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The Determination of Normal Percentages of
Syncytiotrophoblastic Knots in Various Regions of
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ABSTRACT

Objective: The marginal, basal and subchorial regions of the placenta
are considered to be more hypoxic than other regions. Therefore, it is
not recommended to determine the increase in syncytiotrophoblast
knots, based on the major morphological change in placental hypoxia,
from the samples taken from these regions. However, the normal
count of knots at various regions of placenta is not investigated.

Material and Method: In this study we have sampled morphologically
and clinically normal placenta with eccentric cord insertion from
various sites, either close to cord entrance or away from it (marginal,
non-marginal basal, non-marginal subchorial, and nonmarginal
midparanchymal). The number of knots was calculated on a total of at
least 100 villi for each placental sample. The normal amount of knots
in different regions and comparison between them were investigated.
Twenty-eight placentas with eccentric cord insertion were sampled in
the same manner. Hot spots from the above mentioned regions were
counted in a total of 100 villi.

Results: No significant difference was found between the dual
comparison of the mean percentages of different regions (p: 0.148).
The variety of hypoxia in different regions of the placenta could not
be demonstrated in this study.

Conclusion: It is found that there is no difference in perfusion
that can be morphologically demonstrated with increase in
syncytiotrophoblast knot, between different regions of placenta.
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Amag: Plasentanin marjinal, bazal ve subkoryal bolgelerinin
diger bolgelerine gore daha hipoksik oldugu distnilir. Buna
gore, plasental hipoksideki morfolojik bulgular temelinde
sinsityotrofoblastik diigtimlerdeki artisin bu bélgelerden alinacak
orneklerden belirlenmesi onerilmez. Her seye karsin plasentanin
farkli bolgelerindeki diigiimlerin normal sayisi incelenmemistir.

Gereg ve Yontem: Bu galismada, eksantrik kord girisli, morfolojik
ve klinik agidan normal plasentalarin kord girisine yakin veya
uzak, farkli alanlarindan (marjinal, non-marjinal bazal, non-
marjinal-subkoryal, non-marjinal midparenkimal) 6rnekler alindi.
Diigiimler, her bir plasental 6rnekte total en az 100 villiisten sayild1.
Farkli bolgelerdeki normal diigiim sayist incelendi ve karsilagtirma
yapildi. Eksantrik kord girisli 28 plasenta benzer bi¢cimde 6rneklendi.
Yukarida belirtilen bolgelerdeki sicak noktalar total 100 villiisten
sayildi.

Bulgular: Farklibolgelerin ortalama ytizdeleri dual karsilagtirildiginda
anlamli bir fark saptanmadi (p: 0,148). Bu ¢aligmada, plasentanin
farkl1 bolgelerindeki hipoksi degisiklikleri gosterilemedi.

Sonug: Yazarlarin digtincesine gore plasentanin farkli bolgelerinde
sinsityotrofoblastik diigiim artis1 ile morfolojik olarak gosterilebilecek
perfiizyon farkliliklar1 bulunmamaktadir.
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INTRODUCTION

Tenney Parker Changes (TPC) are the major marker
of maternovascular perfusion insufficiency. They are
characterized by syncytial knot increase and villus
clustering. Syncytial knot is a marked clustering of the
syncytial nuclei under the light microscope. Studies
performed with the electron microscope demonstrate
various types of syncytial knots with different mechanisms
of formation. These formation types usually cannot be
differentiated under the light microscope. The syncytial
knot increase has histomorphological significance (1).
There is ongoing research among pathologists to designate
the most appropriate definition of syncytial knots (2). The
existence of syncytial knots in more than one third of the
villi is defined as TPC. It is recommended to calculate the
knot number from the midparenchymal region, because the
basal, marginal and the subchorial regions are considered
to be more hypoxic than the other regions (3). However,
there is no standard regarding the normal number of knots
from different regions. This study attempts to determine the
normal amount of syncytial knots in different regions and
to demonstrate whether a difference exists between them.

