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Abstract
Objectives  Recent retrospective studies found sleep disorders, including obstructive sleep apnea and its symptoms to occur 
more often in patients following aneurysmal subarachnoid hemorrhage, but studies investigating the incidence of subarach-
noid hemorrhage in patients with diagnosed obstructive sleep apnea [OSA] compared to other sleep disorders are missing.
Methods  To test our hypothesis that aneurysmal subarachnoid hemorrhage occurs more often in patients with OSA com-
pared to other sleep disorders, we analyzed clinical data of 5514 patients with OSA, 4150 with other sleep disorders, and 
964 patients with aneurysmal subarachnoid hemorrhage diagnosed between 01/01/2007 and 12/31/2016. As a secondary 
outcome, location and size of the ruptured aneurysm were calculated based on computer tomography. Incidence of SAH, 
as well as size and location were compared between patients with OSA and patients with other sleep disorders, diagnosed 
by polysomnography.
Results  Aneurysmal subarachnoid hemorrhage occurred in 8.3 per 100,000 patients with sleep disorders per year. Its inci-
dence was significantly higher in patients with obstructive sleep apnea (14.5 per 100,000 patients per year), compared to 
other sleep disorders (2.4 per 100,000 patients per year; RR = 6.8; p = 0.04). The size of the ruptured aneurysm was larger 
in patients with OSA (19.0 ± 5.7 mm vs. 8.5 ± 0.5 mm; p = 0.004).
Interpretation  Aneurysmal subarachnoid hemorrhage occurs more often in patients with diagnosed OSA compared to 
patients with other sleep disorders, possibly due to increased aneurysm enlargement. Obstructive sleep apnea might be a 
yet unrecognized risk factor for aneurysmal subarachnoid hemorrhage, and sleep apnea screening should be considered in 
patients with intracranial aneurysm.
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Introduction

Aneurysmal subarachnoid hemorrhage [SAH] is associated 
with high morbidity and mortality of approximately 33% 
within the first week after occurrence [1]. Epidemiological 
studies from the United Kingdom and the USA have reported 
prevalence rates of 9.7/100,000 [1] to 14.5/100,000 person 
per year [2], respectively. For Germany, annual hospitaliza-
tion rates between 2.8 and 7.3/100,000 have been reported 

[3]. Symptoms of OSA include snoring and more frequent 
nocturnal awakenings and have been retrospectively reported 
by 35% of the patients with SAH [4] and occur more often 
compared to controls [5]. A recent retrospective study found 
OSA to be present more often in patients with intracranial 
aneurysms compared to other neurosurgical patients, and its 
coincidence might be associated with unfavorable outcome 
in these patients, e.g., aneurysm rupture [6]. However, it 
is unclear if SAH occurs more often in patients with pre-
diagnosed OSA compared to other sleep disorders. In this 
study, we aimed to investigate the incidence of SAH in a 
cohort of patients with diagnosed sleep disorders to test our 
hypothesis that OSA is associated with an increased risk for 
SAH compared to patients with other sleep disorders.
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Methods

Study population

We examined data from all patients admitted to Bonn Uni-
versity Hospital, Germany between January 1st, 2007 and 
January 1st, 2017. The neurosurgical department of the 
Bonn University Hospital has a well-defined catchment area 
for neurovascular pathologies (e.g., ruptured and unruptured 
aneurysms) of approximately 1 million citizens. The three 
sleep laboratories in the university hospital (Departments 
of Neurology, Internal Medicine and Ear Nose and Throat 
Medicine) are the largest sleep disorders program in this 
area. Data were obtained from the clinical information sys-
tem (ORBIS, Agfa HealthCare, Bonn, Germany) containing 
billing and electronic health record data from all patients 
treated at Bonn University Hospital. Ethics approval was 
waived by the local institutional review board due to the 
retrospective nature of the study, and patient consent was 
not required. We collected patient age, discharge diagnoses, 
length of stay and date and time of hospital admission and 
hospital discharge, as well as length of hospital stay (LOS).

