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Nontraumatic Subarachnoid Hemorrhage in the Setting of
Negative Cranial Computed Tomography Results: External

Validation of a Clinical and Imaging Prediction Rule
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Uli Chettipally, MD, MPH; David R. Vinson, MD; Dustin W. Ballard, MD, MBE; for the Kaiser Permanente CREST Network
Investigators

Study objective: Clinical variables can reliably exclude a diagnosis of nontraumatic subarachnoid hemorrhage in
patients with negative cranial computed tomography (CT) results. We externally validated 2 decision rules with
100% reported sensitivity for a diagnosis of subarachnoid hemorrhage, among patients undergoing lumbar
puncture after a negative cranial CT result: (1) clinical rule: presence of any combination of age 40 years and
older, neck pain or stiffness, loss of consciousness, or headache onset during exertion; and (2) imaging rule:
cranial CT performed within 6 hours of headache onset.

Methods: This was a matched case-control study of patients presenting to 21 emergency departments between
2000 and 2011. Patients with a diagnosis of subarachnoid hemorrhage as determined by lumbar puncture after
a negative cranial CT result were screened for inclusion. A matched control cohort was selected among patients
with a diagnosis of headache after negative cranial CT and lumbar puncture results.

Results: Fifty-five cases of subarachnoid hemorrhage meeting inclusion criteria were identified, 34 (62%) of
which were attributed to cerebral aneurysms. External validation of the clinical rule demonstrated a sensitivity of
97.1% (95% confidence interval [CI] 88.6% to 99.7%), a specificity of 22.7% (95% CI 16.6% to 29.8%), and a
negative likelihood ratio of 0.13 (95% CI 0.03 to 0.61) for a diagnosis of subarachnoid hemorrhage. External
validation of the imaging rule revealed that 11 of 55 subarachnoid hemorrhage cases (20%) had negative cranial
CT results for tests performed within 6 hours of headache onset.

Conclusion: The clinical rule demonstrated useful Bayesian test characteristics when retrospectively validated
against this patient cohort. The imaging rule, however, failed to identify 20% of subarachnoid hemorrhage
patients with a negative cranial CT result. [Ann Emerg Med. 2013;62:1-10.]

Please see page 2 for the Editor’s Capsule Summary of this article.
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INTRODUCTION
Background

Approximately 1% to 4% of emergency department (ED)
visits for headache are attributable to nontraumatic
subarachnoid hemorrhage, with an annual incidence of 1 in
10,000 among the general population.1-5 Approximately
80% of subarachnoid hemorrhage cases are due to ruptured
cerebral aneurysms, for which delays in treatment increase
risks of rebleeding and resultant disability or death.3,6-8

Timely recognition of subarachnoid hemorrhage is
particularly challenging among patients with normal
neurologic examination results and mental status, with
Volume , .  : July 
stimated rates of missed diagnoses ranging between 5% and
2%.1,2,7-18

The standard diagnostic evaluation for subarachnoid
emorrhage uses noncontrast cranial computed tomography
CT) followed by lumbar puncture if the imaging result is
ormal, an approach that has 100% sensitivity and 67%
pecificity for the diagnosis of subarachnoid hemorrhage.19 The
ajority of subarachnoid hemorrhage cases are identified by

ranial CT, with reported sensitivities ranging from 93% to
00% with third- to sixth-generation CT technologies when
maging is performed within 12 to 24 hours of headache
nset.5,20-30 In one large prospective study, 1 additional
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Nontraumatic Subarachnoid Hemorrhage and Negative Computed Tomography Mark et al
diagnosis of subarachnoid hemorrhage was made for every 90
lumbar punctures performed after a negative cranial CT
result.20

Considering the high sensitivity of cranial CT for detecting
subarachnoid hemorrhage early in the course of headache, the
benefit and utility of lumbar puncture in this setting has been
questioned.5,20,22,24,25,29,30 False-positive lumbar puncture
results owing to traumatic technique result in potentially
harmful diagnostic testing and may occasionally lead to surgical
treatment of incidentally discovered aneurysms, which have a
background prevalence of 1% to 2%.31 Unfortunately, no
particular findings can reliably distinguish cerebrospinal fluid
abnormalities attributable to traumatic technique during lumbar
puncture from true abnormalities caused by subarachnoid
hemorrhage.3,32-35 The limited specificity of lumbar puncture is
reflected by a 2.5-fold higher rate of negative angiography study
results among patients with subarachnoid hemorrhage despite
negative cranial CT results compared with that of patients with
subarachnoid hemorrhage evident on cranial CT.36

Importance
Given the morbid consequences of missed diagnoses of

subarachnoid hemorrhage, more than 95% of emergency
physicians would welcome a clinical decision tool to help risk-
stratify patients with sudden-onset headaches.37 The largest

Editor’s Capsule Summary

What is already known on this topic
A previously derived clinical decision rule identified
variables associated with a low risk for subarachnoid
hemorrhage in headache patients with a negative
unenhanced brain computed tomography (CT)
result.

