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Abstract

Background: Neuropsychiatric manifestations are frequently reported in systemic lupus erythematosus (SLE)
patients. This study was done to describe electroencephalographic (EEG) findings in SLE patients with
neuropsychiatric manifestation (NPSLE).

Results: Among 60 SLE patients, there were 50 females (83.3%) and 10 males (16.7%). EEG abnormalities were
reported in 12 patients out of 30 (40%) with NPSLE, while all patients with non-NPSLE (n = 30) had no EEG
abnormalities; diffuse slowing (20%) was the most common abnormalities, followed by generalized epileptiform
activity (13.3%), and lastly temporal epileptiform activity (6.7%). Seizure was the most reported neuropsychiatric
disorder in 13 patients (43.3%); 8 of them had abnormal EEG (61.5%). Periventricular white matter lesion (23.3%)
followed by infarction (13.3%) were the most common MRI brain findings among 53.3% of NPSLE group. Half of the
cases with EEG abnormality had normal brain MRI. SLEDAI score and ACL IgM positivity were higher in the NPSLE
group than the non-NPSLE group. EEG is not a sensitive or specific test for detecting NPSLE with sensitivity (37.5%)
and specificity (57.1%).

Conclusion: Not all patients with NPSLE must have abnormal brain MRI or EEG. EEG is a useful assistant tool in the
assessment of different manifestations of NPSLE, but it cannot be used as a screening test alone and must be
supplemented by neuroimaging studies.
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Background
SLE is a prototypic autoimmune disease characterized by
the production of autoantibodies against cell nucleus giv-
ing rise to diverse clinical manifestations that almost affect
all organ systems [1]. Central nervous system involvement
in SLE is a characteristic of severe disease [2] as it drives
most of the SLE disease morbidity and mortality [3].
Nervous system involvement in SLE leads to a hetero-

geneous group of neurological and psychiatric (neuro-
psychiatric) symptoms. Any of these neuropsychiatric

(NP) events can be directly attributed to SLE (NPSLE)
or to an alternative etiology [4].
NPSLE is frequently reported in 75% of SLE patients

and that varied from mild presentation like headache or
mood disturbance to life-threatening conditions as with
acute confusional state, major fits, stroke, or transverse
myelitis [5]. The wide range of presentations and differ-
ential diagnosis often pose a difficult diagnostic chal-
lenge for clinicians [6].
Multiple mechanisms have been implicated in playing

a role in the pathogenesis of NPSLE, including various
arms of the immune system as well as non-immune and
environmental factors that could cause blood-brain bar-
rier (BBB) dysfunction [7].
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Electroencephalography (EEG) is central to the diagno-
sis and management of epileptic disorders, but it can also
help in the diagnosis and prognosis of diffuse encephalop-
athies, organic brain syndromes, and dementias. EEG can
play an important discriminative role in several cases [8].
Routine and quantitative EEG was used to determine

whether there is a lateralized pattern of electrophysiologic
dysfunction in SLE patients with diverse neuropsychiatric
manifestations or not. Epileptiform discharges were ob-
served in some SLE patients. These EEG abnormalities
were mostly observed in patients with clinical NPSLE and
that abnormal EEG may be an indicator for subclinical
NPSLE [1].
Our aim was to describe electroencephalographic find-

ings in a cohort of SLE patients with different neuro-
psychiatric manifestations (NPSLE), its correlation with
the disease activity parameters, and comparing them to
SLE patients without neuropsychiatric manifestations
(non-NP SLE).

Methods
It was a cross-sectional, observational study involving 60
adult patients diagnosed with SLE according to the 2015
ACR/SLICC Classification Criteria for SLE [9]. The pa-
tients were recruited from the Rheumatology Outpatient
Clinic and Internal Medicine and Rheumatology Depart-
ment. Based on the ACR criteria for neuropsychiatric
manifestations [10], patients were classified into 2
groups: 30 patients with neuropsychiatric manifestations
(NPSLE) as cases and 30 patients without neuropsychi-
atric manifestations (non-NPSLE) as controls. SLE pa-
tients with end-stage renal disease, any metabolic
disorders, or drug-related side effects were excluded
from the study.
All patients were subjected to the following: complete

history taking including neuropsychiatric manifestations,
full clinical examination including rheumatological and
neurological examinations, and assessment of SLE disease
activity using the SLE disease activity index (SLEDAI)
score [11]. Laboratory investigations including complete
blood count (CBC), erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), blood urea nitrogen (BUN),
serum creatinine, urine analysis, protein/creatinine (P/C)
ratio, complement C3, C4, lupus anticoagulant (LAC), and
anticardiolipin (ACL) antibodies IgM and IgG and EEG
were done for all participants at the neurology depart-
ment, using Nihon Kohden LS-120 device. MRI brain was
done for patients with NPSLE.

