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Abstract: Introduction: Although anticoagulation is a well-established risk factor for intracranial hemorrhage (ICH) follow-
ing trauma, its role in determining the need for neuroimaging in patients with nontraumatic headache is less clear.
This study evaluated whether anticoagulation alone justifies brain computed tomography (CT) scan imaging in non-
traumatic headache. Methods: We conducted a retrospective cohort study at a tertiary care center in Riyadh, Saudi
Arabia, including adults presenting with nontraumatic headache between January 2020 and 2023. Patients who under-
went brain CT scan were assessed for hemorrhage and potential associated factors of ICH were explored.
Results: Among 909 patients who presented with non-traumatic headache, 162 (17.82%) cases were on anticoagulation
therapy, and 20 (2.2%) had ICH on brain CT scan. Anticoagulation use alone was not significantly associated with the risk
of ICH following nontraumatic headache (p = 0.068). A history of prior ICH or ischemic stroke emerged as a predictor of
ICH, in the overall cohort and among anticoagulated patients (p < 0.001 for all comparisons). No statistically significant
associations were observed with antiplatelet use, anticoagulant type, combined anticoagulant–antiplatelet therapy, or
neurological deficits. Conclusion: It seems that, in patients presenting with nontraumatic headache, anticoagulation
use alone should not dictate the decision to perform brain CT scan. A history of prior ICH or ischemic stroke is a more
reliable predictor of ICH risk and should be prioritized in imaging decisions. These findings support a more targeted
imaging strategy to minimize unnecessary scans and improve emergency department resource utilization.
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1. Introduction

Nontraumatic headache is a common reason for emergency

department (ED) visits, accounting for approximately 1%–4%

of presentations (1). Headaches are classified as either pri-

mary or secondary depending on their underlying cause (1).

ED assessment centers on promptly identifying secondary

causes, which are responsible for the highest morbidity (2).

Brain computed tomography (CT) scan is the most com-

monly used imaging modality to exclude life-threatening

causes of headache (3).

Although neuroimaging is clearly indicated in trauma pa-

tients receiving anticoagulation (4), current guidelines for

nontraumatic headache do not include anticoagulation use

as a standalone indication for imaging (2, 5). Anticoagula-

tion therapy is generally associated with an increased risk
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of intracranial hemorrhage (ICH) (2, 4). Consequently, be-

yond well-recognized factors such as age and trauma, the

role of anticoagulation in guiding neuroimaging decisions for

headache remains unclear due to limited evidence (4). Woo

et al. reported that prior stroke was a risk factor for both lobar

and non-lobar ICH (6). Other studies also found that prior

ischemic stroke elevated the risk of ICH regardless of anti-

coagulant or aspirin use (7, 8). Likewise, prior ICH has con-

sistently been identified as a strong predictor of recurrence,

even after adjusting for other risk factors (9).

Despite these, ED physicians are more likely to request CT

imaging when a patient has a history of anticoagulation use

(2). However, adopting a selective imaging strategy is es-

sential to minimize unnecessary radiation exposure, reduce

costs, and improve patient throughput (3).

This study aimed to examine the association between anti-

coagulation use and the presence of ICH on brain CT scan of

patients presenting to ED with nontraumatic headache. This

would help determine whether anticoagulation use alone

warrants obtaining a brain CT scan in patients presenting

with nontraumatic headache.
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2. Methods

2.1. Study design and setting

This was a single-center retrospective cohort study con-

ducted at a tertiary hospital in Riyadh, Saudi Arabia. The

emergency department at King Faisal Specialist Hospital &

Research Centre manages approximately 75,000 patient visits

annually and serves predominantly the oncology and organ

transplant population (10). Including adults presenting with

nontraumatic headache between January 2020 and 2023, pa-

tients who underwent brain CT scan were assessed for ICH

and potential associated factors of ICH were analyzed.

The study was approved by the KFSH&RC Ethics Committee

(RAC# 2231272). A waiver of informed consent was granted,

as the study was observational and involved no impact on pa-

tient care.