What question this study addressed
This 55-case case-control study attempted to
validate the clinical decision rule and assess the
sensitivity of CT performed within 6 hours of
headache onset.

What this study adds to our knowledge
The clinical decision rule identified 97.1% of the
patients with subarachnoid hemorrhage. CT
performed within 6 hours of headache onset was
falsely negative in 11 patients.

How this is relevant to clinical practice
Further validation of the rule is needed in diverse
populations. Negative CT result for tests performed
within 6 hours of headache onset does not rule out
subarachnoid hemorrhage.
reported prospective study of an ED population with acute c

2 Annals of Emergency Medicine
eadache has suggested several combinations of high-risk
linical variables (including age �40 years, neck pain, loss of
onsciousness, and onset of headache with exertion) that, if
bsent, might allow clinicians to safely forgo diagnostic testing
or subarachnoid hemorrhage, given 100% sensitivity (95%
onfidence interval [CI] 97.1% to 100%) for a diagnosis of
ubarachnoid hemorrhage.38 A second analysis from the same
rospective cohort also reported 100% sensitivity (95% CI
7.0% to 100%) for noncontrast cranial CT when performed
ithin 6 hours of headache onset.20 However, only 7% of
atients with subarachnoid hemorrhage in this cohort received a
iagnosis by lumbar puncture after negative cranial CT results.
hus, the validity of that study’s findings for patients presenting
ithout visible subarachnoid blood on cranial CT remains
ncertain.

oals of This Investigation
We externally validated the aforementioned clinical and

maging-based prediction rules among a population of patients
eceiving a diagnosis of subarachnoid hemorrhage despite
egative initial cranial CT results.

ATERIALS AND METHODS
election of Participants

A case-control study was performed through review of charts
both written and electronic) from patients treated at Northern
alifornia Kaiser Permanente EDs between 2000 and 2011.
he Kaiser Foundation Research Institute’s Northern California

nstitutional review board approved the study. Patients were
creened for case inclusion if they had an ED visit with a related
nternational Statistical Classification of Diseases and Related
ealth Problems, Ninth Edition (ICD-9) diagnosis code of

ubarachnoid hemorrhage (430), along with both a noncontrast
ranial CT and cerebrospinal fluid analysis performed during
he ED encounter. Local facility radiologists, who were not
equired to have advanced training in neuroradiology, made the
nal interpretation of CT images. Case inclusion criteria were
ge older than 18 years, CT without evidence of subarachnoid
lood by final documented radiologist interpretation, normal
ocumented neurologic examination result (aside from isolated
ingle cranial nerve deficits), greater than 5 RBCs per microliter
f cerebrospinal fluid, and at least 1 of the following criteria as
vidence of subarachnoid hemorrhage: presence of
anthochromia on visual inspection of cerebrospinal fluid,
ngiographic evidence of cerebral aneurysm or arteriovenous
alformation, or subsequent cranial imaging (such as magnetic

esonance imaging [MRI]) demonstrating subarachnoid
emorrhage performed within 48 hours after the index lumbar
uncture. Cases were excluded from the study if patients had a
nown untreated cerebral aneurysm or arteriovenous
alformation, underwent lumbar puncture before CT, or had

ocumentation of head trauma occurring within the 4 weeks
efore the index presentation. The use of 5 RBCs per microliter
f cerebrospinal fluid as a cutoff value is based on a clinical

onsensus reached by Perry et al19,20,38 in previous research.39
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Mark et al Nontraumatic Subarachnoid Hemorrhage and Negative Computed Tomography
After identification of cases, to evaluate the specificity of the
clinical rule among patients with a negative cranial CT result
and suspected subarachnoid hemorrhage, a matched control
group was selected among patients with an ED-related ICD-9
diagnosis code of headache (784 and 339) and both noncontrast
cranial CT and cerebrospinal fluid analysis performed during
the ED encounter. Controls were matched to cases by year and
presenting ED in a ratio of 3 controls for every case, in an
attempt to control for variations in ED practice and CT
technology over time. The primary inclusion criterion was a
documented concern for subarachnoid hemorrhage in the
emergency physician chart according to the presenting
complaints. Exclusion criteria were identical to those of cases,
with the addition of the following: microbiologic evidence of
infection in cerebrospinal fluid samples (by culture, antigen
testing, or polymerase chain reaction testing), presumed
immunocompromised status (known infection with HIV, solid
organ transplant recipient, active hematologic cancer, active
chemotherapy, or steroid use of �10 mg prednisone equivalents
per day for 4 weeks or more), more than 5 RBCs or WBCs per
microliter of cerebrospinal fluid, or the presence of visible
cerebrospinal fluid xanthochromia. This method of control
cohort selection was believed to be adequate for the purposes of
excluding false-negative subarachnoid hemorrhage diagnoses, in
agreement with a recent prospective study.19

