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ARTICLE INFO ABSTRACT
Keywords: Introduction: Chronic histiocytic intervillositis (CHI) is a rare histopathological lesion in the placenta that is
Chronic histiocytic intervillositis associated with poor reproductive outcomes. The intervillous infiltrate consists mostly of maternal mononuclear

Chronic intervillositis of unknown etiology
Fetal growth restriction
Preterm birth

cells and fibrin depositions, which are both indicators for the severity of the intervillous infiltrate. The severity of
the intervillous infiltrate as well as the clinical outcomes of pregnancy differ between cases. Our objective is to
determine the relation between the severity of the intervillous infiltrate and the clinical outcomes of CHI.

Thrombomodulin
Methods: Cases of CHI were semi-quantitatively graded based on histopathological severity scores. Hereto, CD68
positive mononuclear cells were quantified, fibrin depositions visualized by both a PTAH stain and an immuo-
histochemical staining, and placental dysfunction was assessed via thrombomodulin staining.
Results: This study included 36 women with CHI. A higher CD68 score was significantly associated with a lower
birthweight. Loss of placental thrombomodulin was associated with lower gestational age, lower birthweight,
and a lower placenta weight. The combined severity score based on CD68 and PTAH was significantly associated
with fetal growth restriction, and the joint score of CD68 and fibrin was associated with birthweight and
placental weight.
Discussion: More severe intervillous infiltrates in CHI placentas is associated with a lower birth weight and
placental weight. Furthermore, this study proposes thrombomodulin as a possible new severity marker of
placental damage. More research is needed to better understand the pathophysiology of CHI.
second and third trimester the prevalence is estimated at 0.0006%. An
overall prevalence rate of CHI of 0.17% was found by a large retro-
1. Introduction spective cohort study, which included nearly 30.000 specimens [6,7].
Thereby, CHI has a high recurrence rate which is estimated between
Chronic histiocytic intervillositis (CHI) is a relatively uncommon 18% and 100% in subsequent pregnancies [2,6]. The combination of the
histopathological lesion of the placenta, first described by Labarrere and high recurrence rate and the unfavorable clinical outcomes of CHI
Mullen in 1987 [1]. The lesion predominantly consists of maternal accentuate its clinical pertinence [8].
mononuclear cells which infiltrate the intervillous space of the placenta. Histopathological studies revealed that the severity of the inter-
Furthermore, CHI is often accompanied by perivillous fibrin depositions, villous infiltrate differs in various cases of CHI [9]. Some cases present
villitis and trophoblast damage [2,3]. CHI is a serious condition and is an extensive amount of mononuclear cells in the intervillous space, with
associated with poor perinatal outcomes, like fetal growth restriction or without pronounced damage to the placenta, while other CHI cases
(FGR), intrauterine fetal death (IUFD) and spontaneous miscarriages only show mild histopathological changes. Furthermore, there is
[2-5]. CHI can arise at any gestational age. Prevalence rates of CHI are inconsistency in the literature about the relation between the severity of

varying between 0.80 and 0.96% for first trimester losses and in the
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Abbreviations

CHI Chronic histiocytic intervillositis

FGR Fetal growth restriction
IUFD Intra uterine fetal demise
TOP Termination of pregnancy

the intervillous infiltrate and the severity of clinical outcome. In some
studies a more severe lesion was found to be associated with a higher
incidence of fetal loss, more FGR and a lower gestational age [2,3,10]. A
positive association between CHI lesion severity and odds of pregnancy
loss was also shown in a meta-analysis [11]. However, four other pub-
lications did not find proof of such a relation [6,12-14]. In addition,
there is no generally agreed severity score for CHI. Numerous articles
defined the severity of the intervillous infiltrate in CHI placentas by the
volume of mononuclear cells of maternal origin, frequently combined
with the amount of fibrin depositions [2,3,7]. Besides these markers,
thrombomodulin could be eligible as a marker for severity of placental
damage [15] in CHI. Thrombomodulin is essential for the development
and maintenance of endothelial cells and it covers three distinct path-
ways: inflammation, coagulation and cell survival [16]. Furthermore,
thrombomodulin is essential for the development and maintenance of
endothelial cells; thrombomodulin knockout models are lethal in the
embryonic phase and result in massive thrombosis [17,18]. Under in-
flammatory circumstances, thrombomodulin is cleaved by metal-
loproteases, this cleaved thrombomodulin breakdown product is
believed to be non-functional [19]. Thrombomodulin is also expressed
by the syncytiotrophoblast of the placenta. Previous studies highlight
the preventive capacity of placental thrombomodulin in the develop-
ment of pre-eclampsia [20,21].