Data acquisition

We determined the diagnosis of sleep disorder based on 
ICD-10 (international classification of diseases, 10th edi-
tion) diagnosis codes. In addition, the inpatient database was 
searched for any patient with a billing diagnosis for SAH 
based on ICD-10 diagnosis codes (see Fig. 1).

Patients diagnosed with sleep disorders were identified 
based on documented diagnosis according to the criteria 
defined by the American Academy of Sleep Medicine in the 
international classification of sleep disorders (ISCD) in the 
edition valid at the time of first patient admission with the 
diagnosis of a sleep disorder in each patient [7], or by docu-
mented polysomnographic (PSG) reports. In these cases, 
complete overnight PSG monitoring for two consecutive 
nights was required for study inclusion. PSG was performed 
between 22.00 and 07.00 h, including two-channel electroen-
cephalography, electrooculography, chin electromyography 
(EMG), electrocardiography, thoracic and abdominal res-
piratory efforts measured by impedance plethysmography, 
body position monitored by a position sensor, oxygen satu-
ration measured by pulsoxymetry, surface EMG of tibialis 
muscles and oronasal airflow recorded by thermistor. Sleep 
stages and arousal were determined visually in accordance 
to the standard criteria between January 2007 and Decem-
ber 2011 and according to the AASM criteria from January 
2012 to December 2016. For patients with sleep disordered 
breathing, only periodic limb movements were accepted as 
comorbidity in this study, as this might be secondary to the 
sleep-related breathing disorder.

The medical records of all patients coded with the par-
ticular billing diagnoses were then reviewed by a member of 
the study team to confirm the correct diagnoses. In patients 
with SAH, we reviewed brain scan reports (magnetic reso-
nance imaging/computed tomography) and discharge sum-
maries to confirm the diagnosis. The size and location of 
the ruptured aneurysm was obtained. In addition, severity 
of SAH was classified based on documented clinical status 

Fig. 1   Flow of data acquisition and analysis throughout the study
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on hospital admission according to the classification of 
Hunt and Hess [HH] [8]. Based on radiology reports, the 
amount of intracranial hemorrhage was graded using the 
Fisher CT grading scale [9]. The dates of hospital admission 
and discharge with SAH and diagnosed sleep disorder were 
obtained from the electronic patient record to identify its 
temporal relationship.

All other filed diagnoses were obtained from the database 
for each patient for exploratory analysis. As height and body 
weight are nor routinely documented in our clinical data-
base, we used type II diabetes and hyperlipidemia/hypercho-
lesterinemia as surrogate markers for obesity.

Outcome measures

The primary outcome was occurrence of SAH within the 
10-year study period in a patient diagnosed with a sleep 
disorder. We therefore identified patients who were billed for 
a ICD-10 diagnosis of SAH in combination with a diagnosis 
of a sleep disorder within the study period, or any patients 
carrying the diagnosis of SAH or a diagnosis of a sleep 
disorder on any admission to our hospital within the study 
period. The timespan between occurrence of SAH and sleep 
disorder was defined as the time between first admission 
with the diagnosis of sleep disorder and SAH, respectively.

As a secondary outcome, the size and location of the rup-
tured aneurysm were compared between patients with and 
without OSA.

With an exploratory intent the diagnosis of hypertension, 
defined as ICD-10 codes of essential hypertension, hyper-
tensive heart disease, hypertensive chronic kidney disease, 
hypertensive heart and chronic kidney disease or secondary 
hypertension respectively.

Statistical analysis

Rates of SAH in patients with any diagnosed sleep disor-
ders were calculated. In addition, the occurrence of SAH in 
patients with OSA vs. other sleep disorders was compared 
using the Chi-square test (likelihood ratio). With an explora-
tory intent, the size and location of the ruptured aneurysm 
were compared between SAH patients with and without 
OSA using the paired T test.

Rates of hypertension in patients with SAH with and 
without OSA were compared with an exploratory intent. 
In addition, severity of SAH (assessed by HH and Fisher 
grade on admission) was handled as continuous variables 
between SAH patients with and without OSA using paired 
T test for independent samples, and likelihood ratio (LR) 
test was used for categorical variables between SAH patients 
with and without OSA.

