

Decreased maternal perfusion of the intervillous space in
later pregnancy results in a stereotypical sequence of changes
that can easily be recognized by experienced pathologists [13].
These include increased syncytial knots on distal villi caused
by an alteration in the normal balance between production
and shedding of villous syncytiotrophoblast, deposition of ec-
centric aggregates of intervillous fibrin on proximal and distal
villi, small foci of villous agglutination which may reflect
adhesions between syncytial knots secondary to necrosis super-
imposed on apoptosis (aponecrosis), and decreased placental
weight. Total occlusion of one or more maternal arteries leads
to infarction of a portion of the villous tree. The distinguishing
features of villous infarcts are the local collapse of the intervil-
lous space and evidence of villous trophoblast necrosis. Vaso-
occlusive events generally affect developmentally abnormal
arteries and the common wisdom that maternal infarcts occur
in ‘‘normal’’ placentas has arisen because of the high preva-
lence of maternal perfusion disorders and misdiagnosis of other
placental lesions.

Since the mature placenta lacks a maternal microvascula-
ture, loss of integrity in the maternal circulation always leads
to significant retroplacental hemorrhages (‘‘abruptions’’).
Some controversy regarding the diagnosis of placental abrup-
tion has arisen because of a failure to recognize the important
distinction between marginal and chronic abruptions which are
peripheral placental separations caused by low pressure venous
hemorrhages and abruptio placentae which are higher pressure
arterial hemorrhages generally occurring in more central areas
[14e16]. The former are common causes of preterm delivery
and are associated with physical deformation or inflammatory
necrosis at the placental margins. When a marginal abruption
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does not result in delivery it can evolve into a chronic abrup-
tion, manifest pathologically as an organizing peripheral hema-
toma sometimes accumulating in a circumferential pattern
known as circumvallation with deposition of hemoglobin
breakdown products such as hemosiderin and biliverdin in
the placental membranes. Abruptio placenta, on the other
hand, involves arteries that are either intrinsically abnormal
due to arteriopathy or that undergo either shear stress due to
trauma or ischemiaereperfusion injury due to circulating vaso-
active mediators such as cocaine or nicotine. Pathologic signs
of abruptio placenta include indentation of, rupture through,
or spread within the decidua basalis. Occasionally, secondary
changes in the overlying villi such as stromal hemorrhage
and recent villous infarction are also seen with abruptio
placenta.

3. Fetal vascular supply

Development of the fetal vascular supply is a carefully or-
chestrated process coupled with placental growth and regulated
by hormones, growth factors, oxygen tension, and other local
factors such as cytokines, proteases, and matrix components.
In most cases placental growth and angiogenesis plateau near
term and the distal villous tree is primarily composed of mature
terminal villi with numerous vasculosyncytial membranes that
maximize gas exchange. Excessive supply of nutrients in
mothers with obesity, diabetes, or excessive weight gain can
lead to the continuing stimulation of new villous growth lead-
ing to distal villous immaturity and a decreased number of
vasculosyncytial membranes [17,18]. This pattern especially
when combined with an increased fetoplacental weight ratio
can lead to a significant reduction in placental reserve and an
inability to withstand acute stress sometimes resulting in still-
birth. Pregnancies complicated by chronic decreases in inter-
villous oxygen tension such as gestation at high altitudes,
maternal anemia, smoking, multiple gestation, or preeclampsia
may develop villous capillary proliferative lesions [19e22].
These can either be localized in the form of proliferative
nodules (chorangiomas) or more pervasive with a patchy or
generalized increase in capillaries (chorangiosis). While not
themselves deleterious to pregnancy outcome (in most cases),
these fetal capillary proliferative lesions are surrogate markers
for suboptimal oxygen tension in the intervillous space during
the last half of pregnancy.

