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Plasma Exchange as a First Line Therapy in Acute Attacks of
Neuromyelitis Optica Spectrum Disorders
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Background and Aims: Neuromyelitis optica spectrum disorder (NMOSD) is a demyelinating disorder of central nervous system with
deleterious effects. At present Intravenous corticosteroids are used for the relapse as the first line of treatment, but with only a class evidence
[I-IV. Having an underlying humoral immune mechanism in the pathogenesis of NMOSD and as it is rightly said that “Time is Cord and
Eyes”, delaying the time to start plasma exchange (PLEX) awaiting favorable outcome in response to corticosteroids is detrimental for the
patient. Hence, PLEX may be a promising first line therapeutic approach in the management of severe attacks of NMOSD. The aim of this
study is to evaluate the efficacy of PLEX as the first line of treatment for the acute attacks in patients with NMOSD that is being largely used
as an add-on therapy for more than 10 years, and also to define the time opportunity window for the starting of PLEX. Methods: The study
analysed the therapeutic efficacy and safety profile of PLEX as a first line therapy in 30 patients diagnosed with NMOSD over a period of
30 months. PLEX was performed using a Hemonetics Mobile Collection System plus machine with due written consent including the risks
and benefits of the treatment that is being proposed to the patient/relative in their own language. Results: A total of 30 patients were analysed,
out of which 16 were females and rest males. 85% of the patients were in the age group of 25-35 years. All the patients had severe Expanded
Disability Status Scale (EDSS) scores at the baseline, and 73.33% showed significant improvement following PLEX. The only predictor of
good outcome was the time to PLEX i.e shorter delay betters the outcome. Conclusion: The study ascertained the importance of early PLEX

as a therapeutic intervention in severe attacks of NMOSD irrespective of their Anti-Aquaporin 4 (AQP4) antibody status.
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INTRODUCTION

Neuromyelitis optica spectrum disorders (NMOSD) comprises
of a spectrum of inflammatory demyelinating disorders involving
the brain, spinal cord and optic nerves.!"? Contrary to multiple
sclerosis (MS), relapses of NMOSD are often very severe and
without complete improvement resulting in prominent residual
deficits with subsequent relapses.’! Most NMOSD patients
present with stepwise neurological impairment. Maintenance
therapy for NMOSD are aimed to prevent the relapses with the
administration of different immunosuppressive drugs.** Due
to the low incidence and prevalence of NMO, interventional
studies with level I or II evidence are not currently available.
Therefore, treatment strategies are mostly based on small case
series and reports. However, treatment for relapses is still a
matter of debate and is the need of hour.

Intravenous methylprednisolone (IVMPS) have been
used since long for the treatment of acute attacks of many
demyelinating disorders including multiple sclerosis, NMOSD
and isolated optic neuritis.[*>” This widely used steroid
treatment usually fails to control severe attacks of NMOSD,
and so generally the next step is the use of PLEX as an add-on
or a rescue therapy in order to halt the stepwise progression
of residual impairment.’®! In the indications given by
American Society for Apheresis (ASFA), PLEX for NMOSD
comes under category II i.e disorders for which apheresis
is accepted as second-line therapy, either as a standalone

treatment or in conjunction with other modes of treatment.
PLEX has been used since long in many other neurological
disorders including various demyelinating diseases like
Guillain-Barre syndrome, chronic inflammatory demyelinating
polyneuropathy, multifocal motor neuropathy with conduction
block and other neuroinflammatory disorders.”!” In view
of the pathophysiology [Figure 1] of NMOSD that a strong
humoral response underlies the disease process, PLEX seems
to be the most appropriate therapy in severe NMO relapses.!!%
Studies and case series have reported significant improvement
in around 44-75% of NMOSD patients treated with PLEX.[1-1%]
Weinshenker et al. considered a transition from corticosteroids
to PLEX in patients with myelitis. They randomized NMO
patients who were unresponsive to steroid therapy to active
or sham plasma treatment in a double-blind study, the patients

Address for correspondence: Dr. Reenu Choudhary,
Department of Neurology, A-249, Saraswati Nagar, Basni,
Jodhpur - 342 005, Rajasthan, India.

E-mail: drreenu2711@gmail.com

Submission: 09.07.2019  Revision: 30.07.2019
Acceptance: 19.08.2019 Published: 25.10.2019

This is an open access journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build
upon the work non-commercially, as long as appropriate credit is given and the new creations are
licensed under the identical terms.