Statistical analysis was performed using SPSS version 24. 
We considered a two-tailed P value of less than 0.05 to be 
statistically significant.

To identify any confounding variables in our analy-
sis, we designed a logistic regression model with SAH as 
the dependent variable and OSA, age, gender, diagnosed 
hypertension, smoking status, diabetes mellitus type 2 and 
hyperlipidemia/hypercholesterinemia as the independent 
variables.

Results

A total of 964 patients (38.9% male; n = 375) with the diag-
nosis of SAH and 9664 patients (69.3% male; n = 6701) 
diagnosed with sleep disorders were treated within the 
10-year observational period. Of these patients, 5514 were 
diagnosed with OSA (57.1%), while 4150 were diagnosed 
with other sleep disorders but not suffering from OSA. The 
clinical characteristics of the study cohort are shown in 
Table 1.

Only nine patients diagnosed with sleep disorders were 
also diagnosed with SAH during the 10-year study period. 
Of these nine patients, eight suffered from OSA, while one 
had been diagnosed with periodic limb movement disorder 
(PLMD). The incidence of SAH in all patients with sleep 
disorders equaled 8.3 per 100,000 patients per year. The 
incidence for SAH was higher in patients with OSA com-
pared to other sleep disorders, 14.5/100,000 per year vs. 
2.4/100,000 per year (RR = 6.77; LR = 4.36; p = 0.04).

If the sleep disorder was diagnosed, OSA was diagnosed 
prior to SAH in all but one study patient with both diagnoses 
(mean latency 240.50 ± 291.6 days). In the one patient with 
SAH prior to OSA, the latency of the diagnosis of OSA was 
51 days. In addition, one patient with SAH and OSA did also 
carry the diagnosis of periodic limb movements during sleep 
and no other diagnosis of sleep disorder was filed in any of 
the patients with SAH.

The location of the ruptured aneurysm was docu-
mented in 808 of the 964 patients with diagnosed SAH 
(83.8%). In our cohort, the predominant locations were 
the vertebrobasilar system and the anterior communicat-
ing artery (ACoA, Table 2). The average size of the rup-
tured aneurysm was significantly larger in patients with 
OSA compared to patients without OSA (19.00 ± 5.7 mm 
vs. 8.1 ± 0.4 mm; p = 0.004, 95% − 18.552 to − 3.627; 
Fig. 2). However, the average HH and Fisher grades did 
not differ significantly between patients with and with-
out OSA (H&H 3.02 ± 0.05 vs. 3.14 ± 0.46; p = 0.80, 95% 
CI − 1.187 to 0.902; Fisher 3.00 ± 0.00 vs. 2.96 ± 0.03; 
p = 0.90, 95% CI − 0.697 to 0.630). In addition, the rate 
of diagnosed arterial hypertension did not differ signifi-
cantly between groups. Hypertension was diagnosed in 
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33.3% of the SAH patients with additional OSA and in 
29.6% of those without OSA, respectively. Smoking status 
was only documented as a comorbidity in 4% of the entire 
study population. None of the patients with SAH and OSA 
were a smoker, compared to 55 patients with SAH alone. 
We observed no significant difference in the prevalence 
of diabetes (13.9% vs. 11.1%; p = 0.876) and hyperlipi-
demia/hypercholesterinemia (11.1% vs. 13.2%; p = 0.878) 
in SAH patients with and without OSA. None of the other 
factors, i.e., age (p = 0.700), gender (p = 0.252), smok-
ing status (p = 0.994), hypertension (p = 0.995), diabe-
tes (p = 0.975), or hyperlipidemia/hypercholesterinemia 
(p = 0.842) were significant predictors of SAH in our 
patient population according to the binary logistic regres-
sion analysis.

Discussion

In this retrospective study, we were able to show for the 
first time that SAH is more common in patients with OSA 
compared to other sleep disorders. In our sample, the diag-
nosis of OSA was associated with a 6.8-fold risk for SAH 
compared to other sleep disorders. In addition, our data 
indicates that patients with OSA are more likely to have 
significantly larger ruptured aneurysm compared to SAH 
patients without OSA.

