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ABSTRACT

Introduction Subarachnoid hemorrhage (SAH) is a serious pathology, associated with 43%

mortality and significant disability. In the absence of relevant guidelines, some teams

advocate that patients harboring an unruptured intracranial aneurysm (ICA) abstain from all

sports activity, as a prophylactic precaution. The aim of the present study was to evaluate the

impact of physical activity as a risk factor for SAH, through a review of the literature.

Method A systematic literature review was performed for the period 2000 to 2020 in

accordance with the PRISMA guidelines. Prospective and retrospective articles reporting

more than 50 patients whose physical activity was associated with onset of SAH were

included. The main end-point was prevalence of SAH occurring after physical activity. For

comparison purposes, the prevalences of other circumstances were calculated to establish a

range of frequency.

Results Physical activity appeared to be quite rarely associated with onset of SAH, with a

prevalence of 3%, compared to 30% at rest, 7.3% in association with defecation and 4.5% in

association with sexual activity.

Age under 60 years, male gender (M/F ratio 1.38) and smoking (67.1%) were associated with

onset of SAH during physical activity.



Conclusion Physical activity appears to be a rare trigger factor for SAH. These results are in

contrast to the idea that physical activity should, as a precaution, be avoided in patients with

unruptured ICA. There is at present no scientific evidence of an association with aneurysmal

SAH.

Keywords: Subarachnoid hemorrhage, Unruptured intracranial aneurysm, physical activity,

sport.



RESUME

Introduction L'hémorragie sous-arachnoidienne (HSA) est une maladie grave responsable de

43 % de mortalité et d'un handicap important. Devant I’absence de recommandation, le

principe de précaution a conduit certains soignants a déconseiller la pratique sportive chez les

patients présentant un anévrisme intracranien. L'objectif de ce travail était d'évaluer la

responsabilité de l'activité physique comme circonstance de la survenue d'une HSA en se

basant sur une revue de la littérature.

Méthode Une revue systématique de la littérature selon les criteres PRISMA a été réalisée de

2000 a 2020. Des articles prospectifs ou rétrospectifs de plus de 50 patients dont l'activité

physique était une circonstance d'hémorragie sous-arachnoidienne ont été inclus. Le critere de

jugement principal était la prévalence de I'HSA survenant aprés une activité physique. A des

fins de comparaison, les prévalences des autres circonstances ont été calculées pour établir un

rang de fréquence.

Résultats L'activité physique semble €tre une circonstance rare dans la survenue de I'HSA

avec une prévalence de 3% par rapport au repos (30%), a la défécation (7,3%) ou aux rapports

sexuels (4,5%).



Les patients de moins de 60 ans (67 %), les hommes (ratio H/F de 1,38) et les fumeurs (67,1

%) semblaient plus susceptibles d'étre victimes d'une HSA lors de la pratique d'une activité

physique.

Conclusion

L'activité physique semble étre une circonstance rare d’HSA. Ces résultats vont a 1’encontre

du principe de précaution chez les patients atteints d'un anévrisme intracranien non rompu,

car il n'existe actuellement aucune preuve scientifique d’association de 1’activité physique

avec I'HSA anévrismale.

Mots clés : Hémorragie sous-arachnoidienne, Anévrisme cérébral non rompu, activité

physique, sport.



1. INTRODUCTION

Subarachnoid hemorrhage (SAH) is a serious disease associated to a 43% of mortality [1] and

a capability to go back to previous professional activity in only a third of survivors [2].

Defecation and sexual activity account for 5.3 to 14% of the circumstances in which SAH

occurs [3-5]. Venous hypertension due to Valsalva maneuvers is a suggested mechanism for

the sudden variation of pressure gradient between intrasaccular and cisternal space

responsible for aneurysmal rupture [6,7]. For this reason, the influence of physical activity in

favoring aneurysmal rupture has been advocated, by consequence, various teams have

suggested, as a prophylactic measure, [8] the abstention of sports in patients known and

followed-up for unruptured intracranial aneurysms (IC) [9]. On the other hand, physical

activity is clearly associated to a significant reduction of  mortality incidence in

cardiovascular diseases [10]; such a discrepancy compel us to explore the implication of such

alleged danger and its eventual real role in patients with unruptured intracranial aneurysms

through a literature review.