For reprints contact: reprints@medknow.com

DOI: 10.4103/aian.AIAN_365_19

.© 2006 - 2019 Annals of Indian Academy of Neurology | Published by Wolters Kluwer - Medknow k1




Kumawat, ef al.: Plasma exchange as a first line therapy in acute attacks of NMOSD

Vascular endothelium

o> Blood-
brain
barrier

Neuron

E Complement

Astrocyte
damage

Relative preservation

Eosinophil
of myelin

Figure 1: (a) Thisfigureillustratesthe sites of expression of aquaporin-4 (AQP4)
in the central nervous system (CNS). AQP4 is expressed on astrocyte
‘foot-like’ processes at the blood-brain barrier. (b) AQP4-Abs (IgG) are
produced systemically by mature B-cells, and upon crossing the blood-brain
barrier, activate complement-mediated astrocyte damage. There is relative
preservation of myelin initially. The inflammatory milieu consists of neutrophils
and eosinophils. Reprinted with permission from Whittam D, Wilson M,
Hamid S, et al. What's new in neuromyelitisoptica? A short review for the
clinical neurologist. J Neurol 2017;264:2330-440%1

experienced marked therapeutic benefit with plasmapheresis.['¥]
In the present study, we are trying to propose the rationale of the
PLEX as a first line of treatment based on pathophysiological
grounds, and summarize the relevant data of PLEX studies in
the setting of NMOSD, documenting and assessing the results
obtained in all the attacks.

MeTtHoDS

This prospective study analyzed the outcome in response to
PLEX in thirty patients diagnosed with NMOSD fulfilling
the criteria given by Wingerchuk et al.” over a period
of 30 months from November 2016 to April 2019. It was
approved by the institutional ethical committee. A total
number of 53 longitudinally extensive myelitis (LETM)
were screened, out of which 48 fulfilled the criteria for
Neuromyelitis optica spectrum disorders (NMOSD).
However, we decided to exclude those patients who did not
fulfill the Wingerchuk criteria, even though they suffered
from LETM. The patients with isolated optic neuritis were
also excluded despite of having Anti aquaporin 4 antibody
positivity. Also, the patients who met Wingerchuk et al.

criteria for NMO, but were hemodynamically unstable and
had deranged coagulation profile were excluded. The patients
who did not give consent for plasma exchange (PLEX)
procedure were excluded too.

PLEX was offered as a first line therapy to all the patients
having severe acute attack of NMOSD and was never
initiated as a delayed rescue treatment after a standard steroid
treatment failure, although we included the patients who
had received IVMPS elsewhere. All the patients under went
detailed structured physical, opthalmological examination
and functional scoring (FS) on admission, after completion
of PLEX (three or five cycles), at one month and at three
months. For the better judgment and quantified assessment
of response to treatment, Kurtzke Expanded Disability
Status Scale (EDSS) score was calculated.'® The A EDSS
score was calculated as difference between EDSS score at
three months and EDSS at presentation, further percentage
improvement in EDSS was calculated {(A EDSS/EDSS at
presentation) x 100}. The outcome was also evaluated based
on the criteria given by Keegan et al. “no improvement” (no
improvement in neurological symptoms or function), “mild
improvement” (improvement in symptoms or examination,
but with residual impairments in daily function), “moderate
improvement” (improvement in primary symptoms but not
completely resolved; no impairments in daily function),
and “marked improvement” (complete resolution of
symptoms).'!l PLEX was done using Hemonetics Mobile
Collection System plus. The formula for plasma volume is
0.07x hematocrit (HCT) x body weight, a total of three or five
exchanges depending on the severity were done on alternate
days, with prematurely stopping the exchange in two patients
having adverse reactions. The study analyzed the relationship
of “Time to PLEX” with the final outcome i.e the percentage
improvement in EDSS scores at three months post PLEX.
Other disease characteristics and their significance with respect
to outcome were also studied, like anti-AQP4 antibody status,
total duration of illness, whether the patient was previously on
immunosuppressant or not, already been administered [IVMPS
or not. The analysis was done using SPSS 16 software.

Therapeutic PLEX ProTocoL

Therapeutic PLEX is based on the extracorporeal blood
separation technique designed to remove either plasma or its
constituents from the blood’s cellular elements.!'” Centrifugation
devices or highly permeable filters are used to separate the
plasma filtrate with molecules up to 1,000 kD, including
immunoglobulins, complement factors, and albumin from blood
cells. The plasma filtrate is discarded, and then before reinfusing
the filtered blood, 5% albumin solution or fresh-frozen plasma is
added to it. According to the revised 2016 ASFA guidelines, the
recommended standard volume treatment in NMO is 1-1.5-times
the plasma volume per session or 39-55 mL of plasma per kg of
body weight.'® Daily or alternate day treatment, with a duration
of 10-14 days and consisting of 5-7 sessions, is recommended
for cases of acute exacerbation of NMOSD.
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ResuLts

Demographic characteristics of the study population

A total of 30 patients, with a cumulative sum of one hundred
eight PLEXs were analyzed. Out of all these patients, 16
were females, and 14 were males. Median age of patients
was 32 years.

