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ABSTRACT

BACKGROUND: Appropriate treatment reduces the severity and duration of relapses in demyelinating diseases of Central Nervous System (CNS).
If high-dose corticosteroids treatment fails, therapeutic plasma exchange (TPE) is considered as a rescue treatment.

OBJECTIVES: This study aimed to investigate early clinical response and complications of TPE and prognostic factors in CNS demyelinating
relapses.

DESIGN: This prospective observational study was designed in a tertiary center during one year.

METHODS: All adult patients diagnosed corticosteroid-resistant Multiple Sclerosis (MS), NeuroMyelitis Optica Spectrum Disorder (NMOSD),
idiotypic Transverse Myelitis or Clinical Isolated Syndrome relapses, were eligible. Clinical response is defined based on Expanded Disability Status
Scale (EDSS) at discharge. Clinical and laboratory complications recorded.

RESULTS: Seventy-two patients were analyzed which 58.3% patients were female. MS was diagnosed for 61.1% of cases. Thirty-five patients
(48.6%) responded and the mean differences of EDSS significantly decreased 0.60 score (ClI95%:0.44-.77). Electrolyte imbalances and
thrombocytopenia occurred in 80.6% and 55.6% of cases respectively and 40.3% of patients had systemic reactions. However, 26.4% patients
experienced moderate to severe complications. In patients with moderate to severe disability, responders were younger (MD: 8.42 years, Cl95%:
1.67-15.17) and had lower EDSS score at admission (median:6, IQR: 5.5-6 against 7.5 IQR: 6.5-8). The risk of failure was higher in active progressive
MS patients compared with RRMS patients (OR: 6.06, Cl 95%:1.37-26.76). Patients with thrombocytopenia were hospitalized more than others (MD:
1.5 days, Cl 95%: 0-3). Females were more prone to hypokalemia and systemic reactions (OR: 3.11, Cl 95%:1.17-8.24 and OR: 6.67, Cl 95%:2.14-
20.81 respectively).

CONCLUSION: The most common indication of TPE was corticosteroid-resistant severe MS relapses. About half of the patients presented an early
clinical response. Lower disability, younger age and RRMS diagnosis are prognostic factors of better response. One out of four patients ex-
perienced moderate to severe complications, mainly electrolyte imbalances and systemic reactions. Appropriate interventions against these
complications should be considered during TPE, especially in females.
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Introduction

The most widespread demyelinating diseases of the Central
Nervous System (CNS) include Multiple Sclerosis (MS),
Neuromyelitis Optica Spectrum Disorder (NMOSD) and
Idiopathic Transverse Myelitis (iTM)."? These disorders are

relapsing in nature. Relapse is a clinical situation wherein the
neurological symptoms of the patient worsen for more than 24
hours without any fever or infection. Relapses have a major
impact on the quality of life of sufferers. For instance, the rate of
relapses in MS patients is estimated to be between .27-1.66 per
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year. While mild relapses can be observed, intervention is es-
sential for severe ones. Although some cases of relapse can only
be observed, appropriate treatment can reduce the severity of the
relapse and its duration, thus improving the quality of life of the
affected individuals. This makes the management of relapses an
important intervention for people with CNS demyelinating
diseases.

The primary treatment for relapses is high-dose intravenous
corticosteroids. In cases of corticosteroid resistance (worsening
or not improving of symptoms or improvement of symptoms
without change in impaired function),” the second-line treat-
ment is therapeutic plasma exchange (TPE) and im-
munoadsorption. TPE could remove auto-antibodies, immune
complexes and cytokines from the blood. Previous studies has
demonstrate the crucial role of IL-6, I1.-10, IL-12, TNF-a and
IFN-y in MS relapses.”® Among the proposed options, TPE
has a special place due to its availability and cost. Several studies
have shown that MS and NMOSD patients can respond
significantly to TPE, reducing their Expanded Disability Status
Scale (EDSS) by .88-2.5 scores. Meanwhile, selecting the
patients who can respond to this treatment is challenging.ﬁ9

Identifying the predictive factors for TPE can help us select
appropriate patients, prevent useless interventions and unnec-
essary complications. Despite the studies conducted to deter-
mine the factors that predict the response to TPE, it is still not
possible to determine the effects of different factors and provide
a model to predict the response to TPE.®!° Therefore, in this
study, we aimed first assess the early clinical response and
complications of patients with CNS demyelinating disease who
received TPE, then evaluate the relationship of different factors
with the early clinical response.

