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pregnancy and breastfeeding in patients 
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Abstract
Background: Up to every fourth woman with multiple sclerosis (MS) or neuromyelitis optica 
spectrum disorder (NMOSD) suffers a clinically relevant relapse during pregnancy. High 
doses of steroids bear some serious risks, especially within the first trimester of pregnancy. 
Immunoadsorption (IA) is an effective and more selective treatment option in disabling MS 
relapse than plasma exchange. Data on the use of IA during pregnancy and breastfeeding are 
scarce.
Methods: In this retrospective multicenter study, we analyzed the safety and efficacy of 
IA treatment in acute relapses during pregnancy or breastfeeding. The primary outcome 
parameter - change of acute relapse-related disability after IA - was assessed using Expanded 
Disability Status Scale (EDSS) and visual acuity (VA) measurements for patients with optic 
neuritis (ON).
Results: A total of 24 patients were analyzed, 23 with relapsing–remitting MS, and 1 with 
NMOSD. Twenty patients were treated with IA during pregnancy. Four patients received 
IA postnatally during the breastfeeding period. Treatment was started at a mean 22.5 
[standard deviation (SD) 13.9] days after onset of relapse. Patients were treated with a 
series of 5.8 (mean, SD 0.7) IA treatments within 7–10 days. Sixteen patients received IA 
because of steroid-refractory relapse, eight were treated without preceding steroid pulse 
therapy. EDSS improved clinically relevant from 3.5 [median, interquartile range (IQR) 2] 
before IA to 2.5 (median, IQR 1.1) after IA, p < 0.001. In patients with ON, VA improved in 
four out of five patients. Altogether, in 83% of patients, a rapid and marked improvement 
of relapse-related symptoms was observed after IA with either a decrease of ⩾1 EDSS 
grade or improvement in VA ⩾20%. No clinically relevant side effect was reported in 138 IA 
treatments.
Conclusions: Tryptophan-IA was found to be effective and well tolerated in MS/NMOSD 
relapses, both as an escalation option after insufficient response to steroid pulse therapy and 
as first-line relapse treatment during pregnancy and breastfeeding.
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Introduction
Multiple sclerosis (MS) is the most common 
acquired neurologic disorder of young adults with 
a female predominance. The prototypic patient is 
a young woman in reproductive age. Today, there 
are no medical concerns for women with MS 
planning to become pregnant. Results from sev-
eral prospective studies on the effect of pregnancy 
on MS show no medical concerns. MS does not 
increase the risk of an adverse pregnancy outcome 
and uneventful pregnancy shows no negative 
long-term impact on MS progression.1–3 However, 
up to every fourth woman with MS experiences a 
clinically relevant relapse during pregnancy and 
nearly every third suffers from relapse during the 
first three months after birth.2 Acute exacerba-
tions in MS are generally associated with a high 
risk of incomplete remission, thus early and effec-
tive treatment is warranted.4 Available disease-
modifying therapies for MS (DMT) are either 
contraindicated for use in pregnancy or breast-
feeding or applicable under risk–benefit analysis 
according to current guidelines.5,6

Neuromyelitis optica spectrum disorder 
(NMOSD) is a rare severe antibody-mediated 
inflammatory disorder of the central nervous 
system. The typical immunoglobulin G anti-
aquaporin-4 autoantibodies (AQP-4 abs) play a 
key role in NMOSD pathogenesis and distin-
guish the disease from MS. NMOSD predomi-
nantly occurs in female patients.7,8 Different to 
MS, the NMOSD relapse rate is not reduced 
during pregnancy, but is also elevated 3 months 
postpartum.6

Treatment of multiple sclerosis relapse
Standard treatment for MS relapse is the intrave-
nous administration of high doses of steroids for 
3–5 days, that is, steroid pulse therapy. High 
doses of steroids are not considered to be safe 
during the first trimester of pregnancy due to pos-
sible side effects for the embryo like teratogeni-
city, higher rates of miscarriage, preterm births 
and lower birth weight.9–13 In addition, potential 
risks for the mother, like hypertension, neuropsy-
chiatric symptoms and a diabetes-inducing effect, 
have to be considered, which are not limited to 
early pregnancy.14,15 After the first trimester, 
intravenous steroids may be used relatively safely 
during pregnancy.16 In postpartum relapses 
treated with methylprednisolone, the amount in 
breast milk can be limited with a 2–4-h delay of 

breastfeeding after intravenous methylpredniso-
lone infusion.17

According to national and international guide-
lines, plasma exchange (PE) or immunoadsorp-
tion (IA) is recommended as escalation or 
second-line therapy in patients not efficiently 
responding to steroid pulses.10,18,19

After treatment with PE, functionally relevant 
clinical improvement was reported in 42–76% of 
patients.20–23 Recent studies evaluating the effi-
cacy and tolerability of tryptophan IA as second-
line therapy for MS relapses after one or more 
steroid pulses show response rates between 70% 
and almost 90% in more than 200 patients.24–28 
In the largest study with 147 patients, good toler-
ability of tryptophan IA was reported in 98.9% of 
treatments.27 But only little is known on the use, 
efficiency and safety of PE or IA during preg-
nancy or breastfeeding in patients with MS.

