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Abstract

Objectives: Up to a quarter of pregnant individuals with SLE have small for gestational age (SGA) infants. We aimed to characterize placental
pathology associated with SGA infants in SLE.

Methods: \We retrospectively analysed SLE deliveries with placental analysis at UCSD from November 2018 to October 2023, comparing SLE
pregnancies resulting in SGA to those that did not, and additionally, to matched pregnancies with SGA but without SLE.

Results: Placental analysis was available only for 28/70 (40%) SLE deliveries, which had high rates of adverse outcomes (75%). All exhibited at
least one histopathologic abnormality. Key findings distinguishing 12 SLE placentas resulting in SGA infants (vs.16 without) included small pla-
cental disc for gestational age (100% vs 56%, P=0.01), placental disc infarct (50% vs 6%, P=0.02) and increased perivillous fibrin deposition
(PVFD, 58% vs 0%, P=0.001). All seven SLE placentas with increased PVFD resulted in SGA infants. Compared with matched non-SLE preg-
nancies with SGA (n=36), the only distinguishing placental lesion was a higher prevalence of increased PVFD in SLE-associated SGA (58% vs
22%, P=0.03).

Conclusion: The higher prevalence of increased PVFD in placentas of SLE-associated SGA may indicate a specific mechanism of placental in-
jury leading to SGA in this context. Thus, its presence, particularly in context of SGA, should prompt providers to screen for an underlying auto-
immune disease, including SLE. Systematic placental examination in context of SLE and associated autoimmune diseases could help evaluate
responses to existing therapies, comparative studies of novel therapies and correlation to adverse outcomes.

Keywords: SLE, pregnancy, small for gestational age, placental pathology

Rheumatology key messages

* Increased perivillous fibrin deposition (PVFD) was significantly more common in placentas from SLE deliveries with small for gestational
age (SGA) infants.

* Increased PVFD in the setting of SGA might warrant evaluation for potential underlying autoimmune disease.

* Analysing placentas from all SLE deliveries can clarify the incidence and recurrence of increased PVFD.

Introduction

The placenta is a transient organ at the interface between the
maternal uterus and the foetus. While it is often referred to as a
‘diary of intrauterine life’, placental patterns of injury are rarely
specific to either a particular maternal disease or neonatal out-
come [1-3]. Placental patterns of injury commonly associated
with adverse pregnancy outcomes include acute chorioamnioni-
tis [4], chronic inflammation/villitis of unknown aetiology
(VUE) [5, 6], maternal vascular malperfusion (MVM) [7-9],

foetal vascular malperfusion (FVM) [9, 10] and increased/mas-
sive perivillous fibrin deposition (PVFD) [11-15]. Except for
acute chorioamnionitis, all of these patterns of injury have been
associated with intrauterine growth restriction (IUGR)/small for
gestational age (SGA) infants [16].

Prior published research indicates a significant association
between autoimmune diseases and increased PVFD, a rare
thrombo-inflammatory lesion characterized by fibrin deposi-
tion in the intervillous space and/or within and around the

Received: 24 May 2024. Accepted: 16 August 2024

© The Author(s) 2024. Published by Oxford University Press on behalf of the British Society for Rheumatology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https:/creativecommons.org/licenses/
by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial

re-use, please contact journals.permissions@oup.com


https://orcid.org/0000-0003-1974-7844

Placental lesions in SLE pregnancies

basal plate, impairing perfusion and gas/nutrient exchange,
and leading to serious obstetric complications such as [UGR/
SGA infants, recurrent miscarriages and intrauterine foetal
death (IUFD) [11-15, 17, 18]. For example, in a study by
Ackerman et al. all nine placentas from women with connec-
tive tissue diseases, complicated by adverse neonatal out-
comes (stillbirth or neonatal death), demonstrated extensive
intervillous fibrin [18]. Increased/massive PVFD is also asso-
ciated with high recurrence, with reported rates ranging from
12% to 80% in subsequent pregnancies [11].