In this study, a possible relation between the severity of CHI based on
the volume of mononuclear cells, the extent of fibrin depositions and the
severity of placental damage will be determined. Our aim is to gain a
better understanding of the clinical outcomes in CHI in order to better
understand the pathophysiology of CHI.

2. Methods
2.1. Study population

This retrospective study analyzed all patients diagnosed with CHI in
the University Medical Center Utrecht (UMCU) between 2000 and 2015.
These cases have been described previously [5,22]. The placental sam-
ples from the UMCU were appraised in agreement with a standardized
protocol. Samples of the fetal membranes, umbilical cord and three
full-thickness samples of placenta parenchyma, which macroscopically
showed no deviations, were obtained for all placentas. When macro-
scopically visible lesions were present, these were also sampled. The
diagnosis for CHI was based on the standardized diagnostic criteria
written by Bos et al. [8] The presence or absence of villitis, perivillous
fibrin depositions or other histopathological changes were not used as a
selection criterium. Cases with available formalin fixed paraffin
embedded tissue blocks were included in this study. Clinical data was
collected from medical records. This study was authorized by the UMCU
biobank committee (TC-BIO number: 16-434).

2.2. Immunohistochemistry

An immunohistochemical staining was performed for CD68, throm-
bomodulin, and fibrin. First, the placental sections were deparaffinized
and rehydrated. Antigen retrieval was performed using citrate buffer
(pH 6.0, fibrin and thrombomodulin) or TRIS/EDTA buffer (pH 9.0, for
CD68). Endogenous peroxidase was blocked for 20 min with Hy0y/
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distilled water (dilution 1:250) for fibrin and CD68. The sections were
incubated in 1% BSA/PBS with mouse anti-fibrine (dilution 1:200,
Immunotech), mouse anti-CD68 (dilution 1:2000, DAKO) or mouse anti-
thrombomodulin (dilution 1:200, Novocastra) for 60 min at room tem-
perature. As a negative control, non-specific isotype matched antibodies
were used (DAKO). Thereafter, the sections were washed 3 x 5 min in
1x PBS and were incubated for 30 min with anti-mouse envision
(DAKO). DAB substrate was used to visualize the primary antibody (10
min, chromogen:substrate = 1:50, DAKO) and the slides were counter-
stained with hematoxylin for 10 s. After dehydration a coverslip with
mounting medium was applied.

2.3. Histological staining

A histological PTAH stain was performed to analyze fibrin de-
positions in CHI placentas. First, the placental sections were deparaffi-
nized and rehydrated. Then, the sections were incubated in potassium
permanganate 0.25% for 15 min. Afterward, the sections were washed
in distilled water before they were incubated in oxalic acid 5% for 5 min.
Again, the sections were washed in distilled water and subsequently
incubated in a PTAH solution for 24 h. After incubation in the PTAH
solution, the sections were washed in distilled water. To dehydrate the
sections, they were treated with 70% ethanol, twice with 100% ethanol
and twice with xylene, and after that they were air-dried. Finally, a
coverslip with mounting medium was applied.

