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Objective : Spontaneous intracranial hemorrhage is a life-threatening disease, and non-lesional spontaneous intraparenchymal
hemorrhage (nIPH) and aneurysmal subarachnoid hemorrhage (aSAH) are the leading causes of spontaneous intracranial
hemorrhage. Only a few studies have assessed the association between prior physical activity or triggering events and the
occurrence of nIPH or aSAH. The purpose of this study is to investigate the role of specific physical activities and triggering events in
the occurrence of nIPH and aSAH.

Methods : We retrospectively reviewed 824 consecutive patients with spontaneous intracranial hemorrhage between January
2010 and December 2018. Among the 824 patients, 132 patients were excluded due to insufficient clinical data and other etiologies
of spontaneous intracranial hemorrhage. The medical records of 692 patients were reviewed, and the following parameters were
assessed : age, sex, history of hypertension, smoking, history of stroke, use of antiplatelet or anticoagulation agents, season and
time of onset, physical activities performed according to the metabolic equivalents, and triggering event at onset. Events that
suddenly raised the blood pressure such as sudden postural changes, defecation or urination, sexual intercourse, unexpected
emotional stress, sauna bath, and medical examination were defined as triggering events. These clinical data were compared
between the nIPH and aSAH groups.

Results : Both nIPH and aSAH most commonly occurred during non-strenuous physical activity, and there was no significant
difference between the two groups (p=0.524). Thirty-two patients (6.6%) in the nIPH group and 39 patients (8.1%) in the aSAH
group experienced triggering events at onset, and there was a significant difference between the two groups (p=0.034). The most
common triggering events were defecation or urination in both groups.

Conclusion : Specific physical activity dose no affect the incidence of nIPH and aSAH. The relationship between the occurrence of
intracranial hemorrhage and triggering events is higher in aSAH than nlIPH.
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INTRODUCTION

The causes of spontaneous intracranial hemorrhage include
non-lesional spontaneous intraparenchymal hemorrhage
(nIPH), aneurysmal subarachnoid hemorrhage (aSAH), arte-
riovenous malformations, Moyamoya disease, and extra-axial
hemorrhage. Both nIPH and aSAH remain leading the causes
of spontaneous intracranial hemorrhage™'”. Among the risk
factors for nIPH and aSAH, chronic hypertension plays an
important role in their pathogenesis'”. On the other hand, a
sudden rise in blood pressure on the onset of nIPH and aSAH
may be associated with specific physical activities or triggering
events, but its contribution to the occurrence of nIPH or
aSAH is unclear and controversial.

We hypothesized that the effect of physical activities or trig-
gering events on the onset may be different between nIPH and
aSAH patients. In this study, we aimed to elucidate the rela-
tionship between specific physical activities or triggering
events and the incidence of nIPH and aSAH, and assess the

differences between these two groups.

MATERIALS AND METHODS

Study population

The study protocol was approved by the Institutional Re-
view Board of Eulji Medical Center (EMCS 2020-03-018). We
reviewed 824 consecutive patients with spontaneous intracra-

nial hemorrhage between January 2010 and December 2018.

The diagnosis was confirmed by brain computed tomographic
scans, and an angiography was taken to exclude other etiolo-
gies of spontaneous intracranial hemorrhage, if needed. The
exclusion criteria were as follows : insufficient clinical data
and other etiologies except nIPH and aSAH. Finally, 692 pa-
tients were included. The following parameters were retro-
spectively investigated : age, sex, history of hypertension,
smoking, history of stroke, use of antiplatelet or anticoagula-
tion agents, season : spring (March to May), summer (June to
August), autumn (September to November), and winter (De-
cember to February) and time (0-6, 6-12, 12-18, and 18-24
hours) at onset, physical activities performed according to the
metabolic equivalents (MET), and triggering events at onset.
Physical activities according to MET are shown in Table 1.
Physical activities were classified into three categories : 1) in-
activity (MET 1), 2) non-strenuous activity (MET 2-5), and
3) strenuous activity (MET =6). Events that suddenly raised
the blood pressure such as sudden postural changes, defeca-
tion or urination, sexual intercourse, unexpected emotional
stress, sauna bath, and medical examination were defined as
triggering events. The information about physical activities
and triggering events at the onset of intracranial hemorrhage
was obtained from patients or witnesses when the symptom
or sign was first occurred. Of the 692 patients, data on the
physical activity or triggering events were available in 484 pa-
tients. The above clinical data were statistically analyzed be-
tween the nIPH and aSAH groups.