Methods of Measurement
Two emergency physicians conducted a structured explicit

chart review and abstraction of records.39 The abstractors were
trained by the lead author (D.G.M.) after joint review of
representative charts, using a standardized abstraction form.
Missing data were coded as undocumented, and ambiguous or
apparently conflicting data were adjudicated by majority
consensus among 3 investigators. Abstractor interrater reliability
was based on an 18% random sample of study patient charts
and is reported as percentage agreement.

The following variables were abstracted from the ED record,
including age, race, sex, triage vital signs, and pain score (1 to
10 scale), time of headache onset, time from onset to peak
intensity (sudden versus gradual, sudden defined as the explicit
documentation of a “sudden onset,” “thunderclap,” or
“explosive” headache), headache duration (constant versus
intermittent), headache quality (sharp versus throbbing or dull),
headache location (frontal, temporal, occipital, diffuse,
migratory), presence of new neck stiffness or pain, presence of
new back pain, history of vomiting since headache onset, loss of
consciousness at headache onset, exertion at headache onset,
and complaints of light sensitivity, visual changes, or hearing
changes. The electronic medical record was also examined for a
history of hypertension or renal insufficiency (estimated
glomerular filtration rate �60 mL/minute), social history of
smoking or sympathomimetic drug use (past or present), and
current use of pharmaceutical antiplatelet or anticoagulant
agents. Additionally, all pertinent operative, procedure, and

discharge summary reports were examined. Laboratory values on g
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nitial presentation were obtained from an independent
lectronic database (peripheral blood hematocrit level,
erebrospinal fluid cell counts, and microbiologic analysis), as
ere final transcribed interpretations of radiologic imaging

tudies (including CT, MRI, and catheter angiography).
linical neurologic grade at hospital discharge (modified
ankin Scale) was determined with discharge summary reports,
sing a previously described systematic methodology.40

CT examinations were performed with either single-slice
elical scanning technology or, in the majority of cases,
ultislice cine technology (ie, fifth- and sixth-generation CT).
ritten reports and physical or digital copies of radiology

tudies (when available) were examined to determine the
omputed tomogram manufacturer and model and protocol
sed. Protocols varied between medical centers and over time, with
upratentorial imaging slice thickness ranging from 5 to 10 mm
nd posterior fossa slice thickness ranging from 2.5 to 7 mm.

utcome Measures and Primary Data Analysis
An 11-year span was chosen to allow an adequate number of

ases of subarachnoid hemorrhage diagnosed after an initial
ormal cranial CT result. We estimated the total number of
ontraumatic subarachnoid hemorrhage cases diagnosed within
he health plan during this period to be approximately 1,000,
ccording to a previous study of aneurysmal subarachnoid
emorrhage within the same health plan during a 10-year
eriod.41 According to an average reported sensitivity of cranial
T for subarachnoid hemorrhage between 92% and 96%, we

nticipated that between 40 and 80 cases would be available for
nclusion.25 Assuming a case sample size of 70, the expected
5% CI for a decision rule with 100% sensitivity would be 95%
o 100%.

Undocumented data were imputed with Rubin’s multiple
mputation method through the PROC MI procedure in SAS,
ersion 9.1 (SAS Institute, Inc., Cary, NC).42 This method
eplaces each missing value with a set of plausible values, in this
ase 5 permutations for each missing value, creating multiple
ompleted data sets. Results from the analysis of these data sets
ere then averaged and combined with SAS procedure PROC
IANALYZE.
External validation of decision rules previously reported to

ave a 100% sensitivity for the diagnosis of subarachnoid
emorrhage were undertaken with the case and control data
ets.20,38 These rules are (1) clinical rule: presence of any
ombination of age 40 years and older, neck pain or stiffness,
oss of consciousness, or headache onset during exertion; and (2)
maging rule: cranial CT performed within 6 hours of headache
nset. Rules incorporating arrival by ambulance as a predictor
ariable were not validated because of lack of reliable
ocumentation.38

