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ABSTRACT

Objective: To investigate the association between neuromyelitis optica spectrum disorder
(NMOSD) and pregnancy outcome.

Methods: An international cohort of women with aquaporin-4 antibody–positive NMOSD and
$1 pregnancy was studied retrospectively. Multivariate logistic regression was used to investi-
gate whether pregnancy after NMOSD onset was associated with an increased risk of miscar-
riage (cohort of 40 women) or preeclampsia (cohort of 57 women).

Results: Miscarriage rate was higher in pregnancies after NMOSD onset (42.9% [95% confi-
dence interval 17.7%–71.1%] vs 7.04% [2.33%–15.7%]). Pregnancies conceived after, or up
to 3 years before, NMOSD onset had an increased odds ratio of miscarriage (7.28 [1.03–51.6]
and 11.6 [1.05–128], respectively), independent of maternal age or history of miscarriage. Preg-
nancies after, or up to 1 year before, NMOSD onset ending in miscarriage were associated with
increased disease activity from 9months before conception to the end of pregnancy, compared to
viable pregnancies (mean annualized relapse rate 0.707 vs 0.100). The preeclampsia rate
(11.5% [6.27%–18.9%]) was significantly higher than reported in population studies. The odds
of preeclampsia were greater in women with multiple other autoimmune disorders or miscarriage
in the most recent previous pregnancy, but NMOSD onset was not a risk factor.

Conclusions: Pregnancy after NMOSD onset is an independent risk factor for miscarriage, and
pregnancies conceived at times of high disease activity may be at increased risk of miscarriage.
Women who develop NMOSD and have multiple other autoimmune disorders have greater odds of
preeclampsia, independent of NMOSD onset timing. Neurology® 2016;86:79–87

GLOSSARY
AQP4 5 aquaporin-4; ARR 5 annualized relapse rate; CI 5 confidence interval; IgG 5 immunoglobulin G; NMO 5 neuromy-
elitis optica; NMOSD 5 neuromyelitis optica spectrum disorder; ON 5 optic neuritis; OR 5 odds ratio.

Neuromyelitis optica spectrum disorder (NMOSD) is a severe recurrent antibody-mediated
inflammatory disorder of the CNS, mainly characterized by optic neuritis (ON) and longitudinally
extensive transverse myelitis,1 but also affecting other areas in the CNS (e.g., brainstem and
hypothalamus). The presence of immunoglobulin G (IgG) that binds to aquaporin-4
(AQP4),2,3 known to be key in the pathogenic process of this disorder, distinguishes NMOSD
from other CNS inflammatory disorders.1 NMOSD is up to 8 times more prevalent in women,4

many of whom have active disease during childbearing years.5–7 Recently, experimental and clinical
reports have demonstrated the presence of AQP4 in human and animal placenta, and have linked
AQP4-mediated placental inflammation to fetal death.8–10 It is clear that the annualized relapse rate
(ARR) of NMOSD is significantly increased in the 0- to 3-month postpartum period,11–13 but
there is a lack of information on the influence of NMOSD on the course of pregnancy.

We investigated the effect of NMOSD on miscarriage and preeclampsia rates using multivar-
iate logistic regression analysis in a retrospective international cohort of 60 women with AQP4-
positive NMOSD.
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METHODS Standard protocol approvals, registrations,
and patient consents. This study was approved by the medical

ethics committee of each center and conducted in accordance

with internationally recognized ethical standards. Written con-

sent to collect and use anonymized clinical data was obtained

from each patient before the study.

Cohort and data collection. Every woman with a history of

$1 pregnancy and a diagnosis of AQP4-IgG–positive

neuromyelitis optica (NMO) (fulfilling the 2006 revised

diagnostic criteria14 or NMOSD as defined by Wingerchuk

et al.1), registered at 1 of 3 hospitals in 3 countries (Oxford,

UK; Porto, Portugal; Sendai, Japan), was enrolled in the study.

