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Fig. 2 Roughly simplified schematic drawing of
a peripheral part of the mature placental
villous tree together with typical cross sec-
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details see text. Modified afrer Clastellucei et
al., 1989,
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REVIEW ARTICLE

Re-view and view on maturation disorders in the

placenta

GITTA TUROWSKI' and MARTIN VOGEL?

'Department of Pathology. Paediatric and Pregnancy Related Pathology. Oslo University Hospital (OUS),
Oslo, Norway; *Department of Pathology, Charité — Universititsmedizin, Berlin, Germany

Turowski G, Vogel M. Re-view and view on maturation disorders in the placenta. APMIS 2018; 126: 602-612.

Until delivery, the placenta plays an important mediator role between mother and fetus. This unit is affected by peri-
static conditions. such as acute or chronic maternal diseases, malnutrition, drugs, and others. But also genetic factors
and fetal malformations due to embryonic developmental disorders may contribute to macroscopically visible changes
and functional disorders of the placenta. In a constantly ongoing progress of maturation, the placenta records and
saves changes due to fetal distress partly as maturation disorders. Understanding of maturation disorders might, there-
fore. be an important contribution to a better understanding of influences on villous differentiation and might improve
follow up and fetal outcome to reduce recurrence risk. However, an internationally unified classification system of mat-
uration disorders does not exist. In this review, terminology, trials, and classifications of villous maturation disorders
are summed up and compared, to pmpoint the need of agreement on an international unified and reproducible classifi-

cation of maturation disorders.

Key words: Fetal outcome; histopathology; maturation and maturation disorders; pathology: placenta.

Gitta Turowski, Department of Pathology, Paediatric and Pregnancy Related Pathology, Oslo University Hospital
(OUS), Postboks 4950 Nydalen, 0424 Oslo, Norway. e-mail: uxtugi@ ous-hf.no

NORMAL VILLOUS MATURATION
ACCORDING TO GESTATIONAL AGE

Normal villous maturation 1s essential for opti-
mized placental function adjusted to fetal demands
of oxygen and nutrition. Ramification and matura-
tion from predominating immature intermediate
villi in the first and second trimester to the mature
intermediate and terminal villi in the third trimester
reflect dynamical adaptation processes.

Formation of tertiary villi finishes embryonic pla-
cental development. In the following weeks of preg-
nancy until delivery, villous maturation advances in
linear villous growth and branching and transfor-
mation and differentiation of the stroma, fetal cap-
illaries, and the villous trophoblast (chorionic
epithelium). In detail, this process until term is
characterized by (a) numeric villous growth and (b)
villous ramification and differentiation of villi into
four gr'(')'ups with different function: (1) Stem villi,
with blood conducting. media containing vessels,

Received | March 2018. Accepted 21 May 2018
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surrounded by a contractile cell and fiber system.
Main functions of stem villi are the regulation of
blood flow and maintenance of tissue tonus to war-
rant mechanical stability of the villous tree. (2)
Intermediate villi of central (immature) type are
characterized by embryonic stroma with Hofbauer
cells, few diffusely localized capillaries, and a
nuclear rich two-layered villous trophoblast layer.
These villi are assumed to represent the villous
growth zone, with centripetal transformation into
stem villi and centrifugal growth in length with
increased branching (ramification). (3) Intermediate
villi of peripheral (mature) type present a reticular
and less collagen containing stroma with several
centrally or peripherally localized capillaries, single-
layered epithelium, and vasculosyncytial mem-
branes. This villous type contributes (o microcircu-
lation, hormone production, and metabolic activity.
(4) Terminal villi are characterized by blood supply-
ing capillaries and venous sinusoides, each wvessel
tightly connected to the surface, several developed
as vasculosyncytial membranes. Function of termi-
nal villi is to exchange fetomaternal gas and
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nutritions and to take part in hormone production
and metabolic activity (Figs 1A-C; 2A-D) (1).

Placental oxygen diffusion capacity increases
from lst to 3rd trimester until term up to 30-fold,
due to reduced diffusion distance (2). The number
of terminal villi increases from early pregnancy to
term to about 60% (3).