MATERIALS and METHODS

Twenty-eight placentas received at Agri Women and
Childrens Hospital, Department of Pathology were
chosen for the study. All the samples were term gestational
placentas with eccentric cord entrances. The weight of the
placentas varied between 414 and 470 grams, which was
within normal limits (4). They were all reported as late
3rd trimester placentas that were morphologically normal.
Descriptive additional diagnoses coexisted which did not
affect the final diagnosis. The following cases thought to
bias the study either clinically or morphologically were not
included in the study;

) ; A o e z S

Figure 1: Score 22 (Villous maturation score) (H&E; x100).
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e Cases with no eccentric entrances: central, marginal
and other cord entrances were thought to have different
perfusions than eccentric ones.

e Placenta-induced hypertension (PIH): It is reported that
there is no uniform physiologic change in different vessels
of decidua basalis and in various regions of a single vessel
as well (3). That is why it is accepted that even normal
placentas may demonstrate physiological conversion
insufficiency that is frequently seen in cases with
preeclampsia and SGA (Small for Gestational Age) (5). As
the deficiency of physiological conversion may increase the
perfusion variances in the placenta, PTH cases with normal
morphology were excluded from the study.

« Cases with villous maturation score of other than 22 and
23: Villous maturation scores are included in the reports
of our department. The scores of 22 and 23 are defined as
normal late third trimester placentas as demonstrated by
Benirske and Kaufmann (1) and shown in Figure 1 and
Figure 2.

e Cases with chorioamnionitis: The endothelin amount is
increased in chorioamnionitis which in turn results in fetal
vasoconstriction and hypoperfusion (6). VEGF is a growth
factor increasing inflammatory cell migration. Its expression
is increased both in hypoxic cases and in chorioamnionitis
(7,8). Chorioamnionitis cases were therefore excluded from
the study even with scores of 22 and 23.

» Cases with morphological changes associated with hypoxia
and decreased perfusion: TPC is not the single finding of
hypoxia and cases with the following changes demonstrated
even focally were therefore excluded from the study:
Increased intervillous fibrin, distal villous hypoplasia,
acute atherosis, mural hypertrophy of membrane arterioles,
muscularised basal plate arteries, increased placental side
giant cells, increased immature intermediate trophoblasts,
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Figure 2: Score 23 (Villous maturation score) (H&E; x100).
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thin umbilical cord, laminar necrosis, and microscopic
chorionic pseudo cysts (2, 9, 10).

Placentas were kept in a solution of 10% formaldehyde
for a night and were cut into two segments from the cord
entrance parallel to its longitudinal axis (Figure 3). Six
blocks were taken from each case. The sampling regions
were as follows;

1X: Marginal zone close to cord insertion.

1: Non-marginal zone close to cord insertion.

2: Non-marginal zone far from cord insertion.

2X: Marginal zone far from cord insertion (Figure 4).
O: Fetal membranes and cord.

T: Horizontally sampled placental base.

After this sampling, the placentas were dissected parallel to
the first incision and additional samples were taken from

Figure 3: The dissection of placenta in this study.

2X 2 1 1X
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Figure 4: Illustration of zones sampled in the study. 1X, marginal
zone close to cord insertion; 2x, marginal zone far from cord
insertion; 1, central zone close to cord insertion; 2, central zone
far from cord insertion.
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regions with an unusual appearance. In order to increase the
standardization in perfusion, the central regions of maternal
cotyledons at the opening site of the uterine arteries were
chosen. All the samples were cut in 5 micron thickness
and stained with hematoxylin and eosin. The pathologist
investigated the samples. All the counting was done from
the hot spots and knot numbers were determined from
at least 100 villi for each dissected sample. Each syncytial
knot and syncytial knot bridging was calculated as 1 point.
During these scorings, accumulations with crowded nuclei,
which are easily seen in 10x magnifications, were counted
without question. For smaller knots, the inclusion presence
of at least 6 nuclei was required. The compact accumulation
of the nuclei was stipulated. Only the knots on terminal
villi were counted. Syncytial knots existing on more than 1
villus due to slicing were also included in the study if they
met the criteria above. Each syncytial knot was scored as 1.
Syncytial knots including at least 6 nuclei and combining
more than two villi were defined as syncytial knot bridging.
Each syncytial knot bridging was scored as 1.

