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Il. CONTEXTE SCIENTIFIQUE

PHYSIOLOGIE DES ECHANGES PLACENTAIRES

Le placenta est un organe transitionnel constituant une interface permettant le
développement et la protection du feetus tout au long de la grossesse. Il se
compose de deux secteurs ayant un rble anatomique et fonctionnel essentiel dans
les échanges materno-feetaux (Figure 1) : (i) la plaque basale, ancrée dans la
muqueuse utérine maternelle qui permet de maintenir un lien étroit avec le réseau
artériel utérin afin de vasculariser la chambre intervilleuse ; (i) la plaque choriale,
constituée de l'arbre villositaire, dont les vaisseaux se réunissent pour former le

réseau chorio-allantoidien puis les vaisseaux du cordon ombilical (1-3).

Circulation foetale

T l l Déciduale

Arteres ombilicales pariétale
| BD Chorion
|

Veine ombilicale

|
/ Amnios

' Chambre Tronc \
intervilleuse villositaire

Déciduale

basale Villosité crampon

Veine Artére

Myomeétr n . . .
PSS utéro-placentaire utéro-placentaire

Circulation maternelle

Figure 1. Circulation maternelle et feetale au sein du placenta
©André G., Unité de Pathologie Faetale et placentaire, CHU de Bordeaux



L’arbre villositaire, situé au sein de la chambre intervilleuse, constitue I'unité
fonctionnelle du placenta (Figure 2A). |l est composé de ramifications, appelées
villosités, formées a partir d’'un axe mésenchymateux contenant les vaisseaux
feetaux chorio-allantoidien. Il existe deux types de villosités : (i) les villosités
crampons, permettant un ancrage de I'arbre au niveau de la plaque basale ; (ii) les
villosités libres, ayant pour principale fonction d’augmenter la surface d’échange
materno-feetale. L’axe mésenchymateux des villosités choriales est tapissé par une
double couche cellulaire appelée trophoblaste se divisant en : (i) cytotrophoblaste,
couche cellulaire interne, qui fusionne et forme (ii) le syncytiotrophoblaste, couche
cellulaire externe multi-nucléée. Le cytotrophoblaste et le syncytiotrophoblaste, en
association avec I’endothélium des capillaires foetaux, constituent une véritable
barriére placentaire (Figure 2B) régulant les échanges materno-feetaux. Au cours
de la grossesse, on observe un amincissement progressif de cette barriére, ceci afin

de s’adapter aux besoins croissants en oxygene et en nutriments du foetus (Figure
2C) (1-3).

Les échanges placentaires sont permis par I"apport de sang maternel, riche en
nutriments et en oxygéne, au niveau de la chambre intervilleuse par I'intermédiaire
des arteres utéroplacentaires. Les nutriments et I'oxygene rejoignent alors la
circulation foetale par [Iintermédiaire des Vvillosités choriales a travers le
syncytiotrophoblaste et le cytotrophoblaste (1-3). A I'inverse, le dioxyde de carbone
et les déchets nutritifs sont libérés a partir de la circulation foetale dans la chambre
intervilleuse puis rejoignent la circulation maternelle par I'intermédiaire des veines

utéroplacentaires afin d’étre épurés par les organes maternels (1-3).

-10 -



Villosités
libres

Villosités ‘ ‘ Ty———
crampons I extra-embryonnaire

A | Capillaire feetal

Figure 2. Unité fonctionnelle du placenta et barriéere placentaire

A — Schéma tridimensionnel du contenu de la chambre intervilleuse : I'arbre villositaire
B - La barriere placentaire

C - Coupe horizontale d’une villosité choriale libre au 1% trimestre versus a terme
©André G., Unité de Pathologie Faetale et placentaire, CHU de Bordeaux

©Mitchell BS, Sharma RP. Embryologie. Paris : Elsevier, 2005.
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L’intervillite chronique est une pathologie rare du placenta caractérisée par une
altération des échanges au niveau de la barriere placentaire. Cette pathologie,
volontiers récidivante, peut étre responsable au 1° trimestre de fausses couches
spontanées précoces, et, aux 2°™ et 3°™ trimestre causer des retards de
croissance intra-utérins souvent séveres et parfois précoces pouvant se solder
par une mort feetale in utero (4). Ces conséquences obstétricales, souvent graves,
rendent donc difficile I'obtention d’une naissance vivante pour les patientes

atteintes.

Initialement décrite par Labarrere et Mullen en 1987 (5), elle se caractérise sur un
plan anatomopathologique par un infiltrat leucocytaire principalement
macrophagique (80%) et lymphocytaire (20%) de la chambre intervilleuse. La
réaction inflammatoire en résultat est responsable d'une nécrose du
syncytiotrophoblaste et du cytotrophoblaste villeux générant des dépéts
fibrinoides cicatriciels sur I'arbre villositaire (5). La barriére placentaire ainsi altérée
n‘est plus en capacité d’assurer les échanges nécessaires a la croissance
embryonnaire ou fcetale de maniére satisfaisante, expliquant les conséquences
obstétricales observées (Figure 3).

La cause précise des intervillites chroniques reste a ce jour inconnue, mais
plusieurs hypothéses sont avancées: une rupture de tolérance a I’égard des
antigenes feetaux (6), une réaction immunologique a des antigenes bactériens mal
jugulée (7) ou encore des mécanismes d’auto-immunité par déreglement des
lymphocytes T régulateurs placentaires (8). Un projet de recherche est actuellement
mené par notre équipe sur le sujet et des données préliminaires suggerent
’implication d’une cytokine pro-inflammatoire, I'lL-18, et du complexe multi-

protéique la produisant : I'inflammasome.

