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Association of Serum Ceruloplasmin Level
with Parkinson’s’s Disease
ISLAM MZ1, BARMAN KK2, HABIB MA3, ISLAM MR4, HASANM5, ISLAM MS6,
HUQ MR7, SARKER I8, AGARWALLA AK9
bstract:
Background: Parkinson’s disease, though a common neurodegenerative disease, is
still elusive regarding its pathobiology. Neuronal degeneration in the midbrain substantia
nigra by excess oxidative stress may play a role. As ceruloplasmin (Cp), a plasma
protein is important to maintain intracellular iron homeostasis and reduce cellular
oxidative stress, decreased serum Cp level may be an important factor in the
pathogenesis of Parkinson’s disease. Methods: This case-control study was conducted
in the department of Neurology, BSMMU. Forty-five Parkinson’s disease patients and
equal number of controls were selected. Serum ceruloplasmin level was measured in
the department of Biochemistry and Molecular Biology, BSMMU. Results: Mean serum
Cp level was significantly lower (p-value <0.001) in case (27.64 mg/dl) than in control
group (33.10 mg/dl). Conclusion: The association of low serum Cp level with Parkinson’s
disease may indicate a possible iron homeostasis abnormality as a pathogenic factor
in Parkinson’s disease.
Keywords: Parkinson’s disease, Ceruloplasmin, Substantia nigra etc.

Introduction:
Parkinson’s disease (PD), a common
neurodegenerative disease, is a clinical syndrome
with variable combination of tremor, rigidity,
bradykinesia and postural instability.PD is the
second most common neurodegenerative disorder
after Alzheimer disease 1 . Among general
population the worldwide prevalence of PD was
approximately 0.3 percent in a meta-analysis of
47 studies2.
Although the majority of cases are sporadic,
genetic factors play an important role in the
pathogenesis, particularly when symptom appear
before the age of 40 years3.Pathologically PD is
characterized by degeneration of dopaminergic
1.
2.
3.
4.
5.
6.
7.
8.
9.

neurons in the substantia nigra of the midbrain.
An intracytoplasmic neuronal inclusion known as
Lewy body, made up mainly of alpha-synuclein
and ubiquitin, is the pathologic hallmark4.Genetic
factors along with abnormalities in protein
processing, oxidative stress, mitochondrial
dysfunction, excitotoxicity and other unknown
mechanisms are probably involved in the
pathogenic process5. Several evidences support
disruption of iron metabolism as a key
mechanism involved in neuronal death in PD6.
Excess nigral iron deposition in PD using
magnetic resonance based highly sensitive
susceptibility weighted imaging was also
demonstrated7.
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Ceruloplasmin (Cp), an alpha-glycoprotein, is
mainly synthesized in liver and plays an important
role in cellular iron homeostasis. Decreased Cp
activity in brain leads to intracellular iron
accumulation, increasing oxidative stress which
leads to cell death8. As Cp readily crosses bloodbrain barrier, Cp level in serum is in equilibrium
with brain Cp level and serum Cp level reflects the
Cp activity in brain. It may be used as a biomarker
for diagnosis of early PD when classical motor
features have not yet developed7.

years. Majority of the patients belonged to 50-80
years of age.Among the study population 68.9%
were male and 31.1% were female in the case
group(male: female = 2.2:1). Rahman et al. (2018)
found 2.6 times male predominance in their study
in Bangladesh.

As an indicator of cellular iron dis It may also
facilitate the advent of iron chelation therapy as a
disease modifying treatment option in PD patients9.
Direct ceruloplasmin administration is also reported
to be helpful in improving PD symptoms in some
studies recently in animal models10.

Mean age (years)

Methods:
This case-control study aimed to assess the
association of serum ceruloplasmin level with
Parkinson’s disease. It was conducted in the
department of Neurology, BSMMU in the time period
of June, 18 to September, 19. Ethical clearance was
taken from the institutional review board, BSMMU.
Calculated 45 cases (Parkinson’s disease
diagnosed by Movement Disorder Society clinical
diagnostic criteria, 2015) and equal number of
controls (non-Parkinson’sian age and sex matched
subjects) were selected via purposive sampling
method. Patients of Wilson disease, chronic liver
disease, chronic kidney disease, pregnant women
or patients with active infection or inflammation were
excluded. Serum ceruloplasmin level was measured
by using Beckman Coulter-AU680 automated
analyzer in thelaboratory of the department of
Biochemistry and Molecular Biology, BSMMU. The
mean and standard deviation of serum
ceruloplasmin level of both case and control groups
were calculated. Quantitative data were analyzed
by Student’s t-test and qualitative data were analyzed
by χ2 test. P value <0.05 was considered as
statistically significant. Statistical analysis was done
by SPSS software.
Results and Discussions:
In this study the mean age of case and
controlgroups were respectively 57.8 and 58.0
64

Table-I
Demographic characteristics of the study
population
Variables

Case (n=45)

Control (n=45)

57.8

58

Male

31 (68.9%)

29 (64.4%)

Female

14 (31.1%)

16 (35.6%)

Gender

Serum ceruloplasmin level was significantly lower
in case (27.64 mg/dl) than in control (33.10 mg/dl)
group. This finding is similar to the studies by Jin
et al.7, Ling and Bhidayasiri11, Nikam et al.12, Song
et al.13 and Torsdottir et al.14.
As a neurodegenerative disease of unknown
etiology, PD has no established disease-modifying
treatment option so far. As low serum ceruloplasmin
may have a role in the pathogenesis of PD due to
disturbance in brain intracellular iron accumulation
and consequent oxidative stress, this finding may
open a window forinvention of disease-modifying
therapy for PD. Intravenous ceruloplasmin infusion
and iron chelation therapy have been proposed and
are under trial with initial success15.
Table-II
Serum ceruloplasmin level in the study subjects
Serum
ceruloplasmin
(mg/dl)
Mean± SD
Range

Case
(n=45)
no. (%)
27.64±6.09
(17-43) mg/dl

Control
(n=45)
no. (%)

p-value

33.10±7.63 <0.001s
(21-49) mg/dl

Conclusion:
The mean serum ceruloplasmin (Cp) level in
Parkinson’s disease (PD) patients was significantly
lower than that of the control group. The study was
conducted in a single center within a short time.
Long term, multicentered, prospective study may
further help confirm the association.
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Association of Serum Lipid Levels with Parkinson’s Disease:
A Case-Control Study
HUQ MR1,HANNAN MA2, HABIB MA3, ISLAM MR4, MIAH MBA5, AHMED A6, SARKER I7,
ISLAM MZ8, AGARWALLA AK9, HASAN M10, ISLAM MS11
Abstract:
Background: Parkinson’s disease (PD) is a common neurodegenerative disorder. Many
hypotheses have been put forward for PD pathogenesis including role of lipid metabolism.
Methods: This case control study was carried out in the department of neurology,
Bangabandhu Sheikh Mujib Medical University (BSMMU), Dhaka, from April 2018 to
September 2019. A total of 90 persons were enrolled as study population after satisfying
inclusion and exclusion criteria. Among them, 42 PD patients were grouped as cases
and 48 healthy persons were controls. Results: We have compared the mean (±SD)
value (mg/dl) of serum lipid variables among the cases and the controls. Serum total
cholesterol in PD patients was found lower than that of control group (176.88 ± 41.12 vs
209.27 ± 43.69 mg/dl) which was statistically significant (p = 0.001) and mean (±SD)
value (mg/dl) of serum LDL-C in PD patients was also found significantly lower than
that of control group (107 .44 ± 39.04 vs 127.40 ± 37.83 mg/dl, p = 0.017). Serum TG
levels were also significantly lower among PD patients than that of controls (152.40
±77.86 vs 206.71 ±94.76 mg/dl, p = 0.04). Serum high-density lipoprotein cholesterol
(HDL-C) levels were statistically similar among cases and controls (39.81 ± 9.79 vs
39.33 ±12.21 mg/dl, p = 0.840). Conclusion: There is an association between low
serum TC, LDL-C and TG levels with PD. Further prospective studies are necessary to
confirm the association.
Key words: Parkinson’s disease, lipid, cholesterol, triglyceride etc.

Introduction:
Parkinson’s disease (PD) is a progressive
degenerative disease of brain, characterized by
resting tremor, rigidity, bradykinesia and postural
instability. In 2016, 6·1 million individuals worldwide
had Parkinson’s disease, of whom 2·9 million
(47·5%) were women and 3·2 million (52·5%) were
men1. There were approximately 54198 (42488 to
67532) cases of PD in Bangladesh in 20161.
Nevertheless, the pathogenesis of PD is yet
unknown. Although a few PD cases are due to

several known genetic mutations, the disorder is
largely idiopathic and likely involves interactions of
the genome and the environment.
Cholesterol is an important constituent of cell
membranes and plays a crucial role in the formation
of the plasma membrane and signaling. Many
neurodegenerative diseases are characterized by
impaired cholesterol turnover in the brain. However,
at which stage the cholesterol biosynthetic pathway
is altered and how this contributes to pathogenesis
remain unknown2. Several recent findings also
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suggest a role of lipid and cholesterol metabolism
in Parkinson’s disease pathogenesis3. High level
of cholesterol may reduce the prevalence of PD
by promoting the neuroprotective effect of CoQ10
since serum cholesterol is an important
determinant of CoQ10 circulation4.
Another possible mechanism behind association
of serum lipid level with PD includes the role of
APOE gene. A recent systematic review, however,
demonstrated that it is the õ2 allele that is positively
associated with higher prevalence of sporadic PD5.
õ2 allele also has been associated with lower
plasma LDL-C6. As APOE õ2 allele is associated
with both PD and low plasma LDL-C, PD patients
may have lower plasma LDL-C level. It was
suggested in one study that these changes may
be related to the reduced sympathetic activity in
PD due to autonomic dysfunction. In that study,
authors have found low TG levels in PD patients
significantly in comparison to control group which
might be consistent with reduced catecholamine
and cortisol production7.
The above mentioned evidences led us to
formulate hypothesis that lower cholesterol may
be associated with PD. Many studies have focused
on the relationships between lipid profiles and the
risk, as well as on the progression of PD. However,
the results were not completely consistent with
each other. Further studies are required to clarify
the association of serum cholesterol level and
neurodegenerative diseases including PD.
Methods:
After obtaining ethical clearance from Institutional
Review Board (IRB) of BSMMU, patients having
features of PD, diagnosed by MDS Clinical
Diagnostic Criteria for PD, 20158 and fulfilling the
inclusion and exclusion criteria were selected as
case group. 42 patients were taken as cases; and
48 age and sex matched healthy persons were
taken as controls who fulfilled the inclusion and
exclusion criteria for control group. Sample size
was calculated using mean and standard deviation
of TC and LDL-C from a previous study using
stastical formula at 5% level of significance and
90% power9. Demographic variables were age,
sex, smoking status, presence of hypertension and

body mass index (BMI). Serum lipid levels (TG,
LDL-C, HDL-C, TG) were taken as laboratory
variables. Informed written consent was taken from
each patient or his/her attendant (both case and
control group). After taking proper history, physical
and neurological examinations, fasting serum lipid
profile and other relevant investigations were done.
Proper diagnosis and treatment were ensured for
each person of case group. For fasting lipid profile,
venous blood was collected under sterile conditions
using a disposable syringe between 8.00 to 10.00
a.m. after overnight fasting (12 hours). The serum
total cholesterol (TC), high density lipoprotein
cholesterol (HDL-C) and triglyceride (TG) levels
were measured by using Beckman Coulter-A680
analyzer machine and low density lipoprotein
Cholesterol (LDL-C) level was calculated by using
Friedewald’s equation from laboratory of the
department of biochemistry, BSMMU. Quality
control (QC) was ensured by doing updated
calibration and by checking QC curve shown in the
autoanalyzer.
The medical records, demographics, clinical and
laboratory records of the all patients were
examined. All the data were checked and edited
after collection. At the end of data collection, the
mean and standard deviation of serum levels of
total cholesterol, HDL-C, LDL-C and TG were
calculated for both case and control group.
Quantitative data were analyzed by t test and
qualitative data including sex, occupation,
educational levels were analyzed by ÷2 test. P value
<0.05 was considered as significant. In the case
group, the correlation among serum cholesterol
levels with disease duration was made by the
Pearson’s bivariate correlation test. Finally, to
assess the relative significance of potential
etiological variable, logistic regression was used
for risk assessment. Odds ratios and 95%
Confidence Intervals were calculated. All data
processing statistical analysis were done by SPSS
(Statistical Package for the Social Sciences)
software (version 25.0).
Results:
Total 42 patients of Parkinson’s disease were taken
as cases and 48 age and sex matched healthy
67

persons were taken as controls. Results were
expressed as mean ± SD. Unpaired ‘t’ test was
done as a test of significance. P <0.05 was
considered as significant. Mean age of all patients
was 59.43±11.34 years and mean age of control
was 56.38±12.92 years. Distribution was
statistically similar across cases and controls
(p>0.05). Majority patients were male (73.8%) with
2.6:1 male-female ratio.Sex distribution was also
similar across cases and controls (p>0.05). Serum
TC, LDL-C and TG levels were significantly lower
among PD patients than that of controls (p<0.05).
Serum HDL-C levels were statistically similar
among cases and controls. Logistic regression
analysis was done to determine the Odds of
developing PD in relation to different quartiles of
cholesterol level adjusted for age, sex, BMI, HTN

and smoking status. The lower the level of TC the
higher the odds of developing PD.
Table-I
Sex distribution of participants (N=90)
Sex
Male
Female

Case (n=42)
No. (%)
31 (73.8)
11 (26.2)

Control (n=48)
No. (%
35 (72.9)
13 (27.1)

The lowest quartiles of LDL-C and TG also showed
significant chance of developing Parkinson’s
disease. HDL-C didn’t show any significant
association with PD. Pearson’s bivariate correlation
was performed to asess correlation of serum lipid
profile with duration of Parkinson’s disease.None
of the serum lipid profile variables showed any
significant correlation with duration of disease.

Table-II
Distribution of participants according to their serum lipid profile (N=90)
Lipid profile

Case (n=42)
(mean ± SD in mg/dl)

Control(n=48)
(mean ± SD in mg/dl)

p-value

Total Cholesterol (TC)

176.88 ±41.12

209.27 ±43.69

0.001

Low Density Lipoprotein (LDL-C)

107.44 ±39.04

127.40 ±37.83

0.017

High Density Lipoprotein (HDL-C)

39.81 ±9.79

39.33 ±12.21

0.840

152.40 ±77.86

206.71 ±94.76

0.004

Triglyceride (TG)

Results were expressed as mean ± SD. Unpaired ‘t’ test was done as a test of significance. P <0.05 was considered as
significant.