VILLOUS MATURATION DISORDERS

Villous maturation disorders are described as focal
or diffuse, qualitative and quantitative mismatch of
villous  ramification and tissue development,
chronologically deviating from normal maturation
for gestational age (1, 3-7).

Villous maturation disorders get manifest in
mainly two sections ol the villous tree: (a) Close

to the immature intermediate villi which trans-
form into stem villi, and (b) close to the transfor-
mation zone from the mature intermediate villi to
terminal wvilli. Maturation disorders are more
profound if they manifest in early development
(3).

Maturation disorders are reported to be seen in
small foci occupying less than 10% Medium Power
Field (MPF) in 25% of placentas from normal
sized and well-developed (eutrophic) fetuses without
any known risk. In late pregnancy (gestalional age
42 and later), maturation disorders are seen in 70%
of placentas, occupying up to 50% of a MPF
MPF. In placentas from preterm born children.
maturation disorders are found in 90% of placen-
tas, when associated with fetal growth restriction
(FGR), histologically seen as diffuse change occu-
pying more than 50% of a MPF (3).

Fig. 1. (A) Hlustration of the peripheral villous (ree: Ramification into 1 stem villi, 2 intermediate villi of the central,
immature type, 3 intermediate villi of the peripheral mature type. 4 terminal villi. (B) Histology of a placenta in gestational
age 19. Villi of different size with loose stroma and few capillaries centrally localized. (C) Histology of a placenta in gesta-
tional age 38. Increased number of terminal villi with increased number of fetal capillaries (inlay shows higher magnifica-

tion).
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Fig. 2. (A-C) Villous maturation. (A) Villous tree; | stem villus, 2 intermediate villus peripheral type. 3 terminal villus,
(B) Histology of a placenta in gestational week 40 (HE). (C) Mature intermediate villus (right) and terminal villus (left) in
gestational week 40 (MG). (D) Dissociated villous maturation disorder. prevalence of maturity (MG) gestational week 40.

HISTORICAL OVERVIEW OF MATURATION
DISORDERS

The villous maturation process causes morphologi-
cal characteristic changes in the chorionic villi (4,
8). In the German literature, Hormann in 1953
interpreted villous development and maturation as
a result of centrifugal continuous proliferation of

604

allantoic vessels, to peripheral capillaries of the ter-
minal villi (9, 10). He described the expediency and
effectiveness with regard to the fetal-placental
exchange (10, 11).

He defined the differentiation of vasculosyneytial
membranes of the chorionic epithelium as an opti-
mized approximation of the fetal and maternal cir-
culation and emphasized the law between the
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MATURATION DISORDERS IN THE PLACENTA

Table 1. German terminology of maturation disorders in comparison and Anglo-American terminology/descriptions

Becker (1981) Kaufmann (1990) Vogel (1984) Schweikhart (1986) Anglo-American
Maturitas iusta Synchronous Mature according to Synchronous maturity Normal villous maturity
maturity gestational age
Maturitas tarda Dissociated villous Asynchronous maturity |
maturation disorder, |
prevalent mature
Maturitas retardata  Deficiency of Retardation of villous Deficiency of terminal Delayed villous
terminal villi mattration; dissociated villi, peripheral maturation (DVM),

villons maturation
disorder,
prevalent immature

villous immaturity Distal villous  ~
immaturity (DVI)

Maturation arrest Persisting Villous maturation arcest  Persisting immaturity Unspecific stroma
immaturity edema

Maturitas praecox Asynchronous Preterm accelerated Hypervascularity Accelerated maturation
maturity maturation

Hypermaturity Deficiency of intermediate Distal villous hypoplasia
villi (DVH)
Chorangiosis Chorangiosis type 1
Pseudochorangiosis Chorangiosis-type 11

