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High risk of postpartum relapses in
neuromyelitis optica spectrum disorder

ABSTRACT

Objective: To study the effect of pregnancy on the frequency of neuromyelitis optica spectrum
disorder (NMOSD) relapse and evaluate rates of pregnancy-related complications in an interna-
tional multicenter setting.

Methods: We administered a standardized survey to 217 women with NMOSD from 7 medical
centers and reviewed their medical records. We compared the annualized relapse rate (ARR) dur-
ing a baseline period 2 years prior to a participant’s first pregnancy to that during pregnancy and
to the 9 months postpartum. We also assessed pregnancy-related complications.

Results: There were 46 informative pregnancies following symptom onset in 31 women with
NMOSD. Compared to baseline (0.17), ARR was increased both during pregnancy (0.44; p 5

0.035) and during the postpartum period (0.69; p5 0.009). The highest ARR occurred during the
first 3 months postpartum (ARR 1.33). A total of 8 of 76 (10.5%) with onset of NMOSD prior to
age 40 experienced their initial symptom during the 3 months postpartum, 2.9 times higher than
expected.

Conclusions: The postpartum period is a particularly high-risk time for initial presentation of
NMOSD. In contrast to published observations in multiple sclerosis, in neuromyelitis optica,
relapse rate during pregnancy was also increased, although to a lesser extent than after
delivery. Neurology® 2017;89:2238–2244

GLOSSARY
AQP4 5 aquaporin-4; ARR 5 annualized relapse rate; EDSS 5 Expanded Disability Status Scale; IgG 5 immunoglobulin G;
MGH 5 Massachusetts General Hospital; MS 5 multiple sclerosis; NMO 5 neuromyelitis optica; NMOSD 5 neuromyelitis
optica spectrum disorders.

Neuromyelitis optica (NMO) is an inflammatory neurologic disease, manifested by clinical re-
lapses primarily related to optic nerve and spinal cord involvement. A pathogenic autoantibody
directed against aquaporin-4 (AQP4–immunoglobulin G [IgG]), a water channel expressed on
astrocytes in spinal cord and optic nerve, is involved in the disease pathogenesis.1,2 New diag-
nostic criteria for NMO spectrum disorders (NMOSD), the new preferred term for this con-
dition, acknowledge limited forms of the disease and allow for diagnosis following one clinical
attack in AQP4-IgG seropositive patients.3

It is well-established that pregnancy plays a modulatory role in the course of autoimmune
diseases. Typically, this has been explained as an effect of placentally produced factors or relative
estrogen levels (estradiol or the pregnancy hormone estriol) on subsets of T-helper cells (TH

cells) 1 and 2, leading to stabilization of TH1-related diseases such as rheumatoid arthritis and
exacerbation of TH2-related diseases such as systemic lupus erythematosus, although studies
vary.4–6 In multiple sclerosis (MS), the prototypic immune-mediated disease of the CNS,
relapses decrease in frequency during pregnancy and increase in the immediate postpartum
period.7,8 Breastfeeding may extend the period of pregnancy-conferred protection in MS.9,10
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There are limited data regarding pregnan-
cies in NMOSD; the outcomes of about 200
pregnancies report an increased frequency
and aggressive presentation of pregnancy-
related attacks, especially in the first 6 months
postpartum,11–14 and, unlike MS, a lack of
reduction in relapses during pregnancy.13,14

In addition, there may be an increased risk
of spontaneous abortion,15,16 and case reports
suggest placental transfer of the AQP4 anti-
body may occur without a detrimental effect
on the infant’s neurologic health.16,17

In the current study, we examined the effect
of pregnancy on NMOSD onset, relapse rate,
and pregnancy outcomes in a large, multicen-
ter international cohort of women with
NMOSD.

METHODS Standard protocol approvals, registrations,
and patient consents. Informed consent was obtained from all

participants under institutional review board policies at each site.

Study design. Pregnancy and clinical data in women with

NMOSD were collected from 7 participating centers. Data were

collected using a standardized questionnaire. The questionnaire

was completed either in person or over the phone. A copy of

the questionnaire is included as an e-Questionnaire at

Neurology.org. Inclusion criteria included (1) female and (2a)

positive serum AQP4-IgG, consistent with NMOSD or (2b)

negative serum AQP4-IgG, meeting 2006 published diagnostic

criteria18 for NMO. NMOSD participants, regardless of preg-

nancy history or timing of symptom onset, were enrolled con-

secutively between November 2011 and May 2013 and all

participants completed at least one component of the

questionnaire.

