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Initial Misdiagnosis and Outcome
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UBARACHNOID HEMORRHAGE

(SAH) affects nearly 30000 in-

dividuals annually in North

America and results in serious
impairment or death in 40% to 60% of
cases.! Outcome is highly dependent on
early diagnosis and aggressive interven-
tion."? Immediate aneurysm repair is
particularly crucial because rebleeding
occurs in 26% to 73% of patients within
days or weeks after the initial rupture if
the aneurysm is untreated.'?

The reported frequency of misdiag-
nosis of SAH ranges from 12% to 51%.*"!
Correct diagnosis can be confounded be-
cause a key symptom of SAH, head-
ache, is among the most common symp-
toms reported to emergency physicians.'?
Accordingly, misdiagnosed SAH repre-
senis one of the largest sources of emer-
gency department litigation claims and
malpractice settlement payments in the
United States."® We sought to identify the
[requency, risk factors, and impact on
outcome of initial misdiagnosis in pa-
tients hospitalized with SAH.

METHODS

All patients who were diagnosed with
SAH and were admitted to the Neuro-
logical Intensive Care Unit at Columbia-
Presbyterian Medical Center in New
York between August 1996 and August
2001 were invited to enroll in the Co-
lumbia University SAH Outcomes
Project. The study was approved by the

Context Mortality and morbidity can be reduced if aneurysmal subarachnoid hem-

orrhage (SAH) is treated urgently.

Objective To determine the association of initial misdiagnosis and outcome after SAH.

Design, Setting, and Participants Inception cohort of 482 SAH patients admit-
ted to a tertiary care urban hospital between August 1996 and August 2001.

Main Outcome Measures Misdiagnosis was defined as failure to correctly diag-
nose SAH at a patient's initial contact with a medical professional. Functional out-
come was assessed at 3 and 12 months with the modified Rankin Scale; quality of life
{(QOL), with the Sickness Impact Profile.

Results Fifty-six patients (12%) were initially misdiagnosed, including 42 of 221 (19%)
of those with normal mental status at first contact. Migraine or tension headache (36%)
was the most common incorrect diagnosis, and failure to obtain a computed tomogra-
phy (CT) scan was the most common diagnostic error (73 %). Neurologic complications
occurred in 22 patients (39%) before they were correctly diagnosed, including 12 pa-
tients (21%) who experienced rebleeding. Normal mental status, smail SAH volume, and
right-sided aneurysm location were independently associated with misdiagnosis. Among
patients with normal mental status at first contact, misdiagnosis was assodated with worse
QOL at 3 months and an increased risk of death or severe disability at 12 months.

Conclusions In this study, misdiagnosis of SAH occurred in 12%.of patients and
was associated with a smaller hemorrhage and normal mental status. Among indi-
viduals who initially present in good condition, misdiagnosis is associated with in-
creased mortality and morbidity. A low threshold for CT scanning of patients with mild

symptoms that are suggestive of SAH may reduce the frequency of misdiagnosis.

JAMA, 2004;291:866-869

www jama.com

hospital’s institutional review hoard, and
written informed consent was obtained
from the patient or a surrogate. SAH was
diagnosed according to computed to-
mography (CT) or by xanthochromia of
cerebrospinal fluid (CSF). Patients with
spontaneous aneurysmal and nonaneu-
rysmal SAH were included. Individuals
with SAH caused by trauma, arteriove-
nous malformations, or other second-
ary causes were excluded, as were pa-
tients younger than 18 years and those
admitted more than 14 days after their
most recent hemorrhage.
Demographic data, medical and so-
cial history, and clinical features at ad-
mission were obtained through patient
and surrogate interviews and medical
record review by a study neurointensiv-
ist. Details about symptoms at the on-

