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Abstract 

Background  Multiple Sclerosis (MS) is a demyelinating disease of the central nervous system (CNS). The most com-
mon type of MS is the relapsing–remitting MS (RRMS) where relapses are the main component of the disease course. 
However, the relationship between the characteristics of the relapses on one hand and their severity and outcome on 
the other hand has not been fully characterized.

Objectives  To explore the characteristics of relapses among a cohort of Egyptian MS patients and their relation to 
the severity and outcome of the disease.

Subjects and methods  We analyzed 300 attacks from 223 patients in a retrospective study to identify demographic, 
clinical and paraclinical (laboratory and radiological) factors affecting: 1- Severity of relapses (the difference between 
the EDSS at the day of maximum worsening and the EDSS before the onset of the attack). 2- Outcome of relapses (the 
difference between the EDSS at the day of maximum improvement and the EDSS before the onset of the relapse).

Results  Severe attacks were most likely to occur in patients who are males, single, presenting with poly-symptomatic 
presentation, slower tempo of evolution of attack symptoms, longer duration of the attack, absence of DMTs at the 
time of the attack. The risk of having a severe relapse is more than 3 times when the patient is single. Regarding attack 
outcome, poorly recovered attacks were more common in patients with older age at disease onset and at attack 
onset, male sex, higher number of relapses, longer duration of illness prior to the attack, severe relapses, polysymp-
tomatic presentation, associated cognitive symptoms, slower tempo of symptom evolution, longer duration of the 
attack, patients on OCPs, smoking, and presence of black holes in brain MRI. The risk of having relapses with partial or 
no recovery is more than five times when the patient has black holes in brain MRI and more than 4 times when the 
patient is a smoker.

Conclusion  Bearing in mind the demographic characteristics as well as the clinical and paraclinical characteristics 
of each attack and their relation to attack severity and outcome are a key to understanding the individual disease 
course of every patient and hence tailoring the best therapeutic plan suitable for his individual needs. In other words, 
prompt, rapid intervention in male patients, polysymptomatic attacks, slower tempo of evolution of attack symptoms 
and longer duration of the attack should be adopted since these factors are predictive of severe relapses as well as 
poor relapse outcome.
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Introduction
Multiple sclerosis (MS) is the most common demyelinating 
disease of the central nervous system in young adults [1].

The two main MS phenotypes are the relapsing and 
the progressive disease phenotypes [2]. Both could occur 
throughout the disease course in MS [3]. The relaps-
ing disease course is characterized by the occurrence of 
clearly defined relapses/attacks which are defined as acute 
or subacute neurological deficits of at least 24-h dura-
tion and occurring at least 30 days apart from a previous 
attack and not attributed to worsening in the context of 
concomitant infection or fever. These attacks most com-
monly tend to remit either completely or partially leaving 
a residual deficit and hence the term Relapsing Remitting 
MS (RRMS) which is the most common type [4].

On the other hand, the progressive disease course is char-
acterized by progressive accumulation of disability with 
occasional plateaus and minor improvements and even 
minor exacerbations but without precise specific onsets 
and with no obvious improvements or remissions [5].

Symptoms of MS relapse typically develop gradu-
ally over hours to days, reaching a in some of days, fol-
lowed by a gradual and variable recovery course over 
weeks to months. Both hyperacute and very gradual 
(e.g., > 12  weeks) presentations are unusual and should 
point to alternative etiologies [6].

Confirmation of MS relapse can sometimes be chal-
lenging for several reasons. First, patients may underre-
port or overreport their symptoms. In one survey, about 
28% of patients did not report their most recent relapse 
[7].To the best of our knowledge, no simple biomarker or 
algorithm is available to confirm an MS relapse, and its 
diagnosis mainly depends on clinical judgment.

The unpredictability about the future of disease course 
has always been of great concern to the patient as well as the 
doctor. It is worrisome to all patients, even those with low 
disability. Prognostic factors are also crucial for clinicians at 
an early stage of the disease to balance the cost benefit of 
early immunomodulatory and aggressive therapies bearing 
in mind the potential adverse effects versus the predicted 
disease course.

Subjects and methods
This study includes a retrospective analysis of 300 attacks 
from 223 patients recruited from the multiple sclerosis 
(MS) unit in Kasr Alainy, Cairo University Hospitals in the 
period between May 2020 and November 2021 and fulfill-
ing the diagnosis of relapsing remitting multiple sclerosis 
(RRMS) as defined by the 2017 revised McDonald’s Cri-
teria [4], with age > 16 years and presenting with an acute 
neurological deficit defined as new or worsening neuro-
logic symptoms in the setting of a presumed relapse.

The following data about each relapse included in the 
study were collected from all the patients:

A)	Demographic information and information regard-
ing attack-related circumstances as: age at disease 
onset, age at attack onset, sex, marital status, family 
history of MS or autoimmune disease, total number 
of relapses and duration of disease prior to the attack 
(months).