Treatment of neuromyelitis optica spectrum 
disorder relapse
Recommended treatment options for NMOSD 
relapse are high-dose intravenous steroids, PE or 
IA.29 Escalation of relapse therapy with PE or IA 
significantly improved outcome. Isolated myelitis 
responded even better to PE and IA as first treat-
ment compared with high-dose steroids indepen-
dently from AQP-4 antibody serostatus.30 A recent 
study provided evidence for the efficacy of trypto-
phan IA as a valid treatment option for patients 
with NMOSD in the acute phase of the disease.31

During PE, a patient’s plasma is discarded, 
including valuable proteins like coagulation fac-
tors and hormones, and is substituted using 
human plasma products. During IA, a patient’s 
plasma is reinfused after removal of antibodies 
and immune complexes, thus an essential advan-
tage of IA compared with PE is its selectivity with 
no need for plasma substitution.32 Protein 
replacement fluids, that are, albumin or fresh fro-
zen plasma, involve the risk of allergic reactions, 
as well as, albeit rare, the risk of infection with 
viruses or with yet unknown pathogens.33,34

There is no general contraindication for thera-
peutic apheresis in pregnancy.35 However, data 
on the use of IA in pregnancy are scarce, and spe-
cific guidelines for apheresis in pregnancy are 
lacking. The aim of our retrospective study was to 
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increase evidence on the clinical use of IA for MS 
relapses during pregnancy and breastfeeding by 
analyzing for the first time a larger case series. IA 
treatment for NMOSD relapse during pregnancy 
was evaluated in one patient who is, to our knowl-
edge, the first case described in the literature. 
Preliminary results of this study have been pub-
lished in part elsewhere.36

Methods and outcome measures
A retrospective multicenter analysis of patients 
treated with tryptophan IA during pregnancy or 
breastfeeding for MS or NMOSD relapse was 
performed. The study was approved by an inter-
national review board (No. 014/1756; 
International Ethics Commission, Freiburg, 
Germany), the Ethics Committee, University 
Bochum (No. 5395-15), and reported to an open-
source online registry (No. DRKS00011770). 
Patients’ written informed consent was obtained. 
Patient information was anonymized before data 
entry. The main outcome parameter for efficacy 
was change of acute relapse-related disability. 
MS-related disability was assessed by the 
Expanded Disability Status Scale (EDSS). In 
patients with optic neuritis, best corrected visual 
acuity (VA) was used to monitor the clinical 
course. Marked improvement was defined as clin-
ically significant improvement in function 
(decrease in EDSS by ⩾1 grade or improvement 
in VA ⩾20%). Clinical evaluation was performed 
before the first IA and after the last IA of the 
treatment series. IA treatments were performed 
using the single-use tryptophan adsorber TR-350 
in combination with the OP-05W plasma separa-
tor (Asahi Kasei Medical, Tokyo, Japan) and  
the tubing system PA-420 together with the  
Octo Nova Technology (DIAMED, Cologne, 
Germany). For vascular access, double-lumen 
central venous catheters were used in 19 patients; 
peripheral veins were used in 5 patients. The 
treated plasma volume per IA was 2.031 ml 
(mean, SD 230 ml). Anticoagulation was per-
formed with unfractionated heparin.

Statistics
The t test for paired samples was used to analyze 
changes in EDSS from baseline before IA to time 
after the IA series; p < 0.01 was considered sig-
nificant. Descriptive statistics were provided as 
median with interquartile range (IQR) or mean 
with standard deviation (SD).

Results
In total, data of 24 patients were analyzed. Twenty-
three patients presented with a relapsing–remitting 
course of MS, 1 patient had at time of diagnosis 
AQP-4-abs-positive NMOSD, according to the 
new criteria.7 All patients were treated from 2010 
to 2017 with tryptophan IA for acute relapses in 13 
different centers. Median age of patients at treat-
ment was 30.5 years. Median duration of disease 
before pregnancy was 5.5 years. A total of 20 out of 
24 patients had stopped DMT before pregnancy, 
the exact time interval is unknown. Three patients 
discontinued DMT in the first trimester and one 
patient continued azathioprine medication during 
pregnancy. Patient characteristics are summarized 
in Table 1. IA treatment was started at 22.5 days 
(mean, SD 13.9) after onset of relapse. Patients 
received a series of (mean) 5.8 (SD 0.7) single IA 
treatments within 7–10 days (Table 2).

Efficacy of immunoadsorption treatments
All 24 patients were analyzed for EDSS change at 
the time immediately after the IA series compared 
with baseline before the first IA. A total of 20 
patients were treated with IA during pregnancy, and 
4 patients during breastfeeding. EDSS improved 
significantly from 3.5 (median, IQR 2.0) to 2.5 
(median, IQR 1.1), p < 0.001 (Figure 1). Time 
between onset of IA and first signs of improvement 
was (mean) 6.8 days (SD 4.2) in patients with 
response. The group of pregnant patients received 
IA in gestation week 16 (median, range 6–33). In 
this group, EDSS improved from 3.8 (median, IQR 
2) to 2.5 (median, IQR 1.1), p < 0.001 (Figure 2).

