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Thesis Abstract 

Background: Aneurysmal subarachnoid haemorrhage (aSAH) has a greater incidence in 

women compared to men. Few studies have explored if sex differences in risk factors for aSAH 

contribute to this disparity. Similarly, very few authors examined sex differences in long and 

short-term outcomes and there are inconsistent findings reported among the studies that have 

been conducted. Therefore, there is a need for high-quality studies to examine sex differences 

in the risk factors and the outcomes of aSAH. Such findings will be useful to devise sex-specific 

interventions to improve the prevention, management, and outcome of aSAH.  

Aims: (1) Examine sex differences in the risk factors for aSAH; (2) examine sex differences 

in the short and long-term outcomes after aSAH; and (3) identify factors that explain sex 

differences in poor outcomes after aSAH. 

Methods: This thesis contains four chapters presenting studies addressing these aims. 

Chapter 3: A systematic review and meta-analysis to examine sex differences in risk factors 

for aSAH. I included case-control and cohort studies based on sex differences in the risk factors 

for aSAH published up to 2017. Random-effects meta-analysis was used to pool estimates for 

a risk factor in men and women by approximating odds ratio (OR) and risk ratios (RR) when a 

risk factor was reported in ≥2 studies. 

Chapter 4 and chapter 5: Data were from REDucing Delays In aneurysmal Subarachnoid 

Haemorrhage (REDDISH) study, comprising of a retrospective cohort of all patients diagnosed 

with aSAH across two large public healthcare networks in Australia between 2010-2016. 

Multiple overlapping sources were used to identify the potential cases of aSAH with data 

extracted from medical records by trained research assistants. Study factors include sex, 

demographics, social factors, aneurysm characteristics, neurological complications, and 

clinical management. Outcome after aSAH were (1) discharge destination (home vs 

rehabilitation and death) after acute hospital admission; and (2) survival up to 1 year or (3) 

causes of death up to 1 year obtained by data linkage to the National Death Index (NDI). The 

REDDISH study was used to examine sex differences in neurological complications, aneurysm 

characteristics, and outcomes. This data source was also used to examine sex differences in 

adherence to evidence-based processes of care after aSAH, 1-year mortality and causes of death, 

including if these differed by sex. 
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Chapter 6: Data were from the International Stroke Outcomes Study (INSTRUCT). This study 

is a collaboration between investigators for 13 high quality population-based stroke incidence 

studies from Australasia, Asia, Europe, South America, and the Caribbean between 1993-2017. 

De-identified individual participant data was harmonised on sociodemographic factors, health 

behaviours, pre-stroke comorbidities, the severity of stroke and outcomes of (1) mortality at 30 

days, 1 year, and 5 years and (2) poor functional outcome at 30 days, 1 year, and 5 years. This 

dataset was used to examine sex differences in the prevalence and predictors of short and long-

term outcomes after SAH, including mortality and functional outcomes at 30 days, 1 year and 

5 years. 

Results: 

Chapter 3: There were 31 studies (27 case-control and 4 cohort) identified. Female sex was 

associated with greater likelihood of aSAH. There was no detectable difference between the 

sexes for common risk factors like hypertension, smoking, aSAH family history, systolic blood 

pressure, age, and some genetic variations. Alcohol, high alanine aminotransferase (ALT) 

levels, and some gene variants increased the risk of aSAH in men. Reproductive factors, 

divorce and some genetic variations increased the risk in women. High aspartate 

aminotransferase (AST) levels in men and, diabetes and parity in women reduced the risk of 

aSAH. 

Chapter 4: There were a total of 577 patients with aSAH included and women were over-

represented compared to men (69% vs 31%). Mean aneurysm size was greater in men than 

women. Delayed cerebral ischaemia (DCI) and hydrocephalus were more common 

neurological complications in women than men. Pre-stroke confounders including age, 

hypertension history, smoking status, and neurological complications (DCI and hydrocephalus) 

explained the slightly greater risk of poor outcomes in women after acute admission.  

Chapter 5: There were 549 patients with aSAH included in this study from the REDDISH 

dataset. Approximately 60% were managed according to the treatment guidelines, with no sex 

differences noted. Individual indicators of care were associated with improved survival up to 

1 year. Optimal care reduced mortality at 1 year independent of age, sex, severity, 

comorbidities, and hospital network.  

Chapter 6: There were 657 patients with SAH (46% men) in the INSTRUCT study. There was 

limited evidence of sex differences in mortality and poor functional outcome at 30 days, 1 year 
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and 5 years. Poor outcomes were associated with non-modifiable factors including age and 

severity of the stroke, but also risk factors that predict SAH incidence including smoking. 

Conclusion: Despite the over-representation of women in cohorts with aSAH, there were no 

striking differences between men and women in the risk factors and outcomes examined in this 

thesis. Most established risk factors (e.g. hypertension and smoking) are equally a risk for 

aSAH in men and women. However, the role of hormonal risk factors needs further exploration 

as these may assist in the prevention and management of aneurysmal rupture in both men and 

women. Men and women mostly had the same survival and functional outcomes in the short 

and long term after aSAH. Women more often suffered complications like DCI and 

hydrocephalus than men. Across analyses, outcomes after aSAH were mostly associated with 

modifiable risk factors for aSAH incidence (e.g. smoking or hypertension) but also non-

modifiable risk factors such as age and severity of stroke. Thus, devising better strategies for 

prevention and management of risk factors for aSAH, ensuring evidence-based care for aSAH 

is provided to all patients, and improving management of neurological complications could 

help improve the outcomes after aSAH for men and women. 
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Chapter 1: Introduction 

1.1 Background 

Aneurysmal subarachnoid haemorrhage (aSAH) is a type of haemorrhagic stroke.1 It is a rare 

type of stroke accounting for around 5% of all cases.2 A subarachnoid haemorrhage can occur 

due to trauma,3 the rupture of intracranial aneurysm, arteriovenous malformation (AVM), 

coagulation disorders, dissection, cocaine abuse,4 moyamoya disease, several inherited 

conditions like Ehler-Danlos Type 4 and autosomal dominant polycystic kidney disease5, 

reversible vasoconstriction syndrome6 and amyloid angiopathy.7 However, in 85% of the cases, 

the reason for the bleed is a ruptured intracranial aneurysm.8 Bleeding from the ruptured 

aneurysm accumulates in the subarachnoid space. An excruciating headache is a well-known 

symptom of aSAH with a thunderclap characteristic.9 Other symptoms include nuchal rigidity, 

seizures, nausea, vomiting and focal neurological deficits.10 Around 40% of patients may 

present with a sentinel headache, which is a warning leak occurring a few weeks before major 

haemorrhage.11  About 25-50% of the patients with aSAH will die.12 However, it is important 

to note that one in four patients of aSAH die outside hospital setting.13 Therefore, it is likely 

that most of the cases of aSAH could not be part of epidemiological studies due to sudden 

deaths and inclusion of only hospital based cases.14 The estimated risk of sudden death in aSAH 

is 12.4% (95% CI 11%-14%).15 The cost of SAH hospital treatment and rehabilitation is higher 

compared to ischaemic stroke.16 Only 30% of the survivors can live independently.17   

The incidence of aSAH ranges from 4.5-11.2 per 100,000 person-years18, 19 20, 21 discussed in 

detail in the later sections. Regarding pathophysiology of this type of stroke, two phases have 

been noted in the disease’s course: early brain injury due to initial bleed (EBI) occurs within 3 

days and delayed cerebral ischaemia (DCI) takes place on 4 or 5th days after the onset, reaches 

peak after 6-8 days and resolves after 12-14 days.22 During EBI, the extravasated blood leads 

to headache, rise in intracranial pressure, acute hydrocephalus, cerebral edema, impairment of 

regional blood flow and autoregulation leading to hypoxia and ischemia, and neuronal 

degeneration.22, 23 DCI is a clinical phenomenon that may resolve or progress to cerebral 

infarction which is diagnosed by imaging.24 In addition, microthrombosis, cortical spreading 

depolarization and inflammation are also part of the complex pathophysiology of the 

disease.22While other stroke types that are managed by physicians including neurologists, 

aSAH/SAH requires management by neurosurgeons or interventional neuroradiologists While 
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other stroke types that are managed by physicians including neurologists, aSAH/SAH requires 

mainly a neurosurgical management.25 This division between the health professional groups 

that manage aSAH/SAH compared to other stroke types has been one of the limitations of not 

being included in national stroke registries and therefore resulting in lack of existing evidence 

on quality of care in this stroke type. 

It is important to highlight that throughout this thesis term ‘sex’ will be used rather than 

‘gender’. Sex refers to biological or physiological differences between men and women 

whereas gender refers to socially determined roles of both sexes.26 As described in detail later 

in this chapter, women account for around 70% of all cases of aSAH. There appear to be some 

sex differences in the epidemiology of aSAH, but the reasons for these differences are not well 

understood. There is a well-developed field of research into sex differences in stroke, 

particularly ischaemic strokes that account for around 80% of all cases of stroke. Sex 

differences in care and outcome for people with stroke may exist due to patient-level factors, 

such as age or comorbidities, but could also reflect gender bias in the provision of care.27 

Understanding if such differences exist, and if they do what might explain them, is important 

for ensuring equitable outcomes for all people with aSAH. Unfortunately, aSAH is often 

excluded from the epidemiological or clinical studies used for these analyses, so sex differences 

in aSAH are under-studied.  

The dearth of literature on aSAH has limited our understanding of factors contributing to sex 

differences in incidence, management, and outcomes. This is therefore the focus of this thesis. 

The objective of this research is to explore factors contributing to sex differences in incidence, 

management and outcomes of aSAH. If we know more about sex differences in aSAH then we 

can facilitate sex-specific preventive care to decrease the incidence of the disease, especially 

in women. Information on sex differences in risk factors of aSAH could help with prevention. 

For example, there may be benefits of sex-specific modification of lifestyle for the primary 

prevention of the disease in people at high risk (e.g. with intracranial aneurysms or a family 

history of aSAH). We may be able to promote improvement in the outcomes as has been done 

for other diseases like ischaemic stroke and heart diseases.28, 29 If differences by sex are 

observed in the management of aSAH, this could help in devising sex-specific interventions to 

improve management such as quality improvement programs. Similarly, a difference between 

women and men in the outcomes after aSAH could help in identifying the health system and 

individual-level factors that could be targeted to improve outcomes. 
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This chapter provides an overview of the epidemiology of aSAH including incidence and 

outcomes, with a focus on what is known and where the gaps in the evidence exist about sex 

differences in aSAH.  

1.2 Incidence of aSAH 

1.2.1 Worldwide incidence 

The incidence of SAH, or aSAH specifically, has been estimated in several different studies. 

Systematic reviews and meta-analysis have been conducted with the incidence of SAH, e.g. 

including aneurysmal and non-aneurysmal causes, estimated in these reviews is summarized 

in Table 1-1. 

 Table 1-1 Comparison of incidence of SAH in different review studies 

Study Study 

period 

Number 

of 

studies 

Number of 

countries 

Study designs Incidence of 

SAH  

(95% CI) 

per 100,000 

person-

years 

Time 

trends in 

incidence 

(Incidence 

rate ratio 

[IRR]) 

 

Linn et 

al18 

(1996) 

 

1960-

1994 

18 12 Prospective 

population-based  

10.5 

(9.9-11.2) 

0.95* 

(0.93-0.96) 

de Rooij 

et al19 

(2007) 

 

1960-

2005 

51 21 Prospective 

population-based  

9.1 

(8.8-9.5) 

0.99** 

(0.98-1.00) 

Hughes et 

al20    

(2018) 

1990-

2016 

58 31 Prospective, 

retrospective, 

and cross-

sectional 

hospital and 

population-based 

  

6.67 

(4.50-9.25) 

- 

Etminan 

et al21 

(2019) 

1960-

2017 

75 32 Prospective 

population-based  

7.9 

(6.9-9.0) 

-1.7%*** 

(0.6-2.8) 

*Annual decrease in the incidence rate 

**Incidence rate decrease in reference region (The United State of America [USA], Australia, 

New Zealand, Russia, Denmark, Spain, Italy Sweden, United Kingdom [UK], France, 

Germany, Portugal, Estonia, Kuwait and Georgia) adjusted for age and sex  

***Global annual % age decline between 1955-2014 
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In the review by Hughes et al.20, the relatively lower incidence of aSAH compared to other 

reviews could be due to a short study period which starts from 1990 instead of 1960. The 

incidence of SAH has decreased over the years, which could be attributed to better risk factor 

management at the population level (e.g. reductions in smoking or hypertension). 

1.2.1.1 Geographical variation 

Geographical variation has been reported in the incidence of aSAH. The first reviews of 

geographic variation in the incidence of aSAH or SAH were published in the 1990s. In a review 

published in 1996, for studies between years 1960-1994, the incidence in Finland was 21.4 (95% 

CI 19.5 to 23.4) per 100,000 person-years, compared to non-Finnish population-based studies 

which had an incidence of 7.8 (95% CI, 7.2 to 8.4) per 100,000 person-years.18 The authors of 

a systematic review conducted in 2007, which included studies from 1960 to 2005, showed a 

higher incidence in Japan and Finland compared to ‘other’ countries, categorized as the 

reference group (Figure 1-1). The reference group included studies from the United States of 

America (USA), Australia, New Zealand, Russia, Denmark, Spain, Italy Sweden, United 

Kingdom (UK), France, Germany, Portugal, Estonia, Kuwait and Georgia. The incidence in 

Japan was 22.7 (95% CI 21.9-23.5) per 100,000 person-years and in Finland was 19.7 (95% 

CI 18.1-21.3) per 100,000 person-years compared to the reference group with an incidence of 

9.1 (95% CI 8.8-9.5) per 100,00 person-years.19  

 

 

 

 

 

 

 

 

 

Figure 1-1 Incidence of SAH by region. Incidences per 100, 000 person-years, with 

corresponding 95% CI. All countries other than Japan (seven studies), Finland (six 

studies), and South and Central America (3 studies) were pooled in a reference group19 
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More recent systematic reviews support the previous results in terms of geographic variation 

in the incidence of aSAH. In a review based on the World Health Organization (WHO) regions 

with incidence studies conducted between years 1990-2016, the crude incidence of aSAH was 

estimated in these regions.20 The studies were population and hospital-based with a prospective, 

retrospective or cross-sectional study designs included. The lowest incidence was recorded in 

the Eastern Mediterranean Region (EMR) 0.71 (95%CI 0.17-1.55) per 100,000 person-years 

and highest in the Western Pacific Region (WPR) 12.38 (95% CI 8.58-16.87) per 100,000 

person-years (Figure 1-2). In the same study, the authors reported that the incidence in high-

income countries was 8.30 (95% CI 6.72-10.03) per 100,000 person-years, which was higher 

compared to low and middle-income countries where the incidence was 2.56 (95% CI 1.51-

3.86) per 100,000 person-years.20 In an updated review that included studies from 1960 to 2017, 

the highest incidence of SAH was reported for Japan at 28.0 (95% CI 25.3-31.0) per 100,000 

person-years followed by Finland with an incidence of 16.6 (95% CI 13.4-20.5) per 100,000 

person-years. The lowest incidence of SAH was in Asian countries excluding Japan with an 

incidence of 3.7 (95% CI 0.1-13.3) per 100,000 person-years.21 A recent update from the 

Global Burden Diseases (GBD) study from 1990-2017 also showed geographical variation in 

incidence rates of SAH. Confirming previous findings, the highest incidence rates were in 

Japan with 47 cases (95% UI 43-52) per 100,000 and lowest in China and Poland with 9 cases 

(95% UI 8-10) per 100,000.30 A decline was noticed in different regions except Japan with a 

yearly increase of 1.6% since 1977.21  

 

 

 

 

 

 

 

 

Figure 1-2 Estimated number of affected persons with aSAH per annum by WHO 

region; EMR, Eastern Mediterranean region; AMR-US/Can, United States/Canada; 

AMR-L, American region-Latin America; AFR, African region; SEAR, South-East 

Asia region; EUR, European region; WPR, Western Pacific region20 
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There are several proposed reasons for the regional differences in the incidence of aSAH. The 

incidence in Japan has been reported to be high in comparison to other countries. It is 

hypothesized that in the Japanese population there could be a contribution from genetic and 

environmental factors including different characteristics of aneurysms, but these have not been 

explored in detail.31 In the Finnish population the greater incidence may be related to greater 

rates of familial SAH (e.g. clustering within families) compared to other western countries. 

This is explained by less immigration and the formation of small communities compared to 

other regions.32 Authors of another study postulated that differences in connective tissue 

properties potentially associated with genetics (and/or environment) could cause a higher risk 

of aneurysm rupture in certain populations than others.33 Identifying factors associated with a 

higher incidence in certain regions could be important in preventing or treating the causes that 

could lead to aSAH. 

 1.2.1.2 Incidence in Australia 

The incidence of aSAH has been recorded in various regions of Australia across different 

periods. The recent GBD study reported the incidence of SAH in Australia in 2017 of 12.4 (95% 

CI 11.0-14.0) per 100,000 people per year.30 We also observe different estimates of incidence 

in different regions of Australia (Table 1-2). The higher incidence in some places compared to 

others could be explained by better diagnostic procedures that influence detection rates. 