Pregnant women with SLE face an elevated risk of adverse
pregnancy outcomes, including miscarriages, preeclampsia,
preterm birth (PTB) and having IUGR/SGA infants [19, 20].
Available placental studies in SLE patients have primarily fo-
cused on those with antiphospholipid antibody (aPL) positiv-
ity, and have noted features of MVM, including extensive
infarction, and decidual vasculopathy/thrombosis, as well as
increased PVFD [21, 22]. Studies of SLE-associated placentas
in the context of PTB also suggest higher prevalence of utero-
placental vascular and coagulation-related lesions [23]. Such
lesions may be partly predicted by increased infiltration of
neutrophil and neutrophil extracellular traps (NETs) in the
intervillous spaces [24]. However, there is an overall lack of
data on placental findings in SLE in general, but particularly
those correlating with SGA infants, which is a common ad-
verse outcome, affecting up to a quarter of SLE pregnancies
[25, 26]. In this study, we sought to compare the histopatho-
logic features of placentas from SLE-associated pregnancies
resulting in SGA infants, to those without SGA infants.
Additionally, to identify specific underlying mechanisms lead-
ing to SGA within the context of SLE, we compared placental
findings between SLE-associated SGA to SGA not associated
with SLE. We hypothesized that SGA in the context of SLE
would be associated with increased PVFD in the placenta.

Methods

To identify the individuals with SLE who delivered at UCSD in
the past 5 years (November 2018 to October 2023), we queried
electronic health records (EHR) to identify individuals with the
ICD10 code M32.X in the inpatient setting, cross-referencing
with charge capture procedures for vaginal or caesarean deliver-
ies. Each case was individually confirmed for the presence of
SLE by chart review. Patient demographics, clinical comorbid-
ities, SLE disease characteristics, aPL positivity, antiphospholi-
pid syndrome (APS), prior obstetric history and adverse
pregnancy outcomes (APOs: preeclampsia, PTB, SGA), as well
as neonatal intensive care unit (NICU) admission, were
extracted from the medical charts. Of the 88 patients (99 preg-
nancies) with ICD codes for SLE in the medical record, only 59
patients (70 pregnancies) had a confirmed SLE diagnosis by a
rheumatologist or nephrologist.

At our institution, placentas are sent for examination when
there is a clinical indication for examination, as per published
guidelines, which includes underlying maternal autoimmune
disease [27]. However, these criteria are not consistently ap-
plied, with the final decision being at the delivering obstetri-
cian’s discretion. Based on our review of the characteristics of
SLE deliveries with placental pathology data, this decision
appeared primarily influenced by the presence of adverse
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pregnancy outcomes (Supplementary Table S1, available at
Rheumatology online).

Where available, placental pathology data were extracted
from the medical record and coded as previously reported
[28]. All placental examinations were reviewed, and final
reports generated, by the same perinatal pathologist (M.M.
P.). The data extracted encompassed macroscopic features
such as trimmed placental disc weight, placental weight for
gestational age (categorized as small, normal or large for
<10th, 11-89th and >90th percentile for gestational age, re-
spectively) [29], umbilical cord (UC) insertion, UC abnormal-
ities (e.g. hypertwisted, true knot, long cord), as well as
histologic findings, diagnosed per the Amsterdam Workshop
Consensus guidelines [30]. The histologic findings were
grouped into the four major patterns of placental injury per
Redline et al. [3]: maternal vascular malperfusion (small pla-
cental disc, plus, at least one of the following four findings-
accelerated villous maturation, placental disc infarction, de-
cidual vasculopathy and retroplacental/marginal haema-
toma), foetal vascular malperfusion (any of the following
findings: foetal vascular thrombosis, avascular villi, villous
stromal karyorrhexis), VUE (any of the following findings:
focal, patchy or extensive chronic villitis, chronic intervillosi-
tis or chronic chorioamnionitis), ACA (subchorionitis/chorio-
nitis/chorioamnionitis with or without a foetal response,
defined by umbilical cord or chorionic plate vasculitis), as de-
fined and reported in previous studies [3, 28]. Additional
lesions were categorized as evidence of foetal stress (normo-
blastemia or meconium staining), and other placental pathol-
ogy (increased/massive PVFD, chorangiosis, intervillous
thrombosis and villous oedema). In our study, increased peri-
villous fibrin was defined as the presence of perivillous fibrin
involving at least 20% of the placental disc.

In the pregnancies with available placental pathology data
(n=28, from 25 patients), we examined clinical and placental
features for all SLE-affected pregnancies and made comparisons
between those that resulted in SGA (7=12, from 11 patients)
and those that did not (z=16, from 14 patients). A diagnosis
of SGA was made when the birthweight fell below the 10th per-
centile for the gestational age at the time of birth, based on the
growth percentile charts provided by Hadlock et al. [31]
Additionally, we randomly selected a control group of pregnan-
cies without SLE that resulted in SGA infants from the UC San
Diego Center for Perinatal Discovery’s ongoing Obstetric
Registry (IRB approval # 181917), which includes pathological
analysis conducted via the same pathway as the SLE cases,
matching them based on maternal age at delivery (starting with
+1 year, extending to =5 years if necessary) and gravidity status
(primigravida vs non-primigravida) at a 3:1 ratio to cases of
SLE-associated SGA.