Sixteen patients received IA because of a steroid-
refractory relapse. The mean cumulative steroid 
dose before IA was 6.0 g (SD 4.1). These patients 
improved in EDSS from 3.5 (median, IQR 1.6) 
to 2.5 (median, IQR 1.1), p < 0.001 (Figure 3a). 
Eight patients, including the patient with 
NMOSD, were treated without preceding steroid 
pulse therapy. Five of them were in the first tri-
mester and two in the second. EDSS improved 
from 4.0 (median, IQR 3) to 2.0 (median, IQR 
1.8), p < 0.01 (Figure 3b). Optic neuritis was the 
main relapse symptom in six patients, including 
the patient with NMOSD. In five patients, VA 
improved after IA; in one patient, the visual field 
defect persisted (Table 3).

The clinical outcome of patients with ⩽20 days 
between relapse onset and IA treatment, and 
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Table 1.  Patient characteristics.

Diagnosis, number of patients  

MS (RRMS) 23

NMOSD (AQP-4-abs negative, positive at diagnosis) 1

Age at treatment with IA (n) 24

Mean years (SD) 30.5 (3.9)

Median years (range) 30.5 (21–36)

Disease duration at treatment with IA n (%)  

<1 year 5 (20.8)

1–5 years 7 (29.2)

6–10 years 6 (25.0)

>10 years 3 (25.0)

Median years (range) 5.5 (0–13)

Patients treated with IA during pregnancy, n 20

Trimester of treatment, n (%)  

First 6 (30)

Second 11 (55)

Third 3 (15)

Week of gestation at first IA  

Mean (SD) 19 (8)

Median (range) 16 (6–33)

Patients treated with IA postpartum, n 4

Time between delivery and IA treatment
weeks, median (range)

19.5 (7–24)

DMT during pregnancy or breastfeeding, n (%) 24

Yes 4 (17)

Two patients: interferon beta until GW 5  

One patient: natalizumab until GW 8  

NMOSD patient continued azathioprine during pregnancy  

No DMT 20 (83)

Treatment with steroids before IA
all patients n (%)

24

Yes 16 (67)

No 8 (33)

Cumulative dose g (mean, SD) 6.0 (4.1)

https://journals.sagepub.com/home/tan
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Treatment with steroids before IA
pregnant patients, n (%)

20

Yes 13 (65)

No 7 (35)

Treatment with steroids before IA
breastfeeding patients, n (%)

4

Yes 3 (75)

No 1 (25)

MS, multiple sclerosis; NMOSD, neuromyelitis optica spectrum disorder; RRMS, relapsing–remitting multiple sclerosis; 
AQP-4-abs, antiaquaporin-4 autoantibodies; IA, immunoadsorption; SD, standard deviation; DMT, disease-modifying 
therapy; GW, gestational week.

Table 1.  (Continued)

Table 2.  Treatment characteristics.

Time between relapse onset and IA treatment days  

All patients (n = 24) mean (SD) 22.5 (13.9)

All patients (n = 24) median (range) 21.0 (3–70)

Pregnant patients (n = 20) mean (SD) 19.0 (9.6)

Pregnant patients (n = 20) median (range) 20.5 (3–35)

Breastfeeding patients (n = 4) mean (SD) 40.0 (15.8)

Breastfeeding patients (n = 4) median (range) 34.5 (21–70)

Number of IA treatments in total 138

Number of IA treatments per patient, mean (SD)  

All patients (n = 24) 5.8 (0.7)

Pregnant patients (n = 20) 5.7 (0.7)

Breastfeeding patients (n = 4) 6.3 (0.4)

Plasma volume per treatment ml, mean (SD) 2031 (230)

Vascular access, number of patients (%)  

Central veins 19 (79)

Peripheral veins 5 (21)

IA, immunoadsorption; SD, standard deviation.
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patients with >20 days between relapse onset and 
IA treatment, was analyzed separately. The mean 
difference in EDSS before and after the IA series 
was 1.6 (p = 0.001) in the group with early start 
of therapy and 1.1 (p < 0.001) in the group with 
therapy starting more than 20 days after onset of 
relapse. Taken together, 20 out of 24 patients 
(83%) showed a marked improvement of relapse 
symptoms after IA, with either a decrease of ⩾1 
point in EDSS, or improvement in VA ⩾20%.

Tolerability and safety
In total 138 IA treatments were performed in 24 
patients, with a mean of 5.8 (SD 0.7) per patient. 
The overall tolerability was good. No clinically 
relevant side effects were reported. One patient 
experienced a light malaise that resolved with 
infusion of 500 ml saline. In one patient, vascular 
access had to be changed after the first IA, from 
peripheral to central, because of poor veins. In one 
patient, the IA series was limited to four treat-
ments because of a catheter-related complication 
(hematoma) (Table 2).

