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Abstract—This study sought to determine the sensitivity
nd specificity of modern computed tomography (CT) scans
or the diagnosis of subarachnoid hemorrhage (SAH). No
tudies have been done recently with fifth generation CT
canners to look at the diagnosis of SAH. A retrospective
hart review was done of Emergency Department (ED),
aboratory, and hospital records at Pitt County Memorial
ospital in Greenville, North Carolina over 1 year from

anuary 1, 2002 to December 31, 2002. Patients presented
ith headache and had a CT scan of the head with a fifth
eneration multi-detector CT scanner followed by a lumbar
uncture (LP) to rule out SAH. There were 177 patients
ho presented to the ED with headache and went on to
ave a CT scan and an LP to rule out SAH. No patients who
ad a negative CT were found to have a subarachoid hem-
rrhage. It is concluded that fifth generation CT scanners
re probably more sensitive than earlier scanners at detect-
ng SAH. © 2005 Elsevier Inc.

Keywords—subarachnoid hemorrhage; diagnosis; sensi-
ivity; computed tomography; lumbar puncture

INTRODUCTION

he incidence of subarachnoid hemorrhage (SAH) is
pproximately 1 in 10,000 patients/year, affecting 28,000
eople per year in the United States. About 1% of all
atients presenting to the Emergency Department with
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eadache have SAH (1). Although most cases of SAH
re traumatic in origin, about 80% of non-traumatic SAH
re caused by aneurysm rupture in the area of the Circle
f Willis. This condition, if undetected, has high mor-
idity and mortality and often strikes people who are
therwise healthy. Twenty to fifty percent of people with
AH experience a small leakage or sentinel bleed that
oes not lead immediately to neurologic disability but
ften advances to worse outcomes if not promptly diag-
osed (1). Studies have shown that early detection leads
o vastly improved outcomes if the initial diagnosis is
orrect (2). It is the goal of medical practitioners to
iagnosis SAH at this point so the patient can be spared
he disability and mortality of an intracranial bleed. Cur-
ently, most patients with a severe headache (HA) or
cute onset of the worst headache of their life have a
omputed tomography (CT) scan of the head performed;
f the CT scan is negative for SAH, patients have a
umbar puncture (LP) done. The current gold standard
or diagnosing SAH is the LP, which can detect small
mounts of blood and xanthochromia in the spinal fluid.

Recent advances in computed tomography technology
ave improved the accuracy of today’s top-of-the-line
T scanners, yet we still practice medicine based on

tudies done in the 1980s and 1990s with third genera-
ion scanners. The most recent studies, also done with
hird generation scanners, quote the sensitivity of detect-
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ng SAH at 92–98% (3,4). In the past 3 years, new “fifth
eneration” CT scanners have been installed at many
ospitals. These multidetector CT scanners have advan-
ages over previous models. They are much faster and
ble to take multiple images per rotation, which leads to
hinner slices and less motion artifact and therefore better
esolution. In a search of the medical literature as of

arch 15, 2003, there have been no studies looking at
he sensitivity of these scanners in detecting subarach-
oid hemorrhage. We undertook this study to evaluate
he sensitivity of these fifth generation scanners for di-
gnosing SAH.

MATERIALS AND METHODS

his was an IRB-approved retrospective study conducted
t Pitt County Memorial Hospital (PCMH) from January
, 2002 to December 31, 2002. PCMH is an academic
evel 1 Trauma Center located in a mostly rural region
f Eastern North Carolina with an annual volume of
0,000 patient visits. A search of the Emergency Depart-
ent (ED) and laboratory medical records for a 1-year

eriod was done to identify adult patients presenting to
he ED with a complaint of headache. If the patient went
n to have a CT scan and LP to evaluate for SAH, they
ere included in the study. Patients excluded were those
ho: 1) had a history of trauma in the past 3 months; 2)
ere aged 17 years or less; 3) did not have rule-out SAH

s the indication for LP documented in the physician
ecords or LP consent form; or 4) had history of recent
eurosurgery. Patients who presented with other chief
omplaints such as syncope, seizure, or mental status

igure 1. Identification of eligible patients who received a he
ule out SAH (subarachnoid hemorrhage).
hanges but also had a headache, were included in the y
tudy. Figure 1 shows the schematic of how patients
ere identified for this study by searching laboratory

ecords for all cerebrospinal fluid (CSF) samples, then
eviewing medical and ED records for inclusion/exclu-
ion criteria.