Ethics approval and consent to participate
The study was approved by the research ethical commit-
tee, faculty of medicine, FWA000017585 (No: FMASU R
13/2017). All patients included in this study gave an in-
formed written consent to participate in this research.

Statistical methods
The collected data were coded, tabulated, and statisti-
cally analyzed using the SPSS program (Statistical Pack-
age for Social Sciences) software version 24. The
description of quantitative variables is as mean, standard
deviation (SD), and range. The description of qualitative
variables is as number (no) and percentage (%). Chi-
square test was used to compare qualitative variables.
Fisher’s exact test was used instead of chi-square test
when there is one expected cell or more ≤ 5. Compari-
son between two independent mean groups was done
using Student’s t test for parametric data and Mann-
Whitney test for nonparametric data. The P value was
considered: P > 0.05 = insignificant, P < 0.05 = signifi-
cant, P < 0.001 = highly significant. Diagnostic validity of
EEG was assessed and include the following: (a) the
diagnostic sensitivity: it is the percentage of diseased
cases truly diagnosed (TP) among total diseased cases
(TP + FN); (b) the diagnostic specificity: it is the per-
centage of non-diseased truly excluded by the test (TN)
among total non-diseased cases (TN + FP); (c) the pre-
dictive value for a +Ve test (PPV): it is the percentage of
cases truly diagnosed among total positive cases; (d) the
predictive value for a −Ve test (NPV): it is the percent-
age of cases truly negative among total negative cases;
and (e) the diagnostic accuracy of the test: it is the per-
centage of cases truly diseased plus truly non-diseased
among total cases.

Results
Among 60 SLE patients, there were 50 females (83.3%)
and 10 males (16.7%); the patients were classified into 2
groups: (1) group I—30 patients without neuropsychi-
atric manifestations (non-NPSLE), and (2) group II—30
patients with neuropsychiatric manifestations (NPSLE).
In group I, there were 26 females (86.7%) and 4 males

(13.3%), and their age ranged from 16 to 44 years, with a
mean ± SD of 25.97 ± 7.39 years, while in the group II,
there were 24 females (80%) and 6 males (20%), and
their age ranged from 15 to 55 years, with a mean ± SD
of 30.87 ± 9.61. There was a statistically significant dif-
ference between the two groups as regards the mean of
age being more in group II than group I (P < 0.05).
Mainly 6 neuropsychiatric manifestations were reported

in cases of group II. The commonest was seizure disorders
(43.3%), followed by psychosis (20%), cerebrovascular dis-
ease (stroke syndromes and sinus thrombosis) (16.7%),
acute confusional state (13.3%), headache (10%), and lastly,
demyelinating syndrome (6.7%) (Fig. 1).
There was a statistically significant difference between

the two groups as regards the frequency of the ACL IgM
positivity and the SLEDAI score being higher in group II
than group I; there were twenty three patients that had
mild and moderate disease activity (SLEDAI < 10), and 6
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of them had NPSLE, 15 patients had severe disease ac-
tivity (SLEDAI 11–19), 13 of them had NPSLE, and 14
patients had very severe disease (SLEDAI > 20) with 11
of them that had NPSLE and no difference regarding
treatment modalities (Table 1).

While no EEG finding was reported in any of the
group I patients, 12 patients (40%) of group II had ab-
normal EEG. The most common finding was diffuse
slowing in 6 patients (20%), followed by generalized epi-
leptiform activity in 4 patients (13.3%), and lastly,

Table 1 Comparison between group I and group II as regards autoimmune markers, treatment, and SLEDAI score

Group I, no. (%) Group II, no. (%) P value Sig.