The further course of pregnancy after onset of IA 
was uncomplicated in 11 of 15 patients. Four 
patients experienced another relapse during preg-
nancy. Time between treatment with IA and onset 
of the second relapse during pregnancy was 4, 5, 7 
and 15 weeks. In one patient, relapse symptoms 

were mild and improved spontaneously without 
treatment; in three patients, relapse symptoms 
improved after steroid pulse therapy. No patient 
received a second series of IA. Seven women gave 
birth spontaneously, eight by Cesarean section. All 
newborns were healthy (n = 15). One patient was 
lost to follow up before delivery; four pregnancies 
were ongoing at the time of submission (Table 4).

Discussion
To our knowledge, this is the largest study retro-
spectively analyzing the use of tryptophan IA in 
pregnancy and breastfeeding in 24 patients. In 
general, acute exacerbations in MS and NMOSD 
are associated with a high risk of incomplete 
remission.4,30 Hence, effective relapse treatment 
may be decisive for long-term outcome and dis-
ability. In recent studies in nonpregnant patients, 
tryptophan IA reduced the level of disability and 
was well tolerated as second-line therapy for MS 
and NMOSD relapses.24–28,30,31 These studies 
and the given risks of high steroid doses have 
been our rationale for also applying IA in preg-
nant and breastfeeding patients. We observed 
functional improvement of acute relapse-related 
symptoms in 83% (20/24) of patients shortly 
after the IA series. Start of IA therapy was a mean 
of 22.5 days after onset of relapse. An early start 
of IA treatment is thought to have a positive 
influence on the response rate. In our study, 

Figure 1.  Relapse during pregnancy or breastfeeding: Expanded Disability Status Scale (median, interquatile 
range) in multiple sclerosis patients and one neuromyelitis optica spectrum disorder case before and 
immediately after a series of 5.8 (mean) tryptophan immunoadsorption treatments.
n = 24; median values; t test for paired samples p < 0.001.
EDSS, Expanded Disability Status Scale; IA, immunoadsorption.

https://journals.sagepub.com/home/tan
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patients with start of IA therapy less than 20 days 
after onset of relapse showed a slightly better 
response than patients with IA treatment later 
than 20 days after onset of relapse. However, the 
sample size was too small for a statistically robust 
subgroup analysis.

Although reported adverse events of a steroid 
pulse in acute relapses are mostly mild, albeit 

frequent, some possible short-term severe adverse 
events have to be mentioned, for example, hyper-
tension, hepatotoxicity, anaphylaxis and ventricu-
lar arrhythmias.15 During pregnancy, further 
serious risks are discussed, especially within the 
first trimester, for example, orofacial cleft and 
miscarriage, thus alternative treatment options 
are warranted.9–13 In 39%, IA was used as first-
line relapse treatment. Both groups of patients, 

Figure 2.  Relapse during pregnancy: Expanded Disability Status Scale (median, interquatile range) in multiple 
sclerosis patients and one neuromyelitis optica spectrum disorder case with relapse before and immediately 
after a series of 5.7 (mean) tryptophan immunoadsorption treatments.
n = 20; median values; t test for paired samples p < 0.001.
EDSS, Expanded Disability Status Scale; IA, immunoadsorption.

Figure 3.  Patients with multiple sclerosis relapse during pregnancy or breastfeeding treated with (a) and 
without (b) a steroid pulse before immunoadsorption.
EDSS (median, interquartile range) of patients before and immediately after a series of tryptophan IA treatments: 
(a) Patients with multiple sclerosis relapse during pregnancy or breastfeeding treated with a steroid pulse before 
immunoadsorption; n = 16; t test for paired samples p < 0.001. (b) Patients with multiple sclerosis/neuromyelitis optica 
spectrum disorder relapse (NMOSD), including one patient with NMOSD during pregnancy or breastfeeding without a steroid 
pulse therapy before immunoadsorption; n = 7; t test for paired samples p < 0.01.
EDSS, Expanded Disability Status Scale; IA, immunoadsorption.

https://journals.sagepub.com/home/tan
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with or without preceding steroid pulse, improved 
significantly in EDSS, including the patient with 
NMOSD. In contrast to MS patients, women 
with NMOSD have an elevated rate of pregnancy 
complications, including miscarriage and preec-
lampsia.37 Experimental and clinical data revealed 
that AQP-4 is present in human placenta and 
maximally expressed during midgestation. There 
is growing evidence that an AQP-4-abs-mediated 
placental inflammation can cause fetal death.37,38 
The NMOSD patient in our study was positive 
for AQP-4 abs until onset of azathioprine intake 5 
years earlier. She continued azathioprine during 
pregnancy, experienced no further relapse after 
IA and gave birth to a healthy newborn. These 
results suggest that IA might be an effective drug-
free and safe first-line treatment option for MS 
and NMOSD relapse during pregnancy.