Clinical characteristics of the study population

In the present study, 19 patients (63.3%) patients had their
first attack, 9 patients (30%) had 2-4 attacks and 2 patients
had more than 7 attacks. Median disease duration 12.5 days.
Symptoms at presentation/attack included Optic Neuritis in
16 patients, Acute Transverse Myelitis in 24 patients, Area
Postrema Syndrome in 5 patients, Acute Brainstem Syndrome
in 10 patients, and cerebral syndrome in 5 patients.

Correlation between “Time to PLEX and outcome at three
months” (Percentage improvement in EDSS score)
Median time to PLEX was 7 days.

1. Keegan scoring: In this study, 4 patients had no
improvement, 2 patients had mild improvement,
16 patients had moderate and 8 patients had marked
improvement in Keegan scoring.

2. Delta EDSS score: Majority of the patients had EDSS
score improvement. Mean EDSS score at different time
points for all patients are given in Figure 2.

3. Percentage EDSS score improvement: Association
between time to PLEX and Percentage Improvement in
EDSS score was tested by Pearson correlation. Correlation
coefficient value was -0.437, and it showed moderate
negative correlation and P value was 0.016 i.e “Earlier
the PLEX, Better is the Outcome”.

Difference in outcome between “Patients who received
IVMPS + PLEX” and “Patients who underwent PLEX
alone”

Out of the total 30 patients [Figure 3], 9 patients had
already received intravenous methylprednisolone
elsewhere. When a comparison was done between the
two groups, significant difference was found in time to
PLEX (P value = 0.012), and no significant difference in
percentage improvement (P = 0.266) [Table 1].

Mean EDSS at different time points
7.73
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4.66
4.28

Mean EDSS Score
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Figure 2: Mean EDSS score at different time points

Correlation between Anti-AQP4 antibody positivity and
outcome
Anti AQP4 antibody was present in 19 patients. There was

no association between presence of Anti AQP4 antibody and
outcome (P value = 0.552) [Table 2].

Correlation between patients already on
immunosuppressant and outcome

Four patients were already on immunosuppressant and
there was no significant difference noted in the EDSS score
percentage improvement (P = 0.475) between the two groups
i.e patients who received long-term immunosuppressant prior
to the relapse versus the patients who did not receive any
long-term therapy.

Adverse effects

In this study, one patient had one plasma exchange,
19 patients had three plasma exchanges and 10 patients
had five plasma exchanges. Plasma exchange was stopped
prematurely in 2 patients because of minor adverse reactions.
In the study, 18 patients (60%) did not have complications.
The remaining 40% had any one of the complications.
Rash was the most common adverse event reported in
5 patients. Less common adverse reactions were itching,
breathlessness and hypocalcemia. Two patients died due to
severity of disease itself, not because of adverse reactions.

Table 1: Comparison of Time to PLEX and %
improvement with Previous MPS

Variable MPS Received MPS Not received P
Time to PLEX (Days) 0.012

Mean 25.33 6.05

SD 17.81 3.3
EDSS score % 0.266
Improvement

Mean 403 533

SD 33.0 26.6
Table 2: Association between presence of Anti AQP4
antibody and outcome
Anti AQP4 No Improvement  Total P
antibody Improvement Present
Present 2 (10.5%) 17 (89.5%) 19 0.552
Absent 2 (18.2%) 9 (81.8%) 11
Table 3: Adverse reactions after plasma exchange
Complications Number Percentage
Rash 5 16.7
Paresthesia 3 10.0
Cramps 2 6.7
Itching 1 33
Breathlessness 1 33
Hypocalcemia 1 33
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Figure 3: Correlation between time to PLEX and EDSS score Percentage
Improvement

None of the patients had infections, pneumothorax and
hypomagnesemia [Table 3].

