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ABSTRACT

®

BACKGROUND: We previously derived the
Ottawa Subarachnoid Hemorrhage Rule to
identify subarachnoid hemorrhage (SAH) in
patients with acute headache. Our objec-
tive was to validate the rule in a new cohort
of consecutive patients who visited an
emergency department.

METHODS: We conducted a_

at 6 university-

affiliated tertiary-care hospital emergency
departments in from January
. We included alert,

neurologically intact adult patients with a

before investigations were started. We
defined subarachnoid hemorrhage as
detection of any of the following: subarach-
noid blood visible upon computed tomog-
raphy of the head (from the final report by
the local radiologist); xanthochromia in the
cerebrospinal fluid (by visual inspection);
or the presence of erythrocytes (> 1 x 10°/L)
in the final tube of cerebrospinal fluid, with
an aneurysm or arteriovenous malforma-
tion visible upon cerebral angiography. We
calculated sensitivity and specificity of the
Ottawa SAH Rule for detecting or ruling out
subarachnoid hemorrhage.

patients, including . with subarach-
noid hemorrhage. The Ottawa SAH Rule
had 100% sensitivity (95% confidence
interval [CI] *) with a speci-
ficity of 13.6% (95% CIl 13.1%-15.8%),

whereas neuroimaging rates remained
similar (GBOUEBIOR)-

INTERPRETATION: We found that the
Ottawa SAH Rule was sensitive for identi-
fying subarachnoid hemorrhage in other-
wise alert and neurologically intact
patients. We believe that the Ottawa SAH
Rule can be used to rule out this serious

headache peaking within 1 hour of onset.
Treating physicians in the emergency
department the rule

ubarachnoid hemorrhage is one of the most serious
causes of sudden headache, yet it accounts for only 1%-
3% of headaches.*** Although the decision to order neu-
roimaging in a patient with decreased level of consciousness or
new neurologic deficits is relatively obvious, half of all patients
with subarachnoid hemorrhage are alert and neurologically
intact at first presentation.® Making a decison to send these
patients for imaging tests is difficult, because timely diagnosis
and treatment result in substantially better outcomes if sub-
arachnoid hemorrhage is the cause of the headache.
However, the desire never to miss a subarachnoid hemorrhage

contributes to escalating rates of neuroimaging and a-
I 1 o et is negaive

despite the very high sensitivity of computed tomography (CT).57
However, a population-based study involving patients admitted to
hospital through emergency departments in Ontario with a most

hysicians enrolled

RESULTS: Treatin
1153 of 1743 (GEI90) GTEREIASHER

diagnosis, thereby decreasing the num-
ber of cases missed while constraining
rates of neuroimaging.

responsible diagnosis of nontraumatic subarachnoid hemorrhage

found that over
8

Therefore, identifying which patients with headache require inves-
tigations to rule out this catastrophic diagnosis, and which do not,
is a critical decision in emergency medicine.

We previously derived (n = 1999)° and refined (n = 2131)% the
Ottawa Subarachnoid Hemorrhage (SAH) Rule (Figure 1) using
2 successive prospective cohorts of patients with headache who
visited the emergency department. Clinical decision rules require
prospective validation in a new patient cohort before their imple-
mentation and use in routine patient care.!*** In this study, we
assessed the accuracy, clinical acceptability and potential effect
on rates of neuroimaging of the Ottawa SAH Rule in a new cohort
of consecutive patients with acute headache who visited the
emergency department.
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Methods

Study population and setting

We conducted this prospective _ in the emer-

ency departments of RNEASHIEtEA CaNAAANETUAHACHS
hfrom January 2010 to January 2014. The combined annual

census for all sites was 365000 visits with over 150 attending physi-
cians certified in emergency medicine. Each hospital had previously
participated in the derivation phase of the study.!® Consecutive adult

