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Background: Even though ruptured intracranial aneurysm is a major cause of non-traumatic subarachnoid hemorrhage
(SAH), non-aneurysmal SAH has a good prognosis with few neurologic complications. The gold standard for detecting the
vascular pathology is digital subtraction cerebral angiography (DSA).

Objective: The primary objective of the present study was to clarify cerebral angiographic findings in patients with non-
traumatic subarachnoid hemorrhage (SAH); to define the incidence of nonaneurysmal SAH. The secondary aim was to
review the clinical data of all of the patients diagnosed with non-traumatic SAH in order to determine the associated etiology.
Material and Method: This retrospective, descriptive study, was conducted at Srinagarind Hospital, Faculty of Medicine,
Khon Kaen University, between January 2005 and November 2010. The authors reviewed the medical records, cranial
computed tomography (CT) and DSA of patients with non-traumatic SAH. The DSA findings were assessed and the correla-
tion with clinical data and CT pattern determined.

Results: The author included and analyzed the records of 118 non-traumatic SAH patients (66 females, 52 males). The DSA
discovered vascular lesions in 62.6% of cases (57.6% aneurysm, 4.2% arteriovenous malformation (AVM) and 0.8% Moya-
moya disease). A total of 76 aneurysms were found in 68 cases. The location of the aneurysms included: 35.5% anterior
communicating artery, 17.1% posterior communicating artery, 15.7% middle cerebral artery, 11.8% internal carotid artery,
2.6% basilar artery, 1.3% vertebrobasillar junction and 10.5% others. The prevalence of nonaneurysmal SAH was 42.4%
(50/118). In the multivariate analysis, hypertension was the factor most strongly associated with aneurysmal SAH on the DSA
(p =10.029). The location of SAH on Sylvian fissure was most frequently associated with the cause of aneurysms. In another
way, tentorial cerebelli SAH was most commonly associated with a non-aneurysm cause.

Conclusion: The present study revealed that the major cause of non-traumatic SAH is cerebral aneurysm. The factors
associated with aneurysmal SAH included: hypertension and Sylvian fissure SAH. Tentorial cerebelli SAH was most com-
monly associated with a non-aneurysm cause.
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Non-traumatic subarachnoid hemorrhage
(SAH) is a neurologic emergency characterized by the
extravasation of blood into the space surrounding the
central nervous system, which is usually filled with
cerebrospinal fluid. The major determinant of non-
traumatic SAH is rupturing of an intracra-nial aneurysm
(80% of cases), which has a high rate of death and
complications®. A major cause for a poor outcome
among patients with aneurysmal SAH is re-bleeding,
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resulting in a mortality rate of 80%®. Aneurysmal re-
bleeding occurs in 4% of patients within 24 hours, 20%
within 2 weeks and 50% within 6 months after the initial
occurrence®. Non-aneurysmal SAH including isolated
perimesencephalic subarachnoid hemorrhage (20% of
cases) has a good prognosis with some uncommon
neurologic complications®. The diagnosis of non-
traumatic SAH requires the physician to ascertain its
etiology, since the cause of SAH guides its
management®,

The global incidence of non-traumatic SAH
varies from country to country; ~10.5 cases per 100,000
per year®, Population-based incidence rates for SAH
vary between 6.5 and 23.9 per 100,000 for all age
groups®", but this increases with age. The mean age
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is ~50 years and the greatest frequency is in persons
over 35 years. Itis higher in women than in men®. The
incidence of aneurysmal SAH is between 9.3 and 10.8
per 100.000. The value is slightly lower in the USA and
Canada, between 6 and 7 per 100.000®. The incidence
of SAH in the Middle East, Africa and some Far Eastern
countries is low and discriminative studies undertaken
in Malaysia, Singapore, Hong Kong, Nigeria, India, the
Philippines and Thailand seem to confirm a low
incidence of cerebral aneurysms in these countries.
Not with standing, under developed medical knowledge
and lack of diagnostic equipment in these countries
probably mean that most patients go undiagnosed®.

