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Letter from the editor

Subarachnoid haemorrhage: still a diagnostic headache for emergency
physicians

A recent large prospective study by Perry and colleagues [1] suggests that a negative computed
tomography (CT) scan followed by a negative lumbar puncture (LP) is sufficient to rule out a diagnosis
of subarachnoid haemorrhage (SAH) in patients presenting with acute severe headache. This
combination of tests is currently the recommended protocol for diagnosis of SAH, and has been
successfully used for many years. However, as the article by Perry et al demonstrates, while this
combination is highly sensitive (100%), it lacks specificity. Is there is a more effective diagnostic strategy
for SAH? Here, we highlight several important considerations in this area that are the subject of ongoing

discussion in the literature.

Subarachnoid haemorrhage (SAH) has an incidence of approximately 6—7 per 100,000 patient-years
and is responsible for about 3% of patients presenting with headache to the emergency department
(ED).[2] Diagnosis of SAH is challenging, and is missed in 1 in 20 patients during the ED episode, with
patients presenting with less-severe symptoms appearing to be at highest risk of misdiagnosis.[3]
Currently, there are no evidence-based guidelines to assist the ED doctor in the diagnosis of potential
SAH. Recommendations in the UK, which are similar to those in the USA, advocate immediate brain CT
scanning. If the CT scan is negative, LP is recommended as a supporting test to determine the

presence of xanthochromia.[4]

Given the large numbers of people who present with headache to an ED, and the low incidence of SAH,
can we correctly assign pre-test probability for SAH and identify which patient requires further
investigation? Sudden-onset headache is the characteristic symptom of SAH, although patients often
neglect to mention the type of onset when they seek medical advice.[5] Previous studies suggest that up
to 40% of patients experience a "sentinel" headache prior to SAH, but the evidence is weak and
preceding headache does not seem to aid in the diagnosis.[6] A recent study demonstrated that ED
physicians were able to discriminate SAH with a moderate degree of accuracy.[7] Using an a priori pre-
test probability of 2%, the authors calculated the sensitivity and specificity of clinicians’ judgement and
found an area under the receiver—operator curve of 0.87 (95% CI 0.80 to 0.93).[7] However, the study
also highlighted that three quarters of these same physicians would be uncomfortable about not
ordering investigations for most patients. Interestingly, the diagnostic accuracy in this study was similar
to that in previous studies assessing ability to assign accurate pre-test probability in ankle (area under
ROC: 0.88) and knee (0.87) fractures,[8][9] raising the possibility of future development of decision

rules for risk stratification in SAH.

Once we have decided to investigate a patient with a presumed SAH, what is the appropriate strategy,
and how does each result affect our subsequent management? Unenhanced CT scan of the brain
performed as soon as possible from symptom onset remains the usual initial investigation. Most EDs in
resource-rich settings can offer ready access to CT scans. However, previous studies have
demonstrated that obtaining a CT scan is only the first step in diagnosing SAH, and, as SAH is difficult
to diagnose, interpretation of the scan by an experienced senior doctor is invaluable.[3] The timing of the
scan also needs to be considered carefully, as CT accuracy falls off after the first 24 hours. It has been
reported that third-generation scanners miss 5% of cases of SAH at 24 hours after symptom onset, and

up to 27% at 3 days.[10] The sensitivity of CT for detecting SAH with modern scanners, when all
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abnormalities attributable to SAH are taken into account, has been reported to be as high as 98%.[11]
Some authorities have suggested that such a strong negative likelihood ratio of normal CT might render
subsequent LP unnecessary in patients with a low pre-test probability for SAH.[7][12] However, a
recently published 3-year retrospective study of 149 patients diagnosed with spontaneous SAH has
countered this argument, with lower reported sensitivities of 94% (95% CI 88% to 98%) for new
multidetector CT scanners.[13] The authors additionally reported that the sensitivity was even lower at
90% (95% Cl, 81% to 95%) in the 67 patients with Glasgow Coma Score (GCS) of 15 (normal conscious
level) — which is perhaps the very population for which test results might be the most useful as a

decision-making tool as the clinical picture is the most difficult to assess for these patients.