B)	Attack-related clinical data:

1- Attack definition: Attack is defined as an acute 
or subacute neurological deficit which could either 
be a new symptom or a recurrence or worsening of 
an already existing neurological deficit attributable 
to MS. The attack should exceed 24 h after a period 
of at least 30 days of disease stability [8].

	 Deterioration of already existing neurologi-
cal symptoms due to fever or concomitant infec-
tion (pseudo-exacerbation) was not considered an 
attack. Symptoms occurring within 30 days of the 
initial presentation of an attack were considered as 
part of the same attack [8].

2-Attacks were either first-ever attacks or attacks 
occurring during the course of the disease.
3-Presentation of attacks were either Mono-
symptomatic or poly-symptomatic.
4-Time to maximum worsening (Zenith level) (in 
days), time to maximum improvement:
	 The tempo of worsening of the attack was esti-
mated by collecting the data regarding the date 
of onset, the number of days till maximum wors-
ening (zenith), the number of days till the start of 
improvement and till maximum improvement 
after which patients reported no further subjective 
improvement [8].
	 Function score (FS) scores as well as total 
extended disability status scale (EDSS) score 
were calculated at onset, at the zenith and at the 
first follow-up visit after the day of maximum 
improvement [8].
5- Duration of the attack (in days): the time 
between the initial symptoms of the attack 
-defined by the date of onset- and the date of 
maximum improvement. It was subdivided into 
short (≤ 30 days), intermediate (31–60 days), and 
long (> 60 days) [8].
6- Severity of the attack: Severity was estimated 
by calculating the difference between the EDSS 
score at the day of maximum symptom worsen-
ing and the EDSS score before the onset of the 
attack. It was further subdivided into very mild 
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or mild (0 or 2 point), moderate (2.5 or 3 points), 
and severe (3.5 points or more) [8].
7-The mean total number of relapses is the aver-
age number of relapses that the patient has expe-
rienced throughout his disease course till the 
time of data collection for this study (repeated 
for attacks reported from the same patient).
8-Associated depression, fatigue and cognitive 
symptoms were identified.
9-Precipitating factors: pregnancy, post-partum 
period, oral contraceptive pills (OCPs) and hor-
monal therapy as part of assisted reproductive 
techniques (ARTs), psychosocial stressors and 
preceding infection as well as smoking.
10-MS Prodromal Symptoms: MS prodromal 
symptoms were viewed in two contexts; first, 
in the context of symptoms in the 5 to 10 years 
prior to first demyelinating event and MS diag-
nosis and this was evaluated by history taken 
from the patients regarding multiple hospital or 
physician visits for non-specific symptoms as 
well as patient records and registry data [9].
	 Second, in the context of their association with 
each attack and were defined as early symptoms 
or a constellation of symptoms\signs that preceded 
the diagnosable symptoms\signs of the attack. In 
this context, the prodromal manifestations were 
explored on a scale of days to weeks prior to the 
attack.
11-Assessment of the outcome of relapses: for 
each FS we calculated the difference between the 
score at the time of maximum improvement and 
the score before the onset of the relapse (0 for the 
first attack); accordingly, relapses were divided 
into 2 categories; the full or almost full recovery 
group with EDSS returning back to baseline with 
a maximum increase by 1 point compared to the 
baseline (n = 204), and the partial or no recov-
ery group on the other hand with EDSS increase 
of 1.5 points or more compared to the baseline 
(n = 96) [10].
12-History of attack treatment was classified as 
IV methylprednisolone or plasma exchange or no 
treatment at all.

13- History of DMT intake and compliance before 
and at the time of the attack were determined.

C)	Para-clinical Data:

1-MRI Brain at time of the attack: Data regarding 
total number of white matter lesions, site of lesions, 
presence of contrast enhanced lesions and presence 
of T1 hypointense lesions (black holes).

2-MRI Cervical spine at time of attack: Data regard-
ing number of segments involved (< 3\ ≥ 3) and the 
presence of contrast enhanced lesions.

Statistical methods
SPSS (statistical package for social sciences) version 18.0 
was used for statistical analysis. Mean ± standard devia-
tion represent quantitative variables and median with 
range when distribution did not follow normality. Num-
ber and percentages represented qualitative data and 
Chi-square and Fischer’s exact tested proportion inde-
pendence. Odds ratio (95% confidence interval) was used 
to calculate the risk of having severe relapses or poorly 
recovered relapses. Parametric and non-parametric 
t-tests were used for comparing mean values of two inde-
pendent groups. Multivariable logistic regression analysis 
was used to detect independent variables that determine 
the probability (expressed as odds ratio & 95% CI) of hav-
ing severe relapses and poorly recovered relapses. P value 
is always 2 tailed and significant at 0.05 level.

