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Abstract

Background

People presenting to the Emergency Department (ED) with acute severe headache often
undergo investigation to exclude subarachnoid haemorrhage (SAH). International guidelines
propose that brain imaging within six hours of headache onset can exclude SAH, in isolation.
The safety of this approach is debated. We sought to externally validate this strategy and

evaluate the test characteristics of CT-brain beyond six hours.

Methods

A prospective, multi-centre, observational cohort study of consecutive adult patients with
non-traumatic acute headache presenting to the ED within a United Kingdom National
Health Service setting. Investigation, diagnosis and management of SAH were all performed
within routine practice. All participants were followed for 28 days using medical records and

direct contact as necessary. Uncertain diagnoses were independently adjudicated.

Results

Between March 2020 and February 2023, 3663 eligible patients were enrolled from 88 EDs
(mean age 45.8 (SD 16.6), 64.1% female). 3268 patients (89.2%) underwent CT-brain
imaging. There were 237 cases of confirmed SAH, a prevalence of 6.5%. CT within six hours
of headache onset (n=772) had a sensitivity of 97% (95% Cl 92.5%-99.2%) for the diagnosis
of SAH and a negative predictive value of 99.6% (95% Cl 98.9%-99.9%). The post-test
probability after a negative CT within 6 hours was 0.5% (95% Cl 0.2%-1.3%). The negative
likelihood ratio was 0.03 (95% Cl 0.01-0.08). CT within 24 hours of headache onset (n=2008)
had a sensitivity of 94.6% (95% Cl 91.0%-97.0%). Post-test probability for SAH was
consistently less than 1%. For aneurysmal SAH post-test probability was 0.1% (95% Cl 0.0%-

0.4%) if the CT was performed within 24 hours of headache onset.

Conclusion



Our data suggests a very low likelihood of SAH following a negative CT-brain scan performed

early after headache onset. These results can inform shared decision making on the risks

and benefits of further investigation to exclude SAH, in ED patients with acute headache.

What is already known on this topic

CT-brain has been reported as highly sensitive for the exclusion of SAH if

performed within six hours of acute headache onset.

What this study adds

In our validation cohort, CT-brain was highly sensitive for the diagnosis of SAH
when performed within six hours of headache onset.

Up to 24 hours, sensitivity of CT remained high and the majority of SAH cases
‘missed’ by initial CT imaging were non-aneurysmal. All non-aneurysmal SAH were
conservatively managed without neurosurgical intervention.

Our estimates of post-test probability for SAH after a negative CT-brain within 24
hours of headache onset were consistently less than 1%.

Our estimates for post-test probability for aneurysmal SAH after a negative CT-

brain within 24h were 0.1% (95% Cl 0.0%-0.4%).

How this study might affect research, practice, or policy

These data will inform clinicians and patients about the risks and benefits of
further investigation for SAH after a negative CT-brain.

This study highlights the importance of distinguishing between aneurysmal and
non-aneurysmal SAH in diagnostic studies.

Our results suggest a low post-test probability using CT-brain up to 24 hours from

headache onset, which warrants further study.




Introduction

Acute headache accounts for between 1-2% of all Emergency Department (ED)
attendances, estimated at >350,000 United Kingdom (UK) patients per year. [1] Serious
intracranial pathology is found in approximately 10% of such patients. [2] Subarachnoid

haemorrhage (SAH) is the most frequently identified serious pathology. [3]

Subjective clinical headache features and examination findings are unreliable discriminators
of pathology in headache. Emergency clinicians therefore pursue high rates of invasive
investigation to definitively exclude SAH. [4] However, incidental findings on CT imaging can

cause significant anxiety for patients and lumbar puncture (LP) can prolong hospital stay. [5]

To address these challenges, the Ottawa SAH Clinical Decision Rule (CDR) was designed to
rule out SAH without neuroimaging. A 2020 validation study reported a sensitivity of 100%
(95% Cl 98.1%-100%). However, the CDR demonstrates poor specificity (12.7% (95% Cl 11.7-

13.9)) and is yet to be validated in a European population. [6,7]

The majority of patients with suspected SAH still undergo plain CT-brain imaging. If this is
performed early after headache onset, diagnostic performance is high. [8-10] Two
systematic reviews and meta-analyses in 2016 and 2022 report a pooled diagnostic
sensitivity of CT-brain for SAH of 98.7% when performed within six hours of headache onset.