866 JAMA, February 18. 2004—VYol 291, Ne. 7 (Reprinted) CIO0 Ame

rican Medical \ssociation

set of hemorrhage, admission Hunt-
Hess grade, and CT and angiographic
findings were recorded, as described pre-
viously.""*7 Sentinel headaches were de-
fined as discrete episodes of severe head-
ache that preceded the headache that
initially led the patient to seek medical
attention. Aneurysms were designated
right-sided if located on the right middle
cerebral artery (MCA) or internal ca-
rotid artery (ICA) and left-sided if lo-
cated on the left MCA or ICA.
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Neurology, Department of Neurology (Mssrs Kowalski
and Bates, Ms Ostapkovich, and Drs Claassen, Kreiter,
and Mayer), and Department of Neurosurgery (Drs
Cannolly and Mayer), Celumbia University College of
Physicians and Surgeons, New York, NY.
Corresponding Author: Stephan A. Mayer, MD, Di-
vision of Stroke and Critical Care Neurology, Neuro-
logical Institute, 710 W 168th St, Unit 39, New York,
NY 10032 (sam14@columbia.edu).
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[J Abstract—Aneurysmal subarachnoid hemorrbage (SAH) is
& serious cause of stroke that affects 30,000 patients in
North Amerjca annually. Due to a wide spectrum of pre-
sentations, misdiagnosis of SAH has been reported to occur
in a significant proportion of cases. Headache, the miost
common chief complaint, may be an isolated finding; the
neurological exaynination may be normal and neck stiffness
absent. Emergency physicians must decide wiich patients
to evalnate beyond history and physical examination. This
evaluation—compnted tomography (CT) seanning and
lumbar puncture (LP)—is straightforward, but each test
has imporfant limitations. CT sensitivity falls with time
from opset of symptoms and s lower in mildly affected
patients, Traumatic LP must be distingnished from true
SAH. Cerebrospinal fluid analysis centers on measuring
xanthochromia. Debate exisis about the best method to
measure jt—visnal inspection or spectrophotometiry. An
LP-fivst strategy is also discussed. If SAH is diagnosed, the
priority shifts to specialist consultation and cerebrovasen-
lar imaging to define the offending vascular lesion. The
sensitivity of CT and maguetic resonance angiography are
approaching that of conventional cathefer angiography.
Emergency physicians must also address various manage-
ment issues to treat or prevent early complications. Endo-
vascular therapy is being increasingly used, and disposition
to neurovascular centers that offer the full range of treat-
ments leads to better patient outcomes. Emergency phiysi-
cians must be expert in the diagnosis and initial stabitiza-

tion of patients with SAH. Treatment in a hospital with
both neurosurgical and endovascular capability is becom-
ing the worm. © 2008 Elsevier Ine.

Keywords—snbarachnoid hemorrhage; diagnosis; lnmbar
puncture; cerebral angiography; xanthochromia; stroke

INTRODUCTION

Headaches, an exceedingly common complaint, are
mostly caused by migraine, tension-type, and other pri-
mary headache disorders. Two percent of all Emergency
Department (ED) patients have a chief complaint of
headache, and of those, 2% have a serious life-, limb-,
brain-, or vision-threatening condition diagnosed in the
ED (Table 1) (1). One such disorder is subarachnoid
hemorrhage (SAH). Although trauma is the leading
cause of SAH, ruptured intracranial aneurysms account
for 80% of non-traumatic cases (2,3). Of the remaining
20%, half are caused by non-aneurysmal venous “peri-
mesencephalic” hemorrhages. The other 10% are caused
by arteriovenous malformations, other vascular lesions,
tumors, and other less common disorders (2-5).

One in 100 headache patients presenting to EDs have
SAH (6-8). Of patients with severe, abrupt-onset head-
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Table 1. Life, Limb, Vision, or Brain-threatening Causes of
Headache

Subarachnoid hemorrhage

Meningitis and encephalitis

Cervico-cranial artery dissections

Temporal arteritis

Acute narrow angle closure glaucoma

Hypertensive emergencies

Carbon monoxide poisoning

Idiopathic intracranial hypertension (pseudotumor cerebri)

Spontaneous intracranial hypotention

Cerebral venous and dural sinus thrombosis

Acute strokes: hemorrhagic or ischemic

Pituitary apoplexy

Mass lesions
Tumor
Abscess (including parameningeal infections)
Intracranial hematomas (parenchymal, subdural, epidural)
Colloid cyst of 3 ventricle

ache and normal neurological examinations, about 10%
have SAH (9-12). The initial bleed may be fatal, may
result in significant neurological dysfunction, or may
produce relatively minor symptoms. Because early treat-
ment is associated with improved outcomes, timely di-
agnosis is critical (13). Despite a straightforward diag-
nostic algorithm, misdiagnosis remains common. Mildly
affected patients who are most commonly misdiagnosed
also have the best outcomes if correctly identified and
treated (2). Misdiagnosis of SAH is an important cause
of medico-legal actions against physicians (14.15).

This review updates emergency physicians on diag-
nostic and management issues of SAH that have emerged
over the last several years.

Incidence of Aneurysms and Effects of Rupture

Intracranial aneurysms are common and are located on
the large arteries of the circle of Willis and its branches.
Autopsy series uncover them in 0.4-3.6% of individuals,
whereas cerebral angiography documents incidental an-
eurysms in 3.7-6.0% of patients. Therefore, roughly 2%
of all individuals harbor aneurysms (16). Approximately
80-85% of these lesions are in the anterior cerebral
circulation, and the rest are in the posterior circulation
(Figure 1); cerebral aneurysms are multiple in 25% of
cases (17).

The reasons for aneurysmal rupture are incompletely
understood. Although local hemodynamic forces may
initiate aneurysmal formation, the tensile stress in the
aneurysm wall may be more important in rupture, Larger
aneurysm size and aspect ratio (dome size/neck size) are
independently correlated with risk of rupture (18-20).
Surface irregularities or multiple lobes on the aneurysm
confer additive risk (21).

