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Abstract This is an updated review of the recently

described entity, placental mesenchymal dysplasia, which

has been shown to have recognizable antenatal character-

istics, distinctive gross and microscopic pathologic find-

ings, associated fetal and neonatal morbidity and mortality,

and unique pathogenic mechanisms. Recent understanding

of the frequently associated genotype, androgenetic bipar-

ental mosaicism, is reviewed and the spectrum of changes

discussed.

Keywords Placental mesenchymal dysplasia �
Androgenetic biparental mosaicism � Neonatal morbidity

Introduction

Placental mesenchymal dysplasia (PMD) is a distinctive,

rare placental lesion estimated to occur in 0.02 % of preg-

nancies, but with the recent increasing awareness of this

placental lesion, it is possible the true incidence may be

under-represented [1]. The features of PMD were not rec-

ognized as a distinct entity until the early 1990s. The first

known description in the English medical literature is

attributed to Moscoso [2] who described two cases of a

placental vascular anomaly with diffuse mesenchymal stem

villous hyperplasia, and suggested this represented a new

clinic-pathologic entity. Later that year, Lage [3] reported

four cases characterized by placentomegaly with massive

hydrops of placental stem villi, diploid karyotype, and fetal

omphalocele. The author suggested a possible association

with Beckwith-Wiedemann syndrome. Several other reports

of pseudo-partial mole [4, 5] described similar features.

Initially, there was some debate about whether to call the

lesion PMD or placental mesenchymal hyperplasia [4, 6–9],

but to date PMD is the preferred terminology.More than 100

cases of PMD have been reported in the literature. However,

discussion of this unique placental entity in contemporary

surgical pathology textbooks is still inconsistent.

The characteristic features of PMD include placental

enlargement, dilated and tortuous or cirsoid chorionic

vessels which often show thrombosis, and a focal distri-

bution of cystically enlarged villi, in a background of

grossly normal-appearing villous tissue; hence, the simi-

larity to partial hydatidiform mole (PHM). However, in

contrast to PHM, the histology of PMD features clusters of

enlarged, proximal, stem villi (not distal villi) with central

cistern formation and absence of trophoblastic proliferation

or hyperplasia.

The understanding of etiology and pathogenesis of PMD

has advanced in recent years, and paternal uniparental

disomy for the Beckwith–Wiedemann syndrome (BWS)

locus on chromosome 11p15.5, often as a consequence of

androgenetic biparental mosaicism (ABM), has been

shown to underlie most cases of PMD. This review will

discuss the clinical features, pathologic characteristics, and

pathogenesis of PMD.

Clinical Features and Associations

As PMD is a relatively newly described entity, the pre-

dominance of cases has been diagnosed after pathology

examination; however, with increasing awareness of the
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lesion, PMD is becoming recognized prenatally by ante-

natal imaging techniques. By conventional ultrasound

methods, the placenta in PMD is typically described as

large and thickened with multicystic, hypoechoic areas

(Fig. 1a). The differential diagnosis for this ultrasono-

graphic appearance includes PHM, complete hydatidiform

mole (CHM) with co-existent fetus, chorangioma, inter-

villous hematoma, and infarct or nonspecific hydropic

changes [10]. PHM is typically associated with elevated

HCG levels and a triploid fetus and therefore, can be

excluded by further genetic workup. Color Doppler has

recently become a tool to help distinguish PMD from a

molar gestation [11, 12]. PMD is reported to show a

‘‘stained-glass’’ appearance suggesting abundant blood

flow in PMD while CHM shows little to no blood flow

[12]. The large cystic parenchymal spaces in PMD are

typically devoid of blood flow as they represent cystic

change within the villous stroma (Fig. 1b). However, blood

flow seen in PMD may be related to the dilated chorionic

vessels and/or the thickened vessels within the dilated stem

villi. The absence of color Doppler signal may not exclude

PMD as the degree of flow may vary from patient to patient

[13] and vary with gestational age [10]. Recently, magnetic

resonance imaging (MRI) has also been described as a

method to distinguish CHM with twin co-existent fetuses

from PMD [11]. MRI may, more accurately, discern the

location of the cystic placental tissue as within or outside

the fetal ‘‘sac’’ (CHM outside, PMD within), and aid in the

distinction of these two entities [11]. With continued

recognition of cystic placental changes by advanced

imaging techniques, it is likely that obstetricians will

consider PMD in the differential diagnosis, more

frequently.

One of the characteristic morphologic features distin-

guishing PMD from molar gestation is the lack of tro-

phoblastic hyperplasia in the former, and accordingly,

maternal serum bHCG levels are typically not elevated or

only slightly elevated in PMD [14]. Additionally, there is

no known risk of persistent gestational trophoblastic dis-

ease with PMD. While there are no other specific maternal

serum markers of PMD, elevations in maternal serum

alpha-fetoprotein (AFP) have been reported and may be

associated with leakage or transfer of AFP across the

hydropic villous stroma, malformed fetal vessels, or

abnormal development of lymphatic structures in PMD [2,

15–17].