We found SAH to occur in approximately 8.3/100,000 
patients with sleep disorders per year. The risk for 
SAH was significantly higher in patients with OSA 
(14.5/100,000 per year) compared to other sleep disorders. 

Table 1   Demographics of study cohort with respect to diagnoses

SAH aneurysmal subarachnoid hemorrhage, OSA obstructive sleep apnea

All patients Patients with SAH Patients with OSA Patients with other 
sleep disorders (no 
OSA)

 n 10,621 964 5514 4150
Male (n; %) 7070 (66.6%) 375 (38.9%) 4255 (77.1%) 2446 (58,9%)
Age (mean ± st dev) 61.0 ± 15.5 57.1 ± 14.1 59.4 ± 13.5 55.7 ± 23.1
Hypertension (n; %) 2914 (27.4%) 281 (29.1%) 1317 (23.9%) 1307 (31.4%)
Smoker (n; %) 457 (4.3%) 55 (5.7%) 240 (4.4%) 135 (3.3%)
Insomnia (n; %) 89 (0.8%) 0 (0.0%) 7 (0.1%) 82 (2.0%)
Hypersomnia (n; %) 217 (2.0%) 0 (0.0%) 28 (0.5%) 189 (4.6%)
Narcolepsy type 1 (n; %) 109 (1.0%) 0 (0.0%) 9 (0.2%) 100 (2.4%)
Circadian rhythm disorder (n; %) 22 (0.2%) 0 (0.0%) 2 (0.0%) 20 (0.5%)
Periodic limb movement syndrome (n; %) 261 (2.4%) 2 (0.2%) 138 (2.5%) 123 (3.0%)

Table 2   Localization of the 
ruptured aneurysm in patients 
with and without sleep apnea

SAH aneurysmal subarachnoid hemorrhage, OSA obstructive sleep apnea

All patients with 
SAH (N = 964) (%)

Patients with SAH with-
out OSA (N = 957) (%)

Patients with SAH 
and OSA (N = 8) 
(%)

Middle cerebral artery 20.9 20.9 0
Posterior cerebral artery 1.4 1.4 0
Anterior cerebral artery 1.4 1.4 0
Posterior communicating artery 10.5 10.5 0
Anterior communicating artery 30.2 30.2 50.0
Carotid artery 9.4 9.4 0
Vertebral and basilar artery 18.8 18.8 25.0
Posterior inferior cerebellar artery 2.6 2.6 0
Other 4.7 4.7 25.0
Unknown 18.8 18.8 0.0
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The rate of SAH in patients with OSA doubled the rate 
previously reported for the general population of Germany 
(2.8 to 7.3/100,000) [3]. Symptoms of OSA are reported 
more often by patients with SAH compared to controls [5]. 
A recent study found increased rates of OSA in patients 
previously diagnosed with intracranial aneurysms and 
SAH [6]. OSA was diagnosed based on clinical symptoms 
and confirmed by polysomnography (PSG) following SAH 
in that study. It is not reported if any of the study patients 
were diagnosed with OSA prior to SAH. Given the higher 
rate of aneurysm rupture and poorer HH grade in the OSA 
group of that study, one can assume that impairment of 
neurological function and disability following SAH might 
result in increased rates of OSA in that study cohort [10]. 
In our study, the diagnosis of OSA based on PSG was 
made prior to the diagnosis of SAH in all but one patient. 
In the latter patient, OSA was diagnosed only 51 days fol-
lowing SAH (HH grade 1). Given this short time period, 
one might assume that OSA was already present along 
with occurrence of SAH in this patient. In all other 
patients with SAH and OSA, the sleep-related breathing 
disorder was diagnosed prior to SAH. We hypothesize that 
OSA might have been able to alter the clinical course of 
these patients with intracranial aneurysm prior to SAH.

