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Pediatric pathology is distinct from adult pathology in many ways: types of diseases, genetic and 

molecular defects, therapies (including side effects and long-term complications), and outcomes. This 

is not only because of congenital malformations but also because infections and tumors that affect 

children are not the same as those seen in adults. One example is Wilms tumor, which is relatively com-

mon in children but exceedingly rare in adults, with diagnostic and staging parameters distinct from 

adult renal tumors, and a cure rate of over 95%. Thus, pediatric pathology has been a boarded subspe-

cialty in the United States and Canada since 1991. The majority of pediatric pathologists work in chil-

dren’s hospitals; however, more than half of the pediatric cases are being seen by “general pathologists” 

in various practice settings. Thus, there continues to be a need for all pathologists to keep current in 

their diagnostic skills and knowledge of pediatric pathology and this atlas has been written with those 

residents, fellows, and general pathologists in mind. It is meant to serve as a handy reference for people 

who see pediatric cases infrequently and may have no special expertise in the subject. It cannot replace 

a comprehensive textbook; rather it should be used in addition to one. 

For years, one of us (JTS) had wanted to use his extensive collection of photographs to illustrate an 

atlas of pediatric pathology. You may wonder why such a book is needed in this age of “Google pic-

tures.” We think there is considerable value to the student as well as the practicing pathologist to see 

illustrations selected by “experts,” such as the chapter authors in this book. In addition, the accompa-

nying text concisely summarizes the pertinent features of each disease. Thus, rather than sifting 

through the thousands of items brought up in nanoseconds by any of the search engines, one can turn 

to an atlas such as this when faced with an uncommon or rare diagnostic specimen. 

The Color Atlas of Pediatric Pathology is organized in a traditional manner with each chapter devoted 

to a specifi c organ system. The authors for each chapter were chosen for their knowledge, and were asked 

to cover common as well as selected uncommon diseases that every pathologist would need to know 

about. Because this is an atlas, the focus is on illustrations with supporting text; only selected references 

are given. This book brings together the experience and expertise from many institutions, which add to 

its value. As with any multi-author book, there is some variation in how each chapter is written and 

illustrated. We hope our readers will fi nd the Color Atlas of Pediatric Pathology to be a valuable resource 

in their diagnoses of pediatric cases.

Acknowledgments: Pictures are from the teaching collections of several pathologists and university 

hospitals; many are thanks to the diligence of past residents and fellows who are unnamed but not 

forgotten.
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	n INFLAMMATORY LESIONS 
 Infectious 

 Acute Chorioamnionitis 
 Intervillositis 
 Placentitis (TORCH) 

 Idiopathic 
 Villitis of Unknown Etiology 
 Chronic Deciduitis 

	n MATERNAL VASCULAR LESIONS 
 Obstructive 

 Decidual Arteriopathies 
Acute Atherosis 
 Mural Hypertrophy 

 Villous Changes Consistent With 
Maternal Malperfusion 

 Villous Infarct 
 Perivillous Fibrin Deposition 

 Disruptive 
 Abruptio Placentae 
 Marginal Abruption (Acute 

Peripheral Separation) 
 Chronic Abruption (Chronic 

Peripheral Separation) 

	n FETAL VASCULAR LESIONS 
 Obstructive 

 Fetal Thrombotic Vasculopathy 
 Changes Consistent With Chronic 

Partial/Intermittent Umbilical 
Cord Occlusion 

 Disruptive 
 Intervillous Thrombi 

(Fetomaternal Hemorrhages) 
 Fetal Vessel Rupture 

	n DEVELOPMENTAL ABNORMALITIES 
 Villous Architecture 

 Distal Villous Hypoplasia 
 Distal Villous Immaturity 

 Villous Vasculature 
 Villous Chorangiosis 
 Chorangioma 

	n EXTRINSIC PROCESS 
 Meconium Exposure (Fetal Stool 

Within the Amniotic Fluid) 
 Recent: Less Than 6 Hours 

(Membranes) 
 Prolonged: 6–12 Hours or More 

(Chorionic Plate and/or 
Umbilical Cord) 

 Meconium-Associated 
Vascular Necrosis 

 Increased Circulating Fetal 
Nucleated Red Blood Cells 
 Normoblastemia 
 Erythroblastosis 

	n MULTIPLE PREGNANCY 
 Dichorionic Twin Placentas 
 Monochorionic Twin Placenta 

Placenta
 raymond W. redline 

 inFlaMMaTory lesions 

	n	 inFeCTious 

 ACUte CHorIoAMnIonItIs 
(neutrophilic Infl ammation of the Placental Membranes) 

Prevalence/gestational age:  The prevalence of acute chorioamnionitis (ACA) ranges from 60% at less 

than 24 weeks to less than 10% term (1). ACA is also a common cause of late fi rst and second trimes-

ter loss. 