Sixty women (126 pregnancies) met these inclusion criteria. All

patients were tested for AQP4-IgG by cell-based assay in Oxford 15

or Sendai.16 Thirty percent of patients were first tested at clinical

presentation; the remaining patients were tested at varying time

points after the disease onset, at diagnosis. Disease onset was

defined as the time of presenting attack.

Because this was not a prospective study, AQP4-IgG titers

were not measured at regular intervals and were not included in

the analyses. Titers in patients where blood samples were col-

lected around the time of pregnancy are shown in figure e-1 on

the Neurology® Web site at Neurology.org.

Pregnancy details were collected retrospectively (2011–2013)

from 60 women (126 pregnancies from 1963 to 2013) using

clinical notes and clinical interview. In the Japanese cohort (19

women, 39 pregnancies) pregnancy information was not available

for women with an obstetric history consisting only of miscar-

riages. Consequently, the Japanese cohort potentially underesti-

mated the true miscarriage rate and was not included in the

miscarriage analysis. One woman with a history of only 2 ectopic

pregnancies was excluded from the analysis. Miscarriage analysis

was therefore performed on 40 women (85 pregnancies) from the

United Kingdom and Portugal cohorts. The preeclampsia analysis

excluded ectopic pregnancies and miscarriages, and used pregnan-

cies from all 3 centers (57 women, 113 pregnancies). Figure e-2

summarizes the study design.

Miscarriage was defined as a spontaneous loss of intrauterine

pregnancy during the first 24 weeks.17 There were no spontane-

ous losses of intrauterine pregnancy after this time. Preeclampsia

was defined as new gestational hypertension (systolic blood pres-

sure $140 mm Hg and/or diastolic blood pressure$90 mm Hg

on at least 2 occasions 4 hours apart), developing after 20 weeks’

gestation, with proteinuria ($300 mg in 24 hours, or 2 11

readings on urine dipstick).18

Statistical analysis. The association between maternal variables

and miscarriage or preeclampsia was assessed using univariate

logistic regression. Independent variables were race, maternal

age at conception, temporal relationship to NMOSD onset, pre-

vious pregnancy, medical history of miscarriage (specifically: most

recent pregnancy ending in miscarriage compared to most recent

pregnancy ending in live birth; recurrent miscarriages, defined as

$2 consecutive miscarriages; and obstetric history of only mis-

carriages, as per reference 19), medical history of preeclampsia,

and clinical or immunologic evidence of one or $2 other auto-

immune disorders (analyzed as a single group, as small sample

sizes prevented analysis of individual disorders). The temporal

relationship of pregnancy to NMOSD onset was assessed both

as a continuous variable and discrete variable with 3 variations

(pregnancy no earlier than 0, 1, and 3 years before NMOSD

onset, compared to the remaining pregnancies). Similarly, mater-

nal age was assessed both as a continuous variable and as a discrete

variable with 3 variations (pregnancy$34,$33, and$32 years,

compared to the remaining pregnancies). These values were

selected to allow a numerically balanced comparison between

“maternal age at pregnancy” and “timing of pregnancy relative

to NMOSD onset” variables. Odds ratios (ORs) were calculated

for all independent variables (i), using the formula ebi where bi is

equal to the partial regression coefficient for variable “i.” Variables

associated with a significant increase in OR of miscarriage or

preeclampsia in univariate analysis were further analyzed using

multivariate logistic regression. We compared variables in women

of different racial backgrounds using the Fisher exact test of inde-

pendence (dichotomous variables) and the Student 2-tailed

unpaired t test (continuous variables).
The relationship between NMOSD ARR and pregnancy out-

come was investigated in the subset of all pregnancies in which

NMOSD onset was before, or within 1 year after, the end of preg-

nancy (27 women, 15 pregnancies), as in references 12 and 13.

The relationship between pregnancy outcome and peri-pregnancy

disease activity (any relapse from 9 months before conception to 9

months after pregnancy including onset attack) was analyzed

using the Student 2-tailed unpaired t test. The relationship

between pregnancy outcome and concomitant immunosuppres-

sion was analyzed in the subset of pregnancies occurring after

NMOSD onset. Statistical analysis was performed using MAT-

LAB (MathWorks Inc., Natick, MA).