Regional differences in the underlying risk factors for aneurysm formation and rupture, such 

as smoking and hypertension, could also play a role.34 These studies also have different designs 

ranging from retrospective hospital-based studies to prospective population-based studies, 

which may result in different estimates. 

Table 1-2 Incidence of SAH in Australia 

Location Time-period Incidence (95% CI) per 

100, 000 person-years 

Perth 35-37 1989-1990 8.7 (5.5-13.7) 

1995-1996 3.0 (0.8-7.6) 

2000-2001 8.4 (4.8-14.7) 

*Melbourne38, 39 1996-1997 9.0 (5.1-15.8) 

1997-1999 9.1 (7.0-11.9) 

**Adelaide, Hobart,  

Perth40 

1995-1998 8.1 (7.4-9.0) 

Adelaide41 2009-2010 4.7 (2.3-9.9). 

South Australia42 2009- 2011 2.6 (1.1-6.3) 

Tasmania43 2010-2014 11.38 (9.93-12.83) 
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* Melbourne for North East Melbourne stroke study (NEMESIS) 

** Australian cooperative research on subarachnoid haemorrhage study (ACROSS) also 

included cases from Auckland (New Zealand) 

1.2.2  Sex differences in the incidence of aSAH 

Various studies have reported sex differences in the incidence of aSAH, with higher estimates 

in women compared to men as summarized in Table 1-3. 

1.2.3 Prevalence of unruptured intracranial aneurysm (UIA)  

UIA can lead to a ruptured intracranial aneurysm, which is a catastrophic consequence. The 

UIA has mean prevalence of 2.8% (95% CI 2.0%-3.9%).44 A higher prevalence has been 

observed in women than men with ratio of 3:2 with increase in prevalence with age.45, 46 It is 

important to appreciate that greater incidence of aSAH in women is directly related to a 

higher prevalence of UIA in women than men. Female sex is a well-known risk factor for 

UIA.44 

Table 1-3 Sex differences in the incidence of aSAH 

Study Study 

period 

Study design  Incidence (95% 

CI) in men/100,000 

person-years 

Incidence (95% 

CI) in 

women/100,000 

person-years 

de Rooij et 

al19 (2007) 

1960-2005 Systematic 

review of 

prospective 

population 

based (overall) 

9.2 (8.4-10.2) 11.5 (10.6-12.6) 

Etminan et 

al21  

(2019) 

 

1960-2017 Systematic 

review of 

prospective 

population 

based (overall) 

9.3 (7.7-11.3) 11.5 (9.5-13.9) 

Etminan et 

al21  

(2019) 

 

1960-2017 Systematic 

review of 

prospective 

population 

based (Japan) 

19.5 (14.2-26.8) 22.9 (15.7-33.5) 

Etminan et 

al21  

(2019) 

 

1960-2017 Systematic 

review of 

prospective 

population 

based (Europe) 

10.7 (8.2-13.9) 12.5 (10.1-15.4) 
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Study Study 

period 

Study design  Incidence (95% 

CI) in men/100,000 

person-years 

Incidence (95% 

CI) in 

women/100,000 

person-years 

Etminan et 

al21  

(2019) 

 

1960-2017 Systematic 

review of 

prospective 

population 

based (Asia) 

14.8 (10.8-20.3) 17.8 (12.4-25.7) 

Ziemba-Davis 

et al47 (2014) 

2005-2010 Prospective 

hospital-based 

(USA: in 12 

central Indiana 

counties) 

13.0* 30.2* 

Nichols et al43 

(2018) 

2010-2014 Retrospective 

population 

based 

(Australia) 

6.91 (5.30-8.52) 15.73 (13.34-18.13) 

 

*95% CI is not reported in the study 

The age-adjusted incidence estimates were also higher in women compared to men.21, 43  It is 

obvious that women suffer more from this rare, yet an often fatal type of stroke than men, in 

different time-periods and across countries.   

1.3 Existing literature in determining sex differences in risk factors for 

aSAH 

Examining studies that have reviewed the risk factors for aSAH could help answer the question 

of why aSAH is more common in women than men. Previously, two systematic reviews48, 49 

were conducted where the authors examined sex differences in the prevalence of risk factors 

and/or the effect of risk factors on the occurrence of SAH.  

In one review, common risk factors including hypertension, smoking, and alcohol use were 

compared between men and women.48  The estimates were pooled separately for longitudinal 

studies and case-control studies. These risk factors increased the risk of SAH in men and 

women equally. In the second review, the authors compared hypertension, smoking, alcohol 

intake, hypercholesterolemia, rigorous physical exercise, ‘lean’ body mass index (BMI) 

defined as BMI<22, non-white ethnicity and diabetes as risk factors for SAH between the 

sexes.49 The authors reported similar findings regarding the lack of a sex difference in the risk 

of SAH associated with hypertension, smoking, and alcohol intake. Diabetes mellitus 
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decreased the incidence in women compared to men, while there was no difference by sex for 

likelihood of aSAH with rigorous physical exercise, ‘lean’ BMI, or non-white ethnicity.  

These previous reviews also included studies of women-specific risk factors. One review 

showed that use of oral contraceptives (OCPs) and hormone replacement therapy (HRT) was 

not associated with the risk of SAH in women.48 In the other review, the authors also did not 

find an association for the risk with OCPs but reported that the use of HRT tended to lower the 

risk of aSAH but this was without statistical significance.49  

In these reviews, it is evident that a limited number of risk factors were examined. For example, 

a family history of aSAH or menstrual and hormonal factors in women were not included. 

There could be other risk factors that were not considered in these reviews and examining those 

factors might help in explaining the sex differences in the incidence of aSAH. These may 

include the anatomical location,50-52 size50, 51 and shape of aneurysm,53 as these are known 

aneurysm-related risk factors for aSAH. There is a need for a detailed, updated systematic 

review on the sex differences in the effect of all possible reported risk factors for aSAH. This 

can help in identifying the causative factors that result in a higher incidence of the disease in 

women compared to men. In turn, this information could be used to inform sex-specific 

prevention strategies for aSAH. 

The existing reviews were also not restricted to aneurysmal causes of SAH and examining the 

sex differences in risk factors was not the main objective of the authors with all examining risk 

factors between sexes as a sub-analysis. Restricting to aSAH could be important as this might 

strengthen evidence regarding what factors are specifically related to aneurysmal rupture. This 

may give new insights into the pathological mechanisms behind the disease. 

The above-mentioned limitations in existing review studies suggest there is a need for a new 

systematic review specifically comparing risk factors for aSAH between men and women.  

1.4 Outcomes of aSAH  

Following an aSAH there are many potential outcomes measured in epidemiological and 

clinical studies. These include mortality or survival, functional outcome or ‘disability’, 

discharge destination and health-related quality of life (HRQOL).  

Mortality is usually defined as the number of deaths in a specific population during a specified 

time period. Mortality rate is the number of deaths per 100,000 persons during a specified time 
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period. The data on mortality can be obtained from hospital records, death certificates, national 

data linkage of death registers. 

Survival is the percentage of patients with a disease of interest who survived for a certain period, 

for example, 1 year or 5 years after the initial diagnosis. It is therefore used to measure 

prognosis of a disease.  

Functional outcomes describe a person’s ability to perform ‘daily’ tasks. They can be described 

using the International Classification of Functioning, Disability, and Health developed by the 

WHO.54, 55 This document uses the blanket term ‘disability’ for ‘impairments’, ‘activity 

limitations’ or ‘participation restrictions’. To describe the above-mentioned domains, various 

assessment tools have been devised. To measure functional outcome in stroke patients, the 

commonly used scales are the modified Rankin scale (mRS),56  Barthel index (BI)56 and 

Functional Independence Measure (FIM).57 The data on functional activity is collected through 

face to face interviews, telephonic or video recorded interview or structured questionnaires.58 

Health-related quality of life (HRQOL) is “an individual’s or a group’s perceived physical and 

mental health over time”.59 HRQOL is a multidimensional concept that includes domains 

associated with physical, mental, emotional, and social functioning.60 There are different scales 

used to measure HRQOL. One commonly used instrument is EuroQOL five dimensions 

questionnaire (EQ-5D).61 The self-assessment questionnaire includes a self-reported 

description of the subject’s current health in 5 aspects including mobility, self-care, usual 

activities, pain/discomfort and anxiety/depression. The Short-Form 36 (SF-36) is another 

commonly used tool that is used to assess HRQOL.62 This comprises of 36 questions for a self-

reported assessment of the patient in 8 domains of health, including physical functioning, 

physical role, pain, general health, vitality, social function, emotional role, and mental health.63 

Examining these outcomes after aSAH with consideration of sex could be helpful to add further 

evidence to literature and devise sex-specific interventions to improve outcomes if differences 

are observed. 

1.5 Sex differences in outcomes of aSAH  

Studies of outcomes after aSAH may focus on different time frames, typically defined as short 

term (e.g. 1 month) or long term (e.g. 1 year or more after the event).  

The short-term outcomes after aSAH between the sexes have been discussed in a limited 

number of studies. Most studies report that the prevalence of unfavourable outcome was higher 
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in women, although many differences were non-significant.64-68 The details of the studies are 

described below. 

1.5.1 Survival  

Existing studies have found similar in-hospital mortality between men and women after aSAH. 

In a Dutch prospective hospital-based study conducted from 1990 to 2010 which included 

1,761 patients, the authors examined in-hospital mortality.69 The risk ratio (RR) in women 

compared to men for in-hospital mortality was 0.94 (95% CI 0.82-1.07). In a Swiss prospective 

hospital-based study with 1,866 cases from 2009 to 2015, the authors measured death during 

hospital stay which showed a higher proportion of in-hospital death in women (64%) than men 

(36%).67 In a retrospective hospital-based study in Switzerland conducted on 120 patients with 

aSAH admitted between 2009 to 2011, the authors reported no statistically significant 

difference by sex in ICU mortality (men 5% vs women 12%, p=0.34) and in-hospital mortality 

(men 16% vs women 23%, p=0.47).65  

Previous studies of survival at 28 days or 1 month after aSAH have also generally not found a 

difference between men and women. In a Dutch nationwide prospective hospital-based study 

on 9,403 patients of SAH conducted between 1997 and 2006, the authors observed that 1-

month crude risk of mortality for SAH for women was 35.3% (95% CI 34.1-36.6%) and in 

men, it was 31.7% (95% CI 30.1-33.3%).66 They also stated that over the years they noted a 

decrease in the risk of death in men but not women. This was attributed to severity, the timing 

of treatment and medical complications following treatment. In a Swedish prospective hospital-

based study between 1987 and 2002 investigators identified 18,443 SAH episodes.68 Case 

fatality rate at 28 days was higher in women (32.5%) than in men (30.5%). The relative risk 

(RR) adjusted for age, sex, region was RR 1.06 (95% CI 1.02 to 1.11). A retrospective 

population-based study which was conducted in the UK from the year 1992 to 1996, 800 

patients experiencing first-ever SAH were identified.70 The authors reported that the relative 

risk of death was slightly greater in women at 24 hours (RR 1.25 95% CI 0.85–1.84), at 7 days 

(RR 1.23 95% CI 0.89–1.69) and  at 1 month (RR 1.15 95% CI 0.84–1.57) after SAH when 

adjusted for age, without statistical significance. In a retrospective hospital-based study from 

Martinique between 2007 and 2013, authors included 121 cases of SAH.71 The authors found 

more men (34%) died compared to women (20%) within 1 month of SAH. In a retrospective 

hospital-based Scottish study conducted between 1986 and 2005, the authors noticed that 1-

month case fatality increased with age in both men and women.72 At age <40 years, the case 



12 
 

fatality at 1 month was 29% in men and 25% in women and increased to 60% in men and 57% 

in women who were 70 years or older.  

Existing studies of survival up to 3 months after aSAH have generally not identified any sex 

differences. In a Dutch prospective hospital-based study, the risk of case fatality at 3 months 

was somewhat lower in women RR 0.93 (95% CI 0.82-1.06) compared to men when adjusted 

for age, condition on admission and aneurysm site.69 The outcome was, therefore, better in 

women than men, but this was not statistically significant. In another retrospective hospital-

based study on 617 patients with aSAH from 2005 to 2010 in the UK, authors observed 

outcome at 3 months.52 The death rate was similar between men (19%) and women (20%). In 

a multicentre randomised control trial study on a high dose of nicardipine in North America, 

the authors followed up patients for 3 months.64 They did not detect any difference by sex in 

mortality after aSAH where the death rate in women was 19% compared to 17% in men.  

Of note, the above-mentioned studies were not designed exclusively to examine sex differences 

in mortality after aSAH and a majority of these did not specifically examine aSAH. The 

limitations of these studies are highlighted at the end of this section. 

1.5.2  Functional outcomes 

A smaller number of studies have examined sex differences in functional outcomes after aSAH. 

Findings of some of these studies are described here. In a retrospective hospital-based cohort 

study in the UK mentioned previously,52 poor functional outcome was measured using mRS 

(4-6). The odds ratio (OR) of poor outcome in women compared to men was OR 0.89 (95% CI 

0.61-1.32, p=0.57) in univariable and OR 0.71 (95% CI 0.45-1.11, p=0.13) in multivariable 

analysis, adjusted for age, aneurysm size and location and stroke severity. Therefore, no 

statistically significant difference was noted between the sexes. In a Swiss retrospective 

hospital-based study, described previously,65 the investigators noticed that the odds of poor 

functional outcome (mRS 4-6) was OR 1.19 (95% CI 0.44-3.19) for women compared to men 

when adjusted for age and severity score. The authors did not report univariate results. 

Very few studies have examined sex differences in functional outcomes after aSAH. Further 

research is required to explore this area in aSAH. A summary of gaps in the evidence regarding 

outcomes of aSAH is described below. 
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1.5.3  Summary of findings and evidence gaps  

It is noted that the majority of the studies showed that there was no difference by sex in the 

outcomes after SAH or aSAH, specifically. But most of the studies discussed here had certain 

limitations meaning that it is not conclusive whether there are sex differences in outcome after 

aSAH. First, there are few studies designed to examine sex differences in the outcomes after 

aSAH.52, 64-66, 69 As such, in most studies sex differences were compared in an unadjusted 

analysis without further analysis of factors contributing to poor outcome in men and women. 

Second, the existing studies of outcome after aSAH examining sex differences were mostly 

conducted at a single-centre and were hospital-based, with the exception of one nation-wide 

study on aSAH66 and one multicentre trial of a drug.64 A multicentre study is likely to have 

more generalisable findings compared to a single-centre study. Multicentre studies could help 

increase the power of a study of rare diseases like aSAH that have lower case volume. Third, 

some of the studies were not specific to the aneurysmal origin of SAH.68, 70, 72 Fourth, excluding 

the population-based and a few hospital-based studies,66, 68, 70 most of the studies had a small 

sample size. Therefore, there is a need for adequately powered, multicentre studies exclusively 

examining aSAH patients designed to examine sex differences. These studies should analyse 

the comprehensive list of factors that might explain these differences. Also, these studies will 

be useful because this could help in identifying the factors that predict sex differences in 

outcomes and planning sex-specific management leading to timely prevention or intervention 

of the identified factors, therefore, improving survival. 

1.5.4  Long term outcome 

There are few studies that have examined sex differences in longer-term outcomes after aSAH 

with some inconsistencies in findings regarding sex differences. This literature is summarised 

in the following section. 

1.5.4.1 Outcome at 1 year  

A small number of investigators have examined sex differences in survival, functional 

outcomes and HRQOL at 1 year after SAH or aSAH. Most of these studies were hospital-based 

and did not exclusively examine aSAH.73, 74 These were limited to a certain group of patients 

(e.g. only patients with a better clinical grading score 75), carried out at one institution,76 or had 

high loss to follow up.77, 78 The findings of these studies are discussed below. 



14 
 

Among studies of survival after aSAH, most have not found a difference between men and 

women. In one study based on Medicare beneficiaries from 1994 to 1996 who were admitted 

for stroke in the hospitals of the states of Indiana and Kentucky in the USA, authors examined 

long term mortality.73 For SAH, they observed that the mortality rate at 1 year was slightly 

higher in men (59%) compared to women (52%). The rate ratio for all-cause mortality at 1 year 

in men compared to women was 1.13 (95% CI 0.99-1.30) when adjusted for age, therefore no 

sex difference was detected. Similar findings were reported by authors for a cohort study in the 

Netherlands with data on different types of strokes for the patients admitted in 1997 or in year 

2000.74 The authors compared mortality at multiple time points between the sexes among 1,884 

patients with SAH. The 1-year mortality rate in women was 40% and in men was 39%. The 

risk of mortality in women when standardised for age at 1 year was 0.91 (95% CI 0.80-1.04). 

The 1-year crude and age-adjusted hazard ratios (HR) for case fatality in women compared to 

men (HRcrude 1.03 95% CI 0.88-1.19, HRadjusted 0.99 95% CI 0.85-1.15) were not different.  