Table 1. Classification of the metabolic equivalents according to the physical activities*

Metabolic equivalents Type of activity

1 Sleeping, resting

2 Sitting, watching television, eating, reading, desk work, driving on the highway

3 Standing, driving in the city, personal care, office work, strolling

4 Mopping, slow walking, bowling, sweeping, golfing with a cart, gardening with power tools

5 Normal walking, golfing on foot, slow biking, calisthenics, ranking leaves, cleaning windows, hanging wallpaper,

hunting, fishing, housekeeping, light restaurant work

6 Slow jogging, speed-walking, tennis, swimming, shoveling snow, fast biking, picking up garbage, heavy household
repairs, climbing up and down a ladder, overhead work, hurried heavy restaurant work

7 Running, fast jogging, moving boulders, changing tires, basketball, football, hanging drywall, ladder or stair climbing

with a 23-kg load

8 Sprinting, fast running, jogging uphill, aggressive sports, extreme work

*Metabolic equivalents are defined as the ratio of metabolic rate during a specific physical activity to a reference metabolic rate
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Statistical analysis

Data are presented as meantstandard deviation and range
for continuous variables, and categorical variables are presented
as number of cases (%). The chi-square test and Fisher’s exact
test were used for categorical variables, and independent Stu-
dent’s t-test was used for continuous variables. A probability

value less than 0.05 was considered to be statistically significant.

Table 2. Analysis of clinical data between nIPH and aSAH groups

Variable nlPH group aSAH group p-value
No. of patients 395 (57.1) 297 (42.9)
Age (years) 63.1£144 589+14.3 0.000
Sex 0.000
Male 219 (30.3) 96 (13.9)
Female 185 (26.7) 201 (29.0)
History of hypertension 0.000
Yes 220 (31.8) 111 (16.0)
No 175 (25.3) 186 (26.9)
History of DM 0.000
Yes 86 (124) 32(13.2)
No 309 (44.7) 265 (86.8)
History of strokes 0.000
Yes 59 (8.5) 15 (2.2)
No 336 (48.6) 282 (40.8)
History of smoking 0423
Yes 49 (7.1) 31 (4.5)
No 346 (50.0) 266 (38.4)
AntiPLT/COA 0.001
Yes 61 (8.8) 21 3.0
No 334 (48.3) 276 (39.9)
Season 0.062
Spring 104 (15.0) 70 (10.1)
Summer 65 (94) 73 (10.5)
Autumn 109 (15.8) 79 (11.4)
Winter 117 (16.9) 75 (10.8)
Time at onset 0.563
0-6 hour 55 (7.9) 32 (4.6)
6-12 hour 107 (15.5) 90 (13.0)
12-18 hour 107 (15.5) 83 (12.0)
18-24 hour 126 (18.2) 92 (13.3)

Values are presented as mean+standard deviation or number (%). nIPH :
non-lesional spontaneous intraparenchymal hemorrhage, aSAH :
aneurysmal subarachnoid hemorrhage, DM : diabetes mellitus, AntiPLT/
COA : antiplatelet or anticoagulation agents
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RESULTS

The mean age of the 692 patients was 61.3%14.5 years (range,
17-102). Three hundred and eighty six patients (55.8%) were
women. Three hundred and ninety-five patients (57.1%) had
nIPH and 297 (42.9%) aSAH.

An older age (p=0.000), male sex (p=0.000), and history of
hypertension (p=0.000), diabetes mellitus (p=0.000), history
of stroke (p=0.000), and taking antiplatelet or anticoagulation
agents (p=0.001) were more frequently observed in the nIPH
group. There were no significant differences in time (p=0.563)
and season (p=0.062) at onset, but the incidence of nIPH was
lower during the summer, and the incidence of aSAH was dis-
tributed evenly across all four seasons. Of the 484 patients,
triggering events occurred in 71 patients (14.7%) (Table 2).

Physical activities according to MET and triggering events
at onset were shown in Table 3. The mean MET score was 2.67
+1.75 in the nIPH group and 2.78+1.87 in the aSAH group
(p=0.564). Both nIPH and aSAH most commonly occurred

during non-strenuous activity in both groups, and there was

Table 3. Analysis according to physical activity and triggering events at
onset between nIPH and aSAH groups

Variable nIPH (n=274) aSAH (n=210) p-value
MET 2.67+1.74 2.78+1.87 0.564
MET 0.507

1 56 (13.6) 42(10.2)

2 108 (26.2) 66 (16.0)

3 26 (6.3) 26 (6.3)

4 1(0.2) 0(0.0)

5 29 (7.0) 16 (3.9)

6 8(1.9) 5(1.2)

7 1229 15(3.6)

8 2(0.5) 1(0.2)

Physical activity 0.524
Inactivity (MET 1) 57 (13.8) 42(10.2)
Non-strenuous (MET2-5) 163 (39.5) 108 (26.2)

Strenuous (MET >6) 22 (5.3) 21 (5.0)