We excluded patients who had a Glasgow Coma
Scale score less than 15/15, who had sustained direct head trauma in
the previous 7 days, and who presented more than 14 days after
onset of the headache. s We also EXCIlEdIpatients with a history of 3
or more recurrent headaches of the same character and intensity as
the presenting headache over a period of greater than 6 months (i.e.,
established recurrent headache syndrome); who were referred from
another hospital with a confirmed subarachnoid hemorrhage; who
returned for reassessment of the same headache if already investi-
gated with both CT and lumbar puncture; who had papilledema on
fundoscopic examination; who had new focal neurologic deficits
(e.g., isolated cranial nerve palsies, limb weakness); or who had a
previous diagnosis of cerebral aneurysm, subarachnoid hemor-
rhage, brain neoplasm, ventricular shunt or hydrocephalus. Any
patient not known to meet the exclusion criteria but not enrolled by
the treating physician was deemed “missed/potentially eligible.”
Participants enrolled by physicians were informed that they might
be contacted by telephone in follow-up, and verbal consent was
obtained from these patients at the time of telephone contact.

Investigation required if the patient presents
with 1 or more of the following:

+ Symptom of neck pain or stiffness
+Age>40yr

« Witnessed loss of consciousness

» Onset during exertion

« Thunderclap headache (peak pain instantly)
« Limited neck flexion upon exam

No
| Investigation for SAH not required

Investigation required for
SAH

Figure 1: The Ottawa Subarachnoid Hemorrhage (SAH) Rule. Used in alert
patients > 15 yr of age with new acute severe nontraumatic headache that
reaches maximum intensity within 1 h of onset. Not to be used in patients
with new neurological deficits, previous aneurysms, SAH or brain tumors,
or a history of similar headaches (= 3 episodes over = 6 mo).*°

Assessment
Patients were assessed by - physicians certified in emer-
ency medicine

by attending physicians. Physicians were

After assessing a patient, but before making a request for imaging
tests or analysis of cerebrospinal fluid, physicians were asked to
explicitly score each element of the Ottawa SAH Rule as present or
absent and to record other potentially clinical relevant findings on a
paper study form (we collected the additional variables to obtain a
better description of the cohort and to have on hand in case any fur-
ther refinement of the rule was required)

re investigations indicated for this patient according to the
decision rule? (JE8Ji); and FiGWIComfortable would you be in actu-
ally using the rule for this patient? (based on a 5-point Likert Scale
from “very comfortable” to “very uncomfortable”). We provided
training to nurses at each site, using a full-day orientation session
and ongoing monthly feedback from the central study coordinator,
to collect data forms, verify data, confirm patient eligibility and per-
form telephone follow-up at 1 and 6 months after the index visit to
the emergency

variables extracted from the medical
record and manually recorded onto standardized study forms. All
data forms for both physician-enrolled and missed eligible patients
were reviewed centrally by a single trained nurse coordinator, who
was blind to outcome, and compared with the medical record from
the emergency department. This nurse coordinator assessed the
agreement between the physician assessments of the rule (i.e., inves-
tigations indicated yes/no) as written on the data form and as
extracted from the clinical documentation.

Outcome measures

Subarachnoid hemorrhage was - by any one of the follow-
ing: subarachnoid of the
head (from the final report of the local radiologist); Kanthochromia
in the cerebrospinal fluid (by visual inspection); or the presence of
e

with an aneurysm or
This outcome was established a priori by

consensus of 5 emergency medicine physicians and 1 neurosur-
geon, and has been used consistently in prior phases of the devel-
opment of the Ottawa SAH Rule.31%16

We could not require all patients to undergo CT scanning and
lumbar puncture in this observational study. In addition, the

Therefore, only patients
enrolled by physicians and who were discharged without both a
CT scan and a normal lumbar puncture were eligible for tele-

phone follow-up.
to the
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Not community or rural

? difference between attending and resident in assessment? 


emergency departmentto identify a subsequent subarachnoid
hemorrhage. In the follow-up telephone call, patients were asked
about physician visits, changes in diagnosis and subsequent test-
ing with lumbar puncture or imaging. We had previously vali-
dated this follow-up tool for missed subarachnoid hemorrhage
during the initial derivation phase of the study.®

similar

review process involving medical records identified all subsequent
subarachnoid hemorrhages in earlier phases of this study.'%** We
also evaluated patients not known to be alive at least 6 months

after their index visits AgainSt the|PrOVINGIAl COTONGr'S fecords|to

identify any deaths compatible with subarachnoid hemorrhage.

