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Summary. The placental villi of 61 early abortions with
known karyotype and 7 legally induced abortions were
investigated by scanning electron microscopy and docu-
mented in standardised enlargements. Five groups were
established from the findings: uniformly branched villi
with a velvety surface (group A) were found in 4 of the
7 induced abortions, abundant syncytial sprouts
(group B) in 4 of the 6 cases with monosomy X; all
5 cases of triploidy were classified in the group bulbous
or spherical villi (group C); 13 out of 25 cases of trisomy
were found to have little branching and a surface densely
covered with microvilli (group D), while 14 out of the
25 cases of euploidy belonged in the group with slender
villi and surface with focal areas of denudation
(group E). Forty of the 68 cases were properly assignable
to the correct groups (58.8%). The non-uniformity of
the villous morphology in the case of induced abortions
shows that there is no uniform development of the (ear-
ly) placenta. The variable morphology seen in abortions
with euploidy reflects the various mechanisms of abor-
tion applicable to this group.
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Introduction

Although magnifying glass and light-microscopic inspec-
tion of placental villi in early abortions frequently re-
veals differences in branching patterns and in the nature
of the surface (Geisler and Kleinebrecht 1978; Gocke
et al. 1982, 1985; Minguillon et al. 1988; Miintefering
etal. 1982, 1987; Philippe 1973; Ornoy etal. 1981;
Rockelein 1989; Rockelein et al. 1989) the three-dimen-
sional structure of these placental villi has not been in-
vestigated.
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The scanning electron microscope suggests itself for
use in such an analysis, for its enormous depth of focus
permits a good overview of three-dimensional structures.

Materials and methods

Portions of placenta, obtained by curettage from 61 spontaneous
abortions, were studied in this investigation. Occasionally, sponta-
neously expelled material was also examined. Part of the tissue
was placed in cell culture medium as quickly as possible for cyto-
genetic study; further portions of tissue were prepared for examina-
tion in the scanning electron microscope. The abortions occurred
in the 6th—16th gestational week calculated. As a control group,
we studied 7 placentas obtained from legal abortions performed
in the first trimester for social indications. The karyotype of the
induced abortions was not determined. All in all, 68 cases were
employed in the study.

For the most part, chromosome analysis was carried out on
the basis of direct preparations of spontaneous mitoses, without
the need for prior tissue culture. As a rule, mitoses obtained from
cell cultures were karyotyped as a control. In each case, at least
five metaphases were analysed photographically. The cytogenetic
findings represent the reference for our scanning electron micro-
scopic investigations. Preparation of the tissue was carried out in
accordance with the usual methods, and involved dehydration in
acetone, critical point drying, and subsequent gold sputtering (for
a description of the methodology see Reimer and Pfefferkorn
1973). All the cases were documented in standardised enlarge-
ments: about x 10 (overview), x 30, x 60, x 100 and x 300.

On the basis of estimated villous diameter, villous surface,
branching pattern, number of syncytial sprouts and fibrin deposits,
five “findings groups” were established, and the cases assigned
to these groups (Table 1).

The villi were measured with the aid of the morphometry unit
MOP (Kontron, Munich, FRG); the calibration of the morphome-
try device was done in accordance with the magnification scale
to be seen in each of the photographs.

For determining the diameter and length of the unbranched
portions of the villi. In each case, all of the villi to be seen in
an enlargement were evaluated, the measurements being made at
distances of 1 cm. Depending upon the size of the villi and the
dimensions of the preparation, between 40 and 150 measurements
were performed for each case. In the case of the measurement
of the length of the unbranched portions of the villi, the number
of measurements carried out was smaller (between 6 and 25). The
mean figures for diameter and lengths, together with the standard
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Table 1. Criteria for classification of placental villi of first trimester abortions by scanning electron microscopy

Villus branching Villus diameters Surface Syncytial Fibrin
sprouts deposits
Group A Regular Decreasing peripherally Uniformly velvety Many Very little
Group B Variable Variable Dense covering Extremely Very little
of microvilli abundant
Group C Irregular Very thick or bulbous Mostly velvety, Many Very little
frequent ridges
Group D Usually little Often cylindrical Uniformly covered Few Very little
branching with microvilli
Group E Sparse Mostly very slender Focal areas Sparse Much

of denudation

deviations of the mean values, were computed for further analysis.
The distribution of the parameters was evaluated in the form of
a histogram with a logarithmic scale; the frequency in each class
in the histograms was incorporated in further evaluation. Discrimi-
nation analyses to test diagnostic significance were obtained from
the SPSS® (Statistical Package for Social Sciences, IBM PC ver-
sion).