2. METHOD

2.1.Search strategy

A systematic review of the literature was performed in accordance to the PRISMA

statement[11]. Database queries included PubMed, Medline and Cochrane. The search

timeframe included studies from January 2000 to December 2020. A comprehensive search

string for keyword and MESH terms related to "subarachnoid hemorrhage" and "physical

activity" were used in the search.

2.1.1. Inclusion criteria

To be included in the systematic review, studies should be 1) written in English, 2) be

prospective or retrospective, 3) reporting more than 50 patients presenting clear clinical SAH

syndrome (as sudden headache, loss of consciousness, nausea/vomiting and evidence of

hemorrhage on CT scan or lumbar puncture with or without identification of aneurysms on

the imaging), and finally 4) any identified physical activity as one of the circumstances of

SAH.

2.1.2. Exclusion criteria



After eliminating double articles, all studies written in other language and published prior to

the year 2000, we proceeded to exclude, during the review, all studies in which: 1) patient raw

data were not available therefore not analyzable, 2) in which the SAH criteria were not met,

3) physical activity was not analyzed as a factor related to SAH and finally 4) case and

autopsy reports respectively.

2.2.Data extraction and analysis

Studies were firstly screened by title and abstract, and included studies were then screened by

full text for final inclusion. All authors performed the screening and data extraction for all

studies. Features recorded for each study included study design, year of publication, number

of patients, inclusion criteria, the circumstances of occurrence of SAHs in absolute number of

patients (physical and sexual activity, defecation, non-physical activity), the characteristics of

the physical activity performed (kind of sport, degree of intensity) and patients demographic

characteristics (sex, age, cardiovascular risk factors, aneurysm features).

2.3. Outcome

Prevalence of SAH occurring after physical activity (within 2 hours) was the primary end-

point. Prevalence of SAH occurring after other circumstances (sexual activity, defecation or



non-physical activity as lying down, sleeping/resting or sitting down, watching TV, chatting,

reading) were calculated too in order to establish a frequency range.

Secondary end-point included:

- the characteristics of the physical activity performed: type of sport (leisure sport, extreme

sport, competitive sport), proportion of moderate to intense sport: Metabolic Equivalent of

Task (MET) > 6 (score indicating the degree of intensity and energy burning during a given

physical activity) [12]) and the reported relative risk of presenting a SAH after a sport activity

(statistical calculation valued during retrospective analytical studies).

- aneurysmal characteristics: proportion of aneurysmal SAH (objectively determined by an

Angio CT or a DSA), location of the aneurysm, aneurysmal size (<5 mm).

- patients' demographic characteristics: age (under 60 years), gender (man/woman ratio),

cardiovascular risk factors (presence of high blood pressure, sedentary lifestyle or smoking).

2.4. Statistical analysis

The primary end-point was the prevalence rate of SAH after physical activity defined as the

number of cases divided by the total number of study selected and analyzed (expressed as a

percentage). Prevalence of SAH occurring after other circumstances was also calculated in

order to establish a frequency range. Secondary end-points were the characteristics of



physical activity, aneurysmal and demographic features extracted as categorical variables for

case patients (physical activity) and control patients (other circumstance). When a variable

was not available in a study, the analysis was performed using only the available data.

Confidence interval and p-value concerning the relative risks reported in retrospective studies,

were extracted and reported.

3.RESULTS

After removing duplicates, our systematic review identified 14 articles (see also Figure 1);

among the latter, 7 were excluded as sports activity was not analyzed as a triggering

circumstance [13—19] and 1 being an autopsy report [20]. The remaining 6 were included and

analyzed [4,5,21-24] among these 2 articles were from the same team and analyzing the same

patients cohort leaving in this way only 5 studies for the final analysis.