The questionnaire obtained information related to relapses in

prespecified time intervals in reference to pregnancy. Relapses

were defined as new or worsening neurologic symptoms lasting

longer than 24 hours without other etiology. A baseline interval

of 2 years prior to the first pregnancy was chosen to provide an

adequate time to establish a baseline rate but also to limit recall

bias. Relapse information was obtained during the 9 months of

pregnancy and 9 months following pregnancy to keep these inter-

vals equal. To determine the temporal relationship of relapses to

pregnancy, NMOSD participants served as their own controls for

analysis. Relapse rates were annualized and a baseline relapse rate

(2 years prior to the participant’s first pregnancy) was compared

to the 9-month period during pregnancy and a 9-month post-

partum period.

Additional information was collected regarding type of relapse

(optic neuritis, transverse myelitis, brainstem), duration of symp-

toms, and relapse-related treatment received. Relapse timing,

duration, and treatment documented by the questionnaire were

confirmed by review of medical records in 21 of 40 relapses.

Unconfirmed relapses were due to absent or insufficient medical

records. Participants without a history of pregnancy were queried

Table Demographic and clinical information for participants with neuromyelitis optica spectrum disorders
(NMOSD)

NMOSD (all)
NMOSD
(with informative pregnancies)

Participants, n 217 31

Age at symptom onset, y, mean 6 SD (range) 41.1 6 14.1 (11–77) 28.3 6 5.7 (16–38)

Age at questionnaire administration, y, mean 6 SD (range) 49.4 6 14.3 (18–83) 41.4 6 8.3 (31–65)

Race, n (%)

Asian 12 (5.5) 2 (6.5)

Black or African American 36 (16.6) 8 (25.8)

Native Hawaiian or Pacific Islander 2 (0.9) 1 (3.2)

White 165 (76.0) 19 (61.3)

Other 2 (0.9) 1 (3.2)

Disease comorbidities, n (%)

Systemic lupus erythematosus 14 (6.5) 1 (3.2)

Sjögren disease 6 (2.8) 1 (3.2)

Myasthenia gravis 5 (2.3) 1 (3.2)

Thyroid disease 24 (11.1) 3 (9.7)

Diabetes mellitus 12 (5.5) 0

Other major illness 22 (10.1) 3 (9.7)

AQP4 seropositivity 177 (81.6) 25 (80.6)

Disease duration, y, mean 6 SD (range) at time of questionnaire 8.6 6 7.7 (0–45) 13.5 6 9.0 (1–30)

EDSS at last examination, mean 4.05 3.75

Number of pregnancies, mean 6 SD 2.1 6 1.7 2.7 6 1.6

Abbreviations: AQP4 5 aquaporin 4; EDSS 5 Expanded Disability Status Scale.
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whether concern over NMO-related disability or stopping

NMO-related medications factored into decision-making

processes.

Information related to menarche, menopause, and hormonal

exposure in this group of women with NMOSD was queried and

previously reported.19

Chart review was utilized to estimate Expanded Disability

Status Scale (EDSS)20 from the most recent examination recorded

in the medical record.

Statistical analysis. Study data were collected and managed

using Research Electronic Data Capture (REDCap) tools hosted

at Massachusetts General Hospital (MGH).21 Comparisons of

annualized relapse rate during the prespecified time intervals in

relationship to pregnancy were made using a paired t test. Cases in
which a patient’s initial relapse occurred during pregnancy or

in the postpartum period were not used for this analysis due to

the inability to accurately determine a baseline relapse rate.

Mann-Whitney U test was used to compare baseline relapse

rate in those with and without relapses during or after pregnancy.

x2 Test was used to examine association between breastfeeding

and postpartum disease activity in NMOSD. Statistical analyses

utilized Statistical Package for the Social Sciences version 21

(SPSS, Chicago, IL).

RESULTS Demographics and disease characteristics. In
total, 217 women with NMOSD were recruited from
the Walton Centre, Liverpool, England (n 5 56);
Mayo Clinic, Rochester, Minnesota (n 5 39);
Washington University in St. Louis, Missouri (n 5

36); Charité–Universitätsmedizin, Berlin, Germany
(n5 26); Mayo Clinic, Scottsdale, Arizona (n5 25);
Johns Hopkins University, Baltimore, Maryland
(n 5 19); and MGH/Brigham and Women’s Hos-
pital, Boston, Massachusetts (n 5 16). A total of

81.6% (177/217) of participants with NMOSD were
AQP4-seropositive. Mean age at symptom onset,
race, disease comorbidities, disease duration, and
EDSS are summarized in the table. The mean age at
questionnaire administration was 49.4 6 14.3 years.
A total of 172 (79.3%) participants had been preg-
nant in the past, including those who did not carry to
term, while 45 (20.7%) participants were nulliparous
(figure 1). On average, the mean number of preg-
nancies was 2.1 6 1.7 (SD); among those who re-
ported pregnancy, the mean number of pregnancies
was 2.7 6 1.4 (SD).