-12 -



« *, Macrophages Dép6ts fibrinoides

+ Lymphocytes

Figure 3. Représentation schématique d’une chambre intervilleuse placentaire
(A) Placenta normal (B) Placenta atteint de CIUE
©André G., Unité de Pathologie Faetale et placentaire, CHU de Bordeaux

Rationnel de I’étude

L’intervillite chronique d’étiologie indéterminée est une pathologie souvent lourde
de conséquences pour les patientes atteintes. |l s’agit cependant d’une pathologie
rare souvent méconnue des obstétriciens et des anatomopathologistes. A ce jour,
la cohorte décrite la plus conséquente est celle de Marchaudon et al. (4), en 2011,
comportant 69 grossesses atteintes d’intervillite chronique d’étiologie indéterminée
pour 50 patientes. Par ailleurs, les thérapeutiques actuellement proposées sont mal
codifiées du fait du manque de connaissance de la physiopathologie et de I'absence

d’étude randomisée suffisamment puissante pour évaluer leur efficacité.

La description de notre cohorte rétrospective multicentrique comportant 122 cas
d’intervillite chronique d’étiologie indéterminée chez 102 patientes semble donc étre
pertinente afin d’apporter des éléments plus robustes aux praticiens et ainsi
permettre de mieux codifier la prise en charge et améliorer I'information donnée aux

patientes atteintes par cette pathologie.

-13 -
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Context. Chronic intervillositis of unknown etiology (CIUE) is a rare placental
pathology characterized by a macrophage infiltration of the intervillous space and
associated with severe obstetrical complications. Only limited retrospective case-
series have been described and prognostic factors associated to perinatal issues

remain to be elucidated.

Objective. We aimed to describe maternal characteristics, obstetrical features,

outcomes and placental histopathology of 122 CIUE.

Methods. We conducted a multicenter retrospective study in five centers between
1%t January 1997 and 31 July 2018. Potential CIUE diagnosis were screened in the
database of Fetal and Placental pathology department. Multiple pregnancies and
pregnancies with medical follow-up out of study centers were excluded. Cases with
an histopathologic diagnosis of CIUE confirmed according to standardize criterion

were included. This study received approval of the Research Ethics Board.

Results. 122 pregnancies (102 patients) with CIUE were included in the study.
Pregnancy loss rates were high with 17 (13.9%) miscarriages, 17 (13.9%) stillbirths
and 18 (14.8%) medical termination of pregnancy. Of the 70 (57.4%) pregnancies
which lead to a live birth, 38 (54.3%) newborns were premature and 50 (71%) were
complicated by intra uterine growth retardation (IUGR). Among the 102 patients, 22
patients had subsequent pregnancy and half of them developed a recurrent CIUE.
The different therapeutic combinations proposed in our cohort did not impact on
perinatal outcomes or recurrence prevention. Gradation of macrophage infiltrate

was the only feature significantly associated with perinatal issue (p < 0.05).

Conclusion. This study provides an extensive description of the largest cohort of
CIUE reported in the literature. It confirms that CIUE is associated with high rates of
adverse pregnancy outcomes including pregnancy loss, IUGR and preterm birth,
and also identifies macrophagic infiltration as an important prognostic factor. Larger
multicenter cohort and prospective randomized controlled trial for treatment are

needed to improve knowledge and care of patients with CIUE.

-16 -



Chronic intervillositis of unknown etiology (CIUE) is a rare placental pathology
firstly described by Labarrere and Mullen in 1987 (1). It is histologically characterized
by an extensive leukocyte infiltration of the intervillous space, mainly mononuclear
cells of maternal origin (1,2). The immune cell infiltrate is associated with a local
inflammation of the intervillous space and lead to trophoblast necrosis and fibrin
deposit (1,2). CIUE affects placental exchanges and is associated with severe
perinatal outcomes as miscarriages or severe intra-uterine growth retardation (IUGR)
mostly resulting in stillbirth or induced prematurity (3). Patients with a first episode of

CIUE present a high risk of recurrence in subsequent pregnancies. (3).

Since the first anatomopathological description of Labarrere and Mullen (1),
many terms have been used to describe this severe and recurrent disease such as
“chronic histiocytic intervillositis” or “massive chronic intervillositis” or “intervillitis”.
Infectious differential diagnosis was later described as associated with this
anatomopathological feature (4-7). Distinguish terms referring to a histologic
placenta lesion without any regard for the cause is nonetheless necessary (8).
Chronic intervillositis of unknown etiology, proposed by Parant et al. in 2009 (9),

implies the absence of a known cause associated to the disease.

It is very difficult to estimate the prevalence of CIUE, a rate between 8 to 9.6%e. in
spontaneous abortions (10,11) and 0.6 to 3.2%. in the second and third trimester
placentas (9,10) have been reported. According to these findings, CIUE is frequently
misunderstood by perinatology actors and probably underdiagnosed. At present,
epidemiological data of CIUE outcomes mostly comes from small cohorts (1-3,9-
17).