Results

Twenty-five abortions were euploid, 14 with a male and
11 with a female karyotype (Fig. 1). Six cases had mono-
somy X, while in 25 cases autosomal trisomy presented
(Fig. 1). One case showed trisomy 14 in connection with
Robertsonian translocation 13/14; a further abortion
had a partial trisomy 20 on the basis of translocation
14/20. In addition, 5 cases of triploidy were seen. In

Number of cases

Euploidy Trisomy Monosomy X Triploidy

Induced
abortion

4

Number of cases
Q=N WR OO N® OO

2 9 13 14 15 16 18 20 29 22
Trisomy

Fig. 1. Distribution of karyotypes in 61 early spontaneous abor-

tions: the various autosomal trisomies are shown separately, the

most common being trisomy 16

Table 2. Grouping by scanning electron microscopic criteria and
karyotype

Group

A B C D E
Induced abortions (n=7) 4 2 1
Monosomy X (n=6) 4 1 1
Triploidy (n=17) 5
Trisomy (n=25) 6 1 13 5
Euploidy (n=25) 2 5 4 14
Sum 4 12 12 20 20

2 cases, tissue culture revealed mosaicism with euploid
female cells that were interpreted as maternal contami-
nation.

Group A included 4 of the cases of induced abor-
tions. Group B contained 12 cases (4 of the 6 monoso-
my X cases, 2 of the 22 euploid cases and 6 of the 25 tr-
isomic abortions); group C contained 12 cases (1 each
of trisomy and monosomy X, 5 each of euploid and trip-
loid abortions). Group D contained 20 cases: 2 induced
abortions, 4 euploid, 1 monosomy X, and 13 trisomic
abortions. Group E also contained 20 cases: 1 induced
abortion, 5 trisomic and 14 euploid abortions (Table 2).
All cases of trisomy in group E had the karyoty-
pe 47,XX+16 or 47,XY+16. All 10 cases with tr-
isomy 16 contained focal spherical villous thickening,
even when the syncytial surface had degenerated.

All in all, 40 of the 68 cases were assignable to the
various groups (58.8%). If groups B, C and D — in which
branching is disordered — are pooled, they are found
to contain 30 of the 36 aneuploid abortions, but only
11 of the euploid abortions.

Quantitative results

In the induced abortions, the measurement revealed a
mean value for villous diameter of 141.7 um, with clearly
thicker villi in cases with trisomy (mean diameter
172.5 pm) and triploidy (303.8 pm). The villi of the eup-
loidy group (161.6 um) and the monosomy X group



(163.0 pum) were thinner. The F test revealed significant
differences (F=6.3; 4 and 63 df, p 0.003, Fig. 7) which,
for the most part, are due to the induced abortion group
and triploidies.

With respect to the individual diameter classes, only
in the 10th was there any statistically significant differ-
ence in the class frequency number (p 0.047). With re-
spect to the mean figures of the unbranched villous por-
tions, no significant differences were seen (F=0.95; 4
and 63 df, p 0.44, Fig. 7b); in contrast, the class fre-
quency number of the 7th class of the length histograms
revealed significant differences.

Discrimination analysis

Since descriptive statistics do not allow any statement
to be made as to the diagnostic usefulness of variables,
we submitted our results to a stepwise discrimination
analysis that permits an analytical synopsis of a number
of variables. At the same time, redundant information
in this test procedure, resulting from correlations be-
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Fig. 2. Placenta — early pregnancy, with uniform
branching (a induced abortion, x 30). The velvety
surface comprises densely arranged microvilli of
the syncytial trophoblasts, from which a number
of club- or drop-shaped syncytial sprouts can be
seen projecting (b induced abortion, x 300). The
appearance corresponds to group A

Table 3. Discriminant analysis including villous length and diame-
ters

Grouped as

Induced Mono- Triploidy Trisomy Euploidy

abortion somy X

Induced 2 3 2
abortion

(n=T7)