Placental lesions leading to obstruction of the fetal circula-
tion are important causes of adverse pregnancy outcome [23].
Obstruction can be separated into three broad but overlapping
categories: thrombosis, mechanical obstruction, and vessel
wall damage. Thrombosis of chorionic plate and stem villous
vessels leads to degeneration and eventual loss of capillaries in
downstream villi [24]. When sufficiently extensive (more than
15 affected villi per section) this process is termed fetal throm-
botic vasculopathy. Thrombosis may in some cases be trig-
gered by a fetal hypercoagulable state, but can also be the
consequence of stasis or vascular wall damage. The most com-
mon cause of stasis is compromised umbilical blood flow sec-
ondary to chronic partial or recurrent intermittent umbilical
cord compression [25]. Compression can result from clinically
recognized cord entanglements or from anatomic lesions such
as excessive length, torsion due to marginal or membranous
insertion, excessive coiling, or a decrease in Wharton’s jelly.
Histologic findings consistent with compression include nu-
merous small foci of degenerating or avascular villi, dilation
and early thrombosis of major chorionic vessels at the cord
insertion site, and pressure-related intimal fibrin cushions in
large fetal veins. Three major processes are associated with
fetal vascular wall damage. Two of these, chronic stem villous
vasculitis and acute chorionic vasculitis, are discussed below.
The other, meconium-associated vascular necrosis, is a rare
complication of prolonged exposure to highly concentrated
amniotic fluid meconium leading to apoptosis of vascular
smooth muscle cells [26]. This process has associated with
a very high perinatal morbidity and mortality rate.

Loss of fetal vascular integrity is a common process, usu-
ally confined to small fetal hemorrhages into the intervillous
space. These hemorrhages most likely reflect traumatic rupture
of the villous capillaries possibly as a consequence of the
shedding of syncytial knots. Exposure of villous connective
tissue then triggers the maternal coagulation cascade leading
to the formation of intervillous thrombi [27]. In some cases
a more substantial fetal blood loss (massive fetomaternal
hemorrhage) occurs detectable by assessment of the number
of fetal hemoglobin containing cells in the maternal circula-
tion. In these cases the fetus can undergo either circulatory
collapse in the short-term or chronic congestive heart failure
(hydrops fetalis) due to chronic anemia in the longer term.
Rupture of larger fetal vessels is much less common. When
membranous vessels are torn (ruptured vasa previa) the blood
is passed into the vagina. Rupture of large fetal vessels in the
umbilical cord, chorionic plate, or stem villi results in intra-
placental hemorrhages that can only be detected by placental
examination. These rare events must be carefully distinguished
from artefactual tears occurring during placental extraction
after delivery of the infant.

4. Inflammatory

The presence of a vascularized allogeneic transplant, the
developing conceptus and its membranes, in the maternal
uterus separated from the microorganism-rich vagina by only
a few millimeters of endocervical mucosa poses significant
challenges for the maternal and immature fetal immune sys-
tems. The most common placental inflammatory lesion is
acute chorioamnionitis caused by microorganisms gaining ac-
cess in sufficient numbers to the placental membranes and/or
amniotic fluid [28]. Chorioamnionitis per se is a maternal
inflammatory response beginning near venules in the decidua
capsularis and in the subchorionic fibrin above the intervillous
space and subsequently spreading into the adjacent chorion
and amnion. This maternal response is usually clinically silent
and has not been associated with adverse outcomes in most
studies [29]. The fetal neutrophilic response to infection is ob-
served in the umbilical and chorionic vessels and correlates
with the clinical entity known as the fetal inflammatory



Table 2

Relative frequency of placental lesions associated with prematurity by gesta-

tional age

Gestational age

(wks)

N ACA MV Marginal

abruption

Chronic

abruption

LPD

20e25 62 41 (66)a 3 (5) 18 (29) 6 (10) 9 (14)

26e31 124 63 (51) 24 (19) 24 (19) 9 (7) 14 (11)

32e36 226 51 (23) 43 (19) 39 (17) 20 (9) 14 (6)

ACA¼ acute chorioamnionitis, MV¼maternal vascular underperfusion, par-

tial or complete, and LPD¼ lymphoplasmacytic deciduitis.

University Hospitals of Cleveland 1992e1996, Redline, unpublished data.
a Number positive (percent positive).