[9,10] Sensitivity of CT for aneurysmal SAH may remain high up to 24 hours. [11]

National UK and US consensus guidelines recommend avoiding further investigations for
SAH in those with a negative CT-brain scan obtained within six hours of headache onset.
[12,13] Some experts have raised concerns regarding this diagnostic strategy, citing limited

validation studies and the severe clinical consequences of delayed diagnosis. [14,15]

We designed the Subarachnoid Haemorrhage in the Emergency Department (SHED) study to
externally validate a diagnostic strategy using negative CT-brain imaging within six hours to
exclude SAH. Our secondary aims included an exploration of the diagnostic test
characteristics for CT-brain beyond six hours, and external validation of the Ottawa SAH CDR

within an unselected UK population.



Methods

Design and Setting
A multicentre prospective observational cohort study led by the Trainee Emergency
Research Network (TERN) in the UK. Patients were recruited from 88 type-1 EDs or same

day emergency care settings between March 2020 and February 2023.

Consecutive patients attending the ED with non-traumatic headache reaching maximal
intensity within one hour were eligible for inclusion. The time frame to peak onset was
selected based on previous definitions used by Perry et al in derivation of the Ottawa CDR
and the original six hour CT rule out study. [16] Potential participants were identified by
trained ED clinicians and research nurses. Recruitment was paused from April 2020 to

September 2021 due to the COVID-19 pandemic.

Key clinical data was collected prospectively by treating teams on a dedicated, one-page
inclusion checklist (online supplement 1), including headache onset time, time to peak
headache and each component of the Ottawa CDR. Prospective data collection ensured data
accuracy for key subjective variables known to be poorly documented in medical records.
[5] Imaging review, ancillary investigations, discharge diagnosis and other data points were
subsequently extracted from medical records at a later date by direct care and research
staff. All patients were followed up for 28 days through case note review, direct contact
and/or primary care contact, to determine reattendance patterns and clinical outcome. The

study protocol is registered at ISCTRN 18417697 and is freely available online. [17]

The study was approved by the South-West Frenchay Ethics committee (19/SW/0243) and
sponsored by the Northern Care Alliance NHS Foundation Trust. A novel opt out consent
process is described in full within the published study protocol. [17] Study findings are
reported using the EQUATOR guidelines and STARD reporting template. [18]

Participants
Patients were eligible for inclusion if they were aged 18 years or older, alert (awake and

fully orientated or GCS 15/15) and presenting with non-traumatic acute headache reaching



maximal intensity within one hour. Patients were excluded from the study if they met any of
the following criteria: direct head trauma in the previous seven days; returning for
reassessment of the same headache within the recruitment period; established prior
diagnosis of SAH; known brain neoplasm; known ventricular shunt or hydrocephalus prior to
attendance at the ED; focal neurological deficit; headache with onset >14 days prior to
attendance; recurrent headaches (three or more headaches of similar character and
intensity as presenting headache); transfer from another hospital with confirmed SAH,;

prisoners and patients currently detained under the Mental Health Act.

Outcome Measures
There is no universally agreed definition for SAH; we therefore adapted the criteria
suggested by Perry et al as below, with any one positive criteria occurring within 28 days of

headache onset resulting in a reference standard diagnosis of SAH: [8]

1. Subarachnoid blood present on unenhanced CT-brain reported by a qualified radiologist.
2. Subarachnoid blood present on CT-Angiogram or MR-Angiogram reported by a qualified
radiologist.