2.4. Semi-quantitative scoring

From each placenta one representative formalin fixed paraffin
embedded block was selected based on the histopathological analysis by
a pathologist for histological and immunohistochemical staining. Slides
were scored on a 20x magnification on 10 different locations. Scoring
was performed by two independent observers blinded for clinical
outcome. Severity of the intervillous infiltrate was semi-quantitatively
scored according to the classifications described by Parant et al. [3]
Thrombomodulin semi-quantitative score was based on a previous
publication of Turner et al. [15,21] Semi-quantitative scores are dis-
played in Table 1. When observers scored differently, consensus was

Table 1
Semi-quantitative classification system for severity.

CD68 Score 0; Score 1; Score 2;
Mild (<10% Moderate (10-50% Severe
infiltration of the infiltration of the (>50%
intervillous space) intervillous space) infiltration)

PTAH Score 0; Score 1; Score 2;
Mild (<10% of the Moderate (10-50% Severe
intervillous space) of the intervillous (>50% of

space) the
intervillous
space)

Fibrin Score 0; Score 1; Score 2;
Mild (<10% of the Moderate (10-50% Severe
intervillous space) of the intervillous (>50% of

space) the
intervillous
space)

Thrombomodulin Score 1; Score 0;

Diffuse (>50% of Focal loss (0-50% of
syncytiotrophoblast syncytiotrophoblast
positive for positive for
thrombomodulin) thrombomodulin)

Severity score
based on CD68
+ PTAH

Severity score
based on CD68
+ Fibrin

Mild (the sum of
CD68 and PTAH
scores between 0 and
2)

Mild (the sum of
CD68 and Fibrin
scores between 0 and
2)

Severe (the sum of
CD68 and PTAH

scores between 3 and

4)
Severe (the sum of
CD68 and Fibrin

scores between 3 and

4)
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obtained. Interobserver agreement was minimally sufficient in all
semi-quantitative scores (x > 0.5).

2.5. Clinical definitions

Fetal loss before 24 weeks of gestational age was subdivided between
miscarriage, termination of pregnancy (TOP) and abortion. Miscarriage
was defined as a spontaneous fetal loss before 24 weeks of gestation
[23]. In addition, early miscarriage was defined as a spontaneous
pregnancy loss before 10 weeks of pregnancy and late miscarriage as a
spontaneous pregnancy loss between 10 and 24 weeks of pregnancy
[23]. TOP was defined as an induced pregnancy loss before 24 weeks of
pregnancy for medical reasons, such as severe fetal growth restriction
and congenital defects [24]. Induced pregnancy loss for psychosocial
reasons before 24 weeks of pregnancy was defined as abortion [25].
IUFD refers to spontaneous fetal loss after 24 weeks of pregnancy. An
early neonatal death was defined as death during birth and within the
first 7 days after birth. A pregnancy was considered term from 37 weeks
of gestation onwards and preterm if birth occurred between 24 and 37
weeks of pregnancy. FGR was referred to as a birthweight below the 3rd
percentile [26].

2.6. Statistical analysis

Data was processed and analyzed with SPSS statistics software
(version 25). Baseline characteristics are represented using percentages
for binary data and a combination of means and standard deviations or
medians, minima and maxima for continuous data, depending on the
normality of data. To compare categorical data between groups, a Fisher
exact test was used to test significance, because there was a low number
of cases. Spearman’s rank correlation coefficient was determined to
research any possible associations between different outcomes. Only
associations were tested between chosen variables for severity of CHI
(semi-quantitative CD68 score, semi-quantitative PTAH score, semi-
quantitative fibrin score and semi-quantitative thrombomodulin stain-
ing) and gestational age, birthweight, birthweight percentile, FGR and
placenta weight. The significance level was set to P < 0.05.