Method and Materials

This article is reported according to the Strengthening the
Reporting of Observational ~ Studies
(STROBE) guidelines.

in Epidemiology

Study Design and Setting

This prospective observational study was conducted from
March 2021 to March 2022 in Kashani hospital, which is a

referral center for neurological disease in central Iran.

Participants

All CNS demyelinating patients who underwent plasma-
pheresis and met the eligibility criteria studied. Inclusion
criteria were age>18 years, diagnosis of MS based on
McDonald criteria 2017, NMOSD based on the 2015 In-
ternational Panel of NMOSD Diagnosis, idiopathic
transverse myelitis or Clinically Isolated Syndrome (CIS),
the onset of new neurological symptoms associated with

CNS damage lasting more than 24 hours and at least 30 days

interval from the previous attack. Active progressive MS
subtypes including primary progressive (PP) and secondary
progressive (SP) were also included like relapsing-remitting
(RR).! An experienced neurologist who examined the
patients before and after the relapse, based on the severity of
the relapse requiring intervention or failure of treatment with
intravenous corticosteroid (.5-1 gr/day methylprednisolone
for 3-5 days), made the patient a candidate for plasma-
pheresis and refer to this center. Patients who could not
complete the TPE course in our center (due to complications
or other reasons) were excluded for further analysis. Change
of diagnosis to other causes was also one of the exclusion
criteria.

In our plasmapheresis department, a neurologist evalu-
ated the patients daily and recorded the symptoms, exam-
inations and EDSS. Systemic infections and SARS-COV-
19 were ruled out using lab data and physical examinations.
The internal jugular or femoral vein was used for access based
on the patients’ condition and the surgeon’s decision. The
plasmapheresis machine was PCS"2 (model number: 06002)
from Haemonetics® company, United States of America,
which uses centrifuge system. Before each session the
catheter and plasmapheresis machine were checked. Citrate
was used for anticoagulation. During the sessions, an expert
nurse evaluated patients’ signs and symptoms including
hypotension, tachycardia, allergic reactions, chest pain and
inability to continue the session. At the end of each session,
20% albumin vial and normal saline serum were used for
replacement. Laboratory tests including Complete Blood
Cell counts (CBC), Sodium (Na), Potassium (K), Blood
Urea Nitrogen (BUN), creatinine, Partial Thromboplastin
Time (PTT), Prothrombin Time (PT) and International
Normalized Ratio (INR) were checked at baseline and daily
and Calcium (Ca), Magnesium (Mg), Albumin and
Transaminases were evaluated twice a week. To calculate
individual plasma volume (PV), we used Hakim,? Kaplan13
and ideal PV** formulas.

We recorded demographic data, information of the disease,
treatment and complications. Demographic data included age,
sex, weight and comorbidity of diabetes, hypertension, any
cancer and any other autoimmune disease. Duration of the
disease, disease-modifying drugs (DMDs), total number of
relapses during the disease, number of relapses in the last year,
duration of current symptom and total dose of corticosteroid
received before TPE were also recorded. We gathered the total
plasmapheresis output volume, number of plasmapheresis
sessions and duration of hospitalization. Severity of compli-
cations is categorized as mild, moderate and severe. Compli-
cations do not required intervention, are classified as mild, those
that required intervention or interruption of plasmapheresis as
moderate and life threatening complications as severe.’® We
defined the response to TPE as decrease of 2.5 score in patients
whose EDSS at admission was =6, and decrease of 21 score in
patients whose EDSS at admission was <5.5.'°
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Statistics

The Kolmogorov-Smirnov test was used to assess the normal
distribution of variables. Numerical variables which were nor-
mally distributed are presented as mean *+ Standard Deviation
(SD); those which were not normally distributed are shown as
median (IQR: interquartile range). Categorical variables are
reported as numbers (%). The unit of analysis was based on
individual patients. We used the independent sample T-test,
paired sample T-test, Mann-Whitney test and Chi-square test.
Binary logistic regression was used to consider covariations. P-
value <.05 is considered statistically significant. All data was
analyzed using BMI SPSS version 22 software.

