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Abstract 

Background: Subarachnoid hemorrhage (SAH) is rare but potentially life-threatening cause of acute heada-
che. First diagnostic test performed in the Emergency Department (ED) for acute “thunderclap” headache is 
computed tomography of the head (CT) without contrast enhancement. Negative non-contrast head CT may 
be erroneously interpreted as an exclusion of SAH and lead to ED discharge. The consequences of overlo-
oking SAH are of special interest to the Emergency Physician. The aim of this study was to assess prevalence 
and clinical picture of CT-negative cases of SAH admitted to the ED. Material and methods: Retrospective 
analysis of charts of patients admitted to the ED and diagnosed with SAH during 18 consecutive months. Results: 
Our data gives information about clinical picture of patients with CT-negative SAH and their further clinical co-
urse. Out of 126 patients diagnosed with SAH, 5 (4.0%) were diagnosed with SAH despite negative non-contrast 
head CT scan. All cases were diagnosed by means of lumbar puncture and analysis of cerebrospinal fluid. In all 
patients with CT-negative SAH computed tomographic angiography (CTA) was performed and no vascular abnor-
malities were found. In one case digital subtraction angiography was performed due to equivocal CTA picture 
and it demonstrated small unruptured aneurysm of the medial cerebral artery. All patients with CT-negative SAH 
were admitted to a neurological ward and later discharged from the hospital without neurological deficit. There 
were no episodes of clinical deterioration and none of the patients required an urgent neurosurgical intervention. 
Conclusions: Although lumbar puncture remains a gold standard in exclusion of SAH, head CT scan without con-
trast enhancement appears to be a satisfying diagnostic tool in ED.
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Introduction

Headache is the cause of approximately 2% of 
Emergency Department (ED) visits [1]. The most im-
portant aim of the assessment at an ED is exclusion of 
a life-threatening disease. One of the potentially deva-
stating conditions in differential diagnosis of severe 
headache is subarachnoid hemorrhage. Although SAH 
counts for only 1-3% headache-related ED visits, ruling 
out this potentially lethal condition is crucial for the 
ED physician [1]. Early diagnosis of SAH allows early 
aggressive treatment and help to prevent re-bleeding 
episodes which happen in 26-73% of SAH patients in 
the days-weeks after the primary bleeding incident [2]. 
Non-contrast head computed tomography (CT) rema-
ins gold standard in diagnosing of SAH [3]. Common 
diagnostic error is failure to perform a non-contrast 
head CT scan in patients with clinical suspicion of SAH 
(headache, nausea and/or vomiting, photophobia, 
neck stiffness, episodes of loss of consciousness, focal 
neurological deficits) [2]. Unfortunately, non-contrast 
head CT scan is not a perfect diagnostic tool because 
its sensitivity decreases if performed more than 6 ho-
urs after symptom onset. Furthermore, there is a gro-
up of patients with a normal head CT scan, who still 
have a strong clinical suspicion of SAH [4]. The next 
diagnostic procedure in CT-negative cases should be 
lumbar puncture (LP) with examination of cerebro-
spinal fluid [5]. Although LP is a frequently performed 
procedure in the ED, it may result in complications like 
post-lumbar puncture headache, epidural hematoma, 
cortical vein thrombosis and reversible cerebral vaso-
constriction syndrome [6-7]. Moreover, the decision to 
continue diagnostic process and perform lumbar punc-
ture significantly prolongs ED length of stay [6]. 

The primary aim of our study was to assess the 
prevalence of CT-negative SAH at a single ED. Our 
secondary aim was to analyze the clinical picture of 
patients diagnosed with CT-negative SAH and the fur-
ther course of their disease. Consequences of ED di-
scharge of patients with SAH suspicion and negative 
non-contrast head CT is of interest to the Emergency 
Physician community [8].

Material and methods

We retrospectively analyzed anonymized clinical 
data of patients admitted to the Emergency Department 
of the Medical University of Gdańsk and diagnosed 
with SAH in 18 consecutive months (January 2015-June 
2016). We searched for information about the following 
diagnostic procedures: clinical examination, non-con-
trast head CT, cerebrospinal fluid analysis (if lumbar 

puncture was performed), computed tomographic 
angiography (if performed), cerebral arteriography (if 
performed). On the basis of this analysis patients dia-
gnosed with SAH with negative non-contrast CT were 
identified and their clinical data were re-evaluated. 