Table-III
Correlation of serum lipid profile with duration of Parkinson’s disease (N=42)
Pearson’s r
(correlation
coefficient)

r2
(coefficient of
determination)

p-value

Total Cholesterol (TC)

0.046

0.002

0.772

Low Density Lipoprotein (LDL-C)

0.052

0.003

0.743

High Density Lipoprotein (HDL-C)

-0.225

0.051

0.153

Triglyceride (TG)

-0.295

0.087

0.058

Correlation of duration of
disease with PD

Pearson’s bivariate correlation was performed to compare between two groups. None of the serum lipid
profile variables showed a significant correlation with duration of disease.
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Table-IV
Odds ratios of Parkinson’s disease according to quartiles of serum cholesterol concentrations (N=90)
Serum
cholesterol

Unadjusted
OR

TC (mg/dl)
224 – 342
193 – 223
160 – 192
88 – 159
LDL-C (mg/dl)
145 – 265
115 – 144
87 – 114
40 – 86
HDL-C (mg/dl)
18 – 32
33 – 38
38 – 45
46 – 76
TG (mg/dl)
220 – 502
167 – 219
113 – 166
61 – 112

95% CI
Lower
Upper
bound
bound

P Adjusted *
95% CI
value
OR
Lower
Upper
bound
bound

1
4.180
2.923
10.133

1.133
0.809
2.600

15.419
10.561
39.499

0.032
0.102
0.001

1
7.734
4.92
12.05

1.653
1.136
2.631

36.174
21.307
55.184

0.009
0.033
0.001

1
1.259
1.574
4.048

0.377
0.491
1.21

4.204
5.046
13.538

0.708
0.445
0.023

1
1.387
2.297
3.957

0.366
0.613
1.059

5.262
8.603
14.777

0.63
0.217
0.041

1
0.364
2.494
0.893

0.106
0.745
0.268

1.249
8.342
2.97

0.108
0.138
0.853

1
0.356
2.791
0.62

0.094
0.758
0.158

1.347
10.278
2.427

0.128
0.123
0.493

1
2.877
2.354
11.56

0.8
0.635
2.822

10.35
8.725
47.356

0.106
0.2
0.001

1
1.635
1.986
11.391

0.379
0.493
2.42

7.057
8.000
53.614

0.51
0.335
0.002

*Adjusted for age, sex, BMI, HTN and smoking status

Discussion:
Parkinson’s
disease
is
a
common
neurodegenerative disease having no definite
treatment. Increasing evidence suggests that
serum lipid levels are associated with PD, even
may be related with pathogenesis of PD. This casecontrol study was carried out primarily with an aim
to find out the association of serum lipid levels in
patients with Parkinson’s disease.

Duration - LDL
Duration - TC

Serum values (mg/dl)

300.00

R2 Linear = 0.002
R2 Linear = 0.003

200.00

100.00

.00
.00

5.00

10.00

15.00

P value

20.00

Duration of Parkinson’s disease (years)

Figure 1: Scatter diagram showing relationship of
TC (green circles) and LDL (blue circles) with
duration of PD (r 2 linear = coefficient of
determination)

In this study mean ± SD values of serum total
cholesterol and low density lipoprotein cholesterol
level were reduced in PD patients as compared to
those of control group (176.88 ±41.12 vs 209.27
±43.69 mg/dl and 107.44 ±39.04 vs 127.40
±37.83mg/dl respectively) which were statistically
significant (p<0.05). Serum TG levels were also
significantly lower among PD patients than that of
controls (152.40 ± 77.86 vs 206.71 ± 94.76, p =
0.04). Serum high-density lipoprotein cholesterol
(HDL-C) levels were statistically similar among
cases and controls (39.81 ± 9.79 vs 39.33 ± 12.21,
p = 0.840).
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It was consistent with other case-control studies7,913. For example, in one study13 the mean levels of
total cholesterol, LDL-C and TG were significantly
lower in the PD patients than in the controls (4.5 ±
0.9 mmol/L vs. 5.0 ± 0.9 mmol/L, p < 0.001; 2.5 ±
0.7 mmol/L vs. 2.9 ± 0.7 mmol/L, p < 0.001; 1.2 ±
0.8 mmol/L vs. 1.5 ± 0.8 mmol/L, p < 0.001;
respectively. Like our study, most of the study didn’t
find any association of serum high-density
lipoprotein cholesterol (HDL-C) with PD. All these
studies including this one support the hypothesis
that low serum lipids levels(TC, LDL-C, TG) could
play an important role in the pathogenesis of
Parkinson’s disease.

(correlation coefficient) and p value for TC were
0.046 and 0.772 respectively; for LDL-C Pearson’s
r (correlation coefficient) and p value were 0.052
and 0.743 respectively which indicated no
significant correlation. Serum TG and HDL-C
showed negative but insignificant correlation. Also
in a previous study, they did not find any significant
correlations among TG, cholesterol, LDL-C, HDLC and disease duration (p>0.05). It was found
previously that PD patients have decreased
incidence of stroke and myocardial infarction than
healthy persons14. Low lipid TC, LDL-C and TG
levels in PD patients may protect PD patients from
adverse cardiovascular events.

We used a logistic regression analysis to get the
effect of serum total cholesterol and low density
lipoprotein cholesterol level on Parkinson’s
disease. Fasting concentrations of total cholesterol
and LDL-C were divided into quartiles. Odds ratios
(ORs) and 95% confidence intervals (CIs) were
estimated by logistic regression, adjusting for age,
gender, smoking, BMI and presence of HTN. The
lower the level of TC the higher odds of developing
PD. Unadjusted odds ratios were 4.180, 2.923,
10.133 and adjusted odd ratios were 7.734, 4.92,
12.05 which were statistically significant (p <0.05).
The lowest quartile of LDL-C also showed
significant chance of developing Parkinson’s
disease. Unadjusted odds ratios were 1.259, 1.574,
4.048 and adjusted odds ratios were 5.262, 8.603,
14.777; the odds ratio of the lowest quartile was
statistically significant (p <0.05). The lowest quartile
of TG also showed significant chance of developing
Parkinson’s disease. Unadjusted odds ratios were
2.877, 2.354, 11.56and adjusted odds ratios were
1.635, 1.986, 11.391; the odds ratio of lowest
quartile was statistically significant (p <0.05). HDLC didn’t show any significant association with PD.

Conclusion :
The present study showed that serum total
cholesterol, low density lipoprotein cholesterol
levels and triglyceride levels were significantly lower
in PD patients in comparison to control group. This
may be interpreted as linking lower TC, LDL-C and
TG levels having association with PD. It seems
timely and critical to reevaluate our results in larger
scale in our population, and to seek the underlying
mechanism that may be of potential importance in
understanding the etiology of PD. Besides, it has
public health implications, which may even lead to
some changes in current guidelines recommending
strict control of serum lipid profile.

It was consistent with some other recent
studies 7,10,13 . Like current study, fasting
concentrations of TC and LDL-C were divided into
quartiles in another case-control study10. The risk
of PD was significantly lower in the third tertile of
cholesterol, triglyceride and total lipid levels than
the first tertile in another study7. None of the serum
lipid profile variables showed a significant
correlation with duration of disease. Pearson’s r
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Short-Term Outcome in Patients with Acute Ischemic Stroke on
the Basis of Admission Plasma D-Dimer Level
DHAR K1,HABIB M2, GHOSE SK3, AHMED KGU4, CHOWDHURY AH5, SHAHA K6, SINA H7
Abstract:
Background: Elevated levels of plasma D-dimer increase the risk of ischemic stroke,
stroke severity, and the progression of stroke status, but the association between
plasma D-dimer level and functional outcome is unclear. Methods: This observational
cohort type of study was done in the Department of Neurology Dhaka Medical College
Hospital, Dhaka during August, 2017 to July, 2019. Total 100 patients having acute
ischemic stroke were included in this study. Age > 18 year of both male & female
patients with first-ever acute ischemic stroke confirmed by CT scan/ MRI who gave
informed written consent including consent to give blood sample for plasma D-dimer
level measurement were enrolled in this study. RESULTS: Mean D-dimer level was
0.49±0.00 found in MRS 0, 0.57±0.19 in MRS 1, 0.49±0.00 in MRS 2, 0.70±0.33 in
MRS 3, 1.46±0.77 in MRS 4, 1.60±0.59 in MRS 5 and 3.17±0.93 in MRS 6. The
above findings indicate that MRS score increased with mean D-dimer significantly
(p<0.05). Receiver-operator characteristic (ROC) was constructed by using D-dimer
level, which gave a cut off value 1.7, with 90.9% sensitivity and 89.4% specificity for
prediction of prognosis. Conclusion: Elevated plasma D-dimer level on admission
was significantly associated with short-term poor outcome in patients with acute
ischemic stroke.
Keywords: Ischemic stroke, D-dimer, MRS, Outcome etc

Introduction:
Stroke is the second highest cause of death
worldwide1. Approximately 15 million new acute
stroke events occur every year and approximately
55 million people have had a stroke at sometime
in the past. Two-thirds of these individuals live in
the low & middle income countries 2. According to
the latest WHO data, death due to stroke in
Bangladesh reached about 8.5% of total deaths3.
Ischemic stroke is one of the major cause of death
and places a tremendous burden on health
resources. Timely intervention can dramatically
improve outcome & reduce disability. D-dimer, the
final product of plasmin-mediated degradation of
fibrin-rich thrombi has emerged as a simple
1.
2.
3.
4.
5.
6.
7.

blood test that can be used in diagnostic algorithm
for the exclusion of venous thrombo-embolism4.
D-dimer level has certain advantages over other
measures of thrombin generation because it’s
resistant to ex-vivo activation , relatively stable &
has a long half-life5 . It has been suggested that
moderatetly elevated circulating D-dimer values
reflect minor increases in blood coagulation ,
thrombin formation and turnover of cross-linked
intravascular fibrin ; and these increases may be
associated with coronary heart disease6. Patients
with higher d-dimer levels are at higher risk of
cardiovascular events even if they’re receiving
oral anti-coagulants 7 . Elevated D-dimer
concentrations are of prognostic significance in
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long-term neurologic outcomes in childhood-onset
arterial ischemic stroke8. Elevated D-dimer level
has also been shown to relate to early clinical
progression 9 , stroke subtypes 10 , infarction
volume11 and unfovourable outcome12 in ischemic
stroke patients .On the contrary , Haapaniemi and
Tatlisumak, supposed that D-dimer level per se is
not an independent predictor for poor outcome but
reflects stroke etiology13. Thus, the purpose of
this study is to find out the association between
plasma D-dimer level at admission and short-term
functional outcome in Bangladeshi patients with
acute ischemic stroke.
Methods:
The study was carried out in the department of
Neurology of Dhaka Medical college Hospital.
Patients were collected from the departments of
Neurology and Medicine. Following admission,
patients with acute ischemic stroke was sorted
out according to inclusion & exclusion criteria.
History regarding demographic profile (age, sex);
risk factors (hypertension, diabetes mellitus,
smoking habit & alcohol abuse) and clinical
presentation was noted on the questionnaire. At
admission the neurological deficit was quantified
using the National Institutes of Health stroke scale
(NIHSS) .Under proper aseptic precautions blood
sample was collected & sent for estimation of
plasma D-dimer level to the laboratory of the
Department of Hematology, Dhaka Medical
College Hospital. The value of plasma D-dimer
was considered for further analysis. Functional
outcome of the patients was assessed with
Modified Rankin Scale (MRS) by the principal
investigator at day 90. Personal contact number
of each patient was collected during interview.
Subjects with incomplete data was excluded
before final analysis.
Results:
Table VIII shows the distribution of the study
patients by age. It was observed that almost one
third (28.7%) patients belonged to age 50-59 years
who were in alive group, but more than half (54.5%)
of patients belonged to age 60-69 years were dead.

The mean age was 59.97±12.41 years in alive and
64.27±6.68 years in death. The difference of age
was statistically not significant (p>0.05) between
two groups.
Table X shows the distribution of the study patients
by risk factor. It was observed that majority
(83.3%) patients had hypertension in alive and
15(68.2%) death, followed by 33(50.0%) DM in
alive and 13(59.1%) in death, 21(31.8%)
Hyperlipidemia in alive and 11(50.0%) in death,
20(30.3%) smoker in alive and 11(50.0%) in death
and 3(4.5%) others in alive. The risk factors was
statistically not significant (p>0.05) between two
groups.
According to association between MRS score with
D-dimer level it was observed that the mean Ddimer level was 0.49±0.00 found in MRS 0,
0.57±0.19 in MRS 1, 0.49±0.00 in MRS 2,
0.70±0.33 in MRS 3, 1.46±0.77 in MRS 4,
1.60±0.59 in MRS 5 and 3.17±0.93 in MRS 6. The
above findings indicate that MRS score increased
with the mean D-dimer level.
All patients were divided into two groups according
to plasma D-dimer level. Patients having D-dimer
level <1.5 µg/ml was considered as group I and Ddimer level ≥1.5 ìg/ml was considered as group II.
Regarding the association between MRS with Ddimer level the mean MRS was 2.54±1.24 and
5.38±0.92 in D-dimer level <1.5 ìg/ml (Group I) and
D-dimer level ≥1.5 ìg/ml (Group II) respectively, The
mean MRS was significantly (p<0.05) higher in
patients with D-dimer level ≥1.5 ìg/ml. On the other
hand MRS belonged to 4 – 6 in 20.4% in group I
and 97.1% in group II.
The area under the Receiver-operating
characteristic (ROC) curve for prediction of
prognosis is depicted in table XV. Based on the
Receiver-operating characteristic (ROC) curve D
dimer level had area under curve 0.972. Receiveroperating characteristic (ROC) was constructed by
using D-dimer level, which gave a cut off value 1.7,
with 90.9% sensitivity and 89.4% specificity for
prediction of prognosis.
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Table-I
Distribution of the study patients by age, survival and mortality (n=88)
Age
40-49

Alive (n=66)
n
%
13
19.7

Death (n=22)
n
%
2
9.1

50-59

19

28.7

0

0

60-69

13

19.7

12

54.5

70-79

14

21.3

8

36.4

≥80

7

10.6

0

0

Mean±SD

59.97±12.41

64.27±6.68

40-85

47-70

Range (min-max)

P value

0.125ns

ns= not significant
P-value was reached from unpaired t-test.