Ethical statement
The Research Ethics Committee (REC) of Neurology 
department, Cairo University, approved the study protocol, 
which followed the principles outlined in Helsinki’s decla-
ration. Informed written consent was taken from all par-
ticipants and legal guardian(s) of the patients with mental 
disorders before the enrollment to participate in the study.

Results
Descriptive results
Demographics data
In our cohort generally, the number of female and male 
patients enrolled in the study was 162 (72.6%) and 61 
(27.4%) respectively with estimated female to male ratio 
of 3:1. Age at disease onset ranged from 16 to 48 with a 
mean of 27.3 ± 6.6 and median 26 (IQR 22 to 32), while 
age at onset of the attack ranged from 16 to 50 with a 
mean of 28.8 ± 7 and a median 28 (IQR 24 to 32.5).

Regarding marital status, 134 (60%) patients were mar-
ried and 89 (40%) patients were single. Family history of 
MS was positive in 18 patients (8.07%), while family his-
tory of autoimmune disease was reported in 14 patients.

Attack‑related clinical data
Out of the 300 attacks included in our study, 169 
attacks (56.3%) were first ever attacks and 131 attacks 
(43.7%) were attacks that occurred during the course 
of the disease. The duration of the attack ranged from 
10 to 90 days with a mean of 40.2 days ± 15.8 days and 
a median of 40 (IQR: 30 to 50 days). The attack related 
clinical data are summarized in Table 1.
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Para‑clinical data
Para-clinical test results are shown in Table 2.

Comparative results
Comparison between mild and moderate relapses 
on one hand and severe relapses on the other hand 
regarding demographic, clinical and paraclinical 
characteristics
Severe attacks were more likely to occur in patients who 
are males, single, presenting with poly-symptomatic 
presentation, slower tempo of evolution of attack symp-
toms, longer duration of the attack, absence of DMTs at 
time of the attack. However, Psychiatric attack prodromal 

symptoms were more common in the mild to moderate 
attacks (Tables 3, 4).

Comparison between attacks with favorable outcome vs 
attacks with poor outcome regarding demographic, clinical 
and paraclinical characteristics
Regarding attack outcome, poorly recovered attacks 
were more common in patients with older age at dis-
ease onset and older age at attack onset, male sex, 
higher number of relapses, longer duration of illness 
prior to the attack, severe relapses, polysymptomatic 
presentation, associated cognitive symptoms, slower 
tempo of symptom evolution, longer duration of attack, 

Table 1  The attack related clinical data

N(%)

Attacks first ever attacks 169 (56.3)

attacks that occurred during the course of the disease 131 (43.7)

Presentation Mono-symptomatic 121 (40.3)

Poly-symptomatic 179(59.7)

Associated symptoms Depression 153 (51)

Fatigue 201 (67)

Cognitive 92 (30.7)

Precipitating factors Pregnancy 3 (1)

Post-partum 15(5)

OCPs 33(11)

Assisted reproductive techniques 12(4)

Psychosocial stressors 107(35.7)

Preceding infection 7(2.3)

Smoking 82(27.3)

MS prodromal symptoms were reported by 114 patients (51.12%) 5 to 
10 years prior to their first presentation with typical demyelinating symptoms 
suggestive of MS

Headache or non-specific sensory symptoms 102(89.4)

Orthopedic consultations for joint pains 64(56.14)

Psychiatric help for depression or anxiety 22(19.2)

Dermatological problems as non-specific rash (11.4)

Prodromal symptoms in relation to the included attacks Depression and anxiety 41(13.7)

Neurological symptoms predominantly headache 128(42.7)

Treatment of the attack IVMP 254(84.7)

No acute treatment 46(15.3)

Plasma Exchange 8 (2.7)

Disease modifying therapy intake at time of attack Yes 78(26)

No 222(74)

Severity Mild to Moderate 183(61)

Severe 117(39)

Outcome Full or almost full recovery 204(68)

Partial or no recovery 96 (32)

EDSS Time of calculation

Before the onset 0 (0- 1)

After the onset 3.5 (3 – 4)

At the zenith 3.5 (3 – 4.5)

After recovery 1.5 (1–2)
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patients on OCPs, smoking, and presence of black holes 
in brain MRI scans (Tables 3, 4).

Associated fatigue and depression as well as neuro-
logical and psychiatric prodromal symptoms showed 
no significant difference between the full or almost full 
recovery group and the partial or no recovery group.

Regression analysis
Results of multivariable logistic regression analysis 
for prediction of having a severe attack (the utilized 
variables were; total number of relapses, EDSS before 
attack onset (baseline EDSS), gender, marital status, use 
of DMT, mono and poly-symptomatic presentations, 
associated cognitive complaints, presence of prodro-
mal psychiatric symptoms, and results of MRI cervical 
spine) showed a significant regression, p < 0.0001 and 
R2 = 0.54. The risk of having a severe relapse is more 
than triple when the patient is single (not married) 
(OR = 3.72, CI = 1.5 – 8.8, p value = 0.002). Similar 
results were found regarding EDSS before attack onset 
(baseline EDSS), total number of relapses and presence 
of psychiatric prodromal symptoms (Table 5).

