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Abstract

Background: Neuromyelitis optica spectrum disorder (NMOSD) is a devastating autoimmune
disorder with cycles of escalating relapse. Rates of diagnosis in the elderly are increasing.
Therapeutic decision-making is more challenging in elderly patients due to multiple
comorbidities and high risk of drug-induced side effects.

Objective: This retrospective study assessed the efficacy and safety of standard plasma
exchange (PLEX] treatment in an elderly population with NMOSD.

Design: Seventy-six patients with NMOSD who received PLEX were apportioned to two groups
as either elderly (=60years, n=26) or young (<60years] at the time of the first procedure.
Methods: Therapeutic response was judged according to functional recovery at 6 months, as
reflected by Expanded Disability Status Scale (EDSS) and visual outcome scale (VOS] scores.
Results: The mean age of the 26 elderly patients was 67.7 + 7.9years (range 60-87 years); the
population was predominantly female (88.5%). PLEX sessions were generally well tolerated
among the elderly. Compared with the young patients, the elderly had significantly more
comorbidities and concomitant medications. Twenty-four (96.0%) elderly patients showed
functional improvement at 6 months after PLEX, of which 15 (60.0%) experienced moderate-
to-marked improvement. Six months after the initial PLEX treatment, the patients overall
experienced a significant improvement in EDSS and VOS scores. Logistic regression showed
that severe optic neuritis attack was a significant independent prognostic factor associated
with poor PLEX response. The groups were comparable regarding overall or serious adverse
events. The rate of transient hypotension was significantly higher in the elderly compared with
the young.

Conclusion: PLEX is an effective and safe therapy for elderly patients with NMOSD and should
be considered a treatment option during NMOSD attacks. In the elderly, preventive measures
against hypotension are recommended before PLEX.
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Introduction

Neuromyelitis optica  spectrum  disorder
(NMOSD) is a rare B-cell autoimmune disorder
of the central nervous system, mainly character-
ized by area postrema syndrome, severe optic neu-
ritis, and longitudinally extensive transverse

myelitis (LETM). NMOSD may be confused with
multiple sclerosis. A chronic cycle of recovery and
relapse is typical. In NMOSD, the body produces
a defined autoantibody that attacks aquaporin 4
(AQP4), a protein on the surface of astrocytes that
is vital to the central nervous system.!-2
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NMOSD is most common in young adult women,
aged 30 to 50years.> However, with development
of the AQP4-immunoglobulin G (IgG) test, the
prevalence of elderly-onset NMOSD has been
recognized as increasing worldwide.*% Elderly
patients are beset by the same relapse frequency
as the young, but attacks are more severe.%8
Regardless of age, aggressive treatment of attacks
should be initiated as early as possible.

Plasmapheresis, also known as plasma exchange
(PLEX), is a well-established modality to treat var-
ious neuroimmunological disorders. PLEX
involves replacing the patient’s plasma with a col-
loid fluid, thereby removing pathognomonic
inflammatory mediators such as AQP4-IgG, other
antibodies, and pro-inflammatory cytokines.®
Patients with NMOSD have benefited from PLEX,
as first-line or rescue therapy during attacks.10-13

Patients of any age are eligible for PLEX therapy.
However, choosing among options for the elderly
is complicated by multiple comorbidities, con-
comitant medications, vulnerable hemodynamic
systems, and declined immune function. The
invasiveness and operational methods of PLEX
especially put the elderly at greater risk of adverse
events.!416 Furthermore, there is limited data on
the indications and outcomes of PLEX for elderly
patients with NMOSD.

This retrospective study assessed the efficacy and
safety of PLEX used to treat consecutive Chinese
elderly patients with NMOSD in a tertiary
hospital.

Methods

The Institutional Review Board of China—Japan
Friendship Hospital approved this retrospective
study (Approval No. 2016-26-3). The patients, or
their guardians when the patient had motor dys-
function or suffered unconsciousness, provided
written informed consent before PLEX initiation.

Patients and inclusion criteria

The medical records were reviewed of 76 consec-
utive Chinese patients suffering from clinically
and/or radiologically confirmed NMOSD, who
had been hospitalized at China—Japan Friendship
Hospital (Beijing, China) between October 2010
and July 2022. All the patients fulfilled the follow-
ing criteria: with NMOSD (with or without

AQP4-IgG);!7-18 in the acute phase of the disease;
received at least one session of PLEX treatment;
and underwent evaluation at least 6 months after
the last PLEX administration. Any prospective
subject with a history of serious infection or other
underlying acute medical condition (such as new
bleeding, serious circulatory failure, or malignant
arrhythmias) was excluded.