A sensitivity analysis was performed by using bootstrap
nalysis, with 1,000 iterations to assess the stability of the
linical rule against the data set. The bootstrap samples were

enerated with SAS procedure PROC SURVEYSELECT.43

Annals of Emergency Medicine 3
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Nontraumatic Subarachnoid Hemorrhage and Negative Computed Tomography Mark et al
The 2.5th and 97.5th percentiles of the 1,000 bootstrap samples
are considered an approximation of the 95% CI.44

All univariate, bivariate, and multivariate analyses were
performed with SAS, version 9.13. Categorical variables were
analyzed with �2 or Fisher’s exact tests. Continuous variables
were analyzed with Student’s t test or the Wilcoxon rank-sum
test as appropriate.

RESULTS
Characteristics of Study Subjects

Fifty-six patients meeting our case definition were identified,
of whom 55 had full records available for chart abstraction and
are included in the data set (Figure). One-hundred sixty-eight
controls were selected with the methodology outlined above.
Demographics and clinical characteristics (excluding those
variables with �40% missing data) for both cases and controls
are listed in Table 1.

After the diagnosis of subarachnoid hemorrhage in the ED,
52 of 55 patients (95%) underwent further investigation for
vascular causes with catheter-directed 4-vessel cerebral
angiography. Two additional patients underwent magnetic
resonance angiography alone, and a single patient with
xanthochromia on cerebrospinal fluid analysis was later found to
have a hemorrhagic schwannoma in the thoracic spine.

Thirty-eight of the 55 cases (69%) were found to have either
a cerebral aneurysm or arteriovenous malformation on vascular
imaging. Thirty-seven of these 38 patients underwent
subsequent endovascular or operative intervention. One patient
with xanthochromic cerebrospinal fluid was found to have
several 1- to 2-mm aneurysms on formal angiography, which
were considered incidental and managed conservatively. Only
22 of these patients (58%) with proven vascular causes
demonstrated visual evidence of xanthochromia on

55 patients with an Emergency Department diagnosis of SAH  

Negative cranial computed tomography 

PLUS

PLUS

Cerebrospinal fluid analysis with greater 
than 5 red blood cells per microliter 

AND EITHER 

Cerebral
aneurysm
34 (62%) 

Arteriovenous
malformation 

4 (7%) 

Xanthochromia 
only

11 (20%) 

SAH on subsequent 
imaging only 

6 (11%) 

Figure. Case inclusion criteria. SAH, Subarachnoid
hemorrhage.
cerebrospinal fluid analysis.

4 Annals of Emergency Medicine
able 1. Patient characteristics.

ariable Case (n�55)
Control

(n�168)

ge, mean (SD, range), y 52 (15, 22–92) 48 (17, 18–87)
emale, No. (%) 34 (62) 125 (74)
istory of hypertension, No. (%) 22 (40) 49 (29)
istory of migraine headaches,
No. (%)

7 (13) 26 (15)

thnicity, No. (%)
hite 29 (53) 74 (44)
sian 13 (24) 23 (14)
lack 5 (9) 18 (11)
ispanic 7 (13) 35 (21)
ther/unknown 1 (2) 18 (11)
riage vital signs, mean (SD)
nitial systolic blood pressure

(mmHg)
158 (25) 149 (26)

nitial diastolic blood pressure
(mmHg)

87 (15) 84 (15)

nitial pulse rate 76 (15) 81 (15)
ain score (range 1–10) 8.2 (1.8) 7.8 (2.4)
ate of headache onset, No.
(%)

udden 41 (75) 108 (64)
radual 8 (15) 29 (17)
ndocumented 6 (11) 31 (18)
orst headache of life, No.
(%)

es 36 (65) 72 (43)
o 3 (5) 8 (5)
ndocumented 16 (29) 88 (52)
eadache onset to CT time,
No. (%), h

p to 6 11 (20) 63 (38)
p to 12 17 (31) 79 (47)
p to 24 19 (35) 105 (63)
p to 48 27 (49) 124 (74)
48 28 (51) 40 (24)
ndocumented 0 4 (2)
eadache duration, No. (%)
onstant 49 (89) 136 (82)

ntermittent 3 (6) 29 (18)
ndocumented 3 (5) 3 (2)
eadache location, No. (%)*
ccipital 19 (35) 45 (27)
emporal 4 (7) 53 (32)
rontal 12 (22) 48 (29)
ther (diffuse, top, migratory) 9 (15) 25 (15)
ndocumented 18 (33) 34 (20)
eck pain or stiffness, No. (%)
es 39 (71) 46 (27)
o 10 (18) 112 (67)
ndocumented 6 (11) 10 (6)
oss of consciousness, No.
(%)