2.2. Participants

Patients aged ≥18 years who presented to the ED with acute

nontraumatic headache and underwent brain CT scan be-

tween January 2020 and 2023 were included. The decision

to order brain CT scan was at the discretion of the treating

emergency physician, guided by internationally recognized

red-flag features suggestive of secondary headache (e.g. sud-

den onset, altered mental status, neurological deficits) (4).

Exclusion criteria included patients <18 years, history of

head trauma within the preceding 7 days, ICH following cra-

nial surgery, cases without available brain CT scan reports,

chronic headache > 4 weeks, and pregnant women.

2.3. Data gathering

An initial list of patients was obtained through the hospital’s

Healthcare Information Technology Affairs data warehouse

using WHO and ICD-10 diagnoses codes of headache and the

presence of a brain CT scan order. The records were reviewed

and data gathered by three trained data collectors (medical

students) using a standardized form capturing demograph-

ics, comorbidities, medication history, prior ICH, prior is-

chemic stroke, neurological deficits, international normal-

ized ratio (INR) on visit, Glasgow coma scale (GCS), and brain

CT scan findings (positive or negative) as classified according

to reviewing official reports.

All CT scans were interpreted by consultant radiologists and

officially reported. Brain CT scan reports were reviewed by

data collectors and classified as positive only if an ICH was

found, all other findings were classified as negative CT. Anti-

coagulation use referred to active use of anticoagulants (War-

farin, Apixaban, Rivaroxaban, Heparin, and Enoxaparin) dur-

ing ED visit and average use of 3 months. Antiplatelet use re-

ferred to active use of antiplatelet (Aspirin and Clopidogrel)

during ED visit and average use of 6 months. Data regarding

anticoagulant and antiplatelet use was obtained from patient

records based on histories provided by the patients or their

accompanies.

2.4. Statistical analysis

Analyses were performed using R version 4.3.4. Categorical

variables were summarized as frequencies and percentages,

and continuous variables as means with standard deviations.

Comparisons between categorical variables were made using

Pearson’s chi-squared test or Fisher’s exact test (if expected

counts <5). The Wilcoxon rank-sum test was applied to con-

tinuous variables (e.g., age). P-values ≤0.05 denoted statisti-

cal significance.

3. Results

Of 1,170 cases initially identified, 261 were excluded due to

duplication or failure to meet inclusion criteria as outlined

in Consolidated Standards of Reporting Trials (CONSORT)

flowchart figure 1. Table 1 presents the demographic and

clinical characteristics of the 909 patients who presented to

the ED with nontraumatic headache during the study pe-

riod. The mean patient age was 46.50 ± 16.44 (range: 18.00-

96.00.) years, and females accounted for nearly two-thirds

of the cohort (567 (62.38%)). The most common comorbidi-

ties were hypertension with 251(27.61%) cases, malignancy

with 238(26.18%), and diabetes mellitus with 224 (24.64)

cases. A history of intracranial hemorrhage was reported in

35 (3.85%) patients, while 68 (7.48%) had a prior ischemic

stroke. Neurological examination findings were normal in

the majority of patients (767 (84.38%)).

Among 909 patients, 162 (17.82%) were on anticoagulant

therapy at the time of ED presentation. Warfarin was the

most frequently used agent, reported in nearly half of an-

ticoagulated patients (78 (48.15%)). Other agents, includ-

ing apixaban, rivaroxaban, enoxaparin, and heparin, were

less common. Some patients were prescribed multiple an-

ticoagulants, so percentages do not total 100%. Overall, 125

(13.75%) patients were receiving antiplatelet therapy. Aspirin

was the predominant agent, prescribed in 106 (84.80%) of

these cases. Similar to anticoagulants, some patients were

taking more than one antiplatelet, so totals may exceed 125.

The incidence of ICH in the study cohort was 20 (2.20%)

cases. A history of prior ICH (p = 0.001) and prior ischemic

stroke (p = 0.001) demonstrated the strongest associations

with ICH on brain CT scan. While patients receiving antico-

agulant therapy showed a higher likelihood of ICH, the asso-

ciation did not reach statistical significance (p = 0.068).