For analysis, the patients were divided into two
groups by age (at the time of the PLEX proce-
dure) as young or elderly (<60years and
=60years, respectively). The definition of elderly
(aged = 60years) referenced the ‘Law of the
People’s Republic of China on the Protection of
the Rights and Interests of Elderly People’
amended 29 December 2018.

PLEX procedure

The criteria for PLEX candidacy were contrain-
dications to intravenous methylprednisolone
(IVMP) and intravenous immunoglobin (IVIg),
or a limited response to an initial standard dose of
either of these. In addition, a patient was consid-
ered a candidate for PLEX if experiencing a
severe disabling attack, as observed by at least
two physicians on admission. A severe disabling
attack was defined as, in nadir, an Expanded
Disability Status Scale (EDSS) score = 6, or a
visual outcome scale (VOS) score = 5.

All candidates received one session of PLEX every
other day in the Neurology ward, for up to seven
sessions, depending on therapeutic efficacy and tol-
erance. One-to-1.5 volumes of plasma were
exchanged at each session. The exchanged plasma
volume was calculated based on patient gender,
body mass, and hematocrit level.!° Fresh frozen
plasma and 5% human albumin solution were used
as replacement fluid. Promethazine (25mg, intra-
muscular injection) was given as an anti-allergen
before each session. Heparin was the first choice of
anticoagulant, and dosage was based on body
weight (per 100IU/kg). When heparin was con-
traindicated, regional citrate was used. Patients
were maintained on long-term immunosuppressive
therapies during or after PLEX, as appropriate.

Clinical evaluations

The clinical data were retrospectively retrieved
from the hospital electronic medical system. The
EDSS and VOS scores were evaluated in parallel
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according to the attack type. The EDSS score was
adjudged during attacks that included myelitis or
symptomatic brain involvement. Visual acuity
was graded 1 to 7 for each eye respectively accord-
ing to the following VOS scores: 0—20/20; 1—
scotoma, but better than 20/30; 2—20/30-20/59;
3—20/60-20/199; 4—20/200-20/800; 5—able to
count fingers only; 6—Ilight perception; and 7—
no light perception.

Neurological functions of the elderly group were
evaluated relative to that of the younger group
and the total population at the following time-
points: baseline (before attack), attack (in nadir),
after IVMP/IVIg (pre-PLEX), and at 1- and
6-months after the last session of PLEX (short-
and long-term outcomes, respectively). The base-
line neurological functional scores (EDSS or
VOS score) were calculated based on the self-
reports of each patient. The primary outcome was
the percentages of patients in the elderly and
young groups whose neurological functions had
returned to baseline by the 6-month follow-up,
according to the EDSS and VOS scores.

Secondarily, the factors associated with therapeu-
tic response to PLEX in the elderly group were
identified, where response was defined in terms of
neurological symptoms and functional improve-
ment; the latter suggested by lowered EDSS or
VOS score. A PLEX responder showed marked-
to-moderate improvement (MMI), that is, a com-
plete-to-moderate resolution of attack symptoms
and a reduction in EDSS or VOS scores by at
least 30%, respectively. Patients who did not
respond to treatment showed mild-to-no improve-
ment (MNI) in neurological symptoms, and a
reduction of less than 30% in EDSS or VOS
scores. Logistic regression analyses were used to
determine factors that were associated with MMI.

Magnetic resonance imaging evaluations

Evaluations of the spinal cord involvement in
these patients were based on magnetic resonance
imaging (MRI) scans, because the brain and optic
nerve imaging data were incomplete. The spinal
cord MRI scans were performed during the acute
phase of the disease using a nuclear magnetic res-
onance scanner (SignaHDX-3.0 T, General
Electric, Fairfield, CT, USA; or GYROSCAN-1.5
T, Philips, Amsterdam, Holland). The MRI
scanning data were obtained before PLEX, and
included the cervical, thoracic, and lumbar spine.

All images were sagittal. The radiographical fea-
tures of interest were the LETM (=3 vertebral
segments), and the involved spinal cord segments
and their location. The area postrema lesion on
the cervical MRI was counted as one spinal cord
segment when the cervical lesion extended to the
area postrema.