3a. Spectrophotometry cerebrospinal fluid (CSF) findings consistent with SAH according to
the 2008 national reporting guideline for the analysis of CSF in SAH. [19]

3b. Visible xanthochromia on LP, reported by clinical chemistry.

3c. Red blood cells (>5x10%/L) in the final tube of cerebrospinal fluid collected and an
aneurysm identified on cerebral angiography (digital subtraction, computed tomography or

magnetic resonance angiography).

Where necessary, any inconclusive or contradictory diagnostic evaluations were adjudicated
as SAH positive or negative by a panel of clinicians independent to the study team. The
panel consisted of a consultant neurosurgeon, consultant neurointensivist, consultant acute
medical physician and a consultant in emergency medicine. This panel did not review
original imaging but did have access to key data uploaded to the study database by
participating sites. We classed any mention of potential SAH by a reporting radiologist as a

positive initial CT report, in line with routine practice. If future investigations discounted the



possibility of SAH (determined within the context of routine expert care or via adjudication

committee), we subsequently classed the initial CT report as false positive.

The Ottawa SAH CDR is a rule out tool and only needs a single positive integer to fail (i.e.
cannot exclude). As such, we considered the CDR to be sufficiently complete when at least

one positive component was recorded, or all components were recorded as negative.

Statistical Analysis

An independent statistician performed all data evaluation, presentation and analysis.
Diagnostic test characteristics are presented alongside Clopper-Pearson 95% confidence
intervals (Cls). Empirical 95% Cls for likelihood ratios and post-test probabilities were
obtained using Monte Carlo simulation. Uninformative Beta (1,1) priors for the sensitivity
and specificity were utilised to produce 10,000 random draws that were used to estimate
the likelihood ratio and post-test probability. Full details are provided in the online

supplement 2-3. All analyses were performed using R v4.3.2.

Sample size calculation

Prevalence figures for SAH in alert patients with atraumatic headache attending the ED
range from 2% to 7.5%; we assumed a prevalence of 5%. [6,8,9,20] We initially aimed to
recruit 9000 patients, to give a lower 95% confidence interval for the sensitivity of CT-brain
imaging within six hours of headache onset above 98%, with at most three missed cases.

Further detail on the sample size calculation is described in the protocol. [17]

Pre-planned subgroup analyses
Patients with a haemoglobin (Hb) of <100g/L were excluded from the primary analysis
considering the diagnostic test characteristics of CT-brain due to published concerns

regarding CT detection of blood at lower Hb thresholds. [6,21]

Missing data
Diastolic blood pressure values below 30 and systolic blood pressure values below 50 were
considered erroneous and treated as missing. Values of 0 for haemoglobin were considered

missing. The central study team made extensive contact with local site teams to support the



completion of missing/incorrect data. Where data is missing this is reported.

Results

We enrolled 3663 eligible patients, of whom 3268 (89.2%) had CT-brain imaging (Figure 1).

The mean age was 45.8 (SD 16.6) years and 64.1% were female (Table 1). Of the 3268
patients who underwent CT-brain imaging, 36 (1.1%) had a Hb <100g/I. After removal of
these patients, 3232 participants were eligible for the primary analysis; 772 (23.9%) had a
CT performed within six hours of headache onset; 708 (21.9%) between six to 12 hours from
onset; 323 (10.0%) between 12-18 hours from onset; 205 (6.3%) between 18-24 hours from
onset and 1223 (37.8%) beyond 24 hours from onset.

237 participants were diagnosed with SAH, a prevalence of 6.5% within the full cohort. 183
patients were diagnosed with serious pathology other than SAH (online supplement 4). 208
(87.8%) confirmed SAH cases were diagnosed by initial CT-brain and 29 met other diagnostic
criteria: 23 had an independently positive LP, one case had RBC >5x10%/L and an aneurysm
on further imaging, four had evidence of SAH on further imaging without LP and one patient
had a subsequent diagnosis of SAH at 28-day follow-up. Of the 3021 patients with initial
negative CT-brain imaging, 1039 (34.4%) had an LP performed; 1008 (97.0%) LP results were

negative for SAH, there was missing data for four patients.