RESULTS Study cohort. Sixty AQP4-seropositive
women with 126 pregnancies were included in this
study to assess the influence of NMOSD on
pregnancy outcome. Clinical and obstetric details are
summarized in tables e-1 and e-2, respectively. Disease
onset, at mean age of 46.4 years, was with isolated
ON (42%), transverse myelitis (38%), or brain
involvement (18%). The majority of patients with
only ON (15/25) or brain/brainstem involvement (9/
11) at onset progressed to fulfill the diagnostic criteria
for NMO, while none of the patients with transverse
myelitis developed ON. Immunotherapy was
commenced an average of 47.2 months from disease
onset, and 8 pregnancies occurred while the patient
was on immunotherapy.

Maternal race. There were no significant differences in
parity, mean age of pregnancy, or mean age of
NMOSD onset between women of Caucasian, Afro-
Caribbean, and Japanese origin (mean parity 5 2.11
[SD 0.913], 2.14 [1.07], and 2.05 [0.621],
respectively; mean age of pregnancy 5 28.4 [5.60],
27.3 [5.92], and 29.3 [4.66] years, respectively; and
mean age of NMOSD onset 5 46.6 [12.9], 37.7
[8.88], and 42.6 [14.6] years, respectively). There
was a trend for women of Caucasian origin to have a
later age of NMOSD onset compared to Afro-
Caribbean women (p 5 0.0896). There was sizeable
overlap between the mean age of pregnancy and the
mean age of NMOSD onset (figure e-3), and 22
pregnancies (17.5%) occurred after NMOSD (no
significant difference with maternal race).

There was clinical or immunologic evidence
of other autoimmune disorder (systemic lupus
erythematosus, antiphospholipid syndrome, Sjögren
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syndrome, thyroid disease, and myasthenia gravis) in
63.3% of women in this study, and 16.7% of women
had evidence of multiple other autoimmune disorders
(no significant difference with maternal race).

Miscarriage. Eighty-five informative pregnancies from
40 women were included in the analysis of the influ-
ence of NMOSD on the OR of miscarriage (figure
e-2). Eleven pregnancies in 6 women ended in mis-
carriage (12.9%, 95% confidence interval [CI]
6.64%–22.0%): 7 in the first trimester, 1 in the sec-
ond trimester, and 3 at an unknown time within the

first 24 weeks. There was no significant difference in
miscarriage rate between Caucasian and Afro-
Caribbean women (p 5 0.202).

Six of 14 pregnancies (42.9% [17.7%–71.1%])
after NMOSD onset ended in miscarriage, compared
to 5 of 71 pregnancies (7.04% [2.33%–15.7%])
before NMOSD onset (figure 1A). Miscarriage rates
after NMOSD onset were 60% in Caucasian women
and 0% in Afro-Caribbean women (p 5 0.0849).

Univariate logistic regression identified maternal
age at pregnancy, timing of pregnancy relative to
NMOSD onset, most recent pregnancy ending in
miscarriage, and obstetric history consisting only of
miscarriages as being associated with increased OR
of miscarriage (table 1). There was no association
between the presence of other autoimmune disorders
(analyzed as a heterogeneous single group) and
increased odds of miscarriage. Furthermore, there
was no association between antiphospholipid anti-
bodies and miscarriage rate.

Multivariate logistic regression analyzed the inde-
pendent influences of timing relative to NMOSD
onset, maternal age at pregnancy, and history of mis-
carriage in the most recent pregnancy, on miscarriage
rate. Timing of pregnancy with respect to NMOSD
emerged as the strongest predictor of miscarriage
(table 2).

Preeclampsia.One hundred thirteen informative preg-
nancies in 57 women were included in the analysis of
the influence of NMOSD on OR of preeclampsia
(figure e-2). Thirteen cases of preeclampsia were dis-
tributed among 11 women, corresponding to a pree-
clampsia rate of 11.5% (95% CI 6.27%–18.9%).
The incidence of preeclampsia in pregnancies occur-
ring before and after NMOSD onset was 11.2%
(5.74%–9.2%) and 13.3% (1.66%–40.5%), respec-
tively (figure 1B).