3.1. Prevalence of SAH after physical activity

The prevalence of SAH after physical activity was globally estimated to 3% (range from 1,2

% to 4,4%) among 1720 patients whose circumstances were clearly identified. (see also table

1). It is a matter of fact that physical activity is associated very little to the occurrence of
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SAH that instead occurs mostly at rest (lying down or sitting) in 30% of patients, defecation

and sexual activity were also associated in 7,3% and 4,5% respectively (see also Table 1).

No specific sport was more frequently associated to SAH. The analysis of 3 crossover cases

studies [4,21,22] reported a relative risk of SAH occurrence during moderate to intense

physical activity ranging from 2.4 (95% CI:1.4-4.2) [22] to 15 (95% CI: 4,3 to 52,2)[4] (see

also table 1).

3.2. Patients characteristics of physical activity SAH related

Our demographic analysis identified a 67% proportion of patients under 60 years of age in the

"physical activity" SAH related group in contrast with other circumstances in which such a

proportion accounted for only 42%. Man gender was predominantly associated to "sports

activity" SAH group with a M/W ratio of 1.38, in contrast to the other circumstances in which

womens were predominantly represented with a M/W ratio of 0.58). According to

cardiovascular risk factors, smoking was present in 67.1% of patient compared to the control

group accounting for 30.3%. Concerning to sedentary lifestyle and high blood pressure, the

two populations appeared similar. In regards of aneurysm features (location and size), no

enough information was available to draw any clear conclusion.

11



4.DISCUSSION

From our study we found that physical activity constitutes a rare circumstance related to SAH

with a prevalence of 3% compared to the 30% at rest, 7,3% during defecation and 4,5%

associated to sexual activity respectively.

Patients under 60 years old, men and smokers seemed to be more likely to experience a SAH

while performing a physical activity. These findings are consistent with previous reports that

describe a rare prevalence of SAH in relation with sports[24][5].

On the contrary, other studies have reported an increased risk of HSA after physical activity

with a relative risks ranging from 2.4 (1.4-4.2)[22]to 15 (4,3-52,2) [4]. However, these studies

had various limitations as follow: 1) the authors used different cutoff value for intense

physical activity, 2) the majority of patients were unable to respond thus all information about

circumstances and exposure were collected by family members and finally 3) sexual activity

was mixed-up in the physical activity group. The suggested mechanism for this association is

an activation of the sympathetic nervous system inducing an increased in heart rate, blood

pressure and/or to Valsalva maneuvers during these physical efforts [4,21,22].

12



In a recent study, Hirasawa et al. have described an adaptative neuroprotective mechanism

responsible for a vascular steal from ICA/ECA that might protect against cerebral

hyperperfusion during a physiological exercice-induced hypertension[25].

Whereas endurance sports seemed to respond to these mechanisms, strength sports requiring

immediate maximal power such as weightlifting, might be the limits of this neuroprotective

mechanism [26].

In light of these results, restriction of physical activity in patients with unruptured intracranial

aneurysms seems not justifiable. Furthermore physical activity nowadays has demonstrated to

be a crucial protective factor in cardiovascular disease [10]. On the other hand, the protective

role of physical activity in reducing the risk of SAH is still controversial [13—16]. Shiue et al.

identified regular physical activity (defined as sports activity at least 3 times per week) as a

protective factor [16] but other studies have not shown significant differences [13,15].

Study limitations.

Our literature review presents an inherent bias as_few studies included also patients with non-

aneurysmal SAH. In fact the mechanisms of peri-mesencephalic subarachnoid hemorrhage

are based on a pathophysiology of venous or capillary rupture and thus do not respond to the

same rupture factors as arterial aneurysm hemorrhage[27,28]. The inclusion of non-

13



aneurysmal SAH therefore constitutes a significant bias although in this review and generally

in the literature, the proportion of non-aneurysmal SAH appears quite low being estimated

between 13% and 15% [29].

5. CONCLUSION

From our review the physical activity appears to be a rare favoring factor in relation to SAH.