In ~15% of patients with spontaneous SAH,
the uncertain source of hemorrhage can be visualized
using cerebral angiography. The clinical course of these
patients has been reported as benign compared with
patients with aneurysmal SAH®, At the authors’ tertiary
institution in Northeast Thailand, the authors found
that the leading cause of patients with non-traumatic
SAH is infrequently due to a ruptured intracranial
aneurysm; thus, the authors reviewed all of the authors’
cerebral angiographic findings in patients with non-
traumatic SAH to determine the incidence of non-
aneurysmal SAH. Furthermore, the authors studied the
clinical data of all patients diagnosed with non-
traumatic SAH to catalogue the associated etiologies.

Material and Method
Subjects

This was a descriptive, single-center,
retrospective study of patients with non-traumatic
subarachnoid hemorrhage (SAH); admitted to
Srinagarind Hospital, Faculty of Medicine, Khon Kaen
University, between January 2005 and November 2010.
As per the Helsinki Declaration, the confidentiality of
the patients was protected and the experimental design
and protocol reviewed and approved by the Khon Kaen
University Ethics Committee for Human Research. The
authors reviewed the medical records, CT and DSA
images of consecutive, non-traumatic SAH patients
admitted for DSA in order to diagnose SAH.

The inclusion criteria for the present study
were: 1) Age > 15 years; and 2) SAH verified by cranial
CT. The exclusion criteria were: 1) Age < 15 years; 2)
Traumatic origin; 3) Hemorrhaging into a tumor; 4)
Hemorrhage considered to be from bloody dyscrasia
or abnormal coagulopathy; 5) Unavailable DSA images.
A total of 418 patients were admitted to the department
of neurosurgery with non-traumatic SAH identified by
CT. After reviewing the cerebral angiography, there
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were 118 non-traumatic SAH patients enrolled in the
present study.

The demographic data, clinicals, laboratory
investigations, hospitalization information were
assembled. The demographic data included age and
sex. The clinical data included: 1) Underlying disease
(i.e., hypertension (HT), diabetic mellitus (DM), prior
stroke and/or dyslipidemia); 2) Risk factors (viz.,
smoking, alcoholic drinking and drug abuse); 3) Clinical
signs and symptoms (characteristics as per the Hunt &
Hess scale®); 4) Initial physical examination (i.e., Initial
blood pressure (BP) and the WENS grading scale®).
The reviewed laboratory investigations included
complete blood count with absolute eosinophil count.

Imaging techniques

CT studies were available for 118 patients, 83
performed at Srinagarind Hospital and the rest from
other hospitals. The CT was performed with a 4
detectors device (Zomatom Plus 4, Siemens, Erlangen,
Germany) with a 4 mm axial slice thickness in the
posterior fossa and 8 mm axial slice thickness in the
suprasellar region.

Each patient with a CT or CSF diagnosis of
non-traumatic SAH underwent 3-4 vessels selective
DSA (DAR-100, Shimadzu, Tokyo, Japan and Allura
Xper FD20, Philips, Florida, USA), according to the
standard protocol. With the patient supine, the
procedure was performed under sedation under a local
or general anesthetic. Right transfemoral catheterization
was performed using the modified Selding’s technique
for bilateral carotid and vertebral artery angiography,
using the HN5 catheter Fr. 5 with a J-smooth guide wire
No. 035 and a Manie catheter Fr. 5 with a J-smooth
guide wire No. 038. The cerebral angiogram was
obtained in at least two projections of each vessel:
anteroposterior view and lateral view. The technique
used to obtain the images was 3 frames/sec for 5 sec
and 1 frame/sec for 10 sec.

Imaging analysis

Two experienced neuroradiologists reviewed
the CT and DSA images independently and achieved a
determination on the definite interpretations by
consensus. One neuroradiologist had 13 years
experience and the other 3 years. Two-thirds of all of
the images were reviewed on CT films or DSA films,
and one-third on a PAC workstation.

The CT images were analyzed first apart from
the DSA images. The CT images were assessed for the
presence of subarachnoid hemorrhage, its location and
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hydrocephalus. The appearance of hemorrhage is
classified using the Fisher’s grade®®: grade 1 = no
evident hemorrhage, grade 2 = subarachnoid
hemorrhage < 1 mm thickness, grade 3 = subarachnoid
hemorrhage > 1 mm thickness and grade 4 =
subarachnoid hemorrhage of any thickness with
intraventricular hemorrhage (IVH) or parenchymal
extension.