Univariate logistic regression was used in an iden-
tical manner to the miscarriage analysis (table 3). Mis-
carriage in the most recent pregnancy and presence of
multiple other autoimmune diseases were associated
with an increased OR of preeclampsia. No significant
association was found between preeclampsia risk and
maternal age or timing of pregnancy relative to
NMOSD onset (table 3). Multivariate logistic regres-
sion found that both miscarriage in the most recent
pregnancy (OR 27.2 [1.57–475], p 5 0.023) and
maternal history of at least 2 other autoimmune dis-
eases (OR 8.01 [1.03–62.6], p 5 0.047) were inde-
pendently significantly associated with an increased
OR of preeclampsia (table e-3).

NMOSD disease activity, immunosuppression, and

AQP4-IgG titers. Twenty-seven pregnancies occurred
after (n 5 21), or up to 1 year before (n 5 6),
NMOSD onset (figure e-4). Mean ARR during the

Figure 1 Relationships between adverse pregnancy outcome, NMOSD onset,
and maternal age

(A) Distribution of pregnancies ending in miscarriage, plotted against maternal age and preg-
nancy timing with respect to NMOSD onset. Blue squares denote viable pregnancies at time
of delivery. Red triangles denote pregnancies ending in miscarriage, at time of miscarriage.
Black vertical line marks onset of NMOSD. (B) Distribution of pregnancies complicated by
preeclampsia, plotted against maternal age and pregnancy timing with respect to NMOSD
onset. Blue squares denote viable pregnancies without preeclampsia, at time of delivery.
Red triangles denote viable pregnancies complicated by preeclampsia, at time of delivery.
Black vertical line marks onset of NMOSD. NMOSD 5 neuromyelitis optica spectrum
disorder.
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3 trimesters before conception, the pregnancy period,
and the 3 trimesters after pregnancy, was calculated
for pregnancies ending in miscarriage (n5 7) and live
birth (n 5 20) separately (figure 2).

Viable pregnancies were associated with
increased mean ARR in the 0- to 3-month postpar-
tum period compared to 0 to 9 months preconcep-
tion (1.60 vs 0.133, p 5 0.01). This difference
was not significant in pregnancies ending in miscar-
riage (1.14 and 0.571, p 5 0.508). Mean ARR
from the 9 months preconception to the end of preg-
nancy was higher in the miscarriage subgroup com-
pared to the viable pregnancy subgroup (0.707 vs
0.100, p 5 0.0152). Moreover, there was a trend
toward significance for the ability of the ARR during
this period to predict miscarriage using univariate
logistic regression analysis (p 5 0.0726). The differ-
ence in mean ARR between miscarriage and viable
pregnancies during the 9-month postpregnancy
period, however, was not significant (1.43 vs
0.733, p 5 0.415).

Standard immunotherapy included high-dose ste-
roids 6 plasma exchange to treat attacks and

maintenance therapy (started before conception) of
prednisolone alone, azathioprine alone, or both
agents combined (see figure e-4 for details). Of the
21 pregnancies that occurred after NMOSD onset, 8
were associated with concurrent maintenance immu-
nosuppressive therapy. Two of these pregnancies in 2
women were uncomplicated by miscarriage or pree-
clampsia. They received prednisolone 5 mg/d or a
combination of azathioprine 100 mg/d and prednis-
olone 5 mg/d. Five pregnancies in 2 women ended in
miscarriage. These patients were treated with prednis-
olone 5 to 10 mg/d in the first woman, and azathio-
prine 150 mg/d in the second. One patient whose
pregnancy was complicated with preeclampsia was
on a combination of azathioprine 250 mg/d and
prednisolone 20 mg/d. No patients interrupted treat-
ment just before or during pregnancy. Two patients
with viable pregnancies received acute treatment dur-
ing pregnancy. The attacks occurred in the second to
third trimester in one patient, and third trimester and
at 3 months postpartum in the second patient. These
patients were not receiving any chronic treatment.
Attacks were treated with high-dose steroids (both

