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1 | INTRODUCTION

Subarachnoid hemorrhage (SAH) without vascular lesions on four ves-

sel angiography is called nonaneurysmal subarachnoid hemorrhage

Abstract

Background: Perimesencephalic and nonperimesencephalic nonaneurysmal subarach-
noid hemorrhage (PM-naSAH and NPM-naSAH) have a different bleeding pattern
and clinical course. The etiology and risk factors for PM-naSAH and NPM-naSAH are
unclear. The objective of this study was to compare risk factors and triggering events
between PM-naSAH and NPM-naSAH.

Methods: We reviewed retrospectively all patients (n = 3475) who had undergone
cerebral digital subtraction angiography between 2003 and 2020 at our tertiary
hospital. Of these, 119 patients had 6-vessel angiography negative subarachnoid
hemorrhage (47 (39%) PM-naSAH and 72 (61%) NPM-naSAH) and accurate informa-
tion about the triggering event was available in 42 (89%) PM-NASAH and 64 (89%)
NPM-naSAH patients.

Results: PM-naSAH were younger compared to NPM-naSAH (mean age [SD]; 55.3
[11.1] years vs. 59.6 [12.2] years, p = .045. PM-naSAH was triggered during the physi-
cal exertion in 79% of patients and 16% of patients with NPM-naSAH (relative risk 5.4;
95% Cl, 2.9-10.1, p < .0001). There were no significant difference in sex, smoking, alco-
hol abuse, hypertension, diabetes, hyperlipidemia, or anticoagulation/antithrombotic
usage between PM-naSAH and NMP-naSAH, p > .05.

Conclusion: Physical exertion was a triggering factor in most of the PM-naSAH cases
and the risk was five times greater than in NMP-naSAH. More studies are needed to

confirm our results and to study pathophysiology of PM-naSAH and NPM-naSAH.
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(naSAH) and accounts around 15% of all SAH cases (Rinkel et al.,
1991). Based on the bleeding pattern, naSAH can be divided in two
subtypes, perimesencephalic naSAH (PM-naSAH) and nonperimesen-
cephalic nonaneurysmal naSAH (NPM-naSAH) (Canovas et al., 2012;
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Kang et al., 2009; Konczalla et al., 2016; Raya et al., 2014). NPM-
naSAH have more complications and worse outcome than PM-naSAH
(Canovas et al, 2012; Kang et al., 2009; Konczalla et al., 2016;
Raya et al., 2014), which might suggest different pathophysiological
background.

Etiology and risk factors for naSAH is unclear and there are lack
of studies comparing risk factors between PM- and NPM-naSAH
(Mensing et al., 2018). Physical exertion as a triggering event for
aneurysmal SAH has been studied earlier (Anderson et al., 2003; Fann
et al., 2000; Schievink et al., 1989; Vlak et al., 2011), but only a few
case series have focused on association between physical exertion and
nonaneurysmal SAH (Linn et al., 1998; Matsuyama et al., 2006).

The purpose of this study was to compare risk factors between PM-
naSAH and NPM-naSAH, including physical exertion at the onset of
SAH symptomes.

2 | METHODS

This study was approved by the Southwest Finland hospital district’s
ethical committee and institutional review board. Research number ID
is T110/2018 and number for approval decision is T04/005/18. Patient
consent was waived based on the retrospective registry design.

We reviewed retrospectively all patients who underwent cerebral
digital subtraction angiography (DSA) for any reason between 2003
and 2020 at our tertiary hospital (n = 3475). Our tertiary hospital is
responsible of all nontraumatic subarachnoid hemorrhage patients in
population of 890,000 citizens.

Patients who had undergone DSA for any reason other than sub-
arachnoid hemorrhage were excluded based on a review of patient
charts and radiographic findings (n = 2414). Those with initial nega-
tive CT scans for blood and in those where bleeding was restricted
in cortical subarachnoid space (for example bleeding in one cortical
sulcus) were excluded. DSA was done in 1061 patients because of
SAH or suspicion of SAH. Of these, following patients were excluded:
aneurysmal SAH (n = 906), no blood in initial CT-scans, but suspi-
cion of SAH based on cerebrospinal fluid examination or hemosiderosis
in brain MRI (n = 17), traumatic SAH with a suspicion of secondary
cause (h = 4), SAH restricted in the cortical subarachnoid space
(n = 5), and SAH from arteriousvenous malformation or fistula (n
=10).

