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I nvestigation of the neurologically intact (ie, no neuro-
logic deficits) patient with headache is a potentially diffi-
cult clinical decision for physicians. Headache accounts for

approximately 2% of all emergency department visits, and sub-
arachnoid hemorrhage is one of the most serious diagnoses,
accounting for only 1% to 3% of these headaches.1-4 Although
the decision to evaluate patients with new neurologic defi-
cits is relatively straightforward, it is much more difficult to
determine which alert, neurologically intact patients who pre-
sent with headache alone require investigations—yet such pa-
tients account for half of all subarachnoid hemorrhages at ini-
tial presentation.5 This diagnostic dilemma is illustrated by the
report that 5.4% of confirmed subarachnoid hemorrhages were

misdiagnosed during the patients’ initial emergency depart-
ment assessment.6

Patients suspected of having subarachnoid hemorrhage are
typically evaluated with an unenhanced computed tomogra-
phy (CT) scan followed by a lumbar puncture if results of the
CT scan are negative. Computed tomography is highly sensi-
tive when performed soon after headache onset.7 Lumbar
puncture can be a painful procedure and can result in a head-
ache that may be worse than the original headache.8

A clinical decision rule is derived from original research
and is defined as a decision-making tool that incorporates 3
or more variables from the history, examination, or simple
tests.9-12 These rules help clinicians with diagnostic or thera-

IMPORTANCE Three clinical decision rules were previously derived to identify patients with
headache requiring investigations to rule out subarachnoid hemorrhage.

OBJECTIVE To assess the accuracy, reliability, acceptability, and potential refinement (ie, to
improve sensitivity or specificity) of these rules in a new cohort of patients with headache.

DESIGN, SETTING, AND PATIENTS Multicenter cohort study conducted at 10 university-affiliated
Canadian tertiary care emergency departments from April 2006 to July 2010. Enrolled patients
were 2131 adults with a headache peaking within 1 hour and no neurologic deficits. Physicians
completed data forms after assessing eligible patients prior to investigations.

MAIN OUTCOMES AND MEASURES Subarachnoid hemorrhage, defined as (1) subarachnoid
blood on computed tomography scan; (2) xanthochromia in cerebrospinal fluid; or (3) red
blood cells in the final tube of cerebrospinal fluid, with positive angiography findings.

RESULTS Of the 2131 enrolled patients, 132 (6.2%) had subarachnoid hemorrhage. The
decision rule including any of age 40 years or older, neck pain or stiffness, witnessed loss of
consciousness, or onset during exertion had 98.5% (95% CI, 94.6%-99.6%) sensitivity and
27.5% (95% CI, 25.6%-29.5%) specificity for subarachnoid hemorrhage. Adding “thunderclap
headache” (ie, instantly peaking pain) and “limited neck flexion on examination” resulted in
the Ottawa SAH Rule, with 100% (95% CI, 97.2%-100.0%) sensitivity and 15.3% (95% CI,
13.8%-16.9%) specificity.

CONCLUSIONS AND RELEVANCE Among patients presenting to the emergency department
with acute nontraumatic headache that reached maximal intensity within 1 hour and who had
normal neurologic examination findings, the Ottawa SAH Rule was highly sensitive for
identifying subarachnoid hemorrhage. These findings apply only to patients with these
specific clinical characteristics and require additional evaluation in implementation studies
before the rule is applied in routine clinical care.
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peutic decisions at the bedside. Three clinical decision rules,
each containing 4 clinical variables, had been prospectively de-
rived in a previous separate cohort of 1999 patients with head-
ache to determine which patients require investigation for sub-
arachnoid hemorrhage.13

The objectives of this study were to prospectively assess
the accuracy, reliability, clinical acceptability, potential for rule
refinement, and potential effect of these 3 candidate rules in
a new cohort of neurologically intact patients with acute head-
ache. Prospective validation of a clinical decision rule is opti-
mally done prior to its use for patient care.9-12