The International Subarachnoid Aneurysm Trial (ISAT) was a prospective randomised 

controlled trial conducted at multi-centres that compared the results of coiling and clipping.75 

There were 2,004 patients in the study followed up into the longer term. The authors’ calculated 

standardised mortality ratio (SMR) in men and women conditional on survival at 1 year. The 

results were not different between women (SMR 1.65 95% CI 1.32-1.98) and men (SMR 1.46 

(95% CI 1.09-1.83). In a Finnish study, 1,537 patients with aSAH between 1977 and 1998 were 

followed up for 7.5 years.76 The SMR in patients who had good recovery at 1 year was lower 

in men (SMR 1.84 95% CI 1.36-2.48) than women (SMR 2.13 95% CI 1.72-2.65). Except for 

age, many studies did not explore other factors that might be associated with the sex and 

outcome including aneurysm characteristics, complications and severity of stroke. Studies 

accounting for these design issues should be conducted to examine sex differences in 1-year 

mortality. 

Some authors have also examined sex differences in functional outcomes at 1 year after aSAH. 

A study was conducted in Germany with 203 aSAH cases between 2012 and 2017 to observe 

the effects of different co-morbidities and risk factors on the outcome at 1 year after aSAH.79 

They compared poor outcome (mRS 3-6) compared to the good outcome (mRS 1-2). The odds 

of poor outcome (OR 0.64 95% CI 0.23-1.75, p=0.38) and death (OR 0.89 95% CI 0.35-2.27, 

p=0.80) at 1 year was not significantly different in women compared to men. Another 

multicentre prospective study in China included 324 poor-grade aSAH patients cases from 

2010 to 2012.80 The outcome was based on mRS with scores >4 defined as a poor outcome. 
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Poor outcome was more common in women (56%) than in men (44%). The odds for poor 

outcome in women in the unadjusted analysis was OR 1.7 (95% CI 1.1-2.6, p=0.02). The 

authors did not mention sex in their multivariate analysis. An important limitation is that these 

studies did not examine role of sex as their main aim. Also, these studies were either limited to 

certain category of patients80 or were single-centred,79 meaning the results might not be 

generalisable. More research is therefore warranted to examine sex differences in functional 

outcome at 1 year after aSAH. 

Very few studies explored sex differences in HRQOL at 1 year after aSAH. In a Swedish 

hospital-based study on 755 patients admitted between 1996 to 2010, authors examined EQ-

5D at a median follow-up time of 1 year.81 Female sex predicted worse HRQOL regarding 

domains of pain/discomfort and anxiety/depression compared to men. Authors of a Norwegian 

study with a cohort of 60 patients between January 2001 to July 2001 examined HRQOL at 1 

year.77 They used World Health Organization Quality of Life Instruments (WHOQOL-BREF) 

covering four domains of life including physical, mental, social, and environmental. This 

questionnaire was completed by 40 participants. The authors observed that women were 

significantly less satisfied with the ability to perform daily tasks and had more negative 

emotions, such as being sad, anxious or depressed, than men. In a study with 601 cases of SAH 

between 1998-2008 in Germany, HRQOL was assessed using SF-36.78 Only 253 patients 

responded to the questionnaire, therefore, there was missing data regarding outcome of all the 

patients included in the study. The authors did not find a difference in HRQOL between men 

and women. The follow-up time was not mentioned in this study. 

There appears some evidence of sex differences in HRQOL after SAH/aSAH. However, the 

above-mentioned studies did not aim to examine sex difference in HRQOL meaning their 

analyses might not have been designed appropriately to answer this research question. Further, 

the studies were single-centred and with a large number of patients lost to follow up, which 

might affect the generalisability of findings. More studies focussing on sex difference in 

HRQOL after aSAH need to be conducted to understand patient-centred outcomes and the role 

of factors contributing to these differences. This could assist with the development of sex-

specific measures to improve HRQOL after aSAH. 

1.5.4.2 Outcome at or after 5 years 

There have been few studies that have reported sex differences in outcomes at >5 years after 

the aSAH. These studies are mostly hospital-based cohorts with cases followed over time. In 



16 
 

general, these studies have found no difference by sex in mortality,74 SMR,82 RER of 

mortality83 and proportion of patients84 deceased at 5 years or beyond. The results of these 

studies are summarised below. 

Authors of a cohort study in the Netherlands with 1,884 cases of SAH between 1997-2000 

found that the 5-year mortality rate was 44% in women and 42% in men.74 The crude and age-

adjusted HR for case fatality in women compared to men at 5 years (HRcrude 1.04 95% CI 0.91-

1.21, HRadjusted 0.99 95% C 0.86-1.15) were not different. 

Authors of a study based on 752 prospectively collected cases of SAH in the Netherlands, 

calculated standardised mortality ratio with a mean follow-up time of 8.1 years.82 The SMR 

observed in women 2.0 (95% CI 1.6 to 2.6) was higher than men 1.3 (95% CI 0.9 to 1.8). In a 

Finnish study comparing sporadic and familial aneurysms, authors calculated long term excess 

mortality in 1,746 patients who were survivors 1 year after aSAH.83 The median time of follow- 

up was 12 years. The RER of mortality in 1-year male survivors of aSAH was 1.63 (95% CI 

0.98-2.71). A retrospective study conducted in Finland followed patients with aSAH who were 

alive 1 year after the onset.84 There were 3,078 patients alive after 1 year who were treated 

between 1980 and 2007. According to the authors of the study, sex did not influence long term 

excess mortality. The excess mortality at 20 years was 18% for women and 17% for men; 

whereas, at 30 years, it was 32% in both sexes. 

Overall, few differences have been observed in outcomes between men and women in the 

longer-term. It is important to highlight that none of these studies were designed to examine 

differences in long term outcomes after aSAH by sex. This may affect the ability to draw 

conclusions as the analyses were not designed to answer this research question. Most of the 

above-described studies were conducted at a single-centre making generalisability of results 

questionable. Most of the authors of these studies did not mention important potential 

covariates including vascular risk factors, aneurysm features or complications. Loss to follow 

up was high in some studies potentially compromising the validity of results. There is a need 

for studies specifically designed to examine sex differences in survival, functional and quality 

of life measures. Larger studies across multiple centres would be preferable as these may be 

more representative of a wider range of aSAH patients. 
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1.6  Factors that might explain sex differences in outcome after aSAH  

1.6.1  Risk factors  

Differences in the risk factors associated with aSAH between men and women may explain 

differences in outcomes, if they are found to exist.  

1.6.1.1 Age 

Greater age is a non-modifiable risk factor for worse outcomes after aSAH. Although the 

majority of aSAH patients are in younger age groups compared to ischaemic stroke, increasing 

age within this population group is associated with a risk of poor outcome of aSAH as 

confirmed in several studies.80, 85, 86,87 In cohorts of aSAH, women are relatively older than 

men.88 Very few studies have explored the contribution of age in sex differences in outcomes 

and the reported outcome was not different between men and women when age was taken into 

account.52, 69  

1.6.1.2 Vascular risk factors 

The presence of vascular risk factors differs by sex and also predicts the outcome in aSAH 

patients. A history of hypertension was associated with a higher risk of long-term mortality, as 

reported by some authors.85, 89 Premorbid hypertension is associated with more severe SAH 

with a large amount of bleeding in cisterns and intraventricular spaces predicting poor 

prognosis after aSAH.90 There is an increase in the risk of severe complications including 

delayed cerebral ischaemia (DCI)91 and cerebral infarction,92 leading to higher mortality after 

aSAH.93 Sex differences in hypertension in people with aSAH94, 95 have been reported 

previously. If and how this contributes to outcome after aSAH in men and women is unknown 

and needs further investigation. Smoking could lead to symptomatic vasospasm or DCI after 

the event.96-98 Some studies showed better outcomes in smokers 79, 99 but a recent study 

explained this paradox was owing to early deaths in patients with a smoking history or perhaps 

poorer risk factor profile resulting in worse outcomes of aSAH.100 Sex differences exist in 

smoking prevalence, with this more common in men than women.95 Whether smoking 

contributes to sex differences in outcomes after aSAH remains unknown. Alcohol consumption 

is also associated with worse outcomes after aSAH. It can lead to hypertension and the 

occurrence of DCI.101 There are known sex differences in intake of alcohol94 but how these 

explain sex differences in the outcome needs to be examined.  
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There are known sex differences in the common risk factors for aSAH, but if and how these 

risk factors contribute to outcomes after aSAH needs further investigation. If particular risk 

factors are found to contribute to differences in outcomes between men and women, this 

information may be useful for devising sex-specific strategies for prevention of aSAH, reduced 

complications and better outcomes.  

1.6.2 Aneurysm characteristics 

Characteristics of the aneurysm that ruptures in aSAH are associated with survival and 

functional outcome after aSAH, with some known sex differences.  

Aneurysm formation can take place around the circle of Willis. There are some studies which 

studied the association of poor outcome with the site of rupture. In a study with 3,498 aSAH 

patients, authors examined various pre-operative factors which were associated with poor 

Glasgow outcome scale (GOS).85 An unfavourable outcome was defined as being deceased or 

severely disabled. Posterior circulation aneurysms were associated with poor outcome HR 1.53 

(95% CI 1.14-2.04). Some authors suggest that a poorer outcome is associated with aneurysms 

in the anterior circulation,102 while some suggested no influence of the aneurysm location on 

the outcome.103 Sex differences were also observed in the location of a ruptured aneurysm in 

different studies. In a study of 608 aSAH patients between 2002 and 2011, authors observed 

that the most frequent site for the ruptured aneurysms in women was at the internal carotid 

artery (42%) while in men common locations were the anterior cerebral and anterior 

communicating artery (47%).50 In a clinical trial of nicardipine, 906 patients were enrolled and 

internal carotid artery was common in women (36%) as the site of rupture while anterior 

cerebral and anterior communicating artery in men (46%).64 Similarly, authors of another study 

reported a higher prevalence of aneurysm at internal carotid artery, prevalence ratio (PR) 1.71 

(95% CI 1.38-2.13) and middle cerebral artery PR 1.14 (95% CI 0.92-1.41) in women 

compared to anterior cerebral and posterior circulation.69 A case series of 617 aSAH cases also 

showed similar results.52 The most common location of the ruptured aneurysm in women was 

internal carotid artery (women 40% vs men 18%) and anterior cerebral-anterior communicating 

artery in men (women 26% vs men 45%). A retrospective study on 2,835 patients of aSAH 

also reported similar results in men and women.51  

Aneurysm size was also found to be a predictor of unfavourable outcome after aSAH.104, 105 

Some studies investigated sex differences in the size of a ruptured aneurysm. However, the 

authors of these studies did not detect any difference by sex in the size of the ruptured 
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aneurysm.52, 64 These studies did not examine the role of aneurysm characteristics including 

consideration of sex and outcomes.64 It could be postulated that the high amount of early 

mortality in aSAH than other stroke types could also be due to posterior location of the ruptured 

aneurysm, which results in neurological damage associated with a high risk of death (e.g. 

respiratory control).106  

Except for a few studies,52, 69 the main aims of most of these studies was not to examine sex 

differences in aneurysm characteristics or observe their association with outcome. Most of the 

studies examining the effect of sex described only one aneurysm characteristic, for example, 

the site of rupture. We need more evidence regarding sex differences in the aneurysm 

characteristics (site, size, location in circulation) and how these differences describe the 

outcome. If aneurysm characteristics are found to contribute to differences in outcomes 

between men and women, this information may be useful for predicting outcomes. It may also 

lead to advances in understanding the pathophysiology of aneurysm rupture.  

1.6.3  Neurological complications 

Neurological complications after aSAH are associated with poor outcomes.52, 85, 89 Sex 

differences have been observed in some neurological complications after aSAH. The most 

known complications are hydrocephalus, rebleeding, delayed cerebral ischaemia (DCI), 

cerebral infarction, seizures, and neurological infections.  

Of all complications, it has been observed that women are more likely to suffer from DCI 

compared to men.88, 107 There has been a use of different terminologies for DCI. These include 

‘delayed neurological deficit’, ‘symptomatic vasospasm’, ‘vasospasm’ or sometimes ‘cerebral 

infarction’. It is defined according to National Institute of Neurological Disorders (NINDS) 

as “the occurrence of focal neurological impairment (such as hemiparesis, aphasia, apraxia, 

hemianopia, or neglect), or a decrease of at least 2 points on the Glasgow Coma Scale (either 

on the total score or on one of its individual components [eye, motor on either side, verbal]). 

This should last for at least 1 hour, is not apparent immediately after aneurysm occlusion, and 

cannot be attributed to other causes by means of clinical assessment, CT or MRI scanning of 

the brain, and appropriate laboratory studies.” 24, 108 A systematic review conducted for studies 

published until 2012 identified various predictors of DCI.98 The authors observed limited 

evidence of sex being a predictor for DCI with the pooled odds for women compared to men 

being OR 1.2 (95% CI 0.8-1.8). In 2018, a study observed sex difference in DCI and cerebral 

infarction using Subarachnoid Haemorrhage International Trialists (SAHIT) repository.88 This 
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included 6,713 patients with more women than men. The authors found that female sex was a 

predictor of DCI (OR 1.38 95% CI 1.09-1.74, p=0.007). Authors of another case series also 

reported that sex differences are present in clinical deterioration (OR 2.8 95% CI 1.3-6.0) and 

cerebral infarction (OR 2.4 95% CI 1.0-5.5) when adjusted for age, hypertension, severity 

scores and aneurysm location.107  

Cerebral infarction after SAH or aSAH is defined as “the presence of cerebral infarction on CT 

or MR scan of the brain within 6 weeks after SAH, or on the latest CT or MR scan made before 

death within 6 weeks, or proven at autopsy, not present on the CT or MR scan between 24 and 

48 hours after early aneurysm occlusion, and not attributable to other causes such as surgical 

clipping or endovascular treatment. Hypodensities on CT imaging resulting from a ventricular 

catheter or intraparenchymal hematoma should not be regarded as cerebral infarctions from 

DCI.” 24, 108 In the study previously mentioned based on identifying independent predictors of 

cerebral infarction, the authors did not detect any significant association of cerebral infarction 

with sex (OR 1.02 95% CI 0.81-1.30, p=0.84).88  

Therefore, some studies show that sex is a predictor of DCI but how these sex differences might 

play a role in the outcome after aSAH is not clearly explained. Further exploration to identify 

the role of sex in DCI and its contribution in outcome after aSAH is warranted. 

Hydrocephalus is increased intracranial pressure because of lesser absorption of cerebrospinal 

fluid (CSF) due to accumulation of blood after SAH. It is a common complication, with one 

study based on 897 patients with aSAH showing the development of hydrocephalus in 26% of 

the patients.109 The authors found a statistically significant association of female sex with the 

development of hydrocephalus. In another study conducted on 718 patients with aSAH, 152 

developed shunt-dependent hydrocephalus that is they required ventriculoperitoneal shunt to 

treat hydrocephalus.110 The authors noted that female sex was associated with hydrocephalus 

in addition to other factors including increasing age, more severe aSAH, posterior location of 

the ruptured aneurysm, intraventricular haemorrhage and clinical vasospasm. The reasons why 

women develop hydrocephalus more often than men and if this impacts outcome after aSAH 

has had limited exploration. There is therefore a need to further investigate the role of sex in 

hydrocephalus and how this might affect the outcome. This may help in developing 

management policies including improving diagnosis, identification of high-risk patients and 

timely intervention to reduce the risk of disability and death.  
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Rebleeding is the re-rupture of intracranial aneurysm. A meta-analysis of 7 studies published 

between 2000 and 2013 was conducted to determine the predictors of risk factors for rebleeding. 

111 The authors found that men had more risk of rebleed compared to women with OR 1.46 

(95% CI 1.11-1.92). Whether this high risk of re-bleeding in men compared to women 

contributed to differences in outcome has not been examined. 

We observed that sex differences have been noted in some of the important complications of 

aSAH. It is unknown if and how these differences by sex in neurological complications 

contribute to differences in the outcomes between both sexes. If complications are found to 

contribute to differences in outcome between men and women, it might help in developing 

interventions to reduce complications or improve their management. 

1.6.4  Severity  

To predict the prognosis of aSAH many clinical and radiological scores have been devised. 

Most commonly used are the World Federation of Neurosurgical Societies (WFNS) score, Hunt 

and Hess scale, Glasgow Outcome Scale (GOS)112 and modified Fisher grade.113 WFNS uses 

the Glasgow coma scale (GCS) and the presence of focal neurological deficits to grade the 

severity of the disease with grading from I to V explained in  

Table 1-4. Higher grades denote poorer prognosis.114  

Table 1-4 World Federation of Neurosurgical Societies (WFNS) score 

WFNS GCS score Motor deficits 

I 15 Absent 

II 14-13 Absent 

III 14-13 Present  

IV 12-7 Present or absent 

V 6-3 Present or absent 

 

Modified Fisher score is a CT rating scale based on the thickness of cisternal subarachnoid 

blood and absence or presence of intraventricular haemorrhage (IVH) to predict symptomatic 

vasospasm 115 explained in Table 1-5. 
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Table 1-5 Modified Fisher scale 

Modified fisher grade Cisternal clot thickness IVH 

0 No  No 

1 Focal or diffuse thin (<1mm) No 

2 Focal or diffuse thin (<1mm) Yes 

3 Thick (>1mm) No 

4 Thick (>1mm) Yes 

 

These severity scores are associated directly with poorer outcomes, including complications. 

The modified Fisher score predicts symptomatic vasospasm in SAH patients.115 Poor grade 

patients indicated by worse Fisher or WFNS scores are more prone to complications of aSAH 

like rebleeding, hydrocephalus and DCI116 or developing systemic complications.117 It has been 

observed that more than 60% of the ‘poor grade’ patients with SAH die or become functionally 

dependent.118 Therefore, in people with a poor grade SAH there is a higher chance of death or 

severe disability.  