Categorical variables were expressed as numbers (percen-
tages) and continuous variables as median (interquartile range,
IQR). Fisher’s exact test was used to determine association be-
tween categorical variables and the Mann—Whitney U test
(Wilcoxon rank-sum test) for continuous variables. Given the
exploratory nature of this study, no adjustments were made for
multiple comparisons. All statistical tests were two sided, with
P-value of <0.05 considered statistically significant. The analy-
sis was performed using STATA version 13.

The study was approved by the University of California
San Diego (UCSD) Institutional Review Board (IRB approval
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#181845). Individual patient consent was not required given
the retrospective chart review nature of the study.

Results
Clinical characteristics of SLE patients with and
without placental evaluation

Of the 59 patients (70 pregnancies) with a confirmed SLE diag-
nosis, placental analysis was available for 28/70 (40%) preg-
nancies. For comparison, clinical data for all lupus pregnancies,
including those who did not have placental pathology, are also
presented. As expected, those who underwent placental exami-
nation were retrospectively identified to have a higher preva-
lence of lupus nephritis (32% vs 7%) as well as APO’s (75% vs
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12%), compared with those without placental examination
(Supplementary Table S1, available at Rheumatology online).

Clinical and placental characteristics of SLE, with
and without associated SGA infants

The clinical characteristics of the 28 SLE pregnancies with
placental pathology, as well as the SLE pregnancies with
(n=12) and without (n=16) SGA infants are presented in
Table 1. Of all patients with SLE, about 40% had chronic hy-
pertension, 32% had lupus nephritis, 21% had elevated aPL
antibodies, 85% were prescribed hydroxychloroquine, 32%
were on steroids for SLE and nearly all (93%) were pre-
scribed low-dose aspirin. Seventy-five percent experienced at
least one APO (preeclampsia: 54%, PTB: 54%, SGA: infant
43%). Maternal and SLE disease characteristics were similar

Table 1. Clinical characteristics of individuals with SLE with and without small for gestational age (SGA) infants (November 2018 to October 2023), n=28

Overall SLE SLE pregnancies SLE pregnancies P-value
pregnancies w/o SGA infants w SGA infants (No SGA
(n=28) (n=16) (n=12) vs SGA)

Patient demographics
Race/ethnicity, 7 (%)

Non-Hispanic White 2(7.14) 2 (12.50) 0 (0.00) 0.2

Non-Hispanic Black 3(10.71) 0(0.00) 3(25.00)

Hispanic 15 (53.57) 9 (56.25) 6 (50.00)

Asian 7 (25.00) 4(25.00) 3(25.00)
Preexisting comorbidities
Chronic hypertension, 7 (%) 11 (39.29) 6 (37.50) 5(41.67) 1.00
BMI: median (IQR) 27.17 (24.68-30.31) 27.7 (25.01-30.73) 27.16 (24.28-28.60) 0.52
SLE characteristics, n (%)
Age at diagnosis: median (IQR) 21 (18-25) 23 (18-28) 20 (18-24) 0.45
Lupus nephritis 9(32.14) 5(31.25) 4(33.33) 1.00
HCQ at the time of first prenatal visit 17 (60.71) 10 (62.50) 7 (58.33) 1.00
HCQ during delivery admission 24 (85.71) 12 (75.00) 12 (100) 0.11
Aspirin during pregnancy 26 (92.86) 14 (87.50) 12 (100) 0.5
Anticoagulation during pregnancy 6(21.43) 3(18.75) 3(25) 1.00
Any steroid use during pregnancy 12 (42.86) 6(37.50) 6 (50) 0.7
SLE flare 7 (25.00) 3(18.75) 4(33.33) 0.42
Low C3/C4 during delivery admission 9 (32.14) 4 (25) 5(41.67) 0.66
Abnormal dsDNA during delivery admission 7 (25.00) 2 (12.50) 5(41.67) 0.15
UPCR > 0.5 during delivery admission 11 (39.29) 5(31.25) 6 (50.00) 0.52
Moderate-high titre SSA/SSB positive® 12 (42.86) 5(31.25) 7 (58.33) 0.25
APLA-positive® 6(21.43) 3(18.75) 3(25.00) 1.00
APS 4 (14.29) 2 (12.50) 2 (16.67) 1.00
Obstetric history
Age at delivery: median (IQR) 30 (26-37.5) 30.5 (25.5-39) 28.5(26-35.5) 0.43
Primigravida 8(28.57) 3(18.75) 5(41.67) 0.23
Mode of delivery, 1 (%)