es 7 (13) 8 (5)
o 48 (87) 159 (95)
ndocumented 0 1 (1)
omiting, No. (%)
es 28 (51) 53 (32)
o 27 (49) 114 (68)
Volume , .  : July 
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Mark et al Nontraumatic Subarachnoid Hemorrhage and Negative Computed Tomography
Of patients without evidence of a vascular cause of
subarachnoid hemorrhage identified on initial imaging, 25%
underwent a second cerebral angiographic study between 10 and
21 days later, without any further identification of vascular
causes. All patients were discharged from index hospitalization
with excellent functional neurologic status (modified Rankin
Scale�0 or 1). Fifty-four of 55 patients were alive at 6 months,
with 1 patient dying from pneumonia deemed unrelated to
index hospitalization and treatment of subarachnoid
hemorrhage.

Main Results
External validation of the clinical rule after multiple

imputation of undocumented variables revealed a sensitivity of
97.1% (95% CI 88.6% to 99.7%), a specificity of 22.7% (95%
CI 16.6% to 29.8%), and a negative likelihood ratio of 0.13
(95% CI 0.03 to 0.61) for a diagnosis of subarachnoid
hemorrhage (Table 2). These point estimates for sensitivity and
specificity are the average estimates after multiple imputation of
undocumented variables. Sensitivity analysis of an additional
1,000 bootstrapped iterations demonstrated stability of these
point estimates (Table E1, available online at

Table 1. Continued.

Variable Case (n�55)
Control

(n�168)

Onset during activity, No. (%)
Yes 13 (24) 8 (5)
No 24 (44) 96 (57)
Undocumented 18 (33) 64 (38)
Photophobia, No. (%)
Yes 16 (29) 43 (26)
No 21 (38) 102 (61)
Undocumented 18 (33) 23 (14)
Vision changes, No. (%)
Yes 5 (9) 18 (11)
No 31 (56) 131 (78)
Undocumented 19 (35) 19 (11)
Smoking history, No. (%)
Yes 12 (22) 41 (24)
No 36 (65) 113 (67)
Undocumented 7 (13) 14 (8)
Sympathomimetic drug use,

No. (%)
Yes 1 (2) 6 (4)
No 41 (75) 149 (89)
Undocumented 13 (24) 13 (8)
Antiplatelet or anticoagulant

drug use, No. (%)
Yes 10 (18) 24 (14)
No 41 (75) 139 (83)
Undocumented 4 (7) 5 (3)
Hematocrit level <30%, No.

(%)
1 (2) 3 (2)

Calculated glomerular filtration
rate �60 mL/min, No. (%)

4 (7) 6 (4)

*Some patients have more than 1 headache location.
http://www.annemergmed.com). w
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External validation of the imaging rule revealed less than
00% sensitivity; 11 patients with subarachnoid hemorrhage
ad a negative cranial CT result within 6 hours of headache
nset. Seven of the 11 patients had a cerebral vascular cause of
ubarachnoid hemorrhage identified (aneurysm or arteriovenous
alformation). Details of the imaging characteristics for each of

he 11 cases with cranial CT performed within 6 hours of
eadache onset are found in Table 3.

The overall percentage agreement for the externally validated
ariables was 96.6% between the 2 study chart abstractors
Table 4). Individual percentage agreement values were as
ollows: age (100%), neck pain or stiffness (90.2%), loss of
onsciousness (100%), headache onset with exertion (97.6%),
nd time from headache onset to CT of less than 6 hours
95.1%).

IMITATIONS
Although to our knowledge this data set represents the

argest single published cohort of subarachnoid hemorrhage
ases with negative CT and positive lumbar puncture results,
he retrospective case identification methodology used could
ntroduce a diagnostic bias by effectively excluding possible
missed” subarachnoid hemorrhage patients who did not
ndergo lumbar puncture after cranial CT, as well as patients
ho did not receive a diagnosis of subarachnoid hemorrhage by

he emergency physician. We chose emergency physician
iagnoses of subarachnoid hemorrhage over hospital discharge
iagnoses, given that in the latter case a formal diagnosis of
ubarachnoid hemorrhage could be discounted after normal
ascular imaging results (approximately 20% of nontraumatic
ubarachnoid hemorrhage cases lack attributable angiographic
bnormalities).3 It is likely, however, that less clinically evident
ases are underrepresented in this case series.