The principal objective of this study is to report clinical features, obstetrical
characteristics and perinatal outcomes of 122 pregnancies with CIUE among 102
patients. Secondary objectives aim to explore if there are prognosis factors involved
in perinatal outcomes and in CIUE recurrences, focusing on clinical features,

therapeutic interventions and anatomopathological characteristics of CIUE.
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Population study

We conducted a multicenter retrospective chart review of consecutive cases with
an histopathologic diagnosis of CIUE between January 1997 and July 2018, at our
Fetal and Placental pathology department (Bordeaux hospital university).
Pregnancies with a CIUE diagnosis and followed in a center included in the Perinat

Aquitaine network were included. Multiple pregnancies were excluded.

Screening criteria

Cases were identified through a search of the Department of Histopathology’s
placenta database by using the search term “intervillositis”. Serial 2 pm sections of
formalin-fixed paraffin-embedded of potential CIUE tissues were stained with

hematoxylin—eosin—saffron (HES) or immuno-stained with anti-CD68 antibodies.

Diagnosis of CIUE was confirmed according to criteria proposed by Bos et al. (8):
() an infiltrate is present in the intervillous space (i) approximately 80% of the
mononuclear-cells in the intervillous space are CD68-positive cells (iii) the
intervillous space should be occupied by an infiltrate for 5% or more (iv) cases with

clinical or histopathological signs of infection should be excluded.

A quantitative gradation of mononuclear cells infiltration of the intervillous space
was realized according to the classification proposed by Rota et al. (18): [Grade |]
infiltrate represents 5 to 10% of intervillous space ; [Grade ll] infiltrate represents 10
to 50% of the intervillous space ; [Grade lll] infiltrate represents more than 50% of
the intervillous space. A quantitative gradation of fibrin deposit (absent, low, high)
and associated villitis (absent, low, high) were carried out. Associated Maternal

Vascular Malperfusion of the placental bed (MVM) (19) were also noticed.

Each slide was reread by three pathologists specialized in fetal pathology.
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Data collection

Maternal and obstetrical data were collected from each patient’s obstetrical

records.

For each patient, clinical characteristics were noted when available: ethnicity,
addiction, medical and obstetrical history. Obstetrical data included age, body mass
index (BMI), parity, method of conception, pathology associated with pregnancy,
need for prenatal hospitalization more than 24h. Maternal laboratory results included
alkaline phosphatase, antinuclear antibodies and antiphospholipid antibodies.
Phosphatase alkaline reference ranges were defined according to published data
specific to pregnancy (20). Antinuclear antibodies were considered as positive over
1/250 dilution. Antiphospholipid antibodies included lupus anticoagulant, anti-
cardiolipin, and/or anti-B2 glycoprotein | antibodies. Adverse pregnancy outcomes
identified were miscarriage (defined as an early pregnancy loss before 14 WG),
stillbirth (defined as an in-utero death at or after 14 WG), and medical termination of
pregnancy (MTP). Neonatal outcomes were defined as gestational age of birth, sex,
weight, weight percentile according to AUDIPOG curves for live birth (21) or
anthropometric norms used in Fetal and Pathology Department for stillbirth or MTP
(22). Maternal and obstetrical data on subsequent pregnancies after CIUE were
collected. Comparisons between the characteristics of pregnancies complicated or

not by CIUE were performed.
This study received approval of the Research Ethics Board.

Statistical analysis

Quantitative variables are presented as mean with standard deviation or as
median with interquartile range, and qualitative variables are presented as
percentages. The non-parametric Mann-Whitney test was used to perform a
univariate analysis of quantitative variable, and the Fisher’'s exact test was used
when the number of individuals was low. Correlation between quantitative variables
were performed with the Spearman nonparametric test. All tests were bilateral. P

values less than 0.05 were considered statistically significant.

All analyzes were performed with GraphPad Prism software version 7.0a
(GraphPad Software, La Jolla, USA).
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Patients and pregnancies characteristics

Our chart review revealed 243 cases of CIUE registered in the database of the
Fetal and Placental pathology department of our tertiary care university hospital.
Figure 1 shows a flowchart of the inclusion and exclusion of all cases. 122 cases
were excluded for the following reasons: 9 multiple pregnancies, 64 medical follow-
ups out of study centers, 43 without an histopathology of CIUE and 5 medical
record no available. A total of 122 pregnancies (corresponding to 102 patients) met

inclusion criteria among the 243 potential cases.

Department of fetal and placental pathology database
243 potential pregnancies with CIUE

Exclusion: 116 pregnancies
- Multiple pregnancies: 9
- Medical follow-up out of study centers : 64
- After placental slides review
= No CIUE: 2
= CMV (or suspicion): 4
= Villitis of unknown etiology: 34
= Maternal floor infarction: 3

[ 127 confirmed pregnancies with CIUE }

*{ Medical record no available : 5 }

Study cohort
122 pregnancies with CIUE

102 patients

Figure 1. Flow chart of the 122 CIUE included in the study

Maternal characteristics and obstetrical history are presented in Table 1. Most
patients of the cohort were Caucasian (61.6%) and smokers (30.4%). Only 4
patients (4.0%) reported an history of autoimmune disease before their first episode
of CIUE and 5 (4.9 %) had a prior history of hypertension or diabetes. No other
medical comorbidities were identified. Seventy-nine patient were multigravida before
CIUE index case. Half of them had previous history of pregnancy loss: 45.6% before

14 weeks of gestation (WG) only, 5.1% after 14 WG only and 5.1% with pregnancy
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losses both before and after 14 WG. The average number of prior pregnancy losses

was 1.