Etiology:  ACA is usually an ascending infection caused by organisms resident in the vagina (2). In 

some cases, the membranes may be seeded hematogenously during periods of transient bacteremia. 

Spread from contiguous pelvic infections has also been proposed. Causative organisms include bacte-

ria, mycoplasma, or fungi. Many cases are polymicrobial, but infections causing serious complications 

for the mother or fetus usually involve more virulent organisms such as gram-negative bacilli, group B 

streptococci, and  Staphylococcus aureus . 

Clinical presentation:  ACA may present with preterm labor, preterm premature rupture of mem-

branes, maternal fever, maternal/fetal tachycardia, uteri and tenderness, or a foul-smelling discharge. 

However, the majority of cases are clinically silent. 
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Pathology

Gross: Cloudiness or opacity may be seen on the fetal surface, particularly surrounding the major cho-

rionic vessels. In severe cases, a yellow-green discoloration may be noted. Marginal abruption (dis-

cussed later) often accompanies ACA in premature deliveries.

Microscopic: The neutrophilic inf lammatory response to microorganisms in the membranes and 

amniotic f luid comes from both the mother and fetus (2). Early (stage 1) maternal ACA is limited 

to neutrophils in the subchorionic fibrin and/or the decidual–chorionic interface of the mem-

branes (early acute subchorionitis, Figure 1.1). Intermediate (stage 2) maternal ACA affects both 

chorion and amnion (Figure 1.2), whereas in late (stage 3) ACA, the inf lammatory response causes 

amnion necrosis, neutrophil karyorrhexis, and eosinophilic thickening of the amniotic epithelial 

basement membrane (necrotizing chorioamnionitis, Figure 1.3). In early (stage 1) fetal responses, 

neutrophils are seen in the walls of the umbilical vein and/or chorionic plate vessels. In interme-

diate (stage 2) fetal responses, the walls of the umbilical artery are infiltrated. Late (stage 3) fetal 

responses are characterized by organizing arcs of neutrophils and neutrophilic debris surround-

ing vessels in the umbilical cord (subnecrotizing funisitis, Figure 1.4). A histologically severe fetal 

FiGure 1.1 Early acute subchorionitis (maternal stage 1) 
(H&E; 310). Neutrophils are limited to fibrin below the 
chorionic plate.

FiGure 1.2 Acute chorioamnionitis (maternal stage 2) 
(H&E; 320). Neutrophils infiltrate both chorion and 
amnion.

FiGure 1.3 Necrotizing chorioamnionitis (maternal 
stage 3) (H&E; 320). Amniotic epithelium is necrotic with a 
thick eosinophilic basement membrane. Some neutrophils 
show  karyorrhexis.

FiGure 1.4 Subnecrotizing funisitis (fetal stage 3) (H&E; 
34). A band of neutrophils and neutrophilic debris are seen 
in the umbilical cord stroma surrounding the umbilical vein.
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acute inf lammatory response is associated with an increased risk of brain injury (Figure 1.5) (3). 

Subacute (chronic) maternal responses manifest as a mixed neutrophil-macrophage infiltrate in 

the chorionic plate with polarization of inf lammation to the amniotic surface, while the corre-

sponding fetal responses consist of calcification and/or neovascularization in the umbilical cord 

stroma (4). Fungal infections, usually caused by Candida albicans, have a specific histologic pic-

ture characterized by microabscesses on the surface of the umbilical cord (Figure 1.6) (5).

Special studies: Histochemical stains for bacteria (Gram, Steiner, and Giemsa) may be useful in some 

cases of membrane infection. Gömöri methenamine silver (GMS) stain for fungi is indicated only in 

the presence of umbilical cord microabscesses. Placental cultures play little or no role in either patho-

logic diagnosis or clinical management.

Differential diagnosis: Conditions to be distinguished from ACA include chronic deciduitis and 

decidual necrosis of the membranes and other fetal vasculitides (Table 1.1).

IntervIllosItIs  
(Acute or Chronic Inflammatory response in the Intervillous space)

Prevalence/gestational age: Intervillositis is rare in the developed world. However, it is the second 

most common inflammatory process affecting placentas in areas with a high prevalence of Plasmodium 

falciparum malaria (6).