Fetal Pathology

When PMD is diagnosed antenatally, it is generally thought

to carry a better fetal prognosis than a molar gestation;

however, fetal and neonatal mortality have been reported in

association with PMD [18]. The rate of perinatal demise is

not certain, but could be as high as 43 % of affected

patients [18].Sudden intrauterine fetal death with massive

fetal hemorrhage secondary to rupture of dilated perium-

bilical chorionic vessels has been reported [15, 19]. In

addition, the cause of fetal death in many cases of PMD

may be explained by longstanding, severe fetal hypoxia

secondary to fetal vascular obstructive pathology charac-

terized by chorionic vessel thrombosis. Fetoplacental vas-

cular pathology and fetal thrombotic vasculopathy (FTV)

may also account for the high rate of intrauterine growth

restriction (IUGR) which is reported in up to 50 % of PMD

cases [18]. Fetuses and newborns with PMD may also be at

risk for fetomaternal hemorrhage [20].

Fig. 1 Two-dimensional ultrasonographic appearance of classic

PMD in the placenta. a Two-dimensional ultrasonography of placenta

with PMD. Note the multiple rounded echolucent foci within the more

echogenic placental parenchyma. These represent cystic foci within

the placental parenchyma. In this case, the cysts are more prominent

near the chorionic plate (top) where stem villi predominate and are

slightly compressed near the chorionic plate. b Two-dimensional

ultrasonography with color Doppler flow of placenta with PMD. Note

that the echolucent cysts are generally devoid of flow while some flow

is noted in the adjacent more echogenic parenchyma. (Images kindly

provided by Lynn Yee, M.D., Maternal-fetal Medicine division,

Northwestern University Feinberg School of Medicine)
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A structurally normal fetus/newborn is usually present;

however, several congenital abnormalities have been

associated with PMD including congenital hemangiomas

[21–23], hepatic mesenchymal hamartoma [9, 22, 24–26],

gastroschisis [27], pulmonary hamartoma [28], and BWS

[29, 30]. BWS is a constellation of multiple congenital

anomalies, characterized by macrosomia, omphalocele, and

macroglossia [31]. Additional features include earlobe

creases, adrenal cytomegaly, hyperplasia of the kidneys

and pancreas, and neonatal hypoglycemia. Approximately

one-third to one-fourth of cases of PMD are associated

with BWS. Interestingly, BWS is a disease associated with

imprinting and is caused by mutation or deletion of

imprinted genes within the chromosome 11p15.5 region

(OMIM #130650). Important genes involved in the region

include CDKN1C, H19, and LIT1. In addition, hyperme-

thylation of the H19/IGF2-imprinting control region on

chromosome 11p15.5, which regulates imprinted expres-

sion of H19 and insulin-like growth factor 2 (IGF2) is

associated with BWS. Paternal uniparental disomy (UPD)

at 11p15.5 (involving IGF2 and CDKN1C), either as an

isolated chromosomal defect or as part of pan-genomic

paternal UPD in ABM, could be the genetic factor linking

PMD and BWS [32]. In ABM, two lineages of diploid cells

are present in the conceptus, one of which is abnormal in

that, all 46 chromosomes are derived from the father and

presumed to carry paternal epigenetic imprints.

Placental Gross and Microscopic Features

The placenta in PMD is typically enlarged (placen-

tomegaly) and shows strikingly dilated chorionic plate fetal

vessels, which often show thrombosis (Fig. 2a). On cut

section, the parenchyma shows patchy, cystically enlarged

villi, in a background of grossly normal-appearing villous

tissue (Fig. 2b). Histologically, this admixture of normal

and abnormal-appearing villi is preserved at low power.

Proximal stem villi are enlarged and show abnormal ede-

matous/myxomatous stroma with cistern formation and

Fig. 2 Gross and histologic appearance of PMD. a Gross photograph

of the placenta from a classic case of PMD. The placental weight was

[90th percentile for gestational age. This image of the fetal surface

of the placenta shows dilated and tortuous chorionic vessels (arrows).

b Gross photograph of the cut surface from a classic case of PMD.

Note the numerous cystically dilated villous structures, particularly

beneath the chorionic plate. Normal appearing villous parenchyma is

featured near the basal surface and at the margins of the placenta. A

dilated, thrombosed chorionic vessel is also visible (arrow). c Low-

power photomicrograph of the villous parenchyma in PMD. Stem

villous (left) is markedly enlarged and hydropic with myxoid stroma

and development of a central cistern. Normal-sized chorionic villi are

also present (lower right) demonstrating the admixture of hydropic

and normal villi. Hematoxylin and eosin, original magnification 49.

d Medium-power photomicrograph of a hydropic stem villous in

PMD. The large villous featured here shows hydropic change and a

central cistern. However, the villous demonstrates thick-walled

vessels (arrows) which distinguish it from most molar gestations.