Results

In this study, 80 patients met the inclusion criteria and 8 pa-
tients were excluded (3 patients got infected by SARS-COV?2,
diagnosis of 3 patients changed and 2 patients had missing
data). Finally, 72 patients were analyzed. Each patient had only
treated for one TPE course no patients experienced more than
one TPE course during the study (each TPE course consisted of
some consecutive plasmapheresis sessions following each other).
In total, 42 (58.3%) patients were female and 14 (19.4%) pa-

tients had at least one comorbidity. The mean age was 39.65

11.23. The number of patients diagnosed with MS, NMOSD,
CIS and iTM was 44 (61.1%), 9 (12.5%), 9 (12.5%), and 10
(13.9%), respectively. New cases consisted of 27 (37.5%) of the
patients. The relapse had affected only one function systems in
53 (73.6%) patients, mostly pyramidal system (33.3%). Among
MS patients, 31 (70.5%), 10 (22.7%) and 3 (6.8%) patients were
RR, SP and PP subtypes respectively. The median hospitali-
zation day was 10 (IQR: 8-11) and the median number of
sessions was 7% (Table 1, Table S1). In total, 35 (48.6%)
patients responded to TPE and the mean differences of EDSS
significantly decreased .60 score (CI 95%: .44-.77).

The number of patients who had used DMDs was 31
(43.1%). The most common DMD was rituximab which 22
(30.6%) patients used and 64% of them responded to TPE. On
the other hand, 41 (56.9%) patients did not use any DMDs (27
patients were new cases) which 41% of them were responders
(Table 2, Table S2).

Four (5.6%) patients had no complications and 19 (26.4%)
patients experienced moderate to severe complications. One
(1.4%) patient experienced severe hyponatremia and one (1.4%)
patient had severe thrombocytopenia. Electrolyte imbalances
occurred in 58 (80.6%) patients. The three most common
complications were thrombocytopenia, hypokalemia and plas-
mapheresis systemic reactions (55.6%, 52.8% and 40.3%

Table 1. Characteristics of patients with CNS demyelinating disease relapses who undergo therapeutic plasma exchange (TPE).

MS NMOSD CIS IT™M TOTAL
Number 44 9 9 10 72
Sex (female) 25 (56.8%) 5 (55.6%) 6 (66.7%) 6 (60%) 42 (58.3%)
Age, years 38.2 + 8.08 46.56 + 11.11 38.44 + 15.52 40.9 + 17.26 39.65 + 11.23
New case 6 (13.6%) 4 (44.4%) 7 (77.8%) 10 (100%) 27 (37.5%)
Only one FS involved in the relapse 35 (79.5%) 7 (77.8%) 9 (100%) 2 (20%) 53 (73.6%)
Visual 8 (18.2%) 5 (55.6%) 9 (100%) 0 22 (30.6%)
Brainstem 1(2.3%) 0 0 0 1 (1.4%)
Pyramidal 20 (45.5%) 2 (22.2%) 0 2 (20%) 24 (33.3%)
Cerebellar 4 (9.1%) 0 0 0 4 (5.6%)
Sensory 2 (4.5%) 0 0 0 2 (2.8%)
More than one FS involved in the relapse 9 (20.5%) 2 (22.2%) 0 8 (80%) 19 (26.4%)
Duration of disease, months 83.44 + 64.77 36.35 = 50.15 3.61 + 3.39 91 +£0.7 56.11 £ 64.16
Number of TPE sessions 7 (5.25-8) 7 (6.5-8) 6 (5-7) 8 (7.75-11) 7 (6-8)
Disease-modifying drugs treatment 30 (68.2%) 3 (33.3%) 2 (22.2%) 0 35 (48.6%)
EDSS at admission 4.87 + 1.89 4.56 + 2.05 244 + 113 6.6 + 1.87 4.77 + 210
EDSS at discharge 417 £2.16 422 + 229 1.78 £ 1.39 6.25 + 2.23 417 £ 2.37
Response 23 (52.3%) 3 (33.3%) 5 (55.6%) 4 (40%) 35 (48.6%)