Mono- 3 1 2
somy X (n=06)

Triploidy 3 1 1
(n=5)

Trisomy 21 4
(n=25)

Euploidy 1 1 5 18
(n=25)

Correct classification: 47 of the 68 cases (69%)

tween the variables, is eliminated. If exclusively morpho-
logical variables are employed, 47 out of the 68 cases
(69.1%) are correctly assigned (Table 3).
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Discussion

Thanks to the direct preparation of trophoblast meta-
phases, contamination with maternal cells, which can
falsify results, is largely excluded in our material. How-

Fig. 3. Early abortion; long, little-branched villi
with many syncytial sprouts (a trisomy 16, x 300,
b monosomy X, x100). The sprouts appear thick
and finger-like, and even leaf-like (¢ trisomy 16,
% 300). Group B

ever, the quality of the mitotic figures is not as good
as it is from cultured cells and the number of mitoses
available for evaluation is also smaller (Eiben et al. 1987
Hansmann et al. 1986; Kdhler 1988). For this reason,
the possibility of diagnosing mosaicism is reduced



(Maier 1987). The distribution of the karyotypes found
in our material is in conformity with the reports of Bou¢
et al. (1985), Warburton et al. (1980), Eiben et al. (1987)
and Bernert et al. (1988).

As a rule, only fetal membranes and/or pieces of
the placenta are available for morphological studies on
abortuses. The placenta is a relatively simple, robust and
conservative organ that responds — even to chromosome
anomalies that are fatal to the embryo — with only slight,
and then quantitative, structural changes. Regular devel-
opment of the placenta depends upon a viable embryo
and intact blood circulation, both maternal and fetal.
Early death of the embryo occurs frequently in pregnan-
cies with chromosomal disorders, resulting in blighted
ova or severely disorganised embryos (Baldwin et al.
1988; Boué et al. 1976; Bruyere et al. 1987; Canki et al.
1988 Kajii et al. 1980; Kalousck 1987; Kalousek and
Poland 1984). Following the death of the embryo, the
placenta can survive within the uterus for a long period,
although no further development takes place, and re-
gressive changes occur, which become increasingly sig-
nificant the longer the placenta is retained. In the ex-
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Fig. 4. Early spontaneous abortion with spherical
villus, the surface of which shows many ridges (a
euploidy 46, XY, x30)

Fig. 5. Early spontaneous abortion with straight
villi covered with an intact layer of
syncytiotrophoblasts. Few club-shaped sprouts
arranged in groups; no fibrin deposits (trisomy 9,
x 100). Group D

treme case, a missed abortion occurs. Together with the
arrest in placental development, branching disorders of
the placental villi occur, which are particularly in evi-
dence on inspecting the three-dimensional structure.

The normal development of the placenta in early
pregnancy has been investigated electron microscopical-
ly by Wynn (1975), Ludwig et al. (1975) and Burton
(1987). At these early stages, a regular dichotomous
branching of the villi can be observed, while the surface
is covered with a dense brush border of the syncytiotro-
phoblast (Bergstrom 1971). The findings described are
in agreement with the criteria of our group A; at the
same time, our examinations have revealed the variabili-
ty of the normal placenta in early pregnancy: only 4
of the 7placentas obtained from induced abortions
showed the features of this orthologous placental type.
This type of development was not found in any of the
spontaneously aborted placentas.

Variably pronounced branching disorders form the
basis of our findings groups B, C and D, to which mono-
somy X, triploidy and trisomies can be assigned as char-
acteristic, but not absolutely specific, chromosome aber-



rations. Abnormally branched as well as abnormally
configured villi are found (these latter villi have a per-
fectly velvety surface). Geisler and Kleinebrecht (1978)
reported surprisingly good trophoblast in trisomies as
seen under the light microscope, and are thus in disagree-

Fig. 6. Early spontaneous abortion with extremely
thin placental villi with largely disrupted surface
covered with abundant fibrin deposits

(a trisomy 16, x 30). Nevertheless, trophoblast
destruction is usually focal, and villi with intact
syncytiotrophoblasts can also be found