Results of multivariable logistic regression analy-
sis for prediction of having relapses with partial or no 
recovery (the utilized variables were; total number 
of relapses, EDSS after onset, gender, marital status, age 
at onset of disease, smoking, total number of lesions 
and the presence of black holes in MRI brain, sever-
ity and duration of attack, duration of disease before 
attack, use of DMT, mono and poly-symptomatic pres-
entations, associated cognitive symptoms, prodromal 
symptoms and results of MRI cervical spine) showed 
a significant regression, p < 0.0001 and R2 = 0.47, the 

risk of having relapses with partial or no recovery is 
more than five times when the patient has black holes 
in MRI and more than 4 times when the patient is a 
smoker ( OR = 5.425; 4, CI = 1.401 – 21; 1.58 – 10.1; 
p value = 0.014, 0.003 respectively), similar results 
were found regarding EDSS after onset,total number 
of relapses, duration of the attack, duration of disease 
before the attack, age at onset (Table 6).

Discussion
Multiple sclerosis is considered the most common 
inflammatory condition affecting the CNS [11]. Relapse 
severity and residual disability are two concerns that are 
most worrisome to the patient as well as to the treating 
neurologist. Patients are always worried about the out-
come of their relapses and any upcoming events, and 
their neurologists cannot give them accurate expecta-
tions in many situations; however, the neurologists’ 
personal expertise may sometimes help [12]. Although 
relapses are often a concern by themselves, patients are 
often placed on treatment quite early after diagnosis. 
Relapses, particularly in regards to severity and disability, 
typically indicate ineffective treatment and the need to 
change treatment (such as with second-line).

Our study evaluated the factors affecting relapse sever-
ity and recovery as the two most important outcomes 
sought by the patient and the neurologist during the 
management of a multiple sclerosis relapse. 300 relapses 
from 223 RRMS patients were the subject of this study.

Relapses were more likely to be severe in male patients. 
These findings go in parallel with previous studies, which 
showed that relapses tend to be mild to moderate in 
female patients, whereas the majority of relapses that 
occur in male patients tend to be severe [13–15].

Relapses occurring in single patients tended to be 
severe as well. This was also evident in the study done 
by Abbasi and colleagues, which showed that although 
most of the patients in their study were married, the 
severity of disease in this group was less than in the sin-
gle patients’ group [16]. These findings show the possi-
ble positive effect of stable relationships on the course 
of disease, highlighting the role of the patient’s support 
system.

Regarding the effect of disease-modifying therapies 
(DMTs), our results showed that patients not on DMTs 
were more likely to experience severe attacks. This is 
in agreement with previous studies done by Naldi [8], 
Noyes, & Weinstock-Guttman [17], Traboulsee and col-
leagues [18], and Kantarci and colleagues [19]. The latter 
study showed that patients presenting with unfavora-
ble outcomes after the initial relapse could benefit from 
immediate DMT initiation for a more ambulatory-benign 
disease course.

Table 2  Para-clinical test results

N(%)

1-Total number of lesions in MRI brain:
  < 4 35(11.66)

  4 – 9 164(54.67)

  ≥ 10 101(33.67)

2-Gadolinium Contrast Enhancement:
  Positive 26 (8.7)

  Negative 229 (76.3)

  Not administered 454545454455(15)

3-Black holes in MRI
  Present 56(18.7)

  Absent 244(81.3)

4-MRI Cervical spine
  Positive 214(71.3)

  Negative 86(28.7)
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The findings that attacks with polysymptomatic presenta-
tions were more likely to be severe agree with previous work 
done by Naldi as well as Baghizadeh and colleagues [8, 20].

Regarding attack outcomes and in agreement with our 
results, Ribbons and colleagues compared the difference 
in disability and progression between males and females 

by estimating the time to reach EDSS milestones 3 and 
6, as well as the time to develop secondary progressive 
MS. They found that males showed significantly faster 
progression regarding EDSS than females, and females 
had a lower risk of developing secondary progressive 
MS [21].

Table 4  Comparison between Mild, moderate and severe relapses; full recovered and unrecovered relapses regarding different 
categorical parameters

a  Analysis for female patients only

Mild + Moderate 
Relapses (n = 183)

Severe 
relapses 
(n = 117)

P Value Full or almost full 
recovery (n = 204)

Partial or no 
recovery (n = 96)

P Value

N(%) N(%) N(%) N(%)

Sex

  Males 35 (19.1) 42 (35.9) 0.001 45(22.1) 32(33.3) 0.03
  Females 148 (80.9) 75 (64.1) 159(77.9) 64(66.7)

Marital status

  Single 61(33.3) 55(47) 0.01 86(42.2) 30(31.2) 0.07

  Married 122(66.7) 62(53) 118(57.8) 66(68.7)