3. Results
3.1. Study population

In the period from 2000 to 2015, 45 placentas with an intervillous
infiltrate were diagnosed at the department of pathology at the UMCU
[5,22]. Four twin pregnancies, three cases with an underlying infection
and two cases without availability of remaining placental sections were
excluded. Therefore, 36 cases were eligible for this study. Patient
characteristics are summarized in Table 2. The mean maternal age
during the index pregnancy was 34.1 years. Ten women (27.8%) were
primigravida and fifteen women (41.7%) had no living children. Only
36% of the pregnancies term. At least one hypertensive disorder during
pregnancy, either pregnancy induced hypertension, pre-eclampsia or
HELLP-syndrome, was diagnosed in eleven women (30.6%). Eighty-one
percent of babies was born alive of whom fifty-two percent had FGR.

3.2. Placental characteristics

Placental characteristics are displayed in Table 3. CHI was present in
all 36 placenta samples, the histopathological classification of the
intervillositis was mild in 21 samples (58%), moderate in 9 samples
(25%) and severe in 6 samples (17%). Signs for maternal vascular
malperfusion were present in 29 placentas (81%); the placenta weight
was small in relation to gestational age in 24 placentas (71%), ischemic
changes were present in 5 placentas, infarcts were present in 6 placentas
(17%) and an accelerated villous maturation occurred in 12 placentas
(33%). Decidual arteriopathy was not present in any of the placentas.
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Table 2
Patient characteristics.
Maternal characteristics N =36
Maternal age, mean (SD) 34 (4,4)
Gravidity, median [range] 3[1-8]
Primi-gravida, n (%) 10 (28)
Parity, median [range] 1 [0-5]
Nulli-parous, n (%) 15 (42)
Pregnancy characteristics
Term, n (%) 13 (36)
Gestational age [days], median [range [days]] 267 [259-289]
Sectio 3(23)
IUFD, n (%) 2(15)
Pre-term, n (%) 19 (53)
Gestational age [days], median [range [days]] 230 [178-258]
Sectio 13 (68)
IUFD, n (%) 1(5)
Gestational age <24 weeks, n (%) 4 (11)
Miscarriage, n (%) 1 (25)
Late miscarriage, n (%) 1(100)
Abortion, n (%) 0
TOP, n (%) 3(75)
Hypertensive complications of pregnancy, n (%) 11 (31)
PIH, n (%) 411
Pre-eclampsia, n (%) 7 (20)
Diabetes gravidarum, n (%) 2(6)
Fetal characteristics N =36
Number of live born fetuses 29 (81)
Male, n (%) 15 (52)
Birthweight, mean (SD) 1765 g (1057 g)
FGR, n (%) 15 (52)
Early neonatal death, n (%) 2 (6)

Table 3
Placental characteristics.

Placental weight, median [range]
Nucleated erythrocytes, n (%)
Severe, n (%)

Maternal vascular malperfusion, n (%)

Small placenta (weight for gestational age < p10), n (%)

Accelerated villous maturation, n (%)
Infarct, n (%)

Ischemic changes, n (%)

Increased syncytial knotting, n (%)
Distal villous hypoplasia, n (%)
Decidual arteriopathy, n (%)

Fetal vascular malperfusion, n (%)
A-vascular villi, n (%)

Fetal thrombosis, n (%)

Villous stromal vascular karyorrhexis n (%)
Intramural fibrin deposition, n (%)
Delayed villous maturation, n (%)
Stem vessel obliteration, n (%)
Intervillositis, n (%)

Mild

Moderate

Severe

Villitis, n (%)

Mild

Moderate

Severe

Perivillous fibrin, n (%)

Mild

Moderate

Massive

329.5 [96-626]
21 (58)
9(43)

29 (81)
24 (71)
12 (33)
6 (17)
5(14)
3(8)

0

0

9 (25)
6 (17)
5(14)
5(14)
3(8)
2(6)

0

36 (100)
21 (58)
9 (25)
6 (17)
29 (81)
16 (44)
7 (19)
6 (17)
24 (67)
13 (36)
4(11)
7 (20)
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Signs for fetal vascular malperfusion were present in 9 placentas (9%);
fetal thrombosis was present in 5 placentas (14%), a vascular villi were
present in 6 placentas (17%), intramural fibrin depositions were present
in 3 placentas (8%) and villous stromal vascular karyorrhexis was pre-
sent in 5 placentas (14%). Stem vessel obliteration was not present.
Villitis was present in 29 placentas (81%) and perivillous fibrin in 24
placentas (67%). Severity of CHI was not associated with the severity of
villitis (r = —0.129, p = 0.452, data not shown) nor with the severity of
perivillous fibrin depositions (r = —0.050, p = 0.773, data not shown).
The 9 cases with fetal vascular malperfusion were all present in a case
with chronic villitis.