(b euploidy 46, XX, x 300). Sprouts may be
flattened and already covered with fibrin deposits
(¢ euploidy 46, XX, x300)

ment with a report by Boué et al. (1976), who emphas-
ised the presence of a flattening of the trophoblasts in
the case of trisomy. Our own observations lend support
to the report by Geisler and Kleinebrecht (see also Rock-
elein 1989; Rockelein et al. 1989). Fujikura et al. (1971)
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Fig. 7a. Mean values of villous diameter and associated standard
deviations for the various abortion groups. The Ftest revealed
significant differences; F=7.2; 6,62 4f, p 0.000. b Mean values of
lengths of unbranched sections of villi and associated standard
deviations for the various abortion groups. The Ftest revealed
no significant differences: F=0.61; 6,62 df, p 0.722

reported a reduction in syncytial sprouts in spontaneous
abortions in comparison with induced abortions, but did
not take account of the underlying karyotypes. Our own
studies revealed that such findings are observed in only
some of the spontaneous abortions and that there are
even abortions that are associated with an increase in
syncytial sprouts (group B). These observations are in
agreement with our own light microscopic findings
(Rockelein et al. 1989; Schroder 1989). Ockleford et al.
(1989) investigated partial and complete hydatidiform
moles in the scanning electron microscope and reported
the occurrence of pathological microvilli. In partial hy-
datidiform moles, we often found trophoblast ridges that
Ockleford et al. (1989) also reported to be characteristic,
and which, in histological sections, represent the re-
ported trophoblast proliferations (Ohama et al. 1986;
Szulman et al. 1981; Szulman 1987a, b).

In group E, the damage observed was found in the
trophoblast layer predominantly, which was focally des-
troyed and often replaced by fibrin deposits. For the
most part, this group comprised euploid abortions. Vo-
gel (1984) and Riischoff et al. (1988) observed an accu-
mulation of fibrin deposits in euploid spontaneous abor-
tions. Mostly, fibrin and fibrotic villous stroma was con-

157

sidered to be associated with retention. Honoré et al.
(1976) observed increased “focal villous infarction™ in
cuploid abortions, together with trophoblast degencra-
tion and villous fibrosis. These observations are in agree-
ment with our criteria for euploid abortion. The findings
seen in the scanning electron microscope are in agree-
ment with our own light microscopic studies (Rockelein
1989; Rockelein et al. 1989). The difference in the nature
of the surface suggests a variable pathogenesis of the
abortions: in this group, the primary damage may lie
in the trophoblasts. This group would then comprise
abortions with a placental genesis, in which the death
of the embryo is secondary. This assumption is sup-
ported by the vascular development detectable under the
light microscope, and by the state of maturity of the
erythrocytes which, in the case of the euploid abortions,
are almost always more developed than in aneuploid
abortions (Szulman 1988). It must, however, be admitted
that euploid abortions represent a “melting pot™ of
abortions of highly variable genesis. Poor nutritional
state of the trophoblast might also be due to an inade-
quate intervillous perfusion so that a discussion of the
possibility of implantation damage (Vogel 1986) has
been revived. The indistinct orthology of the (early) pla-
centa and the heterogeneity of the material gives rise
to diagnostic problems for the morphologist. The ques-
tion of whether euploid abortions with variable predic-
tive value for subsequent pregnancics can be identified
via the morphological findings remains to be answered.

With the method employed morphometric evalua-
tion of villous diameters provides true values, apart from
possible shrinkage artefacts that might occur on critical
point drying, but which, as systematic errors, affect all
the cases investigated equally. In their trend, our results
are compatible with those reported elsewhere on the ba-
sis of histological sections (Rockelein et al. 1989). The
subjective impression that differences are to be found
in the unbranched portions of the villi has not withstood
a statistical examination.

All in all, in morphologically variable aborted pla-
centas, the scanning electron microscope revealed char-
acteristic findings criteria which, in a considerable
number of the cases examined, permit conclusions to
be drawn about the underlying karyotype. The observa-~
tions made have provided further support for well-
known light microscopic/histological findings in aborted
placentas from the first trimester. Our results are thus
in disagreement with those reported by Mingiullon et al.
(1989), Novak et al. (1989) and Rehder et al. (1989) who,
in studies of different design, were unable to demonstrate
any correlation between the morphology of the placental
villi and underlying karyotype. The additional consider-
ation of the three-dimensional structure of the villi pro-
vides the pathomorphologist with greater confidence in
his evaluation of early abortions.
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