No significant relationship was observed with antiplatelet

use (p = 0.3), age (p = 0.3), or neurological examination find-

ings (p > 0.9). Table 2 shows that among anticoagulant users,

prior ICH (Odds: 56.4 (95% confidence interval (CI): 21.4 -

157); p < 0.001) and prior ischemic stroke (Odds: 17.8 (95%

CI: 7.11 - 46.0); p < 0.001) remained the strongest predictors

of ICH on brain CT scan. Other risk factors did not demon-

strate statistically significant associations.

No specific anticoagulant or antiplatelet agent was signifi-

cantly associated with ICH (table 2). Concurrent use of an-

ticoagulants and antiplatelets was also not significantly as-

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).
Downloaded from: https://journals.sbmu.ac.ir/aaem/index.php/AAEM/index



3 Archives of Academic Emergency Medicine. 2026; 14(1): e23

sociated with ICH.

4. Discussion

This study demonstrates that among anticoagulated patients

presenting to the ED with nontraumatic headache, brain CT

scan should be prioritized for those with a history of prior

intracranial hemorrhage (ICH) or prior ischemic stroke, as

these risk factors showed the strongest statistical association

with ICH on CT. Similarly, when considering the entire co-

hort, both anticoagulated and nonanticoagulated patients,

prior ICH and prior ischemic stroke remained the most sig-

nificant predictors of ICH, exceeding the predictive value of

anticoagulation use or other clinical factors.

These findings align with previous studies showing that a his-

tory of prior ischemic stroke or ICH increases the risk of re-

current ICH, independent of anticoagulation status. Woo et

al. reported that prior stroke was a risk factor for both lo-

bar and non-lobar ICH (6). Other studies also found that

prior ischemic stroke elevated the risk of ICH regardless of

anticoagulant or aspirin use (7, 8). Likewise, prior ICH has

consistently been identified as a strong predictor of recur-

rence, even after adjusting for other risk factors (9). This

overlap between ischemic stroke and ICH as risk factors for

future hemorrhage has been highlighted in additional stud-

ies: one demonstrated that in patients with prior ischemic

stroke, a history of ICH significantly increased the risk of re-

current ICH within 30 days (11); another showed that in pa-

tients with prior ICH, a previous ischemic stroke indepen-

dently predicted recurrence (12).

In anticoagulated populations, a systematic review reported

moderate-certainty evidence that both previous bleeding

and prior stroke are associated with increased ICH risk (13).

Much of the available literature focuses on patients with

atrial fibrillation, who comprise the majority of those re-

ceiving anticoagulation. In this group, prior stroke, cere-

brovascular disease, older age, and intensity of anticoagula-

tion have all been linked to elevated ICH risk (14, 15).

To the best of our knowledge, no previous studies have

specifically examined risk factors for ICH in anticoagulated

patients presenting to the ED with atraumatic headache.

Prior research has either focused on risk factors for ICH in

anticoagulated patients in general, without limiting the pop-

ulation to those with atraumatic headache, or investigated

predictors of significant CT findings in atraumatic headache

without restricting outcomes to ICH alone. Only one study

directly evaluated the relationship between antiplatelet or

anticoagulant use and abnormal intracranial findings on CT

in patients with nontraumatic headache, reporting that these

medications were associated with an increased risk of abnor-

mal results (2). In contrast, our findings highlight prior is-

chemic stroke and prior ICH as stronger predictors of ICH

than anticoagulation or antiplatelet use. However, direct

comparison with that study is limited, as its outcome encom-

passed a broader range of CT abnormalities rather than ICH

alone.

Much of the existing literature on CT findings in atrau-

matic headache similarly includes all abnormal intracranial

pathologies rather than focusing exclusively on ICH. Across

these studies, older age and focal neurological deficits have

been the most consistently reported predictors of significant

CT findings (16, 17). In our study, focal neurological deficits

were not significantly associated with ICH. This discrepancy

may reflect methodological differences, as we only classified

new neurological deficits as positive findings, whereas many

patients in our cohort had baseline deficits. Additionally, al-

though patients with ICH in our study tended to be older,

consistent with prior reports, age did not reach statistical sig-

nificance as a risk factor. Notably, one study restricted to geri-

atric patients (>65 years) reported prior cerebrovascular dis-

ease and anticoagulation use as predictors of significant CT

findings in atraumatic headache (18).