Typically, a continuous short-term reduction of 
MS relapse rate by 70–80% occurs in the course 
of pregnancy, followed by increased relapse rate 
after delivery, yet about a quarter of women with 
MS suffer relapses during pregnancy.2,39 The pro-
tective effects of pregnancy on MS disease activity 

seem to be at least in part mediated by immu-
nomodulatory effects of pregnancy hormones. 
Respectively, only 15% of the patients in our 
study presented with a relapse during the third 
trimester. Numerous hormones undergo pro-
nounced shifts in their plasma levels during preg-
nancy, including estrogens, glucocorticoids, 
vitamin D and progesterone.39 This supports the 
use of selective IA during pregnancy to preserve 
protective plasma proteins instead of discarding 
them with PE.

Recent studies revealed that women who breast-
fed exclusively had significantly lower postpartum 
disease activity during the first 3 months as com-
pared with women who did not breastfeed exclu-
sively or not at all.2,40 None of the oral DMTs are 
recommended for use while breastfeeding, intra-
venous methylprednisolone infusion is consid-
ered as acceptable if applied in delayed time to 
lactation.17 Four of our patients experienced an 
MS relapse during breastfeeding; in three of 
them, relapse symptoms significantly improved 
after IA. The nonresponding patient was treated 
with IA very late after onset of relapse symptoms 

Table 3.  Characteristics of patients with optic neuritis.

Patient ID GW/PP Time between  
onset of relapse  
and onset of IA (days)

Steroid pulse/cumulative 
dose before IA

VA/symptoms of affected eye with ON

Before IA After IA

Patient 10 
(NMOSD)

GW 9 5 None VA 0.02
ON with movement pain

VA > 0.4 (remission n = 
VA before relapse), no 
more pain

Patient 14 GW 14 29 15 g VA at onset of relapse: 
0.025, incomplete remission 
after second steroid 
pulse to 0.7, followed by 
escalation with IA

VA 0.9

Patient 23 GW 17 20 5 g VA 0.0 VA 0.5

Patient 17 PP 21 5 g VA 0.05 VA 0.8

Patient 18 PP 70 12 g
+ 3 × IVIG

Visual field defect Visual field defect 
persistent; patient 
reported improvement 
in color vision

Patient 19 PP 39 2.5 g VA 0.25
ON with pain

VA 0.9

ID, identification; GW, gestation week; IVIG, intravenous immunoglobulin; NMOSD, neuromyelitis optica spectrum disorder; ON, optic neuritis; PP, 
postpartum; VA, visual acuity; IA, immunoadsorption.
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which might have impaired possible response. 
Two preceding steroid pulse therapies and three 
intravenous immunoglobulin infusions were also 
ineffective in this patient. Pregnancy in this 
patient was largely uncomplicated, 10 relapses in 
7 years before pregnancy were responsive to ster-
oid pulse therapy.

The mechanism of action of IA for MS in not yet 
fully understood. In addition to the immediate 
reduction of plasma antibodies and immune com-
plexes after IA, a redistribution of antibodies from 
the extravascular space is induced, together with 
immunomodulatory changes.41,42 An important 
role of humoral autoimmunity, B cells and anti-
bodies is increasingly accepted in the pathogene-
sis of MS.43,44

In clinical practice in Germany, IA is increasingly 
used to treat autoimmune neurological diseases 
replacing unselective PE because of the advantage 
of better tolerability and safety profile. In patients 
with myasthenic crisis, IA proved to have signifi-
cantly fewer side effects than PE; patients treated 
with IA had a shorter stay in hospital and a better 

score at discharge.32,45 Protein replacement fluids 
involve the risk of allergic reactions, as well as a 
potential risk of viral infections.33,34 The very spe-
cial situations of pregnancy and breastfeeding 
deserve particular attention. The elimination of 
coagulation factors during a series of PE treat-
ments could lead to an increased risk of bleeding 
in the perinatal period as well as to an increased 
thrombotic risk by reduction of antithrombin 
III.46 In contrast to PE, most coagulation factors 
remain unaffected by IA, except fibrinogen.47 
Fibrinogen substitution was not necessary in our 
study. Variations of the oncotic pressure or con-
centration of electrolytes during PE can cause 
fluctuations in the blood pressure interfering with 
the flow of placental blood.46 In our study, no rel-
evant side effects were reported during IA. Side 
effects related to vascular access with central lines 
are not specifically attributable to IA.

As a limitation of our study, it has to be mentioned 
that the use of IA is limited in some countries due 
to the lack of medical device approval, while PE is 
in use worldwide. There is no approval of trypto-
phan IA in North America, and despite approval in 
all European and several Asian countries, includ-
ing Japan, different national reimbursement regu-
lations have an impact on the actual clinical use. In 
Germany, both PE as well as IA are implemented 
in the coding system for hospital reimbursement 
which represents a rather unique situation from an 
international perspective.

Our study is also limited by the observational 
and retrospective design without a control group. 
However, enrolling pregnant women in a pro-
spective controlled trial may rise ethical con-
cerns. Results regarding NMOSD are based on 
the experience with a single case, and require 
confirmation with increased patient numbers. 
Prospective collection of data in a national or 
international registry may be appropriate to 
resolve both issues.