Sex differences in the severity of aSAH have been reported in a few studies. Authors compared 

severity scores including WFNS and Fisher score between men and women but did not find 

any difference.52, 65, 69 The severity of the aSAH predicts complications, some of which 

demonstrate sex differences. However, it is currently unclear if there is a difference by sex in 

the severity of aSAH. The role that severity of the aSAH might play in sex differences in 

outcomes requires investigation in a high-quality multicentre study. 

1.6.5  Management  

Clinical guidelines for the diagnosis and treatment of aSAH provide a protocol for management 

associated with better outcomes.119, 120 Evidence-based processes of care utilization could be 

predictors of outcomes of aSAH. According to European and American guidelines 

recommendations include: imaging with a non-contrast head computed tomography (CT)121 

scan for the diagnoses of aSAH, aneurysm detection computed tomography angiography (CTA) 

and/or digital subtraction angiography (DSA); use of antihypertensives in the emergency 

department (ED) to reduce blood pressure with a cut off level of systolic blood pressure 

(SBP)>160 or 180mmHg; administration of medication including nimodipine122, 123 to prevent 

DCI and improve the outcome5; treatment of aneurysm by clipping or coiling124 and reduction 

of raised intracranial pressure through the extra-ventricular drain (EVD) or 

ventriculoperitoneal shunt placement (VPS). We know of studies based on ischaemic stroke 
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that have observed sex differences in receipt of evidence-based processes of care125, 126 but to 

the best of our knowledge, no study has examined sex differences in adherence to treatment 

guidelines for aSAH.127  

1.7 Summary  

There is still research required to develop more evidence to explain the difference in the 

incidence of aSAH by sex. Possible reasons for a higher incidence of aSAH in women than 

men include changes in the reproductive hormonal levels with age, differences in the 

prevalence or effect of common risk factors like smoking on aneurysm formation or rupture or 

potentially genetic factors. Regarding the outcomes of aSAH, there is some evidence that 

poorer outcomes are slightly more common in women than men, albeit non-significantly. The 

potential factors and covariates associated with poor outcome in various studies include age, 

risk factors like hypertension, smoking status, neurological complications, aneurysm 

characteristics, and severity of aSAH. Evidence-based processes of care for aSAH and their 

relationship with outcome after aSAH has not been investigated to date. The current literature 

suggests a need for more research based on sex differences in aSAH taking into consideration 

all above-mentioned factors. These types of studies could increase our understanding of aSAH 

including how to improve management and outcomes. 
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Aims 

The aims of the thesis are to: 

1) Identify sex differences in the risk factors for aSAH 

2) Examine sex differences in the short and long-term outcomes of aSAH 

3) Identify factors contributing to poor outcome in women compared to men 

Research Questions 

1. What are the sex differences in the risk factors for aSAH in the existing literature and do 

they explain the greater incidence in women? 

2. Are there sex differences in discharge destination, mortality and poor functional outcomes 

in the short and long-term after aSAH? 

3.  Are there sex differences in the receipt of evidence-based care after aSAH? 

4. What is the contribution of factors including pre-event factors like age, hypertension and 

smoking status or clinical factors like complications, aneurysm characteristics or care in 

the sex differences in short and long-term outcomes after aSAH? 

Thesis organization and guide to chapters 

This thesis uses a systematic review and original analyses using two datasets (REDucing 

Delays In aneurysmal Subarachnoid Haemorrhage study [REDDISH] and INternational 

STRoke oUtComes sTudy [INSTRUCT] to address the above-mentioned aims and research 

questions. 

Chapter 1: Introduction 

In this chapter, I describe the topics which I further discuss in my thesis. I have mentioned what 

is known in the literature regarding sex differences in the risk factors and outcomes, the gaps 

in knowledge and factors which could be contributing to sex differences in the outcomes. 

Chapter 2: Methods and summary of participants from the REDucing Delays In 

aneurysmal Subarachnoid Haemorrhage (REDDISH) study 

In this chapter, I explain the methods used to gather data for this study that forms the data 

source for chapters 3 and 4. 

Chapter 3: Sex differences in risk factors for Aneurysmal Subarachnoid Haemorrhage: 

Systematic Review and Meta-analysis 
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I explain differences of risk factors in men and women in the form of narrative systematic 

review and meta-analysis. I compare risk factors for aSAH in both sexes to attempt to better 

understand the greater incidence of aSAH in women compared to men. 

Published in Journal of the Neurological Sciences (2019). 

Chapter 4: Sex Differences in Aneurysmal Subarachnoid Haemorrhage (aSAH): 

Aneurysm characteristics, Neurological complications, and Outcome 

In this chapter, I examine the sex difference in discharge destination after hospital admission 

taking account of aneurysm characteristics and neurological complications. 

Published in Acta Neurochirurchiga (2020). 

Chapter 5: Adherence to evidence-based processes of care reduces one-year mortality 

after Aneurysmal Subarachnoid haemorrhage (aSAH)  

This chapter focuses on sex differences in the provision of evidence-based processes of care 

for aSAH and how they affect 1-year survival. 

Chapter 6: Sex differences in short and long-term mortality and functional outcome after 

subarachnoid haemorrhage (SAH) in INternational STRoke oUtComes sTudy 

(INSTRUCT)- A pooled analysis of the individual participant data  

In this study, I explore differences between men and women in short and long-term mortality 

and functional outcomes after the event of aSAH and what factors contribute to sex differences. 

Chapter 7: Discussion  

In this chapter, I summarize the findings of the thesis and recommendations for future work in 

the field of aSAH. 
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Chapter 2: Methods and summary of participants from the 

REDucing Delays In aneurysmal Subarachnoid Haemorrhage 

(REDDISH) study 

2.1 Background 

Two of the results chapters in this thesis use data from the REDDISH study, which was a study 

designed to examine time to treatment and its association with outcomes after aSAH. See 

Appendix E for details on REDDISH study database. This thesis includes some secondary 

analysis of data from that study focusing on sex differences in clinical aspects and outcomes 

of aSAH. This chapter describes the methods of the REDDISH study in detail, including my 

role in data collection. It presents preliminary results relating to the characteristics of 

participants with a focus on sex differences. The final results chapter of the thesis uses data 

from a different study, an individual participant data analysis from stroke incidence studies 

with data on SAH. The methods for that study are contained within that study chapter. 

2.2 Methods 

2.2.1 Role in data collection 

In the REDDISH study, I played a significant role in the data collection for the Tasmanian 

cohort of aSAH from 2010-2016. I extracted data for the confirmed and probable cases of 

aSAH. Probable cases were defined as suspected aSAH cases with definitive testing not 

available. After the potential cases were identified, I examined patient records including 

hospital discharge certificate, imaging details, medical records, and surgery details to confirm 

the cause for SAH. Because of medical background and training as an anatomist, I was well 

informed of the anatomy and physiology of the brain and used my knowledge and skill to 

identify the patients and search associated material to confirm case as an aSAH. After 

confirmation or probability of the cause as aneurysmal rupture, I extracted the information for 

the variables described later in the methods. For the Tasmanian population, data were collected 

in two phases. In the first phase, for cases between 2015-2016, I identified the confirmed and 

probable cases of aSAH. The data on excluded cases from the list of potential cases were also 

extracted with a reason for exclusion. The information for included cases was extracted in detail 

in the database. In the second phase, I extracted the data for already identified confirmed and 

probable cases of aSAH between 2010-2014. 
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2.2.2 Setting 

This was a retrospective cohort study of all patients with aSAH across two tertiary referral 

hospital networks (Tasmania, population ~500,000 and South East Victoria, population ~1.2 

million) in Australia from 1st January 2010 to 31st December 2016. Both hospitals are 

comprehensive cerebrovascular centres, receiving patients who experience aSAH from a 

network of urban, regional and rural hospitals. This study was approved by the Human 

Research Ethics Committee in Victoria (RES-18-0000-036A) and Tasmania (H0014563). 

2.2.3  Identification of potential cases 

Potential cases were identified using multiple overlapping sources including admission, 

discharge and ward lists for the emergency, neurosurgical and radiology departments across 

the tertiary centres and referring hospitals. A combination of International Classification of 

Diseases 10 codes (160.0-160.9, 167.1 and 169.0), as either a primary or secondary diagnosis, 

and keyword searches were used to ascertain potential cases. A standardised extraction form 

using data from radiology, pathology, and surgical reports, as well as the medical record, were 

used to confirm first ever aSAH. Potential cases were coded by one researcher in each site, and 

a neurosurgeon and/or an interventional neuroradiologist confirmed the diagnoses and resolved 

any discrepancies. Following a detailed review of medical records, patients with unruptured 

aneurysms were excluded, and only those with confirmed SAH were included in the final 

sample. The presence of subarachnoid haemorrhage was confirmed on either non-contrast CT-

Brain or xanthochromia on lumbar puncture. CT-angiography (CTA), digital subtraction 

angiography (DSA) or magnetic resonance angiography (MRA) were then used to find a cause, 

including an aneurysm, and characterise it. We excluded cases with a previous history of aSAH 

and other causes of subarachnoid haemorrhage including arteriovenous malformations 

(AVMs), trauma, amyloid angiopathy and non-aneurysmal SAH. The latter was only excluded 

where, despite multiple series of imaging tests, a cerebral aneurysm could not be demonstrated. 

After verifying the aneurysmal cause of SAH, information was extracted from the medical 

record and captured in REDCap. 

2.2.4 Participants  

Patients with confirmed or probable aSAH were part of the study who were admitted to the two 

hospital networks between 2010-2016. For Tasmania, there was an existing dataset for SAH 

participants between 2010-2014. The data for these patients were further extracted for the 



28 
 

confirmed and probable cases to match the new data extracted for people between 2015 and 

2016. 

2.2.5 Measures 

The variables in the study included patient information (age, marital status, insurance, 

residence), medical history of patient (family history, pre-morbid conditions like coronary 

arterial disease, polycystic kidney disease, hypercholesterolemia, use of anticoagulants, 

behavioral factors like smoking status and alcohol intake), Charlson co-morbidity index 

(includes important risk factors like diabetes mellitus, liver disease, cancer, previous history of 

stroke or TIA, peptic ulcer disease), date and time of aSAH, symptoms of disease (headache, 

neck rigidity, vomiting, loss of consciousness and others), use of ambulance services (time of 

call, arrival at scene and hospital, management, triage), patients vital sign recorded in 

ambulance (pulse, systolic blood pressure, diastolic blood pressure, temperature, respiratory 

rate, Glasgow coma scale (GCS), and hospital admission record (history, triage, time and date 

of arrival, information on vital signs and GCS, medications in emergency department, transfer 

to other hospital).  

The data after hospital admission was extracted for severity scores which were the World 

Federation of Neurological Surgeons score (WFNS, I-V) and modified Fisher’s score (0-4) 

from the CT scan. Imaging details were collected (date and time of CT/CTA/DSA/MRA) 

including aneurysm characteristics (side, size, location in circulation and site) and details on 

treatment (ventriculostomy, clipping/coiling, use of nimodipine, use of antihypertensives).  

Data were extracted regarding complications including delayed cerebral ischaemia (DCI), 

cerebral infarction, hydrocephalus, rebleed, infections and other non-neurological 

complications. We also extracted information on the management of complications including 

endovascular therapy for DCI and information on active comfort measures. The definitions of 

neurological complications were standardised according to National Institute of Neurological 

Disorders and Stroke definitions (NINDS).108 Clinical deterioration due to DCI was determined 

by the occurrence of focal neurological impairment (such as hemiparesis, aphasia, apraxia, 

hemianopia, or neglect), or a decrease of at least 2 points on the Glasgow Coma Scale (either 

on the total score or on one of its individual components [eye, motor on either side, verbal]). 

This should last for at least 1 hour, is not apparent immediately after aneurysm occlusion, and 

cannot be attributed to other causes using clinical assessment, CT or MRI scanning of the brain, 

and appropriate laboratory studies. The diagnosis of delayed cerebral injury was confirmed 
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according to NINDS definition as the presence of cerebral infarction on CT or MR scan of the 

brain within 6 weeks after SAH, or on the latest CT or MRI. Rebleeding was the occurrence of 

the bleeding from the aneurysm before and after treatment.128 Hydrocephalus was the build-up 

of cerebrospinal fluid (CSF) due to obstruction in the flow within the ventricular system or 

impaired CSF reabsorption increasing intracranial pressure (>20mmHg)129 and leading to 

permanent brain damage or death.128  

2.2.6 Outcomes  

Information was recorded for discharge destination (home, rehabilitation, transfer to other 

hospital or death) and Functional Independence Measure (FIM) score at the start of and 

discharge from rehabilitation. The REDDISH data was also linked to the National Death Index 

(NDI) for information on 1-year survival including causes of death. 

2.3 Results 

2.3.1 Participants 

There were 1,957 potential cases of aSAH in the REDDISH study from South-east Victoria 

and Tasmania. After exclusion of non-aSAH cases based on inclusion criteria, the cohort 

comprised of 575 confirmed and 55 probable cases of aSAH. The breakdown of cases across 

two hospital networks and time-periods is described as follows. 

In Tasmania, there were 304 potential cases from the year 2015-2016 out of which 64 

confirmed cases and 1 probable case were identified. Detailed data extraction was performed 

for 208 variables. There were also data on cases of aSAH previously collected as part of a pilot 

study for cases between 2010-2014. For these cases, there was information missing on some 

variables included in the REDDISH study. For further information on these patients, I extracted 

data regarding 148 new variables for 159 confirmed and 26 probable cases. The data were also 

collected by trained researchers for the cases of SAH for South-east Victoria. There was a total 

of 1,363 potential cases from 2010-2016, and 354 were the confirmed and 28 probable aSAH 

cases. The two data sets were combined for this study.  

Flow chart (Figure 2-1) below explains the selection of participants in REDDISH from the 

two hospital networks. 
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Figure 2-1 Flow chart showing the selection of participants for the REDDISH study  
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2.3.2 Demographics 

There was 61% of the cohort from South-east Victoria and 31% from Tasmania. The median 

age of the 575 patients was 56 (IQR 46-67) years. Women were over-represented (69% of cases) 

and were older than men (median age 57 vs 55). There was no statistically significant difference 

between men and women for the demographic variables except for age, presented in Table 2-

1. 

 

Table 2-1 Sex differences in demographic factors in aSAH cohort of REDDISH study 

 

 Total  Men  Women  P-value 

 N=575 (%) N=177 (%)  N=398 (%)   

Age Mean (SD) 56 

(15.29) 

 55 

(15.10) 

 57 

(15.33) 

 0.06 

Charlson 

comorbidity score 

      0.22 

0 415 (72) 136 (77) 279 (70)  

1 or 2 118 (20) 29 (16) 89 (22)  

>2 42 (7) 12 (7) 30 (7)  

WFNS        0.39 

I 253 (44) 87 (49) 166 (42)  

II 99 (17) 27 (16) 72 (18)  

III 26 (4) 6 (3) 20 (5)  

IV 51 (8) 12 (7) 39 (10)  

V 134 (23) 43 (24) 91 (23)  

Missing 13 (2) 2 (1) 10 (3)  

Modified Fisher 

score 

      0.67 

0 8 (1) 2 (1) 6 (2)  

1 50 (9) 17 (9) 33 (8)  

2 18 (3) 8 (4) 10 (2)  

3 111 (19) 37 (20) 74 (19)  

4 330 (57) 98 (55) 232 (58)  

Missing 58 (10) 15 (9) 43 (11)  

Hospital network       0.58 

Victoria 354 (61) 106 (60) 248 (62)  

Tasmania 221 (39) 71 (40) 150 (38)  
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2.3.3  Clinical variables 

A large proportion of patients had a favourable grade of WFNS (WFNS I, 44%) on presentation 

and most had a severe grade of haemorrhage recorded on CT scan (modified Fished score 4, 

57%). A comparison of severity scores is shown in Figure 2-2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-2 Comparison of World Federation of Neurological Surgeons grade (WFNS) 

(Panel A) and modified Fisher score (Panel B) between men and women 

  

Men 

Women  

Panel A 

Panel B 
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There were sex differences noted for only some risk factors. The risk factors like a family 

history of aSAH or aneurysm were not different by sex (Table 2-2). Comparing behavioural 

risk factors, heavy alcohol intake was more common in men than in women (20% vs 6%, 

p<0.001) and more men were current smokers (51% vs 43%, p=0.10) as shown in Table 2-2. 

Among cardiovascular risk factors, women were more hypertensive than men (31% vs 47%, 

p=0.008, Table 2-2).  