Methods
Study Population
This prospective multicenter cohort study was conducted in
the emergency departments of 10 university-affiliated urban
Canadian tertiary care teaching hospitals from April 2006 to
July 2010. These hospitals included 4 of the 6 tertiary care cen-
ters that participated in the previous derivation study and 6
new sites.13 Consecutive adult patients (defined as patients 16
years or older) whose chief reason for visiting the emergency
department was a nontraumatic headache that reached maxi-
mal intensity within 1 hour were considered for enrollment.
We enrolled patients who had a Glasgow Coma Scale score of
15 of 15 (ie, alert and oriented), had not sustained a fall or di-
rect head trauma in the previous 7 days, and who had pre-
sented within 14 days of headache onset.14

Patients were ineligible if they had a history of 3 or more
recurrent headaches of the same character and intensity as the
presenting headache over a period greater than 6 months (ie,
established recurrent headache syndromes); were referred
from another hospital with a confirmed subarachnoid hem-
orrhage; returned for reassessment of the same headache if al-
ready investigated with both CT and lumbar puncture; had pap-
illedema on fundoscopic examination (as determined by the
treating physician); had new focal neurologic deficits (eg, iso-
lated cranial nerve palsies, limb weakness); or had a previous
diagnosis of cerebral aneurysm, subarachnoid hemorrhage,
brain neoplasm, or hydrocephalus. The research ethics board
at each participating center approved the study without the
need for written consent. Participants were informed that they
might be contacted by telephone for follow-up, and verbal con-
sent was obtained from such patients at the time of tele-
phone contact.

Assessments
All patient assessments were made by attending physicians cer-
tified in emergency medicine or emergency medicine resi-
dents supervised by staff physicians. Physicians were ori-
ented to the study and the standardized assessment by means
of a formal 1-hour teaching presentation. After assessing pa-
tients, but before ordering imaging or cerebrospinal fluid analy-
sis, physicians were instructed to record 19 clinical findings on
data forms (these were variables either found to be signifi-
cant in the previous derivation study or felt to be possibly clini-
cally important for potential rule refinement). To assess sen-

sibility, physicians answered 2 questions related to
interpretation and use of each of the 3 proposed “SAH (sub-
arachnoid hemorrhage) Rules”: (1) Are investigations indi-
cated for this patient according to the decision rule? (Yes/
No); and (2) How comfortable would you be in actually using
the rule for this patient? (5-point scale from “very comfort-
able” to “very uncomfortable”).

When feasible (ie, a second physician on duty was able to
take the time to conduct a second assessment), some pa-
tients were assessed independently by a second physician to
measure interobserver agreement. We trained study nurses at
each site, by means of a full-day orientation and ongoing
monthly feedback from the central study coordinator, to col-
lect data forms, verify data, confirm eligibility, and perform
telephone follow-up at 1 and 6 months when necessary. Study
nurses also reviewed all emergency department visits to iden-
tify any missed patients. If patients with headache were not
clearly excluded by the eligibility criteria, they were deemed
to be “missed potentially eligible.” Information including age,
sex, arrival by ambulance, CT, lumbar puncture, and diagno-
sis of subarachnoid hemorrhage was recorded on a standard-
ized “missed potentially eligible” data collection form. Data
were reviewed again centrally by a trained study nurse coor-
dinator who had participated in the previous derivation study.

Outcome Measures
The primary outcome, subarachnoid hemorrhage, was de-
fined by any 1 of the following: subarachnoid blood on unen-
hanced CT of the head; xanthochromia in the cerebrospinal
fluid; or red blood cells (>1 × 106/L) in the final tube of cere-
brospinal fluid, with an aneurysm or arteriovenous malfor-
mation on cerebral angiography. This outcome was estab-
lished a priori by consensus of 5 emergency physicians and 1
neurosurgeon.15

Patients underwent evaluation with nonenhanced CT
scans, lumbar puncture, or both, with cerebrospinal fluid analy-
sis according to the judgment of the treating physician. Phy-
sicians were instructed not to alter their practice according to
the proposed rules. Computed tomography scans were inter-
preted by staff radiologists provided with routine clinical in-
formation but with not the contents of the data collection
forms. Radiologists provided a final radiology report follow-
ing the scan. Lumbar punctures were performed by the treat-
ing physicians, with the laboratory technicians assessing the
cerebrospinal fluid for the presence of red blood cells or xan-
thochromia as determined by visual inspection.15-18

We could not require all patients to undergo CT and lum-
bar puncture, given that practice at the study sites indicated
only 80% of eligible patients underwent CT and about 45% un-
derwent lumbar puncture with cerebrospinal fluid analysis.13