Triggering events 0.034
Yes 32 (6.6) 398.1)

No 242 (50.0) 171 (35.3)

Values are presented as mean+standard deviation or number (%). nIPH :
nonl-esional spontaneous intraparenchymal hemorrhage, aSAH :
aneurysmal subarachnoid hemorrhage, MET : metabolic equivalents
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no significant difference between the two groups (p=0.524).
Thirty-two patients (6.6%) experienced triggering events at
onset in the nIPH group and 39 patients (8.1%) experienced
triggering events at onset in the aSAH group, with a signifi-
cant difference between the two groups (p=0.034). In univari-
ate analysis according to the triggering events, the known risk

factors of the occurrence of intracranial hemorrhage were no

Table 4. Analysis of clinical data according to triggering events at onset

Variable ::Ilzgtes"('-:-? 1::?3:;'?)9 p-value
No. of patients 71014.7) 413 (85.3)
Age (years) 58.0+£15.8 60.1+13.8 0.364
Sex 0.550
Male 32 (6.6) 202 (8.1)
Female 39 (41.7) 211 (43.6)
History of hypertension 0481
Yes 31(6.4) 199 (41.1)
No 40 (8.3) 214 (44.2)
History of DM 0.624
Yes 132.7) 66 (13.6)
No 58(12.0) 347 (71.7)
History of strokes 0.569
Yes 9(1.9) 43(2.2)
No 62 (12.8) 370 (76.4)
History of smoking 0324
Yes 11(2.3) 47 (9.7)
No 60 (12.4) 366 (75.6)
AntiPLT/COA 0.499
Yes 6(1.2) 46 (9.5)
No 65 (13.4) 367 (75.8)
Season 0970
Spring 16 (3.3) 104 (21.5)
Summer 16 (3.3) 91 (18.8)
Autumn 20 (4.1) 114 (23.6)
Winter 19(3.9) 104 (21.5)
Time at onset 0.118
0-6 hour 4(0.8) 68 (14.0)
6-12 hour 23 (4.8) 117 (24.2)
12-18 hour 22 (4.5) 105 (21.7)
18-24 hour 22 (4.5) 123 (25.4)

Values are presented as mean+standard deviation or number (%). DM :
diabetes mellitus, AntiPLT/COA : antiplatelet or anticoagulation agents
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significant association with the triggering events (Table 4).
The most common triggering events were defecation or urina-
tion in both groups (Table 5).

In subgroup analysis, nIPH more frequently occurred after
triggering events in patients with chronic hypertension than
without hypertension (6.9% and 4.7%, respectively). The
aSAH more frequently occurred following triggering events in
patients without chronic hypertension than with hyperten-
sion (13.7% and 5.7%, respectively) (Table 6).

DISCUSSION

This study compared the relationship between triggering
events or physical activities and two types of hemorrhagic
strokes. Therefore, this study is unique from other studies
which mostly investigated this relationship in patients with
only one specific type of hemorrhagic stroke. In this study, we
found that triggering events were identified in 14.7% of nIPH
and aSAH patients, and was more frequently observed in the

aSAH group than in the nIPH group. However, there was no

Table 5. Triggering events between nIPH and aSAH groups

Triggering events nlPH (n=32) aSAH (n=39)
Sudden postural changes 2(2.8) 1(14)
Defecation or urination 9(12.7) 18 (25.4)
Sexual intercourse 3(4.2) 2(2.8)
Unexpected emotional stress 4(5.6) 4 (5.6)
Sauna bath 6(8.5) 13(18.3)
Medical examination 8 (11.3) 1(1.4)

Values are presented as number (%). nIPH : non-lesional spontaneous
intraparenchymal hemorrhage, aSAH : aneurysmal subarachnoid
hemorrhage

Table 6. Analysis according to triggering events at onset between nlPH
and aSAH groups with or without chronic HTN

nIPN (n=274) aSAH (n=210)
Variable
HTN (+) HTN (-) HTN (+) HTN (-)
Triggering events
Yes 19 (6.9) 13(4.7) 12(5.7) 27 (12.8)
No 136 (49.7)  106(387)  63(30.00 108 (51.5)

Values are presented as number (%). nIPH : non-lesional spontaneous
intraparenchymal hemorrhage, aSAH : aneurysmal subarachnoid
hemorrhage, HTN : hypertension



significant difference in terms of specific physical activities
between the nIPH and aSAH groups. Non-strenuous physical
activity was most the common cause of both nIPH and aSAH
(MET 2-5). Additionally, in agreement with previous studies,
older age, male sex, hypertension, diabetes, history of stroke,
and use of antiplatelet or anticoagulation agents were more

1,3)

frequently observed in nIPH patients ™. Although there were
no significant differences in the time and season at onset, the
incidence of nIPH was lower during the summer and the inci-
dence of aSAH was distributed evenly throughout all seasons.