Table 2-2 Sex differences in risk factors of aSAH 

 Total  Men  Women  P-value 

 N=575 (%) N=177 (%) N=398 (%)  

Family history of 

aSAH 

      0.96 

Yes 33 (5) 10 (6) 23 (6)  

No 247 (43) 74 (42) 173 (44)  

Missing 295 (51) 93 (52) 202 (51)  

Family history of 

brain aneurysm 

      0.11 

Yes 24 (4) 4 (2) 20 (5)  

No 231 (40) 75 (42) 156 (39)  

Missing 320 (56) 98 (55) 222 (56)  

Smoking       0.10 

Current smoker 261 (45) 90 (51) 171 (43)  

Ex-smoker 61 (11) 25 (14) 36 (9)  

Non-smoker 122 (21) 32 (18) 90 (23)  

Missing 131 (23) 30 (16) 101 (25)  

Alcohol       <0.0001 

Light drinker 102 (17) 33 (19) 69 (17)  

Heavy drinker 60 (10) 35 (20) 25 (6)  

Ex-heavy drinker 8 (1) 3 (2) 5 (1)  

Non-drinker 71 (12) 13 (7) 58 (14)  

Missing 334 (58) 93 (52) 241 (60)  

Hypertension       0.008 

Yes 248 (43) 61 (31) 187 (47)  

No 308 (53) 108 (64) 200 (50)  

Missing 19 (3) 8 (4) 11 (2)  

Cardiovascular 

disease 

      0.66 

Yes 38 (7) 13 (7) 25 (6)  

No 497 (86) 153 (86) 344 (86)  

Missing 40 (7) 11 (6) 29 (7)  

Hypercholesterolemia       0.61 

Yes 79 (14) 22 (12) 57 (14)  

No 457 (79) 145 (82) 312 (78)  

Missing 39 (7) 10 (5) 29 (7)  

Diabetes       0.79 

Yes 30 (5) 10 (6) 20 (5)  

No 506 (88) 157 (88) 349 (88)  
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 Total  Men  Women  P-value 

 N=575 (%) N=177 (%) N=398 (%)  

Missing 39 (7) 10 (6) 29 (7)  

Liver disease       0.76 

Yes 11 (2) 3 (2) 8 (2)  

No 520 (90) 164 (93) 356 (89)  

Missing 44 (7) 10 (5) 34 (8)  

 

There were no significant sex differences detected in the use of medications that are a risk for 

aSAH (Table 2-3). 

Table 2-3 Sex differences in medications as risk factors in aSAH cohort 

 Total  Men  Women  P-value 

 N=575 (%) N=177 (%) N=398 (%)  

Anticoagulants       0.48 

Aspirin 43 (7) 15 (8) 28 (7)  

Other 19 (3) 8 (4) 11 (3)  

No 506 (87) 153 (86) 353 (88)  

Missing  7 (2) 1 (0.5) 6 (2)  

Hormone 

replacement 

therapy 

      - 

Yes 11 (2) - - 11 (2)  

No 314 (79) - - 314 (79)  

Missing 73 (18) - - 73 (18)  
 

2.3.4 Inter-hospital transfer 

Regarding hospital referral for better management, it was also observed that 47% (n=268) of 

patients were transferred to a tertiary hospital while 52% (n=302) were admitted to first hospital 

they arrived at a tertiary care institute. No differences between men (admitted n=92, 52%; 

transferred n=84, 47%) and women (admitted n=210, 53%; transferred n=184, 46%) were 

observed (p=0.9) regarding inter-hospital transfer.  

2.4 Discussion 

This chapter describes the methods used to collect data in the REDDISH study that was used 

for this thesis. This is one of the largest multicentre cohorts of aSAH cases worldwide. There 

are very few existing studies in which a comprehensive number of variables have been captured 

regarding management and outcomes of aSAH. In this study, women were overrepresented and 

relatively older compared to men, similar to the previous studies. In this cohort, it was found 

that women more often had a history of hypertension compared to men, while alcohol intake 



35 
 

was more commonly observed in men than in women. This cohort of aSAH cases had data 

collected at two hospital networks and compares favourable to previously published studies 

with a smaller number of cases,65, 79 that were single-centred,52, 65 limited to certain 

geographical region83 or group of aSAH patients, for example, only poor-grade80 or good-grade 

patients who were eligible for treatment.75   

The REDDISH cohort was similar to the other large cohorts of aSAH regarding key 

characteristics including demographics, vascular risk factors and severity scores. A comparison 

with best practice cohorts is described. In a recent prospective population-based study on 476 

confirmed cases of aSAH (2007-2018) in Catalonia, the authors included treated patients in 

their study and observed the outcomes of death and disability following treatment procedure.130 

The data comprised of common risk factors, location of the aneurysm and neurological 

complications (DCI, hydrocephalus, rebleed). In that study, women were predominant (65%) 

and the median age of the cohort was 53 years. Vascular risk factors including hypertension 

were present in 41% and current smokers comprised 35% of the patients. Clinical score (Hunt 

and Hess) was better than the imaging score (Fisher grade). The majority of patients had Hunt 

and Hess grade 2 (45%) while on imaging, a more severe category of Fisher grade was noted 

in most of the patients (Fisher grade IV in 62%). Therefore, clinically, most patients did not 

have poor-grade haemorrhages, but imaging scores depicted that many patients had a severe 

stroke, like the findings in the REDDISH study. Overall, the characteristics of this cohort were 

similar to the REDDISH study. However, the investigators did not compare men and women 

in terms of management or outcome. Their study also has lesser detail regarding aneurysm 

characteristics and there is a lack of information on the standardisation of definitions of 

complications compared to REDDISH. Another example of a large study based on aSAH 

includes the multicentre Australasian Cooperative Research on Subarachnoid Haemorrhage 

Study (ACROSS) with 432 participants and a case cross-over design with cases recruited from 

1995 to 1998.131  The researchers scrutinized medical records, emergency departments, 

neurosurgery wards, medical wards, discharge records and death records to identify the cases 

of aSAH. Women comprised 62% and the mean age of the cohort was 57 years, which is 

strikingly similar to the REDDISH. Among vascular risk factors, 44% were hypertensive, 39% 

were current smokers, 12% were heavy drinkers and 4% were diabetic while severity scores 

were not reported. Despite the similarity in the characteristics of REDDISH and ACROSS 

cohort, some important variables regarding aSAH (aneurysm features and neurological 

complications) were missing from this study and sexes were not compared. Other large 
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prospective studies132, 133 are comparable to REDDISH cohort regarding vascular and severity 

characteristics but with no information on sex differences, and missing details regarding 

standard definitions for neurological complications132 or lack of long-term follow-up.133 

Therefore, it appears that the REDDISH cohort is representative of the aSAH population 

comparing favourably to other cohorts despite some differences in methods. 

There are very few studies based on aSAH that have compared risk factors, clinical 

characteristics and outcomes between men and women. To understand how comparable 

REDDISH may be to the other studies that have been conducted, which may be important for 

generalisability, a brief comparison of REDDISH with other studies follows. Note that detailed 

analyses of the role of sex in aspects of care and outcome are described in chapter 4 and 5, with 

this section not intended to explore these associations in detail. In a large study including 617 

patients with aSAH, authors examined the role of the female sex for poor functional outcome 

using modified Rankin scale (mRS 4-6) after aSAH at 3 months.52 The authors studied sex 

differences in common risk factors (age, hypertension, alcohol, smoking, family history, 

diabetes mellitus), aneurysm characteristics (location, side and size), severity score (WFNS), 

type of management (surgery or endovascular) and complications (vasospasm, hydrocephalus). 

Women comprised 69% of sample size and the mean age of the cohort was 55 years, Age was 

the only risk factor that was different between the sexes (men 51 years vs women 56 years). 

Regarding vascular risk factors, no statistically significant difference by sex was noted. 

However, more women were hypertensive (men 26% vs women 32%) and current smokers 

(men 35% vs women 39%) while relatively more men than women were diabetic (men 10% vs 

women 7%). Alcohol consumption was similar in men and women (23% each). Regarding 

clinical severity score, the most common category was WFNS I (55%), a better clinical 

condition with no difference by sex observed. Limitations of that study included that it was a 

single-centred study and authors did not discuss imaging-based severity scores (e.g. modified 

Fisher score). Also, they only discussed vasospasm and hydrocephalus as complications and 

the definitions were not standardised. In another study including 120 cases of aSAH, a group 

of investigators compared sex difference in poor outcomes which included worse functional 

outcome (mRS 4-6) and mortality at 6 months.65 The authors examined risk factors (smoking, 

hypertension, diabetes mellitus, dyslipidemia), aneurysm characteristics (e.g. site) severity 

scores (with WFNS and Fisher grade), type of management (clipping/coiling) and 

complications (e.g. hydrocephalus by indication, vasospasm, rebleed). Women were 

predominant (69%) and the mean age of the cohort was 56 years. Women were older compared 
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to men (men 51 years vs women 58 years). Vascular risk factors including hypertension (men 

37% vs women 28%) and current smoking (men 16% vs women 13%) were more common in 

men than in women while diabetes mellitus in women (men 0% vs women 1%). Dyslipidemia 

was similar in both sexes (13%). These risk factors were not different by sex. WFNS I (36%) 

and V (28%) were the most common grades of severity in the overall cohort with no difference 

by sex detected for this score. Imaging score Fisher grade 3 (79%) was the common category 

in this cohort with no sex difference noted for this scale. The limitations of the study included 

that it was a single institution-based study, the aneurysmal characteristics included were limited, 

and the definitions of complications were not standardised. Hence, in comparison to the 

previous studies focused on sex differences, REDDISH compares favourably.  

In REDDISH, sex differences were noted in some vascular risk factors including hypertension 

history and alcohol intake but not for other known aSAH risk factors and severity scores. Of 

note is that missing data was a limitation for some of the variables. A comparison of aneurysm 

characteristics, neurological complications and evidence-based care between men and women 

is discussed in detail in Chapter 4 and 5 of this thesis. The comparison of severity scores 

between sexes has been examined in a few studies in which authors reported no difference by 

sex for WFNS and Fisher scores.52, 65, 69 Rigorous examinations of sex differences between 

commonly used severity scores could be of importance in explaining differences in certain 

outcomes, for example, neurological complications like DCI. Modified Fisher predicts DCI 

and sex differences have been noted in this complication88, 98 but no sex difference has been 

reported for this score. More studies are needed to examine the association of sex with these 

scores as this could help modify prediction of prognosis and management with an account of 

sex. Of note, there was a discrepancy between clinical severity score and imaging score in the 

REDDISH study, also observed in the previous studies.65, 130, 134, 135 According to some 

investigators clinical scoring is more valid 134 and newly devised scores could be more useful 

to predict accurate prognosis.134, 136. Overall, the REDDISH study has an adequate sample size, 

a larger number of variables including risk factors, clinical characteristics with standardised 

definitions and long-term survival with which to examine the aims of this thesis.  

2.4.1 Limitations and strengths  

The data of the REDDISH study was retrospectively collected, which resulted in some missing 

data for the outcomes of interest (<10%) and risk factors like smoking (25%) after using 

alternate sources of information from digital medical records for incomplete information 
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regarding some variables. The retrospective design is most feasible because aSAH is rare (e.g. 

only 5% of all stroke types) and prospective studies would take considerable time to ascertain 

enough cases. For identification of aSAH cases, we used multiple overlapping data sources 

including emergency records, hospital admission records, imaging records to overcome any 

chance of missing a case from the study time-period. Incomplete data was present for a few 

outcomes of interest, for example, the site of the ruptured aneurysm was not always reported 

in medical records. Due to complete access to digital medical records, we were able to examine 

imaging reports and other records to identify the location of the ruptured aneurysm. The 

modified Fisher score was obtained using imaging records for any incomplete information with 

this completed by neuroradiologists. Important risk factor information (e.g. smoking) was 

sometimes missing, and to complete the information, medical history and operation theatre 

records were explored. Some risk factor information based on women-specific risk factors (age 

of menarche or age of pregnancy) could not be extracted due to the limitations of the 

retrospective study design. As the medical records were largely scanned written documents and 

not therefore entirely digital, this was a limitation while recording for some variables like vital 

signs of the patients and record of medications received while in hospital. We did not record 

for the route of medication administration. Regarding the treatment of hydrocephalus, we did 

not have adequate information to accurately control for this by indication and timing.  

The results are only generalisable to hospitalized patients with aSAH. While in Tasmania we 

can identify out of hospital deaths due to the nature of the hospital network capturing the 

complete underlying island population, this is not possible for south-east Victoria. Note that 

out of hospital death data for Tasmania are not reported in this thesis due to the late arrival of 

these data. We also did not have any information on functional outcomes and quality of life 

scores due to the retrospective design of the study.  

There were several strengths of the current study. It was a large cohort of first-ever aSAH 

conducted at two centres, with data recorded for all consecutive cases of radiographically 

confirmed aSAH. The data comprised of a large number of variables accessed through clinical 

and radiological records. Moreover, the study was not restricted to only ‘good’ grade or treated 

patients. Our use of standard definitions of neurological complications using NINDS criteria is 

also a strength. The data has a detail on the time of major events in the management of aSAH 

(for example, time of aSAH symptoms, time of ambulance and hospital arrival, time of 

treatment) which could be helpful to examine the delays occurring in aSAH treatment. 
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2.5  Conclusion 

In conclusion, the REDDISH study comprises of a large number of variables collected from 

two geographical regions from multiple data sources using digital medical records. The 

information was recorded on the time of various events occurring from the start of the event of 

aSAH to the outcome at discharge and 1 year. Detailed information on the management of 

aSAH, symptoms, treatment, complications and their management, and outcomes were 

recorded which has not been observed in most of the previous studies of aSAH. This makes 

REDDISH a valid data set with generalisable results with which to examine sex differences in 

this condition. 
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Chapter 3: Sex differences in Risk factors for Aneurysmal 

Subarachnoid Haemorrhage: Systematic Review and Meta-

analysis 

3.1 Preface 

This thesis chapter has been published as a paper in the Journal of the Neurological Sciences 

(see Appendix C) 

Rehman S, Sahle BW, Chandra RV, Dwyer M, Thrift AG, Callisaya M, Breslin M, Phan HT, 

Otahal P, Gall S. Sex differences in risk factors for aneurysmal subarachnoid haemorrhage: 

Systematic review and meta-analysis. J Neurol Sci. 2019 Nov 15;406 :116446. Epub 2019 Aug 

31. PMID: 31521957. (Journal IF ~ 3.11; citation: 2) 

doi: 10.1016/j.jns.2019.116446   

Authors note - There are some differences between this chapter and the published version of 

this manuscript due to integrating supplements to assist with readability of the thesis.  
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3.2 Abstract  

Background: Aneurysmal subarachnoid haemorrhage (aSAH) disproportionally affects 

women. We conducted a systematic review and meta-analysis to explore sex differences in 

aSAH risk factors.  

Methods: Case-control/cohort studies were searched to November 2017 with sex-specific risk 

factors for aSAH. Meta-analysis was performed when a risk factor was reported in ≥2 studies.  

Results: Of 31 studies, 22 were eligible for meta-analysis. Female sex was associated with 

greater odds of aSAH (HRadjusted 1.90 [1.47-2.46]. There was no detectable difference between 

the sexes for hypertension (ORadjusted: men 3.13 [2.26-4.34]; women 3.65 [2.87-4.63], p=0.18), 

smoking (ORadjusted: men 2.96 [1.68-5.21]; women 3.11 [1.21-7.97], p=0.95), aSAH family 

history, systolic blood pressure, age and some genetic variations. Alcohol (ORadjusted: men 1.50 

[1.04-2.17]; women 0.83 [0.48-1.45], p=0.003), high alanine aminotransferase levels, and 

some gene variants increased the risk of aSAH in men. Reproductive factors, divorce and some 

genetic variations increased the risk in women. High aspartate aminotransferase levels in men 

and, diabetes (ORadjusted: men 0.57 [0.32-1.01]; women 0.24 [0.13-0.43], p=0.01) and parity in 

women reduced aSAH risk. 

Conclusion: We recommend sex-specific re-analysis of existing studies of aSAH risk factors. 

Known aSAH risk factors (hypertension, smoking and alcohol consumption) should be targeted 

to prevent aSAH in men and women.  



42 
 

3.3 Introduction 

Aneurysmal subarachnoid haemorrhage (aSAH) occurs more often in women than in men43, 137  

but the reasons for this are unclear. SAH results from the rupture of an aneurysm in 

approximately 85% of cases.138 Of note, the prevalence of unruptured intracranial aneurysms 

is higher in women compared to men (4.4 vs 2.5%) 46 consequently increasing the risk of 

rupture. The risk factors for aSAH are likely to be distinct from other causes of SAH, but few 

studies have been conducted to explore sex differences in risk factors for aSAH. In a systematic 

review on risk factors for SAH, Tiunissen et al did not detect sex differences in alcohol 

consumption, cigarette smoking and hypertension.48 Feigin et al conducted an updated 

systematic review of SAH, and reported that hypertension and alcohol intake were more 

hazardous in women while hypercholesterolemia reduced the risk of SAH in men, although 

none of these risk factors were statistically different between women and men.49 These reviews 

included studies with varied designs (e.g. clinical trials, case-crossover studies, etc), were not 

focussed on exploring sex differences, and included only a limited number of risk factors. In 

addition, these reviews did not include examination of sex differences in genes associated with 

the risk of aSAH. 

Our aim was to conduct a comprehensive review of sex differences in risk factors for aSAH to 

explore the reasons for the greater incidence in women than men.  

3.4 Methods 

3.4.1 Literature sources and search strategy 

Pubmed, Scopus, Medline via Ovid and Embase via Ovid were searched from inception to Nov 

27, 2017. The Appendix A provides the full search strategy. Keywords and medical subject 

headings used for searching the databases included “sex characteristics”, “sex difference”, 

“gender difference”, “sex based”, “sex distribution”, “sexual dimorphism” AND “aneurysmal 

subarachnoid haemorrhage”, “ruptured cerebral aneurysm”, “ruptured intracranial aneurysm”, 

“ruptured brain aneurysm” AND “risk factors”. The review was registered with PROSPERO 

(ID: CRD42018091521). Studies focused specifically on cohorts of women or case-control 

studies with women only were examined. 