Conclusion
Tryptophan IA was found to be effective, safe and 
well tolerated. For patients with MS relapses dur-
ing pregnancy and breastfeeding, IA represents a 
drug-free therapeutic option with rapid response 
both in first and second-line relapse treatment. 
The patient with NMOSD relapse also improved 
after IA, yet further studies with more patients are 
warranted.

Table 4.  Further course of pregnancy and delivery.

Course of pregnancy after IA  

No further relapse, n 11

Further relapse, n 4

Treatment  

Steroid pulse 3

Spontaneous remission 1

IA 0

Delivery n = 15

Week of gestation 
(median, range)

38 (36–42)

Spontaneous, n (%) 7 (47)

Cesarean, n (%) 8 (53)

Live birth, healthy, n (%) 15 (100)

Pregnancy ongoing, n 4

Loss to follow up before 
delivery, n

1

IA, immunoadsorption.

https://journals.sagepub.com/home/tan


Therapeutic Advances in Neurological Disorders 11

10	 journals.sagepub.com/home/tan

Funding
This research received no specific grant from any 
funding agency in the public, commercial, or not-
for-profit sectors.

Conflict of interest statement
F Hoffmann has received speaker honoraria and 
grant support from Bayer Vital, Biogen, 
DIAMED Medizintechnik, Merz, Genzyme, 
Grifols, Ipsen, Novartis and Teva. A Kraft has 
received grant support from Bayer Vital, 
Boehringer, Ipsen, Novartis and Pfizer. R 
Klingel and C Fassbender received research 
grants from Asahi Kasei Medical and DIAMED 
Medizintechnik. F Heigl received lecture fees 
from B Braun, Melsungen, DIAMED 
Medizintechnik and Fresenius Medical Care. J 
Koehler has reported a professional or personal 
relationship to Almirall, Bayer, Biogen Idec, 
Fresenius, Genzyme, Merck Serono, Novartis 
Pharma, Roche Pharma, Sanofi-Aventis and 
Teva. L Harms received grant support from 
Bayer Vital, Biogen, DIAMED Medizintechnik, 
Genzyme, Merz, Novartis, Roche and Teva. T 
Kümpfel has received travel expenses and 
speaker honoraria from Bayer Healthcare, Teva 
Pharma, Merck, Novartis Pharma, Sanofi-
Aventis/Genzyme, CLB Behring, Roche Pharma 
and Biogen, as well as grant support from Bayer-
Schering AG, Novartis and Chugai Pharma. W. 
Köhler has received speaker honoraria and grant 
support from Bayer Vital, Biogen, DIAMED 
Medizintechnik, Merck Serono, Genzyme, 
Grifols, Ipsen, Novartis, Roche and Teva. A 
Bayas received personal compensation from 
Merck, Biogen, Bayer Vital, Novartis, Teva, 
Roche and Sanofi/Genzyme, and grants for con-
gress trips and participation from Biogen, Teva, 
Novartis, Sanofi/Genzyme and Merck. G 
Ellrichmann has received grant support from 
Biogen, Novartis and Teva. T Slowinski received 
speaker fees and research grants from DIAMED 
Medizintechnik. K-H Henn received speaker 
honoraria from Genzyme, Merck Serono, 
Beratung Genzyme, Merck Serono, Novartis, 
Teva, and grant support from Teva, Biogen, 
Bayer, Merck Serono and Boehringer Ingelheim. 
S Schimrigk has received grant support and 
speaker honoraria from Bayer Vital, Bionorica 
research GmbH, Biogen, DIAMED 
Medizintechnik, Genzyme, Novartis, Pfizer and 
Teva.
The following authors declare that there is no 
conflict of interest: J Weinmann-Menke, I 

Ayzenberg, E Mauch, H Weihprecht, S Ehrlich, 
C Beuker, H Fritz, M Brand, T Stiegler and J 
Galle.

References
	 1.	 Confavreux C, Hutchinson M, Hours MM, et al. 

Rate of pregnancy-related relapse in multiple 
sclerosis. N Engl J Med 1998; 339:  
285–291.

	 2.	 Hellwig K, Haghikia A, Rockhoff M, et al. 
Multiple sclerosis and pregnancy: experience 
from a nationwide database in Germany. Ther 
Adv Neurol Disord 2012; 5: 247–253.

	 3.	 Benoit A, Durand-Dubief F, Amato M, et al. 
History of multiple sclerosis in 2 successive 
pregnancies: a French and Italian cohort. 
Neurology 2016; 87: 1360–1367.

	 4.	 Novotna M, Solán M, Zeid N, et al. Poorly 
relapse recovery affects onset of progressive 
disease course in multiple sclerosis. Neurology 
2015; 85: 722–729.

	 5.	 Davoudi V, Keyhanian K, Bove R, et al. 
Immunology of neuromyelitis optica during 
pregnancy. Neurol Neuroimmunol Neuroinflamm 
2016; 3: e288.

	 6.	 Coyle PK. Management of women with multiple 
sclerosis through pregnancy and after childbirth. 
Ther Adv Neurol Disord 2016; 9:  
198–210.

