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ABSTRACT
Objective Advances in imaging technologies have 
precipitated uncertainty and inconsistency in the 
management of neurologically intact patients presenting 
to the Emergency Department (ED) with non- traumatic 
sudden onset severe headache with a clinical suspicion 
of subarachnoid haemorrhage (SAH). The objective of this 
systematic review was to evaluate diagnostic strategies 
in these patients.
Methods Studies assessing any decision rule or 
diagnostic test for evaluating neurologically intact 
adults with a severe headache, reaching maximum 
intensity within 1 hour, were eligible. Eighteen databases 
(including MEDLINE and Embase) were searched. Quality 
was assessed using QUADAS- 2. Where appropriate, 
hierarchical bivariate meta- analysis was used to 
synthesise diagnostic accuracy results.
Results Thirty- seven studies were included. Eight 
studies assessing the Ottawa SAH clinical decision 
rule were pooled; sensitivity 99.5% (95% CI 90.8 to 
100), specificity 24% (95% CI 15.5 to 34.4). Four 
studies assessing CT within 6 hours of headache onset 
were pooled; sensitivity 98.7% (95% CI 96.5 to 100), 
specificity 100% (95% CI 99.7 to 100). The sensitivity 
of CT beyond 6 hours was considerably lower (≤90%; 
2 studies). Three studies assessing lumbar puncture (LP; 
spectrophotometric analysis) following negative CT were 
pooled; sensitivity 100% (95% CI 100 to 100), specificity 
95% (95% CI 86.0 to 98.5).
Conclusion The Ottawa SAH Rule rules out further 
investigation in only a small proportion of patients. 
CT undertaken within 6 hours (with expertise of a 
neuroradiologist or radiologist who routinely interprets 
brain images) is highly accurate and likely to be 
sufficient to rule out SAH; CT beyond 6 hours is much 
less sensitive. The CT–LP pathway is highly sensitive for 
detecting SAH and some alternative diagnoses, although 
LP results in some false positive results.

INTRODUCTION
Non- traumatic acute headache accounts for around 
2% of adult Emergency Department (ED) atten-
dances.1 Sudden onset severe headaches may be 
caused by a primary headache disorder or may be 
secondary to a more serious underlying pathology, 
such as subarachnoid haemorrhage (SAH). Diag-
nosis of SAH is particularly challenging in alert, 
neurologically intact patients presenting with acute 

Key messages

What is already known on this subject
 ► Guidelines typically recommend non- contrast 
CT head followed by lumbar puncture in 
patients who present with headache symptoms 
suspicious for subarachnoid haemorrhage.

 ► More recently, studies have questioned the 
need for routine lumbar puncture after a 
normal CT head.

 ► Additionally, a decision rule to direct imaging 
has been widely studied.

What this study adds
 ► In this systematic review and meta- analysis, 
we found that the Ottawa subarachnoid 
haemorrhage clinical decision rule has low 
specificity, and could result in significant 
additional unnecessary testing.

 ► CT head within 6 hours of headache onset, 
with images assessed by a neuroradiologist 
or radiologist who routinely interprets brain 
images, is highly accurate; around 658 CT- 
negative patients would have to undergo 
further investigation to identify a single case of 
subarachnoid haemorrhage.

 ► CT head undertaken beyond 6 hours is much 
less sensitive, therefore additional testing is 
more likely to be beneficial.

 ► In healthcare systems and settings in which 
neuroradiology expertise is unavailable, caution 
should be exercised when translating the 
diagnostic accuracy of CT head in the literature 
to clinical decision making.

How this study might affect research, practice 
or policy

 ► CT head within 6 hours of headache onset 
and with access to neuroradiology expertise is 
likely to be sufficient to rule out subarachnoid 
haemorrhage.

 ► The diagnostic accuracy of CT head may be 
contingent on time since symptom onset, 
which must be accounted for in practice, and 
investigated in future research.

 ► Risk tolerance of the patient and physician for 
the potential consequences of investigation 
and missed diagnoses will continue to inform 
practice.
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severe headache. Clinical features separating these patients 
from higher volume complaints with a similar presentation (eg, 
migraine) are often unreliable indicators of who requires further 
investigation.2

Advances in imaging technologies have precipitated uncer-
tainty and inconsistency in the optimal management of neuro-
logically intact patients presenting to the ED with non- traumatic 
sudden onset severe headache.3 4 Given increasing evidence on 
the potentially low therapeutic value of lumbar puncture (LP) 
following CT of the head, and its associated adverse effects,3 5–7 
updated evidence- based guidance is needed. We therefore under-
took a systematic review of evidence on diagnostic strategies 
for neurologically intact adult patients presenting to hospital 
with non- traumatic sudden onset severe headache, reaching 
maximum intensity within 1 hour.

METHODS
The review protocol is registered on PROSPERO 
(CRD42020173265). This paper conforms to the recom-
mendations of the Preferred Reporting Items for a Systematic 
Review and Meta- Analysis of Diagnostic Test Accuracy Studies 
statement.8

Search strategy and selection criteria
Eighteen databases (including MEDLINE and Embase) were 
systematically searched in February 2020. Further details of the 
search strategy are presented in online supplemental file 1. To 
meet inclusion criteria, studies had to assess any care pathway 
for ruling out SAH (including clinical decision rules and specific 
diagnostic tests, such as CT or LP) in neurologically intact adult 
patients presenting to hospital with a sudden onset severe head-
ache (reaching maximum intensity within 1 hour), with a clin-
ical suspicion of SAH. Studies of patients who had suffered a 
head injury (ie, traumatic headache) were excluded. Any primary 
study design (other than single case study) was eligible for inclu-
sion. Outcomes of interest included diagnostic accuracy, quality 
of life and adverse events. Two researchers (MW and RW) 
independently screened the titles and abstracts of all retrieved 
records and subsequently all full text publications for inclusion. 
Disagreements at each stage of the study selection process were 
resolved through discussion. Authors of potentially relevant 
conference abstracts were contacted for additional information. 
Relevant foreign language studies were translated and included 
in the review.

Data extraction and quality assessment
Data were extracted on study methods, patient, intervention and 
reference standard characteristics, outcome measures, adverse 
events and results (presented in online supplemental file 2). 
Data extraction and quality assessment were undertaken by one 
researcher and independently checked by a second. The majority 
of studies were assessed for quality using the Quality Assess-
ment of Diagnostic Accuracy Studies 2 (QUADAS- 2) tool.9 The 
QUADAS- 2 tool was not appropriate for studies where a refer-
ence standard test was not used, therefore, a quality assessment 
tool was developed by RW specifically for the review, piloted and 
refined before use (see online supplemental file 3 for details).

Data analysis
Where sufficient information was reported, diagnostic accu-
racy data were extracted into 2×2 tables to calculate sensitivity, 
specificity, false positive and false negative rates. Where equiv-
alent diagnostic strategies or tools were used in three or more 

studies, the hierarchical bivariate model described by Reitsma et 
al10 was fitted, along with an extension described by Simmonds 
and Higgins11 to meta- analyse sensitivity and specificity while 
accounting for correlation between the two, and within- person 
correlation between test results. Meta- analyses used standard 
random- effects DerSimonian- Laird methods. Subgroups were 
analysed separately to account for underlying differences in diag-
nostic strategies. The diagnostic accuracy of CT conducted <6 
hours from headache onset was analysed separately, as CT accu-
racy is known to drop rapidly outside of this time frame.12 The 
accuracy of different methods of cerebrospinal fluid (CSF) anal-
ysis was also assessed. Where results could not be pooled, they 
were synthesised narratively along with reported adverse event 
data.

Public and patient involvement
A patient collaborator with experience of presenting to an ED 
with a sudden onset severe headache was involved throughout 
the project. Three additional patients were recruited to an advi-
sory group. The patients provided input during protocol devel-
opment and interpretation of review findings.

RESULTS
The search strategy identified 15 750 records; 37 cohort/before 
and after studies were eligible for inclusion (figure 1 and table 1). 
More detailed study characteristics and results are presented in 
online supplemental file 2.

Twelve studies had a low risk of bias for all domains, the 
other 25 were at risk of bias. Twenty- eight studies were assessed 
using the QUADAS- 2 tool; results are summarised in figure 2.9 
Nine studies did not use a reference standard test, therefore, 
QUADAS- 2 was inappropriate; a quality assessment tool devel-
oped specifically for the review was used instead. Quality assess-
ment results are presented in the online supplemental file 3.

Figure 1 Flow diagram of the study selection process. *Any study 
which recruited patients before the year 2000 was considered to have 
used outdated CT technology.
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Clinical decision rules
Thirteen studies assessed the clinical decision rules developed 
by Perry et al for screening patients according to the presence 
of clinical characteristics associated with a high risk of SAH.13–25 
The predecessors of the Ottawa SAH Rule (sometimes termed 
the ‘Canadian clinical decision rules 1, 2 and 3’) were evaluated 
in six studies. Results of these studies can be found in online 
supplemental file 2. Rule 1 was refined to develop the final 
Ottawa SAH Rule, which states that alert patients with new 

severe atraumatic headache, reaching maximum intensity within 
1 hour, require investigation if one of the following are present: 
age ≥40 years, neck pain/stiffness, witnessed loss of conscious-
ness, onset during exertion, thunderclap headache or limited 
neck flexion.21

A summary of the diagnostic performance of the Ottawa SAH 
Rule in the individual studies and pooled results generated from 
the bivariate meta- analysis are presented in table 2. Perry et al 
(2017) is excluded,22 due to patient overlap with the larger Perry 

Table 1 Studies included in the systematic review

Intervention Study Location N Study design

Clinical decision rules (Canadian 
clinical decision rules 1, 2, 3; 
Ottawa SAH Rule)

Bellolio et al13 USA 454 Retrospective cohort

Cheung et al14 Hong Kong 500 Retrospective cohort

Chu et al15 Australia 137 Retrospective cohort (substudy of a 
prospective cohort)

Kelly et al16 Australia 59 Retrospective cohort

MacDonald et al17 UK 280 Retrospective cohort

Matloob et al18 UK 112 Retrospective cohort

Pathan et al19 UK 145 Retrospective cohort

Perry et al20 Canada 1999 Prospective cohort

Perry et al21 Canada 2131 Prospective cohort

Perry et al22 Canada 1153; overlap with Perry et al23 Prospective cohort

Perry et al23 Canada 3672 Prospective before/after

Wu et al24 Taiwan 913 Retrospective cohort

Yiangou et al25 UK 162 Retrospective cohort

CT–LP pathway Blok et al26 The Netherlands 760 Retrospective cohort

Cooper et al7 UK 517 Retrospective cohort

Dutto et al27 Italy 70 Before/After

Perry et al28 Canada 891 Retrospective cohort

Perry et al29 Canada 592 Prospective cohort

Valle Alonso et al30 Spain 74 Retrospective cohort

CT Austin et al31 UK 250 Retrospective cohort

Backes et al32 The Netherlands 250 Retrospective cohort

Blok et al26 The Netherlands 760 Retrospective cohort

Cooper et al7 UK 517 Retrospective cohort

Khan et al33 Canada 2412; overlap with Perry et al12 Prospective cohort (secondary 
analysis)

Perry et al20 Canada 1999; overlap with Perry et al12 Prospective cohort

Perry et al12 Canada 3132 Prospective cohort

Perry et al23 Canada 1204 had CT <6 hours Prospective before/after

Valle Alonso et al30 Spain 85 Retrospective cohort

LP Brunell et al34 Sweden 453 Retrospective cohort

Cooper et al7 UK 309 had LP Retrospective cohort

Dupont et al35 USA 117 had LP Retrospective cohort

Gangloff et al36 Canada 706 Retrospective cohort

Heiser et al37 USA 676 Retrospective cohort

Horstman et al38 The Netherlands 30 Retrospective cohort

Migdal et al39 USA 245 Retrospective cohort

Perry et al40 Canada 220 Prospective cohort (substudy)

Perry et al41 Canada 1739 Prospective cohort (substudy)

Sansom et al42 UK 60 Retrospective cohort

Valle Alonso et al30 Spain 74 had LP Retrospective cohort

CTA Alons et al44 The Netherlands 70 Retrospective cohort

Alons et al45 The Netherlands 88 Retrospective cohort and meta- 
analysis

History and examination Locker et al2 UK 353 Retrospective cohort

Perry et al46 Canada 747 Prospective cohort

Backes et al47 The Netherlands 247 Retrospective cohort

CSF, cerebrospinal fluid; CTA, CT angiography; LP, lumbar puncture; SAH, subarachnoid haemorrhage.
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et al (2020) study.23 The overall SAH prevalence in the studies 
ranged from 1.6%24 to 10%14 with a population- weighted mean 
prevalence of 5.0%. The Ottawa SAH Rule is highly sensitive, 
but specificity was low; strict application of the rule would result 
in 76% of SAH- negative patients undergoing further investiga-
tion with no additional benefit. There was considerable hetero-
geneity in false positive rates (FPR), potentially due to study 
population differences or inconsistent application of the rule. 
No studies assessed the accuracy of the Ottawa SAH Rule in 
patient subgroups by time to headache peak.

Pathway of CT followed by LP
The pathway of non- contrast CT followed by LP was assessed 
in six studies.7 26–30 Only one reported complete diagnostic data, 
so meta- analysis was not performed. Overall, the pathway was 
highly sensitive, but specificity was low in some studies owing 
to the high FPR for LP. Importantly, this pathway also identified 
other significant pathologies, such as intracerebral haemorrhage, 
brain tumour and meningitis. More detailed results for this 
pathway can be found in online supplemental file 2.

Computed tomography
The diagnostic accuracy of CT was assessed in nine 
studies,7 12 20 23 26 30–33 although three studies had significant 
patient overlap,12 20 33 therefore, only the results for the largest 
of the three are presented.12

CT undertaken within 6 hours of headache onset
Four studies of CT <6 hours from headache onset were included 
in bivariate meta- analysis (table 3).12 23 30 32 In all four studies, 
CT scans were assessed by neuroradiologists or radiologists who 
routinely interpret head CT images. Perry et al (2020) classed 
two incidental aneurysms with traumatic tap on subsequent LP 
as SAH, and thus as false negatives. This is inconsistent with 
the other included studies and with our interpretation of what 
constitutes a false negative. Therefore, these two patients were 
reclassified as true negatives.

The recruitment of patients from SAH patient databases in 
Backes et al32 meant that SAH patients were over- represented 
in the study population (41.5%). SAH prevalence ranged from 
9.2%23 to 12.7%12 in the other three studies, with a population- 
weighted average prevalence of 10.8%. Assuming that these 
patients are representative of those presenting to EDs in prac-
tice, the pre- test probability of SAH in patients with headache 
who undergo CT within 6 hours is 10.8%. Using the pooled esti-
mate of diagnostic accuracy, the post- test probability of having 
suffered a SAH after a negative <6 hour CT result is 0.15%. 
Assuming a hypothetical follow- up test (eg, LP) has 100% accu-
racy, this means that 658 (95% CI 250 to 1749) patients would 
have to undergo further investigation to identify a single case of 
SAH.

One additional study assessed the diagnostic accuracy of 
CT <6 hours, but was excluded from the meta- analysis as it did 

Figure 2 Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS- 2) results.

Table 2 Diagnostic performance of Ottawa SAH Rule

Study N Sens (%) 95% CI Spec (%) 95% CI FNR (%) 95% CI FPR (%) 95% CI

Perry et al21 2131 100 100 to 100 15.3 13.7 to 16.8 0.0 0.0 to 0.0 84.7 83.2 to 86.3

Bellolio et al13 454 100 100 to 100 7.6 5.17 to 10.1 0.0 0.0 to 0.0 92.4 89.9 to 94.8

Yiangou et al25 162 100 100 to 100 38.7 31.4 to 46.6 0.0 0.0 to 0.0 61.0 53.4 to 68.6

Cheung et al14 500 94.0 87.4 to 100 32.9 28.5 to 37.2 6.0 0.0 to 12.6 67.1 62.8 to 71.5

Chu et al15 137 100 100 to 100 22.4 15.3 to 29.4 0.0 0.0 to 0.0 77.6 70.6 to 84.7

Pathan et al19 145 100 100 to 100 44.3 36.1 to 52.5 0.0 0.0 to 0.0 55.7 47.5 to 63.9

Wu et al24 913 100 100 to 100 37.0 33.8 to 40.1 0.0 0.0 to 0.0 63.0 59.9 to 66.2

Perry et al23 3672 100 100 to 100 12.7 11.6 to 13.9 0.0 0.0 to 0.0 87.3 86.1 to 88.4

Pooled (n=8) 8114 99.5 90.8 to 100 23.7 15.5 to 34.4 0.49 0.00 to 9.2 76.3 65.6 to 84.5

FNR, false negative rate; FPR, false positive rate; N, number; Sens, sensitivity; Spec, specificity.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://em

j.bm
j.com

/
E

m
erg M

ed J: first published as 10.1136/em
erm

ed-2021-211900 on 31 M
arch 2022. D

ow
nloaded from

 

https://dx.doi.org/10.1136/emermed-2021-211900
http://emj.bmj.com/


5Walton M, et al. Emerg Med J 2022;0:1–8. doi:10.1136/emermed-2021-211900

Systematic review

not report sufficient diagnostic accuracy data to construct a 2×2 
table to calculate sensitivity and specificity.26 In this study, 760 
patients had a negative CT (assessed by a staff radiologist) and 
subsequently underwent LP; 7% of CSF samples were initially 
considered positive for SAH, but subarachnoid blood was iden-
tified in only one patient on review by two neuroradiologists 
and a neurologist. The negative predictive value for detection 
of blood on CT by staff radiologists was 99.9% (95% CI 99.3 
to 100).

CT undertaken at any time interval from headache onset
Three studies of CT undertaken at any time interval from head-
ache onset were included in bivariate meta- analysis (table 4).7 12 32 
In all three studies, CT scans were assessed by neuroradiologists 
or radiologists who routinely interpret head CT images. The 
prevalence of SAH in patients undergoing CT at any time since 
headache onset was lower than in those who underwent CT 
within 6 hours. Prevalence was 2.7% in the study by Cooper et 
al7 and 7.7% in the study by Perry et al.12 As noted above, SAH 
patients were over- represented in the Backes et al study popula-
tion (35.2%).32

The pooled sensitivity of CT at any time since headache 
onset was 94.1% (95% CI 91.0 to 96.2). This result includes 
patients who had CT <6 hours, as well as CT >6 hours, from 
symptom onset. Results from Perry et al12 and Backes et al32 
suggest CT scans performed >6 hours after symptom onset 
have significantly poorer performance, reporting sensitivities of 
85.7% (95% CI 78.3 to 90.9) and 90.0% (95% CI 76.3 to 97.2), 
respectively. The bimodal nature of the diagnostic performance 
of CT means that the ‘CT at any time’ statistics are misleading, 
as the timing of CT has a significant impact on the pre- test and 
post- test probabilities of SAH.

One additional CT study compared interpretation by emer-
gency physicians (images viewed on standard resolution desktop 
screens) with the reference standard of neuroradiologists’ read-
ings (images viewed using dedicated high definition screens).31 
The sensitivity of CT interpreted by emergency physicians was 
84% (95% CI 63.9 to 95.5) and specificity was 95% (95% CI 
90.9 to 97.2). However, this study was considered to have a high 
risk of bias due to the difference in hardware used between the 
two specialties for examining CT images.

Lumbar puncture
The diagnostic accuracy of LP in patients judged to be SAH- 
negative using CT was assessed in 11 studies.7 30 34–42 The method 
of assessing CSF for xanthochromia varied, with Canadian and 
American studies predominantly using visual inspection and UK 
and European studies predominantly using spectrophotometry. 
LP was not always undertaken ≥12 hours from symptom onset. 
The standard UK NHS practice is to take the CSF sample ≥12 
hours from symptom onset to allow xanthochromia to develop, 
with samples analysed using spectrophotometry.43

Spectrophotometric CSF analysis
Three studies reported diagnostic accuracy data for spectro-
photometric CSF analysis following negative CT (table 5).7 36 40 
Samples were analysed for presence of bilirubin using the UK 
National External Quality Assessment Service protocol/assay.43 
The prevalence of SAH in these studies was only 0.65%, likely 
due to prescreening with CT. The FPR (and subsequent rate of 
angiography) was particularly high in Perry et al (2006), perhaps 
due to reported limitations in the spectrophotometric equipment 
used by the authors. The FPR in the more recent studies was 
substantially lower and likely better represents the diagnostic 
accuracy of CSF spectrophotometry in current practice.

Three further studies assessed CSF spectrophotometry in 
patients who underwent LP after negative CT, but reporting was 
insufficient for meta- analysis.34 38 42 Horstman et al included 
30 patients with a negative CT result for whom bilirubin was 
detected in the CSF; aneurysms were identified in 13 patients; 
however, all cases presented 4–14 days after symptom onset.38 
Brunell et al included 453 patients, 400 (88%) of whom presented 
with thunderclap headache; 14 (3%) patients had a pathological 
diagnosis based on LP, most commonly aseptic meningitis, and 
5 (1.1%) had SAH.34 Four of the five SAH patients had non- 
aneurysmal SAH which did not require surgical intervention and 
the other SAH patient had reduced consciousness, therefore did 
not strictly meet the inclusion criteria for this review.34 Sansom 
et al included 60 CT- negative patients with thunderclap head-
ache; all samples were negative for xanthochromia but 8/60 CSF 
examinations were abnormal for other CSF parameters (protein, 
glucose, cells, microscopy), with cerebral infarction confirmed in 
two of these patients on subsequent investigation.42

Table 3 Diagnostic performance of CT (<6 hours from headache onset)

Study N Sens (%) 95% CI Spec (%) 95% CI FNR (%) 95% CI FPR (%) 95% CI

Perry et al12 953 100 100 to 100 100 100 to 100 0.0 0.0 to 0.0 0.0 0.0 to 0.0

Backes et al32 135 100 100 to 100 100 100 to 100 0.0 0.0 to 0.0 0.0 0.0 to 0.0

Valle Alonso et al30 85 100 100 to 100 98.7 96.1 to 100 0.0 0.0 to 0.0 1.3 0.0 to 3.9

Perry et al (reclassified)23 1204 97.2 94.2 to 100 100 100 to 100 2.8 0.0 to 5.8 0.0 0.0 to 0.0

Pooled (n=4) 2377 98.7 96.5 to 100 100 99.7 to 100 1.34 0.50 to 3.52 0.00 0.00 to 0.34

FNR, false negative rate; FPR, false positive rate; N, number; Sens, sensitivity; Spec, specificity.

Table 4 Diagnostic performance of CT (at any time)

Study N Sens (%) 95% CI Spec (%) 95% CI FNR (%) 95% CI FPR (%) 95% CI

Perry et al12 3132 92.9 89.7 to 96.2 100 100 to 100 7.08 3.8 to 10.3 0.00 0.0 to 0.0

Backes et al32 247 97.6 94.4 to 100 100 100 to 100 2.38 0.0 to 5.6 0.00 0.0 to 0.0

Cooper et al7 510 92.9 79.4 to 100 100 100 to 100 7.14 0.0 to 20.6 0.00 0.0 to 0.0

Pooled (n=3) 3889 94.1 91.0 to 96.2 100 100 to 100 5.92 3.85 to 8.99 0.00 0.00 to 0.00

FNR, false negative rate; FPR, false positive rate; N, number; Sens, sensitivity; Spec, specificity.
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Visual CSF inspection
Five studies examined the diagnostic accuracy of visible 
xanthochromia in CT- negative patients with further investiga-
tion and follow- up used as a reference standard.35 36 39–41 Three 
studies included sufficient information to calculate diagnostic 
accuracy (table 6). Sensitivity varied widely (50%–93%), due to 
the low prevalence of SAH (2%). The pooled false negative rate 
of 15% for visual inspection was higher than that for spectro-
photometric analysis (0%).

