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Abstract
Background: Gadolinium (Gd)-contrast MRI, reliable detecting blood-brain barrier (BBB) breakdown, is
widely used in neuromyelitis optica spectrum disorder (NMOSD) attack. To investigate the predictive
value of persistently Gadolinium-enhanced lesions to long-term outcome after attack.

Methods: Data for this analysis come from an ongoing prospective cohort study to assess the clinical
and imaging patterns of neuroin�ammation diseases in China (CLUE). NMOSD patients with acute attack
were enrolled from January 2019 to March 2020. All patients underwent Gadolinium-contrast Magnetic
Resonance Imaging (MRI) at baseline and 1 month, and disability was assessed using the Expanded
Disability Status Scale (EDSS) at baseline and month 1 and 6. Primary outcome was EDSS score
improvement from baseline to month 6. Multiple logistic regression identi�ed predictors for poor recovery
of NMOSD attack.

Results: 41 participants were analyzed, of which 21 patients with persistently Gd-enhancing lesions.
Patients in non-continuous enhancement (nCE) group showed statistically signi�cant shift in the 6-month
EDSS distributions compared with continuous enhancement (CE) group (p = 0.002). Poor recovery rate of
CE group was higher than that of nCE group at 6 months (p = 0.033). In patients with AQP4-IgG positive,
�rst attack, transverse myelitis or high-dose steroid treatment, the improvement of EDSS scores in CE
group was still less compared to nCE group (p < 0.05). The presence of persistently Gd-enhancing lesion
appears to be associated with poor recovery after acute attack (OR = 5.473, 95% CI 1.417-21.115, p =
0.014).

Conclusion: NMOSD patients with persistently gadolinium-enhancing lesions have worse outcome at 6
months. Persistently Gd-enhancing lesion is a poor prognosis predictor after NMOSD attack.

Trial registration: This clinical trial named Clinical and Imaging Patterns of Neuroin�ammation Diseases
in China (CLUE), which has registered with ClinicalTrials.gov (NCT04106830). The date of registration
was September 27, 2019 (Retrospectively registered). The URL is
https://clinicaltrials.gov/ct2/show/NCT04106830?term=NCT04106830&cntry=CN&draw=2&rank=1.

Background
Neuromyelitis optica spectrum disorder (NMOSD) is humoral immune-mediated astrocytic disease
characterized by severe attacks of transverse myelitis and optic neuritis.1 Aquaporin-4 antibody (AQP4-
ab) as a speci�c marker of NMOSD has paved the way to reveal its pathogenesis.2 Acute attacks cause
severe disability and require aggressive treatment in patients with NMOSD.3 Currently widely recognized
�rst-line treatments mainly includes high dose intravenous corticosteroids4 and plasma exchange or
adsorption removal AQP-4 antibodies.5 However, a certain proportion of patients still present with poor
outcomes of functional recovery even with adequate treatment.
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In addition to known prognostic factors of NMOSD attack, such as old-age, high serum IL-6 level, high
GFAP level,6–8 the breakdown of the blood-brain barrier (BBB) may also a noteworthy factor. The BBB is
formed by brain microvascular endothelial cells (BMECs) in conjunction with pericytes and astrocytes,
which is important for maintaining brain homeostasis and preventing the entry of AQP4 autoantibody.9

Circulating AQP4-ab need to pass through the disrupted BBB in order to reach AQP4 on the astrocyte
endfeet to cause the disease. It is therefore important to evaluate the BBB function damage degree in
patients with NMOSD attack.

Several methods have been developed to determinate the leakage of the BBB. As the BBB limits the
albumin cross from blood to the cerebrospinal �uid (CSF) and albumin is not produced in central nervous
system (CNS), the CSF/serum albumin ratio can be used to measure disruption of the BBB. The
disruption of the BBB is also characterized by the degradation of the junctional complex proteins and
increase in multiple matrix metalloproteinases.10 MRI is a reliable method of detecting BBB breakdown in
NMOSD and gadolinium enhancement of lesions on T1-weighted MRI is interpreted as a hallmark of BBB
disruption.11 In order to understand the predict value of post-contrast MRI continuous enhancement and
provide monitoring indicators for subacute sequential treatment, we explored the clinical characteristics
and long-term prognosis after acute attack in NMOSD patients with different MRI Gd-enhancement
duration.