The association between the occurrence of nIPH or aSAH
and physical activities or triggering events is unclear, and only
a few studies have assessed this. We did not find any associa-
tion between strenuous physical activity and the occurrence
of nIPH or aSAH. In a retrospective study of 513 patients,
aSAH occurred most frequently during inactivity or non-
strenuous activity”. In a case control study, there was no asso-
ciation between physical activity at work and nIPH'®. These
findings are consistent with our results. On the contrary, a
study by Passero et al.”, which analyzed 848 patients with in-
tracerebral hemorrhage (ICH) showed a significant associa-
tion between the occurrence of hypertensive ICH and moder-
ate (MET 5) or heavy exertion (MET >6). In a multi-center
study, Anderson et al.” found that moderate to extreme physi-
cal exertion tripled the risk of aSAH, and they concluded that
heavy physical activity may trigger aSAH. Furthermore, in a
review of 149 patients, Fann and colleagues” found that the
relative risk of sustaining aSAH was 11.6 in patients who en-
gaged in strenuous physical activity compared with patients
who engaged in inactivity or non-strenuous physical activity
which served as the reference group. However, this association
was present in a few patients (2.7%). A recent study of 543 pa-
tients with aSAH showed that moderate and high occupation-
al physical activity increased the risk of aSAH”. This discrep-
ancy may be attributed to differences in the classification of
physical activity. While previous investigators included mod-
erate exertion (MET 5) as strenuous activity, we considered it
as non-strenuous activity”'”. In terms of the study design,
previous studies adopted a case-crossover or case-control de-
sign for a single disease (nIPH or aSAH), but we investigated
the difference between nIPH and aSAH.

As shown in the subgroup analysis, nIPH occurred more
frequently after triggering events in patients with chronic hy-

pertension, in contrast to aSAH patients without hyperten-
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sion. Although hypertension contributes to the occurrence of
nIPH and aSAH to a greater extent, this finding suggests that
patients with chronic hypertension had a higher risk of devel-
oping nIPH than aSAH after triggering events. According to a
retrospective study of 500 patients, aSAH occurred during
stressful events such as defecation/urination, sex, sudden pos-
tural changes, and emotional strain in 42.8% of patients'”. In
a case-crossover study of 250 patients, drinking coffee or cola,
nose-blowing, straining for defecation, startling, anger, sexual
intercourse, and vigorous to extreme physical exercise were
associated with triggering aSAH'". The mechanisms of aneu-
rysm rupture during a Valsalva maneuver such as defecation,
urination, and sudden postural change have not been clearly
elucidated. Schievink et al.”” suggested that a sudden rise in
the arterial blood pressure with a drop in the intracranial ce-
rebrospinal fluid pressure creates a transmural pressure gradi-
ent, and this has been implicated in rupture of an aneurysm.
In addition, aSAH or nIPH may be precipitated by sexual in-
tercourse™”. In 2011, Reynolds et al."” proposed that coitus
may be a cause of aSAH by increasing the mean arterial pres-
sure and/or decreasing the intracranial pressure with hyper-
ventilation at the end of an orgasmic phase based on previous
studies”. A case series of 16 patients assessed eight patients
with aSAH, four with angiogram-negative SAH, two with a
ruptured arteriovenous malformation, and two with nIPH,
and suggested an association between dramatic increases in
the arterial blood pressure and sexual intercourse”.

This study is limited by its retrospective nature and selec-
tion bias. Of the 692 patients included, it was impossible to
identify physical activities or triggering events at nIPH or
aSAH onset in 208 patients. Furthermore, we did not differ-
entiate between the types of physical activities (i.e., leisure
time or occupational).

This study investigated the association between physical ac-
tivities or triggering events and the incidence of nIPH and
aSAH. The physical activities were quantified and categorized
by MET and this categorization was helpful to elucidate the
incidence of nIPH and aSAH. However, triggering event
which we defined was not quantified nor categorized. If trig-
gering event could be quantified and categorized like physical
activities by MET, this could help to distinctly explain the re-
lationship between triggering events and spontaneous intra-
cranial hemorrhage. Nevertheless, the understanding of trig-

gering events or specific physical activities in the occurrence
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of nIPH or aSAH may help to elucidate the pathophysiology
of nIPH or aSAH. Moreover, it may be useful to investigate
the triggering events for preventing rupture in patients with

unruptured intracranial aneurysm.

CONCLUSION

Although the occurrence of nIPH or aSAH did not differ
from the specific physical activities, this study suggests that
the occurrence of aSAH may be more influenced by triggering
events than that of nIPH.
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