Table 1. Maternal characteristics and obstetrical history

Patients characteristics N =102
Ethnic group 1 — no./total no. (%)
Caucasian 61/99 (61.6)
Asian 2/99 (2.0)
North African 19/99 (19.2)
South African 15/99 (15.2)
Hispanic 2/99 (2.0)
Addiction — no. (%)
Tobacco 31 (30.4)
Cannabis 3(2.9)
Other (alcohol, drugs) 0 (0.0
Essential arterial hypertension — no. (%) 3 (2.9
Diabetes — no. (%)
Type 1 2 (2.0
Type 2 0 (0.0)
Venous thromboembolic disease — no. (%)
Autoimmune disease — no. (%)
Systemic sclerosis 1(1.0)
Pulmonary sarcoidosis 1(1.0)
Hashimoto thyroiditis 2 (2.0)
History of pregnancy loss before CIUE
< 14 WG only — no./total no. (%) 36/79 (45.6)
Miscarriage — no. 34
Ectopic or molar pregnancy — no. 2
> 14 WG only — no./total no. (%) 4/79 (5.1)
Both < 14 WG and = 14 WG — no./total no. (%) 4/79 (5.1)

T Data are missing for 3 patients.

Maternal and biological characteristics of the 122 pregnancies with CIUE are
outlined in Table 2. Median age was 32 years, and 37% of the pregnant women had
35 years or more. Most of them had a normal BMI, only 8.2 % suffered from obesity.
Only 18.9% were primigravida. Almost all of the pregnancies were obtained
spontaneously. Among the 93 pregnancies which reached 22 WG or more, a
prenatal hospitalization was required for 73 (78.5%), mostly because IUGR.
Preeclampsia and premature rupture of membranes (PROM) concern respectively

8.6 % and 10.8 % of the pregnancies.
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Alkaline phosphatase was measured in 59 pregnancies which reached at least 22
WG. Using the suggested ranges of 126 UI/L and 229 UI/L for respectively the
second and third trimesters (20), we noted an abnormal level in 61% of the
pregnancies. Alkaline phosphatase level was nonetheless not significantly different
in cases of loss of pregnancy versus live birth (median respectively at 296.5 [U/L
versus 265 IU/L, p = 0.44) and was not correlated with weight birth percentile (p =
0.23, r = -0.16). Antinuclear and antiphospholipid antibodies were present in 13.7%

and 8.5% of the pregnancies with autoimmune investigations.

Table 2. Characteristics of pregnancies with CIUE

Clinical characteristics N =122
Age —yr.
Median 32
Interquartile range 28 - 36
Age = 35 yr. — no. (%) 37 (30.3)
BMI at 1%t trimester T
Median 22
Interquartile range 20-25
BMI = 30 — no. (%) 10(8.2)
Primigravida — no. (%) 23 (18.9)
Method of conception — no. (%)
In vitro fertilization 3 (2.5)
Ovulation induction or artificial insemination 4 (3.3)
Spontaneous 115 (94.2)
Pregnancies = 22 WG - no./total no. (%) 93/122 (76.2)
Gestational diabetes 10/93 (10.8)
Gestational hypertension 5/93 (5.4)
Preeclampsia 8/93 (8.6)
Premature delivery threat 9/983 (9.7)
Premature rupture of membranes 10/93 (10.8)
Prenatal hospitalization 73/93 (78.5)
Fetal sex ratio G/B 1.02
Biological characteristics no./total no. (%)
Abnormal alkaline phosphatase > 22 WG ¥ — no./total no. (%) 36/59 (61.0)
Significant antinuclear antibodies ¥ — no./total no. (%) 10/73 (13.7)
Positive antiphospholipid antibodies — no./total no. (%) 6/71 (8.5)
Lupus anticoagulant 3/71 (4.2)
Anti-cardiolipin 1/71 (1.4)
Lupus anticoagulant and anti-2glycoprotein-I 2/71 (2.8)

1 The body-mass index (BMI) is the weight in kilograms divided by the square of the height in
meters.

$=1/250

¥ Alkaline phosphatase level was defined as abnormal when it exceeded 126 Ul/L and 229
UI/L for respectively the second and third trimesters (20).
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Perinatal outcomes

The detail of perinatal outcome is provided in Table 3. Miscarriage was reported
in 17 (13,9 %) out of 122 pregnancies. More than forty percent of them occurred in a
context of recurrent miscarriages. Seventeen pregnancies (13.9%) lead to a stillbirth,
due to an IUGR for 14 of them (93.3%, weight data is missing for 2 neonates). A
medical termination of pregnancy for very early IUGR was performed in 18
pregnancies (14.8%). Among the 70 pregnancies which lead to a live birth (57.4%),
72.5% presented an IUGR and 54.3% were premature. Four neonates (5.7%) died
before the 28" day of life. Only 10% of the live birth reached 37 WG without any
weight restriction. IUGR was reported in 79.2% of all birth after 14 WG (80/101,

weight data are missing for 4 neonates).