Methods

Patients
We conducted an ongoing prospective study to assess the clinical and imaging patterns of
neuroin�ammation diseases in China (CLUE). All patients were enrolled between January 2019 to March
2020. NMOSD diagnose was according to 2015 Revised International Criteria.12 The inclusion criteria for
this study: 1) aged between 15 and 75; 2) present with an acute attack; 3) present with gadolinium
enhancing lesions in brain, spinal cord or orbit MRI. Acute attack was de�ned as a new onset of
neurological symptoms which were caused by CNS damage and lasted longer than 24 hours. The
exclusion criteria for the study:1) initial EDSS score ≥ 6 before this attack; 2) treatment delay more than 3
weeks from symptom onset; 3) patients with heart, liver, lung and renal failure and severe infections (e.g.
HIV) and malignant tumors; 4) patient is pregnant or nursing; 5) patient had other in�ammatory diseases
of CNS. The NMOSD patients were assigned into two groups (CE vs. nCE group) according to presence of
gadolinium enhancing lesions at 1 month.

All patients were treated with high-dose intravenous methylprednisolone (IVMP) at a dose of 500 mg
daily for �ve consecutive days starting on the day of diagnosis, then reduced to 240 mg for 3 days,
followed by 120 mg for 3 days, and �nally tapered orally. If clinician determined that high dose IVMP
treatment was ineffective (symptoms not improve), more intensive treatment was taken. Intravenous
Immunoglobulin (IVIg) was given of 0.4 g/kg/day for 5 days as further therapy. Immunoadsorption (IA)
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was performed using tryptophan linked polyvinyl alcohol immusorba TR–350 (Diamed Medizintechnik
GmbH, Cologne, Germany) and treated one plasma volume with a maximum of 3000 mL plasma per
session for all patients, adsorption every other day for total of 5 times. Physicians choose different
immunosuppressive therapies based on the patient's condition. Prednisone 60 mg/d was the starting
dose, reduce the dose by 5 mg per week. Mycophenolate mofetil (MMF) started 250 mg twice daily, then
increased to 500 mg twice daily after 1 week. A course of rituximab (RTX) treatment consists of 500 mg
intravenously, repeated 2 weeks and 6 months later.

Written informed consents were provided by all participants or their guardians. This project was approved
by the Ethics committee of Beijing Tiantan Hospital, Capital Medical University, Beijing, China. The study
has registered with ClinicalTrials.gov (NCT04106830).

Clinical assessment
Baseline characteristics and clinical features were obtained for all patients recruited, including age of
onset, gender, disease duration, treatment pro�le, etc. Physical disability was determined by the EDSS
score at baseline, month 1 and 6. All EDSS score of the patients was assessed by trained neurologists.
We calculated the proportion of EDSS score improvement: (acute - late)/ (acute - prior at attack), which
ensure comparability of interscore. Outcome was de�ned as 'good recovery', 'medium' and 'poor recovery'
represent 66% − 100%, 33% − 66% and 0–33% improvement,13 respectively. The primary assessment was
to examine the effect of gadolinium-enhancing lesions persistently exist on the change in EDSS at follow-
up.

Laboratory analysis
Serum and CSF samples were collected before treatment. All samples were taken and tested at the
biochemical laboratory of Beijing Tiantan Hospital. The permeability of the BBB was determined from the
CSF and blood albumin level ratio (Qalb = CSF albumin/serum albumin).14 Serum AQP4-IgG and MOG-
IgG was test by cell-based assay (Oumeng Biotechnology Corporation, Guangzhou, China).

MRI protocol and image analysis
The patients performed �rst post-contrast MRI scans of brain, spinal or orbit within 24 hours from the
neurologic evaluation and before treatment initiation, and performed second gadolinium enhanced MRI
scans at 4 week ± 3 days. All MRI scans were done on the same 3T Signa scanner (Philips Ingenia CX,
Best, The Netherlands). The following MRI sequences were collected: 1) T1-weighted echo( TR = 7 msec,
TE = 3 msec, slice thickness = 1 mm, matrix = 250 × 250); and 2) T2-weighted echo (TR = 6816 msec, TE = 
93 msec, slice thickness = 6 mm, matrix = 512 × 512); and 3) postcontrast (5 minutes after the injection of
0.1 mmol/Kg Gd) T1-weighted echo(TR = 7 msec, TE = 3 msec, slice thickness = 1 mm, matrix = 250 × 
250). An enhancing lesion is de�ned as an area with hyperintensity on T1-weighted images obtained at
least 5 minutes after contrast agent administration, which identi�ed by consensus by two
neuroradiologists who were not aware of clinical data (X.W. and Y.D.).