This study found that, overall, antiplatelet use was not sig-

nificantly associated with ICH on brain CT, regardless of an-

ticoagulation status. Similar results have been reported in

multiple case-control studies that showed no increased ICH

risk with antiplatelet therapy (19, 20). However, two meta-

analyses did identify a small but statistically significant in-

crease in ICH risk among antiplatelet users (21-23).

Among anticoagulated patients, concomitant antiplatelet

use was also not significantly associated with ICH. Consis-

tent with our findings, a meta-analysis reported no signifi-

cant difference in intracranial bleeding risk between patients

receiving combined oral anticoagulation with antiplatelets

and those on anticoagulation alone (24). Likewise, a study in

ischemic stroke patients found no difference in hemorrhagic

stroke risk between these groups (25). In contrast, one study

of patients on non–vitamin K antagonist oral anticoagulants

(NOACs) reported that concomitant antiplatelet therapy was

an independent predictor of ICH (26).

This study also found no significant association between ICH

and the type of anticoagulant (NOAC vs. warfarin). Prior

research has often shown NOACs to carry a lower ICH risk

compared with warfarin (27). The lack of difference in our

study may reflect limitations common to observational co-

horts, where low event rates reduce the power to detect such

associations.

From a clinical standpoint, these results support a more se-

lective approach to CT imaging in patients with atraumatic

headache on anticoagulation. Prioritizing individuals with a

history of ischemic stroke or ICH, rather than relying solely

on anticoagulation status, may improve decision-making, re-

duce unnecessary imaging, lower costs, and minimize radia-

tion exposure in crowded ED settings.

5. Limitations

This study has several limitations. In the anticoagulated sub-

group, the small number of ICH cases limited the statisti-

cal power to identify associated risk factors. Many patients

with postoperative ICH were excluded, further reducing case

numbers. Additionally, the decision to obtain a CT was made
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by different physicians, potentially leading to missed cases,

and all CTs were interpreted by multiple radiologists, intro-

ducing inter-observer variability.

Another limitation was the lack of available INR values for

many patients, preventing assessment of anticoagulation in-

tensity as a risk factor. Prior studies have shown INR >4.0 to

be strongly associated with ICH, though most ICH cases still

occur within the therapeutic range of 2.0–3.0.

Future research should include larger, multicenter prospec-

tive studies of patients presenting to ED with nontraumatic

headache while on anticoagulants or antiplatelets. Impor-

tantly, efforts should be made to establish a validated clinical

decision rule to guide CT imaging in this population.

6. Conclusions

It seems that, in patients presenting with nontraumatic

headache, anticoagulation use alone should not dictate the

decision to perform brain CT scan. A history of prior ICH or

ischemic stroke is a more reliable predictor of ICH risk and

should be prioritized in imaging decisions. These findings

support a more targeted imaging strategy to minimize un-

necessary scans and improve ED resource utilization.
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Table 1: Comparing the baseline characteristics of studied nontraumatic headache cases between those with and without intracranial hem-

orrhage (ICH) on brain computed tomography (CT) scan

Characteristic Total (n = 909) ICH on brain CT scan P value
No (n = 889) Yes (n = 20)