Table 3

Association of placental lesions with intrauterine growth restriction (IUGR)a

Placental lesions IUGR, N¼ 66 No IUGR, N¼ 543

>37 weeks 54% 55%

Maternal vascular obstruction 31 (47)b** 107 (20)

Fetal vascular obstruction 7 (11)* 19 (4)

Villitis of unknown etiology

Focal 4 (6) 30 (6)

Patchy/diffuse 13 (20)** 26 (5)

Perivillous fibrin(oid) deposition 11 (17)** 16 (3)

Chronic abruption 5 (8) 24 (4)

**p< 0.001, *p< 0.05 (Chi Square or Fisher’s exact test).

Brigham and Women’s Hospital 1989e1990, Redline, unpublished data.
a Birth weight less than 10th percentile for gestational age.
b Number positive (percent positive).
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response syndrome [30,31]. Cytokines and other circulating
inflammatory mediators in this syndrome have been associated
with an increased risk of pulmonary and neurologic complica-
tions [32,33]. Levels of cytokines are increased when the
umbilical arteries, as opposed to the vein alone, show inflam-
matory changes and the overall risk of neurologic complica-
tions is elevated in cases with a severe fetal inflammatory
response associated with damage to the chorionic vessel
wall (intense chorionic vasculitis) [34e36].

Chronic placentitis can be separated into two subgroups:
infectious and idiopathic. Infectious villitis is characterized by
a diffuse histiocyte-predominant villitis often with fibrosis or
mineralization and inflammatory changes in the chorion,
decidua, and umbilical cord [37]. The most common organisms
associated with this pattern in the US are cytomegalovirus and
Treponema pallidum. A less common pattern, infectious chronic
intervillositis, is associated with some uncommon bacteria,
viruses, protozoons, and fungi. Worldwide, the most common
cause of this pattern is malaria. Villitis of unknown etiology
(VUE ) affects between 5 and 15% of all term placentas and is
characterized by an infiltration of the villous stroma by maternal
T lymphocytes [38]. Whether the inflammatory response in VUE
is driven by exogenous microbial antigens or endogenous fetal
histocompatibility antigens is not settled. While there is little ev-
idence favoring the former, the increase in VUE observed in mul-
tiparous patients, in mothers with fully allogeneic conceptuses
derived from ovum transfer, and in mothers with previously af-
fected pregnancies have all been cited in favor of the latter pos-
sibility. While low-grade VUE is clinically silent, higher-grade
inflammation and especially involvement of large fetal vessels
(obliterative fetal vasculopathy) is associated with high rates of
perinatal morbidity and mortality [23,36]. Chronic histiocytic
intervillositis is an unrelated condition characterized by a mono-
morphic infiltration of the intervillous space by CD68-positive
monocyteemacrophages and accompanying perivillous fibrin
[39]. It is most common in first trimester abortions and is an
important, but rare, cause of recurrent pregnancy loss.

Chronic deciduitis has been defined by either a diffuse lym-
phocytic infiltration of the decidua or any infiltrate accompa-
nied by plasma cells [40]. Plasma cells can accompany
either acute chorioamnionitis or chronic villitis, but may
also be seen in isolation. Lymphoplasmacytic deciduitis has
been proposed to be the pathologic correlate of a hypothetical
clinical syndrome known as ‘‘chronic choriodeciduitis’’
[41,42]. It has been suggested that this syndrome develops sec-
ondary to low-grade infections of the uterine cavity that either
persist between pregnancies and develop during early gesta-
tion. These putative endometrial infections would then spread
to the placenta at the time of membrane fusion with the uterine
cavity at about 19e20 weeks of gestation.

5. Correlation with adverse outcomes

While placental pathology can sometimes identify a process
requiring immediate treatment or help to explain findings in
the antepartum and peripartum period, one of its most impor-
tant functions is to reveal underlying processes that can
explain long-term adverse outcomes for the child and mother.
In terms of the child the three most critical situations associ-
ated with long-term morbidity and mortality are preterm birth,
intrauterine growth restriction, and hypoxic-ischemic injury,
while for the mother the most important adverse outcome is
recurrent reproductive loss, either spontaneous abortion or
stillbirth.