Safety evaluations

A bedside nurse remained with the patient
throughout the procedure and monitored the
safety of PLEX. The following blood analyses
after PLEX were repeatedly performed: blood
cell count, coagulation function, electrolyte level,
cardiac function, and albumin/globulin concen-
tration. Other safety data included vital signs,
gastrointestinal reaction, allergic reaction, bleed-
ing, and catheter-related events were recorded as
previously described.!? Serious adverse events
were those that prolonged hospitalization or
threatened life, by which the PLEX treatments
were prematurely interrupted.

Statistical analysis

All statistical analyses were conducted using
SPSS 22.0 software (IBM, Armonk, NY, USA).
Statistical significance was set at p<<0.05. The
continuous variables were analyzed by Mann—
Whitney U tests. Differences in the gender ratio
and other clinical and imaging parameters
between the groups were analyzed using Fisher’s
exact tests. Baseline variables that showed a uni-
variate association (p<<0.1) were included in the
multivariate logistic regression analysis to deter-
mine whether these predictors were indepen-
dently associated with the clinical outcome. To
reduce bias, three patients (one elderly and two
young) who received fewer than three sessions of
PLEX were excluded from the therapeutic
response analyses. Considering that three patients
prematurely and completely withdrew (i.e. fewer
than three sessions) from the PLEX sessions due
to severe adverse events, all the selected subjects
underwent a safety evaluation.

Results

Clinical and imaging characteristics of the two
groups

The elderly group comprised 26 patients, who
were predominantly women (88.5%; Table 1).
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Table 1. Demographic and clinical features of 26 elderly patients with NMOSD.
1D Age?/  Attack Comorbidities Main concomitant drugs Delay, d® Sessions, n¢
Sex Symptoms Serious
1 87/F ™ + ASCVDe, HTN Anti-platelet, -hypertensive 15 3
2 82/F ™ + ASCVD, HTN Anti-platelet, -hypertensive 10 5
3 81/F ™ - ASCVD, HTN Anti-platelet, -hypertensive 14 5
4 71/F LON + ASCVD Anti-platelet 51 8d
5 76/F ™ + ASCVD, HTN, Anti-platelet, -hypertensive, 12 5
CLD -asthmatic
6 71/F ™ + ASCVD Anti-platelet 30 5
7 70/F ™ + CS + CID Anti-tuberculotic 65 5
8 69/F ™ + HTN Anti-hypertensive 21 5
9 69/F ™ + - — 30 4
10  67/F ™™ + CS + = — 12 5
11 67/M RON + Arrhythmia Anti-arrhythmic 55 5
12 67/F LON + - — 70 5
13 65/M ™ - DM, CID Anti-diabetic, anti-tuberculotic 7 5
14 65/F BON + TM 4 HTN Anti-hypertensive 79 3d
15 65/F ™ + - — 19 5
16 62/F ™ + ASCVD, HTN Anti-platelet, anti-hypertensive 50 5
17 62/F ™ - - — 16 4
18 62/F ™ + Teratoma — 89 7
19 62/F ™ + DM Anti-diabetic 85 5
20 61/F RON 4k DM, HTN, CLD Anti-diabetic, anti-hypertensive 60 4
21 61/F ™ + - - 72 5
22 61/F BON + T™M + - - 66 4
23 60/F LON - DM Anti-diabetic 15 5
24 60/F ™ + — — 21 5
25 60/F ™ + Breast cancer Chemotherapeutics 12 1d
26 60/M T™ + CVO 4k DM, HTN Anti-diabetic, -hypertensive 25 5

BON, bilateral optic neuritis; CID, chronic infectious disease; CLD, chronic lung disease; CS, symptomatic cerebral syndrome; CVO,

circumventricular organ; DM, diabetes mellitus; HTN, hypertension; ID, patient identification; LON, left optic neuritis; RON, right optic neuritis.
aAge at PLEX, y/gender.
bPre-PLEX.

¢PLEX sessions.

dWithdrew from PLEX prematurely due to heparin-related thrombocytopenia, deep venous thrombosis, and sepsis associated with chemotherapy,
respectively.
eFor example, coronary heart disease, ischemic stroke and symptomatic cerebrovascular stenosis that require long-term secondary prevention
medication.
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The mean age at PLEX was 67.7 £ 7.9years
(range 60-87years). Specifically, at the time of
receiving PLEX, there were 18/26 (69.2%), 5/26
(19.2%), and 3/26 (11.5%) patients who were
aged, respectively, 60 to 69, 70 to 79, and older
than 80 years.