Table-II
Distribution of the study patients by risk factor, survival and mortality (n=88)
Risk factor

Alive (n=66)

Death (n=22)

P value

N

%

n

%

Hypertension

55

83.3

15

68.2

0.128ns

DM

33

50.0

13

59.1

0.459ns

Hyperlipidemia

21

31.8

11

50.0

0.124ns

Smoking

20

30.3

11

50.0

0.093ns

Others

3

4.5

0

0.0

0.308ns

ns= not significant
P-value was reached from chi-squire test.

Table-III
Distribution of the study patients by MRS score with D-dimer level (n=88)
MRS score

D-dimer level
n

Mean±SD

Min-Max

0

2

0.49±0.00

0.49-.49

1

13

0.57±0.19

0.49-1.00

2

6

0.49±0.00

0.49-.49

3

23

0.70±0.33

0.35-1.50

4

16

1.46±0.77

0.49-2.90

5

6

1.60±0.59

1.00-2.30

6

22

3.17±0.93

P value
s= significant, p value was reached from ANOVA test
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1.50-4.50
0.001s

Table-IV
Distribution of the study patients byMRS and plasma D-dimer level (n=88)
MRS

D-dimer level
Group-I (<1.5 µg/ml)
Group-II (1.5 µg/ml)
(n=54)
(n=34)
n
%
n
%
43
79.6
1
2.9
11
20.4
33
97.1
2.54±1.24
5.38±0.92
0-5
3-6

0-3
4-6
Mean±SD
Range(min-max)

P value

0.001s

s= significant
p-value was reached from unpaired t-test.

Table-V
Receiver-operating characteristic (ROC) curve of D-dimer level prediction of prognosis.
Cut off
value

D-dimer level

Sensitivity

1.7

90.9

Specificity

89.4

1.0
0.9
0.8
0.7

Sensitivity

0.6
0.5
0.4
0.3
0.2
0.1
0.0
0.0

0.1 0.2

0.3

0.4

0.5

0.6

0.7

0.8 0.9

1.0

1 - Specificity
Diagonal segments are produced by ties

Fig.-1: Receiver-operating characteristic (ROC)
curve of D-dimer level prediction of prognosis.
Discussion:
This observational study was carried out with an
aim to assess the clinical presentation of the

Area
under the
ROC curve

0.972

95% Confidence
interval (CI)
Lower

Upper

bound

bound

0.944

1.000

patients admitted with acute ischemic stroke and
to observe the plasma D-dimer level on admission.
This study also aimed to find out the short-term
outcome of the patients according to Modified
Rankin Scale (MRS) and to evaluate the
relationship between plasma D-dimer level on
admission and outcome of the patients at day 90.In
this present study, it was observed that 28.4%
patients belonged to age 60-69 years. The mean
age was 61.05±11.38 years with ranged from 40
to 85 years. Yuan and Shi, (2014) find that themean
age is 64.30 ± 11.71 years varied from 40 to 85
years which is consistent with the current study14.In
this current study, it was observed that 64.8%
patients were male and 35.2% were female and
male to female ratio was almost 2:1. Similarly, Yuan
and Shifind acute ischemic stroke patients 64.70
% males and 35.30 % females, which is closely
resembled with the present study14. In this current
study, it was observed that the mean NIHSS score
was11.8±5.49 with range from 1 to 23. Yang et
al.15find the median NIHSS score on admission is
8 with in-terquartile ranges 5–11 points. Similar
findings was also observed by Zhang et al.16
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D-dimer—a marker of fibrin turnover—exhibits
unique properties as a biological marker of
hemostatic abnormalities and thrombosis 17.
Elevated D-dimer level is reportedly a determinant
of the incidence of ischemic stroke not only in the
general population but also in patients with atrial
fibrillation (AF)18. In this present study, it was
observed that the mean D-dimer level was
1.48±1.21 (ìg/ml) with range from 0.35 to 4.5(ìg/
ml). Yang et al. study assesses plasma D-dimer
levels with regard to their accuracy to predict shortterm functional outcome in patients with AIS within
90 days in Chinese population and find the mean
D-dimer level 1.36 ìg/ml varied from 0.55–3.11 ìg/
ml, which is comparable with the current study19.In
this present study, It was observed that 26.1%
patients belonged to MRS score 3. The mean MRS
score was 3.64±1.79 with range from 0 to 6. Zhang
et al. study observes an unfavorable functional
outcome in 40.4% patients with a median MRS
score of 4 having inter quartile range (IQR) 3 –
616. In another study Barber et al. (2004) also find
an unfavorable functional outcome in 31.4% with
a median MRS score of 4 having inter quartile
range IQR, 3–620. In this current study, It was
observed that 83.3% patients had hypertension in
alive and 68.2% death, followed by 50.0% DM in
alive and 59.1% in death, 31.8% Hyperlipidemia in
alive and 50.0% in death, 30.3% Smoker in alive
and 50.0% in death and 4.5% others in alive. The
risk factorswas not statistically significant (p>0.05)
between two groups. Similarly, Yang et al.
studyobserves that 62.9% patients had
hypertension in good outcomes and 87.0% poor
outcomes, followed by 19.9% DM in good
outcomes and 44.9% in poor outcomes and 21.2%
Smoker in good outcomes and 20.3% in poor
outcomes. The difference of age is statistically not
significant (p<0.05) between two groups.
Hypertension and DM are significantly higher in
poor outcomes. Similar observations regarding the
risk factors and prognosis are also observed by
Zhang et al.According to association between MRS
score with D-dimer level it was observed that the
mean D-dimer level was 0.49±0.00 found in MRS
0, 0.57±0.19 in MRS 1, 0.49±0.00 in MRS 2,
0.70±0.33 in MRS 3, 1.46±0.77 in MRS 4,
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1.60±0.59 in MRS 5 and 3.17±0.93 in MRS 6. This
finding indicates that MRS score increased with
mean D-dimer level significantly.
Patients those with MRS of <3 are predicted to have
an independent life after stroke obtained by Sung
et al. 21. The investigators define MRS ≥3 as
moderate to severe acute ischemic stroke. In this
present study, all patients were divided into two
groups. Patients having D-dimer level <1.5 ìg/ml
was considered as group I and D-dimer level ≥1.5
ìg/ml was considered as group II. Regarding the
association between MRS with D-dimer level the
mean MRS was 2.54±1.24 and 5.38±0.92 in Group
I and Group II respectively, The mean MRS was
significantly (p<0.05) higher in patients with D-dimer
level ≥1.5 ìg/ml (Group II). On the other hand MRS
belonged to 4 – 6 in 20.4% in Group I and 97.1%
in Group II. Yang et al. obtain in their study that
functional outcome is assessed by the modified
Rankin Scale (MRS), a favourable functional
outcome is defined as a MRS of 0–2 points,
whereas an unfavourable outcome is defined as a
MRS of 3–6 points19.
In this present study it was observed that in the
Receiver-operator characteristic (ROC) curves Ddimer level had area under curve 0.972, which gave
a cut off value 1.7, having 90.9% sensitivity and
89.4% specificity for prediction of prognosis in
patients with acute ischemic stroke. Yang et al.
study report that higher D-dimer level is associated
with an unfavorable functional outcome compared
with those in patients with a favorable outcome.
After adjusting for all other significant outcome
predictors, D-dimer predicts poor outcome. The
optimal cut-off value of plasma D-dimer levels as
an indicator for diagnosis of unfavorable functional
outcome is projected to be 1.99 mg/L, which yields
a sensitivity of 81.2% and a specificity of 79.7%,
the area under the curve is 0.84 with 95%CI, 0.79–
0.90, which are comparable with the current study.
The investigators also mention that D-dimer levels
increase per unit patients having poor outcome
increased more than 4 times greater as compared
with patients who survived. After adjustment for
possible parameters, D-dimer level remains as an
independent predictor for mortality with an OR of
3.22 having 95% CI, 2.05–6.43.Hamataniet al

mention in their study that neither in-hospital nor
30-day ischemic stroke events are observed in
patients with D-dimer level less than the reference
limit of normal (<1.0 ìg/mL)22. This cutoff value of
1.0 ìg/mL has a sensitivity of 100%, achieving a
negative predictive value of 100%. Subgroup
analyses show that D-dimer level is significantly
associated with short-term ischemic stroke events
in patients without atrial fibrillation OR=2.46; 95%
CI, 1.39–4.54 for in-hospital ischemic stroke; and
OR=2.20; 95% CI, 1.16–4.15 for 30-day ischemic
stroke and those without antithrombotic therapy
OR=2.79; 95% CI, 1.53–5.57 for in-hospital
ischemic stroke; and OR, 2.45; 95% CI, 1.30–
4.91for 30-day ischemic stroke. Saver and Altman
et al. find the correlation coefficients between
NIHSS and the MRS at admission is r=0.5123.
Correlation analysis Sung et al. show a very
significantly high correlation (r = 0.775) between
NIHSS with MRS, index for severity of acute
ischemic stroke and subsequent neurological
impairment, respectively.
Conclusion:
This study has undertaken to determine the
association between admission plasma D-dimer
level and short-term outcome in patients with acute
ischemic stroke. Acute ischemic stroke is more
common in 60-69 years and above and male
predominant.
Hypertension,
DM
and
hyperlipidemia are more common risk factor in
Acute ischemic stroke and anterior circulation
stroke is more common in this study. Age, sex, risk
factors are not significantly associated with shortterm outcome in patients with acute ischemic
stroke. NIHSS score and D-dimer level are
significantly elevated in patients with acute
ischemic stroke patients having poor outcome.
MRS score and D-dimer level are significantly
associated. The mean MRS is significantly higher
in patients with D-dimer level e 1.5 5ØÍÞg/ml. Ddimer level is a sensitive and specific predictive
marker for short-term outcome in acute ischemic
stroke. Therefore elevated plasma D-dimer level
on admission is significantly associated with the
poor prognosis in patients with acute ischemic
stroke. There is a significant correlation found
between NIHSS with MRS.
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Cerebrospinal Fluid Protein Level and Nerve Conduction Study
as Short-Term Prognostic Marker of Guillain Barré Syndrome
KAMAL MM1, HABIB M2, ISLAM MR3 ,GHOSE SK4, AHMED KGU5, CHOWDHURY AH6,
SHAHA K7, AMIN R8, SINA H9, DHAR K10
Abstract:
Background: Guillain Barré Syndrome (GBS) diagnosis is based on a combination of
clinical features, Nerve conduction studies (NCS) and analysis of the cerebrospinal
fluid (CSF) which eventually assist in monitoring disease progression as well as the
efficacy of immunotherapy. The main objective of this study was to determine the relation
of CSF protein level and nerve conduction study with short-term prognosis of GBS
patients. Methods: This observational study was carried out in the Department of
Neurology and Medicine, Dhaka Medical College Hospital, Dhaka during the period
August, 2017 to July, 2018. Total 50 patients suffering from GBS were enrolled in this
study. Lumber puncture (LP) and NCS were done at day 10 of symptom onset. Results:
In this study majority (87.5%) of the patients had GBS Disability score <3 in demyelinating
and 16(47.1%) in axonal on day 90. Three fourth (75.0%) patients EGRIS score was ³3
in demyelinating and 34(100.0%) in axonal and mEGOS it was revealed that more
than two third (68.8%) patients mEGOS score was ³6 in Demyelinating and 33(97.1%)
in axonal. More than three fourth (76.0%) patients ³6 mEGOS score in CSF protein
<100 (mg/dl) and 25(100.0%) in CSF protein ³100 (mg/dl). Multiple logistic regression
analysis showing a subject with axonal GBS had 1.579 (95.0% C.I 1.717 to 3.475),
CSF Protein had 1.013 (95.0% C.I. 1.001 to 1.026) (PÂ0.05%). Conclusion: CSF
analysis for protein and NCS examination appeared as the essential short term predictors
in evaluating diagnostic accuracy and prognostic determinant of GBS early.
Keywords: NCS, CSF Protein, GBS disability score, EGRIS, mEGOS

Introduction:
Guillain-Barré syndrome (GBS) is a postinfectious immune-mediated peripheral
neuropathy characterised by rapidly progressive
symmetrical weakness and sensory loss usually
followed by slow clinical recovery with
heterogeneous severity of neurological deficits
and prognosis1. It is currently the most frequent
cause of acute flaccid paralysis worldwide and
constitutes one of the serious emergencies in
neurology2,3,4. Statistical analyses reported the