Table 1 participant demographics and clinical features

Total CT performed CT not performed*
No SAH SAH
n=3663 n=3031 n =237 n =395

Gender, n (%)

Female 2349 (64.1%) 1948 (64.3%) 132 (55.7%) 269 (68.1%)

Male 1285 (35.1%) 1061 (35%) 103 (43.5%) 121 (30.6%)

Missing 29 (0.8%) 22 (0.7%) 2 (0.8%) 5 (1.3%)
Age

Mean (SD) 45.8 (16.6) 46.0 (16.6) 55.4 (13.3) 38.5 (14.6)

Missing, n (%) 2 (0.1%) 1(0%) 0 (0%) 1(0.3%)

Time from headache onset to peak, n (%)

Thunderclap

2280 (62.2%)

1920 (63.3%)

167 (70.5%)

193 (48.9%)

<1 min 347 (9.5%) 291 (9.6%) 20 (8.4%) 36 (9.1%)
1-5 mins 290 (7.9%) 238 (7.9%) 24 (10.1%) 28 (7.1%)
5-10 mins 140 (3.8%) 113 (3.7%) 0 (3.8%) 18 (4.6%)
10-30 mins 195 (5.3%) 163 (5.4%) 6 (2.5%) 26 (6.6%)
30-60 mins 339 (9.3%) 246 (8.1%) 3 (3.4%) 85 (21.5%)
Missing 72 (2%) 60 (2%) 3 (1.3%) 9 (2.3%)

Neck pain or stiffness, n (%)

No 2186 (59.7%) 1855 (61.2%) 84 (35.4%) 247 (62.5%)

Yes 1456 (39.7%) 1162 (38.3%) 151 (63.7%) 143 (36.2%)

Missing 21 (0.6%) 14 (0.5%) 2 (0.8%) 5(1.3%)
Loss of consciousness, n (%)

No 3408 (93%) 2830 (93.4%) 208 (87.8%) 370 (93.7%)

Yes 209 (5.7%) 164 (5.4%) 25 (10.5%) 20(5.1%)

Missing 46 (1.3%) 37 (1.2%) 4 (1.7%) 5(1.3%)

Onset during straining or exertion, n (%)

No 3287 (89.7%) 2731 (90.1%) 195 (82.3%) 361 (91.4%)
Yes 376 (10.3%) 300 (9.9%) 42 (17.7%) 34 (8.6%)
Missing 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Onset during sexual activity, n (%)

No 3486 (95.2%) 2872 (94.8%) 225 (94.9%) 389 (98.5%)
Yes 147 (4%) 136 (4.5%) 9 (3.8%) 2 (0.5%)
Missing 30 (0.8%) 23 (0.8%) 3 (1.3%) 4 (1%)




Vomiting since headache onset, n (%)

No 2521 (68.8%) 2116 (69.8%) 97 (40.9%) 308 (78%)
Yes 1062 (29%) 852 (28.1%) 136 (57.4%) 74 (18.7%)
Missing 80 (2.2%) 63 (2.1%) 4 (1.7%) 13 (3.3%)

Arrived by ambulance, n (%)

No 2673 (73%) 2222 (73.3%) 125 (52.7%) 326 (82.5%)

Yes 930 (25.4%) 765 (25.2%) 108 (45.6%) 57 (14.4%)

NA 60 (1.6%) 44 (1.5%) 4 (1.7%) 12 (3%)
Heart Rate (BPM), n (%)

Mean (SD) 81.7 (15.7) 81.7 (15.7) 78.3 (15.4) 83.8 (16.4)