The high rate of SAH in patients with OSA in our study 
population compared to patients with other sleep disorders 
might indicate that OSA is associated with an increased 
risk for SAH. Previously, OSA has been postulated to be 
associated with unfavorable outcome in patients with 
intracranial aneurysms including aneurysm rupture based 

on retrospective studies [6, 11]. Additionally, we found that 
the size of the ruptured aneurysm was significantly larger 
in SAH patients with OSA, compared to patients without 
OSA. Similarly, Bir et al. reported an increased rate of wide-
necked aneurysms (> 4 mm) in patients with OSA and postu-
lated that OSA might favor the enlargement of the aneurysm 
diameter [6]. Additionally, Burns et al. found that a larger 
intracranial aneurysm is more likely to grow [12]. Studies in 
patients with aortic aneurysm found similar negative effects 
of OSA on the progression of aneurysm size in patients with 
thoracic and abdominal aortic aneurysm [13–15]. This is of 
critical concern, as aneurysm size has been widely accepted 
to be among locations the most important predictor for rup-
ture of intracranial [16, 17] and aortic aneurysms [18]. We 
assume that the enlargement in aneurysm size mediated 
by OSA might be involved in the increased rate of SAH in 
patients with OSA reported here.

The known risk factors for development, enlargement and 
rupture of intracranial aneurysm include hypertension and 
low body mass index [BMI], beside smoking, alcohol con-
sumption, age and female gender [19, 20]. As expected, most 
of the patients with SAH in our population were female, 
i.e., 61.1%, while only 30.7% of the patients with sleep 
disorders were female and only 22.9% in the patients with 
OSA, respectively. This indicates the diametral risk profile 
of patients with SAH vs. those with sleep disorders is simi-
lar to previous studies in these populations [21, 22]. None 
of the known risk factors for SAH (age, gender, smoking 
or hypertension) were significant predictors of SAH in our 
population of patients with sleep disorders, likely due to the 
low rate of SAH. Hypertension, particularly during sleep is 
often observed in OSA patients, who often present causes 
a diminished fall or even rise in nocturnal blood pressure 
[23]. Previous authors have postulated that hypertension may 
be involved in the linking of OSA to the increased size of 
intracranial aneurysm [6]. Nevertheless, the rate of diag-
nosed hypertension did not differ significantly between the 
groups of SAH patients with and without OSA in our study 
cohort. We might have insufficient power to detect the dif-
ference between groups given the low incidence of SAH. 
However, previous studies found the role of hypertension as 
a risk factor for aneurysm enlargement as it differs between 
thoracic and abdominal aneurysm, which might indicate the 
role of other factors beyond physical stress. For abdominal 
and thoracic aortic aneurysms, inflammatory processes, oxi-
dative stress and arteriosclerosis, as well as sympathetic acti-
vation have been postulated to mediate the negative effects 
of OSA on aortic aneurysms [24]. In sleep apnea, periodic 
cessation of breathing results in intermittent hypoxia and 
arousal from sleep, as well as sleep fragmentation. All of 
these factors lead to sympathetic activation. In addition, 
hypoxemia causes oxidative stress, and might trigger ves-
sel wall inflammation (see [25] for review). Together, these 

Fig. 2   Obstructive sleep apnea was associated with increased size of 
the ruptured intracranial aneurysm. Average size of ruptured aneu-
rysm in millimeters (mm) for patients with aneurysmal subarach-
noid hemorrhage and with obstructive sleep apnea (OSA) or without 
obstructive sleep apnea (no OSA)
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factors may trigger aneurysm enlargement beyond chronic 
hypertension. OSA has been reported to induce systemic 
and local (endothelial) pro-inflammatory effects [26, 27]. 
Inflammatory processes have been found to play a role in 
the formation of some aortic aneurysms and might orches-
trate the pathophysiological mechanisms involved in the 
genesis of aneurysms [24, 28]. Nevertheless, it is unclear if 
all pathophysiological mechanisms of aortic aneurysm trans-
late to intracranial aneurysms. Future studies investigating 
the effect of OSA-induced sympathetic activation, oxidative 
stress, inflammation and physical challenge due to hyperten-
sion in patients with intracranial aneurysm are wanted.