SAH was defined as a high-attenuating,
amorphous substance that fills the normally dark, CSF-
filled subarachnoid spaces around the brain. The
following sites were defined: ambient cistern, peri-/pre-
pontine cistern, interpeduncular cistern, perimesence-
phalic (pontine, interpeduncular and ambient cisterns)
cistern, quadrigeminal cistern, Sylvian fissure, anterior
and posterior interhemispheric fissure, basal cistern,
and others. Hydrocephalus is defined as dispropor-
tional dilatation of the ventricular system.

The cerebral angiogram images were assessed
for the presence of any cerebral angiographic
abnormality. Giant aneurysm was defined as an
aneurysm with a maximum diameter exceeding 2.5 cm.
The location of the aneurysm could be: ICA =internal
carotid artery; ACA = anterior cerebral artery; MCA =
middle cerebral artery; ACOA = anterior communicating
artery; PcoA = posterior communicating artery; PCA =
posterior cerebral artery; BA = basillar artery: and PICA
=posterior inferior cerebellar artery.

Arteriovenous malformation (AVM) was
defined as a tightly packed mass of enlarged feeding
arteries and dilated, tortuous draining veins with little
or no intervening brain parenchyma within a central
nidus. Arteriovenous shunting was defined as contrast
material appears in draining veins abnormally early in
the angiographic sequence. Intracranial vasculitis was
defined as multiple short stenoses and constriction of
vessels, with vascular dilation alternating with an area
of non-visualized vessels.

Vascular spasm was defined as arterial
narrowing.

Statistical analysis

Data analyses were performed using SPSS
version 10 for Windows. The categorical data
(demographics, clinicals and angiographic findings)
were analyzed for frequency and percentages while
the continuous data were assessed for mean, median
and standard deviation.

The prevalence of non-aneurysmal SAH
was also defined. The proportion test was used to
compare the proportions of the two groups. The t-test
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and Chi-square test were used to compare averages
(p<0.05).

Results

Of the 418 non-traumatic SAH patients
admitted to Srinagarind Hospital during the study, 300
were excluded because of incomplete data leaving 118
cases enrolled for analysis. Almost all of the subjects
lived in Northeast Thailand. The demographic data
including sex, age, comorbidities (HT, DM, history of
CVA or stroke and dyslipidemia) and risk factors
(smoking, alcoholic drinking and drug abuse) are
presented in Table 1. The clinical data including onset
of SAH, the Hunt and Hess grading system, WFNS
grading scale and BP at presentation are presented in
Table 2. The associated laboratory investigation
including white blood cell and absolute eosinophil
count are presented in Table 3. The location of SAH on
the CT are pointed out in Table 4, and the associated
CT appearance including intraparenchymal hemorrhage
(IPH), hydrocephalus, intraventricular hemorrhage
(IVH) and the Fisher’s grade are presented in Table 5.
Of the 118 cases diagnosed as non-traumatic SAH by
CT, 68 had cerebral aneurysm detected by DSA with a
total of 76 aneurysms, 35 of which were ruptured. The
anterior communicating artery aneurysm was intact in
27 patients. The locations of the aneurysms are
presented in Table 6.

The prevalence of non-aneurysmal SAH was
42.6%. Anormal angiogram was found in 31 (26.3%) of
all 118 cases. AVM was found in five patients, four
males and one female (average age, 63 years). The mean
age of the males was 49.6 years. One male (71 years)
had Moya-moya disease, presenting as Fisher’s grade
IV of SAH. The AVM and aneurysm ratiowas 1: 7.5 and
the female: male ratio was 1: 0.25. One female patient
also had a ruptured left posterior communicating artery
aneurysm and combined AVM. The patterns of
additional vascular abnormalities of DSA between the
aneurysmal and non-aneurysmal SAH are shown in
Table 7.

The distribution of demographic data was
similar between the aneurysmal and non-aneurysmal
subgroups, except for the mean age of females (0.0190)
and history of hypertension (p = 0.0299) (Table 1).
The clinical variables and laboratory investigations;
associated with aneurysmal SAH are presented in Table
2and 3.