Migdal et al assessed 245 patients with ‘low risk clinical 
features’, which aligned with the population in this review, but 
identified no cases of SAH. However, 13/245 (5.3%) patients 
had LP- related complications that resulted in a return visit to 
the ED or hospitalisation.39 Perry et al examined the diagnostic 
accuracy of visible xanthochromia in ‘abnormal’ CSF samples 
drawn from 1739 (mostly) CT- negative patients; there were 15 
(0.9%) patients classed as having aneurysmal SAH, 7 of whom 
had visible xanthochromia in their CSF.41

Red blood cell-based CSF analysis thresholds
Two studies explored methods to distinguish SAH from ‘trau-
matic tap’, where blood enters the CSF sample due to the LP 
procedure itself. Perry et al found that the presence of fewer than 
2000×106/L red blood cells (RBCs) with no xanthochromia 
excluded a diagnosis of aneurysmal SAH (sensitivity 100% 
(95% CI 74.7 to 100), specificity 91.2% (95% CI 88.6 to 93.3)) 
in patients who had previously undergone CT.41 Heiser et al 
assessed the same RBC cut- off, reporting 81.6% sensitivity (95% 
CI 68.0 to 91.2) and 97.3% specificity (95% CI 95.7 to 98.4); 
the incidence of traumatic LP was 24.4%.37 These results are not 
directly comparable to those reported by Perry et al,41 as this 
population was not prescreened with CT.

Finally, Valle Alonso et al assessed 74 patients who underwent 
LP (method of analysis not specified) following negative CT <6 
hours.30 LP was positive in one patient and inconclusive in two; 
further imaging ruled out bleeding in all three patients. Seven 
patients experienced postpuncture headache, two of whom were 
admitted for pain control.

CT angiography
Two small studies assessed CTA after normal CT/LP; no cases 
of SAH were identified, although other vascular abnormalities 
(including incidental aneurysms, cerebral venous thrombosis and 
reversible vasoconstriction syndrome) were identified.44 45

History and examination
Three studies explored the use of historical and emergent clin-
ical factors as predictors of SAH.2 46 47 Two studies investigated 
the adequacy of assessment for SAH and one study assessed 
neurological examination for neck stiffness as a predictor of 
SAH. Using physicians’ clinical suspicion had a sensitivity 93% 
and specificity of 49%.46 Presence of individual clinical factors 
(age >65 years, temperature >38°C, systolic BP >160 mm 
Hg, neck stiffness) were poor predictors of secondary head-
ache (sensitivity 37.8%, specificity 82.1%).2 Presence of neck 
stiffness was more strongly predictive of SAH in patients who 
had other high- risk  clinical  characteristics  (eg,  age ≥40 years, 
vomiting, transient loss of consciousness).47 Recording of history 
in medical records was poor.2 46 47

DISCUSSION
In summary, the Ottawa SAH Rule does little to aid clinical deci-
sion making for patients with sudden onset severe headache. The 
FPR was high, such that 76% of SAH- negative patients would 
undergo further investigation with CT and/or LP with no diag-
nostic value with regard to SAH, resulting in greater healthcare 
resource use and higher rates of adverse events related to LP and 
CT radiation exposure. Evidence on use of the rule in patient 
subgroups by time to headache peak is lacking but could be 
informative for clinical practice given the importance of head-
ache incipiency.

LP (with spectrophotometric CSF analysis) following nega-
tive CT was highly sensitive, although there was a 4.8% FPR. 
Spectrophotometry- based CSF analysis appeared to have a 
higher sensitivity but lower specificity than visual inspection 
for xanthochromia. Two studies reported rates of LP- related 
complications resulting in a return to the ED or hospitalisation 
(5%–10%). In view of the reduced sensitivity of CT >6 hours 
after headache onset, LP may be beneficial in these patients 
where a clinical suspicion of SAH remains. The CT–LP pathway 
also identified other significant pathologies, such as intracere-
bral haemorrhage, brain tumour and meningitis, meaning that its 
value could extend beyond the identification of SAH.

Non- contrast CT <6 hours from headache onset, with CT 
scans assessed by a neuroradiologist or radiologist who routinely 
interprets head CT images, is highly accurate for identifying 
SAH, and results in a very low post- test probability of SAH. This 
means that very large numbers of patients (estimated at 658) 

Table 5 Diagnostic performance of spectrophotometric CSF inspection (UK National External Quality Assessment Service)

Study N Sens (%) 95% CI Spec (%) 95% CI FNR (%) 95% CI FPR (%) 95% CI

Perry et al40 220 100 100 to 100 83.0 78.0 to 88.0 0.0 0.0 to 0.0 17.0 12.0 to 22.0

Gangloff et al36 706 100 100 to 100 98.1 96.8 to 99.1 0.0 0.0 to 0.0 1.9 0.9 to 2.9

Cooper et al7 309 100 100 to 100 96.8 94.8 to 98.7 0.0 0.0 to 0.0 3.3 0.1 to 5.2

Pooled (n=3) 1235 100 100 to 100 95.2 86.0 to 98.5 0.00 0.00 to 0.00 4.78 1.52 to 14.0

FNR, false negative rate; FPR, false positive rate; N, number; Sens, sensitivity; Spec, specificity.

Table 6 Diagnostic performance of visual CSF inspection across identified studies

Study N Sens (%) 95% CI Spec (%) 95% CI FNR (%) 95% CI FPR (%) 95% CI

Perry et al40 220 50.0 0.0 to 100 96.8 94.4 to 99.1 50.0 0.0 to 100 3.21 0.9 to 5.6

Dupont et al35 117 92.9 79.4 to 100 95.1 91.0 to 99.3 7.1 0.0 to 20.6 4.85 0.7 to 9.0

Gangloff et al36 706 80.0 44.9 to 100 98.7 97.9 to 99.5 20.0 0.0 to 55.1 1.28 0.5 to 2.1

Pooled (n=3) 1043 84.9 60.0 to 95.5 97.6 95.3 to 98.8 15.1 4.5 to 40.1 2.43 1.23 to 4.75

FNR, false negative rate; FPR, false positive rate; N, number; Sens, sensitivity; Spec, specificity.
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would have to undergo further testing to yield an additional case 
of SAH.

However, the relatively high rate of false positive LP results 
(4.8% using spectrophotometry) is likely to lead to yet more 
testing downstream with the potential for diagnosing incidental 
aneurysms, leading to difficult decisions about invasive proce-
dures. A 2016 survey of UK clinicians reported a higher risk 
tolerance for missed SAH diagnoses among emergency clinicians 
than neurospecialists, with the former accepting over 2.5 times 
the risk of a missed SAH (2.8% vs 1.1%; p=0.03), and the latter 
more likely to advocate routine LP following a negative CT 
result (74% vs 39%; p=0.01).4 Emergency clinicians were also 
more inclined to omit LP if CT had been conducted within 6 
hours of headache onset (35% vs 3%; p=0.002).

Draft guidelines by the National Institute for Health and Care 
Excellence (publication delayed due to COVID- 19) recommend 
that when there is no evidence of SAH on CT images taken <6 
hours from symptom onset, LP should not be routinely offered, 
and alternative diagnoses should instead be considered.48 
However, we consider that in smaller centres without access 
to specialist neuroradiology expertise, or radiologists who 
routinely interpret head CTs, the accuracy of early CT may be 
reduced; studies included in our meta- analyses benefited from 
neuroradiology expertise. Introduction of universal access to 
expert interpretation of CT images could improve SAH- related 
patient outcomes through optimised targeting of further inves-
tigations while increasing efficiency of resource allocation. This 
may be achieved through widened neuro- specific training and 
teleradiology using other centres with relevant expertise. While 
interpretation of CT images using diagnostic deep learning 
algorithms (artificial intelligence) has the potential to improve 
consistency across centres, this has yet to be reliably demon-
strated in high- quality studies.49

The prevalence of SAH was higher in patients who received CT 
<6 hours from headache onset than in the wider population of 
patients presenting to the ED with sudden onset severe headache 
(10.8% vs 7.0%). It is unclear whether this difference in pre- test 
probability can be assumed to exist at the point of patient assess-
ment in the ED. Instead, triage based on severity of symptoms 
may have reduced wait time for CT, equally, symptom severity 
associated with true SAH could drive earlier presentation.

A limitation of this review was the substantial heterogeneity in 
the study methods and population characteristics of the included 
studies. The evidence base included too few patients, given the 
rarity of SAH events, missed diagnoses and alternative non- SAH 
pathologies. This led to heterogeneity in the results of some 
meta- analyses, and potentially meant uncertainty was underes-
timated in others.

There was a lack of research evidence on the small subgroup 
of patients who present to hospital several days after headache 
onset. Diagnosis of SAH in such patients is particularly chal-
lenging and there is a lack of guidance and consistency in how 
these patients are assessed.

CONCLUSIONS
The Ottawa SAH Rule rules out further investigation in only a 
small proportion of patients; its introduction into practice could 
result in substantially increased rates of unnecessary investiga-
tion. Assuming the availability of neuroradiology expertise, early 
head CT (<6 hours) appears to be sufficient to rule out SAH in 
patients with sudden onset severe headache in the vast majority 
of patients. CT undertaken >6 hours from headache onset is 
much less sensitive, therefore, LP is more likely to be beneficial, 

where a clinical suspicion of SAH remains. Risk tolerance of the 
patient and the physician, the expertise of the CT reader and 
consequences of additional investigations must all be considered.

Twitter Taj Hassan @tajekbhassan

Contributors MW was involved in all aspects of the systematic review process 
including study selection, data extraction, validity assessment, synthesis of the 
included studies and drafting the protocol and manuscript. MW is responsible for 
the overall content as guarantor. RH was involved in reviewing economic studies 
and commented on the protocol and manuscript. AE provided expertise in evidence 
synthesis and project management, input at all stages of the project and commented 
on the protocol and manuscript. MH was responsible for devising the search 
strategies, carrying out the literature searches, maintaining the literature database 
and writing the sections of the protocol and final report relating to the searches. 
JS provided clinical expertise, input at all stages of the project and commented on 
the protocol and manuscript. TH provided clinical expertise, input at all stages of 
the project and commented on the protocol and manuscript. MSR provided clinical 
expertise, input at all stages of the project and commented on the protocol and 
manuscript. AH provided clinical expertise, input at all stages of the project and 
commented on the protocol and manuscript. John Williams provided expertise as a 
patient collaborator. He provided input at all stages of the project and commented 
on the protocol and manuscript. RW was the principal investigator who led the 
application for funding and took overall managerial responsibility for the project. 
She was responsible for the day- to- day management of the systematic review, was 
involved in study selection, data extraction, validity assessment, synthesis of the 
included studies and drafting the protocol and manuscript.

Competing interests All authors have completed the ICMJE uniform disclosure 
form at www. icmje. org/ coi_ disclosure. pdf and declare: all authors had financial 
support from the National Institute for Health Research (NIHR) Research for Patient 
Benefit (RfPB) Programme for the submitted work; no financial relationships with 
any organisations that might have an interest in the submitted work in the previous 
3 years; no other relationships or activities that could appear to have influenced the 
submitted work.

Patient and public involvement Patients and/or the public were involved in the 
design, or conduct, or reporting, or dissemination plans of this research. Refer to the 
’Methods’ section for further details.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as supplementary information. Not applicable.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/ 
licenses/by/4.0/.

ORCID iDs
Matthew Walton http://orcid.org/0000-0003-1932-3689
Marc Stuart Randall http://orcid.org/0000-0002-3196-182X

REFERENCES
 1 Goldstein JN, Camargo CA, Pelletier AJ, et al. Headache in United States emergency 

departments: demographics, work- up and frequency of pathological diagnoses. 
Cephalalgia 2006;26:684–90.

 2 Locker T, Mason S, Rigby A. Headache management--are we doing enough? 
An observational study of patients presenting with headache to the emergency 
department. Emerg Med J 2004;21:327–32.

 3 Dubosh NM, Bellolio MF, Rabinstein AA, et al. Sensitivity of early brain computed 
tomography to exclude aneurysmal subarachnoid hemorrhage: a systematic review 
and meta- analysis. Stroke 2016;47:750–5.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://em

j.bm
j.com

/
E

m
erg M

ed J: first published as 10.1136/em
erm

ed-2021-211900 on 31 M
arch 2022. D

ow
nloaded from

 

https://twitter.com/tajekbhassan
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-1932-3689
http://orcid.org/0000-0002-3196-182X
http://dx.doi.org/10.1111/j.1468-2982.2006.01093.x
http://dx.doi.org/10.1136/emj.2003.012351
http://dx.doi.org/10.1161/STROKEAHA.115.011386
http://emj.bmj.com/


8 Walton M, et al. Emerg Med J 2022;0:1–8. doi:10.1136/emermed-2021-211900

Systematic review

 4 Lansley J, Selai C, Krishnan AS, et al. Subarachnoid haemorrhage guidelines and 
clinical practice: a cross- sectional study of emergency department consultants’ and 
neurospecialists’ views and risk tolerances. BMJ Open 2016;6:e012357.

 5 Sayer D, Bloom B, Fernando K, et al. An observational study of 2,248 patients 
presenting with headache, suggestive of subarachnoid hemorrhage, who received 
lumbar punctures following normal computed tomography of the head. Acad Emerg 
Med 2015;22:1267–73.

 6 Carpenter CR, Hussain AM, Ward MJ, et al. Spontaneous subarachnoid hemorrhage: 
a systematic review and meta- analysis describing the diagnostic accuracy of history, 
physical examination, imaging, and lumbar puncture with an exploration of test 
thresholds. Acad Emerg Med 2016;23:963–1003.

 7 Cooper JG, Smith B, Hassan TB. A retrospective review of sudden onset severe 
headache and subarachnoid haemorrhage on the clinical decision unit: looking for a 
needle in a haystack? Eur J Emerg Med 2016;23:356–62.

 8 McInnes MDF, Moher D, Thombs BD, et al. Preferred reporting items for a systematic 
review and meta- analysis of diagnostic test accuracy studies: the PRISMA- DTA 
statement. JAMA 2018;319:388–96.

 9 Whiting PF, Rutjes AWS, Westwood ME, et al. QUADAS- 2: a revised tool for the quality 
assessment of diagnostic accuracy studies. Ann Intern Med 2011;155:529–36.

 10 Reitsma JB, Glas AS, Rutjes AWS, et al. Bivariate analysis of sensitivity and specificity 
produces informative summary measures in diagnostic reviews. J Clin Epidemiol 
2005;58:982–90.

 11 Simmonds MC, Higgins JP. A general framework for the use of logistic regression 
models in meta- analysis. Stat Methods Med Res 2016;25:2858–77.

 12 Perry JJ, Stiell IG, Sivilotti MLA, et al. Sensitivity of computed tomography performed 
within six hours of onset of headache for diagnosis of subarachnoid haemorrhage: 
prospective cohort study. BMJ 2011;343:d4277.

 13 Bellolio MF, Hess EP, Gilani WI, et al. External validation of the Ottawa subarachnoid 
hemorrhage clinical decision rule in patients with acute headache. Am J Emerg Med 
2015;33:244–9.

 14 Cheung HY, Lui CT, Tsui KL. Validation and modification of the Ottawa subarachnoid 
haemorrhage rule in risk stratification of Asian Chinese patients with acute headache. 
Hong Kong Med J 2018;24:584–92.

 15 Chu KH, Keijzers G, Furyk JS, et al. Applying the Ottawa subarachnoid haemorrhage 
rule on a cohort of emergency department patients with headache. Eur J Emerg Med 
2018;25:e29–32.

 16 Kelly A- M, Klim S, Edward S, et al. Sensitivity of proposed clinical decision rules for 
subarachnoid haemorrhage: an external validation study. Emerg Med Australas 
2014;26:556–60.

 17 MacDonald A, Sparksman D, Ramesh A. Retrospective validation of three clinical 
decision rules to aid the diagnosis of subarachnoid haemorrhage in patients 
presenting with acute headache. Br J Neurosurg 2012;26:137.

 18 Matloob SA, Roach J, Marcus HJ, et al. Evaluation of the impact of the Canadian 
subarachnoid haemorrhage clinical decision rules on British practice. Br J Neurosurg 
2013;27:603–6.

 19 Pathan A- S, Chakarova E, Tarique A. To head CT scan or not: the clinical quandary 
in suspected subarachnoid hemorrhage; a validation study on Ottawa subarachnoid 
hemorrhage rule. Adv J Emerg Med 2018;2:e28.

 20 Perry JJ, Stiell IG, Sivilotti MLA, et al. High risk clinical characteristics for subarachnoid 
haemorrhage in patients with acute headache: prospective cohort study. BMJ 
2010;341:c5204.

 21 Perry JJ, Stiell IG, Sivilotti MLA, et al. Clinical decision rules to rule out subarachnoid 
hemorrhage for acute headache. JAMA 2013;310:1248–55.

 22 Perry JJ, Sivilotti MLA, Sutherland J, et al. Validation of the Ottawa subarachnoid 
hemorrhage rule in patients with acute headache. CMAJ 2017;189:E1379–85.

 23 Perry JJ, Sivilotti MLA, Émond M, et al. Prospective implementation of the Ottawa 
subarachnoid hemorrhage rule and 6- hour computed tomography rule. Stroke 
2020;51:424–30.

 24 Wu W- T, Pan H- Y, Wu K- H, et al. The Ottawa subarachnoid hemorrhage clinical 
decision rule for classifying emergency department headache patients. Am J Emerg 
Med 2020;38:198–202.

 25 Yiangou A, Nikolenko N, Noreikaite J, et al. Impact of subarachnoid haemorrhage 
Canadian clinical decision rules for investigation of acute headache: a retrospective 
case note review. The Lancet 2017;389:S103.

 26 Blok KM, Rinkel GJE, Majoie CBLM, et al. Ct within 6 hours of headache onset 
to rule out subarachnoid hemorrhage in nonacademic hospitals. Neurology 
2015;84:1927–32.

 27 Dutto L, Meineri P, Melchio R, et al. Nontraumatic headaches in the emergency 
department: evaluation of a clinical pathway. Headache 2009;49:1174–85.

 28 Perry JJ, Stiell I, Wells G, et al. Diagnostic test utilization in the emergency department 
for alert headache patients with possible subarachnoid hemorrhage. CJEM 
2002;4:333–7.

 29 Perry JJ, Spacek A, Forbes M, et al. Is the combination of negative computed 
tomography result and negative lumbar puncture result sufficient to rule out 
subarachnoid hemorrhage? Ann Emerg Med 2008;51:707–13.

 30 Valle Alonso J, Fonseca Del Pozo FJ, Vaquero Álvarez M, et al. Sudden headache, 
lumbar puncture, and the diagnosis of subarachnoid hemorrhage in patients with a 
normal computed tomography scans. Emergencias 2018;30:50–3.

 31 Austin R, Price J, Boyle A. Can emergency physicians accurately interpret computed 
tomography scans performed for suspected nontraumatic subarachnoid haemorrhage: 
a cross- sectional study. Eur J Emerg Med 2018;25:447–8.

 32 Backes D, Rinkel GJE, Kemperman H, et al. Time- Dependent test characteristics of 
head computed tomography in patients suspected of nontraumatic subarachnoid 
hemorrhage. Stroke 2012;43:2115–9.

 33 Khan M, Sivilotti MLA, Bullard MJ, et al. Factors influencing time to computed 
tomography in emergency department patients with suspected subarachnoid 
haemorrhage. Emerg Med J 2017;34:20–6.

 34 Brunell A, Ridefelt P, Zelano J. Differential diagnostic yield of lumbar puncture in 
investigation of suspected subarachnoid haemorrhage: a retrospective study. J Neurol 
2013;260:1631–6.

 35 Dupont SA, Wijdicks EFM, Manno EM, et al. Thunderclap headache and normal 
computed tomographic results: value of cerebrospinal fluid analysis. Mayo Clin Proc 
2008;83:1326–31.

 36 Gangloff A, Nadeau L, Perry JJ, et al. Ruptured aneurysmal subarachnoid hemorrhage 
in the emergency department: clinical outcome of patients having a lumbar puncture 
for red blood cell count, visual and spectrophotometric xanthochromia after a 
negative computed tomography. Clin Biochem 2015;48:634–9.

 37 Heiser H, Gimarc K, Andrews- Dickert R, et al. 229 external validation of a clinical 
prediction rule for the differentiation of traumatic lumbar punctures from aneurysmal 
subarachnoid hemorrhage. Ann Emerg Med 2015;66:S84.

 38 Horstman P, Linn FHH, Voorbij HAM, et al. Chance of aneurysm in patients suspected 
of SAH who have a ’negative’ CT scan but a ’positive’ lumbar puncture. J Neurol 
2012;259:649–52.

 39 Migdal VL, Wu WK, Long D, et al. Risk- Benefit analysis of lumbar puncture to evaluate 
for nontraumatic subarachnoid hemorrhage in adult ED patients. Am J Emerg Med 
2015;33:1597–601.

 40 Perry JJ, Sivilotti MLA, Stiell IG, et al. Should spectrophotometry be used to identify 
xanthochromia in the cerebrospinal fluid of alert patients suspected of having 
subarachnoid hemorrhage? Stroke 2006;37:2467–72.

 41 Perry JJ, Alyahya B, Sivilotti MLA, et al. Differentiation between traumatic TAP 
and aneurysmal subarachnoid hemorrhage: prospective cohort study. BMJ 
2015;350:h568.

 42 Sansom LT, Azad R, Datta S. Predictive value of CSF xanthochromia in CT negative 
thunderclap headache. Cerebrovasc Dis 2014;37:547.

 43 UK National External Quality Assessment Scheme for Immunochemistry Working 
Group. National guidelines for analysis of cerebrospinal fluid for bilirubin in suspected 
subarachnoid haemorrhage. Ann Clin Biochem 2003;40:481–8.

 44 Alons IME, van den Wijngaard IR, Verheul RJ, et al. The value of CT angiography in 
patients with acute severe headache. Acta Neurol Scand 2015;131:164–8.

 45 Alons IME, Goudsmit BFJ, Jellema K, et al. Yield of computed tomography (CT) 
angiography in patients with acute headache, normal neurological examination, and 
normal non contrast CT: a meta- analysis. J Stroke Cerebrovasc Dis 2018;27:1077–84.

 46 Perry JJ, Stiell IG, Wells GA, et al. Attitudes and judgment of emergency physicians in 
the management of patients with acute headache. Acad Emerg Med 2005;12:33–7.

 47 Backes D, Rinkel GJE, Sturkenboom AJM, et al. Time- Dependent test characteristics 
of neck stiffness in patients suspected of nontraumatic subarachnoid haemorrhage. J 
Neurol Sci 2015;355:186–8.

 48 National Institute for Health and Care Excellence. Subarachnoid haemorrhage 
caused by a ruptured aneurysm: diagnosis and management. Draft for 
consultation, 2021. Available: https://www.nice.org.uk/guidance/GID-NG10097/ 
documents/draft-guideline [Accessed 15 Mar 2021].

