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Abstract

Background: Neuromyelitis optica spectrum disorder (NMOSD) primarily affects women of childbearing age.
Objectives: Studying the potential relationship between NMOSD and pregnancy characteristics and outcomes.
Subjects and methods: This is a retrospective cohort study that was conducted on 66 married female patients
diagnosed with NMOSD. All patients underwent a thorough review of their demographic and clinical history
through their medical records and personal interviews. Additionally, a complete neurological examination
was performed, along with the expanded disability status scale (EDSS) and a pregnancy registry questionnaire.
Results: After comparing married patients before and after disease onset, there was a significant increase in the
number of abortions and the percentage of cesarean sections, as well as a decrease in the percentage of breastfeed-
ing after disease onset. The p values were .02, <.001, and <.001, respectively, with odds ratios 0f 2.03, 5.13, and
6.17. Additionally, there was a rise in the occurrence of postpartum relapses, which accounted for 66% of all
relapses after the disease onset. Most of these relapses (88.7%) occurred within the first 3 months postpartum.
Conclusion: Presence of NMOSD increased the percentage of miscarriage, delivery by cesarean section, and
decreased the chance of breastfeeding. In addition, pregnancy increases NMOSD relapse and subsequent
disability.
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Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is a
severe, recurrent, inflammatory demyelinating disorder
of the central nervous system (CNS) that is mediated
by autoantibodies against the water channel aquaporin-4
(AQP4). It is primarily characterized by optic neuritis
(ON) and longitudinally extensive transverse myelitis
(LETM). These autoantibodies can also affect other
areas of the CNS, such as the area postrema of the
medulla and the hypothalamus.'

NMOSD is more prevalent in women than men with a
ratio of 9:1 in relapsing NMOSD.

The average age of onset for NMOSD is typically
between 30 and 40 years, subsequently, many
women are diagnosed during their active childbearing
years. It is crucial to thoroughly examine all aspects of
the disease during the pre-, intra-, and postpartum

periods, as well as its impact on fertility and vice
versa.”

Itis well-established that pregnancy can have a modulatory
effect on autoimmunity. This is also true for NMOSD, as
large-scale studies have shown that the relapse rate is sig-
nificantly higher during the first 3 months after giving birth
compared to before or during pregnancy.*’

Like other autoimmune diseases, NMOSD may also
increase the risk of spontaneous abortion and other
complications during pregnancy. This could be due
to the transfer of AQP4 antibodies through the pla-
centa, which can have a significant impact on the
infant’s neurological health.®

In this study, we thoroughly examined the potential
interactions between pregnancy and NMOSD and
suggested  further research on reproductive
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management strategies for patients with NMOSD.
This includes preconception counseling and post-
partum supervision.

Materials and methods

Study population

This retrospective cohort study involved 66 married
Egyptian female patients who were diagnosed with
NMOSD according to the NMOSD international con-
sensus diagnostic criteria (2006, 2015)." The patients
were recruited from the Kasr Alainy Multiple
Sclerosis Unit (KAMSU) between June 2013 and
June 2019. Patients with a history of gynecological dis-
orders that could potentially cause miscarriage, such as
uterine deformity, tumors, uterine or tubal adhesions,
cervical incontinence, polycystic ovary syndrome,
metabolic disorders, or those using chronic medications
that could affect their menstrual cycles, were excluded.
Patients with clinically isolated syndrome (CIS) or other
autoimmune disorders that did not meet the diagnostic
criteria for NMOSD were also excluded.

Clinical data collection

Informed consent was obtained from all participants,
and detailed demographic and clinical data were col-
lected. This included current age, age at onset of
disease, family history, comorbidities, duration to
diagnosis, total duration of disease, annualized
relapse rate, lab and imaging results, anti-aquaporin
4 antibodies status, and treatments received.

This information was gathered from clinical records
and personal interviews with patients.

Additionally, a detailed history was obtained from
all patients, including symptoms at the onset and
during the course of the disease. Physical examina-
tions, including the expanded disability status scale
(EDSS), were also conducted.

Our self-constructed NMOSD pregnancy question-
naire was used to collect pregnancy details, such as
age at pregnancy, whether it was planned or not,
number and timing of relapses during pregnancy,
treatments received, complications during pregnancy,
method of delivery and any complications, the
outcome of the pregnancy, number and timing of
post-partum relapses, and method of lactation.