Table 1 Univariate logistic regression analysis of maternal variables and their association with odds ratio of
miscarriage

Independent variable (no. miscarriages/eligible pregnancies) Odds ratio 95% CI p Value

Race

Caucasian (11/72) vs Afro-Caribbean (0/13)a NA NA 0.202

Maternal age at pregnancy, y

As a continuous variable 1.16 1.03–1.31 0.016b

‡34 (5/12) 7.98 1.93–33.0 0.004b

‡33 (6/18) 6.20 1.63–23.6 0.008b

‡32 (7/23) 6.34 1.65–24.4 0.007b

Timing of pregnancy relative to NMOSD onset

As continuous variable 1.07 1.02–1.14 0.011b

After NMOSD (6/14) 9.90 2.45–40.0 0.001b

After NMOSD or within 1 y of onset (7/18) 10.0 2.51–40.1 0.001b

After NMOSD or within 3 y of onset (8/23) 10.5 2.48–44.4 0.001b

Medical and obstetric history

Previous pregnancy (8/45) 2.67 0.656–10.8 0.171

Miscarriage in most recent pregnancy (4/7) 11.0 1.78–68.0 0.010b

Recurrent miscarriage (1/2) 7.30 0.422–126 0.171

Medical history of only miscarriages (2/4) 8.00 1.00–64.0 0.050b

Medical history of preeclampsia (1/4) 2.37 0.224–25.0 0.474

‡1 other autoimmune disorder (7/50) 1.26 0.340–4.69 0.729

‡2 other autoimmune disorders (1/13) 0.517 0.0604–4.42 0.547

Abbreviations: CI 5 confidence interval; NA 5 not available; NMOSD 5 neuromyelitis optica spectrum disorder.
Sample of 85 informative pregnancies.
a Fisher exact test was used for variables that were not suitable for logistic regression analysis.
bSignificant.
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patients; 1 g/d for 3 days) and plasma exchange (one
patient; 5 consecutive days).

Finally, 7 patients with pregnancy up to 3 years
before, or after the disease onset, had been tested
for AQP4-IgG more than once around the time of
pregnancy. There was no clear correlation between
the AQP4-IgG titers and pregnancy outcome. In
the majority of cases, levels reduced shortly after start-
ing immunosuppressive treatment (figure e-1).

Neonatal complications. One pregnancy resulted in an
infant with hydrocephalus and permanent neurologic
disability. This pregnancy occurred 4 years after the
onset of AQP4-IgG–positive relapsing ON, although
this had not been diagnosed or treated. The pregnancy
was also complicated by preeclampsia. There were no
stillbirths.

DISCUSSION A number of studies have investigated
the effect of pregnancy on the clinical activity of
AQP4-IgG–positive NMOSD.11–13 This study
explicitly focused on adverse pregnancy outcomes in
NMOSD mediated by AQP4-IgG. Pregnancies after
NMOSD onset were associated with a significantly
increased OR of miscarriage compared to pregnancies
before NMOSD onset, independent of the risk
associated with advanced maternal age. By contrast,
the OR of preeclampsia was independent of
NMOSD onset timing, but was increased in women
with multiple other autoimmune diseases or a history
of miscarriage in the most recent pregnancy. Moreover,
pregnancies after NMOSD onset ending in
miscarriage are associated with higher rates of disease
activity in the preconception and intrapregnancy
period compared with viable pregnancies, and were
consequently more often receiving treatment.

The clinical observation of increased miscarriage
in AQP4-IgG–seropositive patients suggests AQP4-
IgG as a possible causative agent. AQP4-IgG is abun-
dant in the periphery,20 and during pregnancy there is
expression of AQP4 in syncytiotrophoblasts and
stroma of placental villi, suggesting that it may have
an important role in maternal–fetal fluid exchange.9 A
recent mouse passive transfer study showed that intra-
peritoneal injection of both AQP4-IgG and human
complement resulted in placental inflammation with
increased fetal death,10 reproducing key histologic fea-
tures seen in NMO lesions of the CNS, as well as in
placental lesions in a case report of a miscarriage at 20
weeks in a patient with NMO.8 This adds to the
growing clinical8,21,22 and experimental10,23 evidence
of AQP4-IgG–mediated organ involvement beyond
the CNS.