 49 Nagendran M, Chen Y, Lovejoy CA, et al. Artificial intelligence versus clinicians: 
systematic review of design, reporting Standards, and claims of deep learning studies. 
BMJ 2020;368:m689.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://em

j.bm
j.com

/
E

m
erg M

ed J: first published as 10.1136/em
erm

ed-2021-211900 on 31 M
arch 2022. D

ow
nloaded from

 

http://dx.doi.org/10.1136/bmjopen-2016-012357
http://dx.doi.org/10.1111/acem.12811
http://dx.doi.org/10.1111/acem.12811
http://dx.doi.org/10.1111/acem.12984
http://dx.doi.org/10.1097/MEJ.0000000000000266
http://dx.doi.org/10.1001/jama.2017.19163
http://dx.doi.org/10.7326/0003-4819-155-8-201110180-00009
http://dx.doi.org/10.1016/j.jclinepi.2005.02.022
http://dx.doi.org/10.1177/0962280214534409
http://dx.doi.org/10.1136/bmj.d4277
http://dx.doi.org/10.1016/j.ajem.2014.11.049
http://dx.doi.org/10.12809/hkmj187533
http://dx.doi.org/10.1097/MEJ.0000000000000523
http://dx.doi.org/10.1111/1742-6723.12325
http://dx.doi.org/10.3109/02688697.2013.799757
http://dx.doi.org/10.22114/AJEM.v0i0.73
http://dx.doi.org/10.1136/bmj.c5204
http://dx.doi.org/10.1001/jama.2013.278018
http://dx.doi.org/10.1503/cmaj.170072
http://dx.doi.org/10.1161/STROKEAHA.119.026969
http://dx.doi.org/10.1016/j.ajem.2019.02.003
http://dx.doi.org/10.1016/j.ajem.2019.02.003
http://dx.doi.org/10.1016/S0140-6736(17)30499-3
http://dx.doi.org/10.1212/WNL.0000000000001562
http://dx.doi.org/10.1111/j.1526-4610.2009.01482.x
http://dx.doi.org/10.1017/S1481803500007739
http://dx.doi.org/10.1016/j.annemergmed.2007.10.025
http://www.ncbi.nlm.nih.gov/pubmed/29437311
http://dx.doi.org/10.1097/MEJ.0000000000000560
http://dx.doi.org/10.1161/STROKEAHA.112.658880
http://dx.doi.org/10.1136/emermed-2016-205785
http://dx.doi.org/10.1007/s00415-013-6846-x
http://dx.doi.org/10.4065/83.12.1326
http://dx.doi.org/10.1016/j.clinbiochem.2015.03.011
http://dx.doi.org/10.1016/j.annemergmed.2015.07.262
http://dx.doi.org/10.1007/s00415-011-6228-1
http://dx.doi.org/10.1016/j.ajem.2015.06.048
http://dx.doi.org/10.1161/01.STR.0000240689.15109.47
http://dx.doi.org/10.1136/bmj.h568
http://dx.doi.org/10.1258/000456303322326399
http://dx.doi.org/10.1111/ane.12302
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2017.11.016
http://dx.doi.org/10.1197/j.aem.2004.11.007
http://dx.doi.org/10.1016/j.jns.2015.06.016
http://dx.doi.org/10.1016/j.jns.2015.06.016
https://www.nice.org.uk/guidance/GID-NG10097/documents/draft-guideline
https://www.nice.org.uk/guidance/GID-NG10097/documents/draft-guideline
http://dx.doi.org/10.1136/bmj.m689
http://emj.bmj.com/


Supplementary file 1 Database search strategies 

MEDLINE ALL 

(includes: Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE Daily 

and Ovid MEDLINE) 

via Ovid http://ovidsp.ovid.com/ 

1946 to February 07, 2020 

Searched on: 10th February 2020 

Records retrieved: 5141 

 

1     Headache Disorders, Primary/ (771) 

2     Headache/ (27331) 

3     Vascular Headaches/ (1301) 

4     Headache Disorders, Secondary/ (604) 

5     Headache Disorders/ (2300) 

6     (headache$ or head ache$).ti,ab. (81511) 

7     LASH.ti,ab. (377) 

8     (thunderclap$ or thunder clap$).ti,ab. (483) 

9     (cephalalgi$ or cephalgi$).ti,ab. (1088) 

10     (cranial adj2 pain$).ti,ab. (180) 

11     (hemicrania or cephalea or cranialgia).ti,ab. (1015) 

12     or/1-11 (91905) 

13     Subarachnoid Hemorrhage/ (20706) 

14     (Subarachnoid$ adj2 hemorr?ag$).ti,ab. (20324) 

15     (Subarachnoid$ adj2 haemorr?ag$).ti,ab. (4429) 

16     (Subarachnoid$ adj2 (bleed$ or blood)).ti,ab. (796) 

17     (arachnoid$ adj2 (haemorr?ag$ or hemorr?ag$ or bleed$ or blood)).ti,ab. (210) 

18     (SAH or SAHs).ti,ab. (10673) 

19     or/13-18 (32469) 

20     12 and 19 (2380) 

21     Emergencies/ (39849) 

22     Emergency Service, Hospital/ (66056) 

23     exp Emergency Medical Services/ (136120) 

24     Triage/ (11201) 

25     ((emergency or emergencies or casualty) adj3 (room$ or department$ or service$ or unit$ or 

ward$ or centre$ or center$ or hospital$ or setting$ or clinic or clinics or care or healthcare or 

medical)).ti,ab. (149559) 

26     triage$.ti,ab. (17352) 

27     (accident$ adj2 (emergency or emergencies)).ti,ab. (4771) 

28     21 or 22 or 23 or 24 or 25 or 26 or 27 (259901) 

29     12 and 28 (3064) 

30     20 or 29 (5154) 

31     exp animals/ not humans/ (4671979) 

32     30 not 31 (5141) 
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EMBASE 

via Ovid http://ovidsp.ovid.com/ 

1974 to 2020 February 07 

Searched on: 10th February 2020 

Records retrieved: 13950 

 

1     "headache and facial pain"/ (1630) 

2     secondary headache/ (1161) 

3     headache/ (208066) 

4     vascular headache/ (574) 

5     thunderclap headache/ (788) 

6     exertional headache/ (102) 

7     stabbing headache/ (226) 

8     exp tension headache/ (7654) 

9     (headache$ or head ache$).ti,ab. (129375) 

10     LASH.ti,ab. (554) 

11     (thunderclap$ or thunder clap$).ti,ab. (838) 

12     (cephalalgi$ or cephalgi$).ti,ab. (1810) 

13     (cranial adj2 pain$).ti,ab. (250) 

14     (hemicrania or cephalea or cranialgia).ti,ab. (1411) 

15     or/1-14 (253856) 

16     subarachnoid hemorrhage/ (42006) 

17     (Subarachnoid$ adj2 hemorr?ag$).ti,ab. (26796) 

18     (Subarachnoid$ adj2 haemorr?ag$).ti,ab. (6005) 

19     (Subarachnoid$ adj2 (bleed$ or blood)).ti,ab. (1037) 

20     (arachnoid$ adj2 (haemorr?ag$ or hemorr?ag$ or bleed$ or blood)).ti,ab. (403) 

21     (SAH or SAHs).ti,ab. (15683) 

22     16 or 17 or 18 or 19 or 20 or 21 (50197) 

23     15 and 22 (5697) 

24     Emergency/ (52475) 

25     Emergency health service/ (94019) 

26     Hospital emergency service/ (4243) 

27     Emergency ward/ (138545) 

28     Emergency care/ (43804) 

29     Emergency patient/ (3295) 

30     ((emergency or emergencies or casualty) adj3 (room$ or department$ or service$ or unit$ or 

ward$ or centre$ or center$ or hospital$ or setting$ or clinic or clinics or care or healthcare or 

medical)).ti,ab. (227136) 

31     triage$.ti,ab. (27449) 

32     (accident$ adj2 (emergency or emergencies)).ti,ab. (6037) 

33     24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 (380671) 

34     15 and 33 (8994) 

35     23 or 34 (13959) 

36     (rat or rats or mouse or mice).ti. (1445465) 

37     35 not 36 (13950) 
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Cochrane Central Register of Controlled Trials (CENTRAL) 

via Wiley http://onlinelibrary.wiley.com/ 

Issue 2 of 12, February 2020 

Searched on: 10th February 2020 

Records retrieved: 581 

 

The strategy below was used to search both CENTRAL and CDSR. 

 

#1 MeSH descriptor: [Headache Disorders] this term only 135 

#2 MeSH descriptor: [Headache] this term only 2318 

#3 MeSH descriptor: [Vascular Headaches] this term only 40 

#4 MeSH descriptor: [Headache Disorders, Secondary] this term only 55 

#5 MeSH descriptor: [Headache Disorders, Primary] this term only 17 

#6 (headache* or head next ache*):ti,ab,kw 31430 

#7 LASH:ti,ab,kw 90 

#8 (thunderclap* or thunder next clap*):ti,ab,kw 4 

#9 (cephalalgi* or cephalgi*):ti,ab,kw 76 

#10 (cranial near/2 pain*):ti,ab,kw 13 

#11 (hemicrania or cephalea or cranialgia):ti,ab,kw 46 

#12 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 31574 

#13 MeSH descriptor: [Subarachnoid Hemorrhage] this term only 579 

#14 (Subarachnoid* near/2 hemorr?ag*):ti,ab,kw 1819 

#15 (Subarachnoid* near/2 haemorr?ag*):ti,ab,kw 470 

#16 (Subarachnoid* near/2 (bleed* or blood)):ti,ab,kw 55 

#17 (arachnoid* near/2 (haemorr?ag* or hemorr?ag* or bleed* or blood)):ti,ab,kw 32 

#18 (SAH or SAHs):ti,ab,kw 1011 

#19 #13 or #14 or #15 or #16 or #17 or #18 2336 

#20 #12 and #19 90 

#21 MeSH descriptor: [Emergencies] this term only 1318 

#22 MeSH descriptor: [Emergency Service, Hospital] this term only 2111 

#23 MeSH descriptor: [Emergency Medical Services] explode all trees 3734 

#24 MeSH descriptor: [Triage] this term only 285 

#25 ((emergency or emergencies or casualty) near/3 (room* or department* or service* or unit* or 

ward* or centre* or center* or hospital* or setting* or clinic or clinics or care or healthcare or 

medical)):ti,ab,kw 18260 

#26 triage*:ti,ab,kw 1717 

#27 (accident* near/2 (emergency or emergencies)):ti,ab,kw 355 

#28 #21 or #22 or #23 or #24 or #25 or #26 or #27 20016 

#29 #12 and #28 509 

#30 #20 or #29 592 

#31 #20 or #29 in Trials 581 

#32 #20 or #29 in Cochrane Reviews, Cochrane Protocols 11 

 

Cochrane Database of Systematic Reviews (CDSR) 

via Wiley http://onlinelibrary.wiley.com/ 

Issue 2 of 12, February 2020 

Searched on:  10th February 2020 

Records retrieved: 11  

 

See above under CENTRAL for search strategy used. 
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Science Citation Index 

via Web of Science, Clarivate Analytics https://clarivate.com/ 

1900 – 7th February 2020 

Searched on: 10th February 2020 

Records retrieved: 3758 

 

# 21 3,758 #19 not #20 

# 20 1,684,685 TI=(rat or rats or mouse or mice) 

# 19 3,765 #18 OR #13 

# 18 2,204 #17 AND #6 

# 17 142,684 #16 OR #15 OR #14 

# 16 3,670 TS=(accident* NEAR/2 emergenc*) 

# 15 16,817 TS=triage* 

# 14 131,101 TS=((emergency or emergencies or casualty) NEAR/3 (room* or department* or 

service* or unit* or ward* or centre* or center* or hospital* or setting* or clinic or clinics or care or 

healthcare or medical)) 

# 13 1,787 #12 AND #6 

# 12 32,430 #11 OR #10 OR #9 OR #8 OR #7 

# 11 9,617 TS=(SAH or SAHs) 

# 10 416 TS=(arachnoid* NEAR/2 (haemorr$ag* or hemorr$ag* or bleed* or blood)) 

# 9 856 TS=(Subarachnoid* NEAR/2 (bleed* or blood)) 

# 8 3,745 TS=(Subarachnoid* NEAR/2 haemorr$ag*) 

# 7 26,313 TS=(Subarachnoid* NEAR/2 hemorr$ag*) 

# 6 73,503 #5 OR #4 OR #3 OR #2 OR #1 

# 5 1,111 TS=(hemicrania or cephalea or cranialgia) 

# 4 219 TS=(cranial NEAR/2 pain*) 

# 3 1,139 TS=(cephalalgi* or cephalgi*) 

# 2 584 TS=(thunderclap* or "thunder clap*") 

# 1 72,669 TS=(headache* or "head ache*" or LASH) 
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Database of Abstracts of Reviews of Effects (DARE) 

via http://www.crd.york.ac.uk/CRDWeb/ 

Inception – 31st March 2015 

Searched on: 10th February 2020 

Records retrieved: 19 

 

The strategy below was used to search all three of the CRD databases - DARE, the HTA database and 

NHS EED. 

 

1 MeSH DESCRIPTOR Headache Disorders, Primary 1 

2 MeSH DESCRIPTOR Headache 81 

3 MeSH DESCRIPTOR Vascular Headaches 0 

4 MeSH DESCRIPTOR Headache Disorders, Secondary 2 

5 MeSH DESCRIPTOR Headache Disorders 21 

6 (headache* or "head ache" or "head aches") 806 

7 (thunderclap* or thunder clap*) 1 

8 (cephalalgi* or cephalgi*)  36 

9 (cranial NEAR2 pain*) 0 

10 (pain* NEAR2 cranial) 0 

11 (hemicrania or cephalea or cranialgia) 2 

12 (LASH) 3 

13 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 819 

14 MeSH DESCRIPTOR Subarachnoid Hemorrhage 96 

15 (Subarachnoid* NEAR2 (haemorrhag* or hemorrhag* or haemorrag* or hemorrag*)) 158 

16 ((haemorrhag* or hemorrhag* or haemorrag* or hemorrag*) NEAR2 subarachnoid*) 5 

17 (Subarachnoid* NEAR2 (bleed* or blood)) 0 

18 ((bleed* or blood) NEAR2 Subarachnoid*) 1 

19 (arachnoid* NEAR2 (haemorrhag* or hemorrhag* or haemorrag* or hemorrag* or bleed* or 

blood)) 6 

20 ((haemorrhag* or hemorrhag* or haemorrag* or hemorrag* or bleed* or blood) NEAR2 

arachnoid*) 0 

21 (SAH or SAHs) 44 

22 #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 168 

23 #13 AND #22 4 

24 MeSH DESCRIPTOR Emergencies 86 

25 MeSH DESCRIPTOR Emergency Service, Hospital 442 

26 MeSH DESCRIPTOR Emergency Medical Services EXPLODE ALL TREES 825 

27 MeSH DESCRIPTOR Triage 111 

28 ((emergency or emergencies or casualty) NEAR3 (room* or department* or service* or unit* 

or ward* or centre* or center* or hospital* or setting* or clinic or clinics or care or healthcare or 

medical)) 1927 

29 ((room* or department* or service* or unit* or ward* or centre* or center* or hospital* or 

setting* or clinic or clinics or care or healthcare or medical) NEAR3 (emergency or emergencies or 

casualty)) 727 

30 (triage*) 258 

31 (accident* NEAR2 (emergency or emergencies)) 121 

32 ((emergency or emergencies) NEAR2 accident*) 2 

33 #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 2279 

34 #13 AND #33 44 

35 #23 OR #34 46 
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Health Technology Assessment (HTA) database 

via http://www.crd.york.ac.uk/CRDWeb/ 

Inception – 31st March 2018 

Searched on: 10th February 2020 

Records retrieved: 1 

 

See above under DARE for search strategy used. 

 

NHS Economic Evaluations Database (NHS EED) 

via http://www.crd.york.ac.uk/CRDWeb/ 

Inception – 31st March 2015 

Searched on: 10th February 2020 

Records retrieved: 26 

 

See above under DARE for search strategy used. 
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EconLit 

via Ovid http://ovidsp.ovid.com/ 

1886 to January 30, 2020 

Searched on: 10th February 2020 

Records retrieved: 1 

 

1     (headache$ or head ache$).ti,ab. (57) 

2     LASH.ti,ab. (9) 

3     (thunderclap$ or thunder clap$).ti,ab. (0) 

4     (cephalalgi$ or cephalgi$).ti,ab. (0) 

5     (cranial adj2 pain$).ti,ab. (0) 

6     (hemicrania or cephalea or cranialgia).ti,ab. (0) 

7     or/1-6 (66) 

8     (Subarachnoid$ adj2 hemorr?ag$).ti,ab. (1) 

9     (Subarachnoid$ adj2 haemorr?ag$).ti,ab. (1) 

10     (Subarachnoid$ adj2 (bleed$ or blood)).ti,ab. (0) 

11     (arachnoid$ adj2 (haemorr?ag$ or hemorr?ag$ or bleed$ or blood)).ti,ab. (0) 

12     (SAH or SAHs).ti,ab. (52) 

13     8 or 9 or 10 or 11 or 12 (53) 

14     7 and 13 (0) 

15     ((emergency or emergencies or casualty) adj3 (room$ or department$ or service$ or unit$ or 

ward$ or centre$ or center$ or hospital$ or setting$ or clinic or clinics or care or healthcare or 

medical)).ti,ab. (667) 

16     triage$.ti,ab. (78) 

17     (accident$ adj2 (emergency or emergencies)).ti,ab. (22) 

18     15 or 16 or 17 (732) 

19     7 and 18 (1) 

20     14 or 19 (1) 
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On-going, unpublished or grey literature searches 

 

ClinicalTrials.gov 

https://clinicaltrials.gov/ 

Searched on: 11th February 2020 

Records retrieved: 139 

 

1. 20 Studies found for: headache AND (subarachnoid haemorrhage OR subarachnoid haemorrhage 

OR sub-arachnoid haemorrhage OR sub-arachnoid hemorrhage) 

 

2. 1 Study found for: thunderclap AND (subarachnoid haemorrhage OR subarachnoid haemorrhage 

OR sub-arachnoid haemorrhage OR sub-arachnoid hemorrhage) 

 

3. 2 Studies found for: headache AND (arachnoid haemorrhage OR arachnoid hemorrhage) 

 

4. No Studies found for: thunderclap AND (arachnoid haemorrhage OR arachnoid hemorrhage)  

 

5. 116 Studies found for: headache AND (emergency OR casualty OR triage)  

 

6. No Studies found for: thunderclap AND (emergency OR casualty OR triage) 

 

WHO International Clinical Trials Registry Platform 

http://www.who.int/ictrp/search/en/ 

Searched on: 11th February 2020 

Records retrieved: 84 

 

Basic search interface used. 

 

1. 13 records for 13 trials found for: headache AND subarachnoid  

 

2. 1 trial found for: headache AND sub-arachnoid 

 

3. 1 trial found for: headache AND arachnoid 

 

4. No results were found for: thunderclap OR thunder clap   

 

5. 68 records for 68 trials found for: headache AND emergenc* 

 

6. No results were found for: headache AND casualty 

 

7. 1 trial found for: headache AND triag*  
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EU Clinical Trials Register 

https://www.clinicaltrialsregister.eu/ctr-search/search 

Searched on: 11th February 2020 

Records retrieved: 16 

 

1. 3 result(s) found for: headache* AND (subarachnoid* haemorrhag* OR subarachnoid* 

haemorrhag* OR sub-arachnoid* haemorrhage* OR sub-arachnoid* hemorrhage*) 

 

2. thunderclap OR "thunder clap" – 0 results 

 

3. 2 result(s) found for: headache* AND (arachnoid* haemorrhag* OR arachnoid* hemorrhag*) 

 

4. 11 result(s) found for: headache* AND (emergenc* OR casualty OR triag*) 

 

Conference Proceedings Citation Index: Science  

via Web of Science, Clarivate Analytics https://clarivate.com/ 

1990 – 7th February 2020 

Searched on: 10th February 2020 

Records retrieved: 251 

 

# 19 251 #18 OR #13 

# 18 193 #17 AND #6 

# 17 18,714 #16 OR #15 OR #14 

# 16 511 TS=(accident* NEAR/2 emergenc*) 

# 15 2,397 TS=triage* 

# 14 16,654 TS=((emergency or emergencies or casualty) NEAR/3 (room* or department* or 

service* or unit* or ward* or centre* or center* or hospital* or setting* or clinic or clinics or care or 

healthcare or medical)) 

# 13 70 #12 AND #6 

# 12 3,066 #11 OR #10 OR #9 OR #8 OR #7 

# 11 990 TS=(SAH or SAHs) 

# 10 22 TS=(arachnoid* NEAR/2 (haemorr$ag* or hemorr$ag* or bleed* or blood)) 

# 9 44 TS=(Subarachnoid* NEAR/2 (bleed* or blood)) 

# 8 388 TS=(Subarachnoid* NEAR/2 haemorr$ag*) 

# 7 2,317 TS=(Subarachnoid* NEAR/2 hemorr$ag*) 

# 6 7,771 #5 OR #4 OR #3 OR #2 OR #1 

# 5 94 TS=(hemicrania or cephalea or cranialgia) 

# 4 8 TS=(cranial NEAR/2 pain*) 

# 3 92 TS=(cephalalgi* or cephalgi*) 

# 2 56 TS=(thunderclap* or "thunder clap*") 

# 1 7,652 TS=(headache* or "head ache*" or LASH) 
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PROSPERO 

http://www.crd.york.ac.uk/PROSPERO/ 

Searched on: 11th February 2020 

Records retrieved: 60 

 

#1 MeSH DESCRIPTOR Headache Disorders, Primary 3  

#2 MeSH DESCRIPTOR Headache 62  

#3 MeSH DESCRIPTOR Vascular Headaches 0  

#4 MeSH DESCRIPTOR Headache Disorders, Secondary 4  

#5 MeSH DESCRIPTOR Headache Disorders 18  

#6 headache* or (head adj1 ache*) 865  

#7 headache* or "head ache" or "head aches" 865  

#8 LASH 7  

#9 thunderclap* or (thunder adj1 clap*) 1  

#10 cephalalgi* or cephalgi* 31  

#11 cranial adj2 pain* 2  

#12 hemicrania or cephalea or cranialgia 7  

#13 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #8 OR #9 OR #10 OR #11 OR #12 876  

#14 MeSH DESCRIPTOR Subarachnoid Hemorrhage 62  

#15 Subarachnoid* adj2 (hemorrhag* or hemorrag* or haemorrhag* or haemorrag*) 221 

#16 Subarachnoid* adj2 (bleed* or blood) 14  

#17 arachnoid* adj2 (haemorrhag* or haemorrag* or hemorrhag* or hemorrag* or bleed* or 

blood) 4  

#18 SAH or SAHs 95  

#19 #14 OR #15 OR #16 OR #17 OR #18 247  

#20 #13 AND #19 8  

#21 MeSH DESCRIPTOR Emergencies 81  

#22 MeSH DESCRIPTOR Emergency Service, Hospital 303  

#23 MeSH DESCRIPTOR Emergency Medical Services EXPLODE ALL TREES 493  

#24 MeSH DESCRIPTOR Triage 50  

#25 (emergency or emergencies or casualty) adj3 (room* or department* or service* or unit* or 

ward* or centre* or center* or hospital* or setting* or clinic or clinics or care or healthcare or 

medical) 2230  

#26 triage* 230  

#27 accident* adj2 (emergency or emergencies) 184  

#28 #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 2477  

#29 #28 AND #13 53  

#30 #20 OR #29 60 

 

ECRI Guidelines Trust 

https://guidelines.ecri.org/ 

Searched on: 17th February 2020 

Records retrieved: 5  

 

1. headache OR thunderclap OR “thunder clap” – 39 results – filtered to diagnosis – 16 results 

browsed for relevance – 5 potentially relevant. 
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Clinical Knowledge Summaries 

https://cks.nice.org.uk/ 

Searched on: 17th February 2020 

Records retrieved: 4  

 

Browsed topic list for headache – 4 relevant records found. 