3.3. CD68 is associated with birthweight

Representative examples for the semi-quantitative scores of CD68,
PTAH, fibrin and thrombomodulin are shown in Fig. 1. Semi-
quantitative grading resulted in different scores for CD68, PTAH,
fibrin and thrombomodulin. According to CD68 stain, eleven cases were
classified as mild (<10% infiltration of the intervillous space, Fig. 1 A),
thirteen as moderate (10-50% infiltration of the intervillous space,
Fig. 1 B) and twelve as severe (>50% infiltration of the intervillous
space, Fig. 1C). A higher CD68 score was significantly associated with a
lower birthweight (r = —0.45, p < 0.01, Fig. 2 A) and a lower birth-
weight percentile (r = —0.58, p < 0.05, Fig. 2 B). The semi-quantitative
CD68 score was positively associated with the histopathological graded
severity of CHI (r = 0.343, p = 0.041, data not shown).

3.4. Fibrin depositions are not related to clinical outcomes

Following the PTAH classification, ten cases were scored as mild
(<10% of the intervillous space, Fig. 1 D), eighteen cases as moderate
(10-50% of the intervillous space, Fig. 1 E) and eight cases as severe
(>50% infiltration of the intervillous space, Fig. 1 F). Clinical charac-
teristics were not significantly different between PTAH scores and we
did not find any significant associations. According to the semi-
quantitative score for the fibrin stain, seven cases were classified as
mild (<10% of the intervillous space, Fig. 1 G), fifteen cases were
classified as moderate (10-50% of the intervillous space, Fig. 1H) and
twelve cases were classified as severe (>50% of the intervillous space,
Fig. 1 I). For two cases slides were not available for the fibrin stain.
Clinical outcome was not significantly different between semi-
quantitative fibrin scores and no significant associations were
observed. A higher score was allocated for the severity of fibrin de-
positions if the immunohistochemically staining was used compared to
the PTAH stain. Semi-quantitative PTAH scores and semi-quantitative
fibrin scores were positively associated (r = 0.458, p = 0.006, data
not shown).

Focal loss of thrombomodulin is associated with a lower gestational
age, lower birthweight and lower placental weight.

Following the thrombomodulin stain, 24 cases were classified as
diffuse (Score 1, >50% of syncytiotrophoblast positive for thrombo-
modulin, Fig. 1 J) and twelve cases were classified as focal loss (Score 0,
0-50% of syncytiotrophoblast positive for thrombomodulin, Fig. 1 K).
Clinical characteristics were not significantly different between throm-
bomodulin scores. Focal loss of thrombomodulin expression was
significantly associated with a lower gestational age (r = 0.39, p < 0.05,
Fig. 2C), a lower birthweight (r = 0.41, p < 0.05, Fig. 2 D) and lower
placenta weight (r = 0.34, p < 0.05, Fig. 2 E).

3.5. Combined severity score

According to the combined severity score of CD68 and PTAH, 26
cases were classified as mild (the sum of CD68 and PTAH score between
0 and 2) and ten cases as severe (the sum of CD68 and PTAH score be-
tween 3 and 4). Analysis showed that SGA occurred significantly more
often in the group which was classified as severe (80% p = 0.047, Fig. 3
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A). Furthermore, a higher severity score was associated with a lower
birthweight percentile (r = —0.344, p < 0.05, Fig. 3 B). Gestational age
and birth weight were not associated with the combined severity score
based on CD68 and PTAH. Besides the sum of CD68 and PTAH scores,
also the severity based on the accumulation of CD68 and fibrin scores
was analyzed. The severity was classified as mild in 23 (cases the sum of
CD68 and fibrin score between 0 and 2) and severe in eleven cases (the
sum of CD68 and fibrin between 3 and 4). Clinical outcomes did not
differ between both groups. A significant association was present with
birthweight (r = —0.427, p < 0.05, Fig. 3C) and placenta weight (r =
—0.394, p < 0.05, Fig. 3 D).