These results actually are in contrast with the prophylactic measure of stopping physical

activity in patients known with unruptured intracranial aneurysm, in fact up to date no

scientific evidence of such a causing/favoring factor in association with aneurysmal SAH are

available.
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Legends :

Table 1: Literature review of sports activity as circumstances of subarachnoid hemorrhage:

demographic, aneurysmal and sports activity features in exposed patients.

Legends 1: M: male, F: female; NA: Not available; SAH: subarachnoid hemorrhage; *: a
total prevalence of frequent and other circumstances could not be realized because the
different studies did not use the same criteria ; **: Moderate to intense physical activity based
on metabolic equivalent of Test (MET >: 6); *** Results concerning the relative risk of
having SAH in patients with moderate to intense physical activity (MET>6) using a crossover

model.

Figure 1: Flowchart of screened, selected and excluded articles following the PRISMA

statement.

REFERENCES

[1] Bonita R, Thomson S. Subarachnoid hemorrhage: epidemiology, diagnosis,
management, and outcome. Stroke 1985;16:591—4. https://doi.org/10.1161/01.STR.16.4.591.
[2] Buunk AM, Spikman JM, Metzemaekers JDM, van Dijk IMC, Groen RJM. Return to
work after subarachnoid hemorrhage: The influence of cognitive deficits. PLoS ONE
2019;14. https://doi.org/10.1371/journal.pone.0220972.

[3] Schievink WI, Karemaker JM, Hageman LM, van der Werf DJM. Circumstances
surrounding aneurysmal subarachnoid hemorrhage. Surg Neurol 1989;32:266-72.
https://doi.org/10.1016/0090-3019(89)90228-0.

[4] Fann JR, Kukull WA, Katon WJ, Longstreth WT. Physical activity and subarachnoid
haemorrhage: a population based case-control study. J Neurol Neurosurg Psychiatry
2000;69:768—72. https://doi.org/10.1136/jnnp.69.6.768.

[5] Matsuda M, Watanabe K, Saito A, Matsumura K, Ichikawa M. Circumstances,

15



Activities, and Events Precipitating Aneurysmal Subarachnoid Hemorrhage. J Stroke
Cerebrovasc Dis 2007;16:25-9. https://doi.org/10.1016/j.jstrokecerebrovasdis.2006.09.001.
[6] Greenfield JC, Rembert JC, Tindall GT. Transient changes in cerebral vascular
resistance during the Valsalva maneuver in man. Stroke 1984;15:76-9.
https://doi.org/10.1161/01.str.15.1.76.

[7] ARTERIAL, CEREBROSPINAL AND VENOUS PRESSURES IN MAN DURING
COUGH AND STRAIN | American Journal of Physiology-Legacy Content n.d.
https://journals.physiology.org/doi/abs/10.1152/ajplegacy.1944.141.1.42?journal Code=ajpleg
acy (accessed April 27, 2020).

[8] Martuzzi M. The precautionary principle: in action for public health. Occup Environ
Med 2007;64:569-70. https://doi.org/10.1136/0em.2006.030601.

[9] Tsementzis SA, Gill JS, Hitchcock ER, Gill SK, Beevers DG. Diurnal variation of and
activity during the onset of stroke. Neurosurgery 1985;17:901-4.
https://doi.org/10.1227/00006123-198512000-00005.

[10] Physical Activity in the Prevention and Treatment of Coronary Artery Disease |
Journal of the American Heart Association n.d.
https://www.ahajournals.org/doi/10.1161/JAHA.117.007725 (accessed May 13, 2020).

[11] Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, Ioannidis JPA, et al. The
PRISMA statement for reporting systematic reviews and meta-analyses of studies that
evaluate health care interventions: explanation and elaboration. Ann Intern Med
2009;151:W65-94. https://doi.org/10.7326/0003-4819-151-4-200908180-00136.