Also note there is no evidence of trophoblastic hyperplasia. Hema-

toxylin and eosin, original magnification 109
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thick-walled, peripheral blood vessels (Fig. 2c, d). The

distal villi display increased capillaries with formation of

chorangiomata and chorangiosis. There are frequently

increased nucleated fetal erythrocytes in the capillaries of

the distal villi. The villous cytotrophoblastic layer appears

phenotypically normal without trophoblast proliferation or

pseudoinclusions.

Because of the abnormal fetal vasculature in PMD, it is

frequently accompanied by chronic fetal vascular obstruc-

tive changes in the placenta. Obstruction of fetal blood

flow typically presents as thrombi within the large, dilated

chorionic vessels, vaso-obliterative changes in stem villous

vessels, and avascular villi or villous stromal-vascular

karyorrhexis in the distal villi. Collectively, these fetal

vascular changes are referred to as FTV when they involve

a significant volume of the placenta [33]. As stated earlier,

these changes can contribute to IUGR and fetal death [34,

35], often seen in PMD.

The immunohistochemical expression pattern of p57KIP2

in PMD is abnormal. p57KIP2 is a cyclin-dependent kinase

inhibitor nuclear gene product (CDKN1C) encoded on

11p15.5 that is maternally expressed but paternally

silenced, and therefore has become a useful indirect marker

of an androgenetic genotype [36]. A normal staining pat-

tern includes positive nuclear staining in both villous

cytotrophoblast cells and villous stroma, while an andro-

genetic diploid conceptus shows loss of nuclear staining in

both cell types, the typical staining pattern of CHM.

However, abnormal villi in PMD demonstrate an inter-

mediate pattern with loss of nuclear expression of p57KIP2

in some or all villous stromal cells accompanied by

retention of nuclear expression in villous cytotrophoblast

cells (Fig. 3). A patchy distribution of villi with this pattern

of p57KIP2 immunostaining is observed with ABM, and

suggests that biparental cells may have a selective advan-

tage over the androgenetic cell lineage in the cytotro-

phoblast cells.

Since PMD is characterized by ABM, a variety of

molecular diagnostic techniques can be used as an adjunct

to demonstrate the presence of isolated 11p15.5 UPD or

ABM, especially in cases with borderline or nonclassic

morphology. PCR amplification of short tandem repeats or

genomic single nucleotide polymorphism (SNP) array can

be performed to assess for allelic imbalance by quantitative

comparison of the maternal and paternal alleles at infor-

mative loci. Biparental tissue shows allelic ratios close to

1.0 (equal amounts of maternal and paternal chromosome

material). Abnormal areas of the placenta, characterized by

ABM show allelic ratios out of the normal range (excess

paternal chromosomal material in androgenetic areas),

compared with histologically normal (biparental) areas and

known biparental control tissue. Although most cases of

PMD may be due to AMB, a subset of cases is associated

with selective paternal UPD at the BWS locus. Molecular

diagnosis of the latter requires a SNP array or inclusion of

11p15.5 loci in an short tandem repeat analysis (STR).

Pathogenesis

While PMD is known to be associated with a diploid

karyotype, distinguishing it from the triploid karyotype of

PHM, recent genotyping studies have shown the pheno-

typic and immunohistochemical features of PMD are

associated with ABM [29, 37–40]. ABM in PMD is char-

acterized by a mixture of two cells lines: an androgenetic

Fig. 3 Androgenetic biparental mosaicism in PMD. a Diagrammatic

representation of ABM in PMD. Villous cytotrophoblast cells circling

the periphery of the villous have a normal biparental chromosomal

complement (maternal component = dark chromosome; paternal

component = white chromosome). Villous stromal cells are com-

posed of a diploid paternal chromosome complement without any

maternal component. This is the typical pattern of ABM seen in at

least a subset of villi in PMD. b Classic pattern of p57KIP2 staining in

PMD. Note the nuclear expression in the villous cytotrophoblast

around the periphery of the villous and loss of expression in the

villous stromal cells. Loss of p57KIP2 staining is used as an indirect

assessment for androgenetic component and this pattern is character-

istic of ABM in PMD. p57KIP2 immunohistochemistry, original

magnification 209
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cell line in the chorionic mesenchyme and a biparental

cell line found in the villous cytotrophoblast and amnion

[29]. ABM arises either from a single zygote (mosaicism)

by a mitotic error or fusion of two zygotes (chimera).