Therefore, patients discharged without both CT imaging and
normal lumbar puncture findings (or without both CT imaging
and lumbar puncture performed) were evaluated using our
Proxy Outcome Assessment Tool. This assessment tool in-
cluded a structured telephone interview at 1 month and 6
months after emergency department assessment as well as a
medical records review to identify any patients who devel-
oped a subsequent subarachnoid hemorrhage. The tele-
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phone call assessed repeat physician visits, change in diagno-
sis, and subsequent testing with CT, lumbar puncture,
angiography, or magnetic resonance imaging. We internally
validated our follow-up tool to identify subarachnoid hemor-
rhage during our previous phase 1 derivation study.13 For pa-
tients without telephone follow-up or subsequent hospital en-
counters at the enrolling site, records from the provincial
coroner’s office, when available, were further checked to iden-
tify any deaths compatible with subarachnoid hemorrhage.
Patients found to have a subsequent subarachnoid hemor-
rhage within the following 6 months were classified as posi-
tive for events for the enrolling visit, with all others classified
as negative.

Statistical Analysis
We assessed the 3 candidate rules (Box 1) for their sensitivity
and specificity, including 95% CIs, for classifying patients ac-
cording to whether they had a subarachnoid hemorrhage. In-
terobserver agreement for each variable and each of the rules
as a whole was measured using the κ coefficient. Univariate
analysis used a 2-sided t test for continuous variables and the
Pearson χ2 test for categorical variables. Potential refinement
of the rules was assessed using multivariate recursive parti-
tioning analysis. The estimated sensitivity, specificity, and C
statistic for subarachnoid hemorrhage, including 95% CIs, were
calculated for the refined rule. We estimated that the re-
quired sensitivity needs to be close to 100% to be clinically ac-
ceptable. It was determined therefore that we estimated a 100%
sensitivity with 95% confidence bands of 97%-100%. Given a
prevalence of 6.5% in our previous derivation study, we esti-
mated a sample size of 2000 patients with headache, includ-
ing 120 with subarachnoid hemorrhage. This would provide a
sufficient number of cases to yield the required precision (ie,
95% confidence bands of 97%-100%) of the estimated sensi-
tivity of each rule. Descriptive statistics describing physi-
cians’ theoretical comfort using the rules were calculated.

We conducted a post hoc bootstrapping analysis of 1000
iterations to determine the internal stability of the refined Ot-
tawa SAH Rule using our previous derivation cohort (N = 1999).
In addition, the sensitivity and specificity were calculated when
combining the previous derivation cohort to this present new
validation cohort of patients with acute headache. The deri-
vation cohort collected presence of neck stiffness on exami-
nation and time from onset to peak headache as variables. A
time of 1 second or less was used to indicate a thunderclap
headache because an explicit variable called “thunderclap
headache” was not contained in the derivation cohort. Analy-
ses were performed using SAS version 9.2 (SAS Institute Inc).

Results
Sites enrolled patients for variable periods from April 2006 to
July 2010. The combined average annual census for all sites was
510 000 visits with more than 210 staff physicians. In this study,
we enrolled 2131 of 2736 potentially eligible patients (77.9%)
(mean age, 44.1 years; women, 1290 [60.5%]; arrived by am-
bulance, 559 [26.2%]; CT scan obtained, 1767 [82.9%]; lumbar
puncture performed, 833 [39.1%]; subarachnoid hemor-
rhage, 132 [6.2%]). An additional 605 patients (22.1%) were
deemed “missed potentially eligible” (Figure, Table 1). Thirty-
five patients (1.6%) without both normal CT and cerebrospi-
nal fluid findings required follow-up; we could not contact
these patients by telephone or find evidence that there was sub-
sequent hospital follow-up without evidence of a subarach-
noid hemorrhage. None of these patients were seen at their re-
gional neurosurgical center or were identified as dead by the
provincial coroner’s office. Sixty patients (2.8%) underwent in-
dependent assessment by 2 physicians to assess interob-
server agreement.