All patients in the study had a CT scan of the head
one by a GE Lightspeed 2.� scanner (GE Medical
ystems Waukesha, WI), which is a fifth generation CT
canner. The standard protocol involves 5-mm cuts
hrough the cerebrum and 5-mm cuts through the poste-
ior fossa. The scans were read by attending radiology
taff, including both general radiologists and neuro-radi-
logists.

Patients with a negative CT scan of the head gave
onsent to have an LP done. Tubes 1 and 4 were sent to
he laboratory for cell counts. Tube 2 was sent for protein
nd glucose and tube 3 was sent for Gram’s stain, culture
nd other indicated studies. The first and fourth tubes
ere centrifuged for 5 min and then inspected visually

or the presence of xanthochromia. Patients were consid-
red positive for SAH on LP if they had at least 400 red
lood cells (RBC) in tube 1 (the visual threshold for
etection of blood) and CSF that did not clear by at least
0-fold. Some of these patients had a CT angiogram
CTA) the same day to evaluate for aneurysm. Other
atients who had elevated RBCs but did not have suffi-
ient clearing were followed up by telephone and hospi-
al records from 3 months to a year after the initial ED
isit and were questioned about any other events or
omplications. Patients were also considered to be pos-
tive for SAH if there was evidence of xanthochromia.
his hospital determined xanthochromia by visual anal-

(computed tomography) scan and LP (lumbar puncture) to
sis and not by spectrophotometry. The data were accu-
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ulated in Microsoft Excel (Redmond, WA) for analy-
is.

RESULTS

total of 177 patients were identified through the cal-
ndar year of 2002 who met the inclusion criteria of
aving a headache, getting a head CT scan, and having
n LP done if the CT was negative. Six patients were
ound to have subarachnoid blood on their CT scan. Four
f these patients had aneurysms found at cerebral an-
iography, and one had an arterial-venous malformation
AVM). The one remaining patient did not have a lesion
dentified, but had a positive LP and clinical course
onsistent with SAH. One patient had a CT scan positive
or possible intraventricular blood, but on LP had only
05 and 22 RBCs in tubes 1 and 4, respectively. He did
ot have a further radiologic study done and did not have
ny further complications, so his CT scan result is con-
idered to be a false positive.

A search of the ED database (Wellsoft Corporation
omerset, NJ) was also done to identify all cases of SAH.
or the year 2002, 31 cases were identified with the
dmitting diagnosis of Subarachnoid Hemorrhage (Fig-
re 2). The majority of these (77%) were traumatic SAH
nd all of these SAH were seen on CT scan. Of the
on-traumatic cases, which numbered six, all of them
ad a positive CT scan for SAH, so only one went on to
ave an LP.

Forty-three patients had traumatic LPs with RBC
ounts �400 in tube 1. In none of these cases was
anthochromia noted by laboratory personnel using vi-
ual diagnosis. Two patients had CTA studies done.
either of these studies was positive for aneurysm or
VM. On follow-up examination of these patients, one
f them had no complications and the other had an
schemic stroke about 6 months after the initial event but
id not have a SAH or hemorrhagic stroke.

Of the 170 patients who had a negative CT scan, none
as found to have SAH by LP or patient follow-up.
atients with over 400 RBCs in tube 1 of their LP fluid
nd less than a 10-fold decrease in the number of red
ells from tube 1 to tube 4 were identified. Eleven cases
d
igure 2. All identified SAH separated into traumatic and
on-traumatic.
ere identified and followed up by a search of the ED
omputer database for follow up or repeat visits and
atients were also contacted by telephone to inquire
bout visits to other hospitals and any further complica-
ions. None of these patients had further complications
elated to their headaches and so their “positive” LP
esults were felt to be false positives. Figure 3 shows the
etermined sensitivity of CT scan for SAH to be 100%
nd the specificity to be 99.4%.