Vaginal delivery 12 (42.86) 10 (62.50) 2 (16.67) 0.02¢

C/S 16 (57.14) 6(37.50) 10 (83.33)
Neonatal characteristics
Neonatal weight (g) median 2395 (1905-3208) 3143 (2413-3365) 1980 (1343-2355) 0.001°¢
Outcomes of current pregnancy, n (%)
Preeclampsia 15 (53.57) 6(37.50) 9 (75.00) 0.07
Preterm birth (<37 WOG) 15 (53.57) 8 (50.00) 7 (58.33) 0.72
Early to moderate preterm birth (<34 weeks) 3(10.71) 0(0.00) 3(25.00) 0.07
NICU admission 15 (53.57) 8 (50) 7 (58.33) 0.72
Length of delivery hospitalization, days: median (IQR) 4 (3-6.5) 3(3-5) 6.5 (3-9) 0.03°¢

¢ Anti-Ro/La (anti-SSA/SSB antibody) positivity defined as having moderate to high titre positivity (> 50 U/ml).

APLA-positivity defined as having positive lupus anticoagulant assay or anti-cardiolipin or anti-Beta 2 glycoprotein antibody at titre of > 40 U/ml.

¢ Significant results are in bold.

APLA: antiphospholipid antibody; IQR: interquartile range; NICU: neonatal intensive care unit; SGA: small for gestational age; WOG: weeks of gestation.
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Table 2. Placental characteristics of individuals with SLE with and without small for gestational age (SGA) infant (November 2018 to October
2023), n=28
Overall SLE SLE pregnancies SLE pregnancies P-value
pregnancies w/o SGA dx w/SGA dx (No SGA
(n—=28) (n=16) (n=12) vs SGA)
Morphologic characteristics
Placental weight (g) — median (IQR) 312 (256-379) 364 (300-436) 250 (202-319) 0.18
Small placental (<10th percentile for GA), 1 (%) 21(75.00) 9 (56.25) 12 (100) 0.01*
UC insertion, 7 (%)
Central/eccentric 26 (92.86) 15 (93.75) 11 (91.67) 1.00
Marginal 2(7.14) 1(6.25) 1(6.25)
UC abnormalities (hypertwisted, true knot, long cord), 7 (%) 2(7.14) 1(6.25) 1(8.33) 1.00
Histologic characteristics
Maternal vascular malperfusion (MVM), 7 (%) 18 (64.29) 8 (50) 10 (83.33) 0.11
Accelerated villous maturation (1 syncytial knots) 12 (42.86) 7 (43.75) 5(41.67) 1.00
Placental disc infarct 7 (25) 1(6.25) 6(50.00) 0.02%
Decidual vasculopathy 15(53.57) 11 (68.75) 4(33.33) 0.13
Haematoma (retroplacental/marginal) 3(10.71) 1(6.25) 2 (16.67) 0.56
Foetal vascular malperfusion (FVM), 7 (%)
Any FVM 8 (28.57) 4(25.0) 4(33.33) 0.69
Pure FVM 1(3.57) 1(6.25) 0 (0.00) 1.00
Villitis of unknown aetiology (VUE), 72 (%) 5(17.86) 2 (12.50) 3 (25.00) 0.62
Acute chorioamnionitis (ACA), 7 (%) 8 (28.57) 4(25.00) 4(33.33) 0.69
Chorioamnionitis/subchorionitis/chorionitis 8 (28.57) 4(25.00) 4(33.33) 0.69
Fetal vasculitis 3(10.71) 2 (12.50) 1(8.33) 1.00
Evidence of foetal stress, 1 (%) 20(71.43) 11 (68.75) 9 (75.00) 0.66
Normoblastemia 19 (67.86) 11 (68.75) 8 (66.67) 1.00
Meconium staining 2(7.14) 1(6.25) 1(8.33) 1.00
Other placental processes, 7 (%) 21 (75.00) 12 (57.14) 9 (75.00) 1.00
Increased perivillous fibrin 7 (25.00) 0(0.00) 7 (58.33) 0.0017
Chorangiosis 4 (14.29) 4(25) 0 (0.00) 0.11
Intervillous thrombosis 6(21.43) 5(31.25) 1(8.33) 0.20
Villous oedema 1(3.57) 1(6.25) 0(0.00) 1.00

ACA: chorioamnionitis, subchorionitis, chorionitis; FVM: foetal thrombotic vasculopathy, foetal vascular thrombosis, avascular or near-avascular villi,
villous stromal karyorrhexis, obliterative vasculopathy, mural thrombosis in any foetal vessel, cushion in foetal vessel; Pure FVM: FVM without evidence of
VUE and not meeting the criteria for MVM; MVM: any small placenta PLUS at least 1 of the following four findings: hypermaturity, placental disc
infarction, decidual vasculopathy, and retroplacental/marginal haematoma; VUE: at least one focus of chronic villitis; chorangiosis includes chorangiosis,

chorangiomatosis or chorangioma.
* Significant results are in bold.