There are several other valid reasons to question whether LP is the most appropriate test to follow CT in
the diagnosis of SAH: the procedure is invasive with a reasonably high complication rate; up to a third of
patients will suffer a resulting post-procedure headache; and, although uncommon, significant bleeding
and infection have been reported.[14] As stated earlier, the diagnosis of SAH is time critical, and yet
general consensus is that LP should not be performed until 12 hours after onset of symptoms, as this is
the time required for the breakdown of haemoglobin to bilirubin: conversion of haemoglobin to bilirubin
requires enzymes that are present only in vivo, and so presence of bilirubin cannot be attributable to a
traumatic tap. Most authors would agree that cerebrospinal fluid spectrophotometry for xanthochromia is
superior to visible inspection,[15] but this requires expertise that not all hospitals have available 24
hours a day, introducing further delays to the diagnosis. The technical process of performing LP can be
difficult and needs expertise to perform, and even in expert hands there is still a significant risk of a
traumatic tap. This can also potentially confound the diagnosis with the presence of oxyhaemoglobin in
the CSF. Several studies have investigated whether the presence of d-dimer in the CSF can rapidly

distinguish between traumatic tap and SAH, but with inconclusive results.[16][17]

Given the limitations of LP, is there a better test to perform in those low-risk patients with a normal CT
but enough clinical suspicion to merit further investigation? Other imaging techniques (magnetic
resonance imaging (MRI), angiography, CT angiography, and MR angiography) have been utilised in
the diagnosis of SAH. Surprisingly, there have been few studies looking at MRI as a diagnostic tool in
SAH. The largest of these looked at several different modalities of MRI with variable sensitivities and
specificities, finding T2 weighted and FLAIR the most sensitive (94% and 81%, respectively).[18] A more
recent, smaller study reported disappointing results for FLAIR MRI, with only two positive scans in 12
confirmed cases of SAH, although both of these studies lack power.[19] Traditional catheter
angiography is associated with a significant risk of ischaemic neurological complications (8%) and with
further rupture of cerebral aneurysms (1-2%).[6] CT angiography has a 95% sensitivity for detecting
aneurismal rupture, has the advantage of being relatively quick to perform, and can be carried out
immediately after the brain CT. MR angiography has similar test characteristics to CT angiography, with
the added advantage of not requiring contrast.[6] All of these investigations are expensive and the

resources are not always available to every ED.

SAH has a mortality rate of 50%, and survivors may experience significant neurological morbidity. Given
the catastrophic consequences of missing the diagnosis, and that both mortality and morbidity increase
with delays in treatment, early diagnosis is essential.[20] Reviewing the current literature certainly raises
the hope for future improvements in the diagnosis of SAH and investigation of the patient presenting to
the ED with a sudden onset severe headache. However, there is still insufficient evidence to support the
routine use of these newer investigatory modalities, and the cornerstone of diagnosis of SAH in the ED
therefore remains the emergency physician’s clinical acumen in determining those patients who warrant

further investigation with CT followed by LP.

BMUJ Clinical Evidence, March 10, 2008
Page 2 of 3



BM] Clinical Evidence

Alastair Newton, FCEM
Andrew Parfitt, FCEM

Emergency Department, St Thomas’ Hospital, London

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Perry JJ, Spacek A, Forbes M, et al. Is the combination of negative computed tomography result and
negative lumbar puncture result sufficient to rule out subarachnoid hemorrhage? Ann Emerg Med 2008 Jan
10 [Epub ahead of print]. Available at:
http://www.ncbi.nlm.nih.gov/pubmed/181912937?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pub
med_ResultsPanel.Pubmed_RVDocSum (last accessed 6 March 2008).