Outcome

  Partial or no recovery 43(23.5) 53 (45.3)  < 0.001
  Full or almost full recovery 140 (76.5) 64 (54.7)

Severity

  Mild + Moderate 140(68.6) 43(44.8)  < 0.0001
  Severe 64(31.4) 53(55.2)

Symptomatic presentation

  Mono 118 (64.50 3(2.6)  < 0.001 96(47.1) 25(26) 0.0005
  Poly 65 (35.5) 114(97.4) 108(52.9) 71(74)

Associated

  Fatigue 124(67.8) 77(65.8) 0.7 128 (62.7) 73 (76) 0.2

  Depression 93(50.8) 60(51.3) 0.9 107 (52.5) 46 (47.9) 0.4

  Cognition 67(36.6) 25(21.4) 0.005 51(25) 40(41.7) 0.001
Precipitating factor

  Post-partum relapse a 11(7.4) 4(5.3) 0.7 10(6.3) 5(7.8) 0.7

  contraception a 24(16.2) 9(12) 0.4 16(10.1) 17(26.6) 0.003
  Assisted reproductive technique a 7(4.7) 5(6.7) 0.7 7(4.4) 5(7.8) 0.3

  Preceding infection 2(1.1) 5(4.3) 0.07 4(2) 3(3.1) 0.5

  Psychosocial stressors 60(32.8) 47(40.2) 0.1 80(39.2) 27(28.1) 0.06

  Smoking 43(23.5) 39(33.3) 0.06 44(21.6) 38(39.6) 0.001
Prodromal symptoms

  Neurological 73(39.9) 55(47.0) 0.2 94 (46.1) 34 (35.4) 0.08

  Psychiatric 33(18.0) 8(6.8) 0.005 24 (11.8) 17 (17.7) 0.1

Treatment of attack

  IVMP 147(80.3) 107(91.5) 0.009 169(82.8) 85(88.5) 0.2

  PLEX 0(0) 8(6.8) 0.0002 0(0) 8(6.8) 0.0002
DMT intake at time of the attack 61(33.3) 17(14.5) 0.0002 36(17.6) 42(43.7)  < 0.0001
Black holes 33 (18) 24(20.5) 0.6 20(9.8) 36(37.5)  < 0.0001
MRI cervical spine

  normal 53 (29) 83 (71)  < 0.0001 45 (22.1) 41 (42.7) 0.0009
  < 3 segment 120(65.6) 32(27.3) 151(74) 51(53.1)

  > 3 segment 10 (5.4) 2 (1.7) 8(3.9) 4(4.2)
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Our study showed that older patients were more likely 
to have an unfavorable outcome, which is in agreement 
with Cossburn and colleagues, who stated that the abil-
ity to recover from an initial relapse decreases with age, 
suggesting that the accumulation of disability in MS is 
an age-dependent response to relapse [22]. Furthermore, 
Conway and colleagues studied age as a critical deter-
minant in recovery from multiple sclerosis relapses and 
found that patients with RRMS are more likely to lose 
recovery potential linearly as they age [23].

According to our results, the risk of having an unre-
covered or partially recovered attack is more than four 
times higher if the patient is a smoker. In the systematic 
review conducted by Hempel and colleagues, the role 
of tobacco smoking in poor physical MS outcomes was 
demonstrated. They showed that the risk of converting 
to secondary progressive MS is 55% greater for smokers 
than non-smokers [24]. Similar results were also demon-
strated in another study done by Mckay and colleagues 
[25]. In light of these findings, we would encourage our 
patients to give up smoking for better relapse outcomes 
and overall health.

Our study showed that the more relapses, the worse the 
outcomes of the relapse. This is in agreement with a pre-
vious study, which showed that the median time from the 

onset of multiple sclerosis to reaching an EDSS score of 4, 
6, and 7 was significantly affected by the degree of recov-
ery from the first relapse, time to a second neurological 
episode, and the number of relapses in the first 5 years of 
the disease [26]. The same findings were evident in other 
studies done by Goodin and Sevim as well as Koch-Hen-
riksen and colleagues [27–29]. Similar findings regard-
ing the duration of illness prior to the attack were also 
evident; the longer the disease duration, the worse the 
outcome of relapse. This is consistent with the findings 
of a study conducted by Kalincik and colleagues, who 
discovered that relapses with higher impact and poorer 
recovery were associated with a longer MS duration [30]. 
It also agrees with other studies done by Stewart and col-
leagues as well as Briggs and colleagues [31, 32].

Regarding the attack outcome and mono – or poly-
symptomatic presentation, our study showed that the 
polysymptomatic presentations were more likely to have 
a worse outcome. This is in agreement with other stud-
ies done by Leone and colleagues, Sevim, as well as West 
which showed that polysymptomatic presentations are 
predictors of incomplete recovery from relapses in multi-
ple sclerosis [10, 33, 28].