incidence of GBS in Western countries, mostly
from Europe and North America, ranges from 0.89
to 1.89 cases per 100,000 populations per year4,5.
GBS is typically triggered by antecedent infections
presented as symptoms of upper respiratory tract
infection or diarrhoea. Campylobacter jejuni is
blamed for at least one-third of these infections,
cytomegalovirus infections being the second most
common6.
Autoimmune response is the cardinal step in the
development of GBS. There is a molecular mimicry
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between the lipooligosaccharides of the infectious
agents and the gangliosides in human, ultimately
affecting the myelin-protein sheathing and the
axons themselves to various degrees7. These lead
to segmental demyelination and axonal
degeneration as well as infiltration of macrophages,
lymphocytes and mast cells in the endoneurium of
nerves in the peripheral nervous system which are
found in nerve biopsy8. Nerve conduction studies
(NCS) are the fundamental investigations to
confirm the diagnosis and to assess the severity
of the disease9.
A new thought has been proposed recently and
there many ongoing researches regarding the role
of CSF studies as a prognostic marker of GBS. As
GBS affects the peripheral nervous system, CSF
is a potential source for biomarkers, since the CSF
compartment is in close contact with the proximal
nerve roots, where biochemical changes related
to the disease are likely to be reflected10. Therefore
the altered protein content of CSF due to various
cerebrospinal fluid biomarkers, such as albumin,
myelin basic protein, axonal damage markers
(neurofilaments, tau and anti-ganglioside
antibodies), glial and neuronal markers (neuron
specific enolase, 14-3-3 proteins, S100B and
hypocretin-1) is thought to mirror the damage within
the tissue of the nervous system11. Moreover the
dysfunction of B-CSF-B and BNB damage results
in an alteration of CSF flow rate with influx of serum
proteins into the CSF resulting in modulation of the
protein content in CSF. Also the intra-thecal
synthesis of proteins contributes to the changes of
protein content in CSF. All these have been
proposed the CSF protein could play a role as a
marker for disease process, prognostic accuracy
and treatment response 10,11 . In addition,
electrophysiological studies on GBS patients have
highlighted the prognostic value of early motor
conduction studies12. Many studies regarding the
role of CSF protein as a short-term prognostic
marker have been conducted worldwide but no
similar studies have been found in Bangladesh.
Keeping the importance of the topic in mind the
study has been designed to find out the role of CSF
protein and motor NCS study in GBS.
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Methods:
This study was carried out in the department of
neurology, Dhaka Medical college hospital. A total
of about 50 patients were included in the study
following admission in department of neurology.
A written informed consent was collected from
each patient and interview has been taken by
the researcher himself and verified by a
consultant neurologist. A semi-structured
questionnaire had been made consisting
demographic profile, clinical presentation and
comorbid disease. A special written consent was
taken for lumbar puncture and with all aseptic
precautions lumber puncture was done on day
10 of symptom onset. Following collection of
CSF, sample was sent for study to the
biochemistry laboratory of BSMMU. CSF protein
estimation by using ultraviolet spectro photometric method with a Atellica CH analyzer,
Siemens, Germany and level of 45mg/dl was
used as upper cutoff value. Patients were divided
into two groups according to the presence of
amount of protein. In addition, Nerve Conduction
Studies of cross limb were done at day 10 and
type of GBS was stratified into demyelinating and
axonal group based upon the criteria suggested
by Albers and Kelly by using Nihon Cohden
Neuropack 2 system (Nihon Cohden Corp,
Tokyo, Japan) maintaing the skin temperature
at 32-34ÚC. Assessment of prognosis was done
at day 10 of onset of symptom using EGRIS and
mEGOS score and GBS disability score at
admission and day 90 of symptom onset.
Patients whose condition improved were
discharged from hospital. Patients address and
telephone number taken and contacted and
advised for followed up at 90 days in Neurology
Specialized Clinic, DMCH.
Results:
In this study, almost three fourth (76.0%) patients
belong to age 18-25 years and almost three fourth
(72.0%) patients were male and 14(28.0%) were
female. By NCS findings, it was observed that more
than two third (68.0%) patients had axonal and
16(32.0%) demyelinating.

Table I shows that more than two third (68.0%)
patients had axonal and 16(32.0%) in
demyelinating.
Table-I
Distribution of the study patients by
NCS findings (n=50)
NCS findings

Number of patients

Percentage

Axonal

34

68.0

Demyelinating

16

32.0

Table II shows that more than half (52.9%) of the
patients had GBS Disability score >3 in axonal and
2(12.5%) in demyelinating at day 90. The difference
was statistically significant (p<0.05) between two
groups.
Table III shows that three fourth (75.0%) patients
EGRIS score was ≥3 in demyelinating and
34(100.0%) in axonal. The difference was
statistically significant (p<0.05) between two groups.
Table IV shows that more than two third (68.8%)
patients mEGOS score was ≥6 in Demyelinating
and 33(97.1%) in axonal. The difference was
statistically significant (p<0.05) between two
groups.
Table V shows that more than half (61.8%) patients
belonged to CSF protein ≥100 (mg/dl) in axonal and
4(25%) in demyelinating. The difference was
statistically significant (p<0.05) between two groups.

Table VI shows that more than half (56.0%) patients
had GBS disability score >3 on day 90 in CSF
protein ≥100 (mg/dl), 6(24.0%) in CSF protein<100
(mg/dl). The difference was statistically significant
(pÂ0.05) between two groups.
Table VII shows that all (100.0%) patients had
EGRIS score ≥3 in CSF protein ≥100 (mg/dl) and
21(84.0%) in CSF protein <100 (mg/dl). The
difference was statistically significant (pÂ0.05)
between two groups.
Table VIII shows that more than three fourth
(76.0%) patients had mEGOS score ≥6 in CSF
protein <100 (mg/dl) and 25(100.0%) in CSF
protein ≥100 (mg/dl). The difference was
statistically significant (p<0.05) between two
groups.
Table IX shows that a subject with axonal GBS
had 1.579 (95.0% C.I 1.717 to 3.475), CSF Protein
had 1.013 (95.0% C.I. 1.001 to 1.026), EGRIS had
0.659 (95.0% C.I. 0.355 to 1.224) and mEGOS had
1.172 (95.0% C.I. 0.415 to 3.31) times increase in
odds, where only axonal GBS and CSF protein
were statistically significant (P<0.05%).
Table X shows ROC curves based GBS Disability
score on day 90, EGRIS and mEGOS which had
area under curve (AUC) 0.910, 0.606 and 0.836.
ROC curve was constructed by using GBS
Disability score on day 90, EGRIS and mEGOS,

Table-II
Comparison of NCS findings with GBS Disability score at day 90 of admission
of the study patients (n=50)
GBS Disability
score at day
<3

90 Demyelinating (n=16)
n
%
14
87.5
2

≥3

12.5

Axonal (n=34)

P value

n
16

%
47.1

18

52.9

0.001s

Table-III
Comparison of NCS findings with EGRIS score at day 10 of the study patients (n=50)
EGRIS score 10

Demyelinating (n=16)

Axonal (n=34)

P value

at day

n

%

n

%

<3

4

25.0

0

0.0

≥3

12

75.0

34

100.0

0.002s
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Table-IV
Comparison of NCS findings with mEGOS score at day 10 of the study patients (n=50)
mEGOS score

Demyelinating (n=16)

Axonal (n=34)

P value

at day 10

n

%

n

%

<6

5

31.3

1

2.9

≥6

11

68.8

33

97.1

0.001s

Table-V
Comparison of NCS findings with CSF protein of the study patients (n=50)
CSF protein
(mg/dl)

Demyelinating (n=16)
n

<100
≥100
Mean±SD
Ranges(min-max)

12
4
112.41
48

Axonal (n=34)

%

n

%

75.0
25.0
±33.32
-255

13
21
139.56
70

38.2
61.8
±30.25
-273

P value

0.008s

Table VI
Comparison of CSF protein with GBS Disability score at day 90
of admission of the study patients (n=50)
GBS disability

<100 (mg/dl)(n=25)

≥100 (mg/dl)(n=25)

score at day 90

n

%

n

%

<3

19

76.0

11

44.0

≥3

6

24.0

14

56.0

P value
0.021s

Table-VII
Comparison of CSF protein with EGRIS score at day 10 of the study patients (n=50)
EGRIS score

<100 (mg/dl) (n=25)

≥100 (mg/dl)(n=25)

at day 10

n

%

n

%

<3

4

16.0

0

0.0

≥3

21

84.0

25

100.0

P value
0.037s

Table-VIII
Comparison of CSF protein with mEGOS score at day 10 of the study patients (n=50)
mEGOS score

<100 (mg/dl)(n=25)

at day 10

n

%

n

%

<6

6

24.0

0

0.0

≥6

19

76.0

25

100.0
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≥100 (mg/dl)(n=25)

P value
0.009s

Table-IX
Multiple logistic regression analysis showing the effect of independent variables
on dependent variable
OR

95% C.I.

P value

Lower

Upper

Axonal GBS

1.579

1.717

3.475

0.021s

CSF protein

1.013

1.001

1.026

0.038s

EGRIS

0.659

0.355

1.224

0.187ns

mEGOS

1.172

0.415

3.31

0.764ns

Table-X
Receiver-operator characteristic (ROC) curve of GBS disability score on day 90,
EGRIS and mEGOS score
Cut of
value

Sensitivity

Specificity

GBS Disability
score on day 90
EGRIS

2.50

58.8

100.0

0.910

95%Confidence
interval (CI)
Lower
Upper
bound
bound
0.830
0.990

3.50

91.2

50.0

0.606

0.398

0.813

mEGOS

6.50

67.6

87.5

0.836

0.711

0.962

which gave a cut off value 2.50, 3.50 and 6.50 with
58.8%, 91.2% and 67.6% sensitivity and 100.0%,
1.0
0.9
0.8

Sensitivity

0.7
0.6
0.5
0.4
Source of the Curve
GBS disability score on day 90
EGRIS
mEGOS
Reference Line

0.3
0.2
0.1
0.0
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1 - Specificity
Diagonal segments are produced by ties

Fig.-1: Receiver-operator characteristic (ROC)
curve showing area under curve(AUC) of GBS
Disability score on day 90, EGRIS and mEGOS
score.

AUC

50.0% and 87.5% specificity respectively for
prediction of GBS patients.
Discussion:
In this study age distribution was found mostly in
young age group because Bangladesh is a
developing country, so there is infection specially
campylobacter jejuni infection affect may be more
in this age group. In our population axonal variety
is most prevalent and different findings from
western and European countries may be due to
more prevalence of c.jejuni infection in our
population due to cultural, environmental & climate
factors. Regarding NCS findings all short term
prognostic score i.e. GBS disability score, EGRIS
score and mEGOS score showed that axonal
variety was associated with high score and worse
prognosis. Regarding CSF protein all short term
prognostic marker also showed that increased
protein was associated with high score and worse
prognosis. According to ROC curve, it was shown
that all the three scores are useable for the
prediction of outcome of GBS but mEGOS score
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is more acceptable because its sensitivity and
specificity both is in acceptable range than other
two score. In multiple logistic regression analysis
showed that axonal GBS and increased CSF
protein was independent prognostic factor of
Guillain Barre´ Syndrome patients.
Conclusion:
Cerebrospinal fluid analysis for protein and Nerve
conduction studies appeared as the essential short
term predictors in evaluating diagnostic accuracy
and the prognostic determinant of GBS early.
However, the role of EGRIS score, mEGOS score
and GBS disability score in categorization of
different variants of GBS are also encouraging for
formulating the futures strategies based on the
unique scoring as revealed in this study. The data
generated in this research will serve as baseline
information in order to practice in neurological
centers for assessment of the clinical stage and
management of the critically ill crippling GBS
patients. It can be said that the present study
presents the role of increased CSF protein and
Nerve conduction studies as prognostic markers
of Guillain-Barré syndrome.
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Association of Plasma Brain Natriuretic Peptide with Severity
of Acute Ischemic Stroke
AGARWALLA AK1, MIAH MBA2, DEY SK3, ISLAM MR4, ISLAM MZ5, HASAN M6,
ISLAM MS7, HUQ MR8
Abstract:
Background: Stroke is responsible for the highest mortality and disability among adult
population in Bangladesh. With a death rate of 125.6 per 100,000 populations,
Bangladesh ranks 34th globally for stroke related death. This study was aimed to find
out association of plasma BNP with acute ischemic stroke severity which may help in
management of these patients. Methods: This cross-sectional study was conducted in
the Department of Neurology, BSMMU, Dhaka from June 2018 to October 2019. Total
45 subjects with history within 7 days and confirmed by CT scan of head or MRI of brain
were selected purposively from the Neurology departments of BSMMU, NINS&H and
Internal Medicine department of DMCH, Dhaka, Bangladesh. Venous blood samples
were collected from these patients and analyzed at the Department of Biochemistry
and Molecular Biology, BSMMU, Dhaka for estimation of plasma BNP. Results: This
study found increased plasma BNP of >100 pg/ml in 31.1 % of acute ischemic stroke
patients. Mean plasma BNP level was (74.76±52.96 pg/ml) in acute ischemic stroke
patient. Significant negative correlation was found between concentration of plasma
BNP and time passed in days from first appearance of stroke symptoms (r = - 0.791; p
< 0.001). Conclusion: Plasma BNP level was significantly associated with baseline
severity of acute ischemic stroke.
Key words: Acute Ischemic Stroke, Brain Natriuretic Peptide (BNP), National Institute
of Health Stroke Scale (NIHSS)

Introduction:
Stroke is one of the major global health problems.
It found that although stroke incidence,
prevalence, mortality and disability-adjusted lifeyears declined from 1990 to 2013 and the overall
stroke burden in terms of absolute number of
people affected has increased across the globe
in all age1. In 2010, stroke was the fifth leading
cause of mortality in Bangladesh2. It is the third
most common cause of death in Bangladesh3.
However, at present, stroke is the leading cause
of death in Bangladesh, followed by ischemic
heart disease4 . So, it is evident that stroke
1.
2.
3.
4.
5.
6.
7.
8.