4. Discussion

The purpose of this study was to investigate the relationship between
clinical outcome and the severity of the intervillous infiltrate in pla-
centas of women with CHI. We found a significant association between a
higher CD68 score and a lower birthweight and birthweight percentile.
The combined severity score based on CD68 and PTAH was significantly
associated with lower birthweight percentiles, whereas the joint score of
CD68 and fibrin was associated with lower birthweight and lower
placenta weight. Finally, a focal loss in thrombomodulin expression was
significantly associated with a lower gestational age, lower birthweight,
and lower placenta weight.

In previous studies the severity of CHI was associated with a higher
incidence of fetal loss, a higher incidence of FGR and a lower gestational
age [2,3,7,10,27-29]. On the other hand, other publications did not find
proof of such a relation [6,12-14]. In earlier studies the relation be-
tween the severity of CHI and clinical outcomes was based on CD68™
staining [10,28] or combination of CD68™ staining with fibrin de-
positions [2,3,6,9,27,29]. Our results are in line with findings by Reus
et al. [10] who found that a higher grade of CD68 is associated with a
lower birth weight. Additionally, the combined severity score of CD68
with PTAH showed that FGR appeared significantly more often in cases
with a severe intervillous infiltrate, comparable to findings by others [2,
3,29].

4.1. Markers of severity

Currently, the severity of the intervillous infiltrate is most often
characterized by the volume of mononuclear cells and the amount of
fibrin depositions [8]. Since these severity markers lack consistent re-
sults, other markers can be included. Thrombomodulin could be a new
marker for the severity of the intervillous infiltrate. Thrombomodulin is
a protein which plays a vital role in the maintenance of the endothelium
by inhibiting coagulation and inflammatory pathways [21]. Besides its
presence on endothelial cells, thrombomodulin is also found on the
surface of the syncytiotrophoblast in the placenta [15,20]. Inflammatory
processes lead to a loss of thrombomodulin or decreased expression of
thrombomodulin on the cell surface and enhance the release of a soluble
form into the circulation [15]. Decreased expression of thrombomodulin
suggests placental damage, which may contribute to the adverse clinical
outcomes of CHI [30]. The results in the current study showed that focal
loss of thrombomodulin is significantly associated with a lower gesta-
tional age, lower birthweight and lower placenta weight. This is in line
with our expectations and support the other results of this study; a more
prominent intervillous infiltrate and placental damage are associated
with less favorable clinical outcome. Thrombomodulin could also be a
prognostic factor for the risk and outcomes of subsequent pregnancies.
Furthermore, soluble thrombomodulin can be detected in the maternal
circulation [31] so it might be possible to use soluble thrombomodulin
levels in the maternal serum as a biomarker in subsequent pregnancies.
More research is needed. Another possible marker of severity is the
ectonucleotidase CD39 [32]. CD39 plays a role in the prevention of cell
injury and inflammatory stress. The authors showed that placentas with
CHI express significantly less CD39 than placentas with no
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Fig. 1. Semi-quantitative scoring of CD68, PTAH, Fibrin and Thrombomodulin.