The number of patients with comorbidities in the
elderly group [18/26 (69.2%)] was significantly
higher than that of the young group [6/50
(12.0%); Table 2], p<0.05. Specifically, 9/26
(34.6%) and 7/26 (26.9%) patients in the elderly
group suffered from, respectively, hypertension
or atherosclerotic  cardiovascular  disease
(ASCVD), while neither of these were observed
in the young group. In addition, significantly
more patients in the elderly group were found
with diabetes mellitus (DM) compared with the
young [5/26 (19.2%) cf. 2/50 (4.0%), p<<0.05].
Prior to PLEX, none of the patients in the elderly
group had experienced cardiac failure or renal
dysfunction.

Seventeen of 26 (65.4%) patients in the elderly
group concomitantly used drugs other than immu-
nosuppressive therapy (IST; mainly antithrom-
botic therapies, antihypertensives, and antidiabetic
agents), which was significantly higher than that of
the young group (5/50 [10.0%]), p<<0.05. One
woman in the elderly group suffered from breast
cancer and underwent chemotherapies during the
period of the PLEX procedures.

Imaging revealed significantly fewer cervical spinal
lesions in the elderly patients [1/21 (4.8%)] com-
pared with the young [10/38 (26.3%)], p<0.05.

The elderly and young groups were comparable
regarding the following: sex ratio; onset symp-
toms; serum AQP4-IgG; coexisting autoimmun-
ity; prior disease duration; disability at PLEX;
presence of LETM; and IST.

Therapeutic efficacy of PLEX

One woman was prematurely withdrawn from the
study due to severe sepsis. She received only one
session of PLEX and was excluded from the ther-
apeutic response analyses.

Functional improvement was defined as any
reduction in EDSS or VOS score. One month
after the last session of PLEX, in the elderly
group 22/25 (88.0%) patients showed functional

improvement, which increased to 24/25 (96.0%)
patients at the 6-month follow-up. One 67-year-
old male patient with optic neuritis-relapse was
unresponsive to PLEX.

In the elderly cohort, 21 patients received IVMP
as a first therapy (nine of these were also given
IVIg). None of them exhibited significant
improvements in either of the scores for function
(EDSS or VOS) before PLEX (Figure 1). In
patients who received IVMP/IVIg as the first
treatment, the percent reduction in EDSS score
after PLEX was significantly higher than after
IVMP/IVIg therapies at 1 and 6 months (25.2%
cf. 2.4% and 48.3% cf. 2.4%, respectively,
$<0.001). The percent reduction in VOS score
after PLEX (30.1%) was significantly higher than
after IVMP/IVIg (6.3%) therapies at 6 months,
but the VOS scores were similar at 1 month
(20.0% cf. 6.3%, p=0.08).

Prognostic factors for PLEX

In the elderly group 6 months after PLEX, 15/25
(60.0%) patients showed overall MMI. Seven of
these patients experienced only one attack with
transverse myelitis before PLEX and showed
MMI. The frequency of attack symptoms and
MMI rate after PLEX by each attack type between
elderly patients and the total population were
similar (Figure 2). In the 7, 21, and 2 elderly
patients who experienced attacks with optic neu-
ritis, transverse myelitis, and symptomatic cere-
bral syndrome, respectively, 2 (28.6%), 14
(66.7%), and 2 (100%) showed MMI at 6 months
after PLEX.