Discussion

Effectiveness of PLEX

In the present study, PLEX proved to be efficient in managing
severe acute attacks of NMOSD. The clinical data from
30 patients, with most of the patients receiving PLEX as
first line therapy for NMOSD showed a moderate or marked
improvement (73.3%). In fact, the improvement in EDSS
scores were documented immediately after the first or second
exchange in many patients, similar to the study by Watanabe S,
et al."¥1 The classical Lazarus effect, which is defined as a very
short-term dramatic improvement was rather unusual in this
study group as our study was not designed to analyze short-term
improvement.['¥ The patients who experienced this effect have
all received a very early treatment (less than 5 days). However,
in Magana et al. study, patients who exhibited functional
improvement did so within a median of 4 days (third PLEX),
although a minority (6%) exhibited a delayed response (more
than 2 months).[" The final outcome taken into consideration
was at three months post PLEX which was more or less same
as that at the end of first month. Moreover, the natural history
of single spinal relapse in NMOSD has never been addressed,
so any improvement bias after PLEX cannot be appreciated in
the absence of a control group.

Time to PLEX

Besides knowing PLEX is effective and safe, the central
dilemma remains: Is PLEX necessary as soon as and as often
as possible?

The answer is yes, because after an attack by anantibody the
tissue undergoes various stages of destruction ranging from
reversible damage to an irreversible one, so “hitting the iron
when hot” should be the main aim. Bonnan and Kimbrough
proposed a link between the staging of NMOSD lesion and
the PLEX effect on clinical and radiological outcome; a

fairly good outcome was seen when PLEX was performed
at either Stage 1 or 2.1'22% In another study by Batra et al.,
it was found that the non-responder subjects were enrolled
late for active treatment i.e around Stage 3, due to severe and
irreversible axonal injury PLEX was not found to be useful.?!]
Also evident from the results of the present study; the time to
PLEX has significantly influenced the outcome, ranging from
immediate dramatic improvement (the Lazarus effect) to no
effect according to whether they are given early or very late,
with shorter delay leading to better outcomes similar to other
studies.['*?>2] However, further prospective, randomized,
multicentre clinical trials would be required to definitively
answer this question in a better way. For example, PLEX was
delayed from onset by a median of 30 days (6-90 days) in
Llufriu ef al.; in their study, early initiation of PLEX [Odds
Ratio (OR) 6.29, 95% Confidence Interval (CI) 1.18-52.96]
and improvement at discharge [OR 7.32, 95% CI 1.21-44.38]
were significantly associated at 6 months.*%

IVMPS with PLEX vs PLEX alone

Most authors till date consider PLEX to be an add-on
rescue treatment after steroid failure, which should not
be the case.®? Although a synergistic effect of steroids
and PLEX was long expected due to their complementary
action, very few studies compared conventional “IVMPS
monotherapy” with “ IVMPS and add on PLEX”.[23261 A
study done by Deschamps R, ef al. analyzing the therapeutic
outcome to PLEX as an add on treatment following
failure of improvement to corticosteroids showed that the
High-contrast visual acuity, visual fields, and temporal
retinal nerve fiber layer thickness improved significantly
with the add on PLEX treatment.?* The other two studies by
Bonnan et al. and Ruprecht et al. observed lower residual and
mean difference in EDSS score in the add on PLEX-treated
group compared to the IVMPS-only group.27 In a study
by Abboud Hesham et al., 65% of patients treated with
IVMPS plus PLEX attained an EDSS score almost same or
lower than their baseline at follow-up while only 35% of
the IVMPS-only patients achieved their baseline EDSS on
follow-up (odds ratio = 3.36, 95% CI 1.0657 to 10.6004,
P =10.0386).) In a study by Kumar et al. too the patients
who were severely disabled, with bad EDSS scores (6-9.5)
at baseline and no improvement with IVMPS responded
well to PLEX.?% In the study by Srisupa et al. although
IVMP-responders showed faster improvement since
the time of discharge but seemed to have less treatment
benefit over time. However, IVMP non-responders/PLEX
responders showed continuous and maximum improvement
at 6 months (AEDSS from nadir: 1 for IVMP-responders vs
0.5 for IVMP non-responders without PLEX vs 2.75 IVMP
non-responders/PLEX-responders vs 0.5 IVMP/PLEX
non-responders; P = 0.49).°1 However, to the best of our
knowledge, no studies are available on comparison between
“IVMPS with add on PLEX” and “PLEX alone”, the analysis
of the data between these two groups in the present study
showed no significant difference in terms of better outcome
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in the previously steroid treated group. Further larger studies
are needed for comparison between these two groups.

Anti AQP4 antibody correlation to outcome

The final outcome in the present study was independent of
the Anti AQP4 antibody status (P value = 0.689). As the Anti
AQP4 antibody status does not affect the response rate of
PLEX, Bonnan ef al. and Magna et al. also came across similar
correlation and hence anti AQP4 antibody status is not required
to start treatment in a severe relapse patient.['>!"]