3.4.2 Study screening for title and abstract 

Two reviewers (SR and BWS) screened titles and abstracts based on the following inclusion 

criteria: (1) cohort, case-control, cross-sectional, case series or case-reports at least 10 cases, 
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(2) provided details of stroke subtypes or subarachnoid haemorrhage and risk factors, (3) 

mentioned sex differences in risk factors or were women specific studies but with risk factors 

not limited to only women like smoking or hypertension (4) were published in English. Studies 

were excluded if they were 1) animal-based, experimental, autopsy series, or included fewer 

than 10 patients, or 2) included non-aneurysmal SAH, either on its own or as a combined 

category with aSAH. 

3.4.3 Full text screening 

For full-text screening, a study was included when: (1) It was a cohort or case-control study, 

(2) included aneurysmal subarachnoid haemorrhage, had criteria indicating that history and CT 

findings were highly suggestive of aneurysmal origin, and did not provide evidence of 

inclusion of SAH other than aneurysmal rupture, (3) provided effect estimates with 95% CI or 

raw data to calculate these, included risk factors that were stratified by sex, or included an 

interaction term between sex and risk factors for aSAH.  

3.4.4 Risk of Bias and Methodological quality assessment 

Two independent reviewers (SR and MD) used Newcastle-Ottawa Quality Assessment Scale139  

for case-control and cohort studies to assign level of quality to each study. This scale has a 

range from 0-9 and was modified for this review. Any conflict between the two reviewers was 

resolved by discussion. Quality Assessment Newcastle Ottawa scale was used for quality 

assessment of the studies included in the review. Few questions were modified for the review. 

In definition of case for case-control study scale and, in assessment of outcome for cohort 

studies; addition of secure records like imaging techniques was added in the section. Objective 

measurement was added to ascertainment of exposure in both case-control and cohort studies 

and a star was awarded if any risk factor was measured objectively in a study (Table 3-1 and 

Table 3-2). 

3.4.5 Data Extraction 

Reviewers (SR and MD) independently extracted predefined data items (see Supplementary 

Methods). If a study provided more than one adjusted estimate, the fully adjusted estimate was 

extracted. If two or more studies provided effect estimates for a given risk factor, it was 

included in the meta-analysis.  

Extracted items included: author, year of publication, study period, study design, sample size 

for cohort or cases and controls for case-control study, male and female cases and controls or 
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sample size, follow up period for cohort studies, mean age, risk factors, effect estimates crude 

or adjusted for different risk factors in men and women, covariates adjusted in the study, and 

any potential reason provided by the authors for the identified difference between the sexes. 

Risk factors such as smoking, and alcohol consumption were analysed by exposure categories 

when available. For smoking, we included studies that were not stratified by smoking status or 

provided combined current and former smokers’ estimates. For alcohol consumption, we 

included estimates for drinkers compared to non-drinkers in the meta-analysis, but not different 

categories of alcohol consumption as they varied across the studies. 
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Table 3-1 Newcastle Ottawa scale (modified version) for case-control studies 

Newcastle Ottawa scale (modified version) for case-control studies 

Selection Total stars 

awarded 

1) Is the case definition adequate?  

 

a) yes, with independent validation (information extracted from record or reference to record source like imaging) *  

b) yes, example record linkage or based on self-reports  

c) no description  

2) Representativeness of the cases a) cases with outcome of interest in a defined period of time and in a defined catchment area *  

b) potential for selection biases or not stated  

3) Selection of Controls 
 

a) community controls *  

b) hospital controls  

c) no description of source  

4)Definition of control 

 

a) no history of disease(endpoint)*  

b) no description of source  

Comparability 

 
 

1) Comparability of cases and controls on the basis 

of the design or analysis 

a) study controls for age *  

b) study controls for any additional factor like hypertension, smoking or any covariates mentioned in the study*  

Exposure 

 

 

1) Ascertainment of exposure a) objective measurement*  

b) Hospital records where exposure to risk factors completed by medical staff/blood tests recorded/population registries*  

c) structured interview where blind to case/control status *  

d) interview not blinded to case/control status  

e) written self-report  

f) no description  

2) Same method of ascertainment for cases and 

controls 

a) yes*  

b) no  

3) Non-Response rate 

 

a) same rate for both groups *  

b) non-respondents described  

c) rate different and no designation  

A study can be awarded a maximum of one star (*) for each numbered item within the selection and exposure categories. A maximum of two stars can be given for comparability.  
0.5* for providing the catchment area, but no definite time-period. 
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Table 3-2 Newcastle Ottawa scale (modified version) for cohort studies 

Newcastle Ottawa scale (modified version) for cohort studies 

Selection Total stars 

awarded 

1)Representativeness of the exposed cohort a) Truly representative of the average in the community (Consecutive or non-consecutive participants were selected or invited to 

participate from the source population) * 

 

b) somewhat representative of the average in the community or population source *  

c) selected group of participants  

d) no description  

2) Selection of the non- exposed cohort a) drawn from the same community as the exposed cohort*  

b) drawn from a different source  

c) no description of the derivation of the non-exposed cohort  

3) Ascertainment of exposure a) Objective measurement*  

b) Hospital records completed by medical staff (measurement on physical examination or information collected by medical staff)*  

c)  structured interview*  

d) written self-report  

e) no description  

4) Demonstration that outcome of interest was not 

present at start of study 

a) yes*  

b) no  

Comparability  

Comparability by controlling for confounders 

 

a) study controls for age *  

b) study controls for any additional factor like hypertension, smoking or any covariates mentioned in the study*  

Outcome 

 

 

1) Assessment of outcome a) independent blind assessment or by reference to secure records imaging data including CT or DSA or LP*  

b) record linkage*  

c) self-report  

d) no description  

2) Was follow-up long enough for outcomes to 

occur 

a) yes*  

b) no/not report  

3) Adequacy of follow up of cohorts a) Complete follow up, all participants accounted for*  

b) Subjects lost to follow up unlikely to introduce bias (<20% lost to follow up, or description provided of those lost) *  

c) Follow up rate <80% and no description of those lost provided  

d) no statement  

A study can be awarded a maximum of one star (*) for each numbered item within the selection and exposure categories. A maximum of two stars can be given for comparability.  
0.5* for mentioning the reason of loss to follow up but not providing the numbers of participants lost to follow up 
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3.4.6 Data Analysis 

Crude and adjusted odds ratios (OR), risk ratios (RR), or hazard ratios (HR) were reported for 

different risk factors for aSAH for men and women. Random-effects meta-analysis was used 

to pool estimates by approximating OR and RR for available studies. Subgroup analysis was 

performed by comparing the pooled results of similar studies for a risk factor in men and 

women. We included studies in the analysis in which aneurysm was further confirmed by 

angiography, MRA (Magnetic Resonance Imaging), DSA (Digital Subtraction Angiography), 

during surgery or at autopsy and, performed sensitivity analysis for the studies which did not 

mention gold standard imaging methods or techniques for confirmation of the aneurysm. The 

mvmeta140 command was used to conduct multivariate meta-analysis to test statistical 

significance of sex difference for the risk factors in those studies with stratified estimates. We 

also performed meta-regression between regions of low and high incidence of aSAH. Data 

analysis was conducted using Stata 15 (StataCorp LLC, Texas, USA). Begg’s test was used to 

assess publication bias and p-value <0.05 was considered as significant. 

3.5 Results 

From 12,864 records, 50 potential studies including two abstracts (case-control studies=42, 

cohort studies=8) on risk factors for aSAH were identified (Figure 3-1). Among 31 studies of 

sex differences in aSAH, two of which were abstracts (case-control studies=27, cohort 

studies=4), there were a total of 8,611 cases in 27 case-control (n=7,726) and 4 cohort (n=885) 

from 15 countries. We could not include 19 studies (case-control studies=15, cohort studies=4) 

as no sex specific results were reported by the authors. Most of the studies were from Japan 

(n=6) and Sweden (n=6), followed by Norway (n=3), and the United States of America (n=3). 

All case-control studies were of high quality, with score ≥6 except one, which was an abstract. 

Three out of four cohort studies were of high quality with scores ≥6. No evidence of publication 

bias was found. 

3.5.1 Risk Factors and Risk of Bias and Methodological quality assessment scores 

A summary of all the risk factors across the studies is provided in Table 3-3, Table 3-4 and 

Table 3-5 details are explained below. The quality assessment scores of included studies are 

provided in Table 3-6 and Table 3-7. 

  



48 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 3-1 Flow chart showing the selection of the studies included
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Table 3-3 Risk factors identified from cohort and case-control studies 

Risk Factors Number of Cohort studies 

studies  

Number of Case-Control 

studies 

 

Women-specific  Number of 

studies 

 

Number of cases 

(%women) 

Number of studies 

 

Number of cases 

(%women) 

Female sex 2 160(67) 7 2,239 (63) 

Age at menarche 1 76 1 124 

Parity 1 78 2 405 

Age at first pregnancy   1 124 

Menstrual cycle 

regularity 

  1 124 

Menopause status 1 79 1 124 

Age at first childbirth   1 124 

Gravidity   1 124 

Marital status 1 185   

HT use 1 58   

aSAH predilection area 1 44   

OCPs use 1 N/A 1 4 

Common in both sexes     

Smoking 1 120(66) 12 1,631(48) 

Blood Pressure/SBP 1/1 89(48)/120(66) 7 811(61) 

Hypercholesterolemia   3 283(74) 

Hypertriglyceridemia   1 7(71) 

Diabetes Mellitus   3 62(51) 

Alcohol intake 1 119(66) 5 649(25) 

Liver Disease   1 18(33) 

CAD   2  114(71) 

Family History 1 37(73) 1 29(62) 

Migraine   1 1 
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Stress (Work or children 

related) 

  1 380(66) 

       AST   1 38(60) 

ALT   1 33(42) 

UN   1 54(55) 

ADAMST13 

polymorphism 

  1 183(74) 

GpIIIa A1/A2 

polymorphism 

  1 201(44) 

FXIII VARIANT H2 & 

H3 

  1 183(74) 

Genotype II of the ACE 

gene 

  1 90(63) 

NOS3 27-bp-VNTR b/b 

genotype 

  1 333(70) 

Genetic variation on 

9p21 

  1 183(74) 

Age 1 120 (66) 1 120 (66) 

Cold temperature   1 1(N/A) 

                                                Total =34 

ADAMST13: A Disintegrin-like and Metalloprotease with  

Thrombospondin Type1 Motif, 13, ALT: Alkaline aminotransferase, AST: Aspartate aminotransferase 

Gp: Glycoprotein, HT: Hormonal Therapy, FXIII; clotting factor XIII, ACE; Angiotensin Converting Enzyme, NOS; Nitric Oxide synthase, OCPs: 

Oral contraceptives, UN: Urea Nitrogen 

VNTR; variable number tandem repeat 

 %age of women against men 

  %age for women is average of sex-specific data provided by some of the studies 
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Table 3-4 Case-control studies: Risk factors in included studies 

Study Year  Country Study 

Years 

Cases of 

aSAH 

Risk Factors Assessment of Risk 

Factors 

Adamski et al141  2009 Poland (Krakow) 2001-2007 288 GpIIIa A1/A2 polymorphism, 

Female sex 

PCR, RFLP 

Anderson et al 142 2004 Australia (Adelaide, 

Hobart, and Perth) & 

New Zealand 

(Auckland) 

1995-1998 330 Past, current and never 

smoking 

Structured in person 

interview with 

standardized 

questionnaire & Medical 

records  
Bell & Symon143  1979 United Kingdom 

(London) 

1965-1978 208 Smoking Hospital records verified 

by postal questionnaire  

Can et al144 2017 United States of 

America 

(Boston)  

1990-2016 1302 Female sex Medical records 

Canhao et al145 1994 Portugal 

(Lisbon) 

1985-1990 141 HTN, Tobacco use, DM, 

High cholesterol High 

triglycerides  

In person interview & 

measurement of Blood 

pressure, fasting glucose 

de Wilde et al146  2013 Netherlands (Utrecht) not given 490 Stress related events in life 

(work and children)  

Self-report 

Gaist et al147 # 2004 Sweden 1973-1997 281 Parity, Smoking prior to first 

child birth 

Birth, in-patient & cause 

of death registries  

Hanson et al148 2013 Sweden (Gothenburg) not given 183 Genetic variation at 

ADAMTS13 

Genotyping 
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Study Year  Country Study 

Years 

Cases of 

aSAH 

Risk Factors Assessment of Risk 

Factors 

Inagawa149 2005 Japan 

(Izumo) 

1980-1998 247 HTN, DM, CAD,   

Liver disease, High 

cholesterol, Current regular & 

former smoking, Daily drinker,                                                                              

AST level >40iu/l,                          

ALT level >35iu/l & 

Urea Nitrogen level >20mg/dl  

Medical history and 

serum levels  

Inagawa150 2010 Japan 

(Izumo) 

1981-2005 858 HTN, DM, CAD, High 

cholesterol, Current, regular & 

former smoking, Daily drinker  

Medical history (disorders 

and lipid lowering 

medication), and serum 

levels  

Jimenez-yepes et 

al151 

2008 Colombia 

(Medellin & Cali)  

2004-2005 163 Female sex Hospital records 

Juvela et al152 1993 Finland 

(Helsinki) 

not given 278 HTN, Alcohol intake (recent), 

former and current smoking  

In person interview with 

structured questionnaire 

Kowalski & 

Nyquist 153 

2015 United States of 

America 

(Baltimore, Maryland)  

1993-2009 933 Female sex, cold temperature Hospital records 

Koshy et al 95 2010 India 

(Kerala) 

2003-2008 163 HTN, Smoking, Alcohol 

intake 

Self-report 

  

Kubota et al154 2001 Japan  not given 127 Smoker, Drinker Self-report 

Ladenvall et al155 2009 Sweden 

(Gothenburg) 

2000-2004 183 FXIII haplotypes H2-H6, SNP 

Leu34 allele carriers   

Genotyping 

Morris et al156 1992 England 

(Liverpool) 

1990 144 Smoking Hospital records  
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Study Year  Country Study 

Years 

Cases of 

aSAH 

Risk Factors Assessment of Risk 

Factors 

Okamoto et al157 2001 Japan 

(Nagoya) 

1992-1997 195 Age at menarche, 

Parity, Age at first pregnancy, 

Menopausal status, Menstrual 

cycle regularity,  

Age at first child birth, Parity, 

Gravidity  

In person interview with 

structured questionnaire 

Okamoto et al158 2003 Japan 

(Nagoya) 

1992-1997 201 Family history In person interview with 

structured questionnaire  

Okamoto et al159  2005 Japan 

(Nagoya) 

1992-1997 124 HTN, Smoking In person interview with 

structured questionnaire  

Olsson et al160 2010 Sweden (Gothenburg)  2000-2004 183 Genetic variation on 9p21 Genotyping 

Pettiti & Wingerd 
161# 

1978 United States of 

America 

(California)  

1969-1971 11 Current OCP use, Smoking, 

HTN, Migraine history 

Self-report &/or PE 

Ruiz-Sandoval et 

al162 

2009 Mexico 2002-2004 231 Female sex Medical records & 

standardized 

questionnaire 

Slowik et al163 2004 Poland 

(Krakow) 

2003-2004 90 b/b genotype of intron-4 27bp 

VNTR polymorphism, Female 

sex  

PCR 

& Hospital records  

Staalso et al164 2014 Denmark 

(Copenhagen) 

2006-2011 333 Genotype II of the ACE gene, 

Female sex  

Genotyping 

Vlak et al165 2013 Netherlands 

(Utrecht) 

2006-2009 250 HTN, Smoking, Family 

history, High cholesterol 

 

Medical records & 

questionnaire 

You et al166 # 2010 South Korea (Seoul) 1995-2006 167 Female sex Hospital records  
# Nested case-control studies; Abbreviations: ACE: Angiotensin converting enzyme, ADAMTS13: A Disintegrin-like and Metalloprotease with Thrombospondin Type 1 

Motif, 13, ALT: Alkaline aminotransferase, AST: Aspartate aminotransferase, CAD: Coronary artery disease,  DM: Diabetes Mellitus, FXIII: Factor XIII,  GpIIIa; 

Glycoprotein IIIa, HTN: Hypertension NOS3; Nitric oxide synthase gene, OCP: Oral contraceptive pill, PCR: Polymerase chain reaction, RFFLP: Restriction fragment length 

polymorphism, SNP: Single nucleotide polymorphism, VNTR: Variable number of tandem repeats 
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Table 3-5 Cohort studies: Risk factors in included studies 

 

Author  Year  

of 

Publication 

Country Study 

Years 

Cases of aSAH 

(cases/person yr) 

Risk Factors Assessment of Risk Factors 

Lindekleiv  

et al 94 

2011 Norway  

(Nord-Trøndelag 

County & Tromso) 

1994 -

1997 

120 (14.6/100,000 

person-years in 

women & 

8.8100,000 

person-years in 

men) 

Age, HTN, SBP, 

Smoking, Alcohol, 

Family history, 

Age at menarche, 

Menopausal status, 

HT use, Parity  

Self-report & 

Physical examination 

Lindegard  

et al167 

1987 Sweden 

(Gothenburg) 

1970-

1979 

551 SAH predilection 

area & marital 

status  

Medical records 

Sandvei  

et al 168 

 

2009 Norway (Nord-

Trøndelag 

County & Tromso)  

1984-

2005 

132 (9.9/100,00 

person-years) 

Female sex Physical examination, blood samples, 

self-report 

Sandvei  

et al169 

2012 Norway (Nord-

Trøndelag 

County & Tromso) 

1994-

2007 

122 (122/977895 

person-years) 

Female sex Physical examination, blood samples, 

self-report  

Abbreviations: HTN: Hypertension, HT: Hormone therapy, SBP: Systolic blood pressure 

 



55 
 

 Table 3-6 Quality assessment of Case-control studies 

Selection Comparability Outcome 

Included studies Total 

score  

(9) 

Case 

def. 