The location of SAH at the Sylvian fissure
was the factor associated with the cause aneurysm;
while the tentorial cerebelli SAH was associated with
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Table 1. Demographic data

Characteristics Number (%) Aneurysm Non-aneurysm p-value
(n=68) (n=50)
Sex
Male 52 (44.1) 25 (36.8) 27 (54.0) 0.0624
Female 66 (55.9) 42 (63.2) 23 (46.0) 0.0624
Mean age + SD (years) 50.71 + 13.60 52.35 + 12.96 48.48 + 14.26 0.1273
(range) (15-80) (20-80) (15-75)
Male 47.12 +13.35 46.48 + 11.19 47.37 + 15.30 0.7157
Female 53.55 + 13.22 55.56 + 12.95 49.78 + 13.16 0.019
Comorbidities
Hypertension 42 (36.5) 30 (44.8) 12 (25.0) 0.0299
Diabetes mellitus 8 (7.0) 6 (9.0) 2(4.2) 0.3196
History of CVA or stroke 6 (5.2) 4 (6.0) 2(4.2) 0.668
Dyslipidemia 1(7.0) 5(7.5) 3(6.3) 0.801
Risk factor
History of smoking 10 (8.7) 8 (11.9) 2(4.2) 0.1446
Alcoholic drinking 8 (7.0) 7 (10.4) 1(2.1) 0.0821
Drug abuse 0 0 0 -
Table 2. The Hunt & Hess grading system, WFNS scale and Blood pressure
Variables Number (%) Aneurysm Non-aneurysm p-value
(n=68) (n=50)
Onset of SAH (days)
0-3 57 (49.6) 32 (47.8) 25(52.1) 0.6476
3-7 29 (25.2) 19 (28.4) 10 (20.8) 0.3595
7-14 14 (12.2) 7(10.4) 7 (14.6) 0.5036
>14 15 (13.0) 9(13.4) 6 (12.5) 0.8835
Hunt & Hess scale
Grade 1 8(7.0) 5(7.5) 3(6.3) 0.801
Grade 2 79 (68.7) 42 (62.7) 37(77.1) 0.1006
Grade 3 24 (20.9) 17 (25.4) 7 (14.6) 0.1603
Grade 4 4 (3.5) 3(4.5) 1(2.1) 0.4896
Grade 5 0 0 0
Blood pressure at presentation
Systolic 142 + 26 (90-219) 144 + 27 139 +25 0.3568
Diastolic 81+ 17 (10-121) 82+ 17 79+ 16 0.3098
WFNS scale at presentation
Grade 1 68 (59.6) 35(53.0) 33(68.8) 0.0912
Grade 2 23(20.2) 14 (21.2) 9(18.8) 0.7464
Grade 3 7(6.1) 5(7.6) 2(4.2) 0.4541
Grade 4 13(11.4) 10 (15.2) 3(6.3) 0.1399
Grade 5 3(2.6) 2(3.0) 1(2.1) 0.7551

non-aneurysmal causes (Table 4).

Discussion

SAH is an acute and potentially life-
threatening condition. The population incidence rate
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varies between 6.5 and 23.9 per 100.000 for all age

groups®, Approximately 10-30% of SAH patients die
before getting to medical care. For those reaching a
hospital alive, mortality rates for non-traumatic SAH
are between 30 and 60%“?. In-hospital mortality is lower
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Table 3. Associated laboratory investigation

Variable Number (%) Aneurysm Non-aneurysm p-value
White blood cell count 11,768 + 5,019 (n=60) (n=46)
(3,700-40,000)
< 4,000 cell/mm? 1(0.9) 0(0.0) 1(2.2) 0.2512
4,000-12,000 cell/mm? 62 (58.5) 34 (56.7) 28 (60.9) 0.6634
12,000 cell/mm? (leukocytosis) 43 (40.6) 26 (43.3) 17 (37.0) 0.5075
Eosinophils count(cell/uL) 206 + 415 (0-2,507)  (n = 66) (n=50)
< 500 103 (88.8) 59 (89.4) 44 (88.0) 0.8137
> 500 13(11.2) 7 (10.6) 6 (12.0) 0.8137