All together 119 patients had naSAH (72 NPM-naSAH and 47 PM-
naSAH) bleeding pattern on initial CT scans and negative 6-vessel
cerebral DSA.

NaSAH was categorized in two types: (1) PM-naSAH and (2) NPM-
naSAH based on the bleeding pattern. Following radiological criteria
for PM-naSAH was used based on bleeding pattern: (1) bleeding
restricted on the pre-pontine cistern, medial Sylvian fissure, and with-
out complete filling of the anterior interhemispheric fissure and (2) no
franc intraventricular bleeding (Rinkel et al., 1991). Bleeding extending
into lateral Sylvian fissure, interhemispheric fissures, and/or ventricles
were interpreted as NPM-naSAH (Canovas et al., 2012; Kang et al.,
2009; Rayaet al., 2014).
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For PM-naSAH and NPM-naSAH, electronic patient records were
reviewed for hypercholesterolemia, hypertension, diabetes mellitus
type 1 and type 2, coronary artery disease, alcohol abuse, smoking sta-
tus (smoker/ex-smoker vs. never smoker), antithrombotic medication
(aspirin, adenosine diphosphate receptor inhibitor and glycoprotein
I1b/Il1a receptor inhibitors), and anticoagulation medication (warfarin,
directly acting oral anticoagulants, heparin).

Similar to Schievink et al. (1989) study, triggering event for SAH
was evaluated separately from the electronic patient records and if
there was a clear mention in the records of what the patient was doing
at the onset of the headache. Physical exertion was classified as an
activity likely to involve Valsalva maneuver (defecation, heavy lifting,
sports/exercise, sexual intercourse, sneezing/vigorous coughing, phys-
ical work, or housework). No physical exertion group included following
activities: resting, sleeping, and light activity. Light activity was defined

as an activity no heavier than normal walking.

2.1 | Statistical analysis
All analyses were performed using SPSS Statistics 27(IBM Corp.,
Armonk, NY, USA).

Mean ages were compared with Mann-Whitney U test. Categorical
variables were compared Fisher’s exact test. Physical exertion was cat-
egorized as physical exertion versus no physical exertion and Fisher’s
exact test was used between group comparisons. p Values < .05 were
considered statistically significant. Missing data was not included in the

analysis.

3 | RESULTS

Of the 1061 SAH patients with available cerebral DSA, 119 had nona-
neurysmal SAH. From 119 nonaneurysmal SAH patients, 72 (61%) had
NPM-naSAH and 47 (39%) PM-naSAH (Figure 1). Results and demo-
graphics are presented in Table 1. PM-naSAH were younger compared
to NPM-naSAH (mean age [SD]; 55.3[11.1] years vs. 59.6 [12.2] years,
p =.045). There were no sex difference between PM-naSAH and NPM-
naSAH (19 [40%] females vs. 36 [51%] females, p = .35). PM-naSAH
was triggered during the physical exertion in 79% of patients and
16% of patients with NPM-naSAH (relative risk 5.4; 95% Cl, 2.9-10.1,
p < .0001). There were no significant difference in smoking, alco-
hol usage, hypertension, diabetes, hyperlipidemia, or anticoagulation

usage (p > .05).

4 | DISCUSSION

We found that physical exertion is a triggering factor in most of the PM-
naSAH (79% of patients) and the risk of PM-naSAH during the physical
exertion was 5-times higher than in NPM-naSAH.

Risk factors for PM-naSAH and NPM-naSAH is poorly studied.
Smoking and hypertension could be arisk factor for PM-naSAH, but the
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3475 patients who underwent
cerebral digital subtraction
angiographybetween 2003 and
2020 reviewed retrospectively

EXCLUDED
2414 Other diagnosis than SAH

1061 SAH patients

119 non-aneurysmal SAH

I
| |
72 non-
perimesencephalic
SAH (NP-naSAH)

or

47 perimesencephalic|
SAH (PM-naSAH)

EXCLUDED
906 aneurysmal SAH

17 SAH suspicion in cerebrospinal fluid

hemosiderosis in MRI (negative
initial CT scan)

4 Traumatic SAH
5 cortical SAH

10 SAH from arteriousvenous
malformation/fistula

FIGURE 1 Flow chart of this study. SAH = subarachnoid hemorrhage. MRl = magnetic resonance imaging