Statistical analysis

We calculated the sensitivity, specificity and likelihood ratios with
95% confidence intervals (Cls) of the Ottawa SAH Rule for subarach-
noid hemorrhage. Interobserver agreement between treating physi-
cian and the nurse coordinator of the study for the rule as a whole was
measured using the Cohen «k statistic test for participants enrolled by
physicians. Univariate analysis used a 2-sided t test for continuous
variables and the Pearson y? test for categorical variables. Because we
wanted the sensitivity to be close to 100% to be clinically acceptable,
we planned to enroll about 1200 patients, including 75 with subarach-
noid hemorrhage, based on a prevalence estimate of 6.5%.

Ethics approval

The first research ethics board approval was obtained from the
Ottawa Health Science Network Research Ethics Board (OHSN-REB)
without the need for written consent, with additional independent
approval subsequently obtained from each participating site.

Results

We prospectively enrolled l_with acute headache,

including GBI NithisUbarachnoid Hemorthage! e icenti-
fied another _Whose medical

records were assessed by our research staff after the initial visit
to the emergency department, including
There were

Table 1 shows participant characteristics. Characteristics of
the participants considered missed eligible

Patients
with subarachnoid hemorrhage were more likely to be older; had
headaches that rapidly peaked in intensity; had onset of head-
ache with exertion; had arrived by ambulance; had lost con-
sciousness; and had neck pain or stiffness, vomiting and elevated
systolic blood pressure (Table 2).

patients in this new validation
cohort with our PFEVIOUS validation/refinement patient cohort
(n = 3874), the sensitivity of the rule was

Eligible participants with

headache

n=1743

Participants prospectively

enrolled by treating physician
n=1153

Participants who were

SAH positive
n=67

Participants lost to follow-up n=8

Missed eligible

participants
n —

Participants lost to follow-up n=18

Participants who were

SAH positive
n=33

Figure 2: Participant selection for the study. SAH = subarachnoid hemorrhage.
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Table 1: Characteristics of participants with acute headache who presented to emergency departments in 6 university-

affiliated hospitals in Canada

No. of physician-enrolled participants (%)t No. of missed eligible participants (%)t

Characteristic n=1153 n=590
Mean age (SD), yr 43.9 (16.5) 45.4 (17.2)
Age range, yr 16-94 16-97
Female sex 689 (59.8) 357 (60.5)
Arrived by ambulance 305 (26.5) 183 (31.0)
Question from medical history
Time from onset to peak, median (IQR); s 60 (3-600) NA
n=1133
Pain severity at peak, median (IQR); scale 0-10 10 (8-10) NA
n=1071
Onset during exertion 177 (15.5) 96 (34.0)
n=1141 n=282
Onset during sexual activity 114 (9.9) 44 (19.8)
n=1147 n=222
Awakened from sleep by headache 186 (16.2) 95 (38.3)
n=1145 n=248
Thunderclap headache (i.e., peaked instantly) 721 (63.1) 104 (17.6)
n=1143
“Worst headache of life” 908 (80.9) 205 (36.0)
n=1123 n=569
Lost consciousness 37(3.2) 24 (6.3)
n=382
If yes, loss of consciousness was witnessed 23(2.0) NA
Neck stiffness or pain 406 (35.4) 127 (33.0)
n=1147 n=385
Vomiting 295 (25.6) 145 (56.6)
n=1150 n=256
Question from physical examination
Neck stiffness with flexion 53(4.8) 22 (6.3)
n=1108 n=347
Heart rate, mean (SD); beats/min 78.5(14.9) 79.0 (16.5)
n=1147
Systolic blood pressure, mean (SD); mm Hg 141.6 (23.9) 143.7 (51.7)
n=1148
Diastolic blood pressure, mean (SD); mm Hg 81.9(13.3) 80.6 (13.9)
n=1147
Diagnostic procedure and disposition
CT scan 1004 (87.1) 530 (89.8)
Lumbar puncture 452 (39.2) 226 (38.3)
CT scan or lumbar puncture 1020 (88.5) D 532(90.2)
CT scan and lumbar puncture 436 (37.8) 224 (38.0)
CT angiogram 208 (18.0) 120 (20.3)
Admitted to hospital 99 (8.6) 71(12.0)
Final diagnosis
Benign headache 619 (53.7) 360 (61.0)
Migraine headache 222 (19.3) 88 (14.9)
Other benign cause* 120 (10.4) 62 (10.5)
Subarachnoid hemorrhage 67(5.8) 33(5.6)
Postcoital headache 37(3.2) 14 (2.4)
Viralillness 29 (2.5) 10 (1.7)
Ischemic stroke or TIA 6(0.5) 3(0.5)
Sinusitis 24(2.1) 5(0.9)
Vasovagal syncope 4(0.4) 4(0.7)
Neck strain 9(0.8) 1(0.2)
Intracerebral hemorrhage 8(0.7) 5(0.9)
Subdural hematoma 2(0.2) 1(0.2)
Brain tumour 3(0.3) 1(0.2)
Bacterial meningitis 3(0.3) 1(0.2)