According to the univariate analyses, the follow-
ing were not significantly associated with improve-
ment after PLEX: sex; age at onset; age at PLEX;
clinical course; pre-PLEX EDSS score; comor-
bidity; and pre-IST therapies. However, the uni-
variate analyses showed that the following were
significant intermediate predictors for MMI
(p<0.1): lower baseline/pre-PLEX VOS score;
seropositive AQP4-IgG; short-delayed time from
last attack to PLEX; and nonoptic neuritis attacks
(Supplementary Table and Figure 2). These were
entered into the multivariable logistic regression
analysis. In the elderly group, five of six (83.3%)
patients who experienced severe optic neuritis
attack showed MNI at 6months after PLEX
[p<0.05, odds ratio: 11.667, 95% confidence
interval (CI): 1.112-122.381]. It was shown that
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Table 2. Clinical characteristics and response rate of patients with NMOSD at two age groups.?
Elderly Young P
Subjects, n 26 50
Female 23 (88.5) 43 (86.0) 0.534
Onset symptoms
ON 4(15.4) 11 (22.0) 0.358
™ 14 (53.8) 18 (36.0) 0.106
Cvo 2(7.7) 6(12.0) 0.440
Others Nil 1(2.0) 0.658
Combined 6(23.1) 14 (28.0) 0.431
Coexisting autoimmunity 9 (34.6) 19 (38.0) 0.487
SS 4(15.4) 14 (28.0) 0.174
HT 3(11.5) 9 (18.0) 0.353
RA 1(3.8) 1(2.0) 0.570
Others 1(3.8) 2 (4.0) 0.732
Comorbidity 18 (69.2) 6(12.0) 0.000
ASCVDP 7(26.9) Nil 0.000
Arrhythmia 1(3.8) 2 (2.0 0.570
DM 5(19.2) 2 (4.0) 0.042
Hypertension 9 (34.6) Nil 0.000
Chronic lung disease 2(7.7) Nil 0.114
Chronic infectious disease 2(7.7) 2 (4.0) 0.423
Tumors 2(7.7) 2 (4.0) 0.423
Duration of disease pre-PLEX, mo (IQR) 50.3 (90.0) 51.6 (66.9) 0.942
Pre-PLEX EDSS score (IQR) 6.6(1.5) 6.4(1.2) 0.573
Pre-PLEX VOS score (IQR) 6.9 (2.5) 5.8 (1.4) 0.286
AQP4-1gG status (+/-, n) 21/5 42/8 0.477
LETM (+/-, n)e 21/5 38/12 0.434
Spinal lesion location®
Cervical 1(4.8) 10 (26.3) 0.040
Thoracic 6 (28.6) 4(10.5) 0.082
AP + cervical 1(4.8) 4(10.5) 0.410
AP + cervical + thoracic 2(9.5) 3(7.9) 0.590
Cervical + thoracic 9 (42.9) 14(36.8) 0.428
Concomitant other drugs 17 (65.4) 5(10.0) 0.000
IST post-PLEX 24(92.3) 48(96.0) 0.423

AP, area postrema; AQP4-1gG, aquaporin 4 antibodies; ASCVD, atherosclerotic cardiovascular diseases; CVO,

circumventricular organ; DM, diabetes mellitus; EDSS, Expanded Disability Status Scale; HT, Hashimoto thyroiditis; IQR,
interquartile range; IST, immunosuppressive therapies; LETM, longitudinally extensive transverse myelitis; NMOSD,
neuromyelitis optica spectrum disorders; ON, optic neuritis; PLEX, plasma exchange; RA, rheumatoid arthritis; SS,

Sjogren’s syndrome; TM, transverse myelitis; VOS, visual outcome scale.
aReported as n (%), unless indicated otherwise;

PASCVD including coronary heart disease, ischemic stroke and symptomatic cerebrovascular stenosis that require long-

term secondary prevention medications;

cOnly patients with spinal cord attack were involved in these analyses.
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Figure 1. EDSS and VOS scores at various timepoints in patients given IVMP/IVIg as a first therapy (elderly,
n=21). Bar charts showing the (a) EDSS and (b) VOS scores at baseline, attack, after IVMP/IVIg, residual at 1
month and 6 months after the last session of PLEX.

BElder%
cs B 8/8 = Total%

LETM

Combined

™

Severe TM

Bi-ON

ON

Uni-ON

Severe ON

L s L i
100% 50% 0 50% 100%

Figure 2. Bar chart respectively showing the number and percentage of MMI to PLEX by attack types in the
elderly (left) and total population (right).

Bi-ON, bilateral optic neuritis; CS, cerebral syndrome; LETM, longitudinally extensive transverse myelitis; ON, optic neuritis;
TM, transverse myelitis; Uni-ON, unilateral optic neuritis.