(A), (B), (C) Representative examples of the semi-quantitative scores of CD68 immunohistochemical staining to visualize the intervillous infiltrate. (A) Score 0; Mild
(<10% infiltration of the intervillous space), (B) Score 1; Moderate (10-50% infiltration of the intervillous space) and (C) Score 2; Severe (>50% infiltration).(D),
(E), (F) Representative examples of the semi-quantitative scores of PTAH staining to visualize fibrin depositions. (D) Score 0; Mild (<10% infiltration of the
intervillous space), (E) Score 1; Moderate (10-50% infiltration of the intervillous space) and (F) Score 2; Severe (>50% infiltration).(G), (H), (I) Representative
examples of the semi-quantitative scores of immunohistochemical staining to visualize fibrin depositions. (G) Score 0; Mild (<10% infiltration of the intervillous
space), (H) Score 1; Moderate (10-50% infiltration of the intervillous space) and (I) Score 2; Severe (>50% infiltration).(J), (K) Representative examples of the semi-
quantitative immunohistochemical staining to visualize thrombomodulin. (J) Score 1; Diffuse (>50% of syncytiotrophoblast positive for thrombomodulin), (K) Score
0; Focal loss (0-50% of syncytiotrophoblast positive for thrombomodulin).
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Fig. 3. The combined severity score is associated
with birthweight and placenta weight.

(A) A birthweight below the 3rd percentile is more
often seen in cases categorized as severe. (B) The
combined severity score based in CD68 and PTAH is
negatively associated with birthweight percentile. (C)
The combined severity score based on CD68 and
fibrin was negatively associated with birthweight and
(D) placenta weight.
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complications. In addition, cases with poorer clinical outcomes
expressed significant lower amount of CD39. Lastly, various articles
described markers which are involved in inflammatory pathways and
might even play a role in the pathophysiology of CHI [33-36]. The
contribution of these markers to the classification of the severity of CHI
is not demonstrated yet, more studies on this topic are warranted. Future
research could focus on the relation between the severity score of the
index pregnancy and the outcomes of subsequent pregnancies. This will
support medical doctors to inform women about their future perspec-
tive, to determine more suitable treatment opportunities and establish a
way of personalized medicine for CHI [11].

4.2. Intervillositis due to infectious causes

Chronic intervillositis is also described in the placenta of women
with a malaria infection or cytomegalovirus infection [37,38].
Furthermore, an intervillous infiltrate is also seen in women with a
SARS-Cov-2 infection [39-42], and intervillositis was identified as a
marker for placental SARS-CoV-2 infection [43] and a placental risk
factor for intrauterine viral transmission [44]. Our samples were
collected in the pre-Covid era and other causes of an infection were ruled
out by excluding cases with clinical or histopathological signs for an
infection. Furthermore, in cases with SARS-Cov-2 placentitis [45] the
most profound clinical outcome was an intra uterine fetal demise and
the majority of these cases were not growth restricted [46]. Insight into
the severity of intervillositis in relation to clinical outcomes in cases with
an infectious cause for the intervillositis are probably not transferable to
CHI.

4.3. Strengths and limitations of this study

The strength of the current study is the use of a well-defined cohort of
cases with CHI. Cases were included by experienced perinatal patholo-
gists only if they fulfilled the standardized diagnostic criteria, which
were set up by Bos et al., in 2018 [8]. In contrast, the retrospective
character of this study may have led to selection bias. Furthermore, our
study was too small to correct for possible confounders such as gesta-
tional age and associated complications such as pre-eclampsia.
Furthermore, the significant correlations between the severity scores
of CHI and clinical outcomes should be interpreted with caution since
these are merely moderate correlations. Therewith, the lack of correc-
tion for possible confounders creates an uncertainty to what extent the
worse outcome in cases classified as severe CHI is attributed to solely
CHI or might be caused by the possible confounders stated above. A
prospective multicenter study can overcome these limitations as it
overcomes selection bias and will contain more cases.

5. Conclusion

In conclusion, a more severe intervillous infiltrate and more fibrin
depositions in CHI placentas is associated with a higher incidence of FGR
and a lower birthweight. Furthermore, this study proposes thrombo-
modulin loss as a severity marker of placental damage. More research is
needed to better understand the pathophysiology of CHI.
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