MS: Multiple sclerosis, NMOSD: Neuromyelitis optica spectrum disorder, iTM: Idiopathic transverse myelitis, CIS: Clinically isolated Syndrome, FS: Function system, EDSS:

Expanded disability status scale. Data is presented as number (%), mean + standard deviation or median (interquartile range).
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respectively) (Figure 1). Evaluating changes in laboratory
findings before and after TPE course showed decrease in
platelet count (mean difference: 81,000 number/millimeter’
CI95%: 63,000-99,000) and potassium and calcium concen-
trations (mean difference: .3 milliequivalent/litter CI95%: .18-
.42 and mean difference: .5 milliequivalent/litter CI95%: .33-
.7) (Table S3).

There was no relationship between studied variables and
early clinical response. However, responders were younger and
had a lower EDSS score at admission (37.89 + 8.10 vs 41.32 =
13.45 and 4.31 + 1.81 vs 5.20 = 2.28 respectively). Moreover,
57.1% of responders used DMDs compared to 40.5% of non-
responders (T'able 3).

The patients were divided into mild disability (admission
EDSS score <4.5) and moderate to severe disability (admission
EDSS score 24.5). Analysis showed patients with moderate to
severe disability who responded to TPE had lower age (8.42
with CI95%: 1.67-15.17), more mean volume of exchanged
plasma per session (.12 with CI95%: .00-.23) and lower total
volume of exchanged plasma per weight (.03 with CI95%: .00-

.05). In addition, EDSS score at admission was lower in

Table 2. Disease-modifying drugs (DMDs) treatment among patients
with CNS demyelinating disease relapses who undergo therapeutic
plasma exchange.

DMDS RESPONSE RATE TOTAL (N = 72)
Rituximab 14 (63.6%) 22 (30.6%)
Dimethyl fumarate 2 (50%) 4 (5.6%)
Interferon 2 (66.7%) 3 (4.2%)
Fingolimod 0 2 (2.8%)
No DMDs 17 (41.5%) 41 (56.9%)

Data is presented as number (%).
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responder subtype 6 (IQR: 5.5-6) vs 7.5 (IQR: 6.5-8) (Table 4).
However, EDSS score at admission remained statistically
significant with an OR: .143 (CI95%: .12-.17) in binary logistic
regression. But in patients with mild disability there was no
statistical significance (T'able S4).

To investigate the correlation of diagnosis with early clinical
response, we grouped RRMS and CIS patients as one group and
compared them with iTM patients. Patients with iTM were at
higher risk of response failure compared with RRMS and CIS
patients (OR: 2.5 with CI95%: .61-10.32). For subgroup
analysis of MS subtypes, we categorized PPMS and SPMS as
active progressive MS and compared them with RRMS based
on the response. Results showed higher risk of failure in active
progressive MS patients, with an OR: 6.06 (CI95%: 1.37-
26.76).

We also analyzed the data to evaluate the relationship of each
complication to other variables. Patients with thrombocyto-
penia were hospitalized for a longer period of time with a mean
difference day of 1.5 (CI95%: 0-3). Hypokalemia and plas-
mapheresis systemic reactions were more frequent in females
(OR: 3.11, CI95%: 1.17-8.24 and OR: 6.67, CI95%: 2.14-
20.81 respectively). We found that patients with hypocalcemia
had lesser weight (mean: 9.07, CI95%: 2.00-16.15), lesser total
exchanged plasma (mean: 1.40, CI95%: .23-2.56) and lesser
total exchanged plasma per session (mean: .13, CI95%: .04-
23).

Discussion

In this study, we assessed patients with CNS demyelinating
disease receiving TPE in a tertiary hospital in Iran. Severe MS
relapses with insufficient response to high doses of cortico-
steroids were the most common indication for TPE. We de-
fined an early clinical response as a clinical improvement based
on EDSS at the end of the TPE course. Finally, 48.6% of the
patients were early clinical responders with a response rate
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Figure 1. Complications of therapeutic plasma exchange among patients with CNS demyelinating disease relapses (n = 72). Other complications consisted of
hypernatremia (n = 7), hypomagnesemia (n = 3), hyperkalemia (n = 1), hypercalcemia (n = 1).
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Table 3. Demographic and clinical characteristics of patients with CNS demyelinating disease relapses based on their response to therapeutic plasma

exchange (TPE).