Statistical analyses
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Statistical analysis was conducted by SPSS 25.0 (International Business Machines Corporation, Chicago,
IL, USA). Continuous data were reported as mean ± standard deviation or as median with inter-quartile
range (IQR). Categorical variables were presented as absolute and relative frequencies.

We analyzed the differences between two groups (CE vs nCE group) using the Chi-square test or Fisher’s
exact test for categorical variables. Student’s t-tests and Mann–Whitney U tests were adopted as
parametric and nonparametric tests for continuous variables. Ordinal Logistic Regression was adopted to
analyzed the distribution of EDSS and improvement graded of two groups. Wilcoxon signed-rank test was
used to analysis of the EDSS score improve. Multivariate logistic regression analyses were used to
identify independent factors for distinguishing between two groups. The two-tailed p value < 0.05 was
considered statistically signi�cant.

Data availability
According to consent provided by the participants, any unpublished and anonymized data will be shared
from corresponding author on request from quali�ed investigators.

Results

Patients
We screened 138 individuals for enrollment to the study, of whom 73 were judged ineligible or declined to
participate. Of the 65 patients who enrolled into the study, 47 patients completed twice MRI scans as
required, after the exclusion of 18 patients who completed MRI scan not meet the criteria or had not
undergone MRI assessment after 1 month. Patients were assigned into continuous enhancement and
non-continuous enhancement groups depending on their MRI images. Of the 44 patients who completed
follow-up of 6 months, 41 were included in the �nal analysis after the exclusion of 3 patients who had
relapsed within 6 months. All 3 patients with relapsed had increased EDSS scores (1.5 to 3.5 points), and
the lesions were located in the cervical spinal cord or optic nerve (Fig. 1).

Clinical and demographic features
A total of 41 NMOSD patients were analyzed, of whom 21 (51.2%) patients were assigned into
Continuous Enhancement group and 20 (48.8%) patients were non-Continuous Enhancement group. The
sex ratio, median age, disease duration, ARR were similar between two groups. A total of 25 (61%)
patients were �rst attack, 9 (22%) were second attack, the remainder had more than 3 times relapses.
Median delay prior to acute attack treatment was 14 days in CE group, similar with that in nCE group (p = 
0.168). There were 16 (76.2%) AQP4-IgG seropositive patients in CE group, while 17 (85.0%) in nCE group.
Thirty-three NMOSD attacks were treated with IVMP alone, 4 attacks were treated with IVMP + IVIg and 4
attacks were treated with IVMP + Immunoadsorption (Table 1).
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Table 1
Demographic and clinical characteristics of NMOSD patients according to MRI group.

  CE group (n = 21) nCE group (n = 20) P

Age, mean (SD), years 41.4 (16.4) 40.6 (16.5) 0.874

Female, n (%) 15 (71.4) 17 (85.0) 0.454

Disease duration, median (IQR), months 2 (0.8–12.0) 1.5 (1-8.2) 0.927

Annual relapse rate, mean (SD) 1.4 (1.3) 1.7 (1.4) 0.602

First attack, n (%) 13 (62.0) 12 (60.0) 0.901

Second attack, n (%) 4 (19.0) 5 (25.0) 0.719

≥ 3 attacks, n (%) 4 (19.0) 3 (15.0) 0.731

Delay from onset to treatment, median (IQR), days 14 (12-20.5) 13.5 (8.5–16) 0.168

AQP4-IgG positive, n (%) 16 (76.2) 17 (85.0) 0.697

MOG-IgG positive, n (%) 2 (9.5) 0 (0) 0.488

Qalb (× 10− 3), median (IQR) 6.5 (4.7–13.1) 5.4 (3.9-7.0) 0.069

Clinical manifestation, n (%)     0.717

Optic neuritis 1 (4.8) 2 (10.0)  

LETM 17 (80.9) 13 (65.0)  

Brain 1 (4.8) 1 (5.0)  

Brainstem 2 (9.5) 4 (20.0)  

Coexisting autoimmune Diseases, n (%) 8 (38.1) 3 (15.0) 0.093

Treatment, n (%)     0.844

IVMP 16 (76.2) 17 (85.0)  

IVMP + IVIg 2 (9.5) 2 (10.0)  

IVMP + IA 3 (14.3) 1 (5.0)  

Relapse prevention treatment, n (%)     0.328

oral prednisone + RTX 8 (38.1) 6 (30.0)  

oral prednisone + MMF 1 (4.8) 2 (10.0)  

oral prednisone 12 (57.1) 9 (45.0)  