Table 1 reports the characteristics of the enrolled pa-
tients, including 132 (6.2%) with subarachnoid hemorrhages.
The characteristics of the missed potentially eligible patients
were very similar to those of enrolled patients (mean age, 46.0
years; women, 345 [57.0%]; arrived by ambulance, 173 [28.6%];
CT scan obtained, 503 [83.1%]; lumbar puncture performed,
227 [37.5%]; subarachnoid hemorrhage, 33 [5.5%]). Assess-
ments were conducted by staff physicians in 92.7% of en-
rolled patients.

Table 2 reports the univariate and κ analysis. Patients with
subarachnoid hemorrhage were older and had more rapid peak-
ing headaches, onset during exertion, loss of consciousness,
neck pain or stiffness, and vomiting; they also more fre-
quently arrived by ambulance and reported experiencing the
worst headache of their lives (although this is also commonly
reported by patients with benign headaches). Examinations of
these patients revealed an elevated blood pressure and
limited neck flexion. All of these variables had κ statistics
demonstrating moderate (0.40-0.60) to substantial (>0.60)
agreement.

The accuracy of the 3 rules is compared in Table 3. The sen-
sitivities were 98.5% (95% CI, 94.6%-99.6%) for rule 1, 95.5%
(95% CI, 90.4%-97.9%) for rule 2, and 97.0% (95% CI, 92.5%-
98.8%) for rule 3. The specificities were 27.6% (95% CI, 25.7%-

Box 1. Variables Included in Each of the 3 Proposed Rules

Rule 1
Investigate if �1 high-risk findings present:

1. Age �40 y
2. Neck pain or stiffness
3. Witnessed loss of consciousness
4. Onset during exertion

Rule 2
Investigate if �1 high-risk findings present:

1. Age �45 y
2. Arrival by ambulance
3. Vomiting (�1 episodes)
4. Diastolic blood pressure �100 mm Hg

Rule 3
Investigate if �1 high-risk findings present:

1. Age 45-55 y
2. Neck pain or stiffness
3. Arrival by ambulance
4. Systolic blood pressure �160 mm Hg
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29.6%) for rule 1, 30.6% (95% CI, 28.6%-32.6%) for rule 2, and
35.6% (95% CI, 33.6%-37.7%) for rule 3. The κ value for interob-
server agreement in the interpretation of the overall rules in
60 cases was 0.86 (95% CI, 0.70-1.0) for rule 1, 0.96 (95% CI,
0.89-1.0) for rule 2, and 0.79 (95% CI, 0.62-0.96) for rule 3. A
value greater than 0.60 is generally considered to indicate sub-
stantial interobserver agreement.19

We refined the rules following additional recursive parti-
tioning analysis, which found that the best model to predict
all cases of subarachnoid hemorrhage retained all of the vari-
ables in rule 1 plus included the variables “thunderclap head-
ache” (defined as instantly peaking pain) and limited neck flex-
ion on examination (defined as inability to touch chin to chest
or raise the head 8 cm off the bed if supine), resulting in a sen-
sitivity of 100% (95% CI, 97.2%-100.0%), specificity of 15.3%
(95% CI, 13.8%-16.9%), and C statistic of 0.60 (95% CI, 0.59-
0.61). We designated this refined rule the Ottawa SAH Rule (Box
2). Our bootstrap analysis (1000 replications) for the Ottawa
SAH Rule using the previous phase 1 derivation data set had a
sensitivity of 100% (95% CI, 100%-100%) and a specificity of
20.6% (95% CI, 20.5%-20.6%). When the patients in the new
validation cohort were combined with those in the previous
derivation cohort (N = 4130), the sensitivity for subarachnoid
hemorrhage was 100% (95% CI, 98.6%-100%) and the speci-
ficity was 17.8% (95% CI, 16.6%-19.1%).

Table 4 reports the characteristics of patients with subarach-
noid hemorrhage who were not identified by 1 (or more) of the
candidate decision rules. No patient with subarachnoid hemor-
rhage was missed by all 3 rules. Rule 1 missed 2 cases of subarach-
noid hemorrhage. One patient had a nonaneurysmal subarach-
noid hemorrhage 6 days after a planned cesarean delivery and
had a good outcome without hospitalization or surgical interven-
tion. A CT scan performed on this patient’s initial visit demon-
strated a small subarachnoid hemorrhage in the frontal sulcus.
The patient was assessed by a neurosurgeon, who performed a
CT angiogram (the findings of which were normal) and then dis-

charged the patient home from the emergency department. This
patient returned 3 days later with another headache, at which
time a repeat CT scan also revealed normal findings; the patient