FVM: foetal vascular malperfusion; IQR: interquartile range; MVM: maternal vascular malperfusion; VUE: villitis of unknown aetiology.

between SLE pregnancies with and without SGA infants. In
SLE pregnancies resulting in SGA infants, there was a higher
rate of delivery by caesarean section (83% vs 38%, P=0.02)
and a tendency towards a higher rate of preeclampsia (75%
vs 38%, P=0.07) (Table 1).

Placental findings in the setting of SLE, including a com-
parison of findings between those with and without SGA
infants are presented in Table 2. All 28 SLE pregnancies with
placental pathology exhibited at least one histopathologic ab-
normality. About 54% had decidual vasculopathy, 43% had
accelerated villous maturation, 71% had evidence of foetal
stress (normoblastemia, meconium staining), 29% had foetal
vascular malperfusion, 25% had acute chorioamnionitis,
with no differences in these findings between SLE pregnancies
with or without an SGA infant. Placental abnormalities that
differed between SLE pregnancies with and without SGA
infants included small placental disc for gestational age
(100% vs 56%, P=0.01), placental disc infarct (50% vs 6%,
P=0.02) and increased PVFD (58% vs 0%, P=0.001), re-
spectively (Table 2, Fig. 1). Notably, 7/28 (25%) of SLE preg-
nancies with available placental pathology exhibited
increased PVFD, and all seven resulted in SGA infants. Of the
seven with increased PVFD, only one (14.29%) had elevated

aPL antibodies. Six out of seven placentas that exhibited
placental disc infarct were associated with SGA (Table 2).

Clinical and placental characteristics of
SLE-associated SGA vs non-SLE SGA

There were no statistically significant differences in clinical fea-
tures of individuals with SGA, with and without SLE (Table 3).
When we compared patterns of placental injury between the 12
SLE-associated pregnancies with SGA infants and 36 maternal
age-matched non-SLE pregnancies with SGA infants, the only
lesion that distinguished the two groups was higher prevalence
of increased PVFD in SLE-associated SGA cases (58% vs 22%,
P=0.03). The rate of placental disc infarct was similar in both
groups (50%) (Table 3).

Discussion

Placental pathology is commonly used to evaluate the under-
lying cause of an adverse pregnancy outcome. In our study,
all 28 SLE pregnancies with available placental pathology
exhibited at least one histopathologic abnormality. Placental
abnormalities that were observed at significantly higher rates
in SLE pregnancies with SGA infants (compared with those
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Figure 1. Comparison of increased perivillous fibrin deposition (PVFD) across groups

without SGA) included small placenta for gestational age,
placental disc infarct and increased PVFD. Remarkably, all
seven placentas from SLE patients that showed PVFD
resulted in SGA infants. Other placental findings commonly
observed in SLE in our study included normoblastemia in
over two-thirds, decidual vasculopathy and accelerated vil-
lous maturation in about one-half, and ACA and placental
disc infarct in about one-fourth of the studied placentas, but
the rates of these lesions did not differ based on SGA infant
status. While our study did not include placentas from
healthy mothers without adverse pregnancy outcomes, a pre-
vious longitudinal analysis of 439 pregnancies, of which 64
resulted in SGA infants, found 51.6% and 6.3% of the latter
group to have MVM and FVM, respectively, in their pla-
centas [8]. In our population of SGA infants, MVM was ob-
served in 83% and 64%, and FVM in 33% and 39% of
pregnancies with and without SLE, respectively. However,
these placental lesions did not distinguish between SLE-
associated SGA and matched non-SLE pregnancies that
resulted in SGA; instead, only increased PVFD appeared at
higher prevalence in the SLE group.