Not use 0 (0) 3 (15.0)  
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  CE group (n = 21) nCE group (n = 20) P

Abbreviations: NMOSD = neuromyelitis optica spectrum disorder; CE = continuous enhancement; nCE 
= non-continuous enhancement; SD = standard deviation; IQR = inter-quartile range; AQP4 = Aquaporin
4; MOG = myelin oligodendrocyte glycoprotein; Qalb = CSF albumin/serum albumin; LETM = 
Longitudinal Extensive Transverse Myelitis; IVMP = Intravenous methylprednisolone therapy; IVIg = 
Intravenous immunoglobulin; IA = Immunoadsorption; RTX = Rituximab; MMF = Mycophenolate
Mofetil.

MRI characteristics
A total of 82 scans for 41 patients, of which 65 gadolinium-enhancing lesions were included in the
analysis. Spinal cord lesions involved were as follows: 22 in cervical, 9 in thoracic, 14 in cervical-thoracic,
and 2 lumbosacral of lesions. Six brain lesions mainly involving frontal Lobe, corpus callosum, basal
ganglia, and cerebral peduncle. 47 (72.3%) of the gadolinium-enhancing lesions affecting the spinal cord
while 4 (6.2%) located in optic nerve, 8 (12.3%) in brainstem and 6 (9.2%) in brain. 20 lesions (48.8%)
were characterized by a disappearance of gadolinium-enhancing voxels on post-contrast T1-weighted
imaging. By contrast, there were 21 (51.2%) persistent enhancing lesions. Typical MRI images of two
groups exhibit in Fig. 2.

Disability recovery during 6-month follow-up
The EDSS ranges from 0 to 10 (divided into 6 groups), with higher scores indicating increased disability.
We noted EDSS score improved in two groups, but distribution shifts showed signi�cant difference
between two groups after one-month (P = 0.011). Furthermore, patients in nCE group showed a signi�cant
shift in the 6-month EDSS distributions compared with CE group (OR = 8.890, 95% CI 2.227–35.516, p = 
0.002) (Fig. 3).

The proportion of 'good recovery' were similar between two groups at one month (p = 0.120). After six-
months of follow-up, only 14.3% of CE group gained 'good recovery' while 50% of nCE group reached
'good recovery'. Poor recovery rate of CE group was higher than that of nCE group (OR = 3.654, 95% CI
1.111–12.001, p = 0.033) (Fig. 3).

EDSS change in patients with AQP4-IgG positive, �rst attack, LETM and IVMP treatment

In thirty-three patients with AQP4-IgG positive, median EDSS decreased from 4.5 to 3 in CE group at 6
months while nCE group decrease from 4 to 2. Median EDSS of nCE group was lower than CE group after
one-month (p = 0.02) and the gap widened between two groups at six months (p = 0.001) (Fig. 4).

25 patients experienced �rst attack with median EDSS decreased from 4.0 to 3.5 at one-month and 2.5 at
6 months in CE group. By contrast, the median EDSS score for patients in nCE group dropped from 3.5 to
2 at 6 months. In patients with �rst episode, the improvement of EDSS in nCE group after one-month
follow-up was signi�cant compared to CE group (p = 0.032), and the trend continued to 6 months (p = 
0.042) (Fig. 4).
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We observed disability improved in 30 patients with Longitudinal Extensive Transverse Myelitis (LETM)
during follow-up. Median EDSS decreased from 4 to 3.5 at one-month and further to 3 at six-months in CE
group. Correspondingly, disability measured by EDSS improved from 3 to 2 points after one-month follow-
up and remained at 2 at 6 months in nCE group. Compare to CE group, lower median EDSS of nCE group
was observed after one-month (p = 0.034) and the trend continued to six months (p = 0.001) (Fig. 4).

In 33 patients treated only with IVMP, median EDSS decreased from 4 to 3 in CE group compared with 3.5
to 2 in nCE group at 6 months. Median EDSS of nCE group was lower than CE group after one-month (p = 
0.027) and the gap between two groups was even more pronounced at six months (p = 0.003) (Fig. 4).

Predict factors of long-term recovery
Multivariate logistic regression analysis was used to assess the predict factors of the recovery of NMOSD
patients. The result of analysis using the following 4 factors: persistently gadolinium enhancing lesions,
AQP4-IgG positive, �rst attack and Qalb. Only two factors were signi�cantly: persistently enhancing
lesions (OR = 5.473, 95% CI 1.417–21.115, p = 0.014), �rst attack (OR = 0.226, 95% CI 0.059–0.862, p = 
0.029) (Table 2).