Age (years)
Median (IQR) 44 (18–96) 44 (33–59) 50 (37–65) 0.3
Sex
Female 567 (62.38) 556 (62.54) 11 (55.00) 0.5
Male 342 (37.62) 333 (37.46) 9 (45.00)
Comorbid disease
Diabetes 224 (24.64) 220 (24.75) 4 (20.00) 0.8
Hypertension 251 (27.61) 247 (27.78) 4 (20.00) 0.4
Dyslipidaemia 134 (14.74) 131 (14.74) 3 (15.00) > 0.9
Liver failure 25 (2.75) 25 (2.81) 0 (0.00) > 0.9
Renal failure 53 (5.83) 51 (5.74) 2 (10.00) 0.3
Malignancy 238 (26.18) 234 (26.32) 4 (20.00) 0.5
Prior ICH
Yes 35 (3.85) 23 (2.59) 12 (60.00) < 0.001
Prior ischemic stroke
Yes 68 (7.48) 57 (6.41) 11 (55.00) < 0.001
Neurologic findings
Intact 767 (84.38) 750 (87.82) 17 (89.47) > 0.9
Positive 106 (11.66) 104 (12.18) 2 (10.53)
INR on visit
Median (IQR) 1.00 (1.00–1.13) 1.00 (1.00–1.10) 1.00 (1.00–1.20) 0.9
GCS
10 1 (0.11) 1 (0.11) 0 (0.00)
13 2 (0.22) 2 (0.23) 0 (0.00) > 0.9
14 6 (0.67) 6 (0.68) 0 (0.00)
15 890 (99.00) 880 (98.98) 20 (100.00)
Anticoagulant use
Yes 162 (17.82) 155 (17.44) 7 (35.00) 0.068
Anticoagulant type
Warfarin 78 (48.15) 74 (47.74) 4 (57.14) 0.7
Rivaroxaban 17 (10.49) 16 (10.32) 1 (14.29) 0.5
Apixaban 23 (14.20) 23 (14.84) 0 (0.00) 0.6
Heparin 23 (14.20) 23 (14.84) 0 (0.00) 0.6
Enoxaparin 22 (13.58) 20 (12.90) 2 (28.57) 0.2
Antiplatelet use
Yes 125 (13.75) 121 (13.61) 4 (20.00) 0.3
Antiplatelet type
Aspirin 106 (84.80) 104 (85.95) 2 (50.00) 0.11
Clopidogrel 29 (23.20) 27 (22.31) 2 (50.00) 0.2
Data are presented as median (interquartile range (IQR)) or frequency (%). Wilcoxon rank sum test, Fisher’s exact test,
and Pearson’s Chi-squared test were used for comparisons. INR: international normalized ratio; GCS: Glasgow coma scale.
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Table 2: Associated factors of intracranial hemorrhage (ICH) on brain computed tomography (CT) scan of nontraumatic headache cases who

underwent anticoagulant therapy (n=162)

Factors ICH on brain CT scan (n = 162) p-value
Negative (n = 155) Positive (n = 7)

Age (years)
Median (IQR) 50 (36–63) 50 (46–62) 0.6
Comorbid disease
Diabetes 41 (26.45) 1 (14.29) 0.7
Hypertension 52 (33.55) 1 (14.29) 0.4
Liver failure 7 (4.52) 0 (0.00) > 0.9
Renal failure 20 (12.90) 0 (0.00) 0.6
Malignancy 30 (19.35) 0 (0.00) 0.4
Prior ICH
Yes 2 (1.30) 7 (100.00) < 0.001
Antiplatelet use
Yes 33 (21.29) 1 (14.29) > 0.9
Prior ischemic stroke
Yes 23 (14.84) 7 (100.00) < 0.001
Neurologic status
Intact 133 (88.67) 5 (83.33)
Positive 17 (11.33) 1 (16.67) 0.5
Anticoagulant types
Warfarin 74 (47.74) 4 (57.14) 0.7
Rivaroxaban 16 (10.32) 1 (14.29) 0.5
Apixaban 23 (14.84) 0 (0.00) 0.6
Heparin 23 (14.84) 0 (0.00) 0.6
Enoxaparin 20 (12.90) 2 (28.57) 0.2
Antiplatelet types
Aspirin 104 (85.95) 2 (50.00) 0.11
Clopidogrel 27 (22.31) 2 (50.00) 0.2
Data are presented as median (interquartile range (IQR)) or frequency (%). Wilcoxon rank sum test, Fisher’s exact
test, and Pearson’s Chi-squared test were used for comparisons.

Figure 1: Consolidated Standards of Reporting Trials (CONSORT) flowchart of patients’ inclusion. CT: computed tomography.
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