Missing, n (%) 100 (2.7%) 80 (2.6%) 3 (1.3%) 17 (4.3%)
Systolic Blood Pressure

Mean (SD) 142.4 (25.7) 142.1 (25.5) 155.4 (27.4) 136.9 (23.1)

Missing 89 (2.4%) 71 (2.3%) 3 (1.3%) 15 (3.8%)
Diastolic Blood Pressure

Mean (SD) 84.8 (15.3) 84.7 (15.2) 88.4 (16.6) 82.9 (14.7)

Missing, n (%) 93 (2.5%) 75 (2.5%) 3 (1.3%) 15 (3.8%)

*All followed up at 28 days, no evidence of SAH

Seven cases provided contradictory diagnostic information and required evaluation by the

independent adjudication panel. This panel reviewed CT, LP, further imaging and angiogram

reports as well as discharge letters and neurovascular MDT notes where relevant. Five cases

were subsequently judged to be positive for SAH.

Among all patients with a confirmed diagnosis of SAH, 133 (56.1%) were diagnosed with

aneurysmal SAH, 67 (28.3%) had non-aneurysmal SAH and for 37 (15.6%) there were

insufficient data to determine aneurysm status (online supplement 5).
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Diagnostic test characteristics of CT-brain
The diagnostic test characteristics of CT-brain imaging for the detection of SAH across all

time points are shown in table 2 and figure 2.

1) Diagnostic test characteristics of CT-brain within six hours.

CT-brain was 97.0% sensitive (95% Cl 92.5%-99.2%) and 100% specific (95% Cl 99.6%-100%)
for SAH when performed within six hours of headache onset. For this population, the post-
test probability of SAH was 0.5% (95% Cl 0.2%-1.3%) and negative likelihood ratio was 0.03
(95% Cl 0.01-0.08). There were three patients with a false negative initial CT performed
within six hours of headache onset. Each case was diagnosed with SAH via a positive LP. Two
were diagnosed as non-aneurysmal SAH following further investigation. The third was found
to have two intracranial aneurysms that were both coiled. This latter patient presented with
a thunderclap headache and a strong family history of aneurysmal disease. The treating
emergency clinician performed a CT-angiogram as the initial investigation on arrival. There

were no patients with a false positive initial CT-brain within 6 hours of onset.

2) Diagnostic test characteristics for CT-brain beyond six hours

CT-brain imaging was 94.5% sensitive (95% Cl 86.5%-98.5%) and 99.5% specific (95% Cl
98.8%-99.9%) for SAH when performed between six to 12 hours of headache onset. The
sensitivity in those undergoing CT-brain at 12-18 hours was 94.1% (95% Cl 75.0%-99.7%)
and the specificity was 100% (95% Cl 99.0%-100.0%). The sensitivity in those undergoing CT-
brain at 18-24 hours from onset was 75.0% (95% Cl 47.3%-92.8%) and the specificity was
100% (95% Cl 98.5%-100.0%). Further test characteristics are shown in table 2 and figure 2.

In patients undergoing CT-brain between six to 12 hours there were three false negative
results. Between 12-18 hours there was one false negative and between 18-24 hours there
were three false negatives. Only one false negative case was later confirmed as aneurysmal

SAH, with initial CT-brain performed between 18-24 hours.

There were three false positive results at 6-12 hours (CT report suggestive of SAH but

diagnosis refuted by specialist teams after further assessment). There were no false
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positives between 12-24 hours. Test characteristics for CT-brain by incremental time from
headache onset are reported in online supplement 6. Up to 24h, the post-test probability
for aneurysmal SAH after a negative CT-brain was 0.1% (95% Cl 0.0%-0.4%). Test

characteristics for aneurysmal SAH are reported in online supplement 7.

External validation of the Ottawa SAH CDR within an unselected UK population.