Increased PVFD includes massive PVFD (MPVFD) and ma-
ternal floor infarction (MFI), in which fibrin deposition in
the intervillous space and/or within and around the basal
plate (typically defined as involving at least 20-25% of the
placental disc), impairing perfusion and gas/nutrient ex-
change function of the chorionic villi [11, 14, 15, 17]. It is a
rare condition with varying prevalence rates based on gesta-
tional age at delivery and clinical context, ranging from
0.03% of all placentas analysed to up to 2.7% in those with
recurrent early miscarriages, 5.4% in spontaneous abortions
with a normal karyotype and up to 11.8% in pregnancies as-
sociated with foetal growth restriction [11, 15, 32-34].
Increased PVFD can lead to significant perinatal morbidity
including TUGR/SGA, PTB and IUFD [11]. The observed
prevalence of various APOs in placentas with increased
PVED is high, varying from 15% to 80% for foetal death, ex-
cept for a lower reported rate of 2.4% in one study [11, 12,

34, 35], 16.7% to 60% for PTB [11, 34, 36] and 9% to 92%
for IUGR/SGA (most commonly in the range of 40-70%)
[11, 37, 38]. Reported recurrence rates of increased PVFD
range from 12% to 67% [13, 36]. Such wide variability in
reported prevalence, recurrence and associated adverse out-
comes are likely related to differences in definitions of in-
creased PVFD, sample sizes, study designs, as well as study
populations.

We observed a significantly higher prevalence of increased
PVFD in placentas from SLE mothers with SGA (58%), com-
pared both to those without SGA (0%) as well as to SGA
cases not related to SLE (22%), suggesting that increased
PVFD may be a specific mechanism of SGA in the context of
SLE. Increased PVFD is considered idiopathic, although asso-
ciation of increased PVFD/MFI with thrombophilia and auto-
immune diseases (such as lupus, primary and secondary APS,
and polymyositis) have been noted [12, 14, 18, 39-41]. In
one study, all nine placentas from women with connective tis-
sue disease (five SLE, two mixed connective tissue disease,
one rheumatoid arthritis, one without prior known connec-
tive tissue disease but subsequently diagnosed as SLE), with
prior pregnancy loss and adverse outcomes of foetal or neo-
natal death in the studied pregnancy, demonstrated increased
intervillous and PVFD, with all five SLE placentas also show-
ing extensive infarction. Of the nine studied pregnancies,
seven had anti-cardiolipin antibody and six tested positive for
lupus anticoagulant. Notably, a diagnosis of SLE was estab-
lished for one woman with two previous pregnancy losses,
only after the placental examination showed the above fea-
tures indicative of a connective tissue disease process [18]. In
another study comparing 39 placentas with MPVED (>50%
placental disc involved) to 142 cases without increased
PVED, the prevalence of autoimmune diseases was notably
higher in the former (12.8% wvs 2.1%, P=0.012) [12].
Another study defined low, moderate and severe PVFD as ex-
tent of fibrin deposition of 20-32%, 33-50% and >50%, re-
spectively, and found an autoimmune disease prevalence of
11.5% in 52 cases with severe PVFD, compared with 0% in
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Table 3. Comparison of clinical and placental characteristics between SLE-associated small for gestational age (SGA) infants compared with SGA infants

from matched individuals without SLE (November 2018 to October 2023)