Etiology: There are several distinct patterns of intervillositis (7). Acute intervillositis with intervillous 

abscess formation is most commonly seen with listeria monocytogenes infection.  Campylobacter fetus 

and other rare bacteria may also elicit this response. Acute villitis with foci of intervillositis is seen with 

fetal septicemia, particularly when caused by gram-negative bacilli. Acute intervillositis with small foci 

of acute villitis may occur in maternal septicemia, particularly with group A streptococci. Chronic 

intervillositis with increased perivillous fibrin deposition (PVF) is the pattern associated with P. falci-

parum malaria.

Clinical presentation: Listeria infections most commonly occur during local food born epidemics (8). 

Fetal septicemia is often clinically silent, but maternal septicemia can be associated with septic shock 

and multiorgan failure. Malarial infection of the placenta is particularly common in primiparous 

females traveling to endemic regions from areas of low prevalence. Human immunodeficiency virus 

(HIV) coinfection increases the risk of placental malarial infection.

FiGure 1.5 Severe chorionic vasculitis (fetal grade 2) 
(H&E; 310). A near confluent neutrophilic infiltrate occupies 
the amniotic aspect of a major chorionic vessel accompanying 
by medial degeneration and endothelial activation.

FiGure 1.6 Peripheral funisitis (Candida albicans) 
(H&E; 34). Triangular neutrophilic microabscesses are noted 
on the umbilical cord surface.
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TaBle 1.1 differential diagnosis of Placental Findings

FindinG lesion PriMary CharaCTerisTiCs helPFul assoCiaTed FindinGs

Solid/ cystic gross 
lesions

Villous infarct Wedge-shaped, abutting BP, 
granular, necrotic debris, 
separation between villi lost

Small placenta, findings c/w MMP, FGR or 
hypertension

PVF plaque Often transmural, smooth, 
villi embedded in fibrin, 
separation between villi 
maintained

No other pregnancy or  
placental abnormalities

Chorangioma Spherical, smooth, firm, 
usually marginal or sub-
chorionic (capillary vascular 
lesion)

Preeclampsia, multiple pregnancy

Intervillous thrombus Spherical, smooth, soft, tan-
red, laminated hematoma, 
surrounded by villi

Fetomaternal hemorrhage (small to large)

Placental atrophy Area of decreased placen-
tal thickness, fibrin coats 
stem villi and surfaces of 
BP and CP

Uterine abnormality, low implantation, 
abnormal placental shape

Septal cyst Extravillous trophoblast-
lined cyst within a decidual 
septum, clear-bloody fluid 
content

No other pregnancy or  
placental abnormalities

Villous agglutin ation VUE Villi with lymphocytes in 
stroma, agglutinated  
by fibrin

FGR, abnormal fetal monitoring, prior 
pregnancy loss, decidual plasma cells

Findings consistent with MMP Villi with increased syncytial 
knots agglutinated by direct 
contact

Small placenta, villous infarct(s), FGR or  
hypertension

Massive PVF deposition Villi  trophoblast necrosis 
agglutinated by fibrinoid 
matrix and extravillous tro-
phoblast

FGR, fetal monitoring abnormalities, 
recurrent pregnancy loss

Avascular villi Fetal thrombotic vasculopathy Intermediate to large seg-
ments of villous tree with 
hyalinized AV (average  
 15 AV per slide)

Pathologic UC abnormalities, neonatal 
coagulopathy/thrombosis

Findings consistent with UCO Widely scattered small foci of 
AV (2–10 AV per focus)

Pathologic UC abnormalities, intimal fibrin 
cushions, large vessel ectasia

VUE with obliterative fetal  
vasculopathy

VUE with small to large areas 
of hyalinized AV, and stem 
villous arteritis/periarteritis

FGR, fetal monitoring abnormalities, neo-
natal encephalopathy

Changes 2° to fetal death Diffuse AV, varying stages, 
affecting entire placenta

Villous hemosiderin, fibromuscular sclero-
sis of large fetal vessels

Perivillous fibrin Massive PVF deposition Fibrinoid matrix completely 
surrounds  distal villi  
embedded  trophoblast

FGR, fetal monitoring abnormalities, 
recurrent pregnancy loss

VUE with perivillous fibrin Fibrin completely surrounds 
chronically inflamed distal 
villi  chronic intervillositis, 
no embedded trophoblast

FGR, abnormal fetal monitoring, prior 
pregnancy loss, decidual plasma cells

Findings consistent with MMP Eccentric aggregates of fibrin 
focally attached to villi and/
or incorporated into villous 
stroma

Small placenta, villous infarct(s), FGR or  
hypertension

Placental atrophy Area of decreased placen-
tal thickness, fibrin coats 
stem villi and surfaces of 
BP and CP

Uterine abnormality, low implantation, 
abnormal placental shape

Inflammation,  
membranes

ACA Neutrophils in amnion plus 
chorion or diffusely lining 
choriodecidual interface

Must have abundant neutrophils in fibrin 
below CP

(Continued)
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TaBle 1.1 differential diagnosis of Placental Findings (Continued)

FindinG lesion PriMary CharaCTerisTiCs helPFul assoCiaTed FindinGs

Inflammation,  
membranes  
(cont.)