Figure. Study Flow
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1999 Subarachnoid hemorrhage
not present
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assumed not present)

132 Subarachnoid hemorrhage
present

2131 Enrolled

605 Excluded (missed potentially
eligible)

2736 Patients eligible

Assessment for subarachnoid hemorrhage
539 Actual

1592 Proxy outcome assessment

Table 1. Characteristics of Enrolled Patients (N=2131)

Characteristics Patients, No. (%)
Age, mean (SD) [range] 44.1 (17.1) [15-97]

Women 1290 (60.5)

Arrived by ambulance 559 (26.2)

Time from onset to peak, mean (IQR), s 60 (1-600)

Pain severity at peak (scale, 0-10), mean (SD) 8.7 (1.7)

Onset during exertion 230 (10.8)

Onset during sexual activity 136 (6.4)

Headache awoke patient from sleep 361 (16.9)

Thunderclap headache (ie, instantly peaking pain) 1138 (53.4)

Reported worst headache of life 1600 (75.1)

Loss of consciousness 120 (5.6)

Witnessed 79 (3.7)

Neck pain or stiffness 731 (34.3)

Vomiting 614 (28.8)

Limited flexion on examination 93 (4.4)

Heart rate, mean (SD), beats/min 79.9 (15.6)

Blood pressure, mm Hg

Systolic 141.4 (23.3)

Diastolic 82.5 (13.7)

Diagnostic procedures and dispositiona

CT 1767 (82.9)

Lumbar puncture 833 (39.1)

CT or lumbar puncture 1793 (84.1)

Both CT and lumbar puncture 807 (37.9)

Neither CT nor lumbar puncture 338 (15.9)

Cerebral angiogram performedb 321 (15.1)

Admitted to hospital 188 (8.8)

Final diagnosis

Benign headache 1229 (57.7)

Migraine headache 383 (18.0)

Other benign causec 173 (8.1)

Subarachnoid hemorrhage 132 (6.2)

Viral illness 63 (3.0)

Postcoital headache 39 (1.8)

Ischemic stroke or transient ischemic attack 35 (1.6)

Sinusitis 28 (1.3)

Vasovagal syncope 20 (0.9)

Neck strain 10 (0.5)

Intracerebral hemorrhage 7 (0.3)

Subdural hematoma 6 (0.3)

Brain tumor 4 (0.2)

Bacterial meningitis 2 (0.1)

Abbreviations: CT, computed tomography; interquartile range.
a Patients discharged without both CT imaging and normal lumbar puncture

findings (or without both CT imaging and lumbar puncture performed) were
evaluated using the Proxy Outcome Assessment Tool.

b Computed tomography angiography, magnetic resonance angiography, or
digital subtraction cerebral angiography.

c None of the diagnoses in this category were clinically worrisome for morbidity
or mortality.
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did well subsequently. A second patient had an aneurysm vis-
ible on plain CT, without evidence of blood, 1 day following the
sudden onset of severe headache. This patient was transferred
to the neurosurgical center, where her condition suddenly de-
teriorated; a repeat CT san revealed a subarachnoid hemorrhage.

The aneurysm was treated with intra-arterial coil placement and
the patient has done well since, except for some mild unilateral
arm weakness. Rule 2 missed 6 patients, 3 of whom required a
surgical intervention for aneurysm; rule 3 missed 4 patients, 3
of whom required an intervention for an aneurysm.

Table 2. Interobserver Agreement and Univariate Correlation of Variables for Subarachnoid Hemorrhage

Characteristic

Subarachnoid Hemorrhage, No.
(%)

P
Value

κ
(n = 60)

No
(n = 1999)

Yes
(n = 132)