Chorangiomatosis

reduction of the villous diameter and the level of
maturation. Becker defined three groups with
characteristic morphology of normal maturation
and emphasized the chronological concordance
between placental and fetal maturation (12-14).
Based on this, he pinpointed typical mismatch of
placental maturation, fetal maturation, and gesta-
tional age and classified maturation disorders
chronopathologically as follows: arrest of villous
maturation (maturitas arrest), dissociated matura-
tion disorder (juvenile villi in matare placenta),
asynchronic maturation including premature vil-
lous malturation and retarded villous maturation
(maturitas praecox and maluritas retardata) (14).
This was later revised and modified into maturi-
tas iusta. maturitas tarda, maturitas retardata,
maturitas arrest, maturitas praecox. Chorangiosis,
pseudochorangiosis, and chorangiomatosis were
added (15) (Table 1). Placental maturation and
placental growth deviant from normal maturation
for gestational age and fetal development were
also reported by others (4, 16. 17). Villous matu-
ration disorders were documented at any gesta-
tional age associated with clinically diagnosed
maternal diabetes mellitus or preeclampsia (8, 18—
22).

From these observations, Kloos and Vogel sug-
gested a classification of maturation disorders,
derived from morphology (23). They systemized
maturation disorders as placental villi which deviate
in quantity and quality and/or chronology from
normal morphology according to gestational age.
In consequence, they stated that the earlier the
onsct of the villous structural disorders, the more
profound is the manifestation,

w2008 APMIS. Published by John Wiley & Sons Lid

This detailed classification system was later sim-
plified due to the results of histometric examina-
tions (3, 24).

In 1984, Schweikhart suggested the term ‘termi-
nal villous deficiency’. analogous to ‘retardata and
peripheral villous immaturity’. Furthermore, he
suggested ‘persisting immaturity’, analogous to the
term arrest, which was later subclassified into low,
moderate, and severe grade. Asynchronous post-
term maturity described a varying picture of imma-
ture and mature villi, He described hypermaturity
as hypervascularity, which was later modified (25)
(Table 1). E

Chorangiosis is characterized by an increased
vascularization of terminal villi. Tt is still unclear if
this is a primary developmental disorder or a matu-
ration disorder (26). Chorangiomatosis is inter-
preted as maldevelopment (27).

In the Anglo-American literature, Kaufmann and
Benirschke suggested to differentiate maturation
disorders of the villous vessels into branching and
nonbranching angiogenesis in corrclation to pre-,
intra-, and postplacental hypoxia (28, 29).

Fox and Redline differentiated between “preterm
and delayed maturation disorders’ and used the
term ‘irregular villous maturation’, if both disorders
were found in the same placenta (30-32).

Langston introduced the term ‘distal villous
immaturity’ (DVI) (26), which was followed by the
‘disorders of villous development” represented by
DVI with placental overgrowth (DVIPO), and “dis-
tal villous hypoplasia’ (DVH) with placental under-
growth (DVHPU (33).

In recent years, villous developmental disorders
associated with defined clinical maternal and [etal
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diseases were emphasized, such as distal villous
hypoplasia and accelerated villous maturation asso-
ciated with maternal vascular malperfusion and
clinical FGR and preeclampsia (33-36).

INTERNATIONAL EXISTING TERMINOLOGY
OF MATURATION DISORDERS

International terminology of maturation disorders
s confusing. In Anglo-American literature (cate-
gory 1), terminology mainly focuses oh'dglam:
lous “Maturation (DVM), which is also called
defective villous maturation and distal villous
immaturity. In addition, villous deviation from nor-
mal, such as "distal villous hypoplasia® and ‘acceler-
ated maturation’, is interpreted as a morphological
change due to maternal vascular malperfusion. The
term ‘ramification disorder” is not included in the
terminology of villous maturation disorders (37,
38). In German literature (category 1I), maturation
disorders have been discussed over years. and vari-
ous classifications have been suggested and revised.
Merphological aspects of ‘accelerated maturation’

summed up in detail with respect to morphological
and clinical aspects.