Chronic deciduitis Small lymphocytes and/or  
plasma cells in decidua 
capsularis

VUE, preterm labor, some cases of pre-
eclampsia/FGR

Laminar necrosis Focal neutrophilic debris with 
a background of ischemic 
necrosis in choriodecidua

Small placenta, findings c/w MMP, FGR or 
hypertension

Inflammation,  
fetal vessels

ACA with acute fetal  
vasculitis

Neutrophils ( eosinophils) in 
wall of chorionic or umbilical 
vessels facing the amniotic 
cavity

Chorioamnionitis, maternal response in 
membranes and/or subchorionic fibrin

Prolonged meconium  
exposure

Rare neutrophils in wall of 
umbilical and/or  
chorionic veins

Long umbilical cord, large fetus, oligohy-
dramnios, variable decelerations

VUE with obliterative fetal  
vasculopathy

Small lymphocytes  
surrounding and/or 
 invading chorionic or  
stem villous vessels

Distal chronic villitis,  
extensive avascular villi

T-cell/eosinophil vasculitis Eosinophils and lymphocytes 
within the walls of chorionic 
or stem villous vessels facing 
away from amniotic cavity

Possible relation to later childhood atopy

Pigment,  
membranes

Meconium Fine red-brown pigment in 
markedly vacuolated mac-
rophages

Green discoloration of membranes and 
fetal surface, amnion edema/necrosis

Hemosiderin Crystalline golden  
brown refractile  
pigment within and  
outside macrophages

Iron-stain positive in 2/3 of cases, old mar-
ginal blood clot, circumvallation, green-
brown discoloration

Abbreviations: ACA, acute chorioamnionitis; AV, avascular villi; BP, basal plate; CP, chorionic plate; FGR, fetal growth restriction; MMP, maternal 
 malperfusion; PVF, perivillous fibrin; UCO, umbilical cord occlusion; VUE, villitis of unknown etiology.

Pathology

Gross: Placentas with acute intervillositis may have irregular pale firm “septic infarcts” on the cut 

section. Chronic intervillositis can be associated with nonspecific consolidation of the villous 

parenchyma.

Microscopic: Acute intervillositis is characterized by maternal neutrophils in the intervillous space 

with occasional involvement of contiguous villi (Figure 1.7). Patchy intervillous fibrin often accompa-

nies this pattern. Chronic intervillositis shows a predominance of intervillous monocyte/macrophages 

with abundant PVF. In malaria infections, areas of trophoblast necrosis and hemozoin pigment deposi-

tion are also prominent (9).

Special studies: Histochemical stains or microorganisms (Gram, silver impregnation stains, Giemsa) 

may be helpful in distinguishing the etiology of infection.

PlACentItIs (torCH)  
(Multifocal Placental Chronic Inflammation)

Prevalence/gestational age: TORCH is an acronym for fetoplacental infections caused by  toxoplasma 

gondii, rubella virus, cytomegalovirus (CMV), and herpes simplex viruses (HSV). O stands for “other” 

organisms, the most common of which are varicella-zoster virus (VZV), Epstein-Barr virus, trypano-

soma cruzi, and treponema pallidum (syphilis). In the United States, infections caused by organisms 

other than CMV and t. pallidum are rare (10). All TORCH infections are most commonly detected in 

second- and early third-trimester placentas.
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Etiology: TORCH infections usually occur following primary infection of the mother (11). Risk of infection 

is increased with coexisting sexually transmitted diseases, HIV infection, or other immune deficiencies.

Clinical presentation: Clinical features common to all TORCH infections include fetal pneumonitis, 

cytopenias, and growth restriction (7). CMV infections specifically target the brain and liver; syphilis targets 

the GI tract, liver, pancreas, and skin; and HSV targets the liver, adrenals, and lung. Toxoplasmosis shows 

trophism for the brain and retina. VZV may cause skin rashes and/or limb reduction defects with a “zoster-

like” dermatomal distribution. TORCH infections acquired early in pregnancy often result in fetal death or 

spontaneous abortion. Later infections are associated with symptomatic disease at the time of birth.