Correlation with duration of illness

Various other factors which can possibly influence the outcome
like the total duration of illness were analyzed, it was found
that the patients who present with longer duration of illness
showed less improvement in the previously existing deficits.
Also, the patient who underwent PLEX for their first attack had
a dramatic improvement as compared to the ones who were
into the illness for past many months or years.

Correlation with previously on immunosuppressant

No statistically significant difference in terms of outcome
was found between the patients already on long term
immunosuppressive agents and the ones who were not (P value
0.903), similar to the study by Abboud Hesham et al.
where among patients in the IVMPS + PLEX group, PLEX
significantly reduced disability from presentation to discharge
regardless of whether patients were on preventive medication
at the time of relapse.l*”!

Adverse events

Minor side effects like rashes, paresthesias were present in 40%
patients, but only two serious reactions resulted in premature
PLEX interruption.

Future oF PLEX In Manacement oF NMOSD

PLEX in isolated optic neuritis

The present study dealt with only severe attacks which disabled
the patient functionally in terms of mobility in NMOSD;
with the favorable outcome in this study we try to propose
PLEX as a first line treatment for isolated optic neuritis too,
rather than awaiting a response to corticosteroids. It was
evident form ONTT trial that the final outcome at 6 months
following administration of steroids in patients of isolated
optic neuritis was same or worse than that of the patients
who did not receive corticosteroids.?”*% Various studies have
shown visual impairment in NMOSD is very severe. One such
study demonstrated that an immediate unilateral blindness
occurred in a third of patients after the first optic neuritis (ON),
and generally two attacks are sufficient to cause a definitive
loss of vision.?'3? Bonnan et al. gathered data from various
studies which showed a clear effect of PLEX delay since
success rate was 8/8 (100%) during the first 11 days, then
4/7 (57%) from days 12 to 22, and 7/13 (53%) from days 23
to 73.0" Furthermore, even when patients recovered, the mean
residual visual acuity tended to be lower in delayed PLEX
patients. In conclusion, strong clues support that PLEX change

the outcome of severe ON only when they are given early.
However, broader studies using carefully chosen patients are
still lacking to confirm this hypothesis.

PLEX as a maintenance therapy

As Anti AQP4 antibody positivity is both predictive of number
of further attacks and severity, achieving a low concentration
of plasmatic antibodies remains a goal to achieve. Kim SH
and colleagues demonstrated that Anti-AQP4 antibody serum
levels declined significantly following plasmapheresis, to a
mean of 15% of the pre-plasmapheresis levels.**! Besides
immunosuppressive drugs, weekly PLEX have been used
at various centers to achieve a sustained depletion of Anti
AQP4 antibody and complement, making PLEX as part of
maintenance therapy too. Favorable cases have been reported
but large studies are lacking. A case series by Miyamoto
and Kusunoki analyzed the efficacy of concurrent PLEX
treatment in NMOSD relapse prevention and proposed to
use PLEX as preventive treatment as an add-on therapy after
immunosuppressive drugs failure.¥

Limirations OrF THe PRESENT STuDY

Firstly, the basal EDSS scores of the patients already a known
case of NMOSD were not available in the present study, as it
would have led to a better assessment of the outcome in these
patients. Secondly, the EDSS score, although universally
used in clinical trials, has a number of limitations. Even
with special training and examiner blinding, interrater and
intrarater variations in scoring are common as EDSS scores
of 4 and higher depend almost entirely on the ability to walk;
developing dementia, vision loss, and weakness of hands may
pass undetected by the scoring once one reaches these levels.
Lastly, though the study analyzed the difference in outcome
between IV PLEX and IVMPS + PLEX, the number of patients
in these groups was not equal. Hence larger multicentre studies
are required to assess the difference.

CoNncLusION

To summarize, PLEX-treated patients achieved a better
outcome, especially if PLEX was given during the first attack
and as early as possible. The exact effect of PLEX should be
validated in larger multicentre studies. The only good outcome
predictor in the present study was a shorter PLEX delay similar
to the previous studies.['”?! The same PLEX response rate
was obtained irrespective of Anti-AQP4 antibody status in the
present study, which was similar to the Mayo Clinic cohort and
in the study by Bonnan et al.**'?) As a practical consequence,
patient suffering from a severe relapse, the status of Anti-AQP4
antibody should not influence the decision of starting PLEX
as promptly as possible.
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