Statistical analysis
This was an exploratory study without adjustment for
multiple comparisons.

Chi-square test or Fisher’s exact test was used to
examine the relationship between qualitative
variables.

For normally distributed quantitative data, a compari-
son between two groups was done using the Student’s
t-test, for not normally distributed quantitative data, a
comparison between two groups was done using the
Mann—Whitney test. All tests were two-tailed, and a
p-value<.05 was considered statistically significant.
The Pearson correlation coefficient was used to test
the correlation between different variables. Odds
ratios were used to present the strength of the associ-
ation between risk factors and outcomes.

Results

Our study included 66 patients, with a total of 277
pregnancies. Of these, 211 pregnancies occurred
before the onset of the disease, while 66 occurred
after (see Figure 1).

Clinical data of patients with NMOSD

The average age of our population was 36.5+7.2
years, with a median EDSS of 5 at the time of the ques-
tionnaire. The mean annualized relapse rate (ARR)
was 2.3 + 1.9. The majority of patients (71.2%) had a
monosymptomatic onset, with optic neuritis being
the most common initial symptom (52.2%). The
most commonly prescribed medications were rituxi-
mab (31.8%) and azathioprine (25.4%). A large pro-
portion of patients (83.3%) had a history of long
segments myelitis. For additional demographic and
clinical data, please refer to Table 1.

Post-NMOSD pregnancy characteristics

After the onset of NMOSD, there were a total of 66 preg-
nancies, with a median time of 4 years from onset to
pregnancy. The range of time varied from 1 to 13
years, with an interquartile range (IQR) of 3—7 years.
Out of these pregnancies, 59 out of 66 (59/66) were
complicated by peripartum relapses. Of these, 15 out
of66 (15/66) (22.7%) experienced relapses during preg-
nancy, with more than half (53.3%) occurring in the first
trimester. Among these relapses, six (40%) were not
treated. Three participants had transverse myelitis and
three had optic neuritis. Although these attacks resolved
spontaneously, they resulted in residual disability. The
reasons for not receiving treatment were inaccessibility
to healthcare providers for four participants and fear of
fetal complications for two participants. Additionally,
out of the 66 pregnancies, 44 (66.7%) resulted in post-
partum relapses, with the majority (88.7%) occurring
within the first 3 months after delivery (refer to
Figure 2). The decision to stop taking immunotherapy
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Figure 1. Flow chart showing the relation between pregnancies and the onset of NMOSD among our population.

medication was made by all patients to conceive, except
two who continued taking rituximab without any
complications.

After giving birth, all patients resumed their use of
immunotherapy within an average of 3.09+0.58
months. Therefore, it can be concluded that the major-
ity of postpartum relapses occurred before the patients
resumed their immunotherapy treatment. Table 2 pre-
sents the characteristics of these peripartum relapses.

Comparison between pregnancies before and after
NMOSD onset

After the onset of NMOSD, most pregnancies were
planned, with 86.4% being intentional. However,
there was a higher incidence of complications
during pregnancy, occurring in 42.4% of cases.
These complications included bleeding, premature
labor, anemia, hyperemesis gravidarum, preeclamp-
sia, and gestational diabetes. Although this increase
in complications was not statistically significant
when compared to pregnancies before the onset of
NMOSD, it is still worth noting. Only 4.5% of
post-NMOSD pregnancies experienced complications
during delivery, such as obstructed labor, puerperal
sepsis, and bleeding. Out of the 66 post-NMOSD preg-
nancies, 19 (28.7%) ended in abortion, 7 (10.6%) had
fetal complications (such as low birth weight, jaundice
requiring NICU admission, and intrauterine fetal
death), and 40 (60.6%) resulted in normal, healthy
babies. Interestingly, patients who became pregnant
after the onset of NMOSD had a higher rate of abor-
tions compared to those who became pregnant
before the disease began. Additionally, more than
half of the post-NMOSD pregnancies resulted in

cesarean section deliveries and the babies were artifi-
cially fed, in contrast to those who became pregnant
and delivered before the onset of the disease (as
shown in Table 3). Most of the cesarean deliveries
were performed due to medical indications related
to pregnancy and delivery complications, rather
than being a patient’s personal preference.