Pathology

Gross: Placentitis caused by HSV and VZV is generally associated with a small firm placenta. Placentas 

with syphilis and toxoplasmosis are often large and edematous. Placentas with CMV infection may 

show either pattern.

Microscopic: Infectious placentitis is distinguished from idiopathic villitis (see discussion that fol-

lows) by a generally mild lymphohistiocytic infiltrate affecting most or all distal villi. CMV infection 

should be strongly suspected whenever plasma cells are seen in the villous stroma (Figure 1.8). Promi-

nent involvement of fetal blood vessels with hemosiderin deposition and the presence of viral inclu-

sions are other typical features (Figure 1.9). Placental syphilis often shows stem villous arteritis and 

necrotizing umbilical periphlebitis in addition to the nonspecific lymphohistiocytic villous infiltrate. 

HSV and VZV infections lead to villous necrosis, fibrosis, and mineralization and can spread to the 

placental membranes. Toxoplasmosis is characterized by a focal nonspecific villitis, often with granu-

lomatous features. Diagnostic toxoplasma cysts may be seen in the umbilical cord stroma.

Special studies: Microbial proteins and DNA may be detected by immunohistochemistry or poly-

merase chain reaction (PCR). Mouse inoculation studies continue to be diagnostically useful in areas 

with a high prevalence of toxoplasmosis (12).

Other

Granulomatous deciduitis: Rare patients with disseminated or abdominal Mycobacteria tuberculosis 

infections may show diffuse decidual necrosis, with poorly formed decidual granulomas (13). However, 

most cases of granulomatous deciduitis are idiopathic.

Intervillous organisms (schistosomiasis, coccidiomycosis, cryptococcosis): Placental infections asso-

ciated with noncandidal fungi and circulating parasites are usually confined to the intervillous space, 

where an inconspicuous inflammatory infiltrate and fibrin surround diagnostic organisms (14).

FiGure 1.7 Acute intervillositis (Listeria monocytogenes) 
(H&E; 310). Confluent neutrophils in the intervillous space 
surround and invade distal villi.

FiGure 1.8 Chronic placentitis (cytomegalovirus), 
plasma cell villitis (H&E; 340). Small lymphocytes and 
plasma cells infiltrate the fibrotic villous stroma.
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FiGure 1.9 Chronic placentitis (cytomegalovirus), viral 
inclusion (H&E; 360). A villous stromal cell has a large 
central eosinophilic nuclear inclusion with surrounding halo 
plus multiple smaller basophilic cytoplasmic inclusions.

n	 idioPaThiC

vIllItIs of Unknown etIology  
(Patchy Chronic lymphocytic Infiltrate in villous stroma)

Prevalence/gestational age: Chronic villous inflammation not associated with recognizable microor-

ganisms (villitis of unknown etiology [VUE]) is observed in 5% to 10% of all term placentas (15). 

Occasional studies report prevalences of up to 20%, if cases with a single isolated focus are accepted. 

VUE is rare in placentas at less than 34 weeks of gestation.

Etiology: VUE occurs following entry of maternal T cells into the fetal villous stroma, where they react 

to fetal antigens presented by stromal macrophages (16). CD8 T cells predominate over CD4 T cells 

(17). VUE is associated with significant systemic maternal and fetal inflammatory cytokine and 

chemokine responses (18). It is more frequent in multiparous females and in ovum donation pregnan-

cies, consistent with the hypothesis that repeated or novel antigen exposure plays an important role in 

promoting cellular inflammation.

Clinical presentation: VUE is associated with fetal growth restriction (FGR), abnormal fetal monitoring 

patterns, neonatal encephalopathy, and recurrent reproductive failure. Basal VUE is associated with late 

preterm delivery and an increased prevalence of genitourinary infections (19).

Pathology

Gross: Placentas with VUE are somewhat small for gestation and occasionally contain ill- defined areas 

of parenchymal consolidation.