Autoimmune investigations revealed one case of systemic lupus erythematous
associated with an antiphospholipid (aPL) syndrome and two cases of obstetrical

aPL syndrome.
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Table 3. Perinatal outcomes of pregnancies with CIUE

Obstetrical outcomes N =122
Miscarriage - no. (%) 17 (13.9)
Week of gestation — mean + SD 82
Repeated miscarriage §— no./total no. (%) 7/17 (41.2)
Stillbirth - no. (%) 17 (13.9)
Week of gestation — mean + SD 22+6
IUGR £ - no./total no. (%) 14/15 (93.3)
[3 - 10" percentile] 2/14 (14.3)
< 3" percentile 12/14 (85.6)
Medical termination of pregnancy - no. (%) 18 (14.8)
Week of gestation — mean + SD 24 +3
IUGR £ - no./total no. (%) 17/17 (100)
[3 - 10" percentile| 1/17 (5.9)
< 3" percentile 16/17 (94.1)
Live birth - no. (%) 70 (57.4)
IUGR £ - no./total no. (%) 50/69 (72.5)
[3 - 10" percentile| 14/50 (28.0)
< 3" percentile 36/50 (72.0)
Prematurity — no./total no. (%) 38/70 (54.3)
<28 WG 2/38 (5.3)
[28 - 32 WG] 9/38 (23.7)
[32 - 34 WG] 6/38 (15.8)
[34 - 37 WG] 21/38 (565.3)
Neonatal death no./total no. (%) 4/70 (5.7)
Live birth without comorbidity 7/70 (10.0)
Thrombophilia and autoimmune outcomes no./total no. (%)
Autoimmune disease — no./total no. (%)
Systemic lupus erythematous 1/73 (1.4)
Obstetrical antiphospholipid syndrome ¥ 3/71 (4.2)
Congenital thrombophilia — no./total no. (%) 0/47 (0.0)

§ > 3 consecutive miscarriages

£ Weight data are missing for 2 stillbirth, 1 medical termination of pregnancy and 1 live birth

¥ According to Sapporo criteria (23). Antibodies positivity was confirmed 12 weeks after
delivery
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Recurrent CIUE

Distribution of new pregnancies with or without CIUE and patients with or
without recurrent CIUE is provided in Figure 2. Twenty-two of the 102 women
(21.6%) had at least one new pregnancy after the first episode of CIUE. These 22
women had 33 pregnancies. Half of them developed a new CIUE. The median
number of recurrences was one. No pregnancies with recurrent CIUE were reported

with a different father or gametes donation.

Recurrent CIUE
11 patients
20 pregnancies with CIUE

New pregnancies after a 15t episode of CIUE
22 patients
33 pregnancies

No recurrent CIUE
11 patients
13 pregnancies without CIUE

Figure 2. Distribution of the patients with a new pregnancy after CIUE

We compared maternal characteristics and obstetrical outcomes (Table 4)
between the groups with and without CIUE recurrence. New pregnant women with
CIUE recurrence appeared older than those without CIUE (respectively 35 years
versus 26 years, p < 0.05) and with a BMI significantly higher (23.9 versus 19.8
kg/m?, p < 0.05). We did not identify any other difference in the maternal
characteristics neither obstetrical outcomes in both groups. A higher rate of live
birth after 37 WG without any weight restriction was nonetheless noticed in the
pregnancy group without CIUE (75% versus 42.9%, not significant). For patients
with recurrent CIUE, CIUE recurrences were not associated with a worse perinatal

prognosis than the CIUE index case (data not shown).
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Table 4. Characteristics and outcomes of recurrent CIUE

Recurrent No recurrent
Patient characteristics CIUE CIUE p value
N =11 N=11
Ethnic group 1 - no. NS
Caucasian 9 9
North African 2 2
Addiction — no. (%) NS
Tobacco 6 5
Cannabis - -
Medical history — no. (%) - 1 NS
Systemic sclerosis - 1
New New
.. . pregnancy pregnancy
Clinical characteristics with CIUE without CIUE p value
N=20 N=13
Age —yr. < 0.05
Median 35 26
Interquartile range 33 -39 23-34
Age = 35 yr. — no. (%) 10 (50.0) 2(15.4)
BMI at 1%t trimester T < 0.05
Median 23.9 19.8
Interquartile range 21-25.6 18.7-22.6
BMI = 30 — no. (%) 1(5.0) -
Obstetrical outcomes
Miscarriage - no. (%) 8 (40.0) 4 (30.8) NS
Stillbirth - no. (%) 1 (5.0) 1(7.7) NS
Week of gestation 35 36
IUGR < 3™ percentile No
MTP - no. (%) 4 (20.0) 0 (0.0) NS
Week of gestation — mean 23 -
IUGR < 3™ percentile — no./total no 3/4 -
Live birth — no. (%) 7 (35.0) 8 (61.5) NS
IUGR - no./total no. (%) 2/6 (28.6) £ 1/8 (12.5) NS
< 3™ percentile 2/6 (28.6) £ -
Prematurity — no./total no. (%) 3/7 (42.9) 1/8 (12.5) NS
[28 - 32 WG] 2 -
[32 - 34 WG] 1 -
[34 - 37 WG] - 1
Neonatal death no./total no. (%) - -
Live birth without comorbidity 3/7 (42.9) 6/8 (75.0) NS

1 The body-mass index (BMI) is the weight in kilograms divided by the square of the height in

meters.
£ Weight data are missing for 1 live birth
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Intervention with immunosuppressive, immunomodulatory and thrombolytic
therapy was reported in 32 pregnancies. Details of treated cases according to
pregnancy issue are shown in Table 5. Twenty-nine pregnancies were treated after
their first episode of CIUE. Treatments proposed were low dose aspirin (LDA) alone
or in association with low molecular weight heparin, steroids, hydroxychloroquine,
polyvalent immunoglobulins or azathioprine. Different combinations were used and

any of them seemed to impact on pregnancy issue.