From history

Age, mean (SD) 43.6 (17.1) 52.6 (13.6) <.001 NA

Women 60.7 58.3 .59 NA

Arrived by ambulance 23.9 61.4 <.001 NA

Time from onset to peak, mean (IQR), s 60 (1-600) 10 (1-80) .002 0.64a

Pain severity at peak (scale, 0-10), mean (SD) 8.7 (1.7) 9.5 (1.1) <.001 0.63a

Onset during exertion 10.3 19.2 .002 0.63

Onset during sexual activity 6.2 9.8 .10 0.93

Headache awoke patient from sleep 17.4 12.1 .12 0.77

Thunderclap headache (ie, instantly peaking pain) 54.7 82.4 <.001 0.49

Reported worst headache of life 75.6 99.2 <.001 0.64

Loss of consciousness 5.3 10.6 .01 0.82

Witnessed 3.6 5.3 .32 1.0

Neck pain or stiffness 31.6 76.5 <.001 0.55

Vomiting 26.4 65.9 <.001 0.79

Able to walk since headache started 90.1 76.6 <.001 0.66

Emergency department transfer 8.1 16.7 .001 NA

From physical examination

Limited flexion 3.2 28.3 <.001 0.44

Heart rate, mean (SD), beats/min 80.2 (15.7) 76.2 (14.0) .004 NA

Blood pressure, mm Hg

Systolic 140.7 (23.0) 152.1 (25.6) <.001 NA

Diastolic 82.3 (13.6) 85.7 (15.2) .005 NA

Temperature, mean (SD), °C 36.5 (0.65) 36.4 (0.79) .04 NA

CT obtained 1635 (81.8) 132 (100) <.001 NA

Lumbar puncture performed 810 (40.6) 22 (16.7) <.001 NA

Abbreviations: CT, computed
tomography; IQR, interquartile range;
NA, not applicable.
a Spearman interclass correlation

coefficient.

Table 3. Sensitivity, Specificity, and Negative Predictive Value of the Original Derived Rules and the Ottawa SAH Rule for Subarachnoid Hemorrhage

Result of Assessment

Rule

1 2 3 Ottawa SAH
Positive, No.

SAH 130 126 128 132

No SAH 1447 1287 1388 1694

Negative, No.

SAH 2 6 4 0

No SAH 552 712 611 305

Sensitivity, % 98.5 (94.6-99.6) 95.5 (90.4-97.9) 97.0 (92.5-98.8) 100.0 (97.2-100.0)

Specificity, % 27.6 (25.7-29.6) 30.6 (28.6-32.6) 35.6 (33.6-37.7) 15.3 (13.8-16.9)

Negative predictive value, % 99.6 99.0 99.4 100.0

Interobserver agreement, κ (95% CI) 0.86 (0.70-1.0) 0.96 (0.89-1.0) 0.79 (0.62-0.96)

Likelihood ratio (95% CI)

Positive 1.36 (1.31-1.40) 1.48 (1.41-1.55) 1.39 (1.33-1.45) 1.17 (1.15-1.20)

Negative 0.054 (0.013-0.21) 0.127 (0.058-0.27) 0.099 (0.037-0.26) 0.024 (0.001-0.39)

Abbreviation: SAH, subarachnoid hemorrhage.
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We assessed clinical acceptability in 2 ways. Treating phy-
sicians indicated their level of comfort in applying and rely-
ing on the results of the rule using a 5-point Likert scale, the
values of which ranged from “very uncomfortable” to “very
comfortable.” This comfort was indicated prior to investigat-
ing patients. Physicians were “uncomfortable” or “very un-
comfortable” using the rules in 18.2% of patients for rule 1,
23.7% for rule 2, and 23.6% for rule 3. The accuracy of physi-
cians’ interpretations of the 3 rules was assessed vs the crite-
rion assessment of the standardized coordinating center as-
sessment. Physicians misinterpreted the clinical decision rule
as not requiring investigation in 4.7% of patients using rule 1
(theoretically, this could have led to 1 missed subarachnoid
hemorrhage), in 6.0% of patients using rule 2 (no subarach-
noid hemorrhages), and in 4.6% of patients using rule 3 (in-
cluding 1 subarachnoid hemorrhage).The most frequently mis-
interpreted variables were neck pain or stiffness for rules 1 and
3 and arrival by ambulance for rule 2.

The potential influence on clinical practice of applying
these rules was assessed vs actual clinical practice. The base-
line rate of investigation (CT, lumbar puncture, or both) in this
cohort was 84.3%. Rule 1 would have decreased this investi-
gation rate to 74.0%, vs 71.0% for rule 2 and 66.4% for rule 3.
The proposed Ottawa SAH Rule would have an investigation
rate of 85.7%.