	 7.	 Wingerchuk D, Banwell B, Bennett J, et al. 
International consensus diagnostic criteria 
for neuromyelitis optica spectrum disorders. 
Neurology 2015; 85: 1–13.

	 8.	 Borisow N, Kleiter I, Gahlen A, et al. Influence 
of female sex and fertile age on neuromyelitis 
optica spectrum disorders. Mult Scler 2017; 23: 
1092–1103.

	 9.	 Park-Wyllie L, Mazzotta P, Pastuszak A, 
et al. Birth defects after maternal exposure 
to corticosteroids: prospective cohort study 
and meta-analysis of epidemiological studies. 
Teratology 2000; 62: 385–392.

	10.	 Diener HC and Weimar C (eds). Leitlinien für 
Diagnostik und Therapie in der Neurologie [Guidelines 
for diagnosis and therapy in neurology]. Stuttgart: 
Georg Thieme Publishers, 2012.

	11.	 Gur C, Diav-Citrin O, Shechtman S, et al. 
Pregnancy outcome after first trimester exposure 
to corticosteroids: a prospective controlled study. 
Reprod Toxicol 2004; 18: 93–101.

https://journals.sagepub.com/home/tan


F Hoffmann, A Kraft et al.

journals.sagepub.com/home/tan	 11

	12.	 Blais L, Beauchesne MF and Lemiere C. High 
doses of inhaled corticosteroids during the 
first trimester of pregnancy and congenital 
malformations. J Allergy Clin Immunol 2009; 124: 
1229–1234.

	13.	 Plauborg A, Hansen A and Garne E. Use of 
azathioprine and corticosteroids during pregnancy 
and birth outcome in women diagnosed with 
inflammatory bowel disease. Birth Defects Res 
(Part A) 2016; 106: 494–499.

	14.	 Gable M and Depry D. Sustained corticosteroid-
induced mania and psychosis despite cessation: 
a case study and brief literature review. Int J 
Psychiatry Med 2015; 50: 398–404.

	15.	 Smets I, Deun L, Bohyn C, et al. Corsticosteroids 
in the management of acute multiple sclerosis 
exacerbations. Acta Neurol Belg 2017; 117: 
623–633.

	16.	 Borisow N, Döring A, Pfueller C, et al. Expert 
recommendations to personalization of medical 
approaches in treatment of multiple sclerosis: 
an overview of family planning and pregnancy. 
EPMA J 2012; 3: 9.

	17.	 Cooper SD, Felkins K and Baker TE. Transfer of 
methylprednisolone into breast milk in a mother 
with multiple sclerosis. J Hum Lact 2015; 31: 
237–239.

	18.	 Multiple Sclerosis Therapy Consensus Group, 
Wiendl H, Toyka KV, et al. Basic and escalating 
immunomodulatory treatments in multiple 
sclerosis: current therapeutic recommendations. J 
Neurol 2008; 255: 1449–1463.

	19.	 Cortese I, Chaudhry V, So YT, et al. Evidence-
based guideline update: plasmapheresis in 
neurologic disorders: report of the Therapeutics 
and Technology Assessment Subcommittee of 
the American Academy of Neurology. Neurology 
2011; 76: 294–300.

	20.	 Weinshenker BG, O’Brien PC, Petterson TM, 
et al. A randomized trial of plasma exchange 
in acute central nervous system inflammatory 
demyelinating disease. Ann Neurol 1999; 46: 
878–886.

	21.	 Schröder A, Linker R and Gold R: 
Plasmapheresis for neurological disorders. Expert 
Rev Neurother 2009; 9: 1331–1339.

	22.	 Magana S, Keegan B, Weinshenker B, et al. 
Beneficial plasma exchange response in central 
nervous system inflammatory demyelination. Arch 
Neurol 2011; 68: 870–878.

	23.	 Ehler J, Koball S, Sauer M, et al. Response 
to therapeutic plasma exchange as a rescue 
treatment in clinically isolated syndromes 

and acute worsening of multiple sclerosis: a 
retrospective analysis of 90 patients. PLoS One 
2015; 10: e0134583

	24.	 Heigl F, Hettich R, Arendt R, et al. 
Immunoadsorption in steroid-refractory multiple 
sclerosis: Clinical experience in 60 patients. 
Atheroscler Suppl 2013; 4: 167–173.

	25.	 Koziolek M, Tampe D, Bähr M, et al. 
Immunoadsorption therapy in patients with 
multiple sclerosis with steroid-refractory optical 
neuritis. J Neuroinflammation 2012;  
9: 80.

	26.	 Koziolek M., Mühlhausen J, Friede T, et al. 
Therapeutic apheresis in pediatric patients with 
acute CNS inflammatory demyelinating disease. 
Blood Purif 2013: 36: 92–97.

	27.	 Schimrigk S, Faiss J, Köhler W, et al. Escalation 
therapy of steroid refractory multiple sclerosis 
relapse with tryptophan immunoadsorption – 
observational multicenter study with 147 patients. 
Eur Neurol 2016; 75: 300–306.