Table 2
Multivariate logistic regression analysis of prognosis predicts factors in NMOSD attack

Factor OR 95% CI P value

Persistently enhancing lesions 5.473 (1.417–21.115) 0.014*

AQP4-IgG positive 0.823 (0.162–4.178) 0.814

First attack 0.226 (0.059–0.862) 0.029*

Qalb 1.073 (0.956–1.203) 0.225

Abbreviations: NMOSD = neuromyelitis optica spectrum disorder; Qalb = CSF albumin/serum albumin;
OR = odds ratio; CI = con�dence interval. *p < 0.05 represent statistical signi�cance.

Discussion
This study investigated the impact of gadolinium-enhancing lesions persistently exist on the prognosis of
NMOSD attack. We found that physical disability improvement in CE group was less than that of nCE
group at 1 month, and the trend continued to 6 months. In patients with AQP4-IgG positive, �rst attack,
LETM or IVMP treatment, median EDSS of nCE group was lower than CE group after 6 months follow-up.
We have con�rmed that persistent existence gadolinium enhancing lesions were predictors of poor
prognosis in NMOSD attack.

All NMOSD patients in our cohort were experiencing acute attack with enhanced lesions. The presence of
gadolinium-enhancing lesions indicate that contrast agent has entered the CNS via compromised BBB,
considering gadolinium compounds do not readily cross a stable BBB.15 Hence enhancing lesions of
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demyelinating patients re�ects the destruction of the BBB.16, 17 Several signs on activity and persistence
of lesions have been obtained in vivo in NMOSD patients by contrast MRI. In our series of NMOSD
patients, enhancement was displayed in poorly marginated and multiple patchy patterns mainly in the
lateral ventricle, optic nerve or the cervical and upper thoracic medulla. The enhanced lesions described
above, so called “cloud-like” enhancement of brain lesions, chiasmal enhancement of optic neuritis, and
ring enhancement of the spinal cord are more common in NMOSD patients.18, 19

We observed that the distribution of EDSS score shifted not signi�cant in CE group than nCE group at
one-month and six-months. Meanwhile, we also found the ''good recovery'' proportion of CE group was
lower than that of nCE group. Disruption of BBB may be the pathological mechanism for poor prognosis
of patients in CE group. The BBB is a crucial barrier that limits brain entry of peripheral cells and
potentially harmful molecules. The persistent existence of gadolinium-enhancing lesions indicates that
BBB is still open, and peripheral AQP4 antibodies and in�ammatory factors may still enter the lesions
leading to damage.20 In�ammatory mediators can disrupt the BBB then AQP4 antibodies or other
in�ammatory factors entry into CNS thus initiate pathological process of NMOSD.21 As disability
improved, only 55.43% of new enhancing lesions gradually disappear within 3 weeks.22 The increased
BBB permeability is an important feature of NMOSD patients, then it is crucial to assess disruption of
BBB. The level of matrix metalloproteinase − 2/9 (MMP-2/9) were con�rmed as biomarkers of BBB
disruption.23, 24 However, lumbar puncture is invasive and patients are less susceptible to dynamic
continuous screening. Dynamic contrast enhanced-MRI (DCE-MRI) provides semi-quantitative and
quantitative data to accurately assess the permeability of BBB,25 but it has disadvantage of long
scanning time (15 minutes) and requires unique post progress methods. By contrast, enhanced MRI is a
reliable and convenient method of detecting BBB breakdown.