Repr. 

of cases 

Control 

Selection 

Def. 

of control 

Comp. 

of cases 

and controls  

Ascertain. 

of exposure 

Method 

of ascertain. 

for cases and 

controls 

Non-Response 

rate 

Adamski et al141  9 * * * * * * * * * 

Anderson et al142  8 * * * * * * - * * 

Bell & Symon143  6 * * - * * 
 

* * 
 

Can et al144  8 * * 
 

* * * * * * 

Canhao et al145  8 * * * * * * * * 
 

deWilde et al (abst)146  4 - - - - * * - * * 

Gaist et al147  9 * * * * * * * * * 

Hanson et al148  8.5 * * (1/2) * * * * * * * 

Inagawa (2005)149 8 * * 
 

* * * * * * 

Inagawa (2010)150  9 * * * * * * * * * 

Jimenez-Yepes & London˜oFerna´ndez151  8 - * * * * * * * * 

Juvela et al152  7.5 * *(1/2) - * * * - * * 

Koshy et al95 7 * * 
 

* * * 
 

* * 

Kowalski and Nyquist (abst)153  8 - * * * * * * * * 

Kubota et al154  7 * * 
 

* * * 
 

* * 

Ladenvall et al155  8 * * * * * * * * 
 

Morris et al156  7 * * * * * 
  

* * 

Okamoto et al (2001)157  8 * * * * * * - * * 

Okamoto et al (2003)158  8 * * * * * * - * * 

Okamoto et al (2005)159  8 * * * * * * - * * 

Olsson  
et al160  

8 * * * * * * * * - 

Petitti & Wingerd161  6 * - - * * * - * * 

Ruiz-Sandoval et al162  8 * * * * * *  * * 

Staalso et al164  9 * * * * * * * * * 

Slowik et al163  9 * * * * * * * * * 
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Vlak et al165  8 * * * * * * 
 

* * 

You et al166  9 * * * * * * * * * 
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Table 3-7 Quality Assessment of Cohort studies 

                                     Selection Comparability Outcome 

Included studies Total 

score (9) 

Repr. 

of the expos. 

Cohort 

Selection 

of the 

non-exposed 

cohort 

Ascertain. 

of exposure 

Absence of 

outcome at 

study start 

Study controls for 

Confound. 

Assessment 

of outcome 

Length 

of follow up  

Adequacy 

of follow up 

Lindekleiv94  8.5 * * * * * * * * *1/2 

Lindegard167  5 * * - * - - * * - 

Sandvei (2009)168  9 * * * * * * * * * 

Sandvei (2012)169  8.5 * * * * * * * * *1/2 
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Female sex 

The association between sex and the risk/odds of aSAH was examined in eight case-control 

and two cohort studies (ORcrude range: 0.64-2.30, ORadjusted range: 0.69-2.13 for case-control 

studies; HRcrude 1.7 in one cohort study, HRadjusted 1.9 in two cohort studies). See Table 3-8 and 

Figure 3-2. Crude estimates were reported in three case-control studies, 144, 164, 166 and one 

cohort study 169 while adjusted estimates were reported in six case-control studies 141, 144, 151, 153, 

162, 163 and two cohort studies.168, 169 Sensitivity analysis was performed for the studies that did 

not use gold standard imaging techniques for aneurysm confirmation, but results did not vary 

after excluding them. 

Women-specific risk factors 

We observed women-specific risk factors for aSAH across different studies. See Table 3-9. In 

two studies, authors examined risk or odds of aSAH associated with age at menarche. 

Menarche at age <13 years was a risk factor for aSAH in multivariable analysis in one case-

control study. 157 In a cohort study, compared to menarche at age 12-13; menarche at <12 years 

or >13 years was not a risk factor for aSAH.94  

There was one case-control study on irregular menstrual cycle which showed that it was not a 

risk factor for aSAH.157  

Parity was reported as a risk factor for aSAH by two case-control studies and one cohort study. 

In one case-control study, authors reported that increasing parity moderately reduced the risk 

for aSAH.147 The authors in this study categorized parity from primiparous to multiparous with 

≥5 childbirths and found inverse association of risk with increasing parity. Similar findings 

were reported in another case-control study where nulliparity significantly increased the risk 

when parity≥1 was taken as a reference.157 In a cohort study, nulliparity and multiparous 

women with >3 children were not associated with any association for aSAH when parity with 

1-3 children was taken as a reference.94 One case-control study observed that first childbirth at 

≥26 years was not associated with a risk for aSAH.157 

One case-control explored the risk of nulligravidity when being gravida with of ≥1 children 

was a reference and observed an increased risk for aSAH.157 In the same case-control study, 

first pregnancy at age ≥26 years was a risk factor for aSAH.157 

Two studies mentioned oral contraceptive pills (OCPs) as a risk factor. One case-control 

examined current and past OCPs use as a risk factor for aSAH. An increased risk for aSAH 
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was observed which was further accentuated in smokers.161 One cohort study proposed that 

high dose OCPs could be a risk for aSAH in young women but did not further explore an 

association for aSAH.167 One cohort study examined hormone replacement (HT) as a risk factor, 

it was reported that HT use is not associated with a risk of aSAH.94 

Two studies explored association of pre or post-menopausal women and aSAH. In one case-

control did not find pre-menopause as a risk factor for aSAH when post-menopausal were taken 

as a reference.157 While in cohort study, authors did not find post-menopause to increase the 

risk for aSAH when pre-menopausal women were a reference group.94  

One cohort study examined marital status and found that being divorced increased the risk for 

aSAH in women but not in spinsters, widowed and married women.167 In the same study, 

authors reported that women living in aSAH predilection; which were the three districts in 

Gothenburg (Sweden) with most of the young population, with an increased number of 

divorcees and strikingly high number of cases of aSAH area, also increased the risk.167 

Smoking 

Current smoking 

All studies of the association between smoking and aSAH in men and women were of high 

quality. See Table 3-10, Figure 3-3 and Figure 3-4. One cohort study reported crude risks for 

men (RR 3.47) and women (RR 6.50)94 and six case-control studies95, 143, 145, 154, 156, 159 provided 

crude estimates for comparing sex difference for smoking quantitatively in subgroup analysis. 

The ORcrude ranges in men (1.20-7.03) and women (1.93-5.70), and the ORadjusted ranges in men 

(1.1-6.08) and women (0.59-7.70) were similar. For pooled ORadjusted, there were four case-

control studies142, 149, 150, 159 for both sexes. Multivariable meta-analysis provided no evidence 

of sex difference for smoking (ORcrude p=0.984 and ORadjusted p=0.95). 

Two case-control studies 142, 152 provided risk of aSAH associated with current smoking 

stratified by dose. In both studies heavier smoking was associated with increased risk of aSAH 

in both sexes compared to low dose of smoking but more so in women than men.  

Other smoking exposures 

Former smoking 

Three studies (two case-control and one cohort)94, 142, 152 reported past smoking as a risk factor 

See Table 3-10 and Figure 3-5. The ORadjusted for case-control studies ranged from 0.60-1.57 
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for men and 0.49-1.70 for women. Two case-control studies142, 152 were eligible for meta-

analysis. The pooled ORadjusted was 0.93 (95%CI 0.36-2.30) in men and 0.98 (95% CI 0.29-

3.30) in women, thus, no association was observed in both sexes. No sex difference in risk of 

aSAH associated with former smoking compared to non-smoking or current smoking was 

observed in multivariate meta-analysis between men and women (p=0.97). The crude risk in 

one cohort study did not show any risk with either sex.94  

One study classified former smoking according to years passed since quitting (1-4 years, 4-15 

years and >15 years). No difference in risk of aSAH was observed in either sex.142  

Non-smokers exposed to environmental tobacco smoke (ETS) had a different risk of aSAH to 

those not exposed in both sexes.142 Ever smoking compared to never smoking was associated 

with a higher risk of aSAH in women but not men.95 

Alcohol consumption 

Six studies (five case-control studies and one cohort study) provided evidence for an 

association between alcohol consumption and risk or odds of aSAH (ORcrude range: men 2.20-

2.62; women 1.90-4.0, ORadjusted range: men 1.50-1.52; women, 0.80-0.95). See Table 3-11,  

Figure 3-6 and Figure 3-7. In meta-analysis, two case-control studies 95, 154 were included for 

pooled crude estimates and two case-control studies 149, 150 for pooled adjusted estimates In 

multivariate meta-analysis, ORcrude was not different between sexes (p=0.94), while for 

ORadjusted there was evidence for a stronger effect of alcohol consumption on men than women 

(p=0.003). In one cohort study, authors did not report any association of alcohol consumption 

as a risk factor in both sexes.94 

One case-control study 152 categorised alcohol consumption within 24 hours (1-40gms, 40-

120 gms, >120gms), and within one week (1-150gms, 150-300gms, >300gms) of the aSAH. 

Alcohol intake of 41-120gms within 24 hours, and >300gms was a risk for aSAH in both 

sexes but greater in women. 

Blood Pressure 

Blood pressure was examined as a risk factor for aSAH in eight studies (seven case-control and 

one cohort) with measures including hypertension 94, 95, 145, 149, 150, 152, 159, 161 and systolic blood 

pressure.94 See Table 3-12, Figure 3-8 and Figure 3-9.  
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In meta-analysis, four case-control studies 95, 145, 152, 159 were included for pooled crude 

estimates and four case-control studies 95, 149, 150, 159 for pooled adjusted estimates (ORcrude range: 

men 1.75-5.40; women 1.68-7.67, ORadjusted range: men 2.75-4.40; women 3.28-4.86). The 

results of multivariate meta-analysis provided no evidence of sex difference for hypertension 

(ORcrude p=0.82, ORadjusted p=0.18).  

Increase in SBP was equally a risk for aSAH in both sexes in a cohort study (HR: men 1.23; 

women 1.16).94 

Diabetes Mellitus (DM) 

Three case-control studies observed the association of DM and risk of aSAH in both sexes 

(ORcrude men 1.00; women 12.39, ORadjusted range: men 0.55-0.72; women 0.17-0.26). See 

Table 3-13 and Figure 3-10. The ORcrude was reported in one study.145 For meta-analysis, two 

studies were included. 149, 150 Diabetes mellitus was more protective in women than in men 

(p=0.01) as evident from multivariate meta-analysis.  

Coronary artery disease (CAD) 

CAD was assessed a risk factor in two high-quality case-control studies (ORadjusted range: men 

0.44-0.92; women 0.33-1.34). See Table 3-14 and Figure 3-11. Two studies were included for 

meta-analysis.149, 150 No risk for aSAH was detected in either sex. In multivariate meta-analysis, 

no sex difference was observed for the risk of aSAH was associated with CAD (p=0.87).  

Hypercholesterolemia and hypertriglyceridemia 

There were three case-control studies examining hypercholesterolemia as a risk factor for 

aSAH in both sexes. See Table 3-15 and Figure 3-12. (ORcrude men 0.53; women 1.15, 

ORadjusted range: men 0.89-2.47; women 0.73-3.49). The included studies were of high quality. 

The ORcrude was reported in one study.145 Two studies were included for meta-analysis 149, 150 

and no association was observed for the risk of aSAH. In multivariate meta-analysis, there was 

no detectable sex difference for hypercholesterolemia as a risk for aSAH (p=0.88).145 For 

hypertriglyceridemia, ORcrude in men was 0.64 and in women was 1.00 and was not found to be 

a risk factor in either sex in a case-control study.145   

Family history 

Family history was analysed as a risk factor for aSAH in one case-control and one cohort study. 

See Table 3-16.  In the case-control study, family history of aSAH was found to be an equally 
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significant risk factor in both sexes. In the same study odds of aSAH associated with parental 

history of aSAH differed according to the sex of the parent. Positive maternal (ORadjusted 5.4, 

95% CI; 1.8-16.0) and paternal history (ORadjusted 3.8, 95% CI; 1.1 to 13.4) were observed to 

be a risk factor, but only maternal history was significant in adjusted analysis.158 In the cohort 

study, odds of aSAH was found to be twice as greater in women (HRcrude 2.16, 95% CI 1.36-

3.44) than men (HRcrude 1.61, 95% CI 0.79-3.30 when there was a family history of stroke in 

univariable analysis.94 

Genetic risk factors 

Six studies based on genetic variations or polymorphisms as a risk factor for aSAH were 

included. See Table 3-17. NOS3 27-bp-VNTR b/b genotype was associated with the risk of 

aSAH and was more prevalent in men 164 while clotting factor XIII gene variants increased risk 

of aSAH in women but not men.155 Genetic variant rs10757278 on 9p21 also showed an 

association for the risk of aSAH in women.160 Equal distribution of ACE gene genotype II was 

a risk factor for aSAH in both sexes.163 Likewise, for ADAMST13 gene, no sex specific 

association was observed.148 GpIIIa A1/A2 polymorphism neither was a risk factor in Polish 

population, nor was any sex difference detected.141 

Other risk factors 

There were some other risk factors examined for their association with the risk of aSAH. See 

Table 3-18. Many important risk factors like age, low body mass index (BMI), use of drugs 

like cocaine and aspirin were mentioned in the several studies but could not be included 

because of the absence of sex specific analysis. In one study, stress was compared between the 

sexes by categorizing it into children related stress in women and work related stress in men 

but these were not significant risk factors for aSAH.146 Increasing age was a risk factor in a 

cohort study in both sexes94 and was associated with decreased risk of aSAH in age groups 35-

45 years, 45-55 years and 55-65 years respectively with relative lifetime risk more in women 

compared to men.165 In a study, authors reported cold temperature as a risk factor for aSAH in 

women but not men.153 High alanine aminotransferase (ALT) levels were associated with risk 

of aSAH in men but not in women.149 High aspartate aminotransferase (AST) levels were 

associated with reduced risk in men while no association with risk was reported in women.149 

Liver disease and urea nitrogen had no association for the risk of aSAH in either sex.149 
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Table 3-8 Studies of the association between female sex and aSAH 

Author Crude risk 

 

Adjusted risk Covariates 

OR/RR/HR 

(95% CI) 

OR/RR/HR 

(95% CI) 

Female sex 

Reference: Male sex 

 

   

Adamski et al141  NR OR 1.95  

(1.308-2.907) 
 

Hypertension, High cholesterol, obesity, smoking 

Can et al144  OR 0.64  

(0.55-0.74) 
 

OR 0.69  

(0.59–0.80) 

Race, hypertension, current & former smoking, younger age, diabetes 

Jimenez-Yepes & 

London˜oFerna´ndez151   

NR OR 1.51  

(0.88-2.56) 
 

Age, hypertension, cage index, family history, coffee, BMI, fagerstrom index 

Kowalski & Nyquist153  NR OR 2.134  

(1.801-2.549) 
 

Race, hypertension, maximum daily temperature <70°f, higher maximum & 

minimum daily relative humidity 
 

Ruiz-Sandoval et al162  NR OR 0.876 

(0.570-1.346) 
 

Age, hypertension, diabetes mellitus, alcoholism, current &former smokers 

Staalso et al164  OR 2.3  

(1.7-3.1) 
 

NR N/A 

You et al166  OR 1.426  
(0.855-2.379) 

 

NR 
 

N/A 

Sandvei et al (2009)168  * NR HR 1.9  
(1.3-2.7) 

 

Sex, age, smoking, alcohol 

Sandvei et al (2011)169 * HR 1.7  
(CI; NR) 

HR 1.9  
(1.3-2.7) 

 

Age in 10-year categories (30, 30-39, . . ., 60–69,70 years) 
 

OR; Odds ratio, RR; Relative Risk, HR: Hazard Ratio 

*Cohort study 
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Table 3-9 Studies for female specific risk factors 

Author Risk Factor description Crude risk Adjusted Risk Covariates 

OR/RR/HR 

(95% CI) 

OR/RR/HR 

(95% CI) 

Age at Menarche 

 

    

Okamoto et al (2001)157  < 13 y NR OR 3.24  
(1.25–4.03) 

 

Age, hypertension, smoking habits, educational level 

Reference age: 
≥ 13 years 

 

  

Lindekleiv94 * <12 years HR 1.15 
(0.52–2.55) 

 

NR  

Reference age: 
12-14 years 

 

  

>14 years HR 1.19  
(0.69–2.06) 

 

NR 

Menstrual Cycle Regularity 

 
    

Okamoto 

et al (2001)157  

Reference group: 