SLE pregnancies vs Non-SLE pregnancies vs P-value (SLE vs
SGA (n=12) SGA (n=36) non-SLE SGA)
Maternal and pregnancy characteristics
Age at delivery: median (IQR) 28.5(26.0-35.5) 28.5(25.0-35.0) 0.97
Mode of delivery, 7 (%)
Vaginal delivery 2 (16.67) 15 (41.67) 0.17
Caesarean section 10 (83.33) 21 (58.33)
Diabetes mellitus
No DM 12 (100.00) 26 (72.22) 0.35
Type 1 or 2 DM 0 (0.00) 5(13.89)
Gestational 0 (0.00) 5(13.89)
Chronic hypertension 5 (41.67) 8(22.22) 0.26
Pregnancy outcomes, n (%)
Preeclampsia, 7 (%) 9 (75.00) 27 (75.00) 1.00
PTB (<37 WOG), 1 (%) 7 (58.33) 8(77.78) 0.26
Early PTB (<32 WOG) 3(25.00) 5(41.67) 0.48
NICU admission, 72 (%) 7 (58.33) 28 (77.78) 0.26
Infant weight in grams: median (IQR) 1980 (1343-2355) 1655 (985-2065) 0.38
Morphologic characteristics
Placental weight (g) — median (IQR) 249.5 (202.0-318.5) 248.5 (198.0-315.0) 0.95
Small placental (<10th percentile for GA) 12 (100) 29 (80.56) 0.49
UC insertion
Central/eccentric 11 (91.67) 24 (66.67) 0.34
Marginal, velamentous 1(8.33) 8(22.22)
Avulsed, fragmented, disrupted 0(0.00) 4(11.11)
Umbilical cord abnormalities (hypertwisted, true knot, long cord) 1(8.33) 1(2.78) 0.44
Histologic characteristics
Maternal vascular malperfusion (MVM) 10 (83.33) 23 (63.89) 0.29
Accelerated villous maturation (syncytial knots) 5(41.67) 35 (69.44) 0.10
Placental disc infarct 6 (50.00) 18 (50.00) 1.00
Decidual vasculopathy 4(33.33) 19 (52.78) 0.32
Haematoma (retroplacental/marginal) 2 (16.67) 2(5.56) 0.26
Foetal vascular malperfusion (FVM)
Any FVM 4(33.33) 14 (38.89) 1.00
Pure FVM 0 (0.00) 5(13.89) 0.31
Villitis of unknown aetiology (VUE) 3(25.00) 6 (16.67) 0.67
Acute chorioamnionitis (ACA) 4 (33.33) 13 (36.11) 1.00
Chorioamnionitis/subchorionitis/chorionitis 3(25.00) 13 (36.11) 0.73
Fetal vasculitis 1(8.33) 5(13.89) 1.00
Evidence of foetal stress 9(75) 26 (72.22) 1.00
Normoblastemia 8 (66.67) 25(69.44) 1.00
Meconium staining 1(8.33) 2(5.56) 1.00
Other placental processes 8 (66.67) 14 (38.89) 0.11
Increased perivillous fibrin 7 (58.33) 8(22.22) 0.03?
Chorangiosis 0 (0.00) 2 (5.56) 1.00
Intervillous thrombosis 1(8.33) 4(11.11) 1.00
Villous oedema 0 (0.00) 1(2.78) 1.00

ACA: chorioamnionitis, subchorionitis, chorionitis; FVM: foetal thrombotic vasculopathy, foetal vascular thrombosis, avascular or near-avascular villi,
villous stromal karyorrhexis, obliterative vasculopathy, mural thrombosis in any foetal vessel, cushion in foetal vessel; Pure FVM: FVM without evidence of
VUE and not meeting the criteria for MVM; MVM: any small placenta PLUS at least one of the following four findings: hypermaturity, placental disc
infarction, decidual vasculopathy and retroplacental/marginal haematoma; VUE: at least one focus of chronic villitis; Chorangiosis includes chorangiosis,

chorangiomatosis or chorangioma.
* Significant results are in bold.

FVM: fetal vascular malperfusion; IQR: interquartile range; MVM: maternal vascular malperfusion; VUE: villitis of unknown aetiology.

48 cases with low PVFD (P =0.03) [14]. Although the preva-
lence of autoimmune diseases in those with increased placen-
tal PVFD is significantly higher than in the general pregnant
population, the true incidence of increased PVFD in autoim-
mune diseases, including SLE, remains unknown due to the
nature of available studies.

The exact mechanisms leading to increased PVFD are
poorly understood, but immune dysregulation involving com-
plement system activation may play a role, as indicated by
strongly positive C4d deposition observed in placentas af-
fected by increased PVFD [32, 35]. Studies have also linked
increased placental C4d deposition in conditions such as SLE,

pregnancy-induced hypertension and positive aPL, to low
placental weight, low birth weight and lower gestational age
at delivery, indicating that C4d may be a biomarker of ad-
verse outcomes [42, 43]. Increased placental deposition of
beta 2-glycoprotein I (82GP1), the main antigen for APS-
associated pregnancy morbidity, has also been noted in
patients with recurrent foetal loss and elevated aPL titres. It
has been suggested that aPL may bind to a §2GP1 phospho-
lipid complex in the placenta, causing complement activation
and diffuse trophoblastic damage [44-46]. Indeed, in vivo,
complement activation is essential for aPL-associated foetal
morbidity, which could be reduced by inhibiting complement
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cascade [47]. However, not all APS pregnancies exhibit in-
creased PVFD, nor is increased PVFD diagnostic of APS;
thus, further research into specific antibodies and other path-
ogenic mechanisms is needed to better understand this pla-
cental pattern of injury. One such mechanism implicated in
increased PVFD is maternal antibody-mediated anti-foetal re-
jection. This is supported by the observation that mothers
who had severe massive PVFD had significantly increased fre-
quency of anti-HLA class I seropositivity (80% wvs 36%,
P=0.01). Further, the maternal antibodies were noted to be
specific to foetal HLA antigens. This, along with increased
prevalence of plasma cell deciduitis in such placentas and
strongly positive C4d deposition in the umbilical vein endo-
thelium, support the concept of anti-foetal rejection as a
mechanism in a subset of increased PVFD [35].