CATEGORY 1

Delayed villous maturation and distal villous
immaturity

Characteristic morphology of synonymously used
DVM apd DVI shows willi of increased villous
diameter, with cellular stroma and increased extra-
cellular matrix. Capillaries are centrally placed and
vasculosyncytial membranes are reduced. Diagnostic
for DVM and DVI are more than 30% immature
villi within the basal 2/3 of the placental parench-
yma. Villous trophoblast is hyper cellular with per-
sistent cytotrophoblast (35). Immature intermediate/
terminal villous ratio is increased (34, 35, 39-42).
All or few criteria are of diagnostic value.

Delayed villous maturation can be found few
weeks before or close to term, rarely before
34 weeks of gestation, clinically associated with
maternal metabolic disorder and obesity, intrauter-
ine hypoxia, FGR, and fetal death (30, 34, 36,
43). Furthermore, it can be associated with fetal
chronic diseases, and disorders of the central ner-
vous system in children and adults, and other con-
genital anomalies.

Recurrence risk in Tollowing pregnancies is
increased, even if a definite metabolic disorder is
not diagnosed (34).

606

Distal villous hypoplasia

The phenotype of DVH is characterized by a
poorly developed distal villous tree, with deficient
distal villi in the lobulus center. Stem villi are sur-
rounded by slender and clongated villi with non-
branching capillaries. Deficiency of distal villi is
accompanied by an extended intervillous space. The
stroma of stem villi is fibrotic with peripheral thick
walled fetal vessels. The syncytiotrophoblast shows
increased regressive knots, which are often wave
tormed (33).

Extensive DVH is clinically associated with early-
onset FGR and loss of end-diastolic flow in the
umbilical cord arteries (44, 45). The placenta is
from the start too small. Focal lesions are often
associated with decidual vasculopathy and chronic
infarct, associated with maternal vascular malperfu-
sion (MVM) (3, 35, 36). DVH, is often seen associ-
ated with clinical pre-eclampsia (Fig. 3).

CATEGORY 11
Deficiency of intermediate villi

Intermediate villous deficiency is characterized by
absence of intermediate wvilli, with only stem villi
and slender terminal villi represented. The stroma is
partly of fibrous type partly with vasculosyncytial
membranes. Chorionic epithelium shows regressive
syncytial knots in both villous types. so-called
nuclear sprouts (3, 46) (Fig. 4).

Deficiency of intermediate villi causes a decrease
in the total vessel volume and a decrease in perfu-
sion capacity (3). Intermediate villous deficiency in
2nd and 3rd trimester placentas is clinically

Fig. 3. Distal villous hypoplasia: Villous paucity, many of
which are thin and clongated (kindly provided by College
of American Pathologisis).

02018 APMIS. Publiched by Jofn Wiley & Sons Lid
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Fig. 4. Deficiency of intermediate villi. (A) Hustration: | Stem villus. 2 intermediate villus peripheral type. 3 terminal vil-
lus. (B} Numerous slender villi close o stem villi, deficient number of medium-sized villi (HE). stem and terminal villi side

by side, partly regressive chorionic epithelium.

Fig. 5. Retardation of villous maturation, (A) Illustration: | Stem villus, 2 lumpish intermediate villus of peripheral type,
3 terminal willus. (B) Medium-sized villi, reticular stroma, few capillaries, deficient vasculosynevtial membranes in nuclear

containing chorionic epithelium.

associated with pre-eclampsia, HELLP syndrome,
chronic hypertension, collagenous syndromes and
in the 2nd trimester associated with prematurity,
placental hypoplasia, and FGR.

Retardation of villous maturation

Retardation of villous maturation is characterized
by villi with medium-sized diameter, deficiently
ramificated into intermediate villi of central and
peripheral type. The stroma is cellular and reticular,
with dense collagenous fibers, reduced capillaries,
and deficient vasculosyncytial membranes. Chori-
onic epithelium is single layered and densely
nuclear (Fig. 5).