Microscopic: VUE is characterized by lymphocytic inflammation of the villous stroma with or without 

accompanying macrophages or histiocytic giant cells (Figure 1.10) (7). Other types of inflammatory cells are 

rarely seen. It can be distinguished from chronic placentitis caused by TORCH infections by the focal or 

patchy nature of the villous infiltrate (rarely exceeding 25%). Low-grade VUE has been defined as contain-

ing clusters of less than 10 contiguous inflamed villi (focal: confined to one slide; multifocal: affecting mul-

tiple slides). High-grade VUE contains foci of more than 10 villi (patchy: less than 10% of total villi affected; 

diffuse: 10% or more). VUE with chronic perivasculitis/vasculitis affecting proximal villous or chorionic 

vessels can lead to downstream avascular villi (discussed later), a process referred to as obliterative fetal vas-

culopathy (Figure 1.11). VUE with an exclusively basal distribution is termed basal villitis (Figure 1.12).

Special studies: Special studies, as detailed in the preceding discussion, may rarely be required to 

exclude a TORCH infection.

FiGure 1.10 Villitis of unknown etiology, high grade 
(patchy/diffuse) (H&E; 310). A focus of more than 10 
affected villi shows a diffuse stromal infiltrate of small 
lymphocytes.
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Differential diagnosis: Villous agglutination and PVF, sometimes seen in VUE, should be distin-

guished from agglutination and intervillous fibrin deposition seen with MMP, massive perivillous 

fibrinoid deposition, and areas of placental atrophy (Table 1.1).

CHronIC DeCIDUItIs  
(lymphocytic Infiltration of the endometrium)

Prevalence/gestational age: Prevalence ranges from 13% at 23 weeks of gestation to 3% at term (7). This 

pattern may occasionally be associated with recurrent fetal losses before 23 weeks.

Etiology: Chronic deciduitis is a local inflammatory response to antigens in the endometrium, often 

with formation of antibodies secreting plasma cells. Possible stimuli include microorganisms associ-

ated with chronic endometritis in nonpregnant women, retained placental tissue from previous preg-

nancies, fetal antigens expressed on extravillous trophoblast, or maternal autoantigens.

Clinical presentation: Chronic deciduitis often accompanies ACA, VUE, or maternal vascular disease 

associated with antiphospholipid antibodies. Isolated chronic deciduitis has itself been proposed as an 

uncommon cause of premature labor and delivery (20).

Pathology

Gross: No findings.

Microscopic: Chronic deciduitis has been defined as either patchy/diffuse lymphocytic inflammation or 

the presence of any plasma cells in the basal and/or membranous decidua (Figure 1.13) (21).

Special studies: Plasma cell endometritis and positive endometrial cultures often coexist in patients 

after premature deliveries (22).

Differential diagnosis: Conditions to be distinguished from chronic deciduitis include ACA with 

acute deciduitis and laminar necrosis of the membranes (see Table 1.1, p. 4).

Other

Chronic histiocytic intervillositis: Diffuse infiltration of the intervillous space by CD68-positive mac-

rophages without clinical pathologic evidence of malaria infection is a rare but important cause of recur-

rent reproductive failure (23). The presence of coexisting villitis excludes this diagnosis.

FiGure 1.11 Villitis of unknown etiology with obliterative 
fetal vasculopathy (H&E; 310). Stem villi show lymphocytic 
vasculitis with fetal vascular stenosis.

FiGure 1.12 Basal villitis of unknown etiology (H&E; 320). 
A dense lymphocytic decidual infiltrate with accompanying 
fibrin spreads into anchoring and adjacent villi in the basal 
plate.
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Chronic periarteritis: Nonspecific lymphocytic infiltrates in the perivascular connective tissue sur-

rounding maternal arterioles in the decidua are a distinct finding in some cases of maternal vascular 

disease (7).

Eosinophil/T-cell vasculitis: Mural infiltration of large fetal arteries in the chorionic plate and/or 

stem villi by T lymphocytes and eosinophils is a recently described pattern of unclear etiology and 

clinical significance (24). Unlike fetal vasculitis in ACA, the infiltrate typically involves the vessel wall 

on the side away from the amniotic cavity and may be associated with recent fetal thrombosis (see 

Table 1.1, p. 4). Anecdotal cases associated with adverse outcomes, including a long-term risk of atopic/

allergic disease, have yet to be verified in larger studies.

FiGure 1.13 Chronic deciduitis, lymphoplasmacytic (H&E; 340). 
Small lymphocytes and plasma cells infiltrate decidualized endometrium.

MaTernal vasCular lesions

n	 oBsTruCTive

DeCIDUAl ArterIoPAtHIes 

Acute Atherosis 
(fibrinoid necrosis of Maternal Uterine Arteries and Arterioles)

Prevalence/gestational age: Acute atherosis is found in approximately 1 of 6 cases preeclampsia and 

is more frequent in severe and/or early preeclampsia (25). Increased sampling of the marginal and 

membranous areas of the placenta can increase detection. Acute atherosis is not seen before 18 weeks 

gestation.