Table 4. Location of SAH on CT

Location of SAH on CT

Number (%) 118 Aneurysm (%) 68  Non-aneurysm p-value

(%) 50

Sylvian fissure 73 (61.86) 51 (69.86) 22 (30.14) 0.001
Basal Cistern 53 (44.92) 31 (58.49) 22 (41.51) 0.987
Interpeduncular Cistern, Prepontine Cistern 15 (12.71) 8 (55.33) 7 (46.67) 0.796
Perimesencephalic Cistern 46 (38.98) 25 (54.35) 21 (45.65) 0.7
Ambient Cistern 15 (12.71) 9 (60.00) 6 (40.00) 0.936
Quadrigeminal Cistern 29 (24.58) 18 (62.07) 11 (37.93) 0.733
Cerebral Cortical Sulci 19 (16.10) 7 (36.84) 12 (63.16) 0.08
Anterior Interhemisphreric Fissure 34 (28.81) 22 (64.71) 12 (35.29) 0.433
Posterior Interhemisphreric Fissure 12 (10.17) 4 (33.33) 8 (66.67) 0.137
Tentorial Cerebelli 14 (11.86) 4 (28.57) 10 (71.34) 0.04
Perimedullary Cistern 4 (3.39) 3 (75.00) 1 (25.00) 0.841
Others 9 (7.63) 7(77.78) 2 (22.22)
Table 5. Associated CT appearance
CT appearance Number (%) (118) Aneurysm (68) Non-aneurysm (50)  p-value
Intraparenchymal hemorrhage 32 (27.8) 19 (28.4) 11 (23.9) 0.5991

Frontal 16 (50.0)

Parietal 5 (15.6)

Temporal 5 (15.6)

Occipital 3(9.4)

Corpus callosum 1(3.1)

Ant limb of internal capsule 1(3.1)

Pons 1(3.1)
Hydrocephalus 26 (22.0) 19 (27.9) 7 (14.0) 0.114
Intraventricular hemorrhage 42 (25.6) 28 (41.2) 14 (28.0) 0.200
Fisher’s grade 1 1(0.8) 1(1.5) 0(0.0) 0.3892
Fisher’s grade 2 3(2.5) 1(1.5) 2 (4.0) 0.3884
Fisher’s grade 3 58 (49.2) 32 (47.1) 26 (52.0) 0.5957
Fisher’s grade 4 56 (47.5) 34 (50.0) 22 (44.0) 0.5189

because of interventional neuroradiology®V.

Computed tomography (CT) scanning without
intravenous contrast administration-is the favored
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primary diagnostic imaging tool, with cerebral
angiography being the next procedure of choice®?. At
most institutions in the USA, conventional angiography
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remains the standard for evaluating patients with SAH.
If a cranial CT scan is negative and strong clinicals
suggest SAH is present, a lumbar puncture may be
used to confirm this diagnosis®®. The present study
of cerebral aneurysms has long been the exclusive
territory of DSA an invasive procedure with low risk
for the patient, but serious complications®%4,

In previous studies, the mean age of non-
aneurysmal SAH ranged between 36 and 64 years®-24,
There was a significant predominance of males with
aneurysmal SAH®222%, The present study confirmed
these reports: as the mean age non-aneurysmal SAH
was 48.48 + 14.26 and the male to female ratio was 1 to
0.85. The majority of patients generally presented with
low clinical grading in the non-aneurysmal group (94%
Hunt & Hess grades | and 1) compared to a high clinical
grade in the aneurysmal group (31% WFNS grade IV-
V)02, By contrast, the authors’ non-aneurysmal SAH
group presented 83.4% Hunt & Hess grades | and 11,
while authors’ aneurysmal group was 70.2%

Table 6. Location of all aneurysms

Site Total (n = 76)
Anterior cerebral artery

A-com 27 (35.5)

Al 1(1.3)

pericallosal 1(1.3)
Middle cerebral artery

MCA bifurcation 12 (15.7)

M1 2(2.6)
Internal carotid

ICA 9(11.8)