	28.	 Trebst C, Bronzlik P, Kielstein J, et al. 
Immunoadsorption therapy for steroid-
unresponsive relapses in patients with  
multiple sclerosis. Blood Purif 2012; 33:  
1–6.

	29.	 Trebst C, Jarius S, Berthele A, et al. Update on 
the diagnosis and treatment of neuromyelitis 
optica: recommendations of the neuromyelitis 
optica study group (NEMOS). J Neurol 2014; 
261: 1–16.

	30.	 Kleiter I, Gahlen A, Borisow N, et al. 
Neuromyelits optica: evaluation of 871 attacks 
and 1,153 treatment courses. Ann Neurol 2016; 
79: 206–216.

	31.	 Faissner S, Nikolyczik J, Chan A, et al. 
Immunoadsorption in patients with neuromyelitis 
optica spectrum disorder. Ther Adv Neurol Disord 
2016; 9: 281–286.

	32.	 Köhler W, Bucka C and Klingel R. A randomised 
and controlled clinical study comparing 
immunoadsorption and plasma exchange in 
myasthenic crisis. J Clin Apher 2011; 26:  
347–355.

	33.	 Hewitt P, Ijaz S, Brailsford S, et al. Hepatitis 
E virus in blood components: a prevalence and 
transmission study in southeast England. Lancet 
2014; 384: 1766–1773.

	34.	 Álvarez M, Luis-Hidalgo M, Bracho MA, et al. 
Transmission of human immunodeficiency 
virus type-1 by fresh-frozen plasma treated with 
methylene blue and light. Transfusion 2016; 56: 
831–836.

https://journals.sagepub.com/home/tan


Therapeutic Advances in Neurological Disorders 11

12	 journals.sagepub.com/home/tan

	35.	 Schwartz J, Padmanabhan A, Aui N, et al. 
Guidelines on the use of therapeutic apheresis in 
clinical practice - evidence-based approach from 
the writing committee of the American Society 
for Apheresis: the seventh special issue. J Clin 
Apher 2016; 31(Suppl. 163–338):  
149–162.

	36.	 Hoffmann F, Kraft A, Heigl F, et al. Tryptophan 
immunoadsorption for multiple sclerosis and 
neuromyelitis optica. Therapy option for acute 
relapses during pregnancy and breastfeeding. 
Nervenarzt 2015; 86: 179–186.

	37.	 Nour MM, Nakashima I, Coutinho E, et al. 
Pregnancy outcomes in aquaporin-4-positive 
neuromyelitis optica spectrum disorder. Neurology 
2016; 86: 79–87.

	38.	 Saadoun S, Waters P, Leite M, et al. 
Neuromyelitis optica causes placental 
inflammation and fetal death. J Immunol 2013; 
191: 2999–3005.

	39.	 Gold SM and Voskuhl RR. Pregnancy and 
multiple sclerosis: from molecular mechanisms 
to clinical application. Semin Immunopathol 2016; 
38: 709–718.

	40.	 Hellwig K, Haghikia A, Agne H, et al. Protective 
effect of breastfeeding in postpartum relapse rate 
of mothers with multiple sclerosis. Arch Neurol 
2009; 66: 1580–1581.

	41.	 Klingel R, Heibges A and Fassbender C. 
Neurologic diseases of the central nervous system 

with pathophysiologically relevant autoantibodies 
– perspectives for immunoadsorption. Atheroscler 
Suppl 2013; 14: 161–165.

	42.	 Dogan Onugoren M, Golombeck K, Bien 
C, et al. Immunoadsorption therapy in 
autoimmune encephalitides. Neurol Neuroimmunol 
Neuroinflamm 2016; 3:e207

	43.	 Lucchinetti C, Brück W, Parisis J, et al. 
Heterogeneity of multiple sclerosis lesions: 
implications for the pathogenesis of 
demyelination. Ann Neurol 2000; 47:  
691–693.

	44.	 Lagumersindez-Denis N, Wrzos C, Mack M, 
et al. Differential contribution of immune effector 
mechanism to cortical demyelination in multiple 
sclerosis. Acta Neuropathol 2017; 134:  
15–34.

	45.	 Schneider-Gold C, Krenzer M, Klinker E, et al. 
Immunoadsorption versus plasma exchange 
versus combination for treatment of myasthenic 
deterioration. Ther Adv Neurol Disord 2016; 9: 
297–303.

	46.	 Marson P, Gervasi MT, Tison T, et al. 
Therapeutic apheresis in pregnancy: general 
considerations and current practice. Transfus 
Apher Sci 2015; 53: 256–261.

	47.	 Koessler J, Kobsar A, Kuhn S, et al. The effect of 
immunoadsorption with the immusorba TR-350 
on coagulation compared to plasma exchange. 
Vox Sang 2015; 108: 46–51.

Visit SAGE journals online 
journals.sagepub.com/
home/tan

SAGE journals

https://journals.sagepub.com/home/tan
https://journals.sagepub.com/home/tan
https://journals.sagepub.com/home/tan



