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Abstract. Subarachnoid hemorrhage (SAH) is a serious neurological condition, 
commonly of vascular etiology. Gnathostomiasis is a common parasitic disease 
in Thailand and may also cause SAH. The purpose of this study was to find clini-
cal differences between SAH due to these two causes. This was a retrospective 
study and collected data from medical charts of patients diagnosed with SAH at 
Srinagarind Hospital, Khon Kaen, during 2009 and 2011. SAH due to vascular 
causes was diagnosed by cerebral angiogram, while cerebral gnathostomiasis, 
in which cerebral angiograms were negative, was diagnosed immunologically. 
Differences in clinical features between the two groups were compared using de-
scriptive statistics. Eighteen patients had SAH due to vascular causes and ten had 
gnathostomiasis. Most parameters were similar between the two groups. However, 
the cerebrospinal fluid glucose/plasma glucose ratio in the gnathostomiasis group 
was significantly higher than in the vascular group (80% vs 16.67%, respectively). 
In conclusion, cerebrospinal fluid glucose/plasma glucose ratio was significantly 
higher in SAH patients caused by gnathostomiasis than vascular group and may 
provide a diagnostic tool for distinguishing between these two etiologies. 
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worldwide (van Gijn and Rinkel, 2001; de 
Rooij et al, 2007) and accounts for 5%-6% 
of all cases of stroke (van Gijn et al, 2007). 
The mortality at six months after diagno-
sis is 50% (Perry et al, 2011) and one-third 
of SAH patients are disabled by the condi-
tion (van Gijn and Rinkel, 2001). 

Common causes of non-traumatic 
SAH are vascular abnormalities such 
as cerebral aneurysm or arteriovenous 
malformation. Only half of non-traumatic 

INTRODUCTION

Non-traumatic subarachnoid hem-
orrhage (SAH) is a serious neurological 
condition causing very severe headaches. 
Its prevalence is 6-9/100,000 person-years 
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patients had definite vascular causes 
(Kitkhuandee et al, 2012). Gnathostomia-
sis, caused by Gnathostoma spinigerum, is 
endemic in Thailand, Japan, India, and 
Mexico. It is known to be a possible cause 
of non-traumatic SAH and intracerebral 
hemorrhage (Schmutzhard et al, 1988; 
Sawanyawisuth et al, 2009; Katchanov et al,  
2011). A sensitive and specific serological 
test for gnathostomiasis is available and 
can be used to establish this as a cause 
of SAH when a cerebral angiogram does 
not demonstrate underlying vascular 
problems (Intapan et al, 2010). However, 
this test is not widely available. Here, we 
compared clinical factors in non-traumatic 
SAH due to these two causes: vascular 
abnormalities or gnathostomiasis.

MATERIALS AND METHODS

We retrospectively reviewed all non-
traumatic SAH patients who were admit-
ted to Srinagarind Hospital, Khon Kaen 
University, Thailand during the study 
period (January 2009 and December 2011). 
Included were all non-traumatic SAH pa-
tients who had undergone both cerebral 
angiogram and the serological test for G. 
spinigerum. We excluded patients who had 
a final diagnosis of other parasitic diseases 
such as cysticercosis or angiostrongyliasis.

The cerebral angiogram protocol was 
one of the following: CT angiography, 
MR angiography, or 3-dimensional digital 
subtraction cerebral angiography. These 
radiographic methods have been described 
elsewhere (Kitkhuandee et al, 2012). The 
serological test for G. spinigerum used im-
munoblotting for detection of antibodies 
against 21- or 24-kDa antigenic component 
of this parasite (Kitkhuandee et al, 2013). 
The sensitivity and specificity of the immu-
noblot analysis is 83.3%-91.7% and 100%, 
respectively (Intapan et al, 2010).

Clinical features were collected from 
medical charts of all eligible patients. 
Patients were divided into two groups: 
vascular SAH and gnathostomiasis. In 
vascular SAH patients, either cerebral 
aneurysm or vascular malformation had 
been detected by cerebral angiogram. 
Gnathostomiasis patients had negative 
cerebral angiogram and a positive sero-
logical test for G. spinigerum. Baseline and 
clinical characteristics of patients in both 
groups were compared using descriptive 
statistics. Wilcoxon rank-sum and Fisher’s 
exact tests were applied to compare the 
differences in numbers and proportions 
between the two groups, respectively.