Etiology: Fibrinoid degeneration and medial necrosis of the arterial wall are believed to occur second-

ary to acute endothelial damage caused by circulating antiangiogenic factors in preeclampsia. Local 

factors must also play a role because preeclampsia causes systemic endothelial damage, yet only mus-

cularized arteries in the uterus and placenta show atherosis. Amongst the factors associated with 

endothelial damage are sflt-1, sENG, and angiotensin receptor autoantibodies (26, 27). Excessive 

amounts of circulating oxidized lipoproteins may contribute to the formation of foam cells within 

areas of fibrinoid necrosis (28).

Clinical presentation: Most placentas with acute atherosis are associated with preeclampsia. However, 

occasional placentas from cases of diabetes mellitus, FGR, or antiphospholipid antibody syndrome will 

be affected in the absence of maternal hypertension.
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Pathology

Microscopic: The arterial wall in acute atherosis shows red-blue glassy degeneration of the muscular 

wall with scattered intramural foamy macrophages (Figure 1.14) (29). Affected vessels may be lined by 

activated endothelial cells and sometimes show mural thrombi. Arteries are often markedly dilated and 

can show coexistent mural hypertrophy (see succeeding discussion).

Mural Hypertrophy  
(Medial Hypertrophy of Maternal Arterioles)

Prevalence/gestational age: Mural hypertrophy of decidual arterioles and may be seen in the placentas 

of some women with chronic hypertension, diabetes, or preeclampsia.

Etiology: Mural hypertrophy is increased in women with angiotensinogen T235 mutations and essen-

tial hypertension (30). The lesion is believed to be a consequence of defective nontrophoblast related 

remodeling of spiral arteries in very early pregnancy.

Clinical presentation: In addition to hypertension and diabetes, women with recurrent spontaneous 

abortion and autoimmune abnormalities sometimes show marked hypertrophy in specimens from 

early pregnancy.

Pathology

Microscopic: Mural hypertrophy is diagnosed when the thickness of the arteriolar smooth muscle 

wall exceeds two-thirds of the total diameter (Figure 1.15). The lesion may be seen with or without 

acute atherosis in preeclampsia (29). Smooth muscle hypertrophy tends to be more prominent with 

chronic hypertension; excessive extracellular matrix more prominent with diabetes. Cases associated 

with recurrent spontaneous abortion often show an associated  periarteritis.

vIlloUs CHAnges ConsIstent wItH MAternAl MAlPerfUsIon  
(Increased syncytial knots, Intervillous fibrin, villous Agglutination)

Prevalence/gestational age: Changes consistent with maternal malperfusion (MMP) are observed in up 

to 10% to 15% of third trimester placentas (31). These findings are rare before 24 weeks.

Etiology: Villous changes are the result of aberrant maternal perfusion. Perfusion failure leads to 

reduced bulk flow, local stasis, decreased transit time, and episodes of ischemia/reperfusion leading to 

oxidative injury and increased turnover of villous trophoblast (32). The underlying etiology of MMP is 

failure of trophoblast-dependent remodeling of the uterine arterial system in the first and second tri-

mesters of pregnancy.

FiGure 1.14 Decidual arteriopathy, acute atherosis (H&E; 310). 
Decidual arterioles are dilated with fibrinoid degeneration of the muscular 
media, focal foamy macrophages, and ill- defined endothelial activation and 
early adjacent coagulation.
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FiGure 1.15 Decidual arteriopathy, mural hypertrophy 
(H&E; 320). Decidual arterioles show medial hypertrophy 
exceeding two-thirds of the total diameter.

Clinical presentation: MMP is the most common cause of FGR and an important cause of idiopathic 

preterm delivery (33). It is commonly seen in association with preeclampsia, especially in preterm pla-

centas, and is a nonspecific finding in some chromosomal abnormalities.

Pathology

Gross: Placentas with villous changes consistent with MMP are often small with an increased fetopla-

cental weight ratio and can show other gross changes of maternal vascular disease including infarcts 

and abruption (discussed later). A thin umbilical cord (decreased hydration of Wharton’s jelly) may be 

observed reflecting fetal volume depletion secondary to reduced maternal perfusion.

Microscopic: Maternal large vessel obstruction results in an increase in villous trophoblast turnover 

(increased syncytial knots), circulatory stasis (patchy areas of intervillous fibrin deposition), and foci 

of villous trophoblast necrosis (villous agglutination) (Figure 1.16) (29). Patchy areas of ischemic necro-

sis in the decidua (laminar necrosis) may also be seen indicative of abnormal flow in smaller vessels not 

communicating with the intervillous space (34).