Note: CT = computed tomography, IQR = interquartile range, NA = not applicable, SD = standard deviation, TIA = transient ischemic attack.
*None of the diagnoses in this category were clinically worrisome for morbidity or mortality.
tUnless otherwise specified.
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Physicians were “uncomfortable” or “very uncomfortable”  patients, physicians assessed the Ottawa SAH Rule as negative
using the rule in 9.0% of patients. The rule as scored by the physi-  while the coordinating centre scored the rule as positive (i.e.,

cian and by the central coordinating centre had - physician indicated that the patient was at low risk when they
—n 5.1% of  were at high risk); however, none of these patients had subarach-

Table 2: Results for univariate correlation of variables for participants with and without subarachnoid

hemorrhage

No. (%) of participants No. (%) of participants

without subarachnoid with subarachnoid
hemorrhage* hemorrhage*

Variable n=1086 n=67 p value

Question from medical history

Age, mean (SD); yr 43.3 (16.4) 55.1(13.5) <0.001

Female sex 652 (60.0) 37(55.2) 0.4

Time from onset to peak; median (IQR); s 60 (3-600) 30 (3-120) 0.03
n=1067 n=66

Pain severity at peak, median (IQR); scale (0-10) 9 (8-10) 10 (10-10) <0.001
n=1009 n=62

Onset during exertion 164 (15.2) 13(20.0) 0.3
n=1076 n=65

Onset during sexual activity 109 (10.0) 5(7.5) 0.5
n=1080

Thunderclap headache (i.e., peaking instantly) 665 (61.8) 56 (83.6) <0.001
n=1076

“Worst headache of life” 848 (80.1) 60 (93.8) 0.03
n=1059 n=64

Wakened from sleep by headache 180 (16.7) 6(9.4) 0.1
n=1081 n=64

Lost consciousness 31(2.9) 6(9.0) 0.01
n=1081

Loss of consciousness was witnessed 19 (1.7) 4 (6.0) 0.02

Neck stiffness or pain 356 (33.0) 50 (74.6) <0.001
n=1080

Vomiting 254 (23.5) 41 (61.2) <0.001
n=1083

Arrived by ambulance 269 (24.8) 36 (53.7) <0.001

Emergency department transfer 62 (5.7) 6(9.0) 0.3
n=1085

Question from physical examination

Neck stiffness (flexion/extension) 39 (3.7) 14 (21.5) <0.001
n=1043 n=65

Body temperature, mean (SD); °C 36.2 (0.7) 36.2(0.8) 0.4
n=1042 n=64

Heart rate, mean (SD); beats/min 78.6 (14.8) 77.1(16.3) 0.4
n=1081 n=66

Systolic blood pressure, mean (SD); mm Hg 140.6 (23.2) 157.6 (28.1) <0.001
n=1081

Diastolic blood pressure, mean (SD); mm Hg 81.7(13.1) 84.9 (15.4) 0.05
n=1080

Computed tomography ordered 937 (86.3) 67 (100.0) <0.001

Lumbar puncture performed 444 (40.9) 8(11.9) <0.001

Note: IQR = interquartile range, SD = standard deviation.
*Unless specified otherwise.
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Table 3: Sensitivity, specificity and negative predictive

value of the Ottawa Subarachnoid Hemorrhage Rule
(n=1153)

Participants Participants
Assessment using Ottawa with SAH without SAH
SAH Rule n=67 n=1086
No. of positive results 67 938
No. of negative results 0 148

Sensitivity, % (95% Cl) 100.0 (94-100.0)

Specificity, % (95% CI) 13.6 (13.1-15.8)
Negative predictive value, % 100.0
+LR (95% Cl) 1.16 (1.13-1.19)
-LR (95% Cl) 0 (NA)

Note: Cl = confidence interval, LR = likelihood ratio, NA = not available, SAH =
subarachnoid hemorrhage.

noid hemorrhage. Neck pain or stiffness was the variable with
the most frequent disagreement (documented at least once in
the medical record but scored as absent by the physician).