© 2018 APMIS. Published by John Wiley & Sons Ltd

It is mainly seen in late (>37th gestational week)
and in prolonged pregnancy (=42nd gestational
week), with increased risk of intrauterine hypoxia.
‘sudden infant death syndrome” (SIDS), DM (dia-
betes mellitus) and associated with endangiopathia
obliterans, assumed to be due to virus infection in
carly pregnancy (rubella. EBV. and Coxsackie B).
Recurrence risk is increased to about 5% in follow-
ing pregnancies (3).

Arrest of villous maturation

Deficient ramification of immature intermediate
villi with large diameter and lumpy shape charac-
terizes the arrest of willous maturation. The
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Fig. 6. Arrest of villous maturation, (A) Ilustration: | stem villus, 2 intermediate villus of central immature type, 3 termi-
nal villus. (B) Deficient villous ramification, loose mesenchymal stroma, deficient paravasal fibers, flat chorionic epithelium

(HE}.

stroma is primitive mesenchymal, embryonic, and
loose reticular with Holbauer cells and few capil-
laries, with only rare contact to the surface
epithelium. Chorionic epithelium is smooth with
only few trophoblast sprouts, infrequently flat
and single layered with few cytotrophoblast cells
(23) (Fig. 6).

Maturation arrest is seen in early miscarriage
and late pregnancy, maternal obesity with and
without diabetes, syndromes and chromosome aber-
ration (trisomy), especially in Ist and 2nd trimester.
Combination with implantation disorders may give
a hint to implantation bed disorders (47). Recur-
rence risk is assumed to depend on the severity of
the disease.

Chorangiosis type T

Chorangiosis type 1 is characterized by villous
groups of medium diameter with loose cellular
stroma and numerous capillaries with wvarying
lumen (10 capillaries per villus), irregularly placed
without connection to the chorionic epithe-
lium (48). The villous trophoblast is broad and
nuclear rich, single and double layered with few
vasculosyncytial membranes (Fig. TA).

This maturation disorder can be seen at any ges-
tational age, but only infrequently in the Ist trime-
ster. In  growth-restricted placentas, difTusion
capacity may be decreased. Clinically, it may be
associated with hemolytic anemia and hydrops, a-

Fig. 7. (A) Chorangiosis type |. Villi of medium size, tight luminal capillaries (more than 10 capillaries/villous cross sec-
tion in MPF), deficient vasculosyneytial membranes (HE). (B) Chorangiosis type 2. Villi of varving size with more than 10
capillaries side by side, many vasculosyneytial membranes, flat chorionic epithelium with few sprouts (HE).

608

O S APMIS. Published by Jolm Wiley & Sony Ltd

'L RI0T 90091

radiiy wogy papeop

0P suuag FE aag TREnZ oy e ] B0 Aty supug Aapa, uvder auenposy Ay gesg 1w 11 1o1mopmo L

sy

A

AR SEOUNIOT) 2altney Hgquatpdde o) dg paumao a0e £3)00m i) 980 Jo Saqn o] AR MUy £, U



»

: M.‘.\-TURIXTION DISORDERS IN THE PLACENTA

thalassemia il overlapping with arrest of villous
maturation. Furthermore, clinical moderate fetal
erythroblastosis, if overlapping with retardation of
villous maturation, insulin regulated DM with vas-
culopathy. Tt may be part of mesenchymal dyspla-
sia.

Chorangiosis type 11

In chorangiosis type 1I, the villi are slender with
numerous vasculosyneytial membranes (=10 per vil-
lus), flat and single-layered epithelium (Fig. 7B).

It is seen in the 3rd trimester close to lesions of
chronic maternal vascular malperfusion (MVM),
villous fibrosis, and villitis, interpreted as a com-
pensatory villous reaction. Often, it is seen associ-
ated with retardation of villous maturation in
prolonged pregnancy. maternal vitium cordis (car-
diac defect), and long continuous stay at a great
altitude.