Our cohort miscarriage rate (12.9%) is consistent
with levels in the general population (12%–24%).17,19

In pregnancies conceived after NMOSD onset, the
miscarriage rate was 42.9%, and there was an
increased OR of miscarriage in pregnancies conceived
after, or up to 3 years before, NMOSD onset,
independent of maternal age. This finding may be
explained by subclinical levels of circulating AQP4-
IgG, which may be present years before clinical
presentation.24,25

The miscarriage rate of 42.9% is outside the 95%
CI that would be expected if the true miscarriage rate
post-NMOSD was equal to reported rates in multiple
sclerosis (expected 95% CI 1.29%–40.9%)26,27 and
just within the expected range calculated from pub-
lished rates in systemic lupus erythematosus
(expected 95% CI 2.56%–45.5%).28 This suggests
that the miscarriage rate in patients with NMOSD

Table 2 Multivariate logistic regression for variables associated with increased risk of miscarriage

Independent variable (no. miscarriages/eligible pregnancies) Odds ratio 95% CI p Value

Variation 1

Pregnancy after NMOSD onset (6/14) 7.28 1.03–51.6 0.047a

Pregnancy age ‡34 y (5/12) 2.97 0.331–26.6 0.331

Miscarriage in most recent pregnancy (4/7) 3.99 0.420–37.9 0.228

Variation 2

Pregnancy after NMOSD or within 1 y of onset (7/18) 9.85 1.09–88.8 0.041a

Pregnancy age ‡33 y (6/18) 0.921 0.0908–9.34 0.945

Miscarriage in most recent pregnancy (4/7) 4.87 0.570–41.5 0.148

Variation 3

Pregnancy after NMOSD or within 3 y of onset (8/23) 11.6 1.05–128 0.046a

Pregnancy age ‡32 y (7/23) 0.703 0.0583–8.46 0.781

Miscarriage in most recent pregnancy (4/7) 5.23 0.602–45.5 0.134

Abbreviations: CI 5 confidence interval; NMOSD 5 neuromyelitis optica spectrum disorder.
Three thresholds for maternal age and proximity to NMOSD onset were chosen to ensure numerically balanced analysis.
a Significant.

Neurology 86 January 5, 2016 83

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



is higher than in patients with multiple sclerosis,
although larger prospective studies with adequate
control groups are needed to test this hypothesis.

There were no reported miscarriages among the
13 pregnancies in Afro-Caribbean women, 4 of which
occurred after NMOSD onset, with 2 patients receiv-
ing acute treatment for attacks in the second to third
and third trimesters. Previous studies have reported
differences in NMOSD characteristics between dif-
ferent racial groups,1,29 and the relationship between
NMOSD and pregnancy outcomes in women of dif-
ferent racial backgrounds should be investigated in
larger studies.

We found that pregnancies after NMOSD onset
ending in miscarriages were associated with a higher
ARR in the 9 months before conception and during
the pregnancy compared to viable pregnancies. This is
consistent with the hypothesis that circulating AQP4-
IgG, in the context of active disease, can cause placental
autoimmune-mediated damage and miscarriage.

Our study revealed that the majority of miscarriages
occurred in patients receiving immunosuppression, but

this findingmust be interpreted in the context of elevated
disease activity in pregnancies ending in miscarriage.
Similarly, in patients with systemic lupus erythematosus,
disease activity before conception is a predictor of preg-
nancy loss.30 The available literature suggests that pred-
nisolone and azathioprine may be used safely in pregnant
woman who have chronic autoimmune conditions.30,31

Based on this evidence, it has been widely recommended
that patients with antibody-mediated diseases who plan
pregnancy continue on treatment that is recognized as
safe (e.g., steroids, azathioprine, cyclosporine),31 before,
during, and after pregnancy, to reduce disease activity
and improve pregnancy outcome.