Comparison between aquaporin-positive and
aquaporin-negative patients in terms of pregnancies
occurring after the onset of NMOSD

Comparison between patients with positive and nega-
tive aquaporin status in terms of pregnancies occur-
ring after the onset of NMOSD revealed that the
EDSS was significantly higher in aquaporin-negative
patients (5.59+1.96) compared to aquaporin-
positive patients (4.59 + 1.78), with a p-value of .03.
However, there were no significant differences
between the two groups in terms of pregnancy-related
complications, attack rate, or abortions. Please refer to
Table 4 for further details.

Comparison between aquaporin-positive and
aquaporin-negative patients in terms of pregnancies
occurring before the onset of NMOSD

Comparison between patients with positive and nega-
tive aquaporin in terms of pregnancies occurring
before the onset of NMOSD revealed that complications
during delivery were significantly higher in aquaporin-
positive patients (38.4%) compared to aquaporin-
negative patients (21.9%). Additionally, cesarean deliv-
eries were significantly higher in aquaporin-negative
patients (31.5%) compared to aquaporin-positive
patients (12.3%) with a p-value of .01 and .0007, respect-
ively. However, there were no significant differences
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Table 1. Demographic and clinical data of our study population.

between the two groups in terms of delivery-related com-  Correlations
plications, lactation, or abortions. Please refer to Table 5 Significant positive correlations were found between the
for further details. EDSS and the age of the patients, total duration of
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Figure 2. Temporality of attacks in relation to trimesters/post-partum periods.

Table 2. Peripartum relapse characteristics.

disease, and ARR (r=.3, .27 and .311, respectively; p
values =.003, .012, and .004). Please refer to Figure 3
for a visual representation. Additionally, the ARR
showed significant correlations with the total duration of
disease and the number of abortions after disease onset
(r=.276 and .247, respectively; p values =.01 and .04).

Odds ratios

Odds ratios were calculated for the significant compara-
tive results (Table 6), showing that abortion is two times,
cesarean section is five times and artificial feeding is six

times more common in pregnancies after disease onset
compared to those before disease onset.

Discussion

A significant number of female patients experience
the onset of NMOSD during their childbearing
years (15-40 years). The presence of NMOSD can
have an impact on pregnancy outcomes, while preg-
nancy itself carries the risk of increased postpartum
relapse rates and potential disability. Therefore, it is
important for treating neurologists to consider how
the disease and its treatment may affect peripartum

www.sagepub.com/msjetc



Multiple Sclerosis Journal—Experimental, Translational and Clinical

Table 3. Comparison between pregnancies before and after the onset of the NMOSD in our female population.

Before onset After onset
Variable (N=211) (N=66) p-value
Age at pregnancy 24.6 +5.1SD 27.8+4.5 <.001
Age of NMOSD onset 36.4+19.5 245+5 <.001
Planning Planned 187 (88.6%) 57 (86.4%) .621
Unplanned 24 (11.4%) 9 (13.6%)
Complications during pregnancy Yes 69 (32.7%) 28 (42.4%) .148
No 142 (67.3%) 38 (57.6%)
Type of delivery Vaginal 171 (81%) 30 (45.5%) <.001
Cesarean section 40 (19%) 36 (54.5%)
Complications during delivery Yes 10 (4.7%) 3 (4.5%) 948
No 201 (95.3%) 63 (95.5%)
Outcome Abortion 35 (16.5%) 19 (28.7%) .02
Normal fetus 155 (73.5%) 40 (60.6%) .04
Fetal complication 21 (10%) 7 (10.6%) .8
Lactation Attificial 64 (30.3%) 41 (62.1%) <.001
Breastfeeding 138 (65.4%) 19 (28.8%)
Both 9 (4.3%) 6 (9.1%)

aspects and make necessary modifications to thera-
peutic approaches based on this information.

This retrospective cohort study was designed to deter-
mine the impact of NMOSD on pregnancy and post-
partum outcomes among female patients who
underwent treatment at our Kasr Alainy Multiple
Sclerosis Unit (KAMSU).