Preterm delivery is a leading cause of perinatal morbidity
and mortality and a major cost burden to the health care
system. Table 2 shows that acute chorioamnionitis is the
most frequent placental finding associated with preterm birth
with a gradual decrease in prevalence with advancing gesta-
tional age eventually reaching a baseline of 10e15% after
37 weeks. This latter prevalence at term probably provides
a reasonable estimate of how many preterm births develop
chorioamnionitis as a consequence rather than a cause of
preterm labor. Maternal vascular developmental/obstructive
disorders, acute and chronic marginal abruption, and lympho-
plasmacytic deciduitis are other processes seen more fre-
quently in preterm birth than at term.

Intrauterine growth restriction (IUGR) is associated with
both short-term and long-term complications including an in-
creased risk of cardiovascular diseases in adulthood [43,44].
Table 3 demonstrates that five chronic patterns of placental
injury are significantly increased in placentas from pregnan-
cies complicated by IUGR. These are maternal and fetal vas-
cular obstructive lesions, high grade VUE, perivillous fibrinoid
deposition, and chronic abruption. In data not shown, maternal
vascular disorders were the most frequent finding in preterm



Table 4

Neurodisability in term infants

Placental lesions Neurologic

impairment,

N¼ 125

Comparison

group,

N¼ 250

Fetal thrombo-occlusive disease

<15 Avascular villi/slide 18 (14)a* 11 (4)

�15 Avascular villi/slide 23 (18)** 6 (2)

Villitis of unknown etiology

No obliterative vasculopathy 5 (4) 10 (4)

Obliterative vasculopathy 22 (18)** 7 (3)

Acute chorioamnionitis

No fetal vasculitis 10 (8) 24 (10)

Fetal vasculitis 11 (9) 15 (6)

Severe fetal vasculitis 11 (9)* 8 (3)

Chorionic plate meconium

No fetal vascular necrosis 14 (11)* 14 (6)

Fetal vascular necrosis 17 (14)** 8 (3)

Pathologic umbilical cord lesion 19 (15)** 8 (3)

**p< 0.001, *p< 0.05 (Chi Square or Fisher’s exact test).

Medicolegal consultation case series 1992e2004.
a Number positive (percent positive).
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and hypertensive mothers with IUGR while VUE was the most
common finding in normotensive term gestations with IUGR.

The most important clinical sequelae of hypoxic-ischemic
injury, long-term neurodisability, has devastating conse-
quences for affected families and is at the center of the med-
ical malpractice crisis that threatens the delivery of obstetric
care in the USA. Table 4 demonstrates the strong association
of placental lesions characterized by fetal vascular obstruction
with neurodisability in term infants. Extensive avascular villi
(fetal thrombotic vasculopathy), VUE complicated by obliter-
ative fetal vasculopathy, acute chorioamnionitis with intense
chorionic vasculitis, and prolonged meconium exposure with
associated fetal vascular necrosis were found in more than
half of such cases in one study [23]. Pathologic lesions involv-
ing the umbilical cord represent a second etiologically impor-
tant class of fetal vascular obstructive lesions. Rarer placental
associations with hypoxic-ischemic organ damage are mater-
nal and fetal hemorrhages due to loss of vascular integrity,
usually presenting as so-called sentinel events during the intra-
partum period.

Finally, I have personally found five placental lesions to be
important in mothers with recurrent pregnancy loss. These in-
clude three relatively common processes that in rare individ-
uals have an early onset and increased severity and two rare
processes that almost invariably lead to recurrent reproductive
loss in affected individuals. Recurrence of the former lesions e
lymphoplasmacytic deciduitis, maternal vascular obstructive
lesions, and VUE e has been attributed, respectively, to per-
sisting endometrial infection, underlying maternal vascular or
thrombophilic disorders, and presensitization to fetal anti-
gens. Recurrence and treatment of the latter lesions e
massive perivillous fibrinoid deposition and chronic histio-
cytic intervillositis e are poorly understood and needs to
be addressed by further research and future prospective ran-
domized treatment trials.
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