There is also the possibility that some of the cerebral
neurysms reported in this study were detected incidentally in
he setting of either a false-positive cerebrospinal fluid result or a
onaneurysmal cause of subarachnoid hemorrhage. We were
nable to establish definitive confirmation of aneurysm rupture
s the cause of subarachnoid hemorrhage, such as gross
athologic finding of clotted blood surrounding an aneurysm.
he absence of cerebrospinal fluid xanthochromia among 42%
f patients with presumed vascular subarachnoid hemorrhage
auses may seem to support this assumption; however, this rate
s consistent with that of multiple previous studies
emonstrating low sensitivity of cerebrospinal fluid visual

nspection for xanthochromia.32-34,45

The retrospective nature of data collection through clinical
hart review presents a potential source of reporting bias, as
epresented by missing variables requiring imputation. It is
robable that among missing variables, pertinent negative
esults were more likely to be undocumented as opposed to
ertinent positive results, and thus imputation may overestimate
ensitivity and underestimate specificity. However, imputation

as performed mostly for the benefit of an estimated specificity

Annals of Emergency Medicine 5
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Nontraumatic Subarachnoid Hemorrhage and Negative Computed Tomography Mark et al
among the control data set. The clinical rule still demonstrated
excellent sensitivity of 94.5% for a diagnosis of subarachnoid
hemorrhage when we excluded the variable with the highest
reported rate of missing data (onset of headache with exertion)
and analyzed the data set without any imputation (data not

Table 2. External validation of a clinical decision rule to identify

Clinical Decision Rule

Perce

Sensitivity

Presence of any of the following 97.1 (88.6–99.7)
Age �40 y
Neck pain or stiffness
Loss of consciousness
Headache onset during exertion

*After multiple imputation of missing variables, the previously derived clinical dec
matic subarachnoid hemorrhage in the setting of a negative cranial CT result, alo
The decision rule states that patients warrant investigation for subarachnoid hem
neck pain or stiffness, (3) loss of consciousness, and (4) onset of headache dur
to predict a diagnosis of subarachnoid hemorrhage among patients with a negativ

Table 3. Characteristics of patients with subarachnoid hemorrh
headache onset.

Age/Sex Year CT Scanner
CT Slice Thickness

mm/mm*

65/F 2004 GE Lightspeed 16 (16 slice) 5/5
67/F 2010 GE Lightspeed VCT (64 slice) 5/5
34/F 2002 Phillips Tomoscan-SR 7000

(single-slice helical)
5/5

63/F 2003 Unavailable 5/5
76/F 2010 GE Lightspeed VCT (64 slice) 5/5
50/F 2006 Unavailable 7.5/7
92/F 2007 Unavailable 5/5
30/F 2001 GE HiSpeed CT/I (single-slice

helical)
7/7

38/F 2002 Unavailable 5/5

67/M 2010 GE Lightspeed VCT (64 slice) 5/5

56/M 2009 GE Lightspeed VCT (64 slice) 5/5

F, Female; PCOM, posterior communicating artery; ACOM, anterior communicating
*Minimum slice thickness through supratentorial planes/posterior fossa.
†In final collection tube.

Table 4. Interrater reliability for abstracted variables used in
the external validation.*

Variable Percentage Agreement

Age 100.0
Neck pain or stiffness 90.2
Loss of consciousness 100.0
Headache onset with exertion 97.6
Performance of cranial CT within 6 h of

headache onset
95.1

Overall percentage agreement 96.6

*Percentage agreement between the 2 study chart abstractors was based on an
18% random sample of study patient charts.
shown). t

6 Annals of Emergency Medicine
Finally, our study did not reach our goal enrollment of 70
ase patients and thus had wider CIs for our point estimates of
est characteristics than desired. Despite these limitations,
onsidering the paucity of existing data concerning this
articular subset of patients, we believe this investigation
rovides externally valid guidance to clinicians in their shared
ecisionmaking with patients undergoing evaluation for
ubarachnoid hemorrhage after a negative cranial CT result.