Dissociated villous maturation disorder

The term ‘dissociated villous maturation disorder’
describes a maturation disorder with normally
branched branched villi according to gestational
age  (normal  ramification)  but  disturbed
maturation of the stroma and the fetal vessels,
Dissociated villous maturation disorders are sub-
divided into ‘prevalent immature’ and ‘prevalent
mature’,

Dissociated villous maturation disorder with
prevalent immaturity is characterized by immature
terminal villi, with deficiently developed fetal ves-
sels. The stroma is of reticular type and the villous
trophoblast is partly double layered (Fig. 8).

Dissociated villous maturation disorder of preva-
lent immature type may overlap with retarded
villous maturation.

Placentas of prevalent immature type may cause a
decreased placental diffusion capacity, when associ-
ated with villous retarded or villous-arrested matura-
tion.

Dissociated villous maturation disorder of preva-
lent mature type is characterized by intermediate
villi with cellular and reticular stroma, associated
with slender and normal sized terminal villi with
vasculosyncytial membranes,

Prevalence of maturity is often seen in premature
placentas, with clinically chronic circulatory distur-
bances.

There is no known association with maternal
diseases.

Preterm (accelerated) villous maturation

Accelerated villous maturation is interpreted as a
compensatory change due to maternal vascular
malperfusion. Morphologically, small or short hyper-
mature villi for gestational age are accompanied by
increased syncytial knots (>33%). Intervillous fibrin
is increased alternating with areas of villous paucity.

Acceleraled villous maturation is diagnosed in
placentas prior to term and may be found in mild,
moderate, or severe forms of placental insufficiency,
which includes FGR, preeclampsia, and preterm
labor (39) (Fig. 9).

In German terminology, ‘preterm accelerated vil-
lous maturation’ is svnonymously used with ‘Matu-
ritas praecox’, ‘preterm villous maturation’, and
‘accelerated villous maturity’, defined as premature
villous maturation according to gestational age.

Fig. 8. Dissociated villous maturation disorder, prevalence immature. (A) Hiustration: 1 Stem villus, 2 intermediate vilius
peripheral type. 3 terminal villus. (B) Regular villous ramification, deficient terminal villi with capillaries and vasculosyncy-

tial membranes (MG).

28 APMIS, Published by John Wiley & Sous Ltd
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Fig. 9. (A) Following German terminology: Regularly branched villi with premature terminal villi with capillaries and vas-
culosyncytial membranes. Stem villi and intermediate villi with loose immature stroma. Placenta in gestational age 29.(B)
Following Anglo-American terminology: combination of areas with increased syneytial knots and intervillous fibrin deposi-

tion (kindly provided by the College of American Pathologists).

Morphologically villi are regularly branched with
increased terminal villi with vasculosyncytial mem-
branes. Few stem and intermediate villi of central
type contlain loose immature stroma.

The pathogenesis is assumed to be a compensatory
process in primarily or sccondary small placentas
due to early onset of chronic maternal vascular
malperfusion (MVM). It is seen in first time preg-
nancy, hypertension, nicotine abuse, eclampsia, mul-
tiple pregnancies, and few collagenosis.

Fetal risks include preterm delivery, preterm pla-
cental abrupture, and FGR (46).

DISCUSSION

Normal villous maturation [or gestational age, with
transition from immature intermediate villi into
mature intermediate villi and terminal villi in the
third trimester, is essential to fulfill fetal demands.
Oxygen diffusion is optimized by vasculosyncytial
membranes. reduced stroma cellularity, and a thin
chorionic epithelium (49).

In addition, if the villi are of small diameter,
such as in terminal villi, the exchange surface is
maximized (3).

There is international agreement on placental
development and pathological disorders in the pla-
centa, such as vascular malperfusion or inflamma-
tion. Recently, an international group of perinatal
pathologists agreed up on terminology and reporting
of pathologic placental entities, maturation disorders
included (36). Furthermore, in our opinion all
findings should include a comment with clinical
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correlation and estimation of recurrence risk, which
also includes an interpretation of maturation
disorders correlated with clinical outcome (50).

However, a unified international classification of
maturation disorders does not exist (Table 1).