 

NHS Evidence 

https://www.evidence.nhs.uk/ 

Searched on: 17th February 2020 

Records retrieved: 69  

 

The following search strings were entered into the search box with the inbuilt guidance filters box 

checked to limit results to guidelines. 

  

1. headache* AND "subarachnoid haemorrhage" – filtered to guidance - 26 results 

 

2. headache* AND "subarachnoid hemorrhage" – filtered to guidance – 19 results 

 

3. (intitle: headache*) AND emergenc* - filtered to guidance – 24 results 

 

Trip 

https://www.tripdatabase.com/ 

Searched on: 25th February 2020 

Records retrieved: 17  

 

1. (title:headache) AND ("subarachnoid haemorrhage" OR "subarachnoid hemorrhage") – filtered to 

guidance – 7 results  

 

2. (title:headache) AND emergency – filtered to guidance – 10 results 
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Supplementary File 2 Characteristics and results of studies included in the systematic review 

Study details Patient 

characteristics 

Intervention Reference standard Results Risk of bias 

Canadian clinical decision rules (Rule 1, 2 and 3 and the Ottawa SAH Rule) 

Perry, 201025 

 

Prospective cohort 

study 

 

Emergency 

Departments at six 

university affiliated 

tertiary care 

teaching hospitals, 

Canada 

Also reported in CT 

scan section 

1999 non-traumatic, 

alert, neurologically 

intact (GCS 15) 

headache patients 

(peaking within 1 hour) 

or syncope associated 

with headache. An 

additional 1050 

potentially eligible 

patients were identified 

who were not enrolled 

‘missed eligible 
patients’. 

 

Patient recruitment: 

November 2000 – 

November 2005 (patient 

overlap with Perry, 

201143). 

Third generation CT (results 

verified by either a 

neuroradiologist or general 

radiologist who routinely 

interprets head CT). 

 

Identification of high risk 

clinical characteristics for 

SAH in order to develop 

clinical decision rules based 

on variables collected on 

history or examination. 

 

Rule 1: age >40; complaint of 

neck pain or stiffness; 

witnessed loss of 

consciousness; onset with 

exertion. 

 

Rule 2: arrival by ambulance; 

age >45; vomiting at least 

CT, LP (xanthochromia 

on visual inspection or 

>5x106/L RBCs in the 

final tube of CSF with 

aneurysm or 

arteriovenous 

malformation seen on 

angiography) and clinical 

follow-up (telephone 

follow-up at 1 month and 

6 months and medical 

record review). 

Diagnostic accuracy results 

CT (SAH): 

Sensitivity: 93.1% (calculated by 

CRD) 

Specificity: 100% (calculated by 

CRD) 

Positive predictive value: 100% 

(calculated by CRD) 

Negative predictive value: 99.4% 

(calculated by CRD) 

Overall accuracy: 99.4% (calculated 

by CRD) 

Prevalence: 6.5% 

 

Clinical decision rules (SAH): 

Retrospective sensitivity: Rule 1-3: 

100% (95% CI 97.1 to 100) 

Specificity: Rule 1: 28.4% (95% CI 

26.4 to 30.4); Rule 2: 36.5% (95% CI 

Patient selection: 

Unclear 

Index test: Low 

Reference standard: 

Low 

Flow/timing: Low 
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once; diastolic BP >100 mm 

Hg. 

 

Rule 3: arrival by ambulance; 

systolic BP >160 mm Hg; 

complaint of neck pain or 

stiffness; age 45-55. 

34.4 to 38.8); Rule 3: 38.8% (95% CI 

36.7 to 41.1). 

 

Diagnostic tests performed 

1606 (80.3%) patients had a CT scan 

and 905 (45.3%) had LP; 854 

(42.7%) had CT scan and LP. 8.4% 

patients had a CT angiogram. Use of 

any one of the rules assessed would 

have lowered rates of investigation 

(CT, LP or both) from 82.9% to 

between 63.7-73.5%. 

 

Other significant diagnoses 

48 patients had other serious 

conditions diagnosed on CT or LP, 

such as transient ischaemic 

attack/acute ischaemic stroke, other 

type of haemorrhagic stroke, 

bacterial meningitis, hypertensive 

emergency or cerebral neoplasm. 

Perry, 201326 

 

Prospective cohort 

study 

2131 non-traumatic, 

neurologically intact 

(GCS 15) headache 

patients (peaking within 

1 hour). 

 

3 clinical decision rules and 

development of the Ottawa 

SAH Rule. 

 

Rule 1: age >40; complaint of 

neck pain or stiffness; 

CT, LP (xanthochromia 

on visual inspection or 

>1x106/L RBCs in the 

final tube of CSF with 

aneurysm or 

arteriovenous 

malformation seen on 

Diagnostic accuracy results 

Rule 1 (SAH): 

Sensitivity: 98.5% (95% CI 94.6 to 

99.6) 

Patient selection: 

Low 

Index test: Low 

Reference standard: 

Low 
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Emergency 

Departments at ten 

university hospitals, 

Canada 

 

Patient recruitment: 

April 2006 – July 2010 

(appears to be patient 

overlap with Perry, 

201143). 

witnessed loss of 

consciousness; onset with 

exertion. 

 

Rule 2: arrival by ambulance; 

age >45; vomiting at least 

once; diastolic BP >100 mm 

Hg. 

 

Rule 3: arrival by ambulance; 

systolic BP >160 mm Hg; 

complaint of neck pain or 

stiffness; age 45-55. 

 

Ottawa SAH Rule: age >40; 

complaint of neck pain or 

stiffness; witnessed loss of 

consciousness; onset with 

exertion; thunderclap 

headache (instantly peaking 

pain); limited neck flexion on 

examination. 

angiography) and clinical 

follow-up (telephone 

follow-up at 1 month and 

6 months and medical 

record review). 

Specificity: 27.6%  (95% CI 25.7 to 

29.6) 

 

Rule 2 (SAH): 

Sensitivity: 95.5% (95% CI 90.4 to 

97.9) 

Specificity: 30.6%  (95% CI 28.6 to 

32.6) 

 

Rule 3 (SAH): 

Sensitivity: 97.0% (95% CI 92.5 to 

98.8) 

Specificity: 35.6%  (95% CI 33.6 to 

37.7) 

 

Ottawa SAH Rule (SAH): 

Sensitivity: 100% (95% CI 97.2 to 

100) 

Specificity: 15.3%  (95% CI 13.8 to 

16.9) 

Positive predictive value: 7.2% 

(calculated by CRD) 

Flow/timing: Low 
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Negative predictive value: 100% 

(calculated by CRD) 

Overall accuracy: 20.5% (calculated 

by CRD) 

 

Prevalence: 6.2% 

 

Physician survey 

Physicians were ‘uncomfortable’ or 
‘very uncomfortable’ using rule 1 in 
18.2% patients, rule 2 in 23.7% 

patients and rule 3 in 23.6% patients.  

Physicians misinterpreted the clinical 

decision rule as not requiring 

investigation in 4.7% patients using 

rule 1, 6.0% using rule 2 and 4.6% 

using rule 3 – the most frequently 

misinterpreted variables were neck 

pain and stiffness for rules 1 and 3 

and arrival by ambulance for rule 2. 

 

Diagnostic tests performed 

1767 (82.9%) patients had a CT scan 

and 833 (39.1%) had LP. 15.1% 

patients had a CT angiogram. 84.3% 

patients had CT, LP or both; use of 

rule 1 would have decreased this rate 
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to 74.0%, rule 2 to 71.0% and rule 3 

to 66.4%.  The Ottawa SAH Rule 

would have slightly increased the 

investigation rate to 85.7%.  

Matloob, 201324 

 

Retrospective 

cohort study, UK 

 

Emergency 

Department at one 

teaching hospital, 

UK 

112 non-traumatic, alert, 

neurologically intact 

(GCS 15) headache 

patients (peaking within 

1 hour). 

 

Patient recruitment: 

August 2011 – October 

2011. 

UK validation of 3 Canadian 

clinical decision rules. 

 

Rule 1: age >40; complaint of 

neck pain or stiffness; 

witnessed loss of 

consciousness; onset with 

exertion. 

 

Rule 2: arrival by ambulance; 

age >45; vomiting at least 

once; diastolic BP >100 mm 

Hg. 

 

Rule 3: arrival by ambulance; 

systolic BP >160 mm Hg; 

complaint of neck pain or 

stiffness; age 44-55. 

 

Comparator: Current UK 

practice (defined as clinical 

Diagnosis on discharge. 

SAH was defined using 

CT and LP 

(xanthochromia). In 

patients not fully 

investigated the authors 

searched for admission to 

regional neurosurgical 

centre within 6 months of 

discharge. 

Diagnostic accuracy results 

Rule 1 (SAH): 

Sensitivity: 100% (95% CI 40 to 

100) 

Specificity: 43%  (95% CI 33 to 52) 

Positive predictive value: 6.1% 

(calculated by CRD) 

Negative predictive value: 100% 

(95% CI 90 to 100) 

Overall accuracy: 44.6% (calculated 

by CRD) 

 

Rule 2 (SAH): 

Sensitivity: 100% (95% CI 40 to 

100) 

Specificity: 27%  (95% CI 19 to 36) 

Positive predictive value: 4.8% 

(calculated by CRD) 

Patient selection: 

Low 

Index test: Unclear 

Reference standard: 

Unclear 

Flow/timing: High 
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assessment without the use of 

a formal decision rule). 

Negative predictive value: 100% 

(95% CI 85 to 100) 

Overall accuracy: 29.5% (calculated 

by CRD) 

 

Rule 3 (SAH): 

Sensitivity: 100% (95% CI 40 to 

100) 

Specificity: 37%  (95% CI 28 to 47) 

Positive predictive value: 5.6% 

(calculated by CRD) 

Negative predictive value: 100% 

(95% CI 89 to 100) 

Overall accuracy: 39.3% (calculated 

by CRD) 

 

Current UK practice (SAH): 

Sensitivity: 100% (95% CI 40 to 

100) 

Specificity: 66%  (95% CI 56 to 74) 

Positive predictive value: 9.8% 

(calculated by CRD) 
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Negative predictive value: 100% 

(95% CI 94 to 100) 

Overall accuracy: 67.0% (calculated 

by CRD) 

 

Prevalence: 3.6% 

 

Diagnostic tests performed 

41 (36.6%) patients had a CT scan 

and 9 (8.0%) had LP (after –ve CT). 

The investigation rate of 36.6% 

would have increased with the use of 

the Canadian decision rules (59%, 

74% and 64% for rules 1-3 

respectively). 

MacDonald, 201223 

 

Retrospective 

cohort study  

 

Emergency 

department at one 

District General 

Hospital, UK 

280 neurologically 

intact, acute headache 

patients who had head 

CT. 

 

Patient recruitment: 2 

year period. 

Perry’s three decision rules to 
aid investigation of suspected 

SAH. 

CT. LP results were 

searched for patients with 

suspected SAH but no 

evidence on CT. 

Diagnostic accuracy results (SAH 

and other significant diagnoses) 

8/280 (2.9%) patients had SAH. 

None would have been missed using 

the clinical decision rules suggested 

by Perry et al. However, there were 

nine cases of other significant 

pathologies such as intra-

parenchymal bleeds, tumours and 

infarction that would have been 

missed by employing the rules.   

Patient selection: 

Unclear 

Index test: Unclear 

Reference standard: 

Low 

Flow/timing: Unclear 

(limited reporting, as 

only a conference 
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abstract was 

available) 

Kelly, 201422 

 

Retrospective 

cohort study 

 

Emergency 

Departments at two 

teaching hospitals, 

Australia 

59 non-traumatic 

neurologically intact 

(GCS 15) sudden onset 

headache patients with 

confirmed SAH (all were 

confirmed with CT). 

 

Patient recruitment:  

2000 – 2011. 

3 Canadian clinical decision 

rules. 

 

Rule 1: age >40; complaint of 

neck pain or stiffness; 

witnessed loss of 

consciousness; onset with 

exertion. 

 

Rule 2: arrival by ambulance; 

age >45; vomiting at least 

once; diastolic BP >100 mm 

Hg. 

 

Rule 3: arrival by ambulance; 

systolic BP >160 mm Hg; 

complaint of neck pain or 

stiffness; age 45-55. 

CT, CT angiography, 

conventional 

angiography, MRI, or LP 

supported by specialist 

neurosurgical opinion. 

Diagnostic accuracy results 

Rule 1 (SAH): 

Sensitivity: 96.6% (95% CI 88.5 to 

99.1); 2 cases missed. 

 

Rule 2 (SAH): 

Sensitivity: 100% (95% CI 93.9 to 

100) 

 

Rule 3 (SAH): 

Sensitivity: 89.8% (95% CI 79.5 to 

95.3); 6 cases missed. 

 

The addition of vomiting to rule 1 

and 3 increased sensitivity to 100%. 

Patient selection: 

Low 

Index test: High 

Reference standard: 

Low 

Flow/timing: High 

Yiangou, 201727 

 

Retrospective 

cohort study 

162 fully alert, 

neurologically intact 

patients presenting with 

acute headache. 

 

Four Canadian SAH decision 

rules: Rule 1, Rule 2, Rule 3 

and the Ottawa SAH Rule 

(full results only presented for 

the Ottawa SAH Rule). 

 

Final diagnosis (CT, LP 

and re-admission with 

SAH). 

Diagnostic accuracy results 

Ottawa SAH Rule: 

Sensitivity: 100% (95% CI 31.0 to 

100) 

Patient selection: 

Unclear 

Index test: Unclear 

Reference standard: 

Low 
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Emergency 

Department at one 

university hospital, 

UK 

Patient recruitment: 1 

January 2013 – 1 March 

2013. 

Comparator: Current practice 

at the North-West England 

University Hospital. 

Specificity: 38.9% (95% CI 31.5 to 

47.1) 

Positive predictive value: 3% 

(calculated by CRD) 

Negative predictive value: 100% 

(95% CI 92.7 to 100) 

Overall accuracy: 40.1% (calculated 

by CRD) 

 

Current practice: 

Sensitivity: 100% (95% CI 31.0 to 

100) 

Specificity: 58.5% (95% CI 50.5 to 

66.2) 

Positive predictive value: 4.3% 

(calculated by CRD) 

Negative predictive value: 100% 

(95% CI 95.1 to 100) 

Overall accuracy: 59.3% (calculated 

by CRD) 

 

Prevalence: 1.9% 

 

Flow/timing: Low 

(limited reporting, as 

only a conference 

poster was available) 
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Diagnostic tests performed 

Based on current practice 42.6% 

patients were investigated with CT 

and no patients with SAH were 

missed. Retrospective application of 

the Canadian SAH rules to this 

cohort would have increased the CT 

investigation rate to 54.3%, 64.8%, 

50% and 61.7% for Rule 1, Rule 2, 

Rule 3 and the Ottawa SAH Rule, 

respectively (p<0.001).  One patient 

that suffered a SAH would have been 

missed if Rule 3 was applied. 

 

Other significant diagnoses 

3 patients (1.9%) were diagnosed 

with SAH by CT, 11 (6.8%) were 

diagnosed with other cerebral 

pathologies and 148 (91.4%) were 

diagnosed with benign causes of 

headaches. 

Perry, 201732 

 

Prospective cohort 

study 

 

1153 non-traumatic, 

alert, neurologically 

intact (GCS 15) 

headache patients 

(peaking within 1 hour). 

 

Ottawa SAH Rule. CT, LP (xanthochromia 

on visual inspection or 

>1x106/L RBCs in the 

final tube of CSF with 

aneurysm or 

arteriovenous 

malformation seen on 

angiography) and clinical 

follow-up (telephone 

Diagnostic accuracy results 

Ottawa SAH Rule (SAH): 

Sensitivity: 100% (95% CI 94.6 to 

100) 

Specificity: 13.6%  (95% CI 13.1 to 

15.8) 

Patient selection: 

Low 

Index test: Low 

Reference standard: 

Low 

Flow/timing: Low 
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Emergency 

Departments at six 

tertiary care 

university hospitals, 

Canada 

Patient recruitment: 

January 2010 – January 

2014 (may be patient 

overlap with Perry, 

201025). 

follow-up at 1 month and 

6 months and medical 

record review). 

Positive predictive value: 6.7% 

(calculated by CRD) 

Negative predictive value: 100% 

(calculated by CRD) 

Overall accuracy: 18.6% (calculated 

by CRD) 

Prevalence: 5.8% 

 

Diagnostic tests performed 

89.1% patients had a CT scan and 

39.2% had LP; 37.8% had CT scan 

and LP. 18% patients had a CT 

angiogram. 8.6% were admitted to 

hospital.  

 

Other significant diagnoses 

Final diagnosis: 67 (5.8%) SAH, 8 

(0.7%) intracerebral haemorrhage, 6 

(0.5%) ischemic stroke or TIA, 3 

(0.3%) brain tumour, 3 (0.3%) 

bacterial meningitis, 2 (0.2%) 

subdural hematoma. The most 

common diagnoses were benign 

headache (53.7%), migraine (19.3), 

other benign cause (10.4%). 
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Bellolio, 201528 

 

Retrospective 

cohort study 

 

Emergency 

Department at one 

academic hospital, 

USA 

454 non-traumatic, 

neurologically intact 

(GCS 15) headache 

patients (peaking within 

1 hour). 

 

Patient recruitment: 

January 2011 – 

November 2013. 

Ottawa SAH Rule. 

 

 

 

CT, LP (xanthochromia 

or RBCs in the final tube 

of CSF with aneurysm or 

arteriovenous 

malformation seen on 

angiography) and clinical 

follow-up (medical 

record review). 

Diagnostic accuracy results 

Ottawa SAH Rule (SAH): 

Sensitivity: 100% (95% CI 62.9 to 

100) 

Specificity: 7.6%  (95% CI 5.4 to 

10.6) 

Positive predictive value: 2.1% (95% 

CI 1.0 to 4.2) 

Negative predictive value: 100% 

(95% CI 87.4 to 100) 

Overall accuracy: 9.5% (calculated 

by CRD) 

Prevalence: 2.0% 

 

Diagnostic tests performed 

79% patients had a CT scan, 17% 

had LP; 21.9% had LP after negative 

CT. 10% patients had CT angiogram. 

Application of the Ottawa SAH Rule 

at the time of investigation in this 

cohort would have prevented 13 CTs 

but would have indicated additional 

workup in 71 patients with no further 

yield of SAH cases. 

Patient selection: 

Unclear 

Index test: Unclear 

Reference standard: 

Unclear 

Flow/timing: Low 
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Other significant diagnoses 

Final diagnosis: 9 SAH, 7 ischemic 

stroke or TIA, 1 intracerebral 

haemorrhage, 1 brain tumour, 1 

bacterial meningitis, 1 subdural 

hematoma. 

Wu, 201934 

 

Retrospective 

cohort study 

 

Emergency 

Department at one 

tertiary academic 

medical centre, 

Taiwan 

 

913 non-traumatic, 

neurologically intact 

patients with a principal 

diagnosis of headache 

(time to peak intensity 

not stated; 8.2% had 

thunderclap headache).  

 

Patient recruitment: 

January 2016 – March 

2017. 

Ottawa SAH Rule. Final diagnosis.  The 

authors defined headache 

secondary to SAH or ICP 

based on a new 

neuroimaging finding, 

such as brain MRI, CT, 

CSF study, or diagnosed 

by a neurologist at 

hospital discharge.   

Diagnostic accuracy results 

Ottawa SAH Rule (SAH): 

Sensitivity: 100% (95% CI 78.2 to 

100) 

Specificity: 37%  (95% CI 33.8 to 

40.2) 

Positive predictive value: 2.6% (95% 

CI 1.5 to 4.2) 

Negative predictive value: 100% 

(95% CI 98.9 to 100) 

Overall accuracy: 38% (calculated by 

CRD) 

Prevalence: 1.6% 

 

Ottawa SAH Rule (SAH or 

intracranial haemorrhage): 

Patient selection: 

Low 

Index test: Unclear 

Reference standard: 

High 

Flow/timing: High 
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Sensitivity: 100% (95% CI 84.6 to 

100) 

Specificity: 37.3%  (95% CI 34.1 to 

40.5) 

Positive predictive value: 3.8% (95% 

CI 2.4 to 5.7) 

Negative predictive value: 100% 

(95% CI 98.9 to 100) 

Overall accuracy: 38.8% (calculated 

by CRD) 

Prevalence: 2.4% 

 

Diagnostic tests performed 

33.1% patients had a CT scan taken 

during their ED visit, with an average 

time to CT ordered of 42.4 ± 73.6 

minutes. Patients who received a CT 

scan had a longer ED length of stay 

(p<0.001) 

 

Other significant diagnoses 

Final diagnosis: 15 (1.6%) SAH, 46 

(5.0%) intracranial pathology 
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(including 24 non-haemorhagic 

intracranial pathology). 

Chu, 201830 

 

Retrospective 

cohort study (sub-

study of Chu et al., 

2017, a prospective 

snapshot of 34 EDs, 

which was 

excluded as it also 

included non-

neurologically 

intact patients) 

 

34 Emergency 

Departments in 

Queensland, 

Australia 

137 non-traumatic 

headache patients 

(peaking within 1 hour) 

with no neurological 

deficit. The study 

included 847 patients in 

total, 137 of which met 

the Ottawa SAH Rule 

criteria (and our 

inclusion criteria). 

 

Patient recruitment: 

September 2014. 

Ottawa SAH Rule. Discharge diagnosis (CT 

or review of state-wide 

electronic records ≥3 
months after 

presentation). 

Diagnostic accuracy results 

Ottawa SAH Rule (SAH): 

Sensitivity: 100% (calculated by 

CRD) 

Specificity: 22.4%  (calculated by 

CRD) 

Positive predictive value: 2.8% 

(calculated by CRD) 

Negative predictive value: 100% 

(calculated by CRD) 

Overall accuracy: 24.1% (calculated 

by CRD) 

Prevalence: 2.2% (calculated by 

CRD) 

 

Diagnostic tests performed 

107 (78.1%) patients had at least one 

high risk feature on the Ottawa SAH 

Rule (met work-up criteria); of which 

49 had CT head with 3 CTs positive 

for SAH. Of the 58 patients who met 

the work-up criteria but did not have 

CT, none had SAH within 3 months.  

Patient selection: 

Unclear 

Index test: Unclear 

Reference standard: 

Low 

Flow/timing: Low 
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30 (21.9%) patients did not meet 

work-up criteria, of which 5 had CT 

head and 25 did not have CT; none of 

which had SAH within 3 months. 54 

(39.4%) patients underwent CT. 

 

Pathan, 2018 31 

 

Retrospective 

cohort study 

 

Emergency 

Department at one 

university hospital, 

UK 

145 non-traumatic, alert 

headache patients 

(peaking within 1 hour) 

with no new neurological 

deficits. The study 

included 737 patients in 

total, 145 of which met 

the Ottawa SAH Rule 

criteria (and our 

inclusion criteria) and 

were included in the 

analysis of the Ottawa 

SAH Rule. 