 In each patient a non-contrast head CT scan was 
performed to rule out any potentially life-threate-
ning condition. A radiology specialist assessed each 
CT scan. If the head CT scan was normal (CT-negative) 
but the clinical presentation was highly suspicious for 
spontaneous SAH, a diagnostic lumbar puncture was 
performed. All conscious patients gave their informed 
consent prior to undergoing the lumbar puncture 
procedure. If the patient was presenting with altered 
mental status and the lumbar puncture was necessary 
for further, potentially life-saving diagnostic procedu-
res, the clinical context was analyzed and final decision 
was made by two physicians (neurologist and Emer-
gency Medicine specialist) and documented in the pa-
tient’s chart. There were 60 such cases in our sample. 
For better understanding the link between the clinical 
picture and CT/LP results in CT-negative subjects, we 
calculated their score according to the Ottawa SAH 
Rule [7]. There were no additional procedures perfor-
med as part of this research project, therefore the lo-
cal Ethics Committee approval was not necessary.

Results

Our data shows clinical picture of patients with 
CT-negative SAH and further course of their disease. 
We identified the records of 126 patients with suba-
rachnoid hemorrhage admitted to our ED during Ja-
nuary 2015-June 2016. SAH was diagnosed by head CT 
without contrast enhancement in 96.0% of patients 
(n-121). There were 5 (4.0%) CT-negative patients 
who were diagnosed with SAH via CSF analysis. Clini-
cal data of CT-negative and CT-positive patients were 
presented in Table 1.

Manifestation of CT-negative SAH was not speci-
fic. Although all 5 patients complained of headache, in 
2 cases vomiting was present. In one case, headache 
was accompanied by neck stiffness as a manifestation 
of meningeal syndrome. The average time from first 
symptoms to head CT was 8 hours with 3 patients ex-
ceeding the 6-hour window. Taking into consideration 
well-known risk factors, one of the patients had history 
of well-controlled hypertension and chronic alcohol abu-
se. None of the patients were smokers or received anti-
coagulant therapy. Family history was not significant. All 
patients in the CT-negative group were assessed as Gra-
de 1 in the Hunt & Hess classification while the average 
grade in the CT-positive group was 2,5. All patients with 



results of cerebrospinal fluid (CSF) analysis typical for 
SAH underwent CTA with no significant findings. 4 out of 
5 CT-negative patients underwent cerebral angiography 
and an unruptured aneurysm of the middle cerebral ar-
tery was found in one subject. The score of CT-negative 
LP-positive subjects according to the Ottawa SAH Rule 
was suggesting suspicion of SAH, as shown in Table 2.

Clinical outcome in the CT-nega-
tive SAH patients group was favo-
rable. All patients with CT-negative 
SAH survived and were discharged 
from the hospital without neuro-
logical deficit. None of those pa-
tients required any urgent surgical 
intervention and no episodes of 
clinical deterioration were observed 
during their hospital stay. 

Discussion 

Our study revealed that 4.0% of 
patients diagnosed with SAH at ED 
had a normal non-contrast head CT. 
This result is slightly lower than pre-
viously published findings showing 
percentage of CT-negative SAH be-
tween 4-20% [9-11]. The discrepan-
cies may be partially explained with 
differences in parameters of CT scan-
ner and in experience of radiologists 
describing the images. Nevertheless, 
our results demonstrated higher per-
centages that suggested in the meta-

-analysis by Dubosh et al, showing 
that relying solely on non-contrast 
head CT may lead to missing only 

0.15% of SAH cases. To note, the above results were 
obtained for patients with “thunderclap” headache 
and no neurologic deficit, in whom CT was performed 
within 6 hours of the headache onset [12]. Williams 
and Sepaul while commenting these results suggested 
that the Emergency Physican needs to be aware that the 
CT scan might be negative after the 6-hour window [13]. 

Table 1. Clinical data of the CT-positive and CT-negative patients

CT-positive 
group

CT-negative 
group

p

Age (years, mean 55.9 50.4 NS

Sex (% of men) 43 (35.5%) 2 (40%) NS

Headache (n,%) 98 (81%) 5 (100%) NS

Vomitting (n,%) 53 (43.8%) 2 (40%) NS

Meningeal symptoms 
(n,%)

56 (46.2%) 1(20%) NS

Neurological deficit 
(n,%)

78 (64.5%) 0 (0%) 0,007

Cerebral aneurism 
found (n,%)

103 (85.1%) 1 (20%) 0.0032

Neurosurgical 
intervention (n,%)

92 (76.0%) 0(0)% 0,0011

Deaths (n,%) 34 (28.1%) 0 (0)% NS

Table 2. The score of CT-negative LP-positive subjects according to the Ottawa SAH Rule

Patient
Age 

≥40?

Neck pain 
or neck 

stiffness?

Witnessed 
loss of 

conscious-ness

Onset 
during 

exertion?

“Thunder-clap” 
head-ache?

Limited 
neck 

flexion?

Total 
score

Suggestive 
for SAH?