The most common ED diagnosis for patients under-
oing CT and LP evaluation for SAH was Headache
OS (not otherwise specified), 92 (53%). The next most

ommon diagnoses were; Migraine 16 (9%), Meningitis
4 (8%), Syncope 8 (5%), Mental Status Changes 8
5%), Seizure 7 (4%), and Stroke 3 (2%). All of the other
iagnoses composed 1% or less of the total diagnoses.
ll of the cases identified as meningitis had CSF cultures
egative for a bacterial pathogen and were given the
iagnosis of viral meningitis.

DISCUSSION

AH is one of the critical diagnoses in Emergency Med-
cine. Yet this diagnosis continues to be missed in 23% to
3% of patients at their first encounter with a physician
5,6). Part of the problem is that this disease is neither
ommon (migraine is 50� more common in the ED), nor
are (12% of patients presenting with acute severe head-
che have SAH) (1,7). The gold standard for diagnosing
AH remains the LP, although most SAH are diagnosed
y CT scan. In Morgenstern’s study, 18/20, and in van
er Wee’s study, 117/119 cases of SAH were diagnosed
y CT scan using third generation scanners (2,8).

Physicians are commonly presented with the difficult

igure 3. CT scan results for SAH and the confirmed out-
omes (if SAH was actually present or not).
ecision of whether to perform an LP in a patient with a
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eadache and a negative CT scan in order to diagnose the
mall percentage of SAH missed by CT scan. Influencing
his decision are considerations of pre-test probability,
omplication rate of the gold standard study, patient fear
nd anxiety, and sensitivity of the CT scan. It is this last
ssue that this study attempts to address. It is difficult to
stablish an acceptable miss rate when considering a
otentially devastating disease such as SAH that has a
igh morbidity and mortality but offers an important
pportunity to intervene if caught early.

Another important issue is the complication rate of
P. Lumbar puncture, although shown to be generally
afe and with a low complication rate, is still not without
isk. Post-dural puncture headaches occur in about 40%
f all patients (9). The occurrence is even higher in
atients with preceding headache (10). Low back pain
lso has been seen in up to 35% of patients having an LP
n one study (11). Less common but real complications
f LP include brainstem herniation, iatrogenic infection,
ranial neuropathies, epidermoid tumor, subdural hema-
oma, and spinal hemorrhage leading to paraplegia (12).
ne must also take into account the extra time spent in

he ED by the patient and the time it takes the physician
o perform the procedure.

Although LPs are still felt to be the gold standard for
iagnosis of SAH, their interpretation is not always
traightforward. Traumatic LP occurs in 10–25% of di-
gnostic lumbar punctures (13). Traumatic lumbar punc-
ure occurred in 25% of LPs done in this study, using a
utoff of 400 RBCs in tube 1. It has been shown that
atients without SAH may have large numbers (10,000)
f RBCs in the CSF and, conversely, patients with
roven SAH may present with only hundreds of RBCs in
he CSF (3,4). Spectrophotometry has been found to
ave a high false positive rate in previous studies. Most
ospital laboratories do not use spectrophotometry; in
act, 99.7% analyze CSF for xanthochromia visually
14). Approximately 25% of hospitals do not check for
anthochromia by either method (13). Other studies sug-
ested to help distinguish traumatic from non-traumatic
Ps such as d-dimer, opening pressure, and clot forma-

ion are not always done or recorded and have not been
ound to be reliable (12). On the other hand, LP offers
ome benefits, as it allows us not only to exclude SAH
ith a high degree of certainty but also to help diagnose
ther conditions such as encephalitis, meningitis, and
seudotumor cerebri.

Although other studies have shown the prevalence of
AH in severe acute onset non-traumatic headache to be
2% this study showed a prevalence (pretest probability)
f only 3.4% (6/178) (3,7). This is most likely a result of
pectrum bias. Although patients in this study were re-
uired to have a headache, it did not have to be severe or

cute in onset. Although other studies required patients c
o present less than 12 h from the onset of the headache,
his study included all patients (7). This was done for two
easons. First, studies have shown that many patients
ith SAH present after 12 h (3). Second, in clinical
ractice we must see patients at all time intervals from
eadache onset, not just those less than 12 h.