The CDR was fully complete in 3467 (94.6%) patients and sufficiently complete (at least one
positive component) in a further 171 (4.7%) patients. We observed a sensitivity of 98.3%
(95% Cl 96.2%-99.4%) and a specificity of 8.1% (95% Cl 7.3%-8.9%) for the diagnosis of SAH.
The CDR demonstrated a negative predictive value of 98.6% (95% Cl 96.7%-99.5%) and
negative likelihood ratio of 0.21 (95% Cl 0.08-0.53). For the overall cohort the post-test
probability of SAH was 6.9% (95% Cl 6.1%-7.7%) with a positive CDR and 1.4% (95% Cl 0.6% -
3.6%) with a negative CDR. The pre-test probability (prevalence) of SAH in those with a
potentially negative CDR based on age (< 40) was 2.0% (n=1527 95% Cl: 1.4%-2.7%), for
those 40 or older it was 9.7% (n=2136 95%CI 8.7%-10.8%).
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Table 2: Diagnostic test characteristics of CT-brain for diagnosis of SAH

Time from n SAH present Sensitivity Specificity PPV NPV NLR Post-test probability of

headache onset to (prevalence) (95% CI) (95% CI) (95% Cl) (95% Cl) (95% Cl) SAH after negative CT

cT (n=TP/TP+FN) | (n= TN/TN+FP) (95% C1)

All patients 3232 | 234 (7.2%) 87.6% 99.8% 97.2% 99% 0.12 1.0%
(83.5%-91%) (99.6%-99.9%) (94.5%-98.8%) (98.7%-99.3%) (0.09-0.17) (0.7%-1.4%)
(n=205/234) (n=2992/2998)

0-6 hrs 772 101 (13.1%) 97% 100% 100% 99.6% 0.03 0.5%
(92.5%-99.2%) (99.6%-100%) (97%-100%) (98.9%-99.9%) (0.01-0.08) (0.2%-1.3%)
(n=98/101) (n=671/671)

6-12 hrs 708 55 (7.8%) 94.5% 99.5% 94.5% 99.5% 0.06 0.5%
(86.5%-98.5%) | (98.8%-99.9%) (86.5%-98.5%) | (98.8%-99.9%) | (0.02-0.15) | (0.2%-1.3%)
(n=52/55) (n=650/653)

12-18 hrs 323 17 (5.3%) 94.1% 100% 100% 99.7% 0.06 0.3%
(75%-99.7%) (99%-100%) (82.9%-100%) (98.5%-100%) (0.01-0.27) (0.1%-1.7%)
(n=16/17) (n=306/306)

18-24 hrs 205 12 (5.9%) 75.0% 100% 100% 98.5% 0.25 1.5%
(47.3%-92.8%) | (98.5%-100%) (71.7%-100%) | (96.1%-99.6%) | (0.09-0.54) | (0.5%-4.1%)
(n=9/12) (n=193/193)

24-48 hrs 419 20 (4.8%) 75.0% 100% 100% 98.8% 0.25 1.2%
(54.4%-89.6%) | (99.3%-100%) (81.9%-100%) | (97.4%-99.5%) | (0.11-0.47) | (0.5%-2.7%)
(n=15/20) (n=399/399)

2-7 days 653 25 (3.8%) 56.0% 99.5% 82.4% 98.3% 0.44 1.7%
(37.9%-73%) (98.8%-99.9%) (60.4%-95%) (97.2%-99%) (0.27-0.63) | (0.9%-3.0%)
(n=14/25) (n=625/628)

7-30 days 151 4 (2.6%) 25.0% 100% 100% 98% 0.75 2.0%
(1.3%-75.1%) (98.0%-100%) (5.0%-100%) (94.9%-99.5%) (0.28-0.95) (0.5%-5.1%)
(n=1/4) (n=147/147)

Missing 1

CT = Computed Tomography, hrs = hours, SAH = subarachnoid haemorrhage, Cl = confidence interval, TP = true positive, FN = false negative, TN = true negatives, FP =
false positives, PPV = positive predictive value, NPV= negative predictive value, NLR = negative likelihood ratio
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Discussion

Principal Findings
In this large UK cohort of unselected patients attending the ED with non-traumatic

headache peaking within 60 minutes, our key findings were as follows:

1) CT-brain imaging performed within six hours of headache onset and reported as normal
by a trained radiologist had a high sensitivity and conveyed a very low post-test
probability for the diagnosis of SAH.