Differential diagnosis: Intervillous fibrin needs to be distinguished from perivillous fibrin in VUE, 

massive PFV, and placental atrophy. Villous agglutination may mimic aggregated villi in VUE or periv-

illous fibrin plaques (see Table 1.1, p. 4).

vIlloUs InfArCt  
(Ischemic necrosis of villous Parenchyma Caused by Cessation of  
Maternal Blood flow)

Prevalence/gestational age: Approximately 10% to 20% of third trimester placentas contain one or 

more villous infarcts (35). Marginal infarcts of less than 3-cm diameter are considered normal by some 

authors (36). Multiple infarcts at term and any infarct in a premature infant are indicative of significant 

underlying maternal vascular disease.

Etiology: Villous infarcts occur in two situations: obstruction of major uterine arteries by thrombosis 

or abnormal remodeling and separation of the placenta from its underlying blood supply caused by 

retroplacental hemorrhage (discussed later).

Clinical presentation: Infarcts are associated with FGR, preeclampsia, idiopathic preterm labor or 

membrane rupture, and maternal systemic diseases such as chronic hypertension, diabetes, and auto-

immune disease, especially when associated with antiphospholipid antibodies (37).

FiGure 1.16 Findings consistent with maternal malperfu-
sion (H&E; 34). Distal villi show excessive numbers of 
syncytial knots and focal agglutination in the presence of 
ill-defined aggregates of intervillous fibrin.
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FiGure 1.17 Villous infarct (H&E; 34). A large 
contiguous segment of villous parenchyma shows collapse 
of the intervillous space and ischemic necrosis of villous 
trophoblast.

Pathology

Gross: Villous infarcts are firm, granular, wedge-shaped lesions abutting the basal plate. Infarcts of less 

than 1- to 2-day duration are dark red. Those that are more remote, pale yellow. Centrally hemorrhagic 

villous infarcts need to be distinguished from intervillous thrombi (IVT) by microscopy.

Microscopic: The hallmarks of villous infarction are collapse of the intervillous space with widespread 

agglutination of villi and evidence of ischemic necrosis in the trophoblastic layer (karyorrhectic debris 

and loss of nuclear basophilia) (Figure 1.17).

Differential diagnosis: Lesions that may mimic infarcts on gross or microscopic exam include marginal 

villous atrophy, perivillous plaques, chorangiomas, IVT, and hemorrhagic septal cysts (see Table 1.1, p. 4).

PerIvIlloUs fIBrIn DePosItIon  
(fibrin and fibrinoid Matrix enveloping Distal villi)

Prevalence/gestational age: Localized plaques of PVF are observed in 13% of term placentas (35). Mas-

sive PVF deposition, also sometimes known as “maternal floor infarction,” is a rare placental lesion 

usually presenting in the late second and early third trimester (38). However, it may also be seen at 

other stages of pregnancy and is an important cause of recurrent first trimester loss.

Etiology: Massive PVF deposition is an idiopathic process, sometimes associated with autoimmune 

disorders (particularly antiphospholipid antibody syndrome), hypertension, and, in a single case 

report, fetal long-chain 3-hyroxyacyl-coenzyme A dehydrogense (LCHAD) deficiency (39). Reported 

recurrence risks of more than 50% are most consistent with a maternal, nongenetic etiology. However, 

the lesion can be discordant in twin pregnancies, suggesting some component of fetal susceptibility 

(40). Histologic findings including focal villous trophoblast necrosis, patchy intervillous fibrin, and 

abundant trophoblast embedded in extracellular matrix suggest a sequence of trophoblast injury fol-

lowed by metaplasia to an extravillous phenotype with subsequent matrix secretion. Spread might 

occur via a positive feedback loop. The pathogenesis of PVF plaques is also uncertain and may involve 

local changes in blood flow with secondary secretion of matrix.

Clinical presentation: Massive PVF deposition is associated with severe FGR, stillbirth, preterm deliv-

ery, fetal brain injury, and recurrent reproductive failure. One case report documented rapid develop-

ment over a 3-week period in association with accelerating maternal hypertension (40). Localized PVF 

plaques have no known clinical significance (41).

FiGure 1.18 Massive perivillous fibrinoid deposition 
(“maternal floor infarction”) (H&E; 34). Anastomosing 
bands of perivillous fibrin and fibrinoid surround and entrap 
large portions of the distal villous tree.
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