[12] Mendes M de A, da Silva I, Ramires V, Reichert F, Martins R, Ferreira R, et al.
Metabolic equivalent of task (METSs) thresholds as an indicator of physical activity intensity.
PLoS ONE 2018;13. https://doi.org/10.1371/journal.pone.0200701.

[13] Hu FB, Stampfer MJ, Colditz GA, Ascherio A, Rexrode KM, Willett WC, et al.
Physical activity and risk of stroke in women. JAMA 2000;283:2961-7.
https://doi.org/10.1001/jama.283.22.2961.

[14] Hu G, Sarti C, Jousilahti P, Silventoinen K, Barengo NC, Tuomilehto J. Leisure time,
occupational, and commuting physical activity and the risk of stroke. Stroke 2005;36:1994-9.
https://doi.org/10.1161/01.STR.0000177868.89946.0c.

[15] Sandvei MS, Romundstad PR, Miiller TB, Vatten L, Vik A. Risk factors for
aneurysmal subarachnoid hemorrhage in a prospective population study: the HUNT study in
Norway. Stroke 2009;40:1958-62. https://doi.org/10.1161/STROKEAHA.108.539544.

[16]  Shiue I, Arima H, Hankey GJ, Anderson CS, ACROSS Group. Modifiable lifestyle
behaviours account for most cases of subarachnoid haemorrhage: a population-based case-
control study in Australasia. J Neurol Sci 2012;313:92—4.
https://doi.org/10.1016/j.jns.2011.09.017.

[17] Lindbohm JV, Rautalin I, Jousilahti P, Salomaa V, Kaprio J, Korja M. Physical
activity associates with subarachnoid hemorrhage risk— a population-based long-term cohort
study. Sci Rep 2019;9. https://doi.org/10.1038/s41598-019-45614-0.

[18] Riordan MA, Kyle M, Dedeo C, Villwock MR, Bauer M, Vallano ML, et al. Mild
exercise reduces cerebral vasospasm after aneurysm subarachnoid hemorrhage: a
retrospective clinical study and correlation with laboratory investigation. Acta Neurochir
Suppl 2015;120:55-61. https://doi.org/10.1007/978-3-319-04981-6_10.

[19] LeeJM, Jung NY, Kim MS, Park ES, Park JB, Sim HB, et al. Relationship between
Circadian Variation in Ictus of Aneurysmal Subarachnoid Hemorrhage and Physical Activity.
J Korean Neurosurg Soc 2019;62:519-25. https://doi.org/10.3340/jkns.2019.0061.

[20] Fornes P, Lecomte D. Pathology of sudden death during recreational sports activity:
an autopsy study of 31 cases. Am J Forensic Med Pathol 2003;24:9-16.
https://doi.org/10.1097/01.PAF.0000052749.51187.AA.

16



[21]  Anderson C, Ni Mhurchu C, Scott D, Bennett D, Jamrozik K, Hankey G. Triggers of
Subarachnoid Hemorrhage: Role of Physical Exertion, Smoking, and Alcohol in the
Australasian Cooperative Research on Subarachnoid Hemorrhage Study (ACROSS). Stroke
2003;34:1771-6. https://doi.org/10.1161/01.STR.0000077015.90334.A7.

[22] Vlak MHM, Rinkel GJE, Greebe P, van der Bom JG, Algra A. Trigger factors and
their attributable risk for rupture of intracranial aneurysms: a case-crossover study. Stroke
2011;42:1878-82. https://doi.org/10.1161/STROKEAHA.110.606558.

[23] Vlak MHM, Rinkel GJE, Greebe P, Bom JG, Algra A. Trigger factors for rupture of
intracranial aneurysms in relation to patient and aneurysm characteristics. J Neurol
2012;259:1298-302. https://doi.org/10.1007/s00415-011-6341-1.

[24]  Sousa Nanji L, Melo TP, Canhao P, Fonseca AC, Ferro JM. Subarachnoid
Haemorrhage and Sports. Cerebrovasc Dis Extra 2015;5:146-51.
https://doi.org/10.1159/000441395.