Discussion
In this validation study of clinical decision rules for patients
with acute headache, we found our previous rule 1 was highly
sensitive for identifying subarachnoid hemorrhage, identify-
ing 130 of 132 cases. If the results of the previous derivation
and this current validation study were combined, this rule
would identify 260 of 262 subarachnoid hemorrhages, with
only 1 patient not identified by this rule undergoing an inter-
vention (the other subarachnoid hemorrhage did not require
any intervention). This corresponds to an overall sensitivity
of 99.2% (95% CI, 97.3%-99.8%) and specificity of 99.6% (95%
CI, 97.9%-99.9%) for subarachnoid hemorrhages undergoing
neurologic intervention. Following this rule would decrease

the investigation rate to 74.0% from the current investigation
rate of 84.1%. While this rule will be acceptable in many prac-
tice settings, we further refined the rule to create the Ottawa
SAH Rule, which achieved 100% sensitivity. Although aiming
for near-perfect sensitivity may lead to fewer missed cases, the
trade-off is loss of specificity, increased testing, and in-
creased associated costs. This also translates into a lower C sta-
tistic by sacrificing specificity for a highly sensitive rule. This
rule may help to standardize which patients with acute head-
ache require investigations and may provide evidence for phy-
sicians to use in deciding which patients require imaging to de-
crease the relatively high rate of missed subarachnoid
hemorrhages.6

Overall, the sensitivity of each rule is higher than current
practice, where it has been estimated that the diagnosis is
missed on first visit in at least 5% of patients with subarach-
noid hemorrhage.6 Although emergency physicians have re-
ported that a rule with 99% sensitivity is acceptable, we sus-
pect that the point estimate of 100% for the Ottawa SAH Rule
might have greater clinical acceptance than a rule with lower
sensitivity.20 The Ottawa SAH Rule does not lead to a reduc-
tion of testing (ie, CT, lumbar puncture, or both) vs current prac-
tice; however, it may help to standardize which patients with
acute headache require investigations, and its widespread use
could help decrease missed subarachnoid hemorrhages.

Box 2. The Ottawa SAH Rule

For alert patients older than 15 y with new severe nontraumatic head-
ache reaching maximum intensity within 1 h

Not for patients with new neurologic deficits, previous aneurysms,
SAH, brain tumors, or history of recurrent headaches (�3 episodes
over the course of �6 mo)

Investigate if �1 high-risk variables present:
1. Age �40 y
2. Neck pain or stiffness
3. Witnessed loss of consciousness
4. Onset during exertion
5. Thunderclap headache (instantly peaking pain)
6. Limited neck flexion on examination

SAH indicates subarachnoid hemorrhage.

Table 4. Characteristics of Patients Not Identified by 1 or More Clinical Decision Rules (n=11)

Age Sex

Rule

Diagnosis Admitted Aneurysm Surgical Intervention1 2 3
30 Female Missed Missed Identified Aneurysm Yes Yes Intra-arterial coil

30 Female Missed Identified Identified Nonaneurysmal No No No

43 Male Identified Missed Identified Aneurysm Yes Yes Intra-arterial coil

40 Female Identified Identified Missed Aneurysm Yes Yes Intra-arterial coil

29 Male Identified Missed Identified False positive No No No

76 Male Identified Identified Missed Meningioma Yes No Yes for meningioma

61 Female Identified Identified Missed Aneurysm Yes Yes Intra-arterial coil

69 Male Identified Identified Missed Aneurysm Yes Yes Clipping

43 Male Identified Missed Identified Nonaneurysmal Yes No No

39 Female Identified Missed Identified Aneurismal Yes Yes Clipping

38 Female Identified Missed Identified Perimesencephalic Yes No No
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A total of 54 patients enrolled in this study had serious con-
ditions other than subarachnoid hemorrhage (subdural or in-
tracerebral hemorrhages, meningitis, tumor, ischemia). All but
4 of these serious diagnoses (1 ischemic stroke, 1 meningitis,
2 tumors) were in the high-risk classification. It was clear from
the medical records that the treating physicians were con-
cerned about the possibility of other pathology. Given the
heterogeneity of headache, it is impractical to generate a single
clinical decision rule for all causes of headache. In general, most
other causes of serious headache have other clinical clues (eg,
fever or transient or persistent neurologic deficits) to help guide
investigations for other significant pathology. Although the Ot-
tawa SAH Rule should identify most of these other serious di-
agnoses, patients considered as possibly having these other di-
agnoses should be investigated appropriately.