When the intense regions were selected, the regions closest
to the choriobasal unit in the marginal regions were
preferred for counting. For subchorial counting the closest
regions to chorial plaque, for midparenchymal counting
the 1/3 sectional part of the placental thickness, and for
basal counting the closest regions to the basal plaque were
preferred. SPSS version 16.0 Statistical Analysis Software
was used to analyze the relation between variants. Variations
among groups were determined using the Mann-Whitney
U test. The Kruskal-Wallis test was used for comparison of
more than two groups. Probabilities of less than or equal to
0.05 were accepted as significant.

RESULTS

The clinical and pathological characteristics (the type of
birth, the direction of cord turn, additional microscopic
characteristics and villous maturation scores) of the 28
cases included in the study are demonstrated in Table I.

Villus counting from the previously defined regions,
their number of included syncytial knots present, and the
percentages of these are demonstrated in Table II. The
group statistics are listed in Table III and Table IV. Mean
parameters were calculated for every region. No significant
difference between the mean parameters of the regions
were demonstrated with Kruskal-Wallis test (p:0.148).
No significant difference between the mean parameters
of regions close to and away from cord entrance were
found (p:0.101, and p:0.282, respectively). No significant
differences between the mean parameters of marginal,
subchorial, basal, and midparenchymal counting of regions
close to and away from cord entrance were found (p:0,594,
p:0,706, p:0,577, and p:0,577 respectively).
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Table I: The clinical and pathological characteristic of cases used in this study

Delivery route Cord turn Additional microscopical features VMS

1 VD L X 22
2 C/S L X 23
3 C/S L Focal stem villus calcification 22
4 VD L X 23
5 VD R Cylindric change in amnion epithelium 22
6 C/S L Subcorial fibrinoid excess 23
7 C/S L X 22
8 C/S R Amniotic epithelium proliferation 22
9 C/S R X 22
10 C/S L Amniotic mesencymal pigmented macrophages 23
11 C/S L X 22
12 VD L X 22
13 C/S L Ductus vitellus remnant 22
14 C/S L X 22
15 C/S L X 22
16 C/S L X 22
17 VD L X 22
18 C/S L Intravillous fibrinoid excess 22
19 C/S L X 22
20 C/S L X 22
21 C/S L Subcorial focal chronic infarct 22
22 C/S L X 22
23 C/S L X 22
24 C/S R X 22
25 VD R X 22
26 C/S R X 22
27 C/S R X 22
28 C/S L X 23

C/S: Cesarean section, VD: Vaginal Delivery, VMS: Villous maturation score.

DISCUSSION

A syncytial knot, primarily defined under the light
microscope, is defined as significant clustering of syncytial
nuclei (Figure 5). Increase in syncytial knots and clustering
of villus are defined as Tenney Parker Changes (TPC). TPC
are primarily described as the determinant of preeclampsia.
They are attributed to demonstrate placental ischemia later
on. They have been associated with Factor 5 mutations lately
(11,12). Syncytial knots are classified into three categories
according to their mechanisms of formation. However,
differentiation of these under the light microscope is quite
difficult (1,13). Instead of being trophoblastic proliferations,
most of the knots appear as slice artifacts of deformed villi
due to villous angiogenesis, specifically during the last

trimester. However, whatever their etiologies are, syncytial
knots are known to demonstrate changes in trophoblastic
turnover (3). Syncytial knots and bridging have various
definitions in different studies. Baergen et al. have defined
syncytial knots as clusters of 5 or more nuclei and only in
terminal villi (14). However, it is reported that some of
the counted villi do not meet the criteria and possess less
than 5 nuclei. Syncytial bridging is described as one of the
4 etiological types of syncytial knots and the real bridging
is described as a rare condition originating from fusion of
2 villi. The contact of the surfaces of the chorionic villi is
designated as “touching” in the same study. Syncytial knots
are defined as an increase in syncytiotrophoblastic nuclei,
and the bridging as villous agglutination in the study of
Redline et al. According to this, villous agglutination is
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Table III: Group Statistics; mean percentages of various areas and their comparison between peri-cord insertional and far from cord

insertional zones

Area n Mean percentage SD Std. error mean P
1 28 24.46 12.24 2.31
X 0.594
2 28 22.97 11.17 2.11
1 28 17.12 9.78 1.84
sub 0.706
2 28 17.55 9.96 1.88
1 28 18.86 8.31 1.57
bas 0.577
2 28 20.63 8.89 1.68
. 1 28 18.97 10.38 1.96
mid 0.606
2 28 19.85 9.25 1.74