mortality is rising through the years. Stroke
prevalence is 0.3% in Bangladesh and it is also
the number one cause of disability in Bangladesh3.
Inflammation and activation of the neuroendocrine
systems comprise important aspects of stroke
pathophysiology5. Activation of the sympathetic
nervous system and the hypothalamic pituitary
adrenal axis in acute ischemic stroke is
associated with elevated levels of neuroendocrine
biomarkers 6 . Several of these potential
biomarkers has been tested recently to early
diagnosis of ischemic stroke, predict severity and
assess short- and long-term prognosis.
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Brain natriuretic peptide (BNP) is a 32 amino acid
polypeptide containing a 17 amino acid ring
structure that was first isolated from porcine brain
in 19887. Human BNP gene is located on short
arm of Chromosome 1 and encodes the 108 AA
pro hormone called pro-BNP8. Molecular Weight
of glycosylated BNP precursor is 25-36 kDa,
whereas, molecular Weight of mature
deglycosylated BNP is12 kDa9. BNP denotes the
biological activity of natriuresis, diuresis,
vasodilatation, smooth muscle relaxation8,11.It is
secreted mainly from cardiac ventriclesand various
cardiac disorders (e.g., acute coronary syndrome,
left ventricular dysfunction, heart failure, atrial
fibrillation) leads to increase in plasma
BNP 12,13,14 .Common non cardiac causes of
increased BNP includes increased age, female sex,
renal failure and sepsis14,15.
Studies have shown that plasma BNP level
elevated in acute ischemic stroke patients,
especially in cardioembolic stroke16,17. However,
it has been found that plasma BNP is significantly
increased in acute ischemic stroke patients even
without any evidence of cardiac dysfunction18.A
proposed mechanism of increased plasma BNP
is reported by increased catecholamine19,20 .
National institute of Health Stroke Scale (NIHSS),
the clinical tool to measure stroke severity has
some limitations. Because, it needs training for
assessment and inconsistency found in
measurement among different clinicians6. Again,
study have shown, lower NIHSS scores in right
hemispheric syndromes than left hemispheric
syndromes and less reliable severity scores in
posterior circulation syndromes compared to
anterior circulation syndromes6. Therefore, it is time
demanding to identify a biomarker for correct and
unbiased assessment of severity in acute ischemic
stroke patients, which may substitute or
compliment NIHSS. These evidences and
justifications led us to formulate hypothesis that
plasma BNP may be associated with severity of
acute ischemic stroke.
Methods:
This was designed as analytic cross-sectional
study. This study was carried out from June, 2018
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to October, 2019 from indoor and outdoor services
of Bangabandhu Sheikh Mujib Medical University
(BSMMU), National Institute of Neurosciences &
Hospital (NINS&H) and Dhaka Medical College
Hospital (DMCH), Dhaka Bangladesh. The
laboratory work (measurement of plasma brain
natriuretic peptide) was performed in the
department of “Biochemistry and Molecular
biology” of BSMMU. Forty-five acute ischemic
stroke patients with history within 7 days who were
admitted in the Neurology department of BSMMU,
NINS&H, Dhaka and Internal Medicine department
of DMCH, Dhaka or patients who attended
outpatient departments within this period were
selected as study population for this study. Subjects
were selected by purposive sampling method. After
ethical clearance from Institutional Review Board
(IRB) of BSMMU, forty-five patients between 18 to
75 years of age of both sexes were selected. Only
acute ischemic stroke presented within 7 days of
symptom onset and confirmed by CT scan of Head
or MRI of Brain were enrolled in this study. Patients
having conditions which may affect the plasma BNP
level like acute myocardial infarction, heart failure,
sepsis, renal failure (s. creatinine >2.5 mg/dl),
increased age (>75 years) were excluded from this
study. The aims and objectives of the study were
explained to the patients and/or attendants in easily
understandable local language and then informed
written consent was taken.
Blood samples were taken from all selected
patients to measure plasma BNP. Their
demographic data, examination findings including
NIHSS score, laboratory findings and radiological
data recorded and copies of investigation reports
were preserved. All data collection sheets were
filled by the researcher himself. EDTA plasma was
used for the ARCHITECT BNP assay. Three
milliliters (3 ml) of venous blood samples,
preferably from median cubital vein, were collected
from each patient in plastic made blood collecting
(purple head) tubes by the researcher, because
the BNP molecule has been shown to be unstable
in glass containers. The ARCHITECT BNP assay
is a chemiluminescent microparticle immunoassay
(CMIA) for the quantitative determination of human
B type natriuretic peptide (BNP) in human EDTA

Results:
Total 45 patients of acute ischemic stroke were taken
in thisstudy. Mean age was 54.04±13.17 years. Most
of the subjects were between 41-60 years’ age
group. Male subjects were larger in proportion
(60.0%) with male-female ratio of 1.5: 1.
Table-I
Distribution of plasma BNP among acute
ischemic stroke patients (n=45)
BNP level (pg/ml)

Acute ischemic stroke

1-50

19(42.2%)

51-100

12(26.7%)

>100

14(31.1%)

Total

45(100.0%)

Mean±SD

74.76±52.96

Figure-1 showing, a scatter diagram and
correlation of plasma BNP (pg/ml), measured from
the blood sample taken during the interview, with
the approximate time elapsed in days from the
first appearance of the stroke symptoms among
the subjects as reported by the patients or
attendants. Spearman’s correlation coefficient test
found statistically significant (p value <0.001)
negative correlation between these two variables
(r = -0.791).

r = - 0.791, p <0.001*
300.00
Plasma BNP (pg/ml)

plasma on the ARCHITECT iSystem was used for
this estimation. The resulting chemiluminescent
reaction is measured as relative light units (RLUs).
There is a direct relationship between the amount
of BNP in the sample and the RLUs detected by
the ARCHITECT iSystem optics. Continuous
variables were expressed as Mean ± SD.
Categorical variable were presented by frequency,
percentage and graph. Qualitative data analyzed
by chi square test. Quantitative variables were
analyzed by student’s t test. The correlations
between plasma BNP and the other variables were
calculated using spearman’s correlation test. The
cutoff for statistical significance was set at p <0.05
for all data analysis. Data input was done through
Microsoft Office Excel version 2016 and Statistical
analysis was done by using SPSS (version 22;
SPSS Inc., Chicago, IL, USA).

250.00
200.00
150.00
100.00
50.00
.00
2.00

3.00

4.00

5.00

6.00

7.00

Duration (day)

*significant
r= degree of correlation

Fig.-1: Scatter diagram showing the correlation
between plasma BNP and time passed (days) from
appearance of first stroke symptoms (n=45)
Figure-2 showing, frequency of different stroke
syndromes according to OCSP classification.
Among the acute ischemic stroke patients, Partial
anterior circulation stroke and lacunar stroke was
comprised 31.1% each. Total anterior circulation
stroke was found in 28.9 % of patients. However,
least number (8.9%) of subjects were suffering
from posterior circulation stroke.

Lacunary stroke/lenticulo
staite terriotory
14 (31.1%)

Total anterior
circulation stroke
13 (28.9%)

terior
Posterior
circulation stroke
4 (8.9%)
Partial anterior
circulation stroke
14 (31.1%)

Fig.-2: Pie chart showing frequency of ischemic
stroke subtypes according to Oxfordshire
community stroke project (OCSP) classification
(n=45)
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r = 0.655, p <0.001*

Table-III
Plasma BNP level in different severity categories
among acute ischemic stroke patients (n=45)

Plasma BNP (pg/ml)

300.00
250.00

Mean±SD

p-value

150.00

Severity category
(NIHSS score)

100.00

Minor stroke (1-4)

20.96±7.60

0.008 s

Moderate stroke (5-15)

66.86±49.0

Moderate to severe
stroke (16-20)

91.70±22.54

Severe stroke (≥21)

110.44±62.42

200.00

50.00
.00
.00

10.00

20.00

30.00

40.00

NIHSS score

*significant , r= degree of correlation

Fig.-3: Scatter plot showing the correlation of
plasma BNP with NIHSS severity score (n=45)

Table-II
Difference of plasma BNP level inacute ischemic
stroke subtypes classified by OCSP (n=45)
Stroke types

Mean±SD

p-value

Total anterior
circulation stroke

111.48±54.14

0.003s

Partial Anterior
Circulation Stroke

72.49±34.47

Lacunar Stroke

60.04±53.88

Posterior Circulation
Stroke

14.90±5.66

Data were analyzed by one-way ANOVA test,
s= significant

Table-III
Distribution of severity according to NIHSS score
among acute ischemic stroke patients (n=45)
NIHSS

Frequency

Percent

Minor stroke(1-4)

5

11.1

Moderate stroke(5-15)

24

53.3

Moderate to severe
stroke(16-20)

6

13.3

Severe stroke(>20)

10

22.2

Total

45

100.0

88

Data were analyzed by one-way ANOVA test,
s= significant

Discussion:
This study was conducted with an aim to find out
association between plasma BNP andseverity of
acute ischemic stroke. In this cross-sectional study,
total 45 acute ischemic stroke patients were
enrolled. The study subjects were taken from
BSMMU, NINS&H, DMCH, Dhaka, Bangladesh.
Any relation of plasma BNP with NIHSS score of
clinical severity was evaluated through this study,
along with the variation of plasma BNP level in
different areas of brain involvement according to
Oxfordshire Community Stroke Project (OCSP)
classification. Study was conducted from June,
2018 to October, 2019. Analysis of age distribution
of the study population showed that mean age
(±SD) was 54.04(±13.17) years in acute ischemic
stroke patients. Male outnumber female in ischemic
strokepatients (male: female =1.5:1). Most of the
study subjects were middle aged adults of 41-60
years.Increased plasma BNP level above 100pg/
ml was found in 31.1% of acute ischemic patients.
This finding is consistent with another study which
found elevated plasma BNP in 44% subjects of
acute ischemic stroke22. Significantly increased
mean BNP value of (74.76±52.96 pg/ml)was
observed in the acute ischemic stroke patients.
Similarly, high mean BNP was reported in earlier
studies in acute ischemic stroke patients18,23.The
mean BNP was found much higher in earlier
studies than found in the current study18,23. The
higher mean plasma BNP in the above-mentioned
studies may be due to early access of patient to
health care services in those studies where

sampling of blood was possible without any delay
from onset of stroke symptoms 18 . Another
possibility of high mean plasma BNP in the abovementioned studies may be due to inclusion of all
subjects irrespective of their cardiac and renal
function status.
In this study, a decreasing trendof plasma BNP
level observed in ischemic stroke patients as the
time increases from onset of stroke symptoms to
collection of blood for BNP estimation. Significant
negative correlation found between plasma BNP
level and time passed in days from stroke (r = .791; p <0.001). Similar dynamic decrease of
natriuretic peptide with time from day “0” to day “6”
after stroke reported previously24,25. This study
found statistically significant positive correlation (r
= .655; p <0.001) between plasma BNP and
severity of stroke measured by National institute
of health stroke scale, through Spearman’s
correlation test. This correlation was also observed
by in study done on hospital-based stroke patients
in Italy26. Current study showed that as severity
increased, mean plasma BNP rise significantly from
‘minor stroke’ (20.96 pg/ml) to ‘moderate stroke’
(66.86 pg/ml). Further increase of plasma BNP also
found in ‘moderate to severe stroke’ (91.70 pg/ml)
and ‘severe stroke’ (110.44 pg/ml). Finding in this
study is consistent with previous studies where
BNP level was reported independently associated
with clinical severity27. Although, association
between infarct volume (measured in DWI
sequence of MRI) and plasma BNP among
ischemic stroke patients was found previously, it
was not evaluated in this current study27. In this
study, a statistically significant difference observed
in plasma BNP level depending on anatomical
variation of infarct as classified by Oxfordshire
community stroke project (OCSP). Plasma BNP
concentration was found highest (111.48 pg/ml)
among ‘total anterior circulation infarct’ and least
(14.90 pg/ml) in ‘posterior circulation infarct’.
Plasma BNP measurements were in between of
the above values for ‘partial anterior circulation
infarct’ (72.49 pg/ml) and ‘lacunar infarct’ (60.04
pg/ml). These finding accords with earlier studies
which have shown highest mean BNP value among
the patients of total anterior circulation infarct23.

The large rise of BNP in anterior circulation infarcts
could be due to larger area of involvement through
involvement of carotid circulation.
The association, we found, between plasma BNP
level with acute ischemic stroke severity could
strengthen the potential role of BNP for assessment
of severity in acute ischemic stroke both in terms
of speed and ease. It may also help to anticipate
infarct site.
Conclusion:
This study reveals that high plasma brain natriuretic
peptide is associated with clinical severity in acute
ischemic stroke. So, plasma brain natriuretic
peptide could be a marker for estimation of severity
in these patients. Likewise, plasma BNP is
associated with anatomical location of ischemic
stroke with high level in anterior circulation strokes.
This will help to identify infarct site of acute ischemic
stroke according to Oxfordshire community stroke
project classification. Current study also reveals
that Plasma BNP level is significantly higher in
acute ischemic stroke and blood level of BNP falls
gradually with time after the ischemic stroke.
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Association of Hypertension with Body Mass Index
IMAM H1, ROY SK2, DAS PR3, BHUIYAN AR4, HOSSAIN MZ5 , KHAN MR6
Abstract:
Background: Body mass index (BMI) is positively associated with blood pressure (BP).
Weight loss significantly reduces blood pressure (BP).The principal aim was to find out
the association of Body Mass Index (BMI) with hypertension. Methods: This crosssectional study was conducted at outpatient department of Bangabandhu Sheikh Mujib
Medical University (BSMMU). A total of 1128 hypertensive patients were included in
this study by purposive sampling method. Staging of hypertension was done according
to The JNC 7 Hypertension Guidelines. BMI was calculated by measuring weight in
kilograms divided by height in meters squared. Results: This study demonstrated that
majority (58.1%) were within 40 to 60 years. 63.7% patients were male and 36.3% were
female. Maximum observed systolic blood pressure was 170 mm of Hg and minimum
110 mm of Hg. Maximum diastolic blood pressure was 120 mm of Hg and minimum 60
mm of Hg. Out of 1128 hypertensive patients’ 21% patients had normal BMI, 66.7%
overweight, 8.8% obese and 3.5% patients were under weight. So hypertension was
found more in overweight study subjects which was found statistically significant.
Conclusion: The prevalence of hypertension is more in increased BMI.
Keywords: Hypertension, Body weight, BMI etc.

Introduction:
Body mass index (BMI) is positively associated with
blood pressure (BP); this association has critical
implications for countries like China, where
hypertension is highly prevalent and obesity is
increasing1. Weight loss significantly reduces blood
pressure (BP), suggesting that BMI is not merely
a marker of factors associated with high BP but is
causally associated2-4. Hypertension has proven
to be a silent killer contributing to many deaths and
considerably increasing morbidity Worldwide5.
Hypertension is rapidly emerging as a major public
health problem in developing countries6. 25%of
world adult population is already hypertensive.
Almost three quarters of the hypertensive
population are in developing countries7. Nationwide
survey on NCD conducted in Bangladesh in 2010
indicated that the prevalence of hypertension is
17.9% 8 . Twelve million people suffers from
hypertension in Bangladesh9. So this association

1.
2.
3.
4.
5.
6.

might help in the prevention of hypertension and
thereby prevent target organ damage.
Methods:
This cross-sectional study was conducted at
outpatient department of Bangabandhu Sheikh Mujib
Medical University from January, 2017 to December,
2017. A total of 1128 patients were included in this
study by purposive sampling method. All the patients
were diagnosed cases of hypertension (BP >140/90
mm of Hg). This study included adult patient aged
≥18 years. Blood pressure was measured with a wellcalibrated sphygmomanometer.
Staging of hypertension was done according to The
Seventh Report of the Joint National Committee
on Prevention, detection, Evaluation and treatment
of High Blood Pressure. Body mass index (BMI) of
all hypertensive patients was then calculated as
weight in kilograms divided by height in meters
squared. In addition to physical measurements,
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socio-demographic data and data on basic medical
history were collected from standardized in-person
interviews by trained medical staff.
Results:
This study intended to find the association between
hypertension and BMI. The findings derived from
data analyses were presented below.
In this study, out of 1128 hypertensive patients
majority 655 (58.1%) were between 40-60 year of
age and about 718 (63.7%) were male and 410
(36.3%) were female with significant association
(p<001). (Table-I).
Socio-demographic data demonstrated that
educational status of the study subjects included
majority 314 (27.8%) were graduate with significant

association (p<0.001) and Occupation comprised
majority were Service holder 548 (48.6%) with
significant association (p<0.001).Most 733 (65%)
patients were from rural areas and the rest (35%)
was from urban areas with significant association
(p<0.001). Majority of the study patients
851(75.4%) had no family history of hypertension
with insignificant association (p=0.63).(Table-II).
Our analysis includes 1128 participants all were
hypertensive. Among the study subjects, 715
participants (66.7%) were overweight (BMI 25.029.9) with significant association (p=0.002), and
128 participants (10.3%) were obese (BMIe”30)
with significant association (p<0.001), as defined
by the World Health Organization international
classification15,10. Majority 715 (66.7%) patients
were overweight. (Table-III).