 

Patient recruitment: 1 

January 2016 – 31 

December 2016. 

Ottawa SAH Rule. 

 

Comparator: Current practice 

without a rule assessed in all 

headache patients (including 

those not meeting our 

inclusion criteria). 

CT and/or LP 

(subarachnoid blood on 

CT or xanthochromia in 

the CSF). 

Diagnostic accuracy results 

Ottawa SAH Rule (SAH): 

Sensitivity: 100% (95% CI 46.3 to 

100) 

Specificity: 44.2% (95% CI 36 to 53) 

Positive predictive value: 6% (95% 

CI 2.2 to 14.1) 

Negative predictive value: 100% 

(95% CI 92.7 to 100) 

Overall accuracy: 46.2% (calculated 

by CRD) 

Prevalence: 3.4% 

 

Diagnostic accuracy results were also 

presented for current practice without 

a rule, but not all patients met our 

inclusion criteria. 

 

Patient selection: 

Low 

Index test: Unclear 

Reference standard: 

Low 

Flow/timing: Unclear 
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Diagnostic tests performed  

87 (60%) patients who met Ottawa 

SAH Rule criteria had a CT scan. 35 

(24%) patients who met Ottawa SAH 

Rule criteria had a LP. According to 

the Ottawa SAH Rule 62 patients 

required no further investigations and 

83 required further work-up with CT 

± LP. 

Cheung, 201829 

 

Retrospective 

cohort study 

 

Emergency 

Department at one 

regional hospital, 

Hong Kong 

500 non-traumatic, 

neurologically intact 

(GCS 15), acute 

headache patients 

(peaking within 1 hour).  

 

Patient recruitment: July 

2013 – June 2016. 

Ottawa SAH Rule (validation 

in Asian Chinese patients). 

 

Comparator: Modified Ottawa 

SAH Rule including both 

vomiting and SBP >160 

mmHg. 

CT (films reviewed by 

both an experienced 

emergency physician and 

radiology fellow), LP 

(xanthochromia or RBCs 

in the final tube of CSF 

with aneurysm or 

arteriovenous 

malformation seen on 

angiography). 

Diagnostic accuracy results 

Ottawa SAH Rule (SAH): 

Sensitivity: 94% (95% CI 82.5 to 

98.4) 

Specificity: 32.9% (95% CI 28.6 to 

37.5) 

Positive predictive value: 13.5% 

(95% CI 10.2 to 17.6) 

Negative predictive value: 98% (95% 

CI 93.9 to 99.5) 

Overall accuracy: 39% (calculated by 

CRD) 

 

Modified Ottawa SAH Rule 

(SAH): 

Patient selection: 

Low 

Index test: 

Unclear/High 

Reference standard: 

Low 

Flow/timing: Low 
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Sensitivity: 100% (95% CI 91.1 to 

100) 

Specificity: 13.1% (95% CI 10.2 to 

16.7) 

Positive predictive value: 11.3% 

(95% CI 8.6 to 14.8) 

Negative predictive value: 100% 

(95% CI 92.4 to 100) 

Overall accuracy: 21.8% (calculated 

by CRD) 

 

Prevalence: 10% (34/50 SAH 

patients had aneurysmal SAH) 

 

Diagnostic tests performed  

96.2% patients had a CT scan and 

10% had LP. 

Perry, 202033 

 

Prospective 

before/after 

implementation 

study 

3672 non-traumatic, alert 

patients (GCS 15) with 

acute headache or 

headache-associated 

syncope (peaking within 

1 hour). 

 

Physician education to use 

Ottawa SAH Rule and 6-hour-

CT rule. 

 

Comparator: Control period 

(before implementation). 

CT (3rd generation or 

better using thin slices), 

LP (xanthochromia on 

visual inspection or 

>1x106/L RBCs in the 

final tube of CSF with 

aneurysm seen on 

angiography) and clinical 

follow-up (electronic 

Diagnostic accuracy results 

Ottawa SAH Rule (SAH): 

Sensitivity: 100% (95% CI 98.1 to 

100) 

Specificity: 12.7%  (95% CI 11.7 to 

13.9) 

Patient selection: 

Low 

Index test: Low 

Reference standard: 

Low 

Flow/timing: Low 
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Emergency 

Departments at six 

academic hospitals, 

Canada 

 

Also reported in CT 

scan section 

Patient recruitment: 

January 2010 – June 

2013 (before 

implementation) and 

June 2013 – January 

2016 (after 

implementation). 

 

health record review at 6 

months and study end). 

Positive predictive value: 5.8% 

(calculated by CRD) 

Negative predictive value: 100% 

(calculated by CRD) 

Overall accuracy: 17.2% (calculated 

by CRD) 

Prevalence: 5.1%  

 

6-hour-CT Rule (SAH): 

1204 patients received CT within 6 

hours 

Sensitivity: 95.5% (95% CI 89.8 to 

98.5)* 

Specificity: 100%  (95% CI 99.7 to 

100) 

Positive predictive value: 100% 

(calculated by CRD) 

Negative predictive value: 99.5% 

(calculated by CRD) 

Overall accuracy: 99.6% (calculated 

by CRD) 

Prevalence: 9.2% (calculated by 

CRD) 
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*5 patients had SAH with CT 

reported as normal: 2 unruptured 

aneurysms on CTA and presumed 

traumatic LP; 1 missed by the 

radiologist on initial interpretation; 1 

dural vein fistula (i.e. 

nonaneurysmal); and 1 patient with 

sickle cell anaemia with profound 

anaemia (Hgb, 63 g/L) with a 3mm 

aneurysm. 

 

6-hour-CT Rule (SAH) with 2 

incidental aneurysms reclassified as 

true negatives: 

Sensitivity: 97.2% (95% CI 94.2 – 

100) (calculated by CRD) 

 

Diagnostic tests performed  

The rate of CT use remained 

constant; 88.0% in the control phase 

vs 87.5% in the intervention phase. 

The LP rate decreased from 38.9% to 

25.9% (p<0.0001). The CTA rate 

increased from 18.8% to 21.7% 

(p=0.029). Admission rates decreased 

from 9.8% to 7.4% (p=0.011). Time 

from Emergency Physician 

assessment to discharge/referral was 
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slightly longer (4.9 hours vs 5.2 

hours; p=0.053). Mean length of stay 

in the ED was similar 6.3 vs 6.4 

hours; p=0.685). 

 

Other significant diagnoses 

Final diagnosis: 188 (5.1%) SAH, 26 

(0.7%) ischemic stroke or TIA, 24 

(0.7%) intracerebral haemorrhage, 10 

(0.3%) brain tumour, 7 (0.2%) 

bacterial meningitis. 

Pathway of CT followed by LP 

Perry, 200238 

 

Retrospective 

cohort study 

 

Emergency 

Department at one 

tertiary care 

university centre, 

Canada 

 

891 non-traumatic, alert 

patients (GCS 15) with 

acute headache or 

syncope (peaking within 

1 hour). 

 

Patient recruitment: 1 

January 2000 – 31 

October 2000. 

Pathway of CT followed by 

LP. 

Not applicable. Length of stay 

Mean ED length of stay was 239 

minutes (SD 148.3, range 17-1438 

minutes). The mean ED length of 

stay was 4 hours (95% CI 3.8 to 4.1) 

if no diagnostic testing was 

performed, 5 hours (95% CI 4.7 to 

5.4) if CT was performed and 7.1 

hours (95% CI 6.3 to 7.9) if LP was 

performed. 

 

Diagnostic tests performed  

313 (35.1%) patients underwent CT; 

9 were positive for SAH and 8 were 

positive for other acute processes 

Unclear 
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(neoplasm or infarct). 85/891 (9.5%) 

patients underwent LP; 2 were 

positive for SAH (one of which had a 

positive CT result before LP, the 

other had LP without CT). 64/296 

(21.6%) underwent LP after negative 

CT. 

 

Other significant diagnoses 

32 (3.6%) patients had potentially 

dangerous conditions: 10 (1.1%) 

SAH, 9 ischemic event, 6 brain 

tumour, 4 bacterial meningitis, 3 

temporal arteritis. The most common 

diagnoses were migraine (43.7%), 

other benign headache (33.1%) and 

other/not determined (10.7%). 426 

(2.9%) patients were referred to the 

neurosurgical service and 33 (3.7%) 

were admitted. 

Perry, 200839 

 

Prospective cohort 

study  

 

Emergency 

departments at two 

592 non-traumatic, alert, 

neurologically intact 

(GCS 15) headache 

patients (peaking within 

1 hour) or syncope 

associated with 

headache. 

 

CT (using final 

neuroradiology report), 

followed by LP if CT negative 

(visual inspection of CSF for 

xanthochromia or >5x106 

RBCs/L in the final tube). 

SAH defined by CT 

(using final 

neuroradiology report), 

LP (xanthochromia on 

visual inspection or 

>5x106/L RBCs in the 

final tube of CSF with 

aneurysm seen on 

angiography) or autopsy 

report confirming SAH. 

Diagnostic accuracy results 

CT followed by LP (SAH): 

Sensitivity: 100% (95% CI 94 to 

100) 

Specificity: 67% (95% CI 63 to 71) 

Positive predictive value: 25.8% 

(calculated by CRD) 

Patient selection: 

Low 

Index test: Low 

Reference standard: 

Low 

Flow/timing: Low 
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tertiary care 

hospitals, Canada 

Patient recruitment: 

November 2000 – 

November 2003 (appears 

to be patient overlap with 

Perry, 201143). 

Patients were contacted 

via telephone to verify 

that they had not had 

subsequent adverse 

events or diagnosis of 

SAH. 

Negative predictive value: 100% 

(95% CI 98 to 100) 

Overall accuracy: 70.4% (calculated 

by CRD) 

Prevalence: 10.3%  

 

55/61 SAH cases were diagnosed on 

CT, 6 by presence of xanthochromia.   

 

Diagnostic tests performed  

100% patients underwent CT, 91% 

underwent LP and 13% underwent 

angiography.  68 patients (11.5%) 

had an abnormal CT result and 183 

(34.0%) had an abnormal LP result; 

xanthochromia was detected in the 

CSF of 7 patients (1.2%). 

 

Other significant diagnoses 

Other significant pathologies 

detected were transient ischemic 

attack (0.8%), bacterial meningitis 

(0.2%), CNS tumour (0.2%) and 

intracerebral haemorrhage (0.2%).  

The most common diagnoses were 
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benign headache (46.5%) and 

migraine (26.4%). 

Valle Alonso, 

201840 

 

Retrospective 

cohort study 

 

Emergency 

Department at one 

regional hospital, 

Spain 

 

Also reported in CT 

scan section and 

Lumbar puncture 

section 

85 non-traumatic, sudden 

headache patients 

(peaking within 1 hour) 

without unconsciousness 

or neurological focus, 

presenting to the ED 

within 6 hours of 

symptom onset. 

 

Patient recruitment: 

March 2012 – March 

2013. 

CT (within 6 hours) followed 

by LP, if CT negative for 

SAH. 

 

The CT used was multi-slice 

(4-320 slices/rotation) with 

slices of 5 - 7.5 mm for the 

brain and 2.5 – 5 mm for the 

posterior fossa. The CT report 

was made by deputies of the 

radiology service, with over 5 

years of experience and in 

consultation with the 

neuroradiologist when there 

was doubt. 

LP was performed in all 

patients with a negative 

CT scan. Clinical follow-

up at 6 months using 

medical records or phone 

calls where there was no 

conclusive data in 

medical records. 

Diagnostic accuracy results 

CT within 6 hours (SAH): 

Sensitivity: 100% (calculated by 

CRD) 

Specificity: 98.7%  (calculated by 

CRD) 

Positive predictive value: 90.9% 

(calculated by CRD) 

Negative predictive value: 100% 

(calculated by CRD) 

Overall accuracy: 98.8% (calculated 

by CRD) 

Prevalence: 11.8% (calculated by 

CRD) 

 

Diagnostic tests performed  

74 (87%) patients underwent LP; LP 

was positive in 1 patient and 

inconclusive in 2 patients. However, 

bleeding was ruled out with later 

images; thus no cases of SAH were 

identified by LP. No cases of SAH 

were reported during the 6 months of 

Patient selection: 

Unclear 

Index test: Low 

Reference standard: 

Low 

Flow/timing: Low 
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follow-up. 7 patients experienced 

post puncture headache, going back 

to the ED and admission was 

necessary for 2 of them for pain 

control. 

 

Other significant diagnoses 

The most frequent final diagnosis 

was migraine (38.8%).  9.4% had a 

severe diagnosis, such as meningitis 

(4.7%) and reversible cerebral 

vasoconstriction syndrome (4.7%). 

 

SAH patient signs and symptoms 

SAH patients were more likely to 

arrive at ED by ambulance (p=0.010) 

and have occipital headache location 

(p=0.012).  Among the clinical signs 

highlighted, the presence of syncope 

(p=0.036), neck pain or stiffness 

(p=0.010), photophobia (p=0.001), 

nausea or vomiting (p=0.000), as 

well as higher numbers of systolic 

(mean 153 vs 126) and diastolic 

blood pressure (mean of 100 vs 80) 

(p=0.000). 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Emerg Med J

 doi: 10.1136/emermed-2021-211900–8.:10 2022;Emerg Med J, et al. Walton M



Cooper, 201636 

 

Retrospective 

cohort study 

 

Clinical Decision 

Unit at one teaching 

hospital, UK 

 

Also reported in CT 

scan section and 

Lumbar puncture 

section 

517 non-traumatic, 

neurologically pristine 

(GCS 15) patients with 

acute sudden onset 

severe headache 

managed on a CDU 

pathway for exclusion of 

SAH. 

 

Patient recruitment: 

January 2004 – 

December 2006. 

CDU pathway of CT followed 

by LP. 

 

Initial and verified non-

contrast CT reports 

(performed on third-

generation scanners) and LP 

results (all taken >12 hours 

from the index headache). 

 

 

CT (verified by a 

consultant radiologist), 

LP (CSF positive for 

bilirubin on 

spectrophotometry or a 

uniformly blood-stained 

CSF sample across four 

bottles and positive 

angiography). If CT/LP 

strategy was not 

completed, sudden death 

or subsequent SAH was 

assessed at 12 months by 

analysing attendance and 

investigations (electronic 

hospital database). 

Diagnostic accuracy results 

CT (SAH): 

Sensitivity: 92.9% (95% CI 79.5 to 

100) 

Specificity: 100% (95% CI 99.6 to 

100) 

Positive predictive value: 100% 

(95% CI 98.2 to 100) 

Negative predictive value: 99.8% 

(95% CI 99.4 to 100) 

Overall accuracy: 99.8% (calculated 

by CRD) 

Prevalence: 2.7% (14/510 who had 

CT) 

 

LP after negative CT (SAH): 

Sensitivity: 100% (95% CI 93.7 to 

100) 

Specificity: 96.8%  (95% CI 94.8 to 

98.8) 

Positive predictive value: 9.1% (95% 

CI 0 to 26.1) 

Patient selection: 

Low 

Index test: Unclear 

Reference standard: 

Low 

Flow/timing: Unclear 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Emerg Med J

 doi: 10.1136/emermed-2021-211900–8.:10 2022;Emerg Med J, et al. Walton M



Negative predictive value: 100% 

(95% CI 99.5 to 100) 

Overall accuracy: 96.8% (calculated 

by CRD) 

Prevalence: 0.3% (1/309 who had 

LP) 

 

CT was positive for SAH in 13 

patients; 6 had an underlying lesion 

on angiography and 7 had 

perimesencephalic SAH.  4 CT scans 

were initially reported as ‘normal’ 
making patients eligible for LP, only 

to be subsequently altered in 3 cases 

to SAH positive after 

neuroradiological interpretation of 

the CT scan. 

 

LP was positive for SAH in 11 

patients; 10 patients were LP positive 

but angiography negative (false 

positives). 

 

Diagnostic tests performed  

510 (98.6%) patients had a CT scan 

and 309 had LP. 491 patients were 

eligible for LP (490 initially negative 
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on CT + 1 patient who went straight 

to LP without CT); 182 eligible 

patients did not have LP due to 

procedure failure (n=18), patient 

refusal or contraindication (n=65) or 

decision of attending doctor (n=99). 

 

Other significant diagnoses 

CT was positive for other significant 

aetiology in a further 14 patients: 4 

cerebral infarction, 2 venous sinus 

thrombosis, 2 incidental cerebral 

aneurysm, 1 arachnoid cyst, 1 

metastatic disease, 1 haemangioma, 1 

subdural haemorrhage, 1 

meningioma, 1 bleed into 

glioblastoma.  LP was positive for 

other significant aetiology in a 

further 17 patients: 16 viral 

meningitis and 1 nonocclusive sagital 

sinus thrombosis. 

Blok, 201535 

 

Retrospective 

cohort study 

 

760 neurologically intact 

(GCS 15) ‘spontaneous’ 
acute headache patients 

with suspected SAH, 

who underwent CT 

within 6 hours of onset 

(judged negative by 

radiologist) and 

subsequent LP. 

CT (third generation scanner) 

<6 hours from headache onset 

(assessed by a staff 

radiologist), followed by LP 

>12 hours after onset (CSF 

was analysed using 

spectrophotometry). 

 

Review of admission CTs 

in patients with bilirubin 

positive CSF by two 

neuroradiologists and one 

stroke neurologist. 

Lumbar puncture >12 

hours after onset (CSF 

was analysed using 

spectrophotometry using 

Diagnostic accuracy results 

52 (7%) CSF samples were initially 

considered positive for SAH, but 

only one CT was positive for 

subarachnoid blood (in the basal 

cisterns) on review by two 

neuroradiologists and one stroke 

neurologist; angiography did not 

identify an aneurysm and the patient 

Patient selection: 

Low 

Index test: Low 

Reference standard: 

Unclear 

Flow/timing: Unclear 
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Emergency 

Departments at 

eleven non-

academic hospitals, 

Netherlands 

 

Also reported in CT 

scan section 

 

Patient recruitment: 

January 2007 – January 

2013. 

a number of methods 

across the 11 sites: 

oxyhaemoglobin/bilirubin 

concentration, UK 

NEQAS, qualitative 

assessment of absorption 

curve, Leiden method, 

and bilirubin excess). 

 

was diagnosed with non-aneurysmal 

perimesencephalic haemorrhage 

(with a benign clinical course and no 

readmission for SAH during 26 

month follow-up).  No subarachnoid 

blood was identified in the other 51 

patients with positive CSF findings.  

28/51 patients had angiography; 

aneurysm was identified in 8 patients 

(3 previously coiled).  In those with 

an aneurysm it was considered that 

aneurysm rupture was unlikely and 

the aneurysm was considered 

incidental (4 were treated and 4 were 

not). 

 

The negative predictive value for 

detection of subarachnoid blood on 

CT by staff radiologists working in a 

non-academic hospital was 99.9% 

(95% CI 99.3 to 100).  SAH 

prevalence was 0.13% (1/760). 

Dutto, 200937 

 

Before and after 

study 

 

70 non-traumatic, 

neurologically intact 

(GCS 15), alert patients 

with headache (25 before 

and 45 after 

implementation of the 

intervention).  The study 

included 686 patients in 

total, patients were 

Diagnostic protocol for non-

traumatic acute headache in 

the ED, there was a different 

flow chart for each of the 3 

subgroups.  The flow chart 

recommended LP (if deemed 

necessary) for patients who 

had a negative CT scan result 

but who were suspected of 

Not applicable. Diagnostic tests performed  

43/45 (95.5%) patients underwent CT 

scan after implementation of the 

diagnostic protocol versus 24/25 

(96%) before.  2 patients received 

LP; both were negative.  

Neurological consultations were 

performed in 30/45 (66.6%) patients 

Unclear 
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Emergency 

Department at one 

urban non-teaching 

hospital, Italy 

retrospectively assigned 

to 3 subgroups based on 

headache characteristics; 

subgroup 1 comprised 

patients with suspected 

SAH; thunderclap 

headache, ‘worst 
headache ever’, 
neurological signs, 

syncope, 

vomiting/nausea or onset 

following exertion (who 

met our inclusion 

criteria).  

 

Patient recruitment: 

April – September 2005 

(before) and April – 

September 2006 (after). 

SAH.  Where SAH was not 

suspected or where LP results 

were normal, the attending 

physician could consult a 

neurologist for further clinical 

decisions. 

 

Comparator: Normal practice 

pre-implementation. 

after the intervention versus 19/25 

(76.0%) before. 

 

In the full population, the protocol 

was strictly applied in 247/374 (66%) 

patients after implementation.  A 

higher proportion of patients received 

neither a CT scan nor a neurological 

consultation after implementation of 

the protocol than before (40.9% 

versus 34%).  Patients spent less time 

in the ED after implementation of the 

protocol than before (170.6 ± 102 

minutes versus 180 ± 105 minutes). 

 

Significant diagnoses 

Malignant secondary headaches 

(including SAH, neoplasm, 

intracranial haemorrhage and 

ischemic stroke) were diagnosed in 

30/686 (4.37%) patients in the full 

population, with SAH accounting for 

10 cases (1.5%); 5 before and 5 after 

implementation of the protocol.  

There was 1 misdiagnosis (cerebral 

neoplasm) after the intervention and 

two misdiagnoses (1 SAH, 1 

intracerebral haemorrhage) before the 

intervention. 
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CT scan 

Perry, 201025 

 

Prospective cohort 

study 

 

Emergency 

Departments at six 

university affiliated 

tertiary care 

teaching hospitals, 

Canada 

 

Also reported in 

Canadian clinical 

decision rules 

section 

1999 non-traumatic, 

alert, neurologically 

intact (GCS 15) 

headache patients 

(peaking within 1 hour) 

or syncope associated 

with headache. An 

additional 1050 

potentially eligible 

patients were identified 

who were not enrolled 

‘missed eligible 
patients’. 

 

Patient recruitment: 

November 2000 – 

November 2005 (patient 

overlap with Perry, 

201143) 

Third generation CT scanner, 

results verified by the local 

attending radiologist (either 

neuroradiologists or general 

radiologists who routinely 

interpret head CT). 

 

Identification of high risk 

clinical characteristics for 

SAH in order to develop 

clinical decision rules based 

on variables collected on 

history or examination. 

 

Rule 1: age >40; complaint of 

neck pain or stiffness; 

witnessed loss of 

consciousness; onset with 

exertion. 

 

Rule 2: arrival by ambulance; 

age >45; vomiting at least 

once; diastolic BP >100 mm 

Hg. 

 

CT, LP (xanthochromia 

on visual inspection or 

>5x106/L RBCs in the 

final tube of CSF with 

aneurysm or 

arteriovenous 

malformation seen on 

angiography) and clinical 

follow-up (telephone 

follow-up at 1 month and 

6 months and medical 

record review). 

Diagnostic accuracy results 

CT (SAH): 

Sensitivity: 93.1% (calculated by 

CRD) 

Specificity: 100% (calculated by 

CRD) 

Positive predictive value: 100% 

(calculated by CRD) 

Negative predictive value: 99.4% 

(calculated by CRD) 

Overall accuracy: 99.4% (calculated 

by CRD) 

Prevalence: 6.5% 

 

Clinical decision rules (SAH): 

Retrospective sensitivity: Rule 1-3: 

100% (95% CI 97.1 to 100) 

Specificity: Rule 1: 28.4% (95% CI 

26.4 to 30.4); Rule 2: 36.5% (95% CI 

34.4 to 38.8); Rule 3: 38.8% (95% CI 

36.7 to 41.1). 