severe optic neuritis was a significant prognostic In spinal attacks, the lesion locations and median
factor independently associated with poor number of involved spinal segments did not differ
response to PLEX. between patients with MMI and MNI.
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Table 3. Adverse events in patients with NMOSD treated by PLEX, n (%).
Elderly Young p
Patients suffered AE 9 (34.6) 16 (32.0) 0.507
Patients suffered SAE 3(11.5) 5(10.0) 0.560
Withdrew from PLEX 3(11.5) 6(12.0) 0.633
Death Nil 1(2.0] 0.658
AEs frequently reported Serum albumin decreased Nil 2 (4.0) 0.430
Low immunoglobulin 2(7.7) 1(2.0) 0.268
Gastrointestinal reaction Nil 4 (8.0) 0.180
Allergic reaction Nil 2 (4.0) 0.430
Bleeding Nil 1(2.0) 0.658
Transient hypotension 5(19.2) 2 (4.0) 0.040
Tachycardia 1(3.8) 2 (4.0) 0.732
Deep venous thrombosis 2(7.7) 1(2.0) 0.268
Thrombocytopenia 1(3.8) Nil 0.342
Catheter-related infection 1(3.8) 4 (8.0) 0.439

AE, adverse event; SAE, serious adverse event.

Adverse events

Overall, most of the patients tolerated the PLEX
sessions (Table 3). The incidence number and
percentage of total and specifically serious adverse
events of the two age groups were similar. In the
elderly group, nine of the 26 (34.6%) patients
experienced 12 adverse events. Eight (72.7%) of
these adverse events were minor and transient and
spontaneously resolved or could be relieved by
withholding the PLEX procedure for several days.
In the elderly group, 5/26 (19.2%) patients suf-
fered transient hypotension at the first session of
PLEX, which was a significantly higher rate than
that of the young group [2/50 (4.0%)], p<<0.05.

Three patients in the elderly group experienced
serious adverse events. One 60-year-old woman
who concomitantly underwent chemotherapies
developed severe sepsis during the PLEX proce-
dure, and withdrew from the treatment. In addi-
tion, in two elderly patients PLEX sessions were
prematurely interrupted due to life-threatening
heparin-related thrombocytopenia and deep
venous thrombosis. None of the elderly patients
in our cohort died during the PLEX procedure.

The incidence of adverse events was similar
among the stratified age groups of the elderly.

Discussion

To our best knowledge, this is the first study to
assess the value of PLEX for the treatment of
NMOSD in an elderly population. The therapeu-
tic response of 26 elderly patients (>60years,
range 60—87 years) was evaluated relative to that
of a younger group of 50 patients in terms of
functional recovery from baseline 6 months after
PLEX treatment. It was found that the response
rates after PLEX of the two groups were statisti-
cally similar. The groups were comparable regard-
ing adverse events, but the rate of transient
hypotension was significantly higher in the elderly.
For the elderly group, logistic regression analyses
identified severe optic neuritis as a significant
prognostic factor independently associated with
MNI (failure of treatment) after PLEX.

In this study, functional improvement occurred
in 88.0% of the elderly patients by 1 month after
PLEX, and increased to 96.0% after 6 months.
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This is consistent with another study on
NMOSD?20 and supports the long-term benefit of
PLEX treatment. In addition, in this study, after
failing to respond to initial IVMP/IVIg, lower
EDSS and VOS scores showed that the elderly
experienced improvement of neurological func-
tions by 6 months after PLEX regardless of attack
type (optic neuritis, transverse myelitis, or symp-
tomatic cerebral syndrome).

More than half of the patients showed MMI at
6 months. This is consistent with other studies
that concluded that PLEX is an effective therapy
for NMOSD attacks, with an overall response rate
between 35% and 65% in both Western and Asian
populations.10-13:20-22 However, the MMI rate of
the elderly patients in the present study (57.7%)
was slightly higher than we previously reported
for a Chinese overall population with NMOSD
(31.0%).11 This may be because the follow-up of
the previous study was only 1 month.!2

In this study, PLEX was the first treatment option
applied for five elderly patients who suffered from
severe transverse muyelitis relapses. After IVMP/
IVIg-free PLEX, all these patients achieved clini-
cal MMLI. This is in accord with other studies in
overall populations.!%1223 Therefore, PLEX may
be considered a first choice for elderly patients,
especially in cases of severe NMOSD relapse with
or without disabling transverse myelitis.

In contrast to two recent studies in overall popula-
tions with NMOSD-associated optic neuritis,?%25
the elderly patients in the present study who suf-
fered optic neuritis as an attack symptom were
more likely to experience MNI. Indeed, one
patient with optic neuritis failed to respond to
PLEX entirely. Elderly patients with optic neuritis
attacks were also more likely to fail to achieve a
significant functional score reduction until
6 months. It was found that severe optic neuritis
attack in elderly patients was a significant prog-
nostic factor independently associated with poorer
response to PLEX. This agrees with another
study.?> Of note, in our elderly group, 85.7% of
optic neuritis attacks were defined as severe, which
may explain the poor outcome in our study.
Moreover, the comorbidities of hypertension and
DM in the elderly may have worsened the rate of
visual function improvement. Because NMOSD-
related optic neuritis appears refractory to PLEX,
or response is delayed especially in the elderly,

PLEX should begin earlier or combined sequen-
tially with other initial treatment.26:27

PLEX is a technically demanding and invasive
extracorporeal blood purification modality with a
risk of treatment-related complications. Any plas-
mapheresis may physiologically stress the heart
and kidneys, but physicians are especially con-
cerned when performing PLEX in the elderly
because these patients are more highly prone to
comorbidities, vulnerable hemodynamic systems,
declined protective immunity, and concomitant
medications. Two previous studies evaluated
elderly patients with different PLEX indications
relative to a younger group and reported that the
former experienced a significantly higher rate of
adverse events, especially blood clotting in the
extracorporeal circuit.1316 This may have been
due to preexisting narrow vascular structures in
these elderly patients, and insufficient use of pre-
ventive anticoagulant treatment.1516

Another study noted that among patients under-
going PLEX for neurological indications, the
elderly (=65years) had suffered significantly
higher mortality 1 year after admission compared
with the younger.14 The authors believed that the
increased risk of death was multifactorial (e.g.
due to underlying pathology) and not due to the
PLEX procedure alone. However, in the present
cohort with NMOSD, the two age groups were
comparable regarding rates of total and serious
adverse events despite the greater prevalence of
comorbidities in the elderly. The rate of adverse
events in the elderly is consistent with other stud-
ies in which patients with NMOSD overall gener-
ally tolerated PLEX well.1%20 Furthermore, none
of the elderly patients in the present cohort died
during the PLEX procedure. These seemingly
contradictory findings may be because this study
involved only a single indication, the rates of con-
gestive heart failure or renal dysfunction were
low, or sufficient anticoagulation therapies were
administered.

The development of circulatory problems during
PLEX is a major complication, particularly hypo-
tension. Hypotension can be due to vasovagal
episodes, inadequate blood volume, allergic reac-
tion, cardiac arrhythmia, or cardiovascular col-
lapse.19:28 In an overall population with NMOSD,
the rate of hypotension during PLEX varied from
0.9% to 16.7%.1%:13:23:24 However, in this study,
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the rate in the elderly was 19.2%, possibly due to
greater concomitant use of diuretic and antihy-
pertensive drugs. A reduction in dose, or discon-
tinuation, might eliminate subsequent episodes of
hypotension in affected patients. Of note is that
none of these circulatory complications were seri-
ous or prematurely interrupted the PLEX proce-
dure. In addition, one elderly patient complained
of transient tachycardia during the PLEX proce-
dure. Altogether, PLEX was well-tolerated by the
elderly, even in the presence of preexisting
ASCVD. Nevertheless, elderly patients should be
given more attention during the PLEX proce-
dure. Preventive measures are necessary to
decrease the risk of circulatory problems. These
measures include balancing plasma removal,
modifying antihypertensive medication, and col-
loid solution supplementation.

This study is limited by the inherent biases of a
retrospective design, a single hospital, a small
population, and lack of placebo controls.
Moreover, in those patients who received IVMP/
IVIg shortly before PLEX, measurement of the
short-term efficacy of PLEX may have been con-
founded by the prior treatment. Hence, the results
warrant confirmation by prospective, multi-
center, and controlled studies with a larger sam-
ple of elderly patients.

Conclusion

In this study of patients with NMOSD, the
improvements in neurological and functional
outcomes 6 months after PLEX were significant
relative to baseline for both the elderly and young
cohorts. Despite comorbidities, the response of
the elderly was similar to that of the young.
The procedure was well-tolerated, with minimal
and transitory adverse events, although elderly
patients were more prone to transient hypoten-
sion when under hypotensive medication. In the
elderly, severe optic neuritis was prognostic of
poor response to PLEX treatment at the 6-month
follow-up. Altogether, PLEX appears safe and
effective for elderly patients with NMOSD and
should be considered an option during attacks
when initial therapies fail or during severe
relapse. For elderly patients experiencing optic
neuritis, or any patient showing refractory or
delayed response to PLEX, earlier initiation of
escalating or sequential therapies is highly
recommended.
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