In the Anglo-American tradition, maturation dis-
orders are described, bul lerminology is limited to
the umbrella term ‘delayed villous maturation’
(DVM) (39). This includes the term ‘defective vil-
lous maturation’ and ‘distal villous immaturity’
(DVI). which often is used synonymously (37).
Ramification disorders of the villous tree with
respect to normal differentiation into villous sub-
groups (stem villi, intermediate villi of mature and
immalture type, differentiation of intermediate villi
mature type, and terminal villi) are not defined
(30). Fitzgerald emphasized distal villous hypopla-
sia (DVH) as a maldevelopmental disorder, in con-
trast to Anglo-American terminology. DVH s
characterized by a hypoplastic villous tree with
reduced numbers of abnormally shaped, long, slen-
der villi with a nonbranching villous capillary net-
work (35). This definition might correspond to the
German definition of ‘deficiency of intermediate
villi" and implies that the villi are not of terminal
villous type in this ramification defect. The terms
DVM and DVI include morphology with increased
numbers of immature villi with huge diameter. In
the German literature, this morphologic type is
divided into ‘retardation’ and ‘arrest of villous mat-
uration’, which correlates clinically with different
discases and different recurrence risks.

Retarded villous maturation is interpreted as a
ramification disorder, characterized by retarded
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MATURATION DISORDERS IN THE PLACENTA

branching of intermediate villi and regular immatu-
rity of the villous stroma and chorionic epithelium
(3. 23). Retarded villous maturation is first seen from
gestational week 35, associated with intrauterine
virus infection (rubella and enterovirus) and latent
or manifest diabetes mellitus. Recurrence risk is
increased (51). In contrast, arrested villous matura-
tion is interpreted as a ramification disorder with
deficiently branched intermediate villi and following
deficient transformation into stem villi. Stroma mat-
uration and differentiation of the villous trophoblast
is hampered. The mesenchymal and loose reticular,
collagen poor, and edematous stroma are considered
to build up a tonus which stabilizes the primitive
stroma. Villi with arrested maturation are of this rea-
son different from villi with diffuse edema. While the
stroma of hydropic degeneration loses its original
texture to mole like degeneration, it is preserved in
villous maturation arrest, In arrested villous matura-
tion, few irregularly placed capillaries are found and
the villous trophoblast is flat with rare syncytial
knots. This is in contrast to normally developed
intermediate villi of immature type. Stem villi show a
similar immature stroma and hypoplastic vessels,
which may pinpoint pathogenesis as a disorder of
transformation of immature intermediate villi into
stem villi, and a centripetal growth disorder with
absence of distal villous generations. Arrested villous
maturation is seen in early pregnancy in spontaneous
abortions and in late pregnancy in women with
poorly regulated diabetes (3, 23, 52). Furthermore, it
is seen associated with nonimmunological hydrops
fetalis, o-thalassemia, chronic fetal anemia, Twin-to
Twin-Transfusion  Syndrome (TTTS), chronic
intrauterine virus infection, maternal metabolic dis-
orders, and maternal obesity,

Chorangioses type 1 and 1I and preterm (acceler-
ated) villous maturation are differentiated and clas-
sified as maturation disorders in the German
terminology (3. 5). Whether Chorangiosis is a mat-
uration disorder or an early developmental disorder
with preterm accelerated vascular proliferation is
discussed previously and needs further discussion
on an international platform.

In conclusion, terminology of maturation disor-
ders is confusing and only sparsely reproducible
(37, 53).

The interpretation of the morphology of villous
maturation is subjective. Recent studies suggest that
the interpretation of maturation disorders might be
improved and objectified by immunchistochemistry
and molecular analysis (54-56).

In this review, the German and Anglo-American
terminology has been reviewed and compared. The
most recent recommendations on the terminology of
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maturation disorders from the Amsterdam Placental
Workshop Group Consensus Statement are included.

However, criteria on maturation disorders need
to be discussed, revised, and specified and corre-
lated with clinical diseases. The agreed criteria
should then be applied and tested for reproducibil-
ity and comprehensibility.

An international agreement on the terminology
of placental maturation disorders is required as a
contributing parameter to optimize fetal outcome.
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