This prospective validation study was designed and con-
ducted according to the strict methodological standards for de-
velopment of clinical decision rules.9-12 The outcome, sub-
arachnoid hemorrhage, was carefully defined and is of great
clinical importance. Patients were selected according to strict
eligibility criteria rather than on the subjective basis of whether
they were evaluated using CT or lumbar puncture. In addi-
tion to accuracy, other important measures were evaluated,
including interobserver agreement, clinical acceptability, and
potential effect on clinical practice.

Limitations
We acknowledge some potential limitations to this study. The
inclusion criteria allowed for patients with non–thunderclap
headaches to be enrolled by specifying a time of up to 1 hour
from headache onset to peak intensity. Although this may have
diluted the acuity, we note that the reported time to peak head-
ache intensity was 1 hour in 6 patients with subarachnoid hem-
orrhage. This assessment criterion depended on patients’ abil-
ity to accurately recollect the time interval from headache onset
to peak intensity, and thus may be imprecise. In addition, we
excluded patients with a history of 3 or more similar head-
aches (same intensity and character) in the past, over a time
frame of greater than 6 months. This was intended to elimi-
nate patients with chronic recurrent headaches, and these de-
cision rules should not be applied to such patients. We recog-
nize that physicians may overlook exclusion criteria when
applying any decision rule and emphasize that such extrapo-
lation is not evidence based. Headaches different from the pa-
tient’s usual headache pattern likely need investigation and
could represent a different etiology.21

Another potential limitation of this study was the lack of
an established gold standard definition for subarachnoid hem-
orrhage. Given that some patients with small nonaneurysmal
subarachnoid hemorrhage may be sent home, it may be worth
restricting the diagnosis to patients with subarachnoid hem-

orrhage who require interventions. However, at present, we
believe that our composite outcome is the optimal definition
available.22 Physicians also may not apply the rule correctly.
Although this was the case for approximately 4% to 6% of the
patients in this study, including very few with subarachnoid
hemorrhage, it is possible that incorrect application of the de-
cision rule may be more frequent with the addition of more
variables in the Ottawa SAH Rule.

The Ottawa SAH Rule is also only for identifying patients
with SAH; it is not an acute headache rule. As such, clinicians
considering other diagnoses need to evaluate these as they
would prior to the development of this rule. In particular, a pa-
tient who has a headache associated with an isolated cranial
nerve palsy needs to be evaluated with angiography for an an-
eurysm that has increased in size and may be at risk for im-
minent rupture.21,23

Clinical and Research Implications
The Ottawa SAH Rule is a clinical decision rule that may help
to standardize the investigation of acute headache among pa-
tients suspected of having subarachnoid hemorrhage with-
out significantly changing current investigation rates. Pa-
tients at ultra-high risk (ie, those with >50% clinical pretest
probability for subarachnoid hemorrhage) still warrant test-
ing with CT, lumbar puncture, or both, given that they would
have a posttest probability of greater than 1% for subarach-
noid hemorrhage. This may include patients with strong fam-
ily history or strong risk factors such as adult-onset polycys-
tic kidney disease, although it is highly likely that these patients
will have 1 or more of the high-risk features of the Ottawa SAH
Rule.

The ultimate assessment of any clinical decision rule is as-
sessing the benefits of implementation of the rule. Hence, an
implementation study is the next step required to determine
how the Ottawa SAH Rule performs in clinical practice, as-
sess the actual effects on patient care and patient outcomes,
and conduct a formal health economic analysis. Additional
study could assess the relative benefits in rural vs urban
settings.

Conclusions
Among patients presenting to the emergency department with
acute nontraumatic headache that reached maximal inten-
sity within 1 hour and who had normal neurologic examina-
tion findings, the Ottawa SAH Rule was highly sensitive for
identifying subarachnoid hemorrhage. These findings only ap-
ply to patients with these specific clinical characteristics and
require additional evaluation in implementation studies be-
fore the rule is applied in routine emergency clinical care.
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