 

Patient selection: 

Unclear 

Index test: Low 

Reference standard: 

Low 

Flow/timing: Low 
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Rule 3: arrival by ambulance; 

systolic BP >160 mm Hg; 

complaint of neck pain or 

stiffness; age 45-55. 

Diagnostic tests performed  

1606 (80.3%) patients had a CT scan 

and 905 (45.3%) had LP; 854 

(42.7%) had CT scan and LP. 8.4% 

patients had a CT angiogram. Use of 

any one of the rules assessed would 

have lowered rates of investigation 

(CT, LP or both) from 82.9% to 

between 63.7-73.5%. 

 

Other significant diagnoses 

48 patients had other serious 

conditions diagnosed on CT or LP, 

such as transient ischaemic 

attack/acute ischaemic stroke, other 

type of haemorrhagic stroke, 

bacterial meningitis, hypertensive 

emergency or cerebral neoplasm. 

Perry, 201143 

 

Prospective cohort 

study (part of a 

larger project on 

clinical decision 

rules: Perry, 

201025) 

 

3132 non-traumatic, 

alert, neurologically 

intact (GCS 15) 

headache patients 

(peaking within 1 hour) 

or syncope associated 

with headache, who 

underwent CT as part of 

their diagnostic 

intervention. 

Third generation multi-slice 

CT scanner (from 4 to 320 

slices/rotation), interpreted by 

local radiologists (either 

neuroradiologists or general 

radiologists who routinely 

interpret head CT).  The final 

local ‘sign off’ report was 
used, even though it might be 

created the next day, 

especially when the scan was 

obtained during the evening or 

CT, LP (xanthochromia 

on visual inspection or 

>5x106/L RBCs in the 

final tube of CSF with 

aneurysm or 

arteriovenous 

malformation seen on 

angiography) and clinical 

follow-up (telephone 

follow-up at 1 month and 

Diagnostic accuracy results 

CT overall (SAH): 

Sensitivity: 92.9% (95% CI 89.0 to 

95.5) 

Specificity: 100%  (95% CI 99.9 to 

100) 

Positive predictive value: 100% 

(95% CI 98.3 to 100) 

Patient selection: 

Low 

Index test: Low 

Reference standard: 

Low 

Flow/timing: Low 
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Emergency 

Departments at 

eleven university 

affiliated tertiary 

care teaching 

hospitals, Canada 

 

 

 

 

Patient recruitment: 

November 2000 – 

December 2009 (patient 

overlap with Perry, 

201025). 

weekend.  The protocols at the 

beginning of the study (2000-

2002) used 5 mm slices for the 

posterior fossa and 10 mm for 

the remainder of the brain.  

Since 2002 all sites adopted 5-

7.5 mm cuts for the brain with 

2.5-5 mm for the posterior 

fossa. 

6 months and medical 

record review). 

Negative predictive value: 99.4% 

(calculated by CRD) 

Overall accuracy: 99.5% (calculated 

by CRD) 

Prevalence: 7.7% 

 

CT within 6 hours of symptom 

onset (SAH): 

Sensitivity: 100% (95% CI 97.0 to 

100) 

Specificity: 100%  (95% CI 99.5 to 

100) 

Positive predictive value: 100% 

(95% CI 96.9 to 100) 

Negative predictive value: 100% 

(95% CI 99.5 to 100) 

Overall accuracy: 100% (calculated 

by CRD) 

Prevalence: 12.7% 

 

CT >6 hours from symptom onset 

(SAH): 
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Sensitivity: 85.7% (95% CI 78.3 to 

90.9) 

Specificity: 100%  (95% CI 99.8 to 

100) 

Positive predictive value: 100% 

(calculated by CRD) 

Negative predictive value: 99.2% 

(calculated by CRD) 

Overall accuracy: 99.2% (calculated 

by CRD) 

Prevalence: 4.7% 

 

Diagnostic tests performed  

3132 (100%) patients had a CT scan; 

953 (30.4%) within 6 hours of 

symptom onset.  1546/3132 (49.4%) 

had LP. 

 

3 SAH patients were discharged after 

misinterpretation of the CT scan by 

emergency physicians, but were 

recalled after review of the CT by 

radiologists.  One CT was initially 

misinterpreted as normal by the 

emergency physician and radiology 

trainee; the patient had blood in the 
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CSF attributed to traumatic LP and 

was found to have an aneurysm on 

follow-up MR angiogram 5 days 

later. 

Khan, 201742 

 

A priori planned 

secondary analysis 

of two sequential 

prospective cohort 

studies 

 

Emergency 

Departments at 

eleven university 

affiliated hospitals, 

Canada 

2412 non-traumatic, 

neurologically intact 

(GCS 15) acute headache 

patients (peaking within 

1 hour).  3315 patients 

were recruited in total, 

but only 2412 had 

complete information. 

 

Same cohort of patients 

as Perry, 201025 and 

Perry, 2011.43 

 

Patient recruitment: 2000 

– 2010. 

CT, results determined by an 

experienced radiologist (either 

a neuroradiologist or general 

radiologist who regularly 

interprets head CT images). 

 

CT, LP (xanthochromia 

on visual inspection or 

>5x106/L RBCs in the 

final tube of CSF with 

aneurysm seen on 

angiography) and clinical 

follow-up (telephone 

follow-up at 14 days and 

medical record review). 

Diagnostic accuracy results 

194 (8.0%) patients had a final 

diagnosis of SAH; 178/194 cases 

(91.8%) were identified using CT 

(91.8% sensitivity).   

 

727 patients had CT within 6 hours 

of headache onset; 91 (12.5%) had 

SAH; all cases were identified using 

CT (100% sensitivity).   

 

1685 patients had CT over 6 hours 

from headache onset; 103 (6.1%) had 

SAH; 87/103 (84.5%) were identified 

using CT (84.5% sensitivity). 

 

Diagnostic tests performed  

100% patients had a CT scan, 1222 

(50.7%) patients had LP and 206 

(8.5%) had angiography.  273 

(11.3%) patients were admitted to 

hospital; 180 SAH patients and 93 

Patient selection: 

Low 

Index test: Low 

Reference standard: 

Low 

Flow/timing: Low 
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non-SAH patients.  11 (0.5%) 

patients died; all had SAH. 

 

Median time from headache onset to 

CT was significantly shorter for 

patients with SAH; 6.4 hours (IQR 

3.5 – 27.1) versus 12.6 hours (IQR 

5.5 – 48.0) for those without SAH 

(p<0.001).  Most of this difference 

was due to SAH patients presenting 

to hospital earlier on average than 

non-SAH patients (4.5 hours (IQR 

1.7-22.7) vs 9.6 hours (IQR 2.8-

46.0), p<0.001).  The in-hospital 

interval from registration to imaging 

was also significantly shorter in SAH 

patients (1.9 hours (IQR 1.2-2.8) vs 

2.5 hours (IQR 1.5-3.9), p<0.001). 

 

SAH patient signs and symptoms 

Patients with SAH were older (52.7 

vs 44.2 years, p<0.001), were more 

likely to have arrived by ambulance 

(56.2% vs 21.7%, p<0.001), vomited 

(65.5% vs 26.8%, p<0.001) and 

experienced witnessed loss of 

consciousness (7.7% vs 3.2%, 

p<0.001). 
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Backes, 201241 

 

Retrospective 

cohort study  

 

Emergency 

department at one 

university hospital, 

Netherlands 

250 non-traumatic, alert, 

neurologically intact 

(GCS 15) headache 

patients with a clinical 

suspicion of SAH.  

Patients were identified 

from databases of SAH 

patients and patients in 

whom SAH was ruled 

out using CT and LP.  

247/250 (98.8%) 

experienced headache. 

 

Patient recruitment: 1 

January 2005 – 1 January 

2012 (likely patient 

overlap with Backes, 

201558). 

Plain head CT scan (16-256 

slices per rotation 

multidetector row third-

generation scanner with a slice 

thickness of 5 mm).  CT scans 

were interpreted by an 

experienced neuroradiologist. 

 

Head CT was performed 

within 6 hours of symptom 

onset in 137 patients (54.8%) 

and >6 hours in 113 patients 

(45.2%). 

LP performed ≥12 hours 
after ictus (CSF was 

examined using visual 

inspection and 

spectrophotometry for the 

presence of bilirubin). 

Diagnostic accuracy results 

CT overall (aSAH): 

Sensitivity: 95.4% (95% CI 89.5 to 

98.5) 

Specificity: 100% (95% CI 97.4 to 

100) 

Positive predictive value: 100% 

(95% CI 96.5 to 100) 

Negative predictive value: 96.6% 

(95% CI 92.2 to 98.9) 

Overall accuracy: 98.4% (calculated 

by CRD) 

Prevalence: 35.2% (calculated by 

CRD) 

 

CT within 6 hours of symptom 

onset (aSAH or other significant 

pathology*): 

Sensitivity: 98.5% (95% CI 92.1 to 

100) 

Specificity: 100% (95% CI 94.8 to 

100) 

Positive predictive value: 100% 

(95% CI 94.6 to 100) 

Patient selection: 

Low 

Index test: Low 

Reference standard: 

Low 

Flow/timing: Low 
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Negative predictive value: 98.6% 

(95% CI 92.3 to 100) 

Overall accuracy: 99.3% (calculated 

by CRD) 

Prevalence: 50.5% (calculated by 

CRD) 

*perimesencephalic haemorrhage, 

cerebral venous sinus thrombosis or 

cervical arteriovenous malformation 

 

CT >6 hours from symptom onset 

(aSAH or other significant 

pathology*): 

Sensitivity: 90.0% (95% CI 76.3 to 

97.2)  

[88.1% (calculated by CRD)] 

Specificity: 100% (95% CI 95.1 to 

100) 

Positive predictive value: 100% 

(95% CI 90.3 to 100) 

Negative predictive value: 94.8% 

(95% CI 87.2 to 98.6) 

[93.4% (calculated by CRD)] 
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Overall accuracy: 95.6% (calculated 

by CRD) 

Prevalence: 37.2% (calculated by 

CRD) 

*perimesencephalic haemorrhage, 

acute ischemic stroke or thoracic 

arteriovenous malformation 

 

Final diagnosis in those who had CT 

scan within 6 hours of symptom 

onset (n=137): 56 aSAH, 11 

perimesencephalic haemorrhage and 

1 cerebral venous sinus thrombosis.  

69 patients with 

negative/inconclusive CT results had 

LP; no further aSAH diagnoses but 1 

patient was diagnosed with cervical 

arteriovenous malformation. 

 

Final diagnosis in those who had CT 

scan >6 hours from symptom onset 

(n=113): 28 aSAH, 8 

perimesencephalic haemorrhage, 1 

acute ischaemic stroke.  76 patients 

with negative/inconclusive CT results 

had LP; there were 4 further aSAH 

diagnoses and 1 cervical 

arteriovenous malformation.  The 4 

patients with negative or 
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inconclusive CT results and aSAH on 

LP had been scanned between 27 

hours and 10 days of symptom onset. 

 

In headache patients (n=247/250), 

sensitivity of head CT in patients 

scanned within 6 hours of symptom 

onset was 100% (95% CI 94.6 to 

100), specificity was 100% (95% CI 

94.8 to 100).  Sensitivity of head CT 

>6 hours after symptom onset was 

92.3% (95% CI 79.1 to 98.4), 

specificity was 100% (95% CI 95.1 

to 100). 

Perry, 202033 

 

Prospective 

before/after 

implementation 

study 

 

Emergency 

Departments at six 

academic hospitals, 

Canada 

 

3672 non-traumatic, alert 

patients (GCS 15) with 

acute headache or 

headache-associated 

syncope (peaking within 

1 hour). 

 

Patient recruitment: 

January 2010 – June 

2013 (before 

implementation) and 

June 2013 – January 

2016 (after 

implementation). 

Physician education to use 

Ottawa SAH Rule and 6-hour-

CT rule. 

 

Comparator: Control period 

(before implementation). 

CT (3rd generation or 

better using thin slices), 

LP (xanthochromia on 

visual inspection or 

>1x106/L RBCs in the 

final tube of CSF with 

aneurysm seen on 

angiography) and clinical 

follow-up (electronic 

health record review at 6 

months and study end). 

Diagnostic accuracy results 

Ottawa SAH Rule (SAH): 

Sensitivity: 100% (95% CI 98.1 to 

100) 

Specificity: 12.7%  (95% CI 11.7 to 

13.9) 

Positive predictive value: 5.8% 

(calculated by CRD) 

Negative predictive value: 100% 

(calculated by CRD) 

Overall accuracy: 17.2% (calculated 

by CRD) 

Patient selection: 

Low 

Index test: Low 

Reference standard: 

Low 

Flow/timing: Low 
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Also reported in 

Canadian clinical 

decision rules 

section 

 Prevalence: 5.1% (calculated by 

CRD) 

 

6-hour-CT Rule (SAH): 

1204 patients received CT within 6 

hours 

Sensitivity: 95.5% (95% CI 89.8 to 

98.5) 

Specificity: 100%  (95% CI 99.7 to 

100) 

Positive predictive value: 100% 

(calculated by CRD) 

Negative predictive value: 99.5% 

(calculated by CRD) 

Overall accuracy: 99.6% (calculated 

by CRD) 

Prevalence: 9.2% (calculated by 

CRD) 

 

Diagnostic tests performed  

The rate of CT use remained 

constant; 88.0% in the control phase 

vs 87.5% in the intervention phase. 

The LP rate decreased from 38.9% to 
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25.9% (p<0.0001). The CTA rate 

increased from 18.8% to 21.7% 

(p=0.029). Admission rates decreased 

from 9.8% to 7.4% (p=0.011). Time 

from Emergency Physician 

assessment to discharge/referral was 

slightly longer (4.9 hours vs 5.2 

hours; p=0.053). Mean length of stay 

in the ED was similar 6.3 vs 6.4 

hours; p=0.685). 

 

Other significant diagnoses 

Final diagnosis: 188 (5.1%) SAH, 26 

(0.7%) ischemic stroke or TIA, 24 

(0.7%) intracerebral haemorrhage, 10 

(0.3%) brain tumour, 7 (0.2%) 

bacterial meningitis. 

Valle Alonso, 

201840 

 

Retrospective 

cohort study 

 

Emergency 

Department at one 

regional hospital, 

Spain 

85 non-traumatic, sudden 

headache patients 

(peaking within 1 hour) 

without unconsciousness 

or neurological focus, 

presenting to the ED 

within 6 hours of 

symptom onset. 

 

CT (within 6 hours) followed 

by LP, if CT negative for 

SAH. 

 

The CT used was multi-slice 

(4-320 slices/rotation) with 

slices of 5 - 7.5 mm for the 

brain and 2.5 – 5 mm for the 

posterior fossa. The CT report 

was made by deputies of the 

radiology service, with over 5 

years of experience and in 

LP was performed in all 

patients with a negative 

CT scan. Clinical follow-

up at 6 months using 

medical records or phone 

calls where there was no 

conclusive data in 

medical records. 

Diagnostic accuracy results 

CT within 6 hours (SAH): 

Sensitivity: 100% (calculated by 

CRD) 

Specificity: 98.7%  (calculated by 

CRD) 

Positive predictive value: 90.9% 

(calculated by CRD) 

Patient selection: 

Unclear 

Index test: Low 

Reference standard: 

Low 

Flow/timing: Low 
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Also reported in 

Pathway of CT 

followed by LP 

section and Lumbar 

puncture section 

Patient recruitment: 

March 2012 – March 

2013. 

consultation with the 

neuroradiologist when there 

was doubt. 

Negative predictive value: 100% 

(calculated by CRD) 

Overall accuracy: 98.8% (calculated 

by CRD) 

Prevalence: 11.8% (calculated by 

CRD) 

 

Diagnostic tests performed  

74 (87%) patients underwent LP; LP 

was positive in 1 patient and 

inconclusive in 2 patients. However, 

bleeding was ruled out with later 

images; thus no cases of SAH were 

identified by LP. No cases of SAH 

were reported during the 6 months of 

follow-up. 7 patients experienced 

post puncture headache, going back 

to the ED and admission was 

necessary for 2 of them for pain 

control. 

 

Other significant diagnoses 

The most frequent final diagnosis 

was migraine (38.8%).  9.4% had a 

severe diagnosis, such as meningitis 

(4.7%) and reversible cerebral 

vasoconstriction syndrome (4.7%). 
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SAH patient signs and symptoms 

SAH patients were more likely to 

arrive at ED by ambulance (p=0.010) 

and have occipital headache location 

(p=0.012).  Among the clinical signs 

highlighted, the presence of syncope 

(p=0.036), neck pain or stiffness 

(p=0.010), photophobia (p=0.001), 

nausea or vomiting (p=0.000), as 

well as higher numbers of systolic 

(mean 153 vs 126) and diastolic 

blood pressure (mean of 100 vs 80) 

(p=0.000). 

Cooper, 201636 

 

Retrospective 

cohort study 

 

Clinical Decision 

Unit at one teaching 

hospital, UK 

 

Also reported in 

Pathway of CT 

followed by LP 

517 non-traumatic, 

neurologically pristine 

(GCS 15) patients with 

acute sudden onset 

severe headache 

managed on a CDU 

pathway for exclusion of 

SAH. 

 

Patient recruitment: 

January 2004 – 

December 2006. 

CDU pathway of CT followed 

by LP. 

 

Initial and verified non-

contrast CT reports 

(performed on third-

generation scanners) and LP 

results (all taken >12 hours 

from the index headache). 

 

 

CT (verified by a 

consultant radiologist), 

LP (CSF positive for 

bilirubin on 

spectrophotometry or a 

uniformly blood-stained 

CSF sample across four 

bottles and positive 

angiography). If CT/LP 

strategy was not 

completed, sudden death 

or subsequent SAH was 

assessed at 12 months by 

analysing attendance and 

investigations (electronic 

hospital database). 

Diagnostic accuracy results 

CT (SAH): 

Sensitivity: 92.9% (95% CI 79.5 to 

100) 

Specificity: 100%  (95% CI 99.6 to 

100) 

Positive predictive value: 100% 

(95% CI 98.2 to 100) 

Negative predictive value: 99.8% 

(95% CI 99.4 to 100) 

Overall accuracy: 99.8% (calculated 

by CRD) 

Patient selection: 

Low 

Index test: Unclear 

Reference standard: 

Low 

Flow/timing: Unclear 
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section and Lumbar 

puncture section 

Prevalence: 2.7% (14/510 who had 

CT) 

 

LP after negative CT (SAH): 

Sensitivity: 100% (95% CI 93.7 to 

100) 

Specificity: 96.8%  (95% CI 94.8 to 

98.8) 

Positive predictive value: 9.1% (95% 

CI 0 to 26.1) 

Negative predictive value: 100% 

(95% CI 99.5 to 100) 

Overall accuracy: 96.8% (calculated 

by CRD) 

Prevalence: 0.3% (1/309 who had 

LP) 

 

CT was positive for SAH in 13 

patients; 6 had an underlying lesion 

on angiography and 7 had 

perimesencephalic SAH.  4 CT scans 

were initially reported as ‘normal’ 
making patients eligible for LP, only 

to be subsequently altered in 3 cases 

to SAH positive after 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Emerg Med J

 doi: 10.1136/emermed-2021-211900–8.:10 2022;Emerg Med J, et al. Walton M



neuroradiological interpretation of 

the CT scan. 

 

LP was positive for SAH in 11 

patients; 10 patients were LP positive 

but angiography negative (false 

positives). 

 

Diagnostic tests performed  

510 (98.6%) patients had a CT scan 

and 309 had LP. 491 patients were 

eligible for LP (490 initially negative 

on CT + 1 patient who went straight 

to LP without CT); 182 eligible 

patients did not have LP due to 

procedure failure (n=18), patient 

refusal or contraindication (n=65) or 

decision of attending doctor (n=99). 

 

Other significant diagnoses 

CT was positive for other significant 

aetiology in a further 14 patients: 4 

cerebral infarction, 2 venous sinus 

thrombosis, 2 incidental cerebral 

aneurysm, 1 arachnoid cyst, 1 

metastatic disease, 1 haemangioma, 1 

subdural haemorrhage, 1 

meningioma, 1 bleed into 
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glioblastoma.  LP was positive for 

other significant aetiology in a 

further 17 patients: 16 viral 

meningitis and 1 nonocclusive sagital 

sinus thrombosis. 

Blok, 201535 

 

Retrospective 

cohort study 

 

Emergency 

Departments at 

eleven non-

academic hospitals, 

Netherlands 

 

Also reported in 

Pathway of CT 

followed by LP 

section 

760 neurologically intact 

(GCS 15) ‘spontaneous’ 
acute headache patients 

with suspected SAH, 

who underwent CT 

within 6 hours of onset 

(judged negative by 

radiologist) and 

subsequent LP. 

 

Patient recruitment: 

January 2007 – January 

2013. 

CT (third generation scanner) 

<6 hours from headache onset 

(assessed by a staff 

radiologist), followed by LP 

>12 hours after onset (CSF 

was analysed using 

spectrophotometry). 

 

Review of admission CTs 

in patients with bilirubin 

positive CSF by two 

neuroradiologists and one 

stroke neurologist. 

Lumbar puncture >12 

hours after onset (CSF 

was analysed using 

spectrophotometry using 

a number of methods 

across the 11 sites: 

oxyhaemoglobin/bilirubin 

concentration, UK 

NEQAS, qualitative 

assessment of absorption 

curve, Leiden method, 

and bilirubin excess). 

 

Diagnostic accuracy results 

52 (7%) CSF samples were initially 

considered positive for SAH, but 

only one CT was positive for 

subarachnoid blood (in the basal 

cisterns) on review by two 

neuroradiologists and one stroke 

neurologist; angiography did not 

identify an aneurysm and the patient 

was diagnosed with non-aneurysmal 

perimesencephalic haemorrhage 

(with a benign clinical course and no 

readmission for SAH during 26 

month follow-up).  No subarachnoid 

blood was identified in the other 51 

patients with positive CSF findings.  

28/51 patients had angiography; 

aneurysm was identified in 8 patients 

(3 previously coiled).  In those with 

an aneurysm it was considered that 

aneurysm rupture was unlikely and 

the aneurysm was considered 

incidental (4 were treated and 4 were 

not). 

 

Patient selection: 

Low 

Index test: Low 

Reference standard: 

Unclear 

Flow/timing: Unclear 
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The negative predictive value for 

detection of subarachnoid blood on 

CT by staff radiologists working in a 

non-academic hospital was 99.9% 

(95% CI 99.3 to 100).  SAH 

prevalence was 0.13% (1/760). 

Austin, 201844 

 

Interim analysis of 

a retrospective 

cohort study  

 

Emergency 

department at one 

academic hospital, 

UK 

250 patients attending 

the ED with suspected 

SAH who underwent CT. 

 

Patient recruitment: 

January – December 

2016. 

Interpretation of CT scans for 

SAH by emergency 

physicians (images were 

viewed on desktop screens).  

Average timeframe from 

symptom onset to scan was 48 

hours (range 2 – 288). 

Interpretation of CT 

scans for SAH by 

neuroradiologists (images 

were viewed using 

dedicated high definition 

screens for 

interpretation). 

Significant diagnoses  

20 (8%) patients had SAH. A further 

5 scans had other positive findings; 3 

intracranial haemorrhage, 1 subdural 

haematoma, 1 venous sinus 

thrombosis. 