Our research revealed that NMOSD is frequently
accompanied by other autoimmune diseases, includ-
ing organ-specific conditions such as thyroiditis
(6%), autoimmune hemolytic anemia, and myasthenia
gravis, as well as non-organ-specific conditions like
SLE. This is in line with previous studies, which
have identified the most commonly associated auto-
immune diseases with NMOSD to be autoimmune
thyroiditis and primary Sjogren’s syndrome (in organ-
specific cases) and SLE (in non-organ-specific
cases).” !

At the time of this study, the majority (64%) of
patients had an EDSS score of more than four, with
a median EDSS of 5 and an interquartile range of
1-3. This, in contrast to previous studies, which
reported a median EDSS of 3.5 and a range of 0—
10, with the majority (62.2%) having an EDSS
score of less than 4.'%'3

The difference may be attributed to a delay in disease
diagnosis, ranging from 1 to 24 months, and

subsequent delayed management, resulting in
increased disability. This is also reflected in the
higher annualized relapse rate (2 +2) compared to
the study by Sepulveda and colleagues, who reported
a mean ARR of 0.9 +1.5."

In our study population, we found a low pregnancy
rate after the onset of NMOSD. Out of 277 pregnan-
cies, only 66 (23.8%) occurred after the onset of the
disease, while 211 (76.2%) occurred before the
onset. This could be due to NMOSD typically pre-
senting at a later age, with a mean onset of 31 +8.1
years. Additionally, it is possible that NMOSD
patients consciously choose to avoid pregnancy,
potentially due to existing disabilities or a desire to
prevent them.

In terms of pregnancy outcomes, there was a 2.03 times
higher likelihood of miscarriage in patients who became
pregnant after the onset of NMOSD, compared to those
who became pregnant before the disease onset (OR =
2.03, 95% CI 1.03-3.87). This finding is consistent
with previous studies that have shown an increased
risk of miscarriage in NMOSD patients, particularly
during the first trimester.>'*"'® Animal studies have
also demonstrated that AQP4 antibodies can cross the
blood—placenta barrier and bind to placental AQP4,
resulting in inflammatory changes, placental necrosis,
and a higher rate of miscarriage.® Furthermore, Chang
and colleagues found evidence of AQP4 immunoreac-
tivity, inflammation, and damage in placentas from

6
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Table 4. Comparison between aquaporin-positive and aquaporin-negative patients in terms of pregnancies
occurring after the onset of NMOSD.

pregnancies that were terminated in the first and second
trimesters, but not in term placentas."”’

The current study did not find a significant difference
in fetal complications between pregnancies that
occurred before and after the onset of the disease
(10% vs. 10.6%). Although AQP4 antibodies have
been shown to cross the blood—placental barrier and
can be detected in the blood of newborns of
NMOSD patients after birth, an elevated AQP4

antibody level in these infants does not typically
result in neurological symptoms or other fetal compli-
cations. Additionally, their development was normal,
and the antibody level returned to normal within 3-6
months after birth.*'®

On the other hand, our study focused on the effect of
pregnancy on the course of NMOSD disease. Our find-
ings showed that 66.7% of pregnancies that occurred
after the onset of the disease were followed by a
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Table 5. Comparison between aquaporin-positive and aquaporin-negative patients in terms of pregnancies
occurring before the onset of NMOSD.

Aquaporin positive ~ Aquaporin negative

Variable (n=138) (n=173) p-value
Age at pregnancy 248 +52 243 +4.9 0.5
Planning (N, %) Planned 121 (87.7) 66 (90.4) 0.6
Unplanned 17 (12.3) 7 (9.6)
Complications during Yes 53 (38.4) 16(21.9) 0.01
pregnancy (&, %) No 85 (61.6) 57 (78.1)
Type of delivery (I, %)  Vaginal 121 (87.7) 50 (68.5) 0.0007
Cesarean section 17 (12.3) 23 (31.5)
Complications during Yes 7 (5.1) 34.1) 0.7
delivery (N, %) No 131 (94.9) 70 (95.9)
Outcome (N, %) Abortion 21 (15.2) 14 (19.2) 0.5
Normal fetus 105 (76.1) 50 (68.5) 0.2
Fetal complication 12 (8.7) 9 (12.3) 0.7
Lactation (N, %) Artificial 42 (30.4) 22 (30.1) 0.3
Breastfeeding 88 (63.8) 50 (68.5)
Both 8 (5.8) 1(1.4)
. R of AQP4 in the placenta is highest during the
second trimester and gradually decreases toward the
1o end of pregnancy. This could potentially contribute
to adverse pregnancy outcomes.’
H One possible explanation for the rise in pregnancy-
27 ° A ° : °C related attacks in NMOSD could be linked to the dis-
g N R R R continuation of steroids and other immunosuppressant
° o o o o o o o s drugs during pregnancy. This may be due to patients’
- % concerns about potential complications for the fetus.*
i ° ° ’ Previous studies have shown that patients who contin-