Age, years

Sex (female)

Disease-modifying drugs treatment

Second-line treatment of disease-modifying drugs

Number of relapses in last year

New case

Duration since last relapse, months

Relapse phenotype (only one involved FS)

Relapse to IVMP treatment duration, days

Relapse to TPE duration, days

IVMP treatment to TPE duration, days

Cumulative dose of IVMP before TPE, gram

Number of IVMP courses before TPE

EDSS at admission

Number of TPE sessions

Total volume of exchanged plasma, litter

Mean volume of exchanged plasma per session, litter

Total volume of exchanged plasma per weight, litter, kilogram
Neutrophil to lymphocyte ratio of admission blood cell count

Total volume of exchanged plasma/plasma volume (Hakim formula)
Total volume of exchanged plasma/plasma volume (Kaplan formula)

Total volume of exchanged plasma/idea plasma volume

NOT RESPONSE (N = 37) RESPONSE (N = 35) P-VALUE*
41.32 + 13.45 37.89 + 8.10 196
21 (56.8%) 21 (60%) 780
15 (40.5%) 20 (57.1%) 159
10 (27.0%) 14 (40%) 955
55+ .80 61+ .72 782
15 (40.5%) 12 (34.3%) 584
26.5 (7.5-48.5) 12 (4-35) 328
28 (75.7%) 25 (71.4%) 683
20.52 + 33.61 22 + 38.91 877
62.4 + 59.87 55.37 + 48.42 591
39.39 + 38.19 35.55 + 32.35 672
3.68 + 2.46 4.26 + 1.94 279
1(1-1) 1(1-1) 382
5.20 + 2.28 431 +1.81 071
7.32 + 1.86 6.74 + 1.48 148
11.61= 3.04 11.16 + 2.71 507
1.59 = .20 1.66 = .16 157
17+ .05 16 = .03 191
361 +3.65 4.18 £ 552 606
456 + 117 4.38 + .91 471
424 +1.21 401 + .84 350
4.36 + 1.24 4.02 + 87 181

IVMP: Intravenous methyl prednisolone, EDSS: Expanded disability status ScaleData is presented as number (%), mean + standard deviation or median (interquartile range).
Chi-square, independent sample T and mann-Whitney tests are used. * P-value <.05 is considered statistically significant.

ranging from approximately 35% to 55% depending on diag-
nosis. Totally, 68% of our patients were under treatment with
second-line disease-modifying treatments (eg, fingolimod and
rituximab), which showed that our study consisted of fewer
patients with mild courses. This highlights that patients who
require TPE to manage their relapses suffer from difficult-to-
control relapses.

The response rate of patients with CNS demyelinating
disease to TPE varies based on diagnosis, duration of follow-up
and measurement of response. A review of 1191 patients with
optic neuritis treated with TPE demonstrated that the response
rate improved as follow-up duration increased.” This study also
revealed that the response rate differs between various diagnosis;
patients with CIS or MS, especially RR subtype, showed a
better response to TPE."” Lipphardt et al. found that the re-
sponse rate of patients with RRIMS or CIS, active progressive

MS and NMOSD patients was about 80%, 38% and 64%
respectively in a 12-month follow-up.'® Another study on
NMOSD patients reported an early response rate of approxi-
mately 39%, which was slightly higher than our observations."’
Ong et al. found that the response rate of NMOSD patients
improved as they were followed up and reached 87% after
6 months based on their target neurological deficit.”” Moreover,
a systematic review in 2019 on MS reported that the response
rate varies from 48% at discharge evaluation to 80% in 14-
month follow—up.8 Interestingly, Marrodan et al. claimed that
there was no difference in EDSS score between RRIVIS patients
with relapses who received TPE and those who observed after
less than 6 months of follow-up.*!