Our study showed that black holes in brain MRI scans 
increased the risk of poor recovery from attacks by five 

Table 5  Results of multivariate logistic regression analysis (using stepwise model) for prediction of having a severe attack (table 
showing only the significant results)

a  Number need to treat

Variable Odds ratio 95% CI P value Relative risk 95% CI P value NNT a 95% CI

EDSS before relapse onset 
(Baseline EDSS)

0.272 0.154 to 0.479  < 0.0001 - - - - -

Single (marital status) 3.729 1.568 to 8.87 0.003 1.41 1.06 -1.86 0.01 7.313 (Harm) 40.27 (Harm) to 4.02 (Harm)

Presence of psychiatric 
prodromal symptoms

0.219 0.074 to 0.65 0.006 0.379 0.18—0.79 0.009 8.932 (Benefit) 5.25 (Benefit) to 30.05 
(Benefit)

Total number of relapses 0.789 0.66 to 0.94 0.007 - - - - -

Table 6  Results of multivariate logistic regression analysis (using stepwise model) for prediction of having attacks with partial or no 
recovery (table showing only the significant results)

a  Number need to treat

Variable Odds ratio 95% CI P Relative risk 95% CI P value NNT a 95% CI

Presence of black holes 
in brain MRI

5.425 1.401 to 21.008 0.014 3.825 2.343 – 6.242  < 0.0001 3.611 (Harm) 5.325(Harm) -2.731 (Harm)

Duration of Attack 1.04 1.015 to 1.077 0.003
Duration of Disease 
before the attack

1.030 1.005 to 1.055 0.016

EDSS after onset 1.532 1.054 to 2.227 0.025
Age at onset of disease 1.1774 1.104 to 1.254  < 0.0001
Presence of smoking 4.0007 1.583 to 10.107 0.0034 1.835 1.28—2.63 0.0009 5.551 (Harm) 13.518(Harm) to 3.493 

(Harm)

Total Number of relapses 3.0493 2.09 to 4.429  < 0.0001
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times. This is in agreement with the study done by Ziva-
dinov and Leist, which suggested that T1 hypointense 
lesions correlated better with outcome and disability 
than T2 lesions [34]. Additionally, another study done 
by Truyen and colleagues speculated that accumulation 
of T1 lesions could be the MR equivalent of failure of 
remission [35].

In our cohort, patients reported prodromal symp-
toms (MS prodrome) prior to their first presentation 
with MS, which were mostly psychiatric symptoms 
such as anxiety and depression. These psychiatric pro-
dromal symptoms could affect the severity of relapses. 
This is in line with the study done by Vienažindytė and 
colleagues, which hypothesized that detecting pro-
dromal symptoms as early as possible could play an 
important role in identifying the course of the MS and 
predicting disability progression [36].

There are two major limitations in this study that 
could be addressed in future research. First, we relied 
on the EDSS as an outcome indicator to assess the 
severity and recovery of relapses. Since the EDSS is 
an ordinal rating scale, a 1-point difference in one part 
of the scale does not represent the same 1-point dif-
ference in another part of the scale, thus sometimes 
leading to misinterpretation of results. Additionally, 
at higher EDSS scores, the scale depends mainly on 
ambulation, so only relapses affecting the motor sub-
score can change the scale. Second, we were unable 
to include all relapses in the records because of miss-
ing data in some of them or incomplete recall of events 
during those relapses when interviewing the patients.

To conclude, our study provides new insights into 
the most frequently encountered questions neurolo-
gists face after the diagnosis of MS: how to predict 
attack severity and outcome? In our cohort, we tried to 
explore all factors affecting these outcomes, providing 
adequate knowledge and reassurance to patients as well 
as timely management accordingly. Considering the 
large number of variables examined, the results should 
be considered from an exploratory perspective.

Abbreviations
MS	� Multiple sclerosis
CNS	� Central nervous system
RRMS	� Relapsing remitting multiple sclerosis
EDSS	� Expanded Disability Status Scale
DMT	� Disease modifying therapy
MRI	� Magnetic resonance imaging
FS	� Fuctiosystem
SPSS	� Statistical package for social sciences
SD	� Standard deviation
IQR	� Interquartile range

Acknowledgment
The authors would like to express their gratitude to the patients for their 
participation and cooperation in this study.

Authors’ contributions
HSH was the idea founder, shared in the patient collection, and the supervisor 
in all the steps. HSS shared in the patient collection and supervision. SA shared 
in the patient collection. IR shared in the patient collection. SSA did the data 
analysis, shared in the patient collection and in writing the manuscript. AF 
wrote and revised the manuscript, and is the submitting and corresponding 
author. All authors read and approved the final manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB). This research did not receive any specific grant from funding agencies in 
the public, commercial, or not-for-profit sectors.

Availability of data and materials
The datasets used and/or analyzed during the current study are available with 
the corresponding author (Amr M Fouad) upon request.