2) Although the sensitivity of CT-brain imaging in isolation for the diagnosis of SAH reduced
over time between six to 24 hours, the post-test probability of a negative CT remained
low at 0.5% (95% Cl 0.3%-1.0%) up to 24h from headache onset. The post-test
probability for aneurysmal SAH after a negative CT up to 24 hours was lower at 0.1%
(95% CI 0.0%-0.4%).

3) The Ottawa CDR showed high sensitivity but very low specificity. The rule conveyed

minimal impact on post-test probability, given the low baseline pre-test probability.

Findings in context

Our data demonstrate that non-contrast CT-brain imaging remains the commonest initial
diagnostic test used by UK emergency physicians in cases of unselected acute headache.
When performed within six hours of headache onset, CT-brain imaging alone had a high
sensitivity for exclusion of SAH and conferred a low post-test probability. These findings are
in keeping with previous work on the topic. [10] Furthermore, both the negative predictive
value and the post-test probability estimates following CT imaging up to 24 hours from
headache onset raise questions about the six hour threshold recommended by international

guidelines. [12,13]

A previous survey found that Emergency Medicine Consultants and Consultant

Neurosurgeons, Neurologists and Neuroradiologists would accept a post-test probability of
SAH after non-invasive work up of up to 2.8% (SD 3.3) and up to 1.1% (SD 1.9), respectively.
[22] Our post-test probability estimates are below these values up to 18 hours, although we

acknowledge the upper limits of 95% Cl above 1.1% (table 2). Tolerance of the post-test
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probability of all SAH and aneurysmal SAH could be re-explored with clinicians and patients,
informed further by these findings. In addition, it may be helpful to consider whether
improvements in sensitivity result from improvements in technology, reporting
environments or wider availability of neuroradiology expertise. We report the grade of

reporting radiologist and outsourcing in online supplement 8.

Our findings of a decrease in the sensitivity of CT-brain over time are consistent with
previous literature and the pathophysiology of SAH. [10] Following an acute bleed, SAH in
the CSF is broken down and diluted, becoming more isodense within the CSF, increasing the
chance of false negative reporting. [23] We also found a dependent relationship between
prevalence, negative predictive value and post-test probability. Although the sensitivity of
CT-brain for SAH decreased over time, the prevalence (or pre-test probability) also
decreased in those patients undergoing CT-brain at a later stage. As a result, the post-test
probability remained stable (figure 2). These findings may be influenced by the established
concept of self-triage in acute headache; patients with severe initial ‘thunderclap’
symptoms are more likely to present rapidly to EDs via self-conveyance or ambulance, and

those patients with less severe symptoms more likely to attend at later timepoints. [24]

Although previous studies have reported 100% sensitivity for the Ottawa CDR, [25] our
findings suggest the tool lacks generalisability to an NHS setting, with very low specificity
and clinical impact in only a small number of patients. The latter finding is in keeping with
previous work. [10] We found that the CDR did not impact the post-test probability of SAH if
negative, and only slightly increased post-test probability if positive. Further health

economic analysis is required to understand any future role for the CDR in UK practice.