In addition, several factors were taken into account that may impact the prognosis of NMOSD patients.
High dose steroids is the mainstay therapy for acute relapses that target widely cellular part of
in�ammation, and PELX or IA appears very promising in eliminating speci�c antibodies, complement and
proin�ammatory factors.26, 27 The bene�t of early initiation of PLEX was con�rmed rather than as a
rescue therapy only after steroid failure.13 However, only 3 patients in CE group and 1 patient in nCE
group treated by IA, the subgroup analysis was performed only for all IVMP treatment. EDSS improved
poorly in CE group compared to nCE group in patients treated with IVMP. Longitudinal extensive
transverse myelitis presented with markedly higher EDSS scores than brain-dominant type in patients
with NMOSD.28 LETM characterized by symptoms and signs of neurologic dysfunction in motor and
sensory tracts on both sides of spinal cord. Using EDSS to measure disability in LETM is more accurate,
since it is sensitive to assess physical disabilities.29 Therefore, we conducted LETM subgroup analysis,
while 3 patients with optic neuritis, 8 patients with brain/brainstem phenotypes did not analyze
separately. In LETM subgroup analysis, CE group experienced poorer improvement in disability compared
with nCE group. Patients with �rst-attack tend to have favorable outcome and our analysis of patients
with �rst-attack also found better prognosis in the nCE group.
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We found that persistently gadolinium enhancing lesion is important factors in predicting the prognosis
of NMOSD attack. It is important to closely follow-up of NMOSD patients with acute attacks and adjust or
escalate treatment timely.30, 31 Furthermore, most patients with NMOSD attack have only 19.1% complete
remission rates after �rst course of treatment, which may associated with lack of adequate short-term
follow-up after treatment of an attack5. There are several MRI imaging features, including T1
hypointensity, cavitation or atrophy, indicates that patients with NMOSD are more likely to have a high
risk of poor recovery and permanent disability.18, 32 Usually, most of these predictors re�ect chronic
changes of disease, and cannot provide more information for therapy escalation effectively. Thus, it
becomes important to assessed the BBB function in acute phase by contrast MRI.

Our study has several limitations. First, present study was limited by small sample size, and future high-
quality researches with bigger sample size are required to con�rm the conclusions of the current study.
We did not evaluate NFL, GFAP, or cytokines in serum or CSF since this was beyond scope of our current
study. Furthermore, it should be noted that our current study does not provide quantitative assessment of
BBB permeability, but we have gradually carried out DCE-MRI studies that can more accurately assess
BBB leakage.

Conclusion
Our data suggest that persistently enhancing lesions might be useful in determining long-term poor
recovery after NMOSD attack and that more intensive treatment or immunosuppressive therapy might be
warranted if the patient has persistently gadolinium enhancing lesions.

Abbreviations
AQP4-ab
Aquaporin-4 antibody
BBB
blood-brain barrier
BMECs
brain microvascular endothelial cells
CE
continuous enhancement
CI
con�dence interval
CNS
central nervous system
CSF
cerebrospinal �uid
DCE-MRI
Dynamic contrast enhanced-MRI
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EDSS
Expanded Disability Status Scale
Gd
Gadolinium
IA
Immunoadsorption
IVIg
intravenous Immunoglobulin
IVMP
intravenous methylprednisolone
IQR
inter-quartile range
LETM
Longitudinal Extensive Transverse Myelitis
MMF
Mycophenolate mofetil
MMP-2/9
matrix metalloproteinase − 2/9
MOG
myelin oligodendrocyte glycoprotein
MRI
Magnetic Resonance Imaging
NMOSD
neuromyelitis optica spectrum disorder
nCE
non-continuous enhancement
OR
odds ratio
Qalb
CSF albumin/serum albumin
RTX
rituximab
SD
standard deviation
TR
repetition time
TE
time of echo
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Figures
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Figure 1

Trial pro�le of the post-contrast MRI scan trial. Abbreviations: Gd+ = gadolinium-positive; EDSS =
Expanded Disability Status Scale; CNS = central never system; CE = continuous enhancement; nCE = non-
continuous enhancement.
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Figure 2

Representative gadolinium enhancement MRI images of NMOSD patients. (A) Patchy gadolinium-
enhanced lesion was found in C1-3 and persisted exist after one-month. (B) Open-ring enhanced lesion in
C1-3 disappeared at one-month follow up.

Figure 3

The changes of EDSS score in CE and nCE group after follow up. (A) Distribution of Expanded Disability
Status Scale (EDSS) scores at attack, at 1 month and at 6 months in two groups. (B) The improvement of



Page 17/17

EDSS score in the continuous enhancement group was worse than that in the non-continuous
enhancement group at 6 months.

Figure 4

Comparison of EDSS score changes in patients with AQP4-IgG positive, �rst attack, LETM, IVMP
treatment (A) Median EDSS score of nCE group was lower in patients with AQP4-IgG positive at six-month
(n = 33). (B) EDSS improvement in CE group was less than nCE group in Patients who experienced �rst
attack (n = 25). (C) In patients with transverse myelitis, EDSS improved poorly in CE group compared to
nCE group (n = 30). (D) In patients who treated only with IVMP six-month Median EDSS score was lower
in nCE group (n = 33). ∗p < 0.05 and ∗∗p < 0.01 represent statistical signi�cance.