Consumed C3 11 (36.7%) 11 (36.7%) 1.000 NS

Consumed C4 11 (36.7%) 11 (36.7%) 1.000 NS

LAC 7 (23.3%) 14 (46.7%) 0.058 NS

ACL IgG 6 (20%) 13 (43.3%) 0.052 NS

ACL IgM 5 (16.7%) 12 (40%) 0.045 S

Steroids 8 (26.7) 9) 30.0( 0.774 NS

Hydroxychloroquin 8 (26.7) 14 )46.7( 0.108 NS

Azathioprine 16 (53.3) 15 )50.0( 0.796 NS

Cyclophosphamide 23 (76.7) 23 )76.7 1.000 NS

MMF 25 (83.3) 29 )96.7( 0.085 NS

SLEDAI
Median (IQR)
Range

4 (0–8) 16 (12–24) 0.000 HS

No activity (0) 0–28 8–38 0.002 HS

Mild activity (1–5) 8 (26.7%) 0 (0.0%) 0.001 HS

Moderate activity (6-10) 9 (30.0%) 0 (0.0%) 0.542 NS

High activity (11–19) 8 (26.7%) 6 (20.0%) 0.001 HS

Very high activity (≥ 20) 2 (6.7%) 13 (43.3%) 0.015 S

P value > 0.05: nonsignificant (NS); P value < 0.05: significant (S); P value < 0.01: highly significant (HS)
C3, C4 complement 3 and 4, LAC lupus anticoagulant, ACL anticardiolipin, MMF mycophenolate mofetil, SLEDAI SLE disease activity using the SLE disease
activity index

Fig. 1 Neuropsychiatric manifestations in the case group (group II)
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temporal epileptiform activity in 2 patients (6.7%). Out
of 30 patients with NPSLE, 13 patients had seizure disor-
ders (43.3%), 8 of them had abnormal EEG (61.5%), 4
patients (30.8%) of them had generalized epileptiform
activity, 2 patients (15.4%) had diffuse slowing, and 2 pa-
tients (15.4%) had temporal epileptiform activity in EEG.
Diffuse slowing EEG finding was reported among all 4
cases of acute confusional state and one of those pre-
sented by psychosis. No EEG abnormality was found
among cases with headache, demyelinating syndrome,
and cerebrovascular disease (Table 2).

MRI brain findings were reported in 16 patients
(53.3%) of group II (Fig. 2). The most common finding
was periventricular white matter lesion in 7 patients
(23.3%), followed by infarction in 4 patients (13.3%), sub-
cortical white matter lesion in 2 patients (6.7%), and de-
myelinating lesion in 2 patients (6.7%). Sinus
thrombosis, cerebral edema, and encephalomalacia were
reported only one time (3.3%) (Fig. 2). Among cases with
EEG abnormality, MRI findings were reported in 6 cases
(50%), and all of them had periventricular white matter
lesion and subcortical white matter lesions in one case.

Table 2 EEG findings in group II

Group II (N = 30)

No. %

EEG Negative 18 60%

Positive 12 40%

Diffuse slowing Positive 6 20%

Generalized epileptiform activity Positive 4 13.3%

Temporal epileptiform activity Positive 2 6.7%

Neuropsychiatric manifestations EEG findings, N (%)

Seizure 13 (43.3%) 8 (61.5%) 2 (15.4%) diffuse slowing

4 (30.8%) generalized epileptiform activity

2(15.4%) temporal epileptiform activity

Headache 3 (10.0%) 0 -

Cerebrovascular disease 5 (16.7%) 0 -

Demyelinating syndrome 2 (6.7%) 0 -

Acute confusional state 4 (13.4%) 4 (100%) 4(100%) Diffuse slowing

Psychosis 6 (20.0%) 1 (16.7%) Diffuse slowing

EEG electroencephalography

Fig. 2 MRI findings in NPSLE group (group II)
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The 30 patients of group II (cases) were further subdi-
vided according to EEG findings into 2 groups: (1) group
IIa with negative EEG (18 patients), and (2) group IIb
with positive EEG (12 patients).
There was no statistically significant difference (P >

0.05) between the two groups as regard age, sex, and
drug history. There was no statistically significant differ-
ence (P > 0.05) between the two groups neither for SLE-
DAI score nor MRI abnormality (Table 3). EEG was not
sensitive nor specific for detecting NPSLE compared to
the brain MRI with sensitivity (37.5%), specificity
(57.1%), PPV (50.0%), and NPV (44.4%), and the overall
test accuracy was 46.7% (Table 4).

Discussion
Neuropsychiatric systemic lupus erythematosus (NPSLE)
is one of the serious and the least understood of lupus
presentations that have various multifactorial pathogen-
esis [12].
The American College of Rheumatology in 1999 defines

NPSLE in a list of 19 neurological manifestations, with 12
of them involving the central nervous system and 7 periph-
eral nervous system manifestation. The CNS manifesta-
tions were further sub-divided into focal and diffuse [10].