Declarations

Ethics approval and consent to participate
The neurology department, Cairo University review board, approved the study 
protocol, which followed the principles outlined in Helsinki’s declaration. 
Informed written consent was taken from all participants and legal guardian(s) 
of the patients with mental disorders before the enrollment to participate in 
the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 13 June 2022   Accepted: 7 February 2023

References
	1.	 Filippi M, et al. Author correction: multiple sclerosis. Nat Rev Dis Prim-

ers. 2018;4(1):49–49.
	2.	 Lublin F, Reingold S, Cohen J, Cutter G, Sorensen P, Thompson A, et al. 

Defining the clinical course of multiple sclerosis: the 2013 revisions. 
Neurology. 2014;83(3):278–86.

	3.	 Kantarci O, Zeydan B, Atkinson E, Conway B, Castrillo-Viguera C, Rodri-
guez M. Relapse recovery. Neurol Neuroimmunol Neuroinflammation. 
2019;7(2):e653.

	4.	 Thompson A, Baranzini S, Geurts J, Hemmer B, Ciccarelli O. Multiple 
sclerosis. The Lancet. 2018;391(10130):1622–36.

	5.	 Koch M, Kingwell E, Rieckmann P, Tremlett H. The natural history of pri-
mary progressive multiple sclerosis. Neurology. 2009;73(23):1996–2002.

	6.	 Repovic P. Management of multiple sclerosis relapses. Continuum. 
2019;25(3):655–69.

	7.	 Duddy M, Lee M, Pearson O, Nikfekr E, Chaudhuri A, Percival F, et al. The 
UK patient experience of relapse in multiple sclerosis treated with first 
disease modifying therapies. Mult Scler Relat Disord. 2014;3(4):450–6.

	8.	 Naldi P. Predictors of attack severity and duration in multiple sclerosis: 
a prospective study. Open Neurol J. 2011;5(1):75–82.

	9.	 Wijnands J, Zhu F, Kingwell E, Zhao Y, Evans C, Fisk J, et al. Prodrome in 
relapsing-remitting and primary progressive multiple sclerosis. Eur J 
Neurol. 2019;26(7):1032–6.

	10.	 Leone M, Bonissoni S, Collimedaglia L, Tesser F, Calzoni S, Stecco A, 
et al. Factors predicting incomplete recovery from relapses in multiple 
sclerosis: a prospective study. Mult Scler J. 2008;14(4):485–93.

	11.	 Reich DS, Lucchinetti CF, Calabresi PA. Multiple sclerosis. N Engl J Med. 
2018;378(2):169–80.

	12.	 Lejeune F, Chatton A, Laplaud D, Le Page E, Wiertlewski S, Edan G, 
et al. SMILE: a predictive model for Scoring the severity of relapses in 
MultIple scLErosis. J Neurol. 2020;268(2):669–79.



Page 10 of 10Hosny et al. BMC Neurology           (2023) 23:67 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	13.	 Tomassini V, Pozzilli C. Sex hormones, brain damage and clinical course 
of multiple sclerosis. J Neurol Sci. 2009;286(1–2):35–9.

	14.	 Kalincik T, Vivek V, Jokubaitis V, Lechner-Scott J, Trojano M, Izquierdo G, 
et al. Sex as a determinant of relapse incidence and progressive course 
of multiple sclerosis. Brain. 2013;136(12):3609–17.

	15.	 Voskuhl R. The effect of sex on multiple sclerosis risk and disease pro-
gression. Mult Scler J. 2020;26(5):554–60.

	16.	 Abbasi M, Nabavi S, Fereshtehnejad S, Jou N, Ansari I, Shayegannejad 
V, et al. Multiple sclerosis and environmental risk factors: a case-control 
study in Iran. Neurol Sci. 2017;38(11):1941–51.

	17.	 Noyes K, Weinstock-Guttman B. Impact of diagnosis and early treat-
ment on the course of multiple sclerosis. Am J Manag Care. 2013;19(17 
Suppl):s321–31.

	18.	 Traboulsee AL, Cornelisseª P, Sandberg-Wollheim M, Uitdehaag BM, Kap-
pos L, Jongen PJ, Constantinescu CS, di Cantogno EV, Li DK. Prognostic 
factors for long-term outcomes in relapsing–remitting multiple sclerosis. 
Mult Scler J Exp Transl Clin. 2016;2:2055217316666406.

	19	 Kantarci OH, Zeydan B, Atkinson EJ, Conway BL, Castrillo-Viguera C, Rod-
riguez M. Relapse recovery: the forgotten variable in multiple sclerosis 
clinical trials. Neurol Neuroimmunol Neuroinflammation. 2020;7(2):e653.

	20.	 Baghizadeh S, Sahraian MA, Beladimoghadam N. Clinical and demo-
graphic factors affecting disease severity in patients with multiple 
sclerosis. Iran J Neurol. 2013;12(1):1.