Table-I
Distribution of age and sex of the study subjects (n = 1128)
Age (years)

Sex

Total

18-40

Male
315 (27.92%)

Female
140 (12.41%)

455 (40.3%)

40-60

385 (34.13%)

270 (23.93%)

655 (58.1%)

> 60

18 (1.6%)

00 (00%)

18 (1.6%)

Total

718 (63.7%)

410 (36.3%)

1128 (100%)

Table-II
Socio-demographic characteristics of the study subjects (n = 1128)
Variables
Educational
Qualification

Total
Occupation

Total
Residence
Total
Family history
HTN
Total

Sex
Primary
Secondary
Higher Secondary
Graduate
Postgraduate
Farmer
Service
Businessman
Others
Rural
Urban
Yes
No
718

Total

Male

Female

207
87
81
286
57
718
138
428
152
00
718
195
523
718
100
618
410

63
175
24
28
120
410
00
120
00
290
410
200
210
410
53
357
1128 (100%)

270 (23.9%)
262 (23.2%)
105 (9.3%)
314 (27.8%)
177 (15.7%)
1128 (100%)
138 (12.2%)
548 (48.6%)
152 (13.5%)
290 (25.7%)
1128 (100%)
395 (35%)
733 (65%)
1128 (100%)
153 (13.56%)
975 (86.44%)
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Table-III
BMI of the study subjects (n = 1128)
Variables
BMI

Total

Sex
Male

Female

Normal

163

73

236 (20%)

Overweight

466

249

715 (66.7%)

Obese

48

80

128 (10.3%)

Under weight

41

08

49 (3.5%)

718

410

1128 (100%)

Discussion:
This study describes the association between BMI
and BP which was conducted in tertiary care
hospital of Bangladesh. In this study among 1128
hypertensive patients majority (58.1%) were 40 to
60 years of age and 63.7% were male and 36.3%
female with Male female ratio 1.75:1.
Hypertension is more common in men than in
women of same age. Sex difference in the
prevalence of hypertension may be mainly
attributed to the differences in dietary habit, life style
choice, salt intake, Physical activity level and some
genetic polymorphism11.
Among 1128 hypertensive patients only 13.56%
patients had positive family history and majority
(75.4%) patients had no family history of
hypertension. Positive family history is associated
with hypertension prevalence double that found in
patients with negative history and is independent
with weight. When over weight is also present,
however hypertension prevalence is three to four
times as high12.
BMI status of the study subjects found that majority
66.7% were overweight. The findings of this study
is consistent with a study conducted in china, which
also showed that the association of BMI with SBP
and DBP was consistently positive across 86
subgroups defined by socio-demographic variables
and was nearly linear, with little variation in its
shape1.
Conclusion:
The prevalence of hypertension is more in
increased BMI. The limitation of the present study
is data were collected from single center. Further
94
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multi-center study was recommended to validate
the finding of the present study.
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Functional Neuroimaging: Single Photon Emission Computed
Tomography (SPECT) In Neurological Disorders
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Abstract:
A single photon emission computed tomography (SPECT) scan is a functional nuclear
imaging technique performed to evaluate regional cerebral perfusion. Because cerebral
blood flow is closely linked to neuronal activity, the activity distribution is presumed to
reflect neuronal activity levels in several areas of the brain. Although structural magnetic
resonance imaging (MRI) and computed tomography (CT) provide exquisite anatomical
detail, SPECT provide complementary functional information. Frequently, brain pathology
will manifest as functional changes before anatomical changes are detectable. SPECT
has clinical value in the diagnosis, therapeutic management, and follow-up of patients.
A general consideration of the clinical value of this technique is followed by relevant
information on cerebral physiology and pathology for proper understanding of brain
SPECT images. The diversity of central nervous system diseases and therefore the still
incomplete knowledge of the mechanisms that underlie them have contributed to the
success of brain perfusion SPECT as a research tool in neurosciences. Finally, stepby-step recommendations for interpreting and reporting brain perfusion SPECT images
are provided to get the utmost clinical beneût from this technique.
Key Words: SPECT; Regional cerebral blood ûow; Functional Neuroimaging

Introduction:
Neuroimaging is an emergent method of
investigation that deals with the in vivo depiction of
anatomy and function of the central nervous system
(CNS) in health and disease1.It classifies into two
broad categories: structural imaging and functional
imaging. Structural imaging such as CT or MRI,
which deals with the structure of the brain and the
diagnosis of large-scale intracranial diseases (such
as a tumor, infection etc.), as well as injury.
Functional imaging such as SPECT or PET, which
1.
2.
3.
4.
5.
6.

is used to diagnose metabolic diseases and lesions
on a finer scale (such as dementia, PD etc), and
also for neurological and cognitive-psychology
research.2 Functional imaging allows the brain’s
information processing to be visualized directly,
because activity in the involved area of the brain
increases metabolism and “lights up” on the scan.
Brain SPECT provides tridimensional information
on the perfusion and metabolic status of brain
tissue. This information is often complementary to
the anatomic detail provided by structural
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neuroimaging techniques .This tomographic
imaging technique is using gamma ray which is
very similar to conventional nuclear medicine
planar imaging employing a gamma camera but is
in a position to supply true 3D information. It
evaluates regional cerebral perfusion because
cerebral blood flow is closely linked to neuronal
activity, the activity distribution is presumed to
reflect neuronal activity levels in different areas of
the brain. A 3-dimensional representation of
cerebral blood flow can be literated using gamma
detectors, allowing for interpretation.

quantitatively and repeatedly without arterial
sampling. 133Xe does have major limitations,
including poor spatial resolution and the need for
specialized instrumentation. Various drugs and
other chemicals can be labeled with these isotopes
too that enhance regional cerebral blood flow, such
as acetazolamide. Acetazolamide increases local
pCO2 and causes arteriolar dilation, allowing for
assessment of cerebrovascular reserve in transient
ischemic attack (TIA), stroke and vascular
anomalies and distinguishing vascular from
neuronal causes of dementia6.

Radioisotopes in SPECT:
The radioisotopes typically utilized in SPECT to
label tracers are iodine-123, technetium-99m,
xenon-133, thallium-201, and fluorine-18. Among
them lipophilic, PH-neutral three radioisotopes
have approved by the U.S. Food and Drug
Administration (FDA) for clinical use in brain
perfusion 3,4 . The oldest one, iodine 123
isopropyliodoamphetamine (IMP), distributes
proportionally to rCBF over a range of flows but
may be decreased with low plasma pH as in
cerebral ischemia or acidosis. Brain activity
remains relatively constant from 20 to at least 60
minutes after injection which is widely used in
Japan, not commercially available in the United
States. Technetium-99m
hexamethyl
propyleneamine oxime (HMPAO), a lipid-soluble
macrocyclic amine, is available for routine clinical
use [6]. Brain uptake is rapid and reaches its
maximum within 10 minutes. Radiotracer
distribution remains constant for many hours after
injection. A third radiopharmaceutical, 99mTc ethyl
cysteinate dimer (ECD) has a rapid blood
clearance, resulting in high brain-to-soft tissue
activity ratios early and with less exposure to
radiation5. The Tc-radiolabeled compounds are
stable for about 6 hours, facilitating their use for
the study of episodic phenomena, such as
seizures. The inert gas xenon-133(133Xe) has
also been used to study rCBF. 133Xe SPECT is
performed after inhalation of the gas and is based
on clearance techniques that relate the change in
radiotracer activity over time to blood flow5. The
principal advantage over other tracers that remain
in the brain is that rCBF can be measured

Principles of SPECT:
SPECT integrates computed tomography (CT) and
a radioactive tracer. The radioisotopes usually used
in SPECT to label tracers are iodine-123,
technetium-99m, xenon-133, thallium-201, and
fluorine-18. These radioactive forms of natural
elements will pass through the body and be
detected by the scanner. Various drugs and other
chemicals can be labeled with these isotopes too.
Before the SPECT scan, a tracer is injected into
bloodstream. The tracer is radiolabeled, meaning
it emits gamma rays that can be detected by the
CT scanner. The computer collects the information
emitted by the gamma rays and displays it on the
CT cross-sections. SPECT imaging is performed
by using a gamma camera to acquire multiple 2-D
images (also called projections), from multiple
angles. A computer is then used to apply
a tomographic reconstruction algorithm to the
multiple projections, yielding a 3-D data set and
form a 3D image of brain.
The type of tracer used depends on the physicians
according to the expected pathological lesions. For
example, in case of suspected tumor, the
radiolabled glucose (FDG) can be used to detect
the metabolism of the tumor. Depending on the
type of imaging system and tracer used, the
resolution ranges from 14–17 mm full width at half
maximum (FWHM) for single-head gamma
cameras, now seldom used for brain imaging, to
8–10 mm FWHM for three- and four head camera
systems and to 7–8 mm FWHM for special purpose
ring-type imaging systems. In general, system cost
is directly proportional to the number and
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complexity of camera heads or crystals. To acquire
SPECT images, the gamma camera is rotated
around the patient. Projections are acquired at
defined points during the rotation, typically every
3–6 degrees. In most cases, a full 360-degree
rotation is used to obtain an optimal reconstruction.
The time taken to obtain each projection is also
variable, but 15–20 seconds is typical. This gives
a total scan time of 15–20 minutes. Multi-headed
gamma cameras can accelerate acquisition. For
example, a dual-headed camera can be used with
heads spaced 180 degrees apart, allowing two
projections to be acquired simultaneously, with
each head requiring 180 degrees of rotation. Triplehead cameras with 120-degree spacing are also
used.
Clinical applications of SPECT:
A SPECT scan is primarily used to view how blood
flows through arteries and veins in the brain. Tests
have shown that it might be more sensitive to brain
injury than either MRI or CT scanning because it
can detect reduced blood flow to injured sites.
SPECT scanning is useful for blood deprived
(ischemic) areas of brain following a stroke , aid in
the diagnosis and differential diagnoses of
suspected dementia, assessment of brain death,
mood disorders and evaluating & sub typing
attention-deficit disorder. SPECT scanning is also
useful for presurgical evaluation of medically
uncontrolled seizures (Fig.1)6,7. The test can be
performed between seizures (interictal) or during
a seizure (ictal) to determine blood flow to areas
where the seizures originate8. This type of scanning
is also important in diagnosing stress fractures in
the spine (spondylolysis), tumors and substance
abuse. More recent studies have shown the
accuracy of SPECT in Alzheimer’s diagnosis may
be as high as 88%9. In meta analysis, SPECT
was superior to clinical exam and clinical criteria
(91% vs. 70%) in being able to differentiate
Alzheimer’s
disease
from
vascular
dementias10. This latter ability relates to SPECT’s
imaging of local metabolism of the brain, in which
the patchy loss of cortical metabolism seen in
multiple strokes differs clearly from the more even
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or “smooths” loss of non-occipital cortical brain
function typical of Alzheimer’s disease (Fig. 2).
Another recent review article showed that multiheaded SPECT cameras with quantitative analysis
result in an overall sensitivity of 84-89% and an
overall specificity of 83-89% in cross sectional
studies and sensitivity of 82-96% and specificity of
83-89% for longitudinal studies of dementia11.
Limitations of SPECT:
The major limitation of brain SPECT study is the
attenuation by the skull. The commonly used
Chang method of attenuation correction is based
on a simple mathematical formula, which is
susceptible to technical variation. In diagnosis of
dementia with SPECT, it can be difficult to separate
the real defect from the attenuation artifact.9
Variation between images owing to the Chang
attenuation correction may generate artifact when
ictal-interictal subtraction SPECT scans are used
for seizure localization. SPECT/CT will provide
more accurate attenuation correction and
diagnostic results. SPECT is technically less
sophisticated and demanding when compared with
positron emission tomography (PET), but provides
lower-resolution images. It can be used to evaluate
regional variations in blood flow, but its role in
everyday clinical practice is, like that of PET, a small
one.
Comparison SPECT with PET scan:
SPECT is similar to PET in its use of radioactive
tracer material and detection of gamma rays. In
contrast with PET, the tracers used in SPECT emit
gamma radiation that is measured directly, whereas
PET tracers emit positrons that annihilate with
electrons up to a few millimeters away, causing
two gamma photons to be emitted in opposite
directions. A PET scanner detects these emissions
“coincident” in time, which provides more radiation
event localization information and, thus, higher
spatial resolution images than SPECT (which has
about 1 cm resolution). SPECT scans are
significantly less expensive than PET scans, in part
because they are able to use longer-lived and more
easily obtained radioisotopes than PET. The test
differs from a PET scan in that the tracer stays in

the blood stream rather than being absorbed by
surrounding tissues, thereby limiting the images
to areas where blood flows. SPECT scans are
cheaper and more readily available than higher
resolution PET scans.
Interpreting and Reporting Images of SPECT:
Perfusion patterns may differ from one subject to
another, because the normal brain is not always
completely symmetric, and small structural
differences are frequent within normal subjects.
This result is partly caused by variations in
functional activity and therefore by a varying
vascular supply to cerebral regions at the time of
injection. In a normal brain perfusion SPECT image
12 regions with higher perfusion, such as cortical
and subcortical gray matter structures, have the
highest tracer uptake. Subcortical white matter
shows low tracer uptake, and no tracer uptake is
seen in areas containing cerebrospinal ûuid (i.e.,
cerebral ventricles, ûssures and sulcus) or bone
(i.e., scalp or petrous part of temporal bones). The
cerebral region showing the maximum tracer

uptake varies with the radiopharmaceutical used
(i.e., most probably the cerebellum with HMPAO,
but the calcarine cortex with ECD), the patient’s
condition at the time of injection (e.g., inûuence of
visual activity on calcarine cortex uptake), and
image manipulation during reconstruction (i.e.,
inûuence of attenuation correction on basal ganglia
activity). The common causes of different tracer
uptake patterns in brain perfusion SPECT images
shown in Table: 1.
SPECT in Epilepsy:
Patients with refractory focal epilepsy, who are
candidates for surgical resection of the
epileptogenic focus, frequently benefit from
SPECT 12,13. MRI is also essential in the
management of these patients, although not all
epileptogenic foci can be accurately localised using
this modality and, conversely, not all anatomical
foci are the cause of a patient’s seizures. So
SPECT can localize the epileptogenic focus
accurately which will help for neurosurgical
procedure (Fig: 1 & 2).