A variety of neuropsychiatric manifestations can occur
with lupus; in the current study, mainly 6 neuropsychi-
atric manifestations were reported in the NPSLE group.
Seizure disorder was the most frequent in 13 patients
(43.3%), followed by psychosis in 6 patients (20%), cere-
brovascular disease (stroke syndromes and sinus throm-
bosis) in 5 patients (16.7%), acute confusional state in 4
patients (13.3%), headache in 3 patients (10.0%), and
lastly, demyelinating syndrome in 2 patients (6.7%).
Unterman et al. [13] showed that the most frequent NP
syndromes were headache 28.3%, followed by mood dis-
orders in 20.7% and reported seizures in 9.9%. Govoni
et al. [14] reported that from 326 patients with NPSLE,
the most common features were headache (26.1%), cere-
brovascular events (22.7%), mood disorders (8.9%), sei-
zures (14.4%), and cognitive dysfunctions (9.5%). In
Kakati et al. [1], the nervous system was involved in 19
of 52 patients (36.54%). The most common features
were cognitive impairment (57.89%) followed by seizure
disorder (42.1%).
In our study, there was a statistically highly significant

difference between the two studied groups as regards
the SLEDAI score being higher in the NPSLE group than
the non-NPSLE group (P < 0.01). Most of NPSLE pa-
tients (80%) had an activity score > 11. Morrison et al.
[15] reported that SLEDAI-2K scores in patients with
NP events attributed to SLE were higher than in patients
with NP events attributed to non-SLE causes even when
NP variables were removed from the SLEDAI-2K. Our
results were also consistent with the study done by
Kakati et al. [1] in which most of the patients (46.14%)

Table 3 Comparison between group IIa and group IIb as regard age, sex, and drug history; SLEDAI; and MRI brain

Group IIa Group IIb P value Sig.

No. = 18 No. = 12

Age Mean ± SD 31.11 ± 11.36 30.50 ± 6.60 0.868 NS

Range 15–55 20–42

Sex Female 16 (88.9% 8 (66.7%) 0.136 NS

Male 2 (11.1%) 4 (33.3%)

Steroids Positive 13 (72.2%) 8 (66.7%) 0.745 NS

Steroid dose/day Median (IQR) 15 (10–30) 17.5 (10–30) 0.749 NS

Range 5–30 5–30

Hydroxychloroquine Positive 9 (50.0%) 7 (58.3%) 0.654 NS

Azathioprine Positive 9 (50.0%) 6 (50.0%) 1.000 NS

Cyclophosphamide Positive 5 (27.8%) 2 (16.7%) 0.481 NS

MMF Positive 0 (0.0%) 1 (8.3%) 0.213 NS

SLEDAI Median (IQR) 15 (10–24) 19 (12–25.5) 0.396 NS

Range 8–38 8–34

MRI brain Positive 10 (55.6%) 6 (50.0%) 0.765 NS

P value > 0.05: non-significant (NS), P value < 0.05: significant (S), P value < 0.01: highly significant (HS)
MMF mycophenolate mofetil, SLEDAI SLE disease activity using the SLE disease activity index, MRI magnetic resonance imaging

Table 4 EEG specificity and sensitivity

Parameter Accuracy Sensitivity Specificity PPV NPV

EEG 46.7 37.5 57.1 50.0 44.4

EEG electroencephalography, PPV positive predictive value, NPV negative
predictive value
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had an SLEDAI score of less than 20. Almost 25% of pa-
tients had a score between 21 and 29.
Antiphospholipid antibodies are one of the most fre-

quent NPSLE-associated antibodies, in a meta-analysis of
21 retrospective studies that involve more than 1000 pa-
tients with SLE and other autoimmune diseases, the aver-
age prevalence of anticardiolipin antibodies and lupus
anticoagulant was 44 and 34%, respectively. One hundred
nine NP manifestations occurred in 38 to 49% of patients
with antiphospholipid antibodies compared with 12 to
21% of patients without antiphospholipid antibodies,
mainly were due to vascular thrombotic events such as
stroke and seizures [16]. Our study showed that patients
with NPSLE were significantly associated with ACL IgM
positivity (P < 0.05). Hanly et al. [17] stated that there was
a strong association between LAC and cerebrovascular
disease attributed to SLE (P = 0.038). Our results also
agreed with the results of Kakati et al. [1] in which 9 pa-
tients out of 19 in the NPSLE group had positive antipho-
spholipid antibodies (47.37%) with a significant difference
as compared to the non-NPSLE group (15.4%).
Brain MRI is one of the most sensitive imaging modal-

ities in the identification of CNS lesions in different dis-
orders, including NPSLE [18]. About half of our NPSLE
patients had normal MRI brain findings. Two previously
published studies documented the brain MRI findings in
large numbers of lupus populations presented by active
NPSLE and found that brain MRI abnormalities were
absent in almost half of the patients with active NPSLE,
supporting the immune-mediated pathogenesis for such
active NPSLE [19, 20].
Among MRI abnormalities, periventricular white mat-