EDSS at time of quationaire

Figure 3. Correlation between ARR and EDSS at time of
the study.

postpartum relapse. Additionally, 88% of these
relapses occurred within the first 3 months postpartum.
These results align with previous studies that have also
observed a rise in disease activity during the first 3
months after delivery in NMOSD patients, whether it
was the initial onset of the disease or a relapse.'>!®!?

The observed fluctuations in disease activity during
pregnancy may be attributed to the upregulation of
AQP4 during pregnancy and the postpartum period.
In addition to being expressed in astrocytes, AQP4
is also present in the placenta and may play a
crucial role in maintaining ion homeostasis and
water balance throughout pregnancy. The expression

ued taking high doses of immunosuppressive drugs,
such as prednisolone and azathioprine, were able to
remain free of relapses. This suggests that adequate
and relatively safe immunosuppression can prevent
pregnancy-related attacks.* Azathioprine can be trans-
ferred through the placenta to the fetus. However, due
to the fetus lacking the enzyme necessary for produ-
cing active metabolites, the concentrations of these
metabolites are typically lower in the fetus compared
to the mother.?’

In this study, more than half of the patients (54.5%)
chose to have a cesarean section delivery after the
onset of the disease, compared to only 19% of pregnan-
cies before the disease onset. This finding is consistent
with a study by Klawiter et al.,'” which also reported
a high rate of cesarean section (55.9%) after the onset
of the disease. There is no evidence to suggest that the
method of delivery, epidural administration, or
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Table 6. Odds ratio for pregnancy parameters that are affected by NMOSD.

Variable Odds ratio (OR) Confidence interval ~ p-value

Pregnancy before and after Abortion 2.03 1.03-3.87 .03
Cesarean section 5.13 2.83-9.29 <.0001
Attificial feeding 6.17 3.34-11.4 <.0001

breastfeeding has any impact on the activity of NMOSD
disease.”' In a cross-sectional study, it was found that
more than half of the surveyed women believed that
cesarean delivery was safer for the mother, while
nearly two-thirds believed it was safer for the baby.
Additionally, around two-thirds of the participants per-
ceived cesarean delivery to be associated with less pain
and bleeding compared to vaginal delivery.”> However,
in our study, most of the cesarean deliveries were per-
formed due to medical indications related to pregnancy
and delivery complications, rather than being a patient’s
personal preference. Recent recommendations from the
French Multiple Sclerosis Society state that the indica-
tions for cesarean delivery for the general population
should also apply to women with NMOSD, regardless
of their level of disability (Expert opinion).**

The choice of breastfeeding after disecase onset was
also lower (28.8%) compared to (65.4%) before
disease onset. This could be explained by the high
post-partum relapse rate, also due to difficulty in
coping with symptoms such as fatigue, and the need
to restart DMDs and symptomatic treatment.

The limitations of the current study include its retro-
spective design and failure to address the relationship
between DMD and pregnancy profiles in women with
NMOSD. However, it is the first study to address this
issue in Egypt.

In conclusion, research has shown that having
NMOSD increases the risk of miscarriage and cesar-
ean delivery and decreases the likelihood of success-
ful breastfeeding. On the other hand, pregnancy has
been linked to a higher rate of NMOSD relapse and
potential disability.

More prospective studies are needed to examine the
impact of changing or stopping immunosuppressant
treatment during pregnancy on both the pregnancy
and the disease. Additionally, further research is
necessary to understand the connection between sex
hormones, anti-mullerian hormone (AMH), and fetal
aquaporin 4 antibody levels and pregnancy complica-
tions and outcomes.
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