ISCUSSION
The goal of this research project is to help clinicians further

efine their testing strategies for subarachnoid hemorrhage,
pecifically among patients with suspected subarachnoid
emorrhage despite negative cranial CT results, through external
alidation of preexisting decision rules. We report here that the
linical decision rule validates well, though not perfectly, when
pplied to this patient subset. The utility of the clinical rule is
mplified by the fact that the imaging rule failed to identify 20% of

ents with subarachnoid hemorrhage.*

e (95% CI)

Negative Likelihood RatioSpecificity

22.7 (16.6–29.8) 0.13 (0.03–0.61)

rule was retrospectively applied to a cohort of 55 patients with proven nontrau-
h 168 control patients with negative cranial CT and lumbar puncture results.
e if any of the following variables are present: (1) age 40 years and older, (2)

ertion. Sensitivity and specificity are presented in terms of the ability of the rule
nial CT result and clinical suspicion of subarachnoid hemorrhage.

and negative results for CT performed within 6 hours of

rebrospinal Fluid
BCs/Microliter

†
Xanthochromia Angiography Results

7,282 No 7-mm PCOM aneurysm
408,000 No 6-mm PCOM aneurysm
690,000 No Arteriovenous malformation

43,720 No PCOM aneurysm (unknown size)
517,500 No 4-mm PCOM aneurysm
22,500 No 7-mm basilar tip aneurysm

280,000 Yes 5-mm ACOM aneurysm
93 Yes Negative catheter angiography

result
673 Yes Negative catheter angiography

result
320,000 No Negative catheter angiography

result
119,000 No Negative catheter angiography

result
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hours of headache onset, demonstrating that even prompt cranial
CT cannot be used as a stand-alone test to definitively rule out
subarachnoid hemorrhage.

Although the decision rules derived by Perry et al38 performed
well at reducing the likelihood of subarachnoid hemorrhage before
any diagnostic testing, there were a number of serious alternative
diagnoses detected by cranial CT among the derivation population
(such as intracerebral hemorrhage and brain tumor, representing
0.9% of the population). The clinical decision rule was neither
designed nor tested for its ability to safely identify these patients.
However, only a single alternative diagnosis (bacterial meningitis)
was detected by cerebrospinal fluid sampling in that study, with an
incidence of 0.05% among the studied population.

Ultimately, the cornerstone to any applied testing strategy, along
with informed patient consent to further testing, is a reasonable
estimate of pretest disease probability. Unfortunately, most data sets
estimating the prevalence of subarachnoid hemorrhage among ED
patients with acute headache are highly subject to enrollment bias.
Two prospective studies of patients presenting to either an ED or a
cohort of general practitioners with the “worst headache of my life”
or sudden and severe headaches reported subarachnoid hemorrhage
rates of 17% and 25%, respectively, with an incidence of 12% to
14% among patients with normal neurologic examination
results.5,46 More recently, Perry et al38 enrolled 1,999 patients in a
prospective ED study of sudden-onset headache or syncope
associated with a headache in the absence of focal neurologic
deficits. In contrast to previous prospective studies, the incidence of
subarachnoid hemorrhage in this study was 6.5%. When 1,050
additional patients not enrolled but deemed likely eligible for the
study were included, the overall rate of subarachnoid hemorrhage
was 5.2%. A second report from this prospective data set revealed a
7.7% incidence of subarachnoid hemorrhage among 3,132 patients
undergoing noncontrast cranial CT.20 These data sets are arguably
more representative of the incidence of subarachnoid hemorrhage
among the general ED population with acute headache than those
of previous prospective studies.

Several studies have been published about the sensitivity of
noncontrast cranial CT for detecting subarachnoid hemorrhage,
with estimates ranging from 93% to 100%.5,20,23-25,29,30 If we
assume an overall sensitivity of 93% and 99.9% specificity, we can
estimate that the negative likelihood ratio of a negative cranial CT
result for nontraumatic subarachnoid hemorrhage is 0.07. Using a
7% prevalence of disease among alert patients with acute headache,
this leaves us with a posterior probability of subarachnoid
hemorrhage around 1 in 200.

However, given the time-varying sensitivity of cranial CT for
subarachnoid hemorrhage, it is more appropriate to subdivide
patients according to time from ictus when evaluating testing
strategies.26,29,47 According to Perry et al,20 patients who were
imaged within 6 hours of ictus had an observed subarachnoid
hemorrhage incidence of 12.7%. The reported sensitivity of cranial
CT performed within 6 hours of ictus in that study was 100%
(95% CI 97.0% to 100%), yielding posterior probability estimates

between zero and 1 in 230. Conversely, 17 of 119 patients with s
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ubarachnoid hemorrhage were not identified by cranial CT when
maged more than 6 hours from headache onset, resulting in a
ensitivity of 85.7% (95% CI 78.3% to 90.9%). Even with a lower
bserved disease prevalence of 5.5% among this subset, the
orresponding number needed to test with lumbar puncture is
stimated to be between 80 and 204. Although this represents a
elatively low posterior probability of disease, many physicians still
ursue testing for subarachnoid hemorrhage even when estimating
pretest probability of less than 2%.48 Likewise, a survey of
mergency physicians about their willingness to use clinical decision
ules for subarachnoid hemorrhage indicated a median required
ensitivity of 99% for such a rule, with 1 of 5 clinicians suggesting
hat 100% sensitivity would be required.37