Table IV: Group Statistics; comparison between mean percentages of various areas (X, sub,bas, mid) within peri-cord insertional (1)

and far from cord insertional (2) zones

Area n Mean percentage SD Std. error p

X 28 24.46 12.24 2.31
sub 28 17.12 9.78 1.84

1 bas 28 18.86 8.31 1.57 0.101
mid 28 18.97 10.38 1.96
Total 112 19.85 10.50 0.99
X 28 22.97 11.17 2.11
Sub 28 17.55 9.96 1.88

2 Bas 28 20.63 8.89 1.68 0.282
Mid 28 19.85 9.25 1.74
Total 112 20.25 9.91 0.93

described as clustering of the adjacent distal villi (>2,
<20) inside fibrin and/or bridging (micro infarcts) at
the syncytial knots (2). Others have mentioned that the
formation of syncytial knots and bridging are slicing
artifacts due to deformed villi with vascular proliferations,
and the syncytial knots and the bridging are not defined as
separate forms (1). We have scored one, two, or more villi
including significant knot accumulation as 1 in our study.
Syncytial knots or bridging are not differentiated. Some of
these were proposed to be the contact regions described by
Baergen et al. (14). The real and the pseudo bridging, and
the differences from the contact regions should be clearly
defined in future studies.

The determination of the region where the counting will
take place is another argument. While in Handbook of
Placental Pathology eds. Faye-Peterson OM, Heler DS, Joshi
recommends counting from the midparenchymal region
and from the knots on terminal villi (3), another study
suggests the slice to be taken from the 75% of the basal part
and from the knots on proximal stem villi and distal villi (2).

Vol. 31, No. 1, 2015; Page 1-8
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Relative ischemia of marginal parts and the non-marginal
parts of the basal and subchorial areas of the normal
placentas have been reported (3). This thesis constitutes
the basis of our study and our goals were to differentiate
various areas according to their number of syncytial knots,
and if there is a difference, to support the idea of relative
ischemia and to contribute to the standardization of normal
number of syncytial knots in various regions.

The theory of relative ischemia stems from physiological
data about maternal circulation. The blood from the
transformed arterioles entering the maternal circulation
spouts into the subchorial region. This results in a fibrinoid
accumulation defined as “subchorionic fibrinoid” and
returns back to the basal area. It is reabsorbed from the
open-ended veins (3). That is why the subchorial and
the basal areas are the locations of blood accumulation.
Another study has hypothesized that the collateral arterial
circulation and the gestational arterial changes are fewer
in the marginal regions (15). Besides, lesions like infarcts
and x cell cysts that are classically known to be associated
with hypoxia are reported to be more frequently seen in
subchorial, basal and marginal regions.

No significant differences between the number of syncytial
knots in any region were observed in our study. Although
there is no significant increase in the number of syncytial
knots in the marginal area or decrease in nonmarginal
basal zones, these results should not be interpreted as non-
existence of relative ischemia, as the minor changes in
perfusion may not effect the morphology. The increase in
syncytial knot number is not the only finding of hypoxia and
does not necessarily coexist with the other morphological
changes of hypoxia. The morphological findings of hypoxia
vary according to the degree and onset of hypoxia (16-
19). For example, TPC may not accompany chorioangiosis
that is thought to be formed due to long-lasting low grade
hypoxia (3). Although we have excluded the cases with
known hypoxia-associated changes from our study, there
may be other findings yet not defined and associated with
hypoxia. Future studies are needed to clarify this issue.
We have an ongoing study proposed to demonstrate the
number of syncytial knots from the same regions used in
this study and investigate from where the knot increase has
started, in cases with a villous maturation score of 32.

As a conclusion no differences between the number of
syncytial knots counted from various regions of the normal
term human placenta are demonstrated. The thesis of
increased ischemia in marginal, non-marginal basal and
non-marginal subchorial regions of the term, clinically and
morphologically normal placentas are not supported in this
study.
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