Strengths and weaknesses

Our study is one of the largest conducted on acute severe headache in the UK and recruited
participants from almost half of all type 1 UK Emergency Departments, including research in
underserved communities. This is a significant strength of our trainee network approach
which reduces health inequalities. Our prospective data collection points and outcome
definitions were predefined and robust, with additional independent multi-specialty

adjudication for cases where diagnosis was uncertain. We achieved a high rate of 28 day
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follow up enabling capture of downstream ‘missed’ SAH cases and reporting of false positive
cases, where initial CT-brain imaging suggesting SAH was subsequently refuted. The latter

cases have not previously been described in the emergency medicine literature.

Our observational study has several potential weaknesses. The index test under
investigation for our primary study aim (CT-brain within six hours of headache onset) was
also part of the reference standard diagnosis for SAH. This may have led to verification bias
and result in overestimation of sensitivity in our reported diagnostic test characteristics. We
attempted to mitigate this bias through 28 day follow-up, which is an excellent proxy for
missed SAH diagnosis. Re-attendance to the ED following a ‘missed’ SAH has been reported
to occur within 14 days in 96% cases, and aneurysmal rebleeding (without treatment) within
3 days. [26] It is clearly unethical to compare any non-invasive diagnostic pathway in
suspected SAH to a gold standard of digital subtraction angiography/invasive cerebral

angiography for all.

We allowed clinical teams to investigate suspected SAH in accordance with usual care
pathways, which allowed flexibility and subjectivity in diagnostic approach. A high rate of
additional investigations in those patients presenting after six hours may have affected our

estimates of CT sensitivity.

It is established practice in the UK to use spectrophotometry for the analysis of CSF samples.
We included this within our adapted diagnostic criteria for SAH. However, there is evidence
to suggest spectrophotometry increases the number of false positive SAH results without
meaningful patient benefit. [27] As such, our diagnostic criteria could be regarded as
overdiagnostic for SAH, leading to inaccurate estimations of test characteristics for CT. This
point is contentious; many experts support the use of spectrophotometry for the diagnosis

of SAH. [28] Nevertheless, only 5.5% of our diagnoses were made via spectrophotometry.

By asking clinicians to calculate the Ottawa CDR initially at the point of assessment, we may
have lowered the threshold for CT-brain imaging in the context of routine care. However,
our imaging rate approaching 90% is not unexpected in the context of acute severe

headache and our SAH prevalence rate was in keeping with previous literature. The study
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was closed prior to recruiting the pre-specified sample size of 9000 patients for multiple
reasons, including a slower than expected recruitment rate, research reallocation within the
context of the pandemic and the impact of rotational training on a long term study involving
trainee delivery. This issue is reflected in a lack of precision regarding point estimates and
confidence intervals. Finally, we did not collect ethnicity as a demographic parameter. This
limits the generalisability of our results as the likelihood of accessing diagnostic imaging is
known to be reduced in non-white US ED populations and aneurysmal SAH outcomes are

known to differ between ethnic groups. [29,30]

Unanswered questions and future research

The detection of SAH on CT-brain is dependent on haemorrhage volume, and it is possible
that the sensitivity of CT-brain for aneurysmal SAH alone is better when non-aneurysmal
cases are excluded. [11] Our data would support this hypothesis. Non-aneurysmal SAH is
also reported to convey a lower mortality and morbidity in contrast to aneurysmal SAH, and
rarely requires any neurosurgical intervention. [31-33] Further work could explore
comparative test performance of different diagnostic strategies to identify aneurysmal SAH
as a priority. Such work could also evaluate comparative intervention rates and differences

in clinical outcome between aneurysmal and non-aneurysmal disease.

Conclusions

In this UK cohort of people attending the ED with acute headache, a normal CT-brain scan
obtained within six hours of headache conferred a post-test probability of 0.5% (95% CI 0.2-
1.3%) and 0.1% (95% CI 0.0%-0.8%) for all SAH and aneurysmal SAH respectively. We also
provide data on diagnostic performance of plain CT imaging up to 24 hours from headache

onset, which can be used to inform shared decision making.

Figure 1: Study flowchart

Figure 2: Diagnostic test characteristics of CT-brain for SAH over time
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