When an aneurysm does rupture, the intracranial pres-
sure (ICP) rises precipitously. Cerebral perfusion may tran-
siently cease, resulting in unconsciousness, or death, if the
ICP is sufficiently high to cause irreversible structural dam-
age or halt cerebral perfusion. The mortality rates on the

Basilar
Apex

Figure 1. Cerebrovascular anatomy—Circle of Willis (shaded
volume rendering images of 3-D rotational angiograms). The
cerebrovascular circulation is conventionally divided into
the (A} anterior circulation (internal carotid artery and its
branches) and the (B) posterior circulation fthe vertebral
arteries and its branches). The two systems are linked up by
the posterior communicating arteries, which connect the
internal carotid artery and the posterior cerebral artery. The
3rd cranial nerve sits adjacent to the posterior communicat-
ing artery, which is the reason that aneurysms in this loca-
tion are often associated with 3rd cranial nerve palsy. The
red dots on the figure represent areas where aneurysms
commonly form, typically at arterial bifurcations. ICA = in-
ternal carotid artery, PComm = posterior communicating
artery, MCA = middle cerebral artery; AComm = anterior
communicating artery, ACA = anterior cerebral artery; VA =
vertebral artery, PICA and AICA = posterior (and anterior)
inferior cerebellar artery, SCS = superior cerehellar artery;
PCA = posterior cerebral artery.



Missed Diagnosis of Subarachnoid Hemorrhage in the
Emergency Department

Marian J. Vermeulen, MHSc; Michael J. Schull, MD, MSc, FRCPC

Background and Purpose—Subarachnoid hemorrhage (SAH) can be devas tating, yet its initial presentation may be limited
to common symptoms and subtle signs, potentially leading to misdiagnosis. Little is known about population rates of
misdiagnosis of SAH, or hospital factors that may contribute to it. We estimated the population-based rate of missed
SAH among emergency department (ED) patients and examined its relationship with hospital characteristics.

Methods—We studied persons admitted with a nontraumatic SAH to all Ontario hospitals over 3 years (April 2002 to
March 2005). SAH was defined as missed if the patient had an ED visit related to the SAH (based on a prespecified
definition) in the 14 days before admission. We examined the association between hospital teaching status and missed
SAH and explored whether annual ED volume of SAH or CT availability explained this association.

Resulis—Of 1507 patients diagnosed with SAH, 5.4% (95% CI, 4.3 to 6.6) had a missed diagnosis. The risk was
significantly higher among patients triaged as low acuity (odds ratio 2.65; 95% ClL, 146 to 4.80), as well as in
nonteaching hospitals (adjusted odds ratio 2.12; 95% Cl, 1.02, 4.44). Neither ED SAH volume nor on-site CT

availability explained the effect of teaching status.

Canclusions—Abput; 1 in 20 SAH 'patients are missed @m ED visit. Lower acuity patients are at higher risk of
misdiagnosis, suggesting the need for heightened suspicion among patients with minimal clinical findings. The risk is also
greater in nonteaching hospitals, but this is not explained by the anmual volume of SAHs seen in the ED or access to CT.

(Stroke. 2007;38:1216-1221.)

Key Words: diagnosis ® health services research m subarachnoid hemorrhage

S ubarachnoid hemorrhage (SAH) is a serious condition
that frequently leads to neurological impairment and
death.'-* The diagnosis can be challenging because headache
is the predominant symptom and often the only manifestation
of the condition,? yet it is also a common benign complaint.56
Delays in diagnosis and treatment of SAH are associated with
a higher risk of rebleeding and related mortality.”™

The rate of missed or delayed diagnosis has been reported
to vary from 12% to 51%.5-'¢ This wide range of misdiag-
nosis rates reflects a variety of study methods and definitions.
In addition, important risk factors for misdiagnosis, such as
patient acuity, physician experience and access to diagnostic
resources vary between different clinical settings.

Hospital factors such as patient volume, teaching statns and
access to diagnostic resources have been found to be associ-
ated with misdiagnosis in emergency department (ED) pa-
tients with acute myocardial infarction,!” yet little is known
about how system factors might contribute to the risk of
missed SAH. We sought to ascertain population-based rates
of missed SAH among patients presenting to an ED, and

certain hospital system factors associated with it. Specifi-
cally, we examined whether hospital teaching status, which
reflects a number of system-related differences in health care,
such as access to specific diagnostic technology and special-
ists, was associated with missed SAH and, if so, whether this
relationship could be explained by the annual volume of
SAHs seen in the ED and CT availability.

Methods

The study setting was Ontario, Canada’s largest province with a
population of 12.5 million. We included all Ontario residents aged 18
years and older with a valid health insurance number who were
admitted to any hospital through an ED from April 1, 2002, to March
31, 2005, with a most responsible diagnosis (responsible for the
majority of the hospital length of stay) of nontraumatic SAH
(International Classification of Disease [ICD]-10-CA codes I60.0 to
160.9). Patient records were identified from the Discharge Abstract
Database (DAD) and the National Ambulatory Care Reporting
System (NACRS), administrative health databases containing all
hospital admissions and ED visits in Ontario, respectively. We
selected the earliest SAH admission in the study period and excluded
patients admitted for an SAH or cerebral aneurysm in the previous

Continning medical education (CME) credit is available for this article. Go to http://cme.ahajournals.org to take the quiz.
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