Univariate logistic regression analy-
ses were applied to calculate the crude 
odds ratios of individual variables for 
non-traumatic SAH caused by gnathosto-
miasis. All clinically important variables 
or results of univariate analyses with a p-
value <0.20 were included in subsequent 
multivariate logistic regression analyses. 
Analytical results were presented as crude 
odds ratios (OR), adjusted OR, and 95% 
confidence intervals (CI). All data analy-
ses were performed with STATA software 
(College Station, TX). The study protocol 
was approved by the ethics committee in 
human research, Khon Kaen University 
(HE551056).

RESULTS

There were 28 eligible non-traumatic 
SAH patients during the study period. 
Of these, 18 patients had SAH due to 
underlying vascular causes and ten were 
diagnosed with gnathostomiasis. In the 
vascular group, 17 patients had a cerebral 
aneurysm and one patient had an arterio-
venous malformation. The median age 
of all patients was 53 years (range 15-76 
years) and 11 patients (28.9%) were male. 
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Table 1
Clinical features of non-traumatic subarachnoid hemorrhage patients categorized by 

cause (vascular or gnathostomiasis).

Variables	 Vascular 	 Gnathostomiasis	 p-value
	 n = 18	 n = 10	

Age, years	 53 	(15-76)	 52 	(33-71)	 0.597a

Male, n (%)	 6 	(33.3)	 5 	(50)	 0.444
Duration of headache, days	 2 	(0.04-20)	 1 	(0.1-3)	 0.134a

Diabetes, n (%)	 1 	(5.6)	 0		  0.999
Hypertension, n (%)	 6 	(33.3)	 4 	(40.00)	 0.999
Seizure, n (%)	 1 	(5.6)	 1 	(10.00)	 0.999
Syncope, n (%)	 0		  1 	(10.00)	 0.357
Drowsiness, n (%)	 0		  1 	(10.00)	 0.357
Motor weakness, n (%)	 4 	(22.2)	 3 	(30.3)	 0.674
Body weight, kg	 56.5 	(45-69)	 58 	(53-63)	 0.999a

Height, cm	 165 	(152-165)	 159 	(153-165)	 0.831a

Data shown as median (range) or numbers (percentage); p-value was calculated by Wilcoxon rank-
sum test if indicated by superscript a: otherwise the Fisher exact test was used.

The median duration of headache was 1.5 
days. There was no statistically significant 
difference in most clinical feature between 
the two groups in terms of age, duration 
of headache, co-morbidities, or symptoms 
of SAH (Table 1). 

Regarding laboratory results, the 
gnathostomiasis group had higher (but 
not significantly so) blood eosinophils 
(35.4 cells vs 14.2 cells, p=0.320) and fewer 
cerebrospinal fluid (CSF) red blood cells 
(6,950 vs 41,750 cells/mm3, p=0.806) than 
the vascular cause. The gnathostomia-
sis group had significantly higher CSF/
plasma glucose ratios (80% vs 16.7%, p= 
0.049). There was no overlap in the ranges 
of values between the two groups (Table 
2). On multivariate logistic regression 
analyses, a CSF/plasma glucose ratio 
more than 40.2% perfectly associated 
with gnathostomiasis as the cause of non- 
traumatic SAH.

DISCUSSION

Gnathostoma spinigerum is a nematode 
that can infect humans who have con-
suming raw or under cooked freshwater 
shrimp or fish, or poultry (Nomura et al, 
2000; Katchanov et al, 2011). In humans, 
which are a dead-end host, larva can mi-
grate randomly in the body but are most 
common in subcutaneous tissue causing 
migratory swelling. Neurological involve-
ment, such as radiculitis, myelitis, intra-
cerebral hemorrhage, or SAH, is another 
common manifestation. Larvae often 
migrate to the subarachnoid space via 
the spinal canal causing bleeding in sub-
arachnoid area (Schmutzhard et al, 1988). 
Recovery of larvae provides definitive 
diagnosis, but is rare in human gnathosto-
miasis (Nomura et al, 2000; Sangchan et al,  
2006). Serological tests for G. spinigerum 
are therefore the main diagnostic tools. 
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Table 2
Laboratory results of non-traumatic subarachnoid hemorrhage patients categorized 

by vascular and gnathostomiasis cause.