Possible mechanisms include: (1) normal fertilization

with partial loss of the haploid maternal genome at

cleavage and subsequent endoreduplication of haploid

paternal genome (Fig. 4a); (2) fertilization of oocyte by

two sperms resulting in a triploid conceptus, followed by

unequal segregation to produce one diploid cell line and

one with a haploid paternal genome which undergoes

endoreduplication (Fig. 4b); (3) fusion of two fertilized

oocytes, one biparental and one androgenetic to form a

chimera (Fig. 4c).

While most PMD cases are diploid, there are reports of

cases with PMD morphology and immunohistochemical

staining pattern with lack of trophoblastic hyperplasia

which show a hyperdiploid component (triploid/tetraploid)

in the cytotrophoblast cells [29, 39, 41].

A fetus is nearly always present among PMD cases with

strong fetal female predominance of up to 4:1 [20]. How-

ever, a recent case of PMD in a dichorionic twin gestation

demonstrated that there may be early embryonic death and

no recognizable fetal tissue later in gestation in PMD [41],

stressing that there may be a spectrum of the phenotypic

expression of ABM which depends on the quantity and

distribution of the diploid androgenetic cell line. PMD may

be considered to fall within the range of genetic possibil-

ities between a completely biparental conceptus (normal)

and a completely androgenetic conceptus (CHM). PMD

placentas represent a mixture of these two types of cell

lines, but the percentage of androgenetic cells within the

villous stroma and/or fetus likely contributes to the phe-

notype. Therefore, not all PMD cases will have the same

proportion of abnormal villi showing ABM and/or the same

degree of fetal development or pathology. The reported

cases of PMD range from*30 % to 100 % involvement of

the placenta [41–43]. It is possible that in some placentas

with even smaller percentages of involvement, the cystic

changes may be overlooked while those with 100 %

involvement may not develop a fetus [41]. However, to

date, no clear association has been made between per-

centage of ABM and fetal phenotype or outcome. PMD

characterized by ABM can co-exist with CHM in the

absence of twinning [39], and the proportion of CHM may

range from morphologically-undetectable CHM (such as

cases thought to represent PMD with elevated HCG) [4,

29] to frank areas with trophoblastic hyperplasia and loss

of p57KIP2 expression in villous cytotrophoblast and stro-

mal cells [39].

Fig. 4 Diagrammatic representation of the mechanisms of pathogen-

esis of ABM. a Normal fertilization with partial loss of the haploid

maternal genome (dark chromosome) at cleavage and subsequent

endoreduplication of haploid paternal genome (white chromosome).

Note that identical paternal alleles (isodisomy) will be present in

every cell. b Fertilization of oocyte by two sperms resulting in a

triploid conceptus, followed by unequal segregation to produce one

diploid cell line and one with a haploid paternal genome which

undergoes endoreduplication. Note that the biparental and androge-

netic cells lines will have different sets of paternal alleles (heterodi-

somy). c Fusion of two fertilized oocytes, one biparental and one

androgenetic to form a chimera. Note that the biparental and

androgenetic cells lines will have distinct sets of paternal alleles
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Rare cases with gross and histologic features of PMD

have been found to be uniformly biparental without

androgenetic allelic imbalance, suggesting that not all

cases with PMD morphology are secondary to ABM [43].

Some of these cases may result from ABM below the

threshold that can be detected by molecular genetic tech-

niques. However, several case reports suggest that PMD

occurs with mosaic paternal UPD or other forms of loss of

heterozygosity confined to the 11p15.5 region [21, 43, 44],

some cases associated with BWS [43, 44] and aberrant

expression of genes CDKN1C and/or IGF2 located within

this imprinted region of chromosome. Therefore, the vil-

lous stromal overgrowth seen in PMD is likely secondary

to genes within this region alone, particularly, overex-

pression of the IGF2 gene, which is primarily expressed

from the paternal allele [4, 43].

Conclusions

PMD, a recently described entity, has a distinctive con-

stellation of pathologic features that are important to rec-

ognize because PMD may have important implications for

fetal and neonatal health, such as an increased risk for

intrauterine fetal demise (IUFD), IUGR, and BWS. PMD

has a complicated genotype characterized by a mixture of

an androgenetic cell line and a biparental cell line, known

as ABM. The androgenetic cell line is typically confined to

the villous mesenchyme, while the villous trophoblast cells

are biparental. To date, it is not fully understood why ABM

in PMD is confined to villous stroma or how it leads to the

villous and chorionic mesenchymal abnormalities charac-

teristic of PMD. ABM within the mesenchymal cells of the

fetus affected by PMD is also poorly understood, but may

contribute to some of the associated fetal lesions, such as

mesenchymal hamartoma of the liver. Further investigation

is needed to answer these interesting and important ques-

tions about how the quantity and distribution of the

androgenetic cell line affect pregnancy outcomes in PMD.
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