[25] Heterogeneous Regulation of Brain Blood Flow During Low-Intensity Resistance
Exercise - PubMed n.d. https://pubmed.ncbi.nlm.nih.gov/27054676/ (accessed July 6, 2020).
[26] Haykowsky MJ, Findlay JM, Ignaszewski AP. Aneurysmal subarachnoid hemorrhage
associated with weight training: three case reports. Clin J Sport Med Off J Can Acad Sport
Med 1996;6:52-5. https://doi.org/10.1097/00042752-199601000-00011.

[27] Kong Y, Zhang JH, Qin X. Perimesencephalic subarachnoid hemorrhage: risk factors,
clinical presentations, and outcome. Acta Neurochir Suppl 2011;110:197-201.
https://doi.org/10.1007/978-3-7091-0353-1_34.

[28] van der Schaaf IC, Velthuis BK, Gouw A, Rinkel GJE. Venous drainage in
perimesencephalic hemorrhage. Stroke 2004;35:1614-8.
https://doi.org/10.1161/01.STR.0000131657.08655 .ce.

[29] Sahin S, Delen E, Korfali E. Perimesencephalic subarachnoid hemorrhage: Etiologies,
risk factors, and necessity of the second angiogram. Asian J Neurosurg 2016;11:50-3.
https://doi.org/10.4103/1793-5482.165793.

17



Figure 1 : PRISMA Flowchart
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Authors / Date Fann et al. 2000  Anderson et al. 2003 Matsuda et al. 2007 Vlak et al. 2011 Nanji et al. 2015 Total
Study characteristics
. Analytlctdl Analytical Observational Analytlcgl Observational
Design retrospective . - retrospective L
study retrospective study descriptive study study descriptive study
Criteria for inclusion
Activity rupture-time < 15 minutes < 2 hours NA <1 hour NA
Number of patients 38 338 513 250 581 1720
Prevalence
(SAH circumstances)
Physical activity 6/38 (15,7%) 13/338 (3,8%) 14/513 (2,7%) 11/250 (4,4%) 9/581 (1,5%) 53/1720 (3 %)

Frequent circumstances
Rest
Sexual intercourse
Defecation

Others circumstances
Characteristics physical
activity

Leisure sports
Extreme sport

Sport in competition

Moderate to high intensity

RR (intense activity)**

Aneurysm characteristics

Aneurysmal SAH
Predominant location
Size (< 5 mm)
Patient characteristics
Age < 60 years old
Sex ratio M/F
High Blood Pressure
Smoking

Sedentarity

8/38 (21%)
NA
6/38 (15,7%)
2/38 (5,2%)
24/38 (63,1%)

4/6 (67%)

15 (4,3-52,2)

NA
NA
NA

NA
NA

NA

193/338 (57,1%)
166/338 (49,1%)
15/338 (4,4%)
12/338 (3,5%)
142/338 (42%)

NA

13/13 (100%)

2,7 (1,6-4,6)

51/58 (87%)
NA
NA

35/58 (60%)
29/29 ¢ 1
23/ 57 (40 %)
43 /58 (14%)

14/57 (24%)

177/513 (34,5%)
112/513 (21,8%)
NA
65/513 (12,6%)
322/513 (62,7%)

NA

NA

NA

14/14 (100%)
NA
NA

11/14 (78%)
13/1:13

NA

13/250 (5,2%)
NA
8/250 (3,2%)
5/250 (2%)
226/250 (90,4%)

NA

11/11 (100%)

24 (1,4-42)

NA
NA
NA

NA
NA

NA

157/581 (27%)
157/581 (27%)
NA
NA
415/581 (71,4%)

719 (78%)

NA

3/9 (33%)
NA
NA

8/9 (89%)
5/4:1.25
3/9 (33%)
2/9 (22%)

NA

435/1442 (30%)

29/636 (4,5%)
84/1149 (7,3%)

%

10

35 (89%)

NA

68 (84%)
NA
NA

54 (67%)
47/34:138
26 (40%)
45 (67,1%)

14 (27%)