As stated above, headaches were not always severe. In
everal cases, other historical factors such as syncope,
eizure, or a headache different than previous headaches
oved SAH higher on the differential diagnosis. If cli-

icians included SAH on their differential diagnosis and
elt confident enough about it to perform a CT scan and
n LP, they were included in this study. If those who did
ot have severe headache were excluded, the percentage
f those with SAH may have been higher.

There were some questionable cases of SAH vs. trau-
atic lumbar puncture. Although no studies showed

anthochromia, this hospital used visual diagnosis and
ot spectrophotometry to report xanthochromia. We at-
empted to ensure that none of these patients actually had
AH by searching hospital records and performing fol-

ow-up calls directly to patients to ensure that no se-
uelae had occurred by 3 months after the ictus. Most
omplications or cases of re-bleeding occur within 1
onth of the initial headache (15). This study used the

alues of �400 RBCs in tube 1 and less than a 10-fold
ecrease in RBCs from tube 1 to tube 4 to define SAH.
hese criteria have not been validated and do not repre-
ent a standard. But as Shah and Edlow point out in their
eview, “Distinguishing Traumatic LP from true SAH,”
here is no exact definition of traumatic tap (16). We tried
o set the numbers artificially low in order not to miss any
ossible cases of SAH. Although there is no specific
hreshold of RBCs at which SAH is ruled out, patients
ith fewer than 400 RBCs have a very low risk for SAH.
edian RBCs for SAH in Morgenstern’s study was

21,400 and no patients had less than 19,750 RBCs (2).
The results of this study suggest a sensitivity of 100%

or fifth generation CT scanners evaluating for SAH, but
he 95% confidence intervals are 61.0–100%. Due to the
ow pre-test probability, a much larger study would need
o be conducted to increase the confidence intervals.
ypically, as the sensitivity of a test increases, the spec-

ficity decreases, so that an “overly sensitive” test creates
iagnostic errors. Here we found only one false positive,
iving a specificity of 99.4% with 95% confidence inter-
als of 96.8–99.9%. This finding is extremely important,
ecause missing a SAH could be devastating, but having
false positive CT for SAH and subjecting a patient to

he risks of unnecessary angiography is also dangerous.
There are several limitations to this study. As a ret-

ospective chart review, some of the cases may have
een missed by our methods of identification. There were

ertainly some patients who had a CT scan performed to



e
w
i
c
d
t
s
t
v
s
c
t
s

T
fi
T
s
t
g
1
a
i
t
n
a
l
i
w
t
c
f
v
o
a

a
C
f

1

1

1

1

1

1

1
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valuate for SAH, but whom either declined the LP or
ere not offered one. We do not have any data concern-

ng these patients, but we know that the six patients with
onfirmed non-traumatic SAH had no prior ED visits
uring the 1-year study interval, so that it is unlikely that
heir CT scans were false negatives. With a small sample
ize of only 177 cases with a low pre-test probability and
he acceptable level of false negative CT scans being
ery low, 1 or 2 missed cases over a year would have a
erious impact on the implications of this study. There is
ertainly the need for a larger study conducted prospec-
ively to help further clarify the questions asked in this
tudy.

CONCLUSIONS

he results of this study suggest that the sensitivity of a
fth generation CT scan evaluating for SAH is 100%.
his would need to be validated by further larger pro-
pective studies in order for a change in clinical practice
o take place. Not all hospitals have top-of-the-line fifth
eneration CT scanners. If the sensitivity were in fact
00% or even approached this number, the diagnostic
lgorithm or SAH would be changed. Another issue is
nformed consent. When obtaining consent from a pa-
ient to perform a lumbar puncture, the sensitivity should
ot be quoted as 85–90%; the actual sensitivity is prob-
bly closer to 99%. Given the possible complications of
umbar puncture, patients may decide more often that LP
s not worth the risk. Avoiding complications of LP
ould be a benefit for patients and they would spend less

ime in the Emergency Department. Emergency physi-
ians would be spared the time-consuming task of per-
orming a lumbar puncture. Until further studies can
alidate the results presented in this study, the standard
f care remains continuing to perform LP on patients

fter negative cranial CT scans if SAH is suspected. For
disease as devastating as ruptured cerebral aneurysm,
T would have to be extremely sensitive to routinely

orego LP.
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