Risk of relapse related to pregnancy.Of 172 participants
who had been pregnant, 46 pregnancies in 31 partic-
ipants occurred following NMOSD symptom onset,
of which 34 pregnancies in 26 participants resulted
in a live birth. Demographic and clinical information
on this subgroup is summarized in the table. Com-
pared to the 2 years before pregnancy, the annualized
relapse rate (ARR) in the first trimester increased
from 0.17 (60.32) to 0.73 (61.57; p 5 0.037) (fig-
ure 2). In other trimesters of pregnancy, the ARR was
unchanged compared to baseline. The relapse rate
increased during the 0–3 months postpartum period
(ARR 1.33 6 2.77; p 5 0.018) compared to the 2-
year baseline before pregnancy but not during the 3–
6 months or 6–9 months postpartum periods (figure
2). When analyzed in aggregate, both pregnancy and
the 9-month postpartum periods (ARR 0.446 0.72;
p 5 0.035 and ARR 0.69 6 1.16; p 5 0.009,
respectively) were increased compared to baseline but
not compared to one another (p 5 0.228). Of the 9
pregnancies in which participants experienced
a relapse during pregnancy and the 11 pregnancies in
which participants experienced a relapse in the 9-
month postpartum period, 3 participants experi-
enced relapses both during pregnancy and within the
9 months following delivery. There was no statistical
difference in baseline ARR in the 2 years prior to
pregnancy between participants who experienced
a relapse during pregnancy compared to those who
remained relapse-free during pregnancy (0.26 vs
0.09; p 5 0.113).

Use of immunosuppressant and immunomodulatory

therapy. Of the 31 participants with pregnancies fol-
lowing NMOSD symptom onset, treatment with
immunosuppressant or immunomodulatory therapy
during baseline period included 4 on steroids, 4 on
azathioprine, 1 on rituximab, 1 on cyclosporine,
and 1 on glatiramer acetate. In 8 participants, these
treatments were discontinued on average 11.9
months in advance of becoming pregnant. Two par-
ticipants remained on azathioprine during pregnancy
and another had therapeutic effect from rituximab
during pregnancy. The majority of participants were

Figure 1 Flow chart of pregnancy history in participants with neuromyelitis
optica

Participant numbers are reported for pregnancy history, timing of pregnancy related to neu-
rologic symptom onset, and pregnancy outcome. NMOSD 5 neuromyelitis optica spectrum
disorders.
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untreated during the baseline periods and during
pregnancy. Immunosuppressant and immunomodu-
latory treatment in the postpartum period was not
adequately documented.

Relapse characteristics. Relapses occurred during 9 of
34 (26.5%) pregnancies (8 had 1 relapse and 1 had
2 relapses). Eight relapses consisted of transverse mye-
litis and 2 of optic neuritis. Intractable vomiting
thought unrelated to morning sickness/hyperemesis
gravidarum or hiccups were associated with relapse
in 2 cases. Symptoms resolved within 6 months in
all but 2 cases (80%). Methylprednisolone was
administered for 5 of the 10 relapses (50%); other re-
lapses were untreated. Fifteen relapses in 11 individ-
uals (32.4% of pregnancies) occurred in the
postpartum period (8 had 1 relapse, 2 had 2 relapses,
and 1 had 3 relapses). The relapses consisted of 12
transverse myelitis events and 3 optic neuritis events.
Recovery was incomplete at 6 months in 8 of 15 post-
partum relapses (53.3%). Compared to relapses dur-
ing pregnancy, postpartum relapses were more likely
to be treated with methylprednisolone, which was
administered for all but 2 relapses (86.7%).