In our patients, those with younger age and lower EDSS
score at admission were prognostic factors for better response.
Patients with moderate to severe disability profit better from
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Table 4. Demographic and clinical characteristics of CNS demyelinating disease patients with moderate to severe disability (EDSS at admission =4.5)

based on their response to therapeutic plasma exchange (TPE) (n = 38).

Age, years

Sex (female)

Disease-modifying drugs treatment

Second-line treatment of disease-modifying drugs

Number of relapses in last year

New case

Duration since last relapse, months

Relapse phenotype (only one involved FS)

Relapse to IVMP treatment duration, days

Relapse to TPE duration, days

IVMP treatment to TPE duration, days

Cumulative dose of IVMP before TPE, gram

Number of IVMP courses before TPE

EDSS at admission

Number of TPE sessions

Total volume of exchanged plasma, litter

Mean volume of exchanged plasma per session, litter

Total volume of exchanged plasma per weight, litter/kilogram
Neutrophil to lymphocyte ratio of admission blood cell count
Total volume of exchanged plasma/plasma volume (Hakim formula)
Total volume of exchanged plasma/plasma volume (Kaplan formula)

Total volume of exchanged plasma/idea plasma volume

NOT RESPONSE (N = 19)

RESPONSE (N = 19)

4579 = 12.17 37.39 + 7.90 016*
8 (42.1%) 11 (57.9%) 330

8 (42.1%) 10 (52.6%) 516

5 (26.3%) 9 (47.4%) 696

0 (0-1) 5 (0-1) 667

7 (36.8%) 5 (26.3%) 485
18.5 (8-43.5) 12 (3.83-36.75) 494

11 (57.9%) 11 (57.9%) 1

11 (4.5-20) 16 (6-23.5) 672
32 (24.5-93) 34 (30-65) 851
22.5 (14.25-63.75) 23 (16-33.5) 980
3 (0-5.25) 4 (3-5) 271
1(1-1) 1(1-1) 253
7.5 (6.5-8) 6 (5.5-6) <.001*

8 (7-9) 7 (7,8) 246
12.41 + 2.84 12.27 + 2.61 878
154 = 17 1.66 = .18 044
196 = .043 168 + .038 042
3.11 (2.07-4.60) 2.98 (2.56-4.77) 729
501+ 1.05 459 + .97 207
474 £112 416 + .94 .095
4.96 +1.08 423 + 95 034

EDSS: Expanded disability status scale, IVMP: Intravenous methyl PrednisoloneData is presented as number (%), mean + standard deviation or median (interquartile range).
Chi-square, independent sample T and mann-Whitney tests are used. * P-value <.05 is considered statistically significant.

TPE than patients with mild neurologic symptoms. Previous
studies have also shown that younger age and female gender
were favorable predicting factors in TPE response .>> On the
other hand, among patients with multiple sclerosis, a pro-
gressive phenotype was negatively associated with clinical re-
sponse to TPE. Blechinger et. al. have previously observed that
the pathology of demyelinating lesions, eg, active demyelination
or complement deposition, may predict a better response to
TPE.> Other predictive factors from previous studies were
severity of relapse, duration of symptoms, presence of patho-
genic auto-antibodies and specific phenotypes of MS can alter
the response to TPE.'%!6:2224

Various clinical and demographic factors have been inves-
tigated for prognosis of outcome of TPE. Some studies have
indicated that the delay in the start of TPE and old age can
reduce the effectiveness of TPE.'®2°72% On the other hand,