Table 5. Detail of therapeutic intervention in order to prevent a recurrence of CIUE
according to pregnancy issue

CIUE No CIUE
N=19f N=13
Total Pregnancy Live Pregnancy Live
no. loss birth loss birth
Treatment
no. no. no. no.
N =327 N=12 N=7 N=5 N=8
None 3 0 1 0 2
LDA alone 8 4 1 1 2
LDA + LMHW 4 1 1 0 2
LDA + Steroids 1 - - 1 -
LDA + Steroids + HCQ 1 - - - 1
LDA + LMWH + Steroids 2 1 1 -
LDA + LMWH + Steroids + HCQ 6 2 0 3 1
LDA + LMWH + Steroids + Plg 2 1 1 - -
LDA + LMWH + Steroids + HCQ + Plg 3 2 1 - -
LDA + LMWH + Steroids + HCQ + Plg + AZA 2 1 1 - -

1 Data are missing for 1 pregnancy.

LDA: Low dose Aspirin (Per os, 100 to 160 mg per day)

LMWH: Low Molecular Weight Heparin

Steroids: prednisone or prednisolone (Per os, 5 to 20 mg per day)
HCQ: Hydroxychloroquine (Per os, 400 mg per day)

Plg: Polyvalent Immunoglobulin (1 injection per month)

AZA: Azathioprin
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Placental pathology

Histopathology of placentas with CIUE after 14 WG are showed in Table 6.
Seventy-six percent of the cell infiltration were grade 2 or 3 and significantly
correlated to IUGR and fetal and neonatal loss, p < 0.05). There was no statistical
association however with other anatomopathological characteristics such as fibrin

deposit, associated MVM or associated villitis.

Table 6. Histopathological characteristics of CIUE after 14 WG according to
perinatal issues

Live birth

Total > 10" <10% Fetal and
no. (%) ] . neonatal loss p value
percentile percentile
N =104 no. (%)
no. (%) no. (%)
Macrophage infiltration p <0.05
[ 28 (26.9) 8 (28.6) 17 (60.7) 3(10.7)
Il 49 (47.1) 11 (22.4) 24 (49.0) 14 (28.6)
01l 27 (26.0) 0 (0.0) 5(18.5) 22 (81.5)
Fibrin deposit NS
Absent 11 (10.6) 3 (27.3) 5 (45.5) 3(27.3)
Low 46 (43.8) 12 (26.1) 22 (47.8) 12 (26.1)
High 47 (44.2) 4 (8.5) 19 (40.4) 24 (51.1)
A iated MVM N
SS°°'?\lzd 69 (66.3) 11(159) 30 (43.5) 27 (39.1) S
36 (34.6) 8(22.2) 16 (15.2) 12 (33.3)
Yes
Associated villitis NS
Absent 73 (70.2) 12 (16.4) 29 (39.7) 32 (43.8)
Low 27 (26.0) 7 (25.9) 15 (55.6) 5(18.5)
High 4 (3.8) 0(0.0) 2 (50.0) 2 (50.0)
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CIUE is a rare and severe disease which raises a lot of questions, especially on
pathophysiology and therapeutic management. Our retrospective cohort of 122
CIUE confirms that CIUE is associated with severe obstetrical complications, almost
half of them leading to a miscarriage (13,9%), a stillbirth (13,9%), or a medical
termination of pregnancy (14,8%). Over half of the live births are premature and an
IUGR is found in 80% of the births after 14 WG. Previous cohorts have already
described perinatal issues of CIUE but with a limited number of patient (1-3,9-
15,17,18). Series over 10 patients (9-11,14,15,17,18) also show relatively high
incidence rates of miscarriage (4% to 74%), stillbirth (10% to 47%) and medical
termination of pregnancy (10% to 30%). The overall incidence of live births ranges
from 30% to 81% with a high risk of prematurity (31% to 88%) and IUGR (63% to
83%) (9,10,14,17,18). In the series of Marchaudon et al. (11) IUGR < 3™ percentile

concerns 61.5% of their cohort, which is in accordance with our findings of 63.4%.

Placental exchange alterations caused by CIUE could be the main
pathophysiological mechanism responsible for obstetrical complications.
Macrophagic infiltration potentially clutters the intervillous space and interferes with
oxygen and nutriment exchanges. Macrophages are also associated with local
inflammation and syncytiotrophoblast destruction, but regeneration capacity of
trophoblast is limited, and it is gradually substituted by fibrin deposit (24). Perivillous
fibrin deposition can therefore exacerbate exchange interference if deposit are
massive or localize in the basal plate (25). Severity and precocity of the infiltrate
have decisive impact on pregnancy outcome with CIUE. At first trimester exchange
alterations cause a miscarriage but during the 2"¥/3™ trimester they lead to an IUGR
which can conduct to a stillbirth or a prematurity. We highlight in this study a
significant association between gradation of macrophage infiltrate and perinatal
issue. Quantification of fibrin deposit, associated MVM or villitis are nonetheless not
significantly associated with perinatal issues. Rota et al. (18) firstly suggested a
correlation between the level of macrophage infiltrate in the intervillous space and
perinatal outcomes but, for lack of power did not show a statistical difference.

Marchaudon et al. (11) only objectivated an association between fibrin deposit
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intensity and spontaneous abortion before 12 WG but did not show a significant

association with macrophage infiltrate and perinatal outcomes.