Regular cycle 
 

  Age, hypertension, smoking habits, educational level 

Irregular cycle NR OR 0.84  
(0.48–1.48) 

 

Age at first pregnancy 

 
    

Okamoto 

et al (2001)157  

Reference age: 

<26 years 
 

  Age, hypertension, smoking habits, educational level 

≥ 26 years NR OR 1.78  

(1.13–2.80) 
 

Age at first childbirth 

 

    

Okamoto 

et al (2001)157  

Reference age: 

<26 years 

 

  Age, hypertension, smoking habits, educational level 

≥ 26 years NR OR 1.45  

(0.91–2.33) 
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Gravidity 

 
    

Okamoto et al (2001)157  Nulligravidity 

 

NR OR 4.23  

(1.05–7.56) 

Age, hypertension, smoking habits, educational level 

Reference: 

≥ 1 Gravida 

 

  

Contraceptive use 

 

    

Pettiti & Wingerd161  Current Oral Contraception RR 6.5  

(1.9-22.6) 

 

NR N/A 

Past Oral Contraception 
 

RR 5.3  
(1.3-22.0) 

 

NR 

Current Oral Contraception 
use  

& Smoking 

 

RR 21.9  
(8.5-56.2) 

 

NR 

Current Oral Contraception 

use  

matched for smoking 

 

RR 6.5  

(1.9-22.2) 

 

NR 

Parity     

Gaist et al 147 (Patients with codes for 

surgery of aneurysm) 
 

Reference: 

Parity1 
 

  Index date, age at index date, length of follow-up, 

smoking 

Parity 2 NR OR 0.87  

(0.64–1.19) 

 
Parity 3 NR OR 0.72  

(0.49–1.07) 

 
Parity 4 NR OR 0.71  

(0.35–1.45) 

 
Parity ≥5 NR OR 0.25  

(0.03–1.89) 

 
Okamoto et al (2001)157  Nulliparity NR OR 1.82  

(0.76–17.5) 

 

Age, hypertension, smoking habits, educational level 

Reference: 

Parity ≥1 
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Lindekleiv et al94 * Nulliparity HR 0.72  
(0.34–1.52) 

 

NR 

Reference: 
1-3 

 

  

>3 HR 1.21  
(0.68–2.14) 

 

NR 

Menopausal status 

 

    

Okamoto et al (2001)157  Premenopause 

 

NR OR 0.67  

(0.36–1.23) 

Age, hypertension, smoking habits, educational level 

Reference: 

Postmenopause 

 

  

Lindekleiv et al94 * Reference: 

Premenopause 

 

  

Postmenopause HR 1.38  

(0.87–2.19) 

 

NR 

Hormone Replacement Therapy 

 

    

Lindekleiv et al94 * Reference: 
Never used 

 

  N/A 

Current user HR 0.86  

(0.34–2.14) 

 

NR 

Marital status 

 

    

Lindegard et al167* Reference: 
All women 

 

  N/A 

widows/spinsters 
 

RR 0.63 NR 

Married 

 

RR 0.98 NR 

Divorced 

 

RR 1.89 

 

NR 

Migraine history     

Petitti & Wingerd161  Migraine history 

 

 
 

 

RR 0.6  

(0.1-3.2) 

NR N/A 
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aSAH predilection area 

 
    

Lindegard et al167  * 

 

Reference:  

All women 
 

  N/A 

aSAH predilection area 

 

RR 1.81 NR 

*Cohort study 
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Table 3-10 Studies for smoking status 

Author Risk factor description Crude risk Adjusted risk Covariates 

Male Female Male Female 

PAR  

OR/RR/HR  

(95% CI) 

PAR 

OR/RR/HR  

(95% CI) 

OR/RR/HR  

(95% CI) 

OR/RR/HR  

(95% CI) 

Smoking 

status 

 

      

Anderson  

et al142  

Reference: 

Never smoker no ETS 
 

    Hypertension, diabetes mellitus, alcohol use, BMI, ethnicity 

 

Current smoking cig/day 

(1/day at least) 
 

NR NR OR 4.0  

(1.8–9.2) 
 

OR 7.7 

(3.7-15.8) 
 

Cig < or eq. to 20 Light NR NR OR 3.5  

(1.3-9.4) 
 

OR 5.8  

(2.7-12.4) 
 

Cig >20 Heavy  NR OR 7.5  

(2.6-21.0) 

 

OR 12.9  

(4.2-39.5) 

 

Past smoker NR NR OR 0.6  

(0.3-1.4) 
 

OR 1.7  

(0.8-3.5) 

Years quit 1-4 NR NR OR 0.9  

(0.2-4.9) 
 

OR 3.2  

(0.9-11.6) 

Years quit 5-15 NR NR OR 0.7  

(0.2-2.4) 
 

OR 2.1  

(0.7-5.8) 

Years quit >15 NR NR OR 0.4  

(0.1-1.2) 

 

OR 1.9  

(0.7-5.3) 

 

Non-smoker exposed to 

ETS 

NR NR OR 0.6  

(0.2-1.7) 
 

OR 1.2  

(0.6-2.4) 

Bell & 

Symon143  

Reference: Lifelong 

non-smokers 
 

    N/A 

Continuing Smokers 

 

RR 3.9  

(1.3-12.0) 

RR 3.7  

(2.3-5.9) 

NR NR 

Canhao  

et al145  

Reference: Non-smokers 

 

    N/A 

Tobacco Consumption OR 7.03  

(2.65-18.61) 

 

OR 2.48   

(0.90-6.83) 

 

NR NR 
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Gaist  
et al147  

Reference: 
Non-smokers 

 

 

    Index date, age at index date, length of follow-up, parity 

1-9 cig. N/A NR N/A OR 2.27 

(1.62–3.19) 

 
>10 cig. N/A NR N/A OR 3.63  

(2.54–5.18) 

 

Inagawa149  

(2005) 

Reference: Non-smokers 

 

    Hypertension, heart disease, liver disease, daily drinker, high 

cholesterol, diabetes mellitus, AST, ALT, UN  

Ever smoker NR NR OR 2.84  
(1.39-5.82) 

 

OR 0.59  
(0.17-2.02) 

Inagawa150  
(2010) 

Reference: Non-smokers 
 

    Hypertension, heart disease, daily drinker, high cholesterol, 
diabetes mellitus 

 Ever smoker NR NR OR 4.54  

(2.87-7.21) 
 

OR 2.77  

(1.52-5.04) 
 

Juvela 

et al152  

Reference: Non-smokers 

 

    Hypertension, age, alcohol consumption within 24 hours 

before onset 

Former smoker 

 

RR 1.64  

(0.66-4.06) 

 

RR 0.49  

(0.17-1.42) 

 

RR 1.57  

(0.61-4.01) 

 

RR 0.49  

(0.16-1.49) 

 
Current smoker ≤ 10 

cig/day 

RR 1.42  

(0.48-4.14) 
 

RR 1.06  

(0.48-2.32) 
 

RR 1.06  

(0.34-3.25) 
 

RR 1.17  

(0.51-2.72) 
 

Current smoker 11-20 

cig/day 

RR 2.52  

(1.03-6.17) 
 

RR 2.75  

(1.10-6.88) 
 

RR 2.15  

(0.84-5.50) 
 

RR 3.57  

(1.33-9.58) 
 

Current smoker 

>20 cig/day 

RR 9.59  

(5.07-18.15) 

RR 3.10  

(1.62-5.92) 
 

RR 7.33  

(3.76-14.29) 

RR 1.98  

(0.95-4.14) 

Koshy 

et al95 

Reference: Non-smoker 

 

    Hypertension, age, diabetes mellitus  

 
 Current smoker OR 6.33  

(3.17-12.62) 

 

N/A OR 6.08  

(3.02-12.22) 

N/A 

Reference: Non-smoker 

 

    N/A 

Current smoker RR 2.2  
(1.7-3.0) 

 

RR 2.2  
(1.7-2.8) 

 

NR NR 

Ever smoker RR 1.4  
(0.9-2.1) 

RR 2.7  
(1.8-4.1) 

 

NR NR 

Current smoking PAR 23.6% 
 

PAR 2.2% 
 

NR NR N/A 
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Ever smoking 
 

 

PAR 10.2% PAR 3.5% NR NR 

Kubota et al154  Reference: Non-smoker 
 

    N/A 

 Smoker OR 4.40  

(1.94-9.98) 

OR 1.97  

(0.87-4.48) 

NR NR 

 
 

Morris  

et al156  

Reference: Non-smoker 

 

    N/A 

Smoker RR 2.12  

(1.27-3.54) 

RR 1.93  

(1.43-2.61) 

 

NR NR 

 

Okamoto   

et al (2005)159  

Reference: Non-smoker 

 

    Hypertension, family history for SAH, diabetes mellitus, 

alcohol consumption 

Current smokers OR 1.2  
(0.7–2.3) 

OR 5.7  
(2.8–11.6) 

 

OR 1.1  
(0.4–2.5) 

OR 5.7  
(1.5–15.9) 

Reference: Non-smoker 
and normotensive  

 

    

Current smoker and 

normotensive 

OR 0.9 

(0.4–2.0) 

 

OR 3.9  

(1.5–9.7) 

 

OR 1.1  

(0.4–2.8) 

 

OR 2.9  

(1.1–7.7) 

 

Current smoker and 
hypertensive 

OR 8.4  
(2.4–29.3) 

OR 24.6  
(6.7–23.5) 

OR 6.9 
(1.8–26.6) 

OR 23.2  
(4.7–45.2) 

 
 Smoking 

 

 

PAR 22% PAR 36%   N/A 

 

Petitti & 

Wingerd161  

Reference: Non-smokers 

 

 

    N/A 

Smokers N/A RR 5.7  

(1.8-17.8) 

 

NR NR 

Current oral 

contraception use  

and smoking 
 

N/A RR 21.9  

(8.5-56.2) 

 

NR NR 

Current oral 

contraception use 
matched for smoking 

 

 

N/A RR 6.5  

(1.9-22.2) 

NR NR 

Lindekleiv et 

al94 * 

Reference: Never 

smokers 

 
 

    N/A 
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Former smoker HR 0.99  
(0.37–2.66) 

 

HR 1.81  
(0.79–4.13) 

 

NR NR 

Current daily smoker HR 3.47  
(1.62–7.41) 

 

HR 6.50  
(3.56–11.89) 

 

NR NR 
 

 

PAR; Population Attributable Risk, ETS; Environmental Tobacco Smoke, ALT; Alkaline aminotransferase, AST; Aspartate aminotransferase, BMI; Body mass index, UN; Urea Nitrogen 

*Cohort study 
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Table 3-11 Studies for alcohol consumption 

Author Risk factor description Crude risk Adjusted risk Covariates 

Male Female Male Female 

OR/RR/HR 

(95% CI) 

OR/RR/HR 

(95% CI) 

OR/RR/HR 

(95% CI) 

OR/RR/HR  

(95% CI) 

Alcohol 

consumption 

 

      

Inagawa  

(2005)149  

Reference:  

Non-drinker 
 

    Current regular & former smoking, hypertension, heart 

disease, liver disease, High cholesterol, diabetes 
mellitus, AST level, ALT level, UN level 

 Daily/occasional drinker 

 

NR NR OR 1.52  

(0.66-3.49) 
 

OR 0.95  

(0.28-3.21) 
 

Inagawa  

(2010)150  

Reference:  

Non-drinker 
 

    Current regular & former smoking, hypertension, heart 

disease, High cholesterol, diabetes mellitus 
 

Daily/occasional drinker  NR NR OR 1.50  

(1.00-2.26) 
 

OR 0.80  

(0.43-1.50) 
 

Juvela 

et al152  

Reference:  

No alcohol intake ≤24 
hrs 

 

    Age, smoking status, hypertension   

 

1 to 40 gm ≤24 hrs 

 

RR 0.38  
(0.17-0.83) 

 

RR 0.44  
(0.20-0.95) 

 

RR 0.34  
(0.14-0.81) 

 

RR 0.35  
(0.16-.80) 

 
41 to 120 gm ≤24 hrs RR 2.65  

(1.28-5.49) 

 

RR 8.16  

(3.06-21.78) 

 

RR 2.45  

(1.10-5.47) 

 

RR 6.36  

(2.26-17.92) 

 
> 120 gm ≤24 hrs RR 7.99  

(2.97-21.53) 

 

NR RR 4.45  

(1.54-12.87) 

NR 

Reference: No alcohol 

intake ≤ 1 week 

 

    

1-150gm ≤ 1 week RR 1.01  

(0.58-1.75) 

 

RR 0.83  

(0.50-1.38) 

 

NR NR 

150-300 gm ≤ 1 week RR 3.43  

(1.6-7.37) 

 

RR 3.15  

(1.07-9.30) 

 

NR NR 

Koshy 

et al95  

Reference: Non-drinkers 

 

    N/A 

Daily drinker 
 

RR 2.2  
(1.5-3.2) 

 

RR 4.0  
(0.8-19.1) 

 

NR NR 
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Kubota et al154  Reference: Abstainers 
 

    N/A 

Drinker OR 2.62  

(1.23-5.57) 
 

OR 1.90  

(0.63-6.85) 
 

NR NR 

Lindekleiv  

et al94* 

Abstainers  HR 0.25  

(0.03-2.03) 
 

HR 1.17  

(0.61-2.23) 
 

NR NR N/A 

Reference: 

Drinks <1 time per 

month 

 

    

Drinks 1–4 times per 
month 

 

HR 1.19  
(0.51-2.8) 

 

HR 1.01  
(.59-1.74) 

 

NR NR 

Drinks >4 times per 

month 

HR 1.25  

(0.47-3.67) 

HR 1.33  

(0.59-2.98) 

 

NR NR 

ALT; Alkaline aminotransferase, AST; Aspartate aminotransferase, UN; Urea Nitrogen 

*Cohort study 
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 Table 3-12 Studies for hypertension 

Author Crude risk Adjusted risk Covariates 

Male Female Male Female 

PAR OR/RR/HR/PAR (95% 

CI) 

PAR 

OR/RR/HR 

(95% CI) 

OR/RR/HR 

(95% CI) 

OR/RR/HR 

(95% CI) 

Hypertension 

Reference: No Hypertension 
     

Canhao et al145 OR (self-estimated)  
     4.12  

(1.82-9.33) 

 

OR (self-estimated)  
      7.67  

(4.08-14.39) 

 

NR NR N/A 

Inagawa 

(2005)149  

  OR 3.20  

(1.51-6.79) 
 

OR 4.86  

(2.51-9.42) 
 

Current regular & former smoking, heart disease, 

liver disease, daily drinker, High cholesterol, diabetes 
mellitus, AST level, ALT level, UN level 

 

Inagawa 
(2010)150  

  OR 2.75  
(1.80-4.21) 

 

OR 3.48 
(2.59-4.67) 

 

Current regular & former smoking, heart disease, 
daily drinker, High cholesterol, diabetes mellitus 

 

Juvela  
et al152  

RR 1.75  
(1-3.08) 

 

RR 1.68   
(0.96-2.94) 

 

NR NR N/A 

Koshy  
et al95  

OR 3.74  
(1.64-8.50) 

 

OR 2.57  
(1.23-5.37) 

 

OR 4.30  
(1.81-10.2) 

 

3.28  
(1.40-7.68) 

 

Males: Age, diabetes mellitus, smoking 
Females: Age, diabetes mellitus 

 

Okamoto 
et al (2005)159  

OR 5.4  
(2.0–15.0) 

 

OR 4.4 
(2.4–8.0) 

 

OR 4.4  
(1.3–12.8) 

OR 3.7  
(1.9–7.2) 

 

Current smoking, family history for SAH, diabetes 
mellitus, alcohol drinking 

 

PAR 37% PAR 37% N/A N/A N/A 
 

Petitti & Wingerd161  N/A RR 1.9  
(0.5-6.8) 

 

N/A NR N/A 

Lindekleiv  
et al94* 

HR 2.47  
(1.30–4.67) 

 

HR 2.41  
(1.55-3.77) 

 

NR NR N/A 

Systolic Blood pressure (per 

10mmHg increase) 

 

     

Lindekleiv  
et al94* 

HR 1.23  
(1.08–1.42) 

 

HR 1.16  
(1.06–1.26) 

 

NR NR N/A 

PAR; Population Attributable Risk, ALT; Alkaline aminotransferase, AST; Aspartate aminotransferase, UN; Urea Nitrogen  

*Cohort study 
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Table 3-13 Studies for diabetes mellitus 

Author Crude risk Adjusted risk Covariates  

Male Female Male Female 

OR/RR/HR  

(95% CI) 

OR/RR/HR  

(95% CI) 

OR/RR/HR  

(95% CI) 

OR/RR/HR  

(95% CI) 

Diabetes Mellitus 

Reference: No 

Diabetes Mellitus 

     

Canhao et al145  OR (self-estimated)  
     1.00 

(0.26-3.73) 

 

OR (self-estimated)                      
     12.39 

(1.56-98.15) 

 

NR NR N/A 

Inagawa 

(2005)149  

NR NR OR 0.72  

(0.14-3.76) 

 

OR 0.17  

(0.05-0.62) 

 

Current regular & former smoking, 

hypertension, heart disease, liver disease, 

daily drinker, High cholesterol, AST level, 
ALT level, UN level 

 

Inagawa 
(2010)150 

NR NