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A B S T R A C T

Objective: Primary outcome was to evaluate complete improvement at six months after acute treatment in NMOSD
relapses.
Methods: Retrospective observational cohort study of patients with diagnosis of NMOSD admitted for acute at-
tacks. We performed an explanatory analysis using the univariate, bivariate and multivariate logistic regression
approach. We compared survival curves using the Kaplan Meier analysis and estimated the median time for the
main outcome.
Results: In the univariate analysis, basal EDSS score, AQP4-IgG positivity, PLEX as a first-line treatment (IVMP þ
PLEX), less systemic complications related to acute treatment and total attack history were independently asso-
ciated with complete improvement at six months. After adjusting for confounding variables and using multi-
variate analysis by Cox Regression, positive AQ4-IgG (HR 0.04, 95% CI: 0.02–0.66) and IVMP þ PLEX (HR 5.1,
95% CI: 3.9–66.4), were kept as independent factors associated to time to complete improvement. Time from
admission to PLEX initiation and complete improvement at six months had a median of seven days (95% CI:
5.2–8.8). In secondary effects, there were no statistical differences between the groups.
Conclusions: PLEX þ IVMP is the treatment of choice for NMOSD relapses and should be initiated as early as
possible.
1. Introduction

Neuromyelitis optica spectrum disorders (NMOSD) are a group of
central nervous-system (CNS) inflammatory diseases, characterized as
autoimmune channelopathies with antibodies immunoglobulin G against
the aquaporin-4 receptor (AQP4-IgG) in the astrocytes [1], and, more
recently, IgG against myelin oligodendrocyte glycoprotein (MOG-IgG) in
the oligodendrocytes [2]. Typical clinical manifestations include severe
optic neuritis (ON), longitudinally extensive transverse myelitis (LETM),
and occasionally, area postrema, brainstem, diencephalic and cortex
syndromes [3]. In several Latin American cohorts, NMOSD is more
prevalent in young women, with AQP4-IgG positivity and an African
ancestry in 54% of the patients [4]. The first attack was described as ON
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followed by LETM, with a mean expanded disability status scale (EDSS)
score of 4.1 [4,5].

Attacks are usually treated with high-dose intravenous metilpredni-
solone (IVMP) and in case of failure, plasma exchange (PLEX) is used as a
rescue therapy [6, 7]. Nevertheless, this approach is deficient since most
patients accumulate disability after attacks, which may be reduced with
optimal relapse and chronic treatment [6, 8, 9, 10, 11, 12]. Recently, the
possibility of starting with IVMP associated to PLEX as a first-line treat-
ment has been raised in order to improve outcomes after severe out-
breaks [6, 9, 12].

Prognostic factors associated with good outcome after PLEX are male
sex, early initiation of PLEX, short disease duration and minimal
disability at baseline [13, 14, 15, 16]; AQP4-IgG positivity has been
controversial in terms of prognosis [12, 13, 17, 18]. Here, we report the
April 2021
ticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

mailto:restrepocaro@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2021.e06811&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2021.e06811
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2021.e06811


C. Restrepo-Aristiz�abal et al. Heliyon 7 (2021) e06811
outcomes of IVMP þ PLEX (first or second line) vs IVMP in patients with
attacks related to NMOSD and factors associated to good prognosis.

2. Methods

2.1. Standard protocol approvals, registrations, and patient consents

This is a retrospective observational cohort study of patients with a
diagnosis of NMOSD, who were admitted for treatment of an acute
relapse at the Instituto Neurol�ogico de Colombia between July 2015 and
July 2020. We defined the primary outcome as complete improvement at
six months (Basal EDSS score). Secondary outcomes were factors asso-
ciated to a good prognosis after PLEX treatment and its complications.
The Institutional Ethics Committee approved this study and provides
Class III evidence that, in patients with severe NMOSD attacks, IVMP plus
PLEX as a first-line treatment is associated to complete improvement at
six months.
2.2. Patients and imaging

2.2.1. Inclusion criteria
We included patients 18 years of age or older if they had been diag-

nosed with NMOSD as defined by the 2015 Wigerchuck diagnostic
criteria [3] and presented an acute (�30 days) exacerbation defined as
new or worsening symptoms attributable to a new T2 or
contrast-enhancing T1 lesion through magnetic resonance imaging
(MRI). Each relapse what confirmed byMRI which was done in a Siemens
Symphony 1.5 T. The standard protocol included Brain MRI: Axial T1
MT, SF orbits T1 SE FS, Axial, coronal T1 gadolinium, Axial and coronal
T2 FS, DWI and ADC, axial and sagittal FLAIR, 3D sagittal FLAIR, Time of
flight, gradient echo. Cervical and Thoracic MRI: Axial and sagittal T1
gadolinium, axial and sagittal T2, STIR.
2.3. Data collection

We collected demographic data, disease characteristics, long-term
immunotherapy treatment, clinical attack features, MRI findings, acute
treatment and its complications. We extracted an EDSS score from
available records or prospectively calculated prior to admission (base-
line), at presentation, nadir of the admission, discharge and follow up
(6–9 months). Eleven patients did not attend their six-month follow up.
In order to understand the cause, they were reached telephonically. Four
patients had changed neurologist, three were pending to schedule their
appointment due to socioeconomic issues, two of them had died from
complications related to NMOSD and we were unable to reach two pa-
tients. Seven patients stated that they were back to their baseline EDSS
score.

Relapses were classified according to the type of acute treatment
provided as IVMP or IVMP þ PLEX. In the IVMP group, all relapses were
treated with IVMP at a dose of 1000 mg daily for three to five days. In the
IVMP þ PLEX group, patients received five to seven sessions of PLEX
simultaneously with IVMP (first line) or PLEX following IVMP treatment
(second line) according to the neurologist's decision. Classically, PLEX
was offered to relapses resistant to IVMP or reserved for severe attacks
(high EDSS score); however, in the past few years after good results from
PLEX studies have been published, neurologists have started using it as a
first-line treatment and in most NMOSD attacks. PLEX was done by
centrifugation with a central line. One to 1.5 volumes of plasma were
exchanged against a 5% human albumin solution at each session every
other day. When given concurrently, IVMP was given approximately 6 h
after PLEX. We defined complete improvement as recovery of the EDSS
score back to baseline.
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2.4. Detection of AQP4-IgG

AQP4-IgG was processed by enzyme-linked immunosorbent assay
(ELISA) in serum by an approved laboratory in Colombia. Positive results
were above 3.0 U/ml.
2.5. Statistical analysis

Data are reported in frequencies, mean or median and their respective
dispersion measurements according to the nature of the variables.

We used Chi Square Tests for comparison between clinical charac-
teristics and binary outcome values. We performed an explanatory
analysis using the univariate, bivariate and multivariate logistic regres-
sion approach. We compared survival curves using the Kaplan Meier
analysis and estimated the median time for the main outcome.

We considered p values of <0.25 (Hosmer-Lemeshow) at univariate
analysis as candidates for multivariate modelling, and we checked
collinearity and interaction among variables. We used the multivariate
proportional Cox regression method to model nominal outcomes of the
variables selected during the previous step. Data are reported with the
hazard ratio (HR) and 95% Confidence Interval (CI) and evaluated
Goodness of Fit for the different models using Hosmer-Lemeshow
criteria. We performed all statistical analyses using SPSS V25, and
considered p values of �0.05 significant. Data was analyzed the epide-
miologist and biostatistician from CES University.
2.6. Data availability

All authors have complete access to all data and take full re-
sponsibility for the veracity of the data and precision of the data analysis.

3. Results

3.1. Patient characteristics

A total of 119 attacks in 78 patients were included. Baseline charac-
teristics are described (Table 1). AQP4-IgGwere positive in 68 (87.2%) of
the patients. The median duration of disease in years was seven (IQR
4–12). The basal EDSS score was higher in the groups that included PLEX:
1.87 in IVMP, 2.7 in PLEX as first line and 4.2 in PLEX as a second line.
Time from admission to treatment initiation was also longer in the PLEX
groups, compared to the IVMP group (5.4 vs 2). The majority of patients
60 (50.4%) presented myelitis, followed by optic neuritis 34 (28.6%).
Themost common chronic treatment was Rituximab in 49 (41%) patients
(Table 1).
3.2. Predictive factors of PLEX outcome

We achieved the primary outcome (Basal EDSS score) in 51 (42%)
patients, 37 (45%) in the IVMP group, five (26%) in the IVMP þ PLEX
(first-line) group and eight (42%) in the IVMP then PLEX (second-line)
group.

In the univariate analysis, the basal EDSS score, AQP4-IgG positivity,
PLEX as a first-line treatment (IVMPþ PLEX), less systemic complications
related to acute treatment and total attack history were independently
associated with complete improvement at six months (Table 2).

The associated variables after the bivariate logistic regression
approach were all treatments that included PLEX and IVMP þ PLEX as a
first-line treatment. We also included chronic immunosuppressive
medication, multifocal attack type and topography as candidate variables
for multivariate analysis (Table 2).



Table 1. Patient characteristics.

Characteristics Total IVMP IVMP þ PLEX (first line) IVMP then PLEX (second line)

Demographics N (%)

Number of total relapses included 119 81 (68) 19 (16) 19 (16)

Number of patients included 78 53 14 11

Number of relapses per patient Me (IQR) 3 (1–12) 3 (1–10) 3 (1–8) 3 (1–12)

Age in years mean (SD) 49 (14.6) 48 (14) 51 (14) 56 (13)

Female 70 48 (68.5) 13 (18.5) 9 (13)

Latino 69 (88.4) 48 (61.5) 12 (15.3) 8 (10.2)

Duration of disease in years, Me (IQR) 7 (4–12) 7 (5–12.5) 5 (2–12.5) 8 (3–10)

Diagnosis N (%)

AQP4-IgGþ 74 (94) 49 (60.5) 14 (73.7) 11 (57.9)

Basal EDSS score Me (IQR) 1 (0–8.5) 1 (0–8.5) 2 (0–7.5) 4 (0–8)

Time from admission to acute treatment initiation (days) 2.0 5.4 5.4

Attacks N (%)

Manifestations

ON 34 (28.6) 26 (76.5) 3 (8.8) 5 (14.7)

Myelitis 60 (50.4) 36 (60) 11 (18) 13 (22)

ON þ Myelitis 16 (13.4) 11 (68.8) 4 (25) 1 (6.3)

Others 9 (7.6) 8 (89) 1 (11) 0 (0)

MRI

Optic nerve

Bilateral 12 (10) 7 (58) 3 (25) 2 (17)

Unilateral 39 (33) 31 (79) 4 (10.5) 4 (10.5)

Optic chiasm involvement 16 (13.4) 8 (50) 7 (44) 1 (6)

Gd (þ) 44 (37) 32 (73) 7 (16) 5 (11)

Spinal cord

Cervical 14 (12) 9 (64.3) 3 (21.4) 2 (14.3)

Thoracic 21 (17.5) 16 (76) 3 (14) 2 (10)

Cervical þ thoracic 36 (30.3) 22 (61) 7 (19.5) 7 (19.5)

Cervico-medullary 11 (9.2) 6 (55) 3 (27) 2 (18)

Gd (þ) 75 (63) 46 (61) 15 (20) 14 (19)

Chronic treatment N (%)

Rituximab 49 (41.2) 33 (67) 8 (16.5) 8 (16.5)

Azathioprine 22 (18.5) 16 (73) 4 (18) 2 (9)

Prednisone 0 (0) 0 (0) 0 (0) 0 (0)

Cyclophosphamide 1 (0.8) 0 (0) 1 (100) 0 (0)

Mycophenolate 1 (0.8) 1 (100) 0 (0) 0 (0)

Tocilizumab 1 (0.8) 1 (100) 0 (0) 0 (0)

Demographic characteristics, clinical and radiological manifestations and chronic treatment according to the type of acute treatment. AQP4-IgG: aquaporin 4 IgG; Gd:
gadolinium; IVMP: intravenous methylprednisolone; Me (IQR): median (interquartile range); MRI: magnetic resonance imaging; ND: no data; ON: optic neuritis; PLEX:
plasma exchange; (SD): mean (standard deviation).
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After adjusting for confounding variables and using multivariate
analysis by Cox Regression, we kept positive AQP4-IgG (HR 0.04, 95%
CI: 0.02–0.66) and PLEX as a first-line treatment (IVMPþ PLEX) (HR 5.1,
95% CI: 3.9–66.4) as independent factors associated to time to complete
improvement (Table 3).

We developed three Cox proportional hazard models with an enter
method. The first candidate was the type of treatment [IVMP, IVMP þ
PLEX (first line), IVMP then PLEX (second line)] plus the variable AQP4-
IgG. Next were candidates with chronic immunosuppressive medication,
topography and systemic complications. Of all of them, only the IVMP þ
PLEX (first line) remained with statistically significant association (HR
5.1, 95% CI: 3.9–66.4), indicating that it is a determining factor to ach-
ieve complete improvement at six months (Table 3).

3.3. Clinical outcome according to PLEX delay

The analysis of time from admission to PLEX initiation and complete
improvement at six months had a median of seven days (95% CI 5.2–8.8),
meaning that the probability of achieving the primary outcome
3

(complete improvement at six months) started decreasing to less than
60% at day seven (Figure 1).

3.4. Time between attacks and PLEX

Although not statistically significant (p ¼ 0.75), it seems clinically
relevant that PLEX was also associated to increased time between up-
coming attacks (5.8 years) vs 2.92 years in the IVMP group.

3.5. Secondary effects associated to acute treatment in NMOSD

Minor complications associated to acute treatment were present in 47
(39.5%) patients; there were no statistical differences between the
groups. The most prevalent complications associated to PLEX were low
fibrinogen and anemia in 15 and five patients, respectively. In the IVMP
group, infection in 11 patients was the most frequent. There were no
deaths and there was only one patient with a local complication
(hemopneumothorax), which was associated to the PLEX catheter im-
plantation and rapidly treated (Table 4).



Table 2. Bivariate analysis by Proportional Cox Regression.

Bivariate analysis (Chi Square) Bivariate analysis (regression)

Dependent: complete improvement at six months Time to PLEX on days

Variable p-value p-value

Basal
EDSS

0.006 0.17

AQP4 0.024 0.27

IVMP þ
PLEX first line

0.007 0.025

Chronic
medication

0.27 0.23

Topography 0.53 0.26

Type of attack 0.24 0.61

Treatment
with PLEX

0.74 0.031

Attack history 0.001 0.99

Independent factors associated to complete improvement at six months. Bold
denotes significant values. AQP4-IgG: aquaporin 4 IgG; IVMP: intravenous
methylprednisolone; PLEX: plasma exchange.
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4. Discussion

In this retrospective Latin American NMOSD cohort study, PLEX as a
first-line treatment was associated to complete improvement at six
months in comparison to IVMP alone. Furthermore, it demonstrated that
delaying PLEX initiation in severe attacks beyond seven days may
decrease the chances of complete improvement. These results are
consistent with previous analyses, which have shown that severe NMOSD
relapses should be considered an emergency and should be treated
aggressively from admission [6, 9, 19, 20, 21]. The benefits of adding
PLEX to NMOSD attack treatments could be explained by the fact that
Figure 1. Survival function of time to PLEX initiation since admission in days Median
improvement started decreasing to less than 60% at day seven. PLEX: plasma exchan
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most of the astrocyte and neural destruction is caused by the deposition
of AQP4-IgG and subsequent complement activation. PLEX removes
circulating antibodies, complement and cytokines from the blood, which
may shorten the action of antibodies and lessen further inflammation and
necrosis.

PLEX was also associated to increased time between upcoming at-
tacks. This benefit has been described by several authors using monthly
or yearly PLEX sessions to avoid relapses in NMOSD patients, seeing that
the removal of the humoral autoimmunity – in addition to modulation of
cellular inflammation by IVMP – may increase the interval between re-
lapses [22, 23, 24, 25, 26].