Table-I
Common Causes of Different Tracer Uptake Patterns in Brain Perfusion SPECT Images
Tracer uptake pattern

Causes

Cold (no uptake)

Cerebrospinal ûuid
Edema
Necrosis
Space-occupying lesions
(e.g., hemorrhage, tumors,* cysts, arteriovenous malformation, postsurgery)

Hypoactive
(decreased
uptake)

Ischemia
Hypometabolism (hypofunction): degeneration, deafferentation
Atrophy

Hyperactive
(increased uptake)

Luxury perfusion
Encephalitis
Acetazolamide-induced vasodilation
Hyperfunction (epilepsy [ictal], neuroactivation, other causes
of increased neuronal activity)
Tumors*

* Tumors can produce a variety of patterns in SPECT perfusion images.
The most frequent tumors with increased tracer uptake are meningiomas.
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SPECT in Dementias:
In patients with dementia, anatomical imaging
frequently shows little or no change. Characteristic
patterns of functional involvement using SPECT
scan, however, enable more accurate
differentiation of these forms of dementia
(Fig.2)14. In AD, reduction in regional cerebral blood
flow is seen, especially in the bilateral, temporal
lobes hypoperfusion (Fig.2.A). There may be also
hypometabolism in the posterior parietal lobes.
These changes can occur early in the disease
process and may help to distinguish AD from other
forms of dementia. In vascular dementia with
multiple asymmetrical lesions affecting the anterior
and posterior cortex and right striatum (Fig.2.B)
and in fronto-temporal dementia with frontal
hypoperfusion (Fig.2.C).
SPECT in Stroke:
The localization and extent of lesions as a result of
defects in blood supply can be assessed by SPECT
studies. This techniques are more sensitive than
CT for detecting both the presence and the extent
of infarction 13.15 (Fig: 3&4) .In the first 8 hr after
stroke, SPECT was shown to be positive in 90%,
and sensitivities of 61%–74% and specificities of
88%–98% were reported13. Transient ischemic
attacks can be differentiated from ischemic strokes

Fig.1: A SPECT scan of a patient with uncontrolled
complex partial seizures. The temporal lobe on the
left side of the brain shows less blood flow than
the right, confirming for the surgeon the
nonfunctioning area of the brain causing
seizures.Dinesh, E. et al. “Instinctive classification
of Alzheimer’s disease using FMRI, pet and SPECT
images.” 2013 7th International Conference on
Intelligent Systems and Control (ISCO): 405-409.

A

B

C

Fig.-2: Tc-99m HMPAO SPECT scans in 3 patients with dementia showing perfusion patterns suggestive
of Alzheimer’s disease, with bilateral temporo-parietal hypoperfusion (A), vascular dementia with multiple
asymmetrical lesions affecting the anterior and posterior cortex and right striatum (B) and fronto-temporal
dementia with frontal hypoperfusion (C).Warwick, J. “Brain imaging with SPECT and PET.” Continuing
Medical Education ”2013; 31.8: 307-309.
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A
B
Fig: 3: 54-year-old man with atrial fibrillation and sudden onset of left-sided hemiparesis.(A) CT scan of
brain and 99mTc-HMPAO SPECT image 4.5 hours after the onset of stroke shows hypoactivity in the right
frontal and temporal lobes.(B) 99mTc-HMPAO SPECT image (left) obtained 12 hours after the initial study
shows hyperactivity in the right temporal lobe; a 99mTcECD SPECT image (right) shows hypoactivity in the
same area.Ogasawara, K., Mizoi, K., Fujiwara, S., & Yoshimoto, T. (1999). 99mTc-bicisate and 99mTcHMPAO SPECT imaging in early spontaneous reperfusion of cerebral embolism. AJNR., 20 4, 626-8.

A

B

C

Fig.-4: (A) MRI (T2-weighted) at admission shows hyperintensity at site of infarction (arrowhead). (B)
99mTc-HMPAO SPECT image obtained 1 wk after stroke shows increased tracer uptake (hyperperfusion)
in left temporal lobe caused by luxury perfusion (arrowhead). Hypoperfusion is also seen in left frontal
cortex (arrow), intrepreted as ischemia in anatomically preserved region. (C) 99mTc-HMPAO SPECT
image obtained 1 mo after stroke shows left temporal lobe hypoperfusion (arrowhead) corresponding to
initial MR image of ischemia. Perfusion changes in left frontal lobe are also seen: improvement in anterior
and mesial aspects caused by recovery of ischemia, as well as perfusion impairment in lateral aspect
caused by extension of the infarction (arrow).Ana M. Catafau “Brain SPECT in Clinical Practice. Part I:
Perfusion” J Nucl Med 2001; 42:259–271
within 6 hr of symptom onset by, in SPECT,
counting rate densities of 70% compared with the
contralateral side (perfusion in stroke tissue 35%–
60% of contralateral values) 16 .
SPECT in Traumatic Brain Injury:
Abnormalities are more frequently found in
traumatic brain injury (TBI) patients when SPECT

is performed than with MRI and CT
scans17. Hypoperfusion in the frontal and parietal
lobes is common (Fig. 5), although the basal
ganglia, as well as the occipital, parietal and
cerebellar areas, can also be affected. SPECT has
a high sensitivity and negative predictive value for
TBI, and a normal study is predictive of good
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recovery.18 However, given its limited specificity,
SPECT alone is not enough to diagnose TBI.

Fig.-5: CT (top) and 99mTc-HMPAO SPECT
(bottom) images from 16-y-old patient with
traumatic brain injury after traffic accident. (A) CT
at time of admission shows subarachnoid
hemorrhage with small contusional hemorrhagic
foci in both frontal lobes (orange arrowheads).
SPECT was subsequently performed and shows
absence of tracer uptake (cold areas) in
anteromedial aspect of both frontal lobes
corresponding to hemorrhagic lesions, in addition
to global hypoperfusion, more marked in both
frontal cortices (white arrows). (B) CT and SPECT
images obtained 1 mo later at time of discharge
after clinical recovery. Hypodense images in both
frontal lobes can be seen on CT as consequence
of hematoma’s resolution. Corresponding cold
areas persist on SPECT image (orange
arrowheads) but show improvement in global
cerebral perfusion, particularly in both frontal lobes
(white arrows).Ana M. Catafau “Brain SPECT in
Clinical Practice. Part I: Perfusion” J Nucl Med
2001; 42:259–271
SPECT in Parkinsonism:
SPECT is commonly used for PD diagnosis 19.
SPECT imaging using 123 I-Ioflupane ( 123 IIoflupane-SPECT) provides information based on
local binding of presynaptic dopamine transporters
(DaTs) with 123I-Ioflupane, which has been shown
to be highly correlated with PD progression19, 20.
This binding measure is quantitative and assesses
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the spatial distribution of dopamine transporters.
Furthermore, 123I-Ioflupane-SPECT is an imaging
modality that is capable of differentiating between
PD and essential tremor 21. SPECT imaging can
also distinguish between PD and drug-induced
Parkinsonism22, 23. However, any disease that
causes loss of the presynaptic dopamine neurons
will appear as abnormal compared with normal
controls (NCs) 24. Thus, SPECT is not able to
differentiate among PD, progressive supranuclear
palsy, multiple system atrophy, and other
neurodegenerative disorders that affect the
dopamine neurons25. Most studies that use 123IIoflupane-SPECT have focused on the striatum
(i.e., putamen and caudate) 26-29. Researchers
have reported that PD has markedly reduced DaT
levels in the striatum, which are correlated with
disease progression and clinical scores 28,29.DaT
imaging reveals reduced presynaptic neuronal
degeneration in PD and other parkinsonian
syndromes, even when clinical features are subtle,
while conditions such as essential tremor have
normal striatal DaT density29 (Fig. 6).
SPECT in Brain tumour:
The primary role of SPECT in brain tumor patients
lies on the noninvasive assessment of tumor
aggressiveness, differentiation of treatmentinduced necrosis from tumor recurrence,
assessment of response to treatment, and
estimation of overall prognosis. It also suggests
that it has a high sensitivity and specificity in
localizing ICSOLs and can be used in patients who
cannot undergo CECT/CEMR due to
contraindications or if the waiting lists for such a
test is long. The common radiopharmaceuticals of
SPECT are Tc-99m diethlyenetriaminepentaacetic
acid (DTPA), and Tc-99m glucoheptonate (Tc-99m
GHA),
which
are
well-known
renal
radiopharmaceuticals, devoid of the shortcomings
of Tc-99m pertechnetate. Tc-99m GHA SPECT is
capable of distinguishing high-grade gliomas from
low-grade gliomas as well as metastases. 30
Similarly, thallium-201, Tc-99m tetrofosmin, and Tc99m sestamibi were found to delineate brain
tumors which involved multiple mechanisms of
uptake besides blood-brain barrier (BBB)
disruption; however, their overwhelming cost and
availability of morphological imaging techniques
send these modalities to a back burner31(Fig.7) .
SPECT has also been used with the radioactive

A
B
Fig.-6: Scans of two patients with parkinsonism. In one case, DaT SPECT shows normal striatal DaT
density, virtually ruling out Parkinson’s disease or other causes of presynaptic dopaminergic neuron
degeneration (A). The second scan shows a patient with Parkinson’s disease with marked loss of striatal
uptake, particularly in the putamen, and a high level of background activity (B).Warwick, J. “Brain imaging
with SPECT and PET.” Continuing Medical Education, 2013; 31.8:307-309.

Fig.-7: Tc-99m GHA SPECT (Tc-99m glucoheptonate ) shows anaplastic oligodendroglioma of the left
prefrontal region.Alam S.S, Junaid S., Ahmed S.M” Evaluation of Technetium-99m glucoheptonate single
photon emission computed tomography for brain tumor grading”Asian J Neurosurg. 2016 Apr-Jun; 11(2):
118–128.
labeled amino acid 3-(123I) iodo-a-methyl-L-tyrosine
for the diagnosis of brain tumors and evaluation of
tumor response to radiation therapy.
Conclusion:
SPECT is rapidly emerging as an important clinical
imaging method which is well-recognized clinical

applications mainly in dementia, stroke,
parkinsonism and epilepsy. This technique
generally adds valuable information to the clinical
management of patients with neurological
disorders of a broad variety, helping in diagnosis,
therapeutic management and follow-up. Accurate
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knowledge of the physiologic and pathophysiologic
basis of brain perfusion SPECT, together with the
appropriate technique and careful interpretation of
images and reporting, will enhance the clinical use
of brain SPECT. At present, the long-term clinical
and economic effects of the technology, although
promising, are still to be determined.
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CASE REPORTS

A Case of Subcortical Band Heterotopia Presented with
Epilepsy and Speech Regression
MAHMUD R1, AHMED KGU2, RASSEL MA3
Abstract:
Subcortical Heterotopia is a rare developmental disorder of human brain due to mutation
in the DCX or LIS1gene.It is predominantly a disease of female. It usually present with
refractory seizure and varying degree of mental retardation. Here a case of 22 years
lady who presented with refractory seizure is reported. Her MRI revealed Double cortex
and her EEG revealed Frontal intermittent rhythmic delta activity (FIRDA).
Key word: Seizure, Subcortical Band Heterotopia.

Introduction:
Subcortical Heterotopia is a rare developmental
disorder of human brain. It is of three types (a)
Nodular (b) Laminar and (c) Subcortical band
heterotopia1,2. Subcortical band heterotopias is
characterized by presence of bilaterally
symmetrical, heterotopic grey matter which is
located between the ventricles and the cortex3.It
is the classic malformations associated with
deûcient neuronal migration4.

Case report:
Miss Shila a 22 years old lady presented with
recurrent seizure since her 5 years of age. The
seizure started in right hand then became
generalized. The seizure persisted for 2-3 minute.
There was no preceding prodrome, aura or
automatism. There was post ictal confusion but no
post ictal paralysis. She also had speech regression
after 2 years of the onset of seizure. She had
occasional rage attack. At the time of presentation
she experienced 5-10 attacks per day.

Mutations in the DCX or LIS1geneare the
predominant cause subcortical band heterotopia.
Altered structure or function of the proteins
produced by the DCX or LIS1gene impairs
important interactions that are needed for neuronal
migration. Without proper neuronal migration,
neurons in the developing brain can be misplaced,
forming abnormal bands of tissue beneath the
cerebral cortex5, 6.

She was on sodium valproate, carbamazepine and
levetiracetam. Still the seizure was poorly
controlled. Her mile stone of development was
normal up to 6 years of age except she had mild
mental retardation. There was no family history of
Epilepsy. Patient is apathetic, non-communicating
initially. There was no focal weakness. Superficial
and deep tendon reflexes were normal. MRI
revealed a band of grey matter located deep to,
and roughly paralleling, the cortex, with pachygyric
overlying cortex. The band of abnormal grey matter
is complete. There is posterior predilection. EEG
revealed bi-frontal intermittent rhythmic delta
activity. We gradually discontinue carbamazepine,
built up the doses of sodium valproate and add
Clobazam. After 15 days her seizure was fully
controlled. She began to speak and communicate.

We are going to present the first case in
Bangladesh from Kamrangirchar Dhaka, who was
admitted in Neurology Department, Dhaka medical
college with poorly controlled seizure, speech
regression and finally diagnosed as double cortex
syndrome.

1. Dr. Reaz Mahmud, Assistant Professor, Dept. of Neurology, DMCH, Dhaka.
2. Dr. Kazi Gias Uddin Ahmed, Associate professor and Head, Dept. of Neurology, DMCH, Dhaka.
3. Dr. Mohammad Aftab Rassel, MD thesis student, Dept. of Neurology, DMCH, Dhaka.

Fig.-1: MRI of Brain T1 T2 FLAIR sequence revealed a band of grey matter located deep to, and roughly
paralleling, the cortex, with pachygyric overlying cortex. The band of abnormal grey matter is complete.
There is posterior predilection.