TABLE 1 Clinical characteristics of perimesencephalic nonaneurysmal subarachnoid hemorrhage (PM-naSAH) patients and

nonperimesencephalic nonaneurysmal subarachnoid hemorrhage (NMP-naSAH) patients

Characteristic PM-naSAH (n = 47)
Age, years (SD) 55.3(11.1)
Female sex, n (%) 19 (40%)
Hypercholesterolemia, n (%) 10(21%)
Hypertension 12 (25%)
Diabetes mellitus (type 1 or type 2) 6(13%)
Coronary artery disease 0 (0%)
Smoking/ex-smoker? 13(33%)
Alcohol abuse® 1(3%)
Antithrombotic medication 1(2%)
Anticoagulation medication 4(9%)
Anticoagulation or antithrombotic 5(11%)
medication
Triggering event available, n (%) 42 (89%)
Physical exertion 33(79%)
Sports/exercise 16 (39%)
Heavy lifting/heavy working 7 (15%)
Defecation 2(5%)
Vigorous coughing or sneezing 5(12%)
Sexual intercourse 1(2%)
Housework 2 (6%)
No physical exertion 9(21%)
Light activity 2 (5%)
Sitting/resting 7 (17%)
Sleeping 0(0%)

2Missing information of smoking history in 21 patients.
bMissing information of alcohol usage in 29 patients.

NMP-naSAH (n =72)
59.6(12.2)
36 (51%)
17 (24%)
25 (35%)
8(11%)
3(13%)

17 (29%)
4(7%)
7(10%)

11 (15%)
18 (25%)

64 (89%)
10 (16%)
5(8%)
2(3%)
2 (3%)
0(0%)
1(2%)
0(0%)
54(84%
20(31%
24(38%

)
)
)
10 (16%)
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p Value
.045
.35
.82
31
1.0
.54
.82
.63
14
27
.06

<.0001

<.0001
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results are inconsistent (Mensing et al., 2018). In our study, smoking or

hypertension was not a risk factor for PM-naSAH. One possible rea-
son for this is that we compared risk factors between PM-naSAH and
NPM-naSAH, while earlier studies has compared PM-naSAH to general
population or aneurysmal SAH (Mensing et al., 2018).

Similar to our findings, in earlier case series PM-naSAH has occurred
in 40%-77% of patients after physical exertion, but unlike our study,
these studies did not compare differences between PM-naSAH and
NPM-naSAH (Linn et al., 1998; Matsuyama et al., 2006). The source
of bleeding in naSAH is unknown, but venous, arterial, or capillary
source of bleeding has been proposed (Rouchaud et al., 2016). Recent
study found that PM-naSAH patients had more variants in basal vein
of Rosenthal compared to NPM-naSAH patients, suggesting that PM-
naSAH could be from venous origin (Fang et al., 2021). One theory is
that Valsalva maneuver during the physical exertion could potentially
cause venous hypertension which leads to bleeding (Rouchaud et al.,
2016). In contrast to PM-naSAH, we found that NPM-naSAH occurred
only in 16% of patients after physical exertion, which is almost identical
to aneurysmal SAH (Anderson et al., 2003; Vlak et al., 2011).

Based on a different bleeding pattern (Canovas et al., 2012; Kang
et al,, 2009; Konczalla et al., 2016;Raya et al., 2014), clinical course
(Canovas et al,, 2012 ;Kang et al., 2009; Konczalla et al,, 2016 ; Raya
et al., 2014), and triggering events according to our findings, it is
possible that PM-naSAH and NPM-naSAH have different pathophysi-

ological background.

4.1 | Limitations

This was a retrospectively study and triggering event for PM-naSAH
and NPM-naSAH was based on the mentions in the patient records.
However, we were able to achieve accurate triggering events in 89% of
included patients, most likely because most of the patients with naSAH
is in a good clinical condition at the admission. One of the strength of
this study was that we reviewed all patients who had undergone dig-
ital subtraction angiography at our tertiary hospital; as a result, we
were probably able to find all naSAH patients with negative digital
subtraction angiography. Our tertiary hospital is responsible of all non-
traumatic SAH patients and diagnosis in our catchment area of 890 000

citizens, which minimize the selection bias in the register based studies.

5 | CONCLUSION

Physical exertion was a common trigger for PM-naSAH and the risk
was five times higher compared to NPM-naSAH. One explanation
for this finding could be that PM-naSAH and NPM-naSAH has a dif-
ferent pathophysiological background. More studies are needed to
confirm our results and to study pathophysiology of PM-naSAH and
NPM-naSAH.
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