We assessed the potential effect of the Ottawa SAH Rule on

neuroimaging rates compared with actual practice.-
neuroimaging rate i this cahort was 88.0%, and another 1.0%

underwent lumbar puncture without CT, for an overall investiga-

tion rate of 89.0%.

Interpretation

We found that the Ottawa SAH Rule was sensitive for identifying
subarachnoid hemorrhage (i.e., every case was identified when
the rule was used). With the findings from this study and our ear-

his rule pro-
vides clinicians with a validated tool to help standardize which
patients with headache do not require investigation to rule out
subarachnoid hemorrhage. In our experience, careful application
of the rule will identify patients with subarachnoid hemorrhage
while avoiding unnecessary CT scanning and painful lumbar
punctures. This rule may also help smaller hospitals decide
which patients with headache are unlikely to benefit from trans-
port to larger centres for imaging.

Phy-
sicians in the emergency department, when surveyed, have stated
that 99% sensitivity is acceptable for a subarachnoid hemorrhage
rule, a threshold that acknowledges the pitfall of pursuing diag-
nostic perfection at all cost. The narrow confidence bands of sensi-
tivity for the Ottawa SAH Rule bracket this extremely high thresh-

old, and the point estimate exceeds it.*® This precision was
achieved only with a sustained and rigorous prospective enroll-
ment campaign at several hospitals over many years.

This study is comparable to a previous retrospective study
involving 454 patients with acute headache that reported
9 patients with subarachnoid hemorrhage. This study found that
the Ottawa SAH Rule had 100% sensitivity; however, it had a
wide 95% Cl (62.9%-100%).1®

We designed and conducted this prospective validation study
according to the strict methodological standards for clinical deci-
sion rule development.!*** We carefully defined the outcome,
subarachnoid hemorrhage, and it is clinically important. Patients
were included according to strict eligibility criteria, rather than
on the somewhat circular logic of having already been selected
for CT scanning or lumbar puncture, or known to be disease posi-
tive. We enrolled or followed all potentially eligible patients even
when missed by the treating physician. In addition to accuracy,
we also evaluated other important measures including interob-
server agreement, clinical acceptability and potential effect on
clinical practice.

Limitations
We acknowledge some potential limitations to this study. There

evertheless, we have used the same definition
throughout and believe that our composite outcome is clinically
important and relevant.?’ As with any decision tool, physicians
may not apply the rule correctly. This raises the issue of-
to put the rule into operation, especially in an era of burgeoning
health informatics and decision support, as well as use by opera-
tors other than emergency medicine physicians. These important
issues are often the objective of subsequent implementation and
knowledge translation studies.

About 1 in 3 cases were missed and not enrolled by the treat-
ing physician. In these cases, the presence or absence of specific
elements of the rule were ascertained based on a review of medi-
cal records by research personnel. In these cases, the rule
appeared to perform almost identically. The baseline clinical
characteristics of the 2 subgroups including prevalence of sub-
arachnoid hemorrhage were similar, which suggests little selec-
tion bias.

Validation of clinical decision rules is critical before full clini-
cal use. Ideally, this is done in new patients at different sites from
the original derivation. In this study, we enrolled new patients,
but we used sites that had participated in the derivation of the
Ottawa SAH Rule. This was done for feasibility reasons. Using the
same sites does not cause bias regarding rule performance;

inally, the Ottawa SAH Rule is only intended for iden-
tifying patients with subarachnoid hemorrhage. It is not a rule for
excluding other types of headache.
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How would it perform in the community or rural setting where 1/16 SAH had been missed in non-teaching hospitals?
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