P-com 13 (17.1)
PCA 1(1.3)
Basilar 2 (2.6)
Basilar trunk 1(1.3)
AICA 2(2.6)
PICA 2(2.6)
Vertebral artetry 2 (2.6)
Vertebral-basilarr junction 1(1.3)

Hunt&Hess grades | and Il and 81.3% WFNS grade I-
I

The true incidence of non-aneurysmal SAH
in authors’ situation could not be defined due to a
number of conducible factors. Consequently, authors’
examined its prevalence among hospital admissions,
which the authors found was 24.6%. The authors found
that of the 57.6% of patient cause by aneurysms The
others (42.6%) was AVM (4.2%), Moya-moya (0.8%),
normal angiogram (26.3%) and irregularities or
narrowing and spasm of vessels (11.9%). This result is
lower than previously reported, which range between
41 and 82.5% for aneurysm®618.28): thus, the prevalence
of aneurysm (57.6%) is also lower than reported in other
studies.

In a series organized by Ammar et al, in which
the prevalence of SAH was 8/10,000: 41% of the patients
suffered from ruptured aneurysms, 23% from AVM, 15%
spontaneous SAH, 2% Moya-moya, 4% bleeding
disorders and 2% were neonates and the remaining
17% had a venous malformation. The AVM to aneurysm
ratio was 1 to 1.76 and the female to male ratio was 1 to
2.65; which is considerably lower than the global
average®®,

The location of aneurysms varies. In a study
of 295 patients undergoing cerebral DSA for acute non-
traumatic SAH, Duong et al demonstrated that 27.6%
were on the AcoA, 20.2% the MCA, 15.6% the PcoA,
12.8% the ICA, 11.3% multiple sites, 5.9% the basilar
tip, 5.4% posterior circulation for a total of 203 patients.
The remaining 92 patients (31%) were negative on their
initial angiogram®?,

Using DSA, Uysal et al found a total of 34
aneurysms in 28 of the 32 cases involved in the study,
while no aneurysm was detected in 4 cases. Of the 5
cases that had multiple aneurysms, four had two and
one had three. Thirteen aneurysms (38%) were detected
atthe ACoA, 11 (32%) at the MCA, 6 (17%) at the ICA,
1(3%) atthe ACA, 1 (3%) at the PCA, 1 (3%) at superior
cerebellar artery and 1 (3%) at the BA®®),

In present study, 27 (35.5%) of the aneurysms

Table 7. Additional vascular abnormalities of aneurysmal and non-aneurysmal patients

Variable Aneurysm (68) Non Aneurysm (50) p-value
Spasm 14 10 0.878
Irregularity of Vessel 5 7 0.383
Hypoplastic Artery 8 1 0.104
Occlusion 2 0 0.616
Dissecting Art 1 0 0.877
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were on the AcoA, 12 (15.7%) on the MCA, 13 (17.1%)
onthe PcoA, 9 (11.8%) on the ICA and 2 (2.6%) on the
basilar artery, which accords with previous reports.

In the present study, hypertension at
presentation was the clinical factor most related to the
cause of aneurysm. The location of the SAH at the
Sylvian fissure was related to the cause aneurysm as
previously reported. The location of SAH was related
to the non-aneurysmal cause, perhaps because the
tentorial cerebelli area has no major cerebral artery.

Since ours was a retrospective study, it has
some inherent limitations. First, the particulars of
information depended on the accuracy and consistency
of recording patient information by attending clinicians.
Second, due to the method of patient selection, the
present study may underestimate the reliability of the
outcomes by excluding patients without SAH in CT
and recording CSF analysis. Notwithstanding, the
present study populations were quite large which may
offset some of the weaknesses. The present patients
were essentially inhabitants of Northeast Thailand,;
hence the authors’ results will be useful when planning
the management of the patients in this region and
potentially neighboring countries with similar
circumstances and ethnicities.

Conclusion

The present study unveiled that the major
cause of non-traumatic SAH is cerebral aneurysm. The
factors associated with aneurysmal SAH are
hypertension and Sylvian fissure SAH. In another way,
tentorial cerebelli SAH is associated with non-
aneurysmal causes.
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