Bunganic et al. showed that in RRIVIS patients with aggressive
relapses, there was no correlation between age and response.29
However, there is no distinct definition regarding an appro-
priate time window or a favorable age for administering TPE. In
line with our study, G omez-Figueroa et al did not identify
delayed time from relapse onset to TPE and age as predictive
factors for response.'” There are some reports that the severity of
clinical symptoms can independently decrease the chance of
response to TPE.'>?®%3! However, patients who have well
responded to TPE once, may be more likely to respond well to
subsequent treatments.*” Our results brought up lower severity
of symptoms and RRMS or CIS diagnosis as prognostic factors
of response. It seems that the interplay between different clinical
and demographic factors alters the clinical outcome of TPE.
In our study, about one out of four patients experienced
moderate to severe complications of TPE, which were mainly
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systemic reactions and electrolyte imbalances including hypo-
kalemia, hypermagnesemia, hypocalcemia and hyponatremia.
However, different studies have reported varying incidences of
complications. A study in the Czech Republic reported that only
6% of RRMS patients who received TPE experienced clinical
complications.29 Another study evaluated both clinical and
laboratory signs and symptoms and showed that 43% of patients
were complicated.21 Mavandadi et al. found that hypotension
and skin rash, a plasmapheresis systemic reaction, were the most
common clinical complications and hypokalemia was one of the
most common laboratory complications, as our study con-
firmed.*? Seyhanli et al. identified allergic reactions and hy-
potension as the two most common complications of TPE due
to the treatment of different neurological diseases in a tertiary
center in Turkey.33 Anaphylactic reactions or mild toxic re-
actions to citrate, which were previously reported as self-limiting

4 .
34 Previous

complications of TPE, did not occur in our study.
studies have reported other serious complications, such as
pneumothorax, thrombosis, and sepsis, in a percentage of pa-
tients.® These complications were not common in our patients.
Considering the selected population and the specific neuro-
logical disorder, the occurrence and severity of TPE compli-
cations are variable in different studies.>*

Our findings also revealed that patients with thrombocy-
topenia were hospitalized for a longer period of time. In our
setting we did not hospitalize the patients due to thrombocy-
topenia until the clinical indication of hospitalization meet,
therefore it seems that patients who are hospitalized for a longer
period of time due to any reason, are at higher risk of
thrombocytopenia.

Our results showed that hypocalcemia and its symptoms
were associated with lower total exchanged plasma volume and
lower mean exchanged plasma for each plasmapheresis session.
It seems that symptoms of hypocalcemia, especially in patients
with lower body weights, were more likely to limit the time and
consequently the volume of exchanged plasma during each
session. Tingling or numbness are not rare during TPE and may
be a consequence of hypocalcemia.36 A clinical trial of 84
patients who underwent 581 plasmapheresis sessions has
supported the use of calcium and potassium during plasma-
pheresis to reduce reactions and serve as the standard of care.”’

Female patients were more prone to develop hypokalemia
and plasmapheresis-related systemic reactions. Similar to our
findings, systemic reactions, presenting with dizziness, were
reported in other studies and are commonly a symptom of low
blood pressure or hypovolemia.36

In this study we evaluate the early clinical response and
complication of TPE in patients with CNS demyelinating
disease. If it had been possible to follow up the patients for a
longer period of time, we could have evaluated the long-term
effects as well. Besides, the lack of information on patients
prior to relapses prevented us from assessing the severity of
relapses. For future investigations, we suggest long-term
follow-up begins before relapse. On the other hand, CNS

demyelinating disease consists of various disorders such as
MS, NMOSD and iTM which our results revealed that they
may influence how patients respond to TPE. However, we
were not able to do more subgroup analysis based on diag-
nosis due to limited sample size.

Conclusion

In conclusion, we found that the most common indication for
TPE in patients with CNS demyelinating disease is severe MS
relapses with inadequate response to high corticosteroids doses.
Considering early clinical response as a clinical improvement at
the end of the TPE course, approximately half of the patients
responded to TPE. However, about one out of four patients
experienced moderate to severe complications, mostly electro-
lyte imbalances and systemic reactions. Although patients with
iTM or active progressive MS have poor prognosis of response,
but in general, less disability can predict better response. In
addition, appropriate interventions should be implemented to
prevent the most common complications, such as hypokalemia,
plasmapheresis systemic reactions and hypocalcemia, especially
in females.
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Appendix

Abbreviations

NMOSD

CIS
CNS
DMDs
EDSS
iT™M
MS

Clinically isolated syndrome

Central nervous system

Disease-modifying drugs

Expanded disability status scale

Idiopathic transverse myelitis

Multiple sclerosis

Neuromyelitis optica spectrum disorder

PP Primary progressive
PV
RR
SP  Secondary progressive

TPE

Plasma volume
Relapsing-remitting

Therapeutic plasma exchange
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