Risk of NMOSD disease onset postpartum. Of the 76
participants with NMOSD with a history of preg-
nancy and initial disease onset during childbirth years
(defined as ages 20–40 for the purposes of this study),
6 experienced their initial NMOSD presentation dur-
ing pregnancy (7.9%), 8 presented within 3 months
following delivery (10.5%), and an additional 5 pre-
sented within the next 6 months (6.6%). The

observed presentation rate during pregnancy and
postpartum months was compared to the expected
presentation rate if the events of pregnancy and
relapse were not associated. In the 147 participants
with NMO with a history of pregnancy, 2,734
patient-years (32,808 months) were spent between
the ages of 20 and 40 years prior to symptom onset.
During that time, there were 399 pregnancies (1,197
postpartum months), suggesting the expected risk of
disease onset to be 3.65% (1,197/32,808), assuming
no association. The observed risk (10.5%) exceeds the
expected risk (3.65%) of initial NMOSD symptom
onset during the postpartum period by a factor of 2.9.

Attitudes toward pregnancy and disability. Of the 45
participants with NMOSD who reported no history
of pregnancy, 14 (31.1%) cited either concerns over
disability accrual or stopping disease-modifying
treatments as reasons for never becoming pregnant.

Pregnancy-related complications.Of the 46 pregnancies
following symptom onset, 34 resulted in a live birth
(73.9%), 10 resulted in spontaneous abortion
(21.7%), and 2 resulted in therapeutic abortion
(4.3%). Of the 34 pregnancies following symptom
onset that resulted in a live birth, there were 3 cases
of preeclampsia or other hypertensive disorders
(8.8%) and 4 cases of preterm labor (11.8%). The
frequency of Cesarean section was 55.9% (19/34).
Placental pathology included one case of placenta pre-
via and one case of placental abruption. One child
had congenital anomalies and 4 other children were
recognized as having other health issues not otherwise
specified. There are no reports of autoimmune disease
or neurologic disease in these children. Participants
with NMOSD breastfed postpartum in 27 of 34
pregnancies (79.4%) for an average of 6.7 months.
Breastfeeding was considered exclusive in 21 of 27 in-
stances. Breastfeeding (exclusive or otherwise) was
not observed to be associated with risk of relapse
(x2 0.56; p 5 0.51).

Of the 172 participants who had been pregnant
either before or after disease onset, preeclampsia was
reported in 12 (7.0%), preterm labor in 12 (7.0%),
antenatal hospitalization in 6 (3.5%), intrauterine
growth retardation in 3 (1.7%), and premature rup-
ture of membranes in 1 (0.6%). The frequency of
hypertensive disorders of pregnancy, including pre-
eclampsia, in pregnancies following NMOSD symp-
tom onset was 3 of 46 (6.5%). Fifty-seven of 172
(33.1%) participants reported a history of abortion
(either therapeutic or spontaneous) with any of their
pregnancies, although the spontaneous abortion fre-
quency was not obtained in this group. Of those with
pregnancies following symptom onset, 10 of 46
(21.7%) in 7 women ended in spontaneous abortion.
Similar to the general population, the majority of

Figure 2 Annualized relapse rate (ARR) relative to pregnancy trimester and
postpartum period in neuromyelitis optica

ARR is reported for the 2 years prior to pregnancy (baseline), each trimester during preg-
nancy (dark area), and each 3-month period postpartum. Whiskers represent 95% confi-
dence intervals.

Neurology 89 November 28, 2017 2241

ª 2017 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



spontaneous abortions were reported in the first
trimester (8 of 10).

DISCUSSION We examined the relationship of preg-
nancy and relapse rate in a large NMOSD dataset.
With nearly 90% of patients with NMOSD being
female,22 the effect of pregnancy on disease course is
an important issue in the clinical care of patients with
NMOSD and one that was reflected as a meaningful
concern that modified family planning decisions in
a substantial percentage of patients with NMOSD we
studied. The results from this study support results
from other retrospective studies from different geo-
graphic areas and different ethnicities describing an
increase in relapse rate in the first 3 months postpar-
tum in NMOSD.11–14 The high postpartum relapse
rate relative to during pregnancy is also reported in
MS7 but we observed a postpartum relapse rate
increase relative to baseline rates in NMOSD that
was higher than published in MS, consistent with
other aggressive clinical features of NMOSD. This
finding supports the concept of instituting a more
aggressive treatment approach immediately after
pregnancy.17 Although data here are limited for
a potential conferred protection of breastfeeding, as
is observed in MS,10 the observed high risk of post-
partum relapses could tip the balance toward institut-
ing disease-modifying treatments with fast onset of
efficacy immediately postpartum and foregoing
breastfeeding.