ter lesion was the most frequent (23.3%), followed by in-
farction (13.3%), subcortical white matter lesion (6.7%),
and demyelinating lesion (6.7%). Kakati et al. [1] in
which MRI abnormality was found in 53.12% patients,
subcortical white matter lesions were the commonest
(64.7%) followed by cortical atrophy in eight (47.0%),
and periventricular white matter lesion reported 35.2%.
In another study done by Glanz et al. [21], MRI was ab-
normal in 8/11 patients (72.7%). The most common ab-
normalities were atrophy, periventricular white matter
changes, and subcortical white matter changes, respect-
ively. Luyendijk et al. [22] stated that the principal find-
ings were focal hyperintensities in white matter (49% of
all patients) or both white matter and gray matter (5% of
all patients), suggestive of vasculopathy or vasculitis.
EEG abnormalities have been described in SLE pa-

tients with diverse CNS manifestation [1, 8, 21, 23], and
we reported EEG abnormality in 12 patients out of 30
(40%) with NPSLE, while all 30 patients with non-
NPSLE had no EEG abnormalities. This disagreed with
the study of Kakati et al. [1], in which EEG abnormalities
were found in patients with NPSLE (42.11%) and in

those with non-NPSLE (30.77%). EEG abnormalities
with diverse neuropsychiatric symptoms were identified
in 14/20 patients (70%) with SLE in a study by Glanz
et al. [21].
The most common EEG abnormalities in our study

were diffuse slowing (6 patients = 20%), followed by gen-
eralized epileptiform activity in 4 patients (13.3%), and
lastly, temporal epileptiform activity in 2 patients each
(6.7%). This was consistent with the findings reported in
previous studies where slow activity was the most fre-
quent EEG abnormalities in lupus patients [1, 21, 23].
Meanwhile, brain MRI was found to be normal among

half of the patients with NP manifestations and abnor-
mal EEG (6/12 patients), and this may indicate that EEG
may show abnormalities early before the appearance of
MRI lesions. And this agreed with Lampropoulos et al.
[8]; they reported that half of the patients with abnormal
EEG findings (19 of 37 patients [51.4%]) had normal re-
sults of brain MRI. This finding suggests that the EEG
may be more sensitive to early vascular changes than is
brain MRI, which may detect more advanced stages of
cerebrovascular disorder as multifocal lesions and small-
vessel disease.
On another way, 55.6% of patients with normal EEG

(10/18 patients) had abnormal MRI brain, which dis-
agreed with Lampropoulos et al. [8] which stated that
none of the patients with normal EEG results had abnor-
mal findings on MRI.
The most common MRI abnormality in patients with

abnormal EEG was periventricular white matter lesion.
There were some differences in the study done by Kakati
et al. [1], in which subcortical white matter lesions was
the commonest MRI finding associated by EEG abnor-
mality in lupus patients
Our study showed that 13 patients out of 30 with

NPSLE had seizure disorders (43.3%), and 8 of them had
abnormal EEG (61.5%). Four patients (30.8%) out of 13
with seizure disorders had incidence of generalized epi-
leptiform activity in EEG, 2 patients (15.4%) had diffuse
slowing, and 2 patients (15.4%) had temporal epilepti-
form activity. While Glanz et al. reported that seizure
disorders occurred in 19.9% of patients with SLE, EEG
abnormalities were reported in 87.1% of seizure patients.
In 79.6% of cases, these abnormalities predominantly af-
fected the left hemisphere. In addition, 74.4% of patients
with left hemisphere EEG abnormalities demonstrated
dysfunction in the left temporal region [23].
Our study stated that EEG is not a sensitive or specific

test for detecting NPSLE with sensitivity (37.5%), specifi-
city (57.1%), PPV (50.0%), NPV (44.4%), and overall test
accuracy (46.7%). So, it is not an accurate screening test
for detecting NPSLE and cannot be used alone without
supplementary neuroimaging studies for diagnosis of
NPSLE. The main limitations of this work were, first, the
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small sample size and, second, being a one center study
and MRI done only for cases with NPSLE. We recom-
mend further studies on larger scales and over a long
duration to clarify the NPSLE predictors and different
tools of evaluation with a monitor of therapeutic
response.

Conclusion
Not all patients with NPSLE have abnormal EEG or
brain MRI. NPSLE patients may have abnormal EEG
while the MRI is still normal and the reverse is true;
some NPSLE patients with abnormal MRI findings have
normal EEG patterns. So, both EEG and MRI are com-
plementary investigations in the assessment of NPSLE
patients.
EEG is a useful assistant tool in the assessment of the

different manifestations of NPSLE, but it cannot be used
alone as a screening test for detecting NPSLE and must
be supplemented by neuroimaging studies.
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