Patient 1 0 0 1 0 0 0 1 YES

Patient 2 1 1 0 0 1 0 3 YES

Patient 3 1 0 0 0 1 0 2 YES

Patient 4 1 0 0 0 1 0 2 YES

Patient 5 1 1 0 0 1 1 4 YES

Legend: Answer YES was scored 1; answer 2 was scored 0
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On the contrary, our observations suggest that such 
practice may lead to overlooking a significant percen-
tage  of  SAH  cases,  particularly  because  all  of  the 
CT-negative  patients  in  our  sample  presented  with 
a “thunderclap” headache and no neurologic deficit. 

All 5 of our patients with CT-negative SAH presen-
ted with thunderclap headache and only one of them 
had neck stiffness. This very unspecific clinical pre-
sentation is a known feature of SAH. Carpenter et al. 
confirmed that in their meta-analysis that there are 
no clinical findings allowing to rule in or to rule out 
SAH in patients with acute headache without further 
diagnostic workup [14]. Our results emphasized that 
patients with thunderclap headache require thorough 
diagnostics even with negative head CT. Moreover, it 
should be noted that there was one case of unruptu-
red aneurysm revealed in patients with negative head 
CT that suggests that detailed vascular imaging may 
lead to significant findings. This finding stays in line 
with results of Chong et al., who discovered presence 
of vascular abnormalities in over 40% of subjects with 
CT-negative SAH [15]. 

All patients with CT-negative SAH from our group 
had a good prognosis – there were no deaths in that 
group as well as no clinical deterioration (e.g. re-ble-
eding), or need for urgent neurosurgical intervention. 
This is in concordance with finding of Mark et al, who 
analyzed a population of probably overlooked SAH. 
The authors analyzed clinical course of patients final-
ly diagnosed with SAH who through 14 days prior the 
diagnosis were examined due to suspicion of SAH with 
negative conclusion. They found that probable overlo-
oking of SAH did not influence negatively their progno-
sis [16]. Chong et al. reported similar observation as 
only 1.3% of patients with CT-negative SAH experien-
ced further re-bleeding [15]. 

Although subarachnoid hemorrhage is a relatively 
rare cause of headache, failure to recognize it is a fa-
miliar clinical scenario for ED physicians [17]. Most of 
the patients with symptoms suggestive of intracranial 
hemorrhage are diagnosed in ED, which are known 
worldwide to be overcrowded [18]. The more labora-
tory tests, diagnostic images and procedures are per-
formed, the more prolonged length of ED stay and the 
more patients undergoing assessment and treatment 
at the same time [19]. Excessive number of patients 
being treated in ED simultaneously may cause incre-
ased hospital mortality [20]. Anecdotally, the most 
primary purpose of the ED physician is to identify 
patients in life-threatening condition and to initiate 
prompt and adequate treatment. 

Initial misdiagnosis of SAH may lead to discharge 
from the ED, followed by a potentially catastrophic 

re-bleeding episode [2, 21]. Optimizing the quality of 
diagnostics and care of patients with suspected SAH is 
an important issue in recent Emergency Nedicine and 
Neurology literature. One of the solutions for prolon-
ged diagnostics of headache in ED is extending imaging 
after originally negative non-contrast head CT scan to 
include CT-angiography if SAH remains part of the dif-
ferential diagnosis, which may significantly reduce the 
risk of overlooking aneurysmal SAH [11]. Another ap-
proach is to focus on assessment of initially performed 
non-contrast head CT scan, as radiological evidence of 
SAH is frequently unrecognized [7]. 

As clinical rules are spreading across the Emergen-
cy Medicine community, there is also recently valida-
ted Ottawa SAH Rule that can help a physician to rule 
out subarachnoid hemorrhage in a certain group of 
patients [22]. Identifying the population with extre-
mely low risk of a life-threatening cause of headache 
can also help a clinician to use popular worldwide sha-
red decision-making model in which both a patient 
and medial practitioner understand and accept the 
risk involved in the decision to finish the diagnostic 
process [23-24]. Nevertheless, lumbar puncture re-
mains the most sensitive tool to exclude SAH in all ca-
ses where the clinical presentation is highly suspicious, 
clinical rules not applicable and radiology inconclusive 
for SAH [14, 25].

Conclusions

Subarachnoid hemorrhage continues to be one of 
the most important parts of differential diagnosis in 
population of patients visiting the ED due to headache, 
head CT scan without contrast enhancement appe-
ars to be a satisfactory diagnostic tool to exclude this 
potentially lethal condition. In our study, only 4.0% of 
subarachnoid hemorrhages were diagnosed despite 
negative non-contrast head CT. The clinical course of 
CT-negative SAH was mild. It can be presumed that 
lumbar puncture may be a decisive diagnostic proce-
dure for a minor group of patients with high clinical 
risk of SAH and inconclusive preceding diagnostic pro-
cess. This data may increase awareness of incidence of 
CT-negative SAH and help physicians to properly plan 
diagnostic procedures after negative head tomography.
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