A previous study has reported worse outcomes follow-
ing SAH in patients later diagnosed with OSA [6]. OSA 
was associated with higher rates of diabetes mellitus, prior 
stroke, cardiac events, development of intracranial vasos-
pasms and hypertension in that study. Studies in other popu-
lations of ICU patients have found OSA to be further associ-
ated with impaired respiratory outcomes. Thus, increased 
rates of reintubation, mechanical ventilation and respiratory 
complications have been reported [29]. Our data are not 
able to elucidate potential negative effects of OSA follow-
ing SAH. However, we speculate that most of OSA found 
in surgical ICU patients may translate to ICU patients with 
SAH. Studies to further investigate potential negative effects 
of OSA during this critical time period following SAH are 
needed.

Our study is limited by the low overall number of SAH 
patients with sleep disorders and the low rate of diagnosed 
OSA in the SAH patients in our study collective. Therefore, 
we were not able to adjust our analysis for any confounding 
factors, such as age, gender, hypertension or smoking sta-
tus. Given the high rate of undiagnosed OSA in the general 
population due to the lack of day- and night-time symp-
toms [30], we speculate that OSA might have been present 
in more than 987 patients with SAH included in our study. 
This might result in an even higher incidence of SAH in 
sleep disorders and OSA. However, it is known that the risk 
for SAH is increased in female patients with low BMI [20] 
potentially resulting in lower rates of OSA compared to the 
general population—risk factors for OSA include male gen-
der and obesity [31, 32]. We were not able to calculate the 
BMI for our study patients, given the study design (retro-
spective analysis of discharge reports). However, we assume 
that difference in BMI would not change the conclusion of 
the present study, given the inverse relationship with BMI 
for OSA and SAH. We are further not able to draw any con-
clusions on the effects of cigarette smoking, a known risk 
factor for SAH in our cohort. Smoking status is not routinely 
identified as a comorbidity in most hospitals in Germany. 
Although, all patients diagnosed with OSA in our institu-
tion were prescribed continuous positive airway pressure 
(CPAP), it remains unclear based on our data, and how many 

of the patients were using CPAP on a regular basis. Prospec-
tive studies in patients with intracranial aneurysm using reli-
able diagnostic methods for OSA and confounder control are 
required to further investigate the occurrence rate of SAH 
in patients with and without OSA. Very large multicenter 
studies in patients with sleep disorders are needed to further 
elucidate the increased risk for SAH in OSA patients sug-
gested by our data.

Due to the single center design of our study, some of the 
patients diagnosed with a sleep disorder at our institution 
might have to be treated for SAH at another hospital. We 
might underestimate the rate of SAH in patients with sleep 
disorder based on our study. However, as our hospital is the 
only neurosurgical referral center in the area, we assume that 
the vast majority of patients with SAH were treated in our 
hospital. Multicentric studies investigating the clinical data 
from neurological, neurosurgical and traumatological hospi-
tals throughout Germany are needed to further elucidate the 
interaction of sleep disorders and SAH, especially given the 
low incidence of SAH in the general population.

We here report for the first time the incidence of suba-
rachnoid hemorrhage in patients with sleep apnea compared 
to other sleep disorders and found an increased rate of SAH 
in patients with OSA. Aneurysm size was significantly larger 
in patients with SAH and OSA compared to patients with 
SAH alone. However, the rates of hypertension in SAH did 
not differ depending on OSA status, potentially pointing at 
alternative pathophysiological mechanism mediating nega-
tive effects of OSA on intracranial aneurysms. Our data 
suggests that OSA might be a yet unrecognized risk fac-
tor for SAH, and sleep apnea screening might be indicated 
in patients with intracranial aneurysm. Prospective studies 
using competitive methods to diagnose OSA are needed to 
confirm our finding and to investigate the role of OSA as a 
risk factor for SAH and the mediating mechanisms. If our 
findings can be confirmed in large-scale prospective multi-
center studies, this might advocate for sleep apnea screening 
in patients with intracranial aneurysm, as increasingly rec-
ognized in patients with other cerebro- and cardiovascular 
disorders.
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