The independent factors associated to a good outcome after PLEX
found in this cohort were: PLEX þ IVMP as a first-line treatment, AQP4-
IgG positivity, a low basal EDSS score, and a small number of previous
attacks. This agrees with the literature since in recent reports, early
initiation of PLEX has been a key factor to disability improvement in
severe NMOSD attacks, given that most patients respond better to attack
treatments at the beginning of the disease and accumulate disability as
relapses develop [9, 13, 14, 16]. Moreover, a low basal EDSS score and a
small number of total attacks have also been described in previous re-
ports as predictors of a good prognosis [13, 15, 20].

AQP4-IgG serostatus has been controversial in terms of prognosis,
considering that some articles have found worse outcomes when it is
positive [17, 20, 27]. This might be explained by the fact that AQP4-IgG
positivity was related to attack recurrence more than to PLEX response
[11, 27, 28]. Moreover, it has been associated to intrathecal IgG syn-
thesis, lower complement levels and an earlier age of onset [29, 30]. On
the other hand, recent studies have found good or no correlation between
AQP4-IgG and PLEX treatment, which evidences the clearance of
AQP4-IgG and might suggest the presence of different antibodies in the
seronegative patients that are also cleared by PLEX [12, 14, 19, 25, 31,
32, 33]. Also, around 25–40% of NMOSD seronegative patients are
informed as MOG-IgG positive, which are less severe and respond better
to relapse treatments [10, 34].
time to PLEX initiation from admission: seven days. The probability of complete
ge. Y: Accumulate survival; X: time to PLEX initiation since admission in days..



Table 3. Cox proportional hazards models and median time to PLEX initiation.

Variable Proportional Cox Regression IC 95%

p-value HR Lower limit Upper limit

AQP4 0.025 0.04 0.02 0.66

IVMP þ PLEX second line 0.006 4.7 1.6 14.02

IVMP þ PLEX first line 0.003 5.1 3.9 66.4

Median time to PLEX in days

Median Lower limit Upper limit

7.000 5.2 8.8

Candidates by the enter method associated to complete improvement at six months. Median time to PLEX initiation from admission: seven days. IVMP: intravenous
methylprednisolone; PLEX: plasma exchange.

Table 4. Secondary effects by the type of acute treatment.

Total IVMP PLEX

Complications N (%) 47 (39.5) 17 (36) 30 (64)

Systemic 44 (37) 17 (39) 27 (61)

Anemia 6 (5) 1 (17) 5 (83)

Bradycardia 2 (1.7) 1 (50) 1 (50)

Electrolyte imbalance 3 (2.5) 0 (0) 3 (100)

Hyperglycemia 5 (4.2) 1 (20) 4 (80)

Hypotension 5 (4.2) 0 (0) 5 (100)

Infection 21 (17.6) 11 (52) 10 (48)

Low fibrinogen 16 (13.4) 0 (0) 16 (100)

Local

Hemopneumothorax 1 (0.8) 0 (0) 1 (100)

Local and systemic secondary effects according to the type of acute treatment.
IVMP: intravenous methylprednisolone; PLEX: plasma exchange.
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In our study, PLEX was not associated to complication occurrence
compared to IVMP. There was only one major adverse effect associated to
catheter implantation, namely hemopneumothorax. The rest of the side
effects were mostly anemia, electrolyte imbalance and low fibrinogen,
which were easily corrected before the next PLEX session (Table 4).
Similar findings have been previously described [35, 36]. PLEX treat-
ment should not be delayed because of safety.

Limitations of this study are that it is retrospective in nature and only
included patients from one center. Also, AQP4-IgG was mostly done by
ELISA, which is less sensitive than cell-based assay [37]. The small
sample size of a single center limits the statistical power to compare
differences across each group; however, NMOSD is a rare disease and the
number of patients and AQP4-IgG seropositive percentage are similar to
previous reports, which suggest we selected the patient group properly.
We expect greater results with larger cohorts. Another limitation is that
patients were not tested for MOG antibodies. Finally, randomized
multicenter double-blinded studies are required to confirm our results.

5. Conclusion

PLEX þ IVMP is the treatment of choice for NMOSD relapses and
should be initiated as early as possible to increase the probabilities of
complete improvement at six months. Further studies are needed to
confirm the discrepancies in the literature.
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