Factors	 Vascular cause	 Gnathostomiasis	 p-value
	 n = 18	 n = 10	

Hematocrit, %	 39.4 (30.8-43.8)	 37.65 (30.1-46.1)	 0.962
White blood cells, cells/mm3	 13,460 (7,790-19,000)	 12,315 (8,200-18,500)	 0.811
PMN, %	 82.7 (67.1-94.2)	 87.9 (62.9-94.6)	 0.598
Eosinophil count, cells	 14.15 (0-245)	 35.35 (0-1,117.6)	 0.320
Platelet count	 277,500 (96,000-430,000)	 245,500 (150,000-474,000)	 0.719
CSF open pressure, cmH2O	 21 (14-28)	 26.5 (24-50)	 0.643
CSF red blood cell	 41,750 (100-257,000)	 6,950 (4,250-60,000)	 0.806
CSF white blood cell	 85 (0-500)	 25 (0-1,400)	 0.798
CSF PMN, %	 2 (0-79)	 23.5 (0-64)	 0.798
CSF eosinophils, %	 0 (0-4)	 0	 0.179
CSF protein, mg/dl	 61 (0-95)	 41 (19-63)	 0.327
CSF glucose, mg/dl	 65 (17-95)	 87.5 (64-180)	 0.142
CSF /plasma glucose ratio, %	 16.7 (15.6-40.2)	 80 (58.18-111.1)	 0.049
Plasma glucose, mg/dl	 120 (109-174)	 110 (90-162)	 0.513

Data shown as median (range) or numbers (percentage); PMN, polymorphonuclear leukocytes; 
eosinophil count equals total white blood cells x percentage of eosinophils; CSF, cerebrospinal fluid; 
number of tests may not equal 18 in the vascular group and 10 in the gnathostomiasis group due to 
missing data; all p-values were calculated using the Wilcoxon rank-sum test. 			

In this study, most clinical features 
and laboratory findings were similar in 
non-traumatic SAH patients, whether 
the underlying cause was vascular or 
gnathostomiasis (Tables 1 and 2). As a 
response to the presence of parasites in 
tissues, the eosinophil count was slightly 
higher in the gnathostomiasis group, 
but only in blood and not in the CSF 
(Table 2). A high eosinophil count (the 
highest in this study was 1,117.6 cells) 
may be suggestive of G. spinigerum as 
the cause of SAH. Eosinophil levels are 
usually much elevated as a response to 
parasitic infection, particularly when due 
to angiostrongyliasis, strongyloidiasis, or 
gnathostomiasis (Nutman, 2007). The low 
eosinophil count in some of the patients 

might be due to the chronic nature of the 
infection of gnathostomiasis. Larvae of 
G. spinigerum can susvive in the body for 
years without causing symptoms. 

Clinical features generally suggestive 
of gnathostomiasis include radicular pain 
or migratory swelling (Kanpittaya et al, 
2012; Senthong et al, 2013). However, these 
clinical features were not mentioned on 
the medical charts of patients in this retro-
spective study. When taking the histories 
of patients, the physicians may not have 
been aware of the possibility of gnathos-
tomiasis in SAH patients and hence did 
not ask appropriate questions or make the 
relevant physical examinations.

According to the multivariate logistic 
regression analysis, a high CSF/plasma 
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glucose ratio was the only factor suggest-
ing gnathostomiasis rather than vascular 
abnormality as the cause of non-traumatic 
SAH. Severe SAH is known to be associ-
ated with higher plasma glucose levels 
(Naidech et al, 2010; Chen et al, 2014), 
which may result in a relatively low CSF/
plasma glucose ratio. In this study, the 
median plasma glucose level was not 
significantly different in the two groups 
(Table 2). Low CSF/plasma glucose ratios 
may be found in several conditions such 
as bacterial meningitis or eosinophilic 
meningitis (Sawanyawisuth et al, 2012). 
The ratio is not specific in neurognathos-
tomiasis such as myelitis or intracerebral 
hemorrhage; it can be normal or slightly 
low (Katchanov et al, 2011). In SAH caused 
by G. spinigerum, the ratio was more than 
50% (Table 2). These findings indicate that 
non-traumatic SAH caused by vascular 
abnormalities may be more severe than 
gnathostomiasis. 

In conclusion, CSF/plasma glucose 
ratios were substantially lower in patients 
with non-traumatic SAH of vascular 
origin than in those with SAH due to 
gnathostomiasis.
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