 

Diagnostic accuracy results 

Emergency physician 

interpretation of CT (intracranial 

pathologies): 

Sensitivity: 84% (95% CI 63.9 to 

95.5) 

Specificity: 95% (95% CI 90.9 to 

97.2) 

 

Three scans showing subarachnoid 

blood and one case of venous sinus 

thrombosis were interpreted as 

negative by Emergency Physicians. 

There was no difference in false 

Patient selection: 

Unclear 

Index test: High* 

Reference standard: 

Unclear 

Flow/timing: Low 

(limited reporting, as 

only a 

correspondence 

article was available) 

 

*Bias was considered 

high due to 

interpretation of 

index test on desktop 

screens, rather than 

high definition 

screens, as per 

reference standard 
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negative interpretation between 

registrars and consultants. Gold 

standard was the final 

neuroradiologist report; 

neuroradiologists used dedicated high 

definition screens for interpretation.  

 

Diagnostic tests performed  

69 patients (30.6%) were further 

investigated; 59 (26.2%) had LP (3 

had a positive result). 

Lumbar puncture (CSF analysis) 

Migdal, 201548 

 

Retrospective 

cohort study 

 

Emergency 

Department at one 

academic hospital, 

USA 

245 non-traumatic 

headache patients who 

presented with ‘worst 
ever’ or thunderclap 
headache and underwent 

LP to evaluate for SAH 

after normal CT.  The 

study included 302 

patients in total, 245 of 

which were included in a 

subgroup analysis of 

patients with ‘low risk 
clinical features’, with 
normal mental status, no 

known aneurysm at the 

time of LP and no known 

LP after normal CT (64-slice 

CT scanner, interpreted by 

board-certified radiologists).   

 

Diagnosis of SAH on LP was 

defined as xanthochromia in 

the CSF or RBCs >1x106/mm3 

in the final tube with 

aneurysm or arteriovenous 

malformation subsequently 

identified on cerebral 

angiography. 

Not applicable. There were no cases of SAH in the 

low risk subgroup.  13/245 (5.3%) of 

these patients had LP-related 

complications. 

 

2/302 (0.66%) patients in the full 

population had SAH diagnoses based 

on LP; both had high-risk 

characteristics for SAH (i.e. altered 

mental status or known aneurysm), 

but no signs of intracranial 

haemorrhage on CT.  18/302 (6%) 

had LP-related complications that 

resulted in a return visit to the ED or 

hospitalisation, including 12 patients 

with low-pressure headache (4 

Unclear 
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prior SAH (who met our 

inclusion criteria). 

 

Patient recruitment: 1 

July 2010 – 30 June 

2013. 

patients treated with a blood patch), 4 

patients with severe LP site pain and 

2 patients with contaminated CSF 

cultures.  No patients had an 

infectious or haemorrhagic 

complication arising from LP. 

 

32/302 (10.6%) patients in the full 

population had an alternative 

diagnosis identified from LP; 19 had 

viral meningitis, 5 had bacterial 

meningitis, 1 had chemical 

meningitis from recent contrast 

exposure. 

 

Head CTA identified 22 aneurysms 

in the 100 patients tested from the 

full population (22%). 

Perry, 201549 

 

Sub-study of a 

prospective cohort 

study 

 

Emergency 

Departments at 

1739 non-traumatic, alert 

(GCS 15) headache 

patients (peaking within 

1 hour) with suspected 

SAH and an initial 

negative CT scan.  The 

analysis included the 641 

patients with an 

abnormal LP result. 

 

LP with CSF analysis (5 sites 

used visual inspection, 1 used 

spectrophotometry). Risk 

threshold based on 

concentration of RBCs in 

sample.   Median time from 

headache onset to LP was 18 

hours. 

CT or xanthochromia or 

red blood cells in the 

final tube of CSF with 

aneurysm on cerebral 

angiography (digital 

subtraction, magnetic 

resonance, or CT) 

requiring neurovascular 

intervention or resulting 

in death. 

641/1739 patients had an abnormal 

LP result (red blood cells in the final 

tube or xanthochromia).  15 of which 

had aneurysmal SAH; 7 cases were 

identified by presence of 

xanthochromia and 8 had abnormal 

erythrocyte count in CSF. 

 

Diagnostic accuracy results 

Patient selection: 

Low 

Index test: High 

Reference standard: 

Low 

Flow/timing: Unclear 
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twelve academic 

centres, Canada 

Patient recruitment: 

November 2000 – 

December 2009 (appears 

to be patient overlap with 

Perry, 201143). 

 RBC count 

Optimal RBC count cut-off to 

differentiate traumatic tap from SAH 

was ≤2000x106/L.  Sensitivity was 

93.3% (95% CI 66.0 to 99.7) and 

specificity was 92.8% (95% CI 90.5 

to 94.6%) at this cut-off. 

 

Visual inspection of xanthochromia 

Visual inspection of xanthochromia 

had sensitivity of 46.7% (95% CI 

22.3 to 72.6) and specificity of 97.3% 

(95% CI 95.6 to 98.4). 

 

Risk classification based on 

threshold of <2000 x 106/L RBC 

and no xanthochromia 

(aneurysmal SAH): 

Sensitivity: 100% (95% CI 74.7 to 

100) 

Specificity: 91.2% (calculated by 

CRD) 

Positive predictive value: 21.4% 

(95% CI 12.9 to 33.2) 
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Negative predictive value: 100% 

(95% CI 99.2 to 100) 

Overall accuracy: 91.4% (calculated 

by CRD) 

Prevalence: 2.3% (15/641) 

Dupont, 200846 

 

Retrospective 

cohort study  

 

Emergency 

department at one 

academic medical 

centre, USA 

152 non-traumatic, alert, 

neurologically intact 

(GCS 15) thunderclap 

headache patients 

(sudden and severe 

headache with maximal 

intensity at onset) with 

normal results on non-

contrast CT. Mean time 

from headache onset to 

CT was 29.5 hours 

(range 1 hour to 10 

days). Interpretation of 

CT results was 

performed by a 

radiologist or 

neuroradiologist. 

 

Patient recruitment: 1 

January 1998 – 1 January 

2008. 

LP with CSF analysis. CSF 

analysis of cell count, protein, 

glucose content and 

appearance was conducted in 

the hospital laboratory facility. 

Xanthochromia was 

determined by visual 

inspection of centrifuged 

samples on a background of 

white paper and under full-

spectrum light. Mean time 

from headache onset to CSF 

analysis was 35.9 hours (range 

2 hours to 10 days). Results 

were reported to the treating 

physician within 90 minutes 

of the LP procedure. 

Four-vessel catheter 

angiography was 

performed in all patients 

with xanthochromic CSF 

(n=18).  If no aneurysm 

was detected, the 

procedure was performed 

again within 7-14 days.  

Patients with an 

unruptured aneurysm, 

deemed to be an 

incidental finding, were 

noted.   

Patients with non-

xanthochromic CSF 

(n=99) and patients who 

refused LP (n=35) were 

followed up clinically. 

A magnetic resonance 

angiographic study (1.5 

T, gadolinium-enhanced) 

was performed in patients 

who were initially 

discharged from the ED 

but returned with 

Diagnostic accuracy results 

CSF xanthochromia (cerebral 

aneurysm): 

Sensitivity: 93% 

Specificity: 95%  

Positive predictive value: 72% 

Negative predictive value: 99%  

Overall accuracy: 94.9% (calculated 

by CRD) 

 

CSF xanthochromia was present in 

18/117 (15%) patients who 

underwent LP; 13/18 (72%) had a 

ruptured cerebral aneurysm detected. 

3/5 (60%) patients in whom 

aneurysm was not detected had a 

history of migraine, vs 2/13 (15%) of 

those with aSAH. 

 

Patient selection: 

Low 

Index test: Low 

Reference standard: 

Low 

Flow/timing: Low 
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symptoms of a second 

sudden-onset headache 

(n=35). 

 

Of the 99 patients without 

xanthochromia detected in the CSF, 

35/99 (35%) underwent additional 

MR angiography on recurrence of 

their headaches; all were negative. 

98/99 (99%) had no bleeding event at 

clinical follow-up. However, 1/99 

(1%) patient who tested negative for 

xanthochromia was subsequently 

found to have a ruptured middle 

cerebral artery aneurysm (false 

negative result); this patient had 

(negative) CT performed 6 hours 

after headache onset and LP 

performed 9 hours after headache 

onset – whilst CSF was not deemed 

xanthochromic, the CSF RBC count 

remained between 20,000 and 

30,000/µL in 4 successive collection 

tubes. 

 

Patients with aneurysm had 

significantly higher red blood cell 

counts (mean 85,779 [SD 

43,245]/µL) than patients without 

aneurysm (mean 98.7 [SD 

646.2]/µL); p<0.001. Patients with 

aneurysm also had significantly 

higher total nucleated blood cell 

counts (mean 64.7 [SD 49.7]/µL) 
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than patients without aneurysm 

(mean 1.47 [SD 1.18]/µL); p=0.02. 

152 (100%) patients had a negative 

CT scan and 117 (77%) underwent 

LP. 23% patients refused LP despite 

strong recommendations (none of 

which had bleeding events at clinical 

follow-up). 

 

Prevalence: 9.2% (14/152 of the total 

cohort; calculated by CRD) 

Sansom, 201450 

 

Retrospective 

cohort study 

 

Emergency 

department at one 

teaching hospital, 

UK 

60 thunderclap headache 

patients with a negative 

CT scan result (mean 

time from headache 

onset to CT was 32.1 

hours, range 2-170).  323 

patients presented with 

thunderclap headache 

during the recruitment 

period, only the 60 

patients who had a 

negative CT result and 

underwent LP were 

included in the analysis. 

  

LP with CSF analysis 

(national guidelines for CSF 

analysis for xanthochromia 

were used). 

Not applicable. None of the 60 cases of thunderclap 

headache with negative CT were 

positive for xanthochromia. 

 

52/60 CSF examinations were 

normal for all CSF parameters 

(protein, glucose, cells, microscopy 

and xanthochromia). 5 of 8 abnormal 

examinations were positive for 

oxyhaemoglobulin; 3 were associated 

with mild pleocytosis (<10 WBC x 

106/L). Cerebral infarction was 

confirmed in 2 of the 8 patients with 

subsequent scans. CSF examination 

showed pleocytosis in the remaining 

case.  Aneurysm was excluded in 5 

patients with vascular imaging. 

High  

(limited reporting, as 

only a conference 

poster was available) 
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Patient recruitment: 1 

May 2013 – 31 October 

2013. 

 

Prevalence of SAH in the full 

population was 5.6% (18/323). 

Horstman, 201247 

 

Retrospective 

cohort study  

 

Emergency 

department at one 

university hospital, 

Netherlands 

30 patients with sudden 

severe headache or neck 

pain and negative head 

CT but bilirubin detected 

in CSF. WFNS score of 

1 in all but one patient 

(WFNS 2, equivalent to 

13-14 on GCS). 

 

Patient recruitment: 2002 

– 2007. 

Bilirubin in the CSF (>0.05 at 

wavelength 458 nm). CSF was 

protected from light by 

wrapping in foil, then 

centrifuged at 1,500 rpm for 

10 minutes. The supernatant 

was stored at 4◦C until 
analysis. CSF investigations 

were performed using a 

Beckman DU 650 

spectrophotometer (Beckman 

Coulter, The Netherlands). 

Not applicable. Aneurysms were detected in 13/30 

(43%) patients with bilirubin in their 

CSF, all of whom presented between 

4 and 14 days after symptom onset. 

CT scans from patients from outside 

hospitals referred to our hospital 

were judged as normal by the 

radiologist at the outside hospital, but 

slight abnormalities were found in 

4/30 (13.3%) after revision by the 

neuroradiologist at our hospital; 2 

were positive for SAH, 2 were 

ambiguous (suspicion of small 

amount of blood in the pentagon). 

 

Aneurysms were treated by coiling in 

9 patients and clipping in 2; 2 

patients were not treated due to poor 

clinical condition or refusal of further 

tests.  2/13 patients died within 3 

months; 1 due to a re-bleed, the other 

due to secondary ischaemia.  One 

further SAH patient had a poor 

outcome with major neurological 

deficits because of secondary 

ischeaemia. 

Low 
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All patients without an aneurysm 

detected were alive after 2-7 years of 

follow-up with no further SAH 

episodes. 

Cooper, 201636 

 

Retrospective 

cohort study 

 

Clinical Decision 

Unit at one teaching 

hospital, UK 

 

Also reported in 

Pathway of CT 

followed by LP 

section and CT 

scan section 

517 non-traumatic, 

neurologically pristine 

(GCS 15) patients with 

acute sudden onset 

severe headache 

managed on a CDU 

pathway for exclusion of 

SAH. 

 

Patient recruitment: 

January 2004 – 

December 2006. 

CDU pathway of CT followed 

by LP. 

 

Initial and verified non-

contrast CT reports 

(performed on third-

generation scanners) and LP 

results (all taken >12 hours 

from the index headache). 

 

 

CT (verified by a 

consultant radiologist), 

LP (CSF positive for 

bilirubin on 

spectrophotometry or a 

uniformly blood-stained 

CSF sample across four 

bottles and positive 

angiography). If CT/LP 

strategy was not 

completed, sudden death 

or subsequent SAH was 

assessed at 12 months by 

analysing attendance and 

investigations (electronic 

hospital database). 

Diagnostic accuracy results 

CT (SAH): 

Sensitivity: 92.9% (95% CI 79.5 to 

100) 

Specificity: 100%  (95% CI 99.6 to 

100) 

Positive predictive value: 100% 

(95% CI 98.2 to 100) 

Negative predictive value: 99.8% 

(95% CI 99.4 to 100) 

Overall accuracy: 99.8% (calculated 

by CRD) 

Prevalence: 2.7% (14/510 who had 

CT) 

 

LP after negative CT (SAH): 

Sensitivity: 100% (95% CI 93.7 to 

100) 

Patient selection: 

Low 

Index test: Unclear 

Reference standard: 

Low 

Flow/timing: Unclear 
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Specificity: 96.8%  (95% CI 94.8 to 

98.8) 

Positive predictive value: 9.1% (95% 

CI 0 to 26.1) 

Negative predictive value: 100% 

(95% CI 99.5 to 100) 

Overall accuracy: 96.8% (calculated 

by CRD) 

Prevalence: 0.3% (1/309 who had 

LP) 

 

CT was positive for SAH in 13 

patients; 6 had an underlying lesion 

on angiography and 7 had 

perimesencephalic SAH.  4 CT scans 

were initially reported as ‘normal’ 
making patients eligible for LP, only 

to be subsequently altered in 3 cases 

to SAH positive after 

neuroradiological interpretation of 

the CT scan. 

 

LP was positive for SAH in 11 

patients; 10 patients were LP positive 

but angiography negative (false 

positives). 
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Diagnostic tests performed  

510 (98.6%) patients had a CT scan 

and 309 had LP. 491 patients were 

eligible for LP (490 initially negative 

on CT + 1 patient who went straight 

to LP without CT); 182 eligible 

patients did not have LP due to 

procedure failure (n=18), patient 

refusal or contraindication (n=65) or 

decision of attending doctor (n=99). 

 

Other significant diagnoses 

CT was positive for other significant 

aetiology in a further 14 patients: 4 

cerebral infarction, 2 venous sinus 

thrombosis, 2 incidental cerebral 

aneurysm, 1 arachnoid cyst, 1 

metastatic disease, 1 haemangioma, 1 

subdural haemorrhage, 1 

meningioma, 1 bleed into 

glioblastoma.  LP was positive for 

other significant aetiology in a 

further 17 patients: 16 viral 

meningitis and 1 nonocclusive sagital 

sinus thrombosis. 
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Valle Alonso, 

201840 

 

Retrospective 

cohort study 

 

Emergency 

Department at one 

regional hospital, 

Spain 

 

Also reported in 

Pathway of CT 

followed by LP 

section and CT 

scan section 

85 non-traumatic, sudden 

headache patients 

(peaking within 1 hour) 

without unconsciousness 

or neurological focus, 

presenting to the ED 

within 6 hours of 

symptom onset. 

 

Patient recruitment: 

March 2012 – March 

2013. 

CT (within 6 hours) followed 

by LP, if CT negative for 

SAH. 

 

The CT used was multi-slice 

(4-320 slices/rotation) with 

slices of 5 - 7.5 mm for the 

brain and 2.5 – 5 mm for the 

posterior fossa. The CT report 

was made by deputies of the 

radiology service, with over 5 

years of experience and in 

consultation with the 

neuroradiologist when there 

was doubt. 

LP was performed in all 

patients with a negative 

CT scan. Clinical follow-

up at 6 months using 

medical records or phone 

calls where there was no 

conclusive data in 

medical records. 

Diagnostic accuracy results 

CT within 6 hours (SAH): 

Sensitivity: 100% (calculated by 

CRD) 

Specificity: 98.7%  (calculated by 

CRD) 

Positive predictive value: 90.9% 

(calculated by CRD) 

Negative predictive value: 100% 

(calculated by CRD) 

Overall accuracy: 98.8% (calculated 

by CRD) 

Prevalence: 11.8% (calculated by 

CRD) 

 

Diagnostic tests performed  

74 (87%) patients underwent LP; LP 

was positive in 1 patient and 

inconclusive in 2 patients. However, 

bleeding was ruled out with later 

images; thus no cases of SAH were 

identified by LP. No cases of SAH 

were reported during the 6 months of 

follow-up. 7 patients experienced 

post puncture headache, going back 

to the ED and admission was 

Patient selection: 

Unclear 

Index test: Low 

Reference standard: 

Low 

Flow/timing: Low 
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necessary for 2 of them for pain 

control. 

 

Other significant diagnoses 

The most frequent final diagnosis 

was migraine (38.8%).  9.4% had a 

severe diagnosis, such as meningitis 

(4.7%) and reversible cerebral 

vasoconstriction syndrome (4.7%). 

 

SAH patient signs and symptoms 

SAH patients were more likely to 

arrive at ED by ambulance (p=0.010) 

and have occipital headache location 

(p=0.012).  Among the clinical signs 

highlighted, the presence of syncope 

(p=0.036), neck pain or stiffness 

(p=0.010), photophobia (p=0.001), 

nausea or vomiting (p=0.000), as 

well as higher numbers of systolic 

(mean 153 vs 126) and diastolic 

blood pressure (mean of 100 vs 80) 

(p=0.000). 

Brunell, 201345 

 

453 patients over 10 

years of age who 

underwent LP to exclude 

SAH, including 400 

patients with thunderclap 

LP with CSF analysis. An 

automated quantitative 

measurement of bilirubin in 

the CSF was used. The CSF 

and plasma bilirubin and CRP 

Not applicable. 295/453 (65%) LPs resulted in 

completely normal CSF-analysis and 

138 (30%) were pathological in a 

way that was deemed insignificant by 

the treating physician, e.g. very mild 

Low 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Emerg Med J

 doi: 10.1136/emermed-2021-211900–8.:10 2022;Emerg Med J, et al. Walton M



Retrospective 

cohort study  

 

Emergency 

department or 

outpatient clinics in 

neurology or 

infectious diseases 

at one university 

hospital, Sweden 

headache (88%) and 53 

patients where the 

treating physician 

wanted to perform LP to 

exclude SAH (e.g. 

patients with previous 

SAH or cases of severe 

headache with unclear 

onset). 

 

Patient recruitment: 

January 2009 – 

December 2011. 

measurements were performed 

on a high-throughput 

automatic analyser: Abbott 

Architect c8000 (Abbott 

Laboratories, Illinois, USA).  

Above the cut-off 350 nmol/L 

the CSF-bilirubin 

determinations were regarded 

as positive.  Hemoglobin in 

CSF was measured by 

spectrophotometry at a fixed 

wavelength 415 nm, on a 

Hitatch U-1100, utilising 

0.040 arbitrary units (AU) as a 

cut-off.  Samples are routinely 

protected from light before 

analysis. 

pleocytosis or raised protein.  14 

(3%) patients had an alternative 

diagnosis (most commonly aseptic 

meningitis) and 5 (1.1%) had SAH. 

 

4/5 SAH patients presented with 

thunderclap headache and had non-

aneurysmal SAH not requiring 

surgical intervention. The other 

patient had decreased level of 

consciousness and prior history of 

SAH; due to poor general condition 

no further investigations or treatment 

were performed. All patients with 

SAH detected by LP underwent LP 

>12 hours after headache onset and 

CT >6 hours after headache onset. 

One patient was not CT-negative, but 

underwent LP prior to CT, which 

demonstrated bleeding. 

 

11/14 patients with an alternative 

diagnosis presented with thunderclap 

headache and all diagnoses were 

based on LP performed >12 hours 

after headache onset. 6 patients had 

normal neurological examination and 

3 had only discrete signs of 

meningism. 2 patients received 

antiviral treatment for herpex 
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simplex virus, 12 had no treatment 

and all patients made a full recovery. 

 

153/453 (34%) patients were 

admitted for their LP after negative 

CT, including patients admitted to 

await the 12 hour time limit or 

because time could not be spared to 

perform the LP in the ED (additional 

patients were admitted for medical 

reasons, e.g. pain relief). 

 

All patients had a CT scan and LP. 

Gangloff, 201551 

Some results also 

taken from 

duplicate report65 

 

Retrospective 

cohort study 

 

Emergency 

Department at one 

university hospital, 

Canada 

706 non-traumatic, 

neurologically intact 

(GCS 15) acute headache 

patients with suspected 

SAH and an initial 

negative CT scan 

(Siemens Sensation 4 

between 2003-2008 and 

Sensation 16 from 2008 

onwards; CT scan read 

by a radiologist). 

 

Patient recruitment: 

2003-2009 (may be 

Visual and spectrophotometric 

inspection of xanthochromia.  

LP was undertaken >12 hours 

after symptom onset in 466 

patients (67.5%), median 13 

hours.   

 

Visual analysis was performed 

on fresh CSF by the 

technologist on duty, 

immediately after arrival to 

the laboratory.  

Spectrophotometry was 

performed after visual 

assessment, using a quartz 

Angiography (catheter 

angiogram, CT-

angiogram). To avoid 

misclassifying incidental 

aneurysm with a 

traumatic tap as aSAH, 

positive cases were 

further reviewed by two 

physicians using a 

standardised data 

collection sheet – in case 

of disagreement medical 

charts were sent to a 

neurosurgeon for a third 

opinion.  

Diagnostic accuracy results 

UK NEQAS CSF analysis 

(aneurysmal SAH): 

Sensitivity: 100% (95% CI 47.8 to 

100) 

Specificity: 98.1% (95% CI 96.7 to 

99.0) 

Positive predictive value: 27.8% 

(calculated by CRD) 

Negative predictive value: 100% 

(calculated by CRD) 

Patient selection: 

Low 

Index test: Low 

Reference standard: 

Low 

Flow/timing: Unclear 
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patient overlap with 

Perry, 201143). 

 

cuvette compared against a 

blank made of ultra-pure 

water and scanned from 350 

nm to 700 nm using a 

Cary100 spectrophotometer 

(Varian).  Resulting scans 

were analysed using the UK 

NEQAS 2008 approach and 

the Hendrik Duiser iterative 

approach. 

The study had a safety-

net for possible missed 

SAH; it is the only 

neurosurgical referral 

centre covering more 

than half the province of 

Quebec, a false-negative 

patient would eventually 

be picked up on a follow-

up visit or readmission, 

or in the event of any 

sudden death through 

coroner investigation. 

 

Overall accuracy: 98.2% (calculated 

by CRD) 

Prevalence: 0.7% 

 

13 (1.8%) false positive results; 9 of 

which had non-aneurysmal SAH. 