The overall rate of preeclampsia was higher in our
cohort than in control populations (11.5% vs 3.1%,
p , 0.0001).18,32,33 We found an increased risk of
preeclampsia in women with multiple other autoim-
mune disorders, consistent with previous findings.34–36

No association was found between preeclampsia and
NMOSD onset age or maternal age.

AQP4 in fetal CNS is expressed as early as 14
weeks,37 and disturbances in fetal CNS fluid balance

Table 3 Univariate logistic regression analysis of maternal variables and their association with odds ratio of
preeclampsia

Independent variable (no. preeclampsia/eligible pregnancies) Odds ratio 95% CI p Value

Race (Caucasian reference)

Afro-Caribbean (1/13) 0.482 0.0556–4.17 0.507

Japanese (3/39) 0.482 0.122–1.90 0.297

Maternal age at pregnancy, y

As a continuous variable 1.01 0.897–1.13 0.928

‡34 (2/12) 1.64 0.317–8.45 0.557

‡33 (2/14) 1.33 0.263–6.76 0.728

‡32 (3/21) 1.37 0.341–5.47 0.659

Timing of pregnancy relative to NMOSD onset

As continuous variable 1.02 0.980–1.07 0.302

After NMOSD (2/15) 1.22 0.242–6.12 0.812

After NMOSD or within 1 y of onset (3/20) 1.46 0.364–5.89 0.591

After NMOSD or within 3 y of onset (4/24) 1.78 0.496–6.37 0.377

Medical and obstetric history

Previous pregnancy (6/57) 0.824 0.259–2.62 0.743

Miscarriage in most recent pregnancy (2/3) 24.5 1.81–332 0.016a

Recurrent miscarriages (1/1)b NA NA 0.115

Medical history of only miscarriages (1/2) 8.25 0.484–141 0.145

Medical history of preeclampsia (1/5) 2.00 0.206–19.4 0.550

‡1 other autoimmune disorder (9/64) 1.84 0.532–6.37 0.334

‡2 other autoimmune disorders (6/19) 5.74 1.67–19.8 0.006a

Abbreviations: CI 5 confidence interval; NA 5 not available; NMOSD 5 neuromyelitis optica spectrum disorder.
Sample of 113 informative pregnancies.
aSignificant.
b Fisher exact test was used for variables that were not suitable for logistic regression analysis.
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caused by AQP4 abnormalities could theoretically
contribute to neonatal hydrocephalus.38 Hydroceph-
alus has also been recognized in patients with
NMOSD with brain involvement.39 In our cohort,
there was one case of severe neonatal hydrocephalus
with permanent neurologic disability. However,
without pathologic confirmation of AQP4-IgG–
mediated disease in this neonate, the link between
maternal NMOSD and neonatal NMOSD with
brain involvement remains speculative.

The main limitations of our study are the small
sample size (attributed to the rarity of the disease),
the retrospective design, and the lack of pathologic
evidence from placenta samples. Nevertheless, we
show that (1) patients with NMOSD have high risk
of miscarriage particularly in pregnancies occurring
within the 3 years before, or after, the disease onset;
(2) higher disease activity appears to precede pregnan-
cies that end in miscarriage; (3) patients with
NMOSD who have other autoimmune manifesta-
tions have high risk of preeclampsia in pregnancies
occurring at any time in their life; and (4) a single case
of hydrocephalus in this cohort suggests the possibil-
ity of fetal brain developmental abnormalities due to
AQP4-IgG. Furthermore, preventing disease activity

before and during pregnancy appears to be essential
to improve pregnancy outcome in patients with
NMOSD. Larger prospective studies with age-
matched controls are required to extend our findings
and to allow better evidence-based treatment ap-
proaches before, during, and after pregnancy to
reduce disease activity, prevent attacks, and avoid
complications of both pregnancy and NMOSD.
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