	21.	 Ribbons KA, McElduff P, Boz C, Trojano M, Izquierdo G, Duquette P, 
Girard M, Grand’Maison F, Hupperts R, Grammond P, Oreja-Guevara C. 
Male sex is independently associated with faster disability accumula-
tion in relapse-onset MS but not in primary progressive MS. PLoS ONE. 
2015;10(6):e0122686.

	22.	 Cossburn M, Ingram G, Hirst C, Ben-Shlomo Y, Pickersgill TP, Robertson 
NP. Age at onset as a determinant of presenting phenotype and initial 
relapse recovery in multiple sclerosis. Mult Scler J. 2012;18(1):45–54.

	23.	 Conway BL, Zeydan B, Uygunoğlu U, Novotna M, Siva A, Pittock SJ, Atkin-
son EJ, Rodriguez M, Kantarci OH. Age is a critical determinant in recovery 
from multiple sclerosis relapses. Mult Scler J. 2019;25(13):1754–63.

	24.	 Hempel S, Graham GD, Fu N, Estrada E, Chen AY, Miake-Lye I, Miles JN, 
Shanman R, Shekelle PG, Beroes JM, Wallin MT. A systematic review of 
modifiable risk factors in the progression of multiple sclerosis. Mult Scler 
J. 2017;23(4):525–33.

	25.	 McKay KA, Jahanfar S, Duggan T, Tkachuk S, Tremlett H. Factors associated 
with onset, relapses or progression in multiple sclerosis: a systematic 
review. Neurotoxicology. 2017;1(61):189–212.

	26.	 Confavreux C, Vukusic S, Adeleine P. Early clinical predictors and progres-
sion of irreversible disability in multiple sclerosis: an amnesic process. 
Brain. 2003;126(4):770–82.

	27.	 Goodin DS. Magnetic resonance imaging as a surrogate outcome meas-
ure of disability in multiple sclerosis: have we been overly harsh in our 
assessment? Ann Neurol. 2006;59(4):597–605.

	28.	 Sevim S. Relapses in multiple sclerosis: definition, pathophysiology, 
features, imitators, and treatment. Turk J Neurol Derg. 2016;22(3):99–108.

	29.	 Koch-Henriksen N, Thygesen LC, Sørensen PS, Magyari M. Worsening of 
disability caused by relapses in multiple sclerosis: a different approach. 
Mult Scler Relat Disord. 2019;1(32):1–8.

	30.	 Kalincik T, Buzzard K, Jokubaitis V, Trojano M, Duquette P, Izquierdo G, 
Girard M, Lugaresi A, Grammond P, Grand’Maison F, Oreja-Guevara C. 
Risk of relapse phenotype recurrence in multiple sclerosis. Mult Scler J. 
2014;20(11):1511–22.

	31.	 Stewart T, Spelman T, Havrdova E, Horakova D, Trojano M, Izquierdo G, 
Duquette P, Girard M, Prat A, Lugaresi A, Grand’Maison F. Contribution of 
different relapse phenotypes to disability in multiple sclerosis. Mult Scler 
J. 2017;23(2):266–76.

	32.	 Briggs FB, Thompson NR, Conway DS. Prognostic factors of disabil-
ity in relapsing remitting multiple sclerosis. Mult Scler Relat Disord. 
2019;1(30):9–16.

	33.	 West T, Wyatt M, High A, Bostrom A, Waubant E. Are initial demyelinat-
ing event recovery and time to second event under differential control? 
Neurology. 2006;67(5):809–13.

	34.	 Zivadinov R, Leist TP. Clinical–magnetic resonance imaging correlations in 
multiple sclerosis. J Neuroimaging. 2005;15:10S-21S.

	35.	 Truyen L, Van Waesberghe JH, Van Walderveen MA, Van Oosten BW, Pol-
man CH, Hommes OR, Ader HJ, Barkhof F. Accumulation of hypointense 

lesions (“ black holes”) on T1 spin-echo MRI correlates with disease 
progression in multiple sclerosis. Neurology. 1996;47(6):1469–76.

	36.	 Vienažindytė I, Cesarskaja J, Vaičiulytė D, Balnytė R, Matijošaitis V. Do 
prodrome symptoms influence multiple sclerosis disease course and 
severity? Med Hypotheses. 2022;6:110888.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Predictors of severity and outcome of multiple sclerosis relapses
	Abstract 
	Background 
	Objectives 
	Subjects and methods 
	Results 
	Conclusion 

	Introduction
	Subjects and methods
	Statistical methods
	Ethical statement

	Results
	Descriptive results
	Demographics data
	Attack-related clinical data
	Para-clinical data

	Comparative results
	Comparison between mild and moderate relapses on one hand and severe relapses on the other hand regarding demographic, clinical and paraclinical characteristics
	Comparison between attacks with favorable outcome vs attacks with poor outcome regarding demographic, clinical and paraclinical characteristics

	Regression analysis

	Discussion
	Acknowledgment
	References