 

Iterative spectrophotometry 

method (aneurysmal SAH): 

Sensitivity: 100% (95% CI 47.8 to 

100) 

Specificity: 91.9% (95% CI 89.6 to 

93.9) 

 

56 (7.9%) false positive results; 18 of 

which were due to other indications 

(10 non-aneurysmal SAH, 7 

meningitis, 1 hyperbilirubinemia 

disease). 

 

Visual xanthochromia (aneurysmal 

SAH): 

Sensitivity: 80% (95% CI 28.4 to 

99.5) 
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Specificity: 98.7% (95% CI 97.5 to 

99.4) 

 

LP identified 5 aneurysmal SAH 

patients who had a negative CT; all 

had high red blood cell count (from 

1310 to 63,000 x 106/L) and positive 

spectrophotometric xanthochromia; 

4/5 were positive on visual inspection 

for xanthochromia.  All 5 patients 

received coiling or clipping and had a 

good outcome. 

 

4/5 SAH patients had delays longer 

than 24 hours prior to CT, the other 

patient received CT 2.5 hours after 

symptom onset. 

Perry, 200652 

 

Sub-study of a 

prospective cohort 

study 

 

Emergency 

Departments at 

three tertiary care 

220 non-traumatic, alert, 

neurologically intact 

(GCS 15) headache 

patients (peaking within 

1 hour) or syncope 

associated with 

headache. 

 

Patient recruitment: July 

2002 – January 2004 

(appears to be patient 

LP with CSF examined using 

spectrophotometry (Milton 

Roy Spectronic 1001plus). 

After routine analysis for cell 

count and visible 

xanthochromia, any remaining 

CSF in the final tube was 

centrifuged and frozen for 

later spectrophotometry. 

Absorbances were measured 

across a 1-cm light path at 360 

nm, 415 nm, 440 nm, 476 nm 

and 530 nm relative to a saline 

CT, LP (xanthochromia 

on visual inspection or 

>5x106/L RBCs in the 

final tube of CSF with 

aneurysm or 

arteriovenous 

malformation seen on 

angiography) and clinical 

follow-up (telephone 

follow-up at 30 days). 

Diagnostic accuracy results 

Visual inspection (SAH): 

Sensitivity: 50% (95% CI 3.0 to 81) 

Specificity: 97% (95% CI 92 to 99) 

 

Traditional definition (SAH): 

Patient selection: 

Low 

Index test: Low 

Reference standard: 

Low 

Flow/timing: Low 
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university hospitals, 

Canada 

overlap with Perry, 

201143 and Perry, 

201549). 

blank. Four different 

definitions of positive 

spectrophotometry were 

selected a priori: Traditional, 

Chalmers and Kiley, Chalmers 

revised and UK NEQAS. The 

interval between headache 

onset and LP was >12 hours in 

55% patients. 

 

Comparator: Visual inspection 

of the centrifuged CSF for 

xanthochromia against a white 

paper background under full 

spectrum light. 

Sensitivity: 100% (95% CI 16 to 

100) 

Specificity: 29% (95% CI 23 to 35) 

 

Chalmers and Kiley definition 

(SAH): 

Sensitivity: 0% (95% CI 0 to 16) 

Specificity: 89% (95% CI 84 to 92) 

 

Chalmers revised definition (SAH): 

Sensitivity: 100% (95% CI 3.0 to 

100) 

Specificity: 29% (95% CI 23 to 35) 

 

UK NEQAS definition (SAH): 

Sensitivity: 100% (95% CI 3.0 to 

100) 

Specificity: 83% (95% CI 76 to 87) 
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Prevalence: 1 patient had aneurysmal 

SAH and 1 patient had an incidental 

unruptured aneurysm. 

 

One patient with aneurysm had 

normal CT 8 hours after headache 

onset; LP demonstrated high levels of 

RBCs (53,500x106/L) and visible 

xanthochromia, with aneurysm 

(11x8mm) confirmed on CT 

angiography. The other patient had 

normal CT 3 days after headache 

onset; CSF contained RBCs 

(41x106/L) but no visual 

xanthochromia and was classed as 

traumatic tap by the treating 

physician. Aneurysm (5mm) was 

confirmed on CT angiography but 

was considered incidental and not 

treated; the patient remained well 1 

year later. 

 

Diagnostic tests performed  

87.7% patients had a CT scan and 

100% had LP. 5.9% patients had a 

CT angiogram. If presence of visible 

xanthochromia (visual inspection) 

were the only indication for 

angiography, the angiography rate 

would reduce by 85%. However, 
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using any of the 3 sensitive 

spectrophotometric definitions of 

xanthochromia would increase 

angiography rates from 254% to 

1208% compared with current 

practice. 

Heiser, 201553 

 

Retrospective 

cohort study 

 

Emergency 

departments at two 

academic hospitals, 

USA 

676 non-traumatic, alert, 

acute headache patients 

who underwent LP to 

rule out SAH and had an 

abnormal result on CSF. 

 

Patient recruitment: Not 

reported.  6 year study 

period. 

Validation of a clinical 

prediction rule to differentiate 

between traumatic LP and 

SAH, based on CSF findings 

(RBC count >2000 x 106/L 

and the presence of 

xanthochromia, if neither 

criteria present, aSAH can be 

excluded). 

SAH was confirmed in 49 

patients using diagnostic 

imaging. Demographics, 

co-morbidity, clinical 

findings, diagnostic 

testing and final 

diagnosis were obtained 

from ED records. Unclear 

whether all patients had 

diagnostic testing and/or 

other reference standard. 

Diagnostic accuracy results 

Clinical prediction rule (RBC 

count >2000 x 106/L and presence 

of xanthochromia) (SAH): 

Sensitivity: 81.6% (95% CI 68.0 to 

91.2) 

Specificity: 97.3% (95% CI 95.7 to 

98.4) 

Positive predictive value: 70.2% 

(calculated by CRD) 

Negative predictive value: 98.5% 

(calculated by CRD) 

Overall accuracy: 96.2% (calculated 

by CRD) 

Prevalence: 7.2% (49/676) 

 

The incidence of traumatic LP was 

24.4%.  The range of values in tube 4 

for the SAH group was 120 to 

521,500 RBCs, suggesting that there 

Patient selection: 

Low 

Index test: Unclear 

Reference standard: 

Unclear 

Flow/timing: Unclear 

(limited reporting, as 

only a conference 

presentation was 

available) 
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is not a CSF RBC cut-off value at 

which one can safely exclude SAH.  

We found no risk factor or 

combination of clinical factors that 

would improve ED provider 

sensitivity without markedly 

decreasing specificity. 

CT Angiography 

Alons, 201554 

 

Retrospective 

cohort study  

 

Emergency 

department at one 

teaching hospital, 

Netherlands 

70 non-traumatic, 

neurologically intact, 

acute severe headache 

patients with normal 

non-contrast CT 

(evaluated by specialised 

neuroradiologists) and 

CSF findings (all 

patients had CT and LP). 

 

Patient recruitment: 

January 2008 – May 

2011. 

CT angiogram using GE 

Lightspeed 64-slice CT 

scanner.  All but 1 scan was 

made within a week of the 

occurrence of the headache; 1 

scan was made after 3 weeks.  

MRI was also used in 15 

patients. 

Not applicable. There were no cases of SAH.   

 

13/70 (19%) patients had a vascular 

abnormality identified on CTA; 8 

(11%) had aneurysms (3 were coiled, 

3 were clipped and 2 received 

follow-up CTA to monitor aneurysm 

size), 2 cerebral venous thrombosis, 2 

reversible cerebral vasoconstriction 

syndrome and 1 patient had ischemia 

of the posterior circulation in the 

right occipital area. 

 

Unclear 

Alons, 201855 

 

Retrospective 

cohort study and 

meta-analysis 

88 neurologically intact, 

acute headache patients 

(developing within 5 

minutes and lasting ≥1 
hour) with normal non-

contrast CT and CSF 

findings, when 

performed (LP 

CT angiography using 

Aquilion One (Toshiba 

Medical Systems), Aquilion 

64 (Toshiba Medical Systems) 

or GE Lightspeed 64-slice CT 

scanners. 

Not applicable. There were no cases of SAH.   

 

5/88 patients had a vascular 

abnormality identified on CTA; 1 

aneurysm (a small unruptured 

aneurysm with a normal LP, not 

Unclear 
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Emergency 

departments at two 

university affiliated 

secondary referral 

centres, 

Netherlands 

performed in 35% 

patients).  The meta-

analysis also included 

641 patients identified 

from the literature. 

 

Patient recruitment: 2011 

– 2014. 

considered to be the cause of the 

headache), 1 cerebral venous 

thrombosis, 2 reversible cerebral 

vasoconstriction syndrome and 1 

cervical dissection.  The aneurysm 

was treated with clip ligation, the 

reversible cerebral vasoconstriction 

syndrome patients were followed up 

clinically and the other two patients 

were followed up with medication 

change. 

 

1 patient experienced an adverse 

event associated with CTA; a short-

term allergic reaction to iodinated 

contrast media. 

History, examination and investigation 

Locker, 200456 

 

Retrospective 

cohort study  

 

Emergency 

department at one 

teaching hospital, 

UK 

353 non-traumatic, 

neurologically intact 

(GCS ≥14) headache 
patients.  36/353 patients 

presented with ‘first or 
worst’ headache and 
normal neurological 

examination (who met 

our inclusion criteria). 

 

Adequacy of history, 

examination and investigation 

(CT and LP). 

Not applicable. 7/353 (2%) patients were diagnosed 

with SAH; 4 had abnormal 

neurological examination, 3 

presented with ‘first or worst’ 
headache (3/36; 8.3%). 

 

Other secondary headaches identified 

in the full study population were: 1 

intracranial bleed, 8 

cerebral/cerebellar infarct, 3 

meningitis, 18 systemic infection, 28 

‘other’ secondary headache.  280 

Unclear 
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Patient recruitment: 1 

January 2000 – 31 

December 2000. 

patients were diagnosed with primary 

headaches (migraine, tension 

headache, cluster headache or ‘other’ 
primary headache).  The final 

diagnosis was not known for 8 

patients. 

 

1 patient was re-admitted within 3 

months with SAH, it is unclear 

whether this was originally missed or 

new. 

 

4 characteristics were selected as 

predictors of secondary headache: 

age >65 years, temperature >38◦C, 
systolic BP >160 mmHg, presence of 

neck stiffness.  The presence of at 

least one of these features in the 

study population predicted secondary 

headache with a sensitivity of 37.8% 

and a specificity of 82.1%. 

 

Only 1 patient had an adequate 

history recorded and no patient had a 

complete examination recorded. 

Perry, 200557 

 

747 non-traumatic, alert, 

neurologically intact 

(GCS 15) acute headache 

Patient assessment made by 

attending physicians certified 

in emergency medicine or 

CT (3rd generation or 

higher, verified by a 

neuroradiologist), LP 

50/747 (6.7%) patients had SAH. 7 

patients (0.94%) had other serious 

illnesses; 4 CNS neoplasm, 2 other 

Patient selection: 

Low 
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Prospective cohort 

study 

 

Emergency 

departments at 

three university-

affiliated tertiary 

care teaching 

hospitals, Canada 

patients (peaking within 

1 hour) or syncope 

associated with 

headache. 

 

Patient recruitment: 

November 2000 – March 

2003 (appears to be 

patient overlap with 

Perry, 201143). 

supervised residents in an 

emergency medicine training 

program (without the use of a 

clinical decision rule). 

(xanthochromia on visual 

inspection or >5x106/L 

RBCs in the final tube of 

CSF with aneurysm or 

arteriovenous 

malformation seen on 

angiography). 

type of cerebral haemorrhage, 1 

bacterial meningitis. 71.8% were 

diagnosed as having benign headache 

or migraine. 

 

The emergency physicians’ pre-test 

probability that their patient had a 

SAH was assessed using a receiver 

operating characteristic (ROC) curve; 

the area under the ROC curve was 

0.85 (95% CI 0.80 to 0.91) (data 

available for 639 cases).  There were 

3 SAH patients for whom the 

physician pre-test probability was 

≤2%; these patients had 
perimesencephalic bleed (n=1), 

vasculitis with SAH (n=1) and a 

4.5mm right superior hypophyseal 

artery aneurysm (n=1, although 

unclear whether the patient had an 

SAH or a benign headache with an 

incidental aneurysm – CT was 

normal and LP was equivocal).  

Using the pre-test probability of ≥2% 
as the threshold to use diagnostic 

tests for headache patients, the 

sensitivity of clinical suspicion was 

93% (95% CI 81 to 97) and 

specificity was 49% (95% CI 45 to 

53). 

 

Index test: Low 

Reference standard: 

Low 

Flow/timing: Low 
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Physicians reported being 

“uncomfortable” (47.3% cases) or 
“very uncomfortable” (28.1% cases) 
with performing no test in 75.4% of 

cases (data available for 659 cases) 

and being “uncomfortable” (37.6% 
cases) or “very uncomfortable” 
(12.0% cases) with performing LP 

without CT in 49.6% cases (data 

available for 625 cases). 

79.9% patients had a CT scan and 

45.9% had LP; 42.6% had CT and 

LP. 

Backes, 201558 

 

Retrospective 

cohort study  

 

Emergency 

department at one 

university hospital, 

Netherlands 

247 non-traumatic, alert, 

neurologically intact 

(GCS 15) headache 

patients (peaking within 

minutes and lasting ≥1 
hour).  Patients were 

identified from databases 

of SAH patients and 

patients in whom SAH 

was ruled out using CT 

and LP. Diagnostic 

accuracy results were 

presented for 223 

patients, as information 

on neck stiffness was 

missing for 24 patients. 

 

Neurologic examination for 

neck stiffness as a predictor of 

SAH.  The time interval 

between symptom onset and 

neurological examination was 

dichotomised into ≤6 hours 
and 6-72 hours. 

 

 

CT or presence of 

bilirubin at CSF 

absorption 

spectrophotometry. 

114 (46%) patients had SAH; in 2 

patients head CT was negative for 

SAH but CSF tested positive for 

bilirubin and aneurysm was 

confirmed using CT angiogram. 

 

82 patients had neck stiffness at 

neurological examination, although 

this was mild or ambiguous for 18 of 

these patients. 

 

Diagnostic accuracy results 

Neck stiffness (SAH): 

Patient selection: 

Low 

Index test: Low 

Reference standard: 

High 

Flow/timing: High 
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Patient recruitment: 1 

January 2005 – 1 

September 2013 (likely 

patient overlap with 

Backes, 201241). 

Sensitivity: 67.0% (95% CI 57.9 to 

76.1) 

Specificity: 89.2% (95% CI 83.6 to 

94.7) 

Positive predictive value: 84.1% 

(95% CI 74.4 to 91.3) 

Negative predictive value: 75.9% 

(95% CI 68.8 to 82.9) 

Overall accuracy: 78.9% (calculated 

by CRD) 

Prevalence: 46% 

 

Neck stiffness assessed within 6 

hours (SAH): 

Sensitivity: 59.5% (95% CI 47.4 to 

70.7) 

Specificity: 93.1% (95% CI 84.5 to 

97.7) 

Positive predictive value: 89.8% 

(95% CI 77.8 to 96.6) 

Negative predictive value: 69.1% 

(95% CI 58.9 to 78.1) 
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Neck stiffness assessed between 6-

72 hours (SAH): 

Sensitivity: 86.2% (95% CI 68.3 to 

96.1) 

Specificity: 83.3% (95% CI 69.8 to 

92.5) 

Positive predictive value: 75.8% 

(95% CI 57.7 to 88.9) 

Negative predictive value: 90.9% 

(95% CI 78.3 to 97.5) 

 

The presence of neck stiffness at 

neurological examination was more 

strongly predictive of SAH in 

subgroups with other high-risk 

clinical characteristics such as being 

≥40 years old, vomiting and transient 

loss of consciousness. 

Abbreviations: aSAH, aneurysmal subarachnoid haemorrhage; BP, blood pressure; CDU, Clinical Decision Unit; CI, confidence interval; CNS, central 

nervous system; CRD, Centre for Reviews and Dissemination; CSF, cerebrospinal fluid; CT, computed tomography; CTA, computed tomography 

angiography; ED, Emergency Department; GCS, Glasgow Coma Scale; LP, lumbar puncture; MRI, Magnetic resonance imaging; RBC, red blood cell; ROC, 

receiver operating characteristic; SAH, subarachnoid haemorrhage. 
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Supplementary File 3 Quality assessment results  

Cohort/before and after studies assessed using QUADAS-2 (n=28) 

Study Study design 

Risk of bias level of concern Applicability level of concern 

Patient 

selection 

Index test Reference 

standard 

Flow and 

timing 

Patient 

selection 

Index test Reference 

standard 

Perry, 201025 Prospective 

cohort study 

Unclear Low concern Low concern Low concern Low concern Low concern High concern 

Matloob, 201324 Retrospective 

cohort study 

Low concern Unclear Unclear High concern Low concern Unclear Low concern 

MacDonald, 

201223 (abstract) 

Retrospective 

cohort study 

Unclear Unclear Low concern Unclear Unclear Unclear Low concern 

Kelly, 201422 Retrospective 

cohort study 

Low concern High concern Low concern High concern High concern Unclear Low concern 

Perry, 201326 Prospective 

cohort study 

Low concern Low concern Low concern Low concern Low concern Low concern Low concern 

Yiangou, 201727 

(poster) 

Retrospective 

cohort study 

Unclear Unclear Low concern Low concern Low concern Unclear Low concern 

Perry, 201732 Prospective 

cohort study 

Low concern Low concern Low concern Low concern Low concern Low concern Low concern 

Bellolio, 201528 Retrospective 

cohort study 

Unclear  Unclear Unclear Low concern Unclear Unclear Low concern 

Wu, 201934 Retrospective 

cohort study 

Low concern Unclear High concern High concern Unclear Unclear Unclear 

Chu, 201830 Retrospective 

cohort study 

Unclear Unclear Low concern Low concern Unclear Unclear Low concern 

Pathan, 201831 Retrospective 

cohort study 

Low concern Unclear Low concern Unclear Low concern Unclear Low concern 

Cheung, 201829 Retrospective 

cohort study 

Low concern Unclear (Ottawa 

SAH Rule) 

High concern 

(modified Ottawa 

SAH Rule) 

Low concern Low concern Low concern High concern Low concern 

Perry, 202033 Prospective 

before/after 

implementation 

study 

Low concern Low concern Low concern Low concern Low concern Unclear Low concern 
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Study Study design 

Risk of bias level of concern Applicability level of concern 

Patient 

selection 

Index test Reference 

standard 

Flow and 

timing 

Patient 

selection 

Index test Reference 

standard 

Perry, 200839 Prospective 

cohort study 

Low concern Low concern Low concern Low concern Low concern High concern Low concern 

Valle Alonso, 

201840 

Retrospective 

cohort study 

Unclear Low concern Low concern Low concern Low concern Low concern Low concern 

Cooper, 201636 Retrospective 

cohort study 

Low concern Unclear Low concern Unclear Low concern Low concern Low concern 

Blok, 201535 Retrospective 

cohort study 

Low concern Low concern Unclear Unclear High concern 

 

Low concern Low concern 

Khan, 201742 A priori 

planned 

secondary 

analysis of two 

sequential 

prospective 

cohort studies 

Low concern Low concern Low concern Low concern Low concern Low concern High concern 

Perry, 201143 Prospective 

cohort study 

Low concern Low concern Low concern Low concern Low concern Low concern High concern 

Backes, 201241 Retrospective 

cohort study 

Low concern Low concern Low concern Low concern High concern Unclear Low concern 

Austin, 201844 Retrospective 

cohort study 

Unclear High concern 

(index test was 

interpreted on 

inferior screens to 

reference 

standard) 

Unclear Low concern High concern Unclear Unclear 

Perry, 201549 Sub-study of a 

prospective 

cohort study 

Low concern High concern Low concern Unclear High concern High concern High concern 

Dupont, 200846 Retrospective 

cohort study 

Low concern Low concern Low concern Low concern Low concern High concern Low concern 

Gangloff, 201551 Retrospective 

cohort study 

Low concern Low concern Low concern Unclear Unclear Low concern Low concern 

Perry, 200652 Sub-study of a 

prospective 

cohort study 

Low concern Low concern Low concern Low concern High concern High concern High concern 
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Study Study design 

Risk of bias level of concern Applicability level of concern 

Patient 

selection 

Index test Reference 

standard 

Flow and 

timing 

Patient 

selection 

Index test Reference 

standard 

Heiser, 201553 

(presentation) 

Retrospective 

cohort study 

Low concern Unclear Unclear Unclear Unclear Unclear Unclear 

Perry, 200557 Prospective 

cohort study 

Low concern Low concern Low concern Low concern Low concern Unclear Low concern 

Backes, 201558 Retrospective 

cohort study 

Low concern Low concern High concern High concern High concern Unclear 

 

Low concern 

Total 6 prospective 

cohort studies 

18 retrospective 

cohort studies  

1 before/after 

study 

1 secondary 

analysis 

2 sub-studies 

21 low 

concern 

7 unclear  

0 high concern 

15 low concern 

10 unclear  

3 high concern 

21 low concern 

5 unclear  

2 high concern 

17 low concern 

7 unclear  

4 high concern 

 

15 low concern 

6 unclear  

7 high concern 

9 low concern 

14 unclear 

5 high concern 

20 low concern 

3 unclear 

5 high concern 
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Cohort/before and after studies not eligible for QUADAS-2 (n=9) 

Study Study design Clearly 

defined 

inclusion 

criteria 

Representative 

sample* 

Groups 

similar at 

baseline 

Clearly 

described & 

consistent 

delivery of 

intervention* 

Reliable 

and 

consistent 

outcome 

assessment* 

Blinded 

outcome 

assessment 

Outcome data 

complete/attrition 

low* 

Adequate 

follow-up 

duration* 

Overall 

judgement of 

risk of bias+ 

Perry, 200238 Retrospective 

cohort study 

Yes Yes N/A Unclear Unclear N/A Yes Yes Unclear 

Dutto, 200937 Before and 

after study 

Yes Yes Yes Yes Unclear N/A Yes Yes Unclear 

Migdal, 201548 Retrospective 

cohort study 

Yes Yes N/A Yes Yes N/A Yes Unclear Unclear 

Sansom, 201450 

(poster) 

Retrospective 

cohort study 

Unclear Yes N/A Unclear Unclear N/A No Unclear High 

Horstman, 

201247 

Retrospective 

cohort study 

Yes Yes N/A Yes Yes N/A Yes Yes Low 

Brunell, 201345 Retrospective 

cohort study 

Yes Yes N/A Yes Yes N/A Yes Yes Low 

Alons, 201554 Retrospective 

cohort study 

Yes Yes N/A Yes Yes N/A Yes Unclear Unclear 

Alons, 201855 Retrospective 

cohort study 

No Unclear N/A Yes Yes N/A Yes Unclear Unclear 

Locker, 200456 Retrospective 

cohort study 

Yes Yes N/A Unclear Yes N/A Yes Yes Unclear 

* Key domains. 

+ Each study was given an overall risk of bias judgement; studies that had a low risk of bias for all key domains were judged to have a low overall risk of bias, studies that 

had a high risk of bias for one or more key domains were judged to have a high overall risk of bias, and studies that had an unclear risk of bias (and no high risk of bias) for 

one or more key domains were judged to have an unclear overall risk of bias.  

Abbreviations: N/A, not applicable. 
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