Almost 9% of our pregnancies with CIUE after 22 WG develop a preeclampsia.
This rate is very similar to the rate reported by Marchaudon et al (7.7%) (11).
Prevalence of preeclampsia is very lower in France and complicate only 2% of the
low risk pregnancies (26). However, we cannot consider CIUE as a risk factor of pre-
eclampsia given (i) the absence of control group and, (ii) the significant level of risk
factors of preeclampsia in our population (smokers and age > 35 years). PROM
complicates almost 11% of pregnancies in our cohort that is higher than 3% rates
reported in low risk pregnancies (27). No previous series describe PROM rate in
CIUE. Sterile inflammation caused by CIUE could explain weakening of membranes,
but it is again difficult to demonstrate an association with CIUE only with our data in
the absence of control group and given the significant level of smokers and

amniocentesis (data not shown) which could be cofounding factors of PROM.

Autoimmune disorders have been reported as associated with CIUE such as
systemic lupus erythematous (11,16), aPL syndrome (16,28,29) or Hashimoto
thyroiditis (11,16). In our cohort, 7 patients out of 102 have an auto-immune or
inflammatory disease (systemic Ilupus erythematous and/or aPL syndrome,
Hashimoto thyroiditis, systemic sclerosis and sarcoidosis). Some authors suggest
that an immune mechanism could be responsible for CIUE through different
mechanisms (i) an allorejection against the paternal antigens of the fetus (14), (i) an
excessive immune inflammation against bacterial antigens (30) (iii) and/or abnormal
immune regulation through a deficiency of regulatory T cells (31). Similar disorders
are found in autoimmune diseases and could corroborate an association between

CIUE and autoimmune diseases.

In the study of Marchaudon et al. (11), alkaline phosphatases have been
described as a possible marker of CIUE. Alkaline phosphatase is a glycoprotein
released by different organs (bones, liver, intestines, kidneys, placenta).
Syncytiotrophoblast cells are responsible for their synthesis in the placenta (32). A
decrease of alkaline phosphatase serum levels have been previously reported in the
literature in case of IUGR (32-34), mainly due to placental insufficiency (33).
Marchaudon et al. (11) reported high alkaline phosphatase levels in more than the

-30 -



half of the cases with a high correlation of fibrin deposits in the placenta. They
suggested that there was a possible immune aggression of the syncytiotrophoblast
leading to an excessive release of alkaline phosphatase. In our study, alkaline
phosphatase levels measured after 22 WG were increased only in one third of the
pregnancies and did not correlate with birth weight nor perinatal issue. It is also
important to take into account that laboratory results may be altered by the normal
changes of pregnancy and need to be interpreted with normal reference ranges
specific to pregnancy. We consider that the value of alkaline phosphatase level as a
predictor of CIUE and poor perinatal outcome needs to be further explored through

a randomized controlled study.

The recurrent character of CIUE is well known but in the absence of extensive
prospective cohorts the recurrence rate is difficult to define. In our cohort, the rate
of recurrent CIUE is estimated at 50%, which could be overestimated as it only
includes new pregnancies monitored in our Perinat Aquitaine Network. Previous
retrospective study reported a recurrence rate between 18 to 67% (10,11). This rate
reached 80 % in a recent systematic review (35). Only one prospective study has

been reported and determined a recurrence rate nearly to 30% (16).

Because of the high risk of recurrence, different therapeutic interventions have
been proposed with few positive effects reported in various dosages and
combinations (3,9,16,18,36). However a recent meta-analysis by Contro et al. did
not show any favorable impact of treatments on perinatal outcome (35). Pregnancies
after CIUE are mostly treated by low dose aspirin, or steroids. In our cohort, different
therapeutic combinations including low dose aspirin, steroids but also
hydroxychloroquine, polyvalent immunoglobulin or azathioprine were used, without
any impact on perinatal outcomes or recurrence prevention. Controlled trials are
missing, probably because of the scarcity of CIUE and the lack of

pathophysiological knowledge.

This study provides an extensive description of the largest cohort of CIUE
reported in the literature with 122 pregnancies involving 102 patients. We nearly
doubled the cohort of 69 pregnancies (50 patients) of Marchaudon et al. (11). The
strength of our cohort is the multicentric recruitment (including primary, secondary

and tertiary care centers) and the inclusion criteria referring to the standardized
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nomenclature of CIUE proposed by Bos et al. (8). Main limitation of the study is the
retrospective character with limited information for some patients which can induce

an important bias on perinatal outcome evaluation, and recurrent rate analysis.

CIUE is a rare placental pathology associated with a poor obstetrical prognosis
and high risk of recurrence. Pathophysiological data, biologic factors and efficient
treatments are lacking to deliver relevant care of patients with CIUE. Fundamental
research, large multicenter epidemiological cohorts and, prospective randomized
controlled trial for treatment are needed to improve knowledge and care of patients
with CIUE.

We thank teams of Bagatelle Institute, Dax and Bayonne Hospital centers and
Bordeaux Nord Polyclinic to allow an access of their medical records to complete

our cohort data.
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IV. ANNEXES

S

E (B)
A (1) Chambre intervilleuse (2) Villosité choriale (—) Syncytiotrophoblaste recouvrant
une villosité flottante.
B: (3) Infiltrat de cellules leucocytaires dans la chambre intervilleuse () Nécrose

trophoblastique (**) Dépdt de substance fibrinoide péri-villositaire.
Coloration HES. Grossissement x100. ©Unité de Pathologie Faetale et placentaire, CHU de Bordeaux.