Al-Shahi R, White PM, Davenport RJ, et al. Subarachnoid haemorrhage. BMJ 2006;333:235-240.
Vermeulen MJ, Schull MJ. Missed diagnosis of subarachnoid haemorrhage in the emergency department.
Stroke 2007;38:1216-1221.

American College of Emergency Physicians. Clinical Policy for initial approach to adolescents and adults
presenting to the emergency department with a chief complaint of headache. Ann Emerg Med
1996;27:821-844.

Linn FH, Wijdicks EF, van der Graaf Y, et al. Prospective study of sentinel headache in aneurysmal
subarachnoid haemorrhage. Lancet 1994;344:590-593.

Van Gijn J, Kerr RS, Rinkel GJ. Subarachnoid haemorrhage. Lancet 2007;369:306-318.

Perry JJ, Stiell IG, Wells GA, et al. Attitudes and judgement of emergency physicians in the management
of patients with acute headache. Acad Emerg Med 2005;12:33-37.

Steill IG, McDowell I, Mair RC, et al. Use of radiography in acute ankle injuries: physicians’ attitudes and
practice. Can Med Assoc J 1992;147:1671-1678.

Steill IG, Wells GA, McDowell |, et al. Use of radiography in acute knee injuries: need for clinical decision
rules. Acad Emerg Med 1995;2:966-973.

Liebenberg WA, Worth R, Firth GB, et al. Anuerysmal subarachnoid haemorrhage: guidance in making the
correct diagnosis. Postgrad Med J 2005;81:470-473.

Schwartz DT. Feedback: CT and lumbar puncture for the diagnosis of subarachnoid haemorrhage: the
importance of accurate interpretation. Ann Emerg Med 2002;39:190—-192.

Byyny RL, Mower WR, Shum N, et al. Sensitivity of Noncontrast Cranial Computed Tomography for the
Emergency Department Diagnosis of Subarachnoid Haemorrhage. Ann Emerg Med 2008 Jan 17; [Epub
ahead of print]. Available at:

http://www.ncbi.nlm.nih.gov/pubmed/18207607 ?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pub
med_ResultsPanel.Pubmed_RVDocSum (last accessed 6 March 2008).

Coats TJ, Loffhagen R. Diagnosis of subarachnoid haemorrhage following a negative computed
tomography for acute headache: a Bayesian analysis. Eur J Emerg Med 2006;13:80-83.

Teece S, Crawford |. Towards evidence based medicine: best BETs from the Manchester Royal Infirmary.
Bed rest after lumbar puncture. Emerg Med J 2002;19:432—433.

Sidman R, Spialnic S, Demelis M, et al. Xanthochromia? By what method? A comparison of visual and
spectrophotometric xanthochromia. Ann Emerg Med 2005;7:51-55.

Lang DT, Berberian LB, Lee S, et al. Rapid Differentiation of subarachnoid hemorrhage from traumatic
lumbar puncture using the D-dimer assay. Am J Clin Pathol 1990;93:403—405.

Nielson T, Kanhout P, Jones JS, et al. Use of cerebrospinal D-dimer assay to rapidly differentiate
subarachnoid hemorrhage from traumatic lumbar puncture. Acad Emerg Med 1999;6:459.

Mitchell P, Wilkinson 1D, Hoggard N, et al. Detection of subarachnoid haemorrhage with magnetic
resonance imaging. J Neurol Neuorosurg Psychiatry 2001;70:205-211.

Mohamed M, Heasley DC, Yagmurlu B, et al. Fluid-attenuated inversion recovery MR Imaging and
subarachnoid hemorrhage: not a panacea. Am J Neuroradiol 2004;25:545-550.

Neil-Dwyer G, Lang D. 'Brain attack’ — aneurysmal subarachnoid haemorrhage: death due to delayed
diagnosis. J R Coll Physicians Lond 1997;31:49-52.

BMJ Clinical Evidence, March 10, 2008
Page 3 of 3