Although cranial CT or clinical prediction rules alone do not
learly and safely achieve these ideal test performance goals, the
ombined application of both testing strategies might offer an
mprovement. Even with a very conservative estimated
ubarachnoid hemorrhage risk of 1.25% (1 of 80 risk) after
egative cranial CT, the application of the 4-item decision rule
erived by Perry et al,38 even with a negative likelihood ratio as
igh as 0.13 as reported in this study, can reduce this incidence to
.2%, or 1 in 500 patients. Additionally, given that the specificity for
he rule in this study was validated against a population of patients who
niformly underwent cerebrospinal fluid analysis, application of the
linical rule after negative cranial CT result has the potential to reduce
ates of lumbar puncture by approximately 25%.

Reported absolute increases in morbidity rates resulting from
issed diagnoses of subarachnoid hemorrhage range between 5%

nd 25%.10,11,13-16,49-51 Kowalski et al11 reported an unadjusted
dds of 3.4 (95% CI 1.3 to 8.9) for death or severe disability at 3
onths among patients who presented with Hunt-Hess grade I or

I at misdiagnosis. Although recall bias has been raised as a
otential flaw in these studies, this concern has been somewhat
itigated by a systematic review that reported a lower incidence of

etrospectively reported sentinel headaches among control patients
ith nonaneurysmal subarachnoid hemorrhage or with stroke

around 5%) as opposed to patients with aneurysmal subarachnoid
emorrhage (10% to 43%).52 Additionally, an older randomized
rial of aneurysmal subarachnoid hemorrhage treatment strategies,
hich included a conservative management pathway of bed rest,

eported a mortality rate of 48% among patients treated
onservatively who were found to have no or minor symptoms
headache, meningeal irritation, diplopia) at randomization.6

Authors point to these studies when citing the need for testing
ith lumbar puncture to prevent the morbidity and mortality

ssociated with the delayed diagnosis and treatment of
ubarachnoid hemorrhage.3,53,54 However, only 7% of patients
ith missed diagnosis of subarachnoid hemorrhage in the study by
owalski et al11 failed to undergo lumbar puncture after negative

ranial CT results, whereas 73% did not have either CT or lumbar
uncture performed. Additionally, though limited by the use of
dministrative data and lack of adjustment for clinical status at
resentation, a review of 1,507 ED patients receiving a diagnosis of

ubarachnoid hemorrhage found a lower unadjusted crude 30-day
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mortality rate among patients with a probable undiagnosed
subarachnoid hemorrhage–related presentation in the 2 weeks
before index subarachnoid hemorrhage diagnosis (6.2% versus
33.9%).13

Although none of these studies truly address the outcome of
the untreated patient with evidence of subarachnoid
hemorrhage by lumbar puncture despite normal cranial CT
result, treated patients appear to fare very well. The cooperative
aneurysm study found that 92.7% of patients with aneurysmal
subarachnoid hemorrhage who presented alert and without
evidence of blood on CT had good or excellent recovery at 6
months.55 Ultimately, the physician and patient must engage in
a shared decisionmaking process about the perceived and
desired risks and benefits surrounding any medical test or
treatment.56 Research conducted among ED patients with
possible acute coronary syndrome suggests that patients often
have much higher risk thresholds for themselves than do the
treating physicians.57 Along these lines, it is our hope that the
application of the clinical decision rule will help clinicians feel
more confident when informing patients of their absolute risk of
subarachnoid hemorrhage after a negative cranial CT result,
allowing them to make well-informed recommendations and
fully engage in the shared decisionmaking process.

In conclusion, the previously derived clinical decision rule
for subarachnoid hemorrhage demonstrated useful
discriminatory characteristics when externally validated among a
subset of patients with subarachnoid hemorrhage in the setting
of negative cranial CT result. Performance of cranial CT within
6 hours of headache onset, however, failed to identify 20% of
the cases in this study. These findings provide further guidance
to clinicians interested in applying the clinical decision rule
during shared decisionmaking with patients who have a negative
cranial CT result. Such a testing strategy might achieve a
mutually acceptable low pretest probability of disease and
reduce rates of invasive testing accordingly. Clinicians should
note that these findings are derived from a limited patient
cohort within a single integrated health system and thus may
not adequately represent other practice settings.
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