Fig.-2: EEG in bipolar montage revealed Bi-Frontal intermittent rhythmic delta.
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Discussion:
It is found that most individuals with subcortical
band heterotopia have DCX or LIs1gene
mutations. IT is an X-linked dominant disorder. So
SBH shows a striking skewing of sex ratio to
females. As DCX is carried on the X chromosome
of males. Mutations in DCX will usually have
classical Lissencephaly in male whereas females
have SBH4. The onset of the disease may occur
at any age, predominantly in the 1st decade but
occasionally delayed until the second or third
decade3. Our patient was a female who presented
at 6 years of age. Patients with SBH will usually
have mild-to-moderate intellectual disability and a
mixed seizure disorder. Intellectual disability is wide
with severity roughly correlating with the thickness
of the heterotopic band3, 4.
The seizure types are highly variable from patient
to patient, and vary from focal onset seizures
(partial seizures) to generalized onset seizures.
Simple/complex partial seizures are most often
described (68%-69%). Drop attacks (26%-30%),
absence seizures (23%-29%), and myoclonic
seizures (14%-16%) are frequently found alone or
in combination (43%-60%). generalized tonic-clonic
seizures fond in 19%-57% cases. Patients with
West syndrome and Lennox–Gastaut Syndrome
have also been described. Importantly, a high
proportion of drug resistance (65%-78%) is
reported, and surgical treatment yields poor
outcomes5, 7.
Those with more severe MRI abnormalities have
significantly earlier seizure onset and are more
likely to develop Lennox-Gastaut syndrome8. This
patient presented with mild mental retardation with
poorly controlled seizure. There after she also
developed speech regression. So our initial
diagnosis was Landau Kleffner syndrome.
Carbamazepine was thought to be the factor for
worsening her seizure frequency. So it was decided
to gradually withdraw carbamazepine and build up
the dose of sodium valproate. To rule out any
secondary etiology MRI of brain with contrast was
advised. In case of SBH MRI of shows the
characteristic appearance of a smoothly
marginated layer of gray matter coursing parallel
to the lateral ventricle, separated from the overlying
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cortex and under-lying ventricle by layers of white
matter. Bands are nei-ther convoluted nor
contiguous with the overlying cortex. They do not
contain blood vessels or CSF. The thicker the band
of heterotopic neurons; the worse the disability and
increased prevalence of developmental delay9.
The MRI of brain of the patient revealed a typical
double cortex syndrome. The thickness or her band
was mild which correlate her presentation. Her EEG
revealed FIRDA. Her genetic testing could not be
done due unavailability of the testing facilities. In
MRI there is posterior dominance, so it could be
LIS1 Mutation. After the adjustment of the dose of
the drugs her seizure was fully controlled and her
speech was regained.
Conclusion:
In dealing with a patient with epilepsy syndrome
or epileptic encephalopathy MRI of brain should
be mandatory. Adding and adjustment of the
antiepileptic drug should also be rational. We have
to be careful of adding carbamazepine in this type
of the patient
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Cerebellar Ataxia with Progressive Optic Atrophy and Deafness
(CAPOS Syndrome): A Rare Case Report
MUZAHID MAA1, CHOWDHURY A2, SAHA S3, ROY U4, KABIR MS5, SARKER I6, ISLAM MR6
Abstract
CAPOS syndrome (cerebellar ataxia, areflexia, pes cavus, optic atrophy, sensorineural
hearing loss) is a rare autosomal dominant disorder caused by ATP1A3 mutation. Fever
triggered cerebellar dysfunction along with progressive optic atrophy and sensorineural
deafness are typical features. Herein, we report a 20-year-old female with multiple fever
induced cerebellar dysfunction with partial improvement. Pendular nystagmus and optic
atrophy were prominent which were also present in patient’s younger sister. As there
was progressive sensorineural hearing loss and areflexia, CAPOS syndrome was
diagnosed. Though specific therapy is yet to be developed, acetazolamide, cochlear
implantation, visual aid and family screening may improve quality of life.
Key words: CAPOS syndrome, cerebellar ataxia, optic atrophy, hearing loss, ATP1A3
mutation.

Introduction:
CAPOS syndrome, which is derived from the
acronym of symptoms like cerebellar ataxia,
areflexia, pes cavus, optic atrophy, sensory neural
hearing loss, is a very rare disorder; first described
in three patients by Nicolaides et al. in 19961. Since
the original description, about forty patients have
been reported and causal association with specific
genetic mutation has been established 2 . A
missense mutation of the ATP1A3 gene, inherited
as autosomal dominant traits with variable
expressivity, causes the allelic disorders namely:
CAPOS syndrome, rapid – onset dystoniaparkinsonism (RDP) in DYT12 and alternating
hemiplegia of childhood (AHC)3. The typical
CAPOS phenotype presents in infancy to early
childhood with recurrent episodes of neurological
dysfunction usually triggered by non-specific febrile
illness4. Usually there is one to three paroxysmal
episodes of cerebellar ataxia, areflexia, hypotonia,
motor weakness, ophthalmoparesis, lethargy and/
or comatose state that resolve within days to

1.
2.
3.
4.
5.
6.
7.

weeks, leaving residual ataxia, areflexia as the
deafness and optic atrophy gradually deteriorate5,6.
Less-well reported features include seizures,
choreo-athetosis, dystonia, autistic features, mild
learning disabilities which may suggest partial
overlap of other ATP1A3-related disorders (RDP
& AHC) with CAPOS phenotype7. But it is the
progressive optic atrophy and sensorineural
deafness along with cerebellar ataxia that
differentiates CAPOS phenotype from others7,8.
Here, we report the case of a CAPOS syndrome
with typical presentation, who also has a sibling
showing early features of the same syndrome.
Case Report:
The patient is a 20-year-old Bangladeshi female,
who is the first issue of healthy consanguineous
parents. She was born at term after an uneventful
pregnancy by normal vaginal delivery. Her birth
weight was more than 2500 gram with no features
of perinatal asphyxia. Her growth and development
were age appropriate up to 8 months of age, after
which she developed non-specific fever for 2 days.
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During the febrile episode, she showed irritability,
lethargy, hypotonia and pendular movement of both
eyes. She also showed occasional sudden jerky
movement of hands and feet, 2-3 times per day.
She was hospitalized and treated with intra-venous
medications and fluid and responded within days.
As her condition improved, she showed persistent
pendular movement of both eyes with difficulty in
eye fixation. She had mild developmental delay
showing clumsiness in standing and walking. But
she could walk independently at 2.5 years.
At about 10 years of age, she developed fever for
3-4 days with decreased muscle power, diminished
responsiveness and inability to walk. But within few
days her condition improved as she could walk
independently again. But her parents noticed, her
speech became slurred with some word becoming
more difficult to pronounce. Her eyes became
shakier; she showed more difficulty on walking on
uneven surfaces. She had difficulty fixating her
eyes to text and also hearing faint sound became
problematic for her. As a consequence her school
performance became poorer. They consulted
ophthalmologist who prescribed spectacles and
advised reading in well illuminated conditions. But
gradually her hearing and vision diminished. Initially
she had corrected vision of 6/6 with spectacles.
But within years her best corrected vision became
6/36 bilaterally. As for her hearing, audiometry
initially showed mild sensorineural deafness that
progressively became moderately severe
bilaterally. She also developed occasional
myoclonic jerking involving part of body for which
she was evaluated by a neurologist who advised
electro-encephalogram and prescribed antiepileptic drug with which her jerking improved.
She stopped school at 16 years of age at class
nine due to poor vision and hearing. Her age of
menarche was at 13 years. Her menstrual cycle
was regular with average flow. She was unmarried.
She was immunized according to national
immunization schedule. All her family members
except for her younger sister were in good health.
There was no history of such illness in her family
members.
At time of presentation to us, she was alert with body
built below average. Vitals were within normal limit

with no anemia, jaundice, clubbing, thyromegaly,
lymph node enlargement. She had no abnormal skin
pigmentation, high arched palate, scoliosis, pes
cavus or any chest deformity. Nervous system
examination revealed, she was oriented in time,
place and person, memory was normal, intelligence
below average, and speech was slurred with inability
to pronounce properly. She occasionally talked to
herself, but there was no abnormal thought or any
abnormal neologism. Regarding cranial nerve
examination, her eye had full range of motion with
pendular horizontal nystagmus that showed no
fatigue or latency. Fundoscopy revealed bilateral
primary optic atrophy and Rinne-Weber test
revealed bilateral sensorineural hearing loss. All
other cranial nerves were intact. Motor system
revealed normal muscle bulk with hypotonia, power
of all 4 limbs were MRC grade5. All jerks were
diminished to absent with re-inforcement and planter
were bilaterally flexor. She had no abnormal
movement of any part of body at rest. Her coordination was impaired as evidenced by dysmetria,
dysdiadochokinesia and abnormal heel-shin test.
Her gait was broad based with irregular steps and
her tandem gait was impaired. She had difficulty
walking on uneven surfaces and going up/
downstairs. All modalities of sensation including
vibration and position sense were intact. She could
do her activities of daily life without any support.
She underwent extensive investigation and
consulted different physicians of different specialties.
List of her investigation profile is given below. But
except for optic atrophy and sensori-neural hearing
loss, all her investigations revealed no clue to the
cause of her abnormality. The only investigation that
could have been done to establish the etiology was
genetic analysis, but patient party refused to proceed
further for lack of financial support.
Patient’s younger sister, 8 years of age also had
pendular movement of both eyes along with
impairment of tandem gait, triggered by febrile
illness. She had no other cerebellar feature. She
also had mild visual difficulties and optic disc pallor.
Her hearing was normal at bedside testing. She
had no pes cavus. The patient’s younger brother
was quite normal.
111

Laboratory investigations done on the patient
Blood

Complete blood count, ESR, CRP, glucose, urea, creatinine, electrolytes, liver
function, thyroid hormone, iron profile, creatine kinase, Antinuclear and antipospholipid antibody, ANCA, VDRL, hepatitis B&C antibody, ceruloplasmin, vitamin
B12, folate

Urine

Routine examination, culture sensitivity, copper

CSF

Cytology, protein, glucose, VDRL, ADA, lactate, Gram & AFB stain, Gene xpert for
MTB, oligo-clonal band & Ig-G index

Imaging

Chest Xray, Ultrasonogram of whole abdomen, ECG, Echocardiogram, MRI of
brain and orbit, slit lamp examination for KF ring

Neuro-physiology

Electro-encephalogram, nerve conduction study

Discussion:
Cerebellar ataxia may impose a diagnostic
dilemma as there are many differentials, but the
age of onset, speed of progression, family history
and concomitant other features may provide clue
to the final diagnosis5. CAPOS syndrome is a rare
differential of cerebellar syndrome. Though first
described in 1996, it remains a rare condition and
the underlying pathogenesis is yet to be fully
described4.
This is the first case report of CAPOS syndrome
from Bangladesh, to the best of our knowledge.
Among the core features, our patient did not have
pes cavus. All the case reports that have been
published so far, only 30% of them had pes cavus9.
As a matter of fact, some authors also suggested
changing the acronym to “CAOS” syndrome; as
all the patients did not have pes cavus6. Our patient
presented with the typical history of more than one
fever induced cerebellar ataxia with
encephalopathic features and weakness with
partial remission. But her nystagmus and areflexia
persisted as the vision and hearing gradually
deteriorated, which is consistent with typical
presentation7,10. She also had delayed milestone
of development, mild intellectual impairment and
few episodes of seizure which are among less-well
reported features; but are consistent with spectrum
of ATP1A3 mutation phenotype11. The patient and
her younger sister were affected among three
siblings, which may indicate the autosomal
dominant pattern of inheritance. But as the parents
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were not affected, it might be the de novo mutation
that may explain the disease, which is also well
reported5.
CAPOS syndrome is caused by missense mutation
of the ATP1A3 gene with replacement of 818th
amino acid glutamic acid by lysine 5,6. Other
diseases RDP, AHC and most recently relapsing
encephalopathy with cerebellar ataxia have also
been attributed to the ATP1A3 mutation12. These
disorders have overlapping features like early
onset, triggered by febrile illness, polyphasic
episodes with abnormal movements of different
parts of body including eyes, seizure potentials and
occasional intellectual disabilities 6 . But the
differentiating features of CAPOS phenotype are
the progressive bilateral optic atrophy and sensorineural deafness6.
During the acute episodes clinical features may
be compatible with encephalitis or post viral
cerebellitis; or if motor weakness is pronounced
then atypical GBS9. Also due to the relapsing and
remitting course, multiple sclerosis may also be
considered. But the age of onset and absence of
relevant imaging and CSF findings excluded MS.
Again Friedreich’s ataxia was also a differential but
presence of hearing loss and absence of sensory
neuropathy and abnormal imaging excluded this
consideration.
ATP1A3 encodes for alpha 3 subunit of the Na+/
K + -ATPase pump which is a ubiquitous
transmembrane enzyme responsible for

maintaining cell membrane polarity12. The alpha 3
subunit is selectively present in the neurons of
CNS, whereas alpha 2 subunit is expressed in the
glial cells10. Alpha 3 subunit is also expressed in
the afferent and efferent neurons innervating the
skeletal muscle spindle which may explain the
acquired areflexia without any electro-physiological
evidence of peripheral neuropathy6. The sensorineural hearing loss is attributed to auditory
neuropathy and best treated with cochlear
implantation as it directly stimulates the neural
pathway7. Optic atrophy adds more obstacle in the
way of communication as deaf persons often rely
on visual cues for lip reading.
Till date, there is no established disease modifying
therapy for CAPOS syndrome7,9,10 . Carbonic
anhydrase inhibitor acetazolamide has been
reported to prevent relapse by generating a state
of metabolic and brain acidosis, which may
normalize neuronal excitability5,9. Supportive
treatment with visual aid, cochlear implantation,
speech therapy may improve quality of life to some
extent7.
Conclusion:
CAPOS syndrome is an autosomal dominant
disorder presenting as cerebellar ataxia with
progressive optic atrophy and sensori-neural
deafness. When there is no imaging and
electrophysiological evidence of any abnormality;
CAPOS syndrome remains an important
differential. Genetic analysis to see ATP1A3
mutation establishes the diagnosis. Supportive
therapy along with acetazolamide may be of
benefit. But counseling and screening of other
family members are equally important.
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