Our study suggests an increase in relapse rate dur-
ing the first trimester of pregnancy compared to base-
line, in contrast to patients with MS, who have
a lower relapse rate during pregnancy, especially in
the last trimester.23 It is possible this increased relapse
rate could result from tapering off steroids and other
immunosuppressants in the months leading up to
pregnancy. Others have previously reported an
increased risk of relapse during pregnancy in
NMOSD. However, patients with NMOSD with
relapses during pregnancy were more likely to have
complete symptom resolution by 6 months and less
likely to receive steroids or other treatments com-
pared to postpartum relapses. These data could be
interpreted as milder relapses occurring during preg-
nancy or a predilection for more aggressive relapses in
the postpartum period, or both. One important un-
answered question in NMOSD care surrounds what
the safest approach to treating patients with NMOSD
during pregnancy may be. In contrast to MS, where
the vast majority of patients stop disease-modifying
therapies, the increased relapse rate during pregnancy
in NMOSD and potential for disability supports con-
tinuing an immunotherapy during pregnancy, espe-
cially in patients with a higher baseline relapse rate. A
possible predilection for milder relapses during

pregnancy bodes well for using milder treatment reg-
imens during pregnancy in patients with well-
controlled disease leading up to pregnancy. Patients
with higher disease activity prior to pregnancy may
require more aggressive treatment, such as continuing
rituximab, where pregnancy safety data exist.24

The relatively low baseline ARR of 0.17 suggests
a selection bias toward good disease activity control
in those women with NMOSD electing to become
pregnant. Recent large descriptive studies suggest an
ARR of 0.8–1.3 in the general NMOSD popula-
tion.22,25 Other retrospective studies involving preg-
nancy in NMOSD demonstrated prepregnancy
baseline ARR ranging from ;0.2 to 1.0, with all
studies characterized by a higher prepregnancy relapse
rate than our study. Results in our patient population
with an observed low baseline relapse rate may not be
applicable to patients with a history of more active
disease when providing prepregnancy counseling.

We observed a high percentage of female patients
with NMOSD with initial symptom onset in the 3
months following delivery. Initial symptom onset in
the postpartum period is a well-recognized feature
of MS. However, this suggests that while NMOSD
is diagnosed at lower frequency than MS, it should
be considered in women with new neurologic symp-
toms during the postpartum period, particularly re-
lapses with clinical features suggestive of NMOSD.

Emerging data provide a plausible pathobiologic
explanation for the apparent change in disease activity
during pregnancy. AQP4 is upregulated during preg-
nancy and in the postpartum period.26 Furthermore,
in addition to expression in astrocytes, AQP4 is ex-
pressed in the placenta and may play a role in ion
homeostasis and water balance throughout preg-
nancy.27 Placental AQP4 expression is high during
the second trimester and then progressively decreases
through the end of pregnancy.28 Placental AQP4
expression theoretically could contribute to adverse
pregnancy events. However, this study does not pro-
vide convincing evidence for an excess of pregnancy-
related complications compared to what has been
reported in the general population.29 The spontane-
ous abortion frequency in pregnancies after symptom
onset in our study was lower than previously reported
in a group of women with NMOSD from Japan, the
United Kingdom, and Portugal.15 That study also
reported a high risk of preeclampsia, in contrast to
our study, which reports a frequency similar to the
general population.30 Comprehensive evaluations of
placental tissue from multiple pregnancies are needed
in NMOSD to help address the role of AQP4 pla-
cental expression in pregnancy-related complications.

The retrospective design of this study is an impor-
tant limitation, similar to other studies in the litera-
ture examining the effect of pregnancy on disease
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activity in NMOSD. These limitations extend to
deriving disability scores, which were dependent
upon the quality of the history and neurologic exam-
ination documented. Prospective pregnancy registries
in NMOSD are needed. Prospective analyses of
disease-modifying and acute relapse treatment courses
during and following pregnancy, relapse history,
pregnancy-related complications, and pregnancy out-
comes would enlighten the medical community as to
the most appropriate treatment regimens for pregnant
and postpartum women with NMOSD and could
inform consensus recommendations for pregnancy
management of patients with NMOSD.

This large retrospective study corroborates the results
of other studies demonstrating a high risk of relapse in
the postpartum period in NMOSD, but also during
pregnancy. In addition, the higher risk of initial disease
onset in the months immediately following delivery is
an important point of clinical and diagnostic recogni-
tion. These findings will facilitate counseling patients
with NMOSD regarding family planning and appropri-
ate management of disease-modifying therapy prior to,
during, and after pregnancy.
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