Although there is no known treatment for this lesion, one
study has demonstrated efficacy of a combination regimen of
aspirin, dipyridamole and heparin for women with a prior his-
tory of massive PVFD and SGA infant. Specifically, there was
no recurrence of increased PVFD and a decreased recurrence of
SGA in the treated group, with only 12.5% (1/8) of treated
patients experiencing SGA, compared with 66.6% (4/6) of
untreated patients [13]. In one case report, Chang et al. showed
that adding IVIG to a regimen of aspirin and heparin, in the set-
ting of an APS-associated increased PVFD with recurrent preg-
nancy loss, resulted in two successful pregnancies, despite
extensive PVFD still noted in the placentas [48]. These cases
suggest that obstetric APS with increased PVFD in prior preg-
nancies may indicate the need for triple therapy; however, it
should be noted that IVIG has not been found to be beneficial
in preventing recurrent abortions, and hence causal pathways
need to be more clearly determined [49, 50]. Chaiworapongsa
et al. have demonstrated elevation in maternal plasma concen-
trations of the anti-angiogenic factors, soluble vascular endothe-
lial growth factor receptor (sVEGFR)-1 and soluble endoglin
(sEng) in the setting of massive PVFD, for which statins may
have a preventative role [51, 52]. In our study of 28 SLE preg-
nancies, we did not note any difference in placental pathology
between those with (z =4) and without (1 = 24) APS; however,
the sample size is likely too small to allow for a meaningful
comparison. Determining the true incidence of increased PVFD
in SLE, and its association with other maternal conditions (such
as APS), adverse pregnancy outcomes (such as SGA or recurrent
pregnancy loss) and relationship to treatments (such as hydrox-
ychloroquine, aspirin, anticoagulation and immunomodulatory
therapy) in a large cohort of SLE patients would bridge an im-
portant knowledge gap and help unravel the link between this
placental pattern of injury and disease outcomes.

A significant limitation of our study is the selection bias from
having placental analysis available for only 28 of 70 SLE deliv-
eries in the study period. This bias, primarily influenced by the
presence of pregnancy complications, resulted in a study group
with notably higher APOs compared with the broader SLE pop-
ulation, thus limiting representativeness of our findings.
Additionally, caesarean delivery rates were higher among preg-
nancies resulting in SGA, with or without SLE, compared with
pregnancies that did not result in SGA. However, this is not un-
expected as SGA is an indication for caesarean delivery. It
should also be noted that while some placental pathology corre-
lates with mode of delivery, the latter is not causative of any pa-
thology, including increased PVFD. Other limitations include
small sample size restricting statistical power and limiting our
ability to detect other potentially significant differences. Despite
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its limitations, this study uses a well-characterized group of SLE
pregnancies to add to our understanding of placental abnormal-
ities in SLE, particularly highlighting the significant association
of increased PVFD with SGA within the context of SLE, as com-
pared with SLE without SGA and non-SLE-related SGA. Future
studies, with placental examination across all SLE deliveries,
will offer clearer insights into whether/how increased PVFD and
other placental patterns of injury mediate SLE-related APOs,
and their likelihood for recurrence in subsequent deliveries.

In conclusion, the finding of increased PVFD in SLE-
associated SGA (58%), a rate notably higher than SLE preg-
nancies without SGA infants (0%) and SGA cases unrelated
to SLE (22%), may indicate a specific mechanism of placental
injury leading to SGA in SLE. We propose that the presence
of this lesion in the placenta, particularly in the setting of
SGA, should warrant a closer look for potential underlying
maternal autoimmune disease, such as SLE. The poor overall
outcome associated with this finding, and the high risk of re-
currence, should alert the clinicians of high risk of APOs in
subsequent pregnancies, which may potentially be mitigated
with use of certain therapies. Future prospective studies in-
corporating clinical and placental pathology data may help to
better probe the mechanisms underlying APO’s related to ma-
ternal autoimmune disease. Future research on detection of
this pathology prior to the occurrence of adverse outcomes,
through discovery of biomarkers in maternal circulation di-
agnostic placental imaging, could enhance proactive interven-
tion strategies to mitigate APOs in SLE, other autoimmune
diseases, and in the general pregnant population.
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