Annexe 1. Coupe histologique d’un placenta sain a terme (A) vs atteint de CIU

(1) Grade | : entre 5 et 10% de la chambre intervilleuse
(2) Grade Il : 10 a 50% de la chambre intervilleuse

(3) Grade Ill : plus de 50% de la chambre intervilleuse
Coloration HES. Grossissement x100. ©Unité de Pathologie Faetale et placentaire, CHU de Bordeaux.

%3

e placentas att
(1) Grade | (2) Grade Il (3) Grade Il

Coloration HES. Grossissement x100. ©Unité de Pathologie Fcetale et placentaire, CHU de Bordeaux.
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Issues périnatales de 122 cas d’intervillite chronique d’étiologie indéterminée :
une étude observationnelle multicentrique

Contexte. L’intervillite chronique d’étiologie indéterminée (ICEI) est une pathologie placentaire rare caractérisée
par un infiltrat macrophagique de la chambre intervilleuse. Elle est associée a des complications obstétricales
séveres. Seules des séries de cas rétrospectives ont été décrites et les facteurs pronostiques associés aux
issues périnatales d’ICEIl sont encore a déterminer.

Objectif. Décrire les caractéristiques maternelles et obstétricales, les issues périnatales, ainsi que les
caractéristiques anatomopathologiques placentaires de 122 grossesses atteintes d’ICEI.

Méthodes. Nous avons réalisé une étude multicentrique rétrospective entre le 1er Janvier 1997 et le 31 Juillet
2018. Les diagnostics potentiels d’ICEl étaient recherchés dans la base de données du département de
Pathologie Fcetale et Placentaire. Les grossesses multiples ainsi que celles ayant été suivies hors centre
participant étaient exclues. Les grossesses avec un diagnostic d’ICEl confirmé selon des critéres standardisés
étaient incluses. Cette étude a recu I'approbation d’un Comité d’Ethique.

Résultats. 122 grossesses (102 patientes) atteintes d’ICEl ont été incluses dans notre étude. Le taux de pertes
de grossesse était élevé avec 17 (13,9%) fausses couches spontanées, 17 (13,9%) morts feetales in utero et 18
(14,8%) interruptions médicales de grossesse. Parmi les 70 (57,4%) grossesses ayant abouti a une naissance
vivante, 38 (54,3%) nouveau-nés étaient prématurés et 50 (71%) présentaient un retard de croissance intra-
utérin (RCIU). Sur les 102 patientes, 22 ont présenté une nouvelle grossesse aprés un cas index d’ICEl : le taux
d’ICEl récurrente dans ce groupe s’éléve a 50%. Les différentes stratégies thérapeutiques proposées dans notre
cohorte n'ont eu aucun impact sur le pronostic périnatal ou le risque de récurrence. Seule la gradation de
I'infiltrat macrophagique était associée de maniére significative a I'issue périnatale (p < 0,05).

Conclusion. Cette étude correspond a la plus grande série publiée d’ICEl. Elle confirme que les ICEl sont
associées a des issues périnatales graves, incluant pertes de grossesse, RCIU et prématurité. Elle permet
également d’identifier linfiltrat macrophagique comme un facteur histopronostique majeur. Des études
multicentriques plus larges, ainsi que des essais contrdlés randomisés afin d’évaluer les traitements disponibles
sont nécessaires pour améliorer la connaissance et la prise en charge des patientes atteintes d’ICEI.

Perinatal outcomes of 122 cases of chronic intervillositis of unknown etiology:
an observational multicenter study

Context. Chronic intervillositis of unknown etiology (CIUE) is a rare placental pathology characterized by a
macrophage infiltration of the intervillous space and associated with severe obstetrical complications. Only
limited retrospective case-series have been described and prognostic factors associated to perinatal issues
remain to be elucidated.

Objective. We aimed to describe maternal characteristics, obstetrical features, outcomes and placental
histopathology of 122 CIUE.

Methods. We conducted a multicenter retrospective study in five centers between 13t January 1997 and 31 July
2018. Potential CIUE diagnosis were screened in the database of Fetal and Placental pathology department.
Multiple pregnancies and pregnancies with medical follow-up out of study centers were excluded. Cases with a
histopathologic diagnosis of CIUE confirmed according to standardize criterion were included. This study
received approval of the Research Ethics Board.

Results. 122 pregnancies (102 patients) with CIUE were included in the study. Pregnancy loss rates were high
with 17 (13.9%) miscarriages, 17 (13.9%) stillbirths and 18 (14.8%) medical termination of pregnancy. Of the 70
(57.4%) pregnancies which lead to a live birth, 38 (54.3%) newborns were premature and 50 (71 %) were
complicated by intra uterine growth retardation (IUGR). Among the 102 patients, 22 patients had subsequent
pregnancy and half of them developed a recurrent CIUE. The different therapeutic combinations proposed in our
cohort did not impact on perinatal outcomes or recurrence prevention. Gradation of macrophage infiltrate was
the only feature significantly associated with perinatal issue (p < 0.05).

Conclusion. This study provides an extensive description of the largest cohort of CIUE reported in the literature.
It confirms that CIUE is associated with high rates of adverse pregnancy outcomes including pregnancy loss,
IUGR and preterm birth, and also identifies macrophagic infiltration as an important prognosis factor. Larger
multicenter cohort and prospective randomized controlled trial for treatment are needed to improve knowledge
and care of patients with CIUE.

Mots-clés : intervillite chronique d’étiologie indéterminée, placenta, grossesse, issues périnatales, fausse-
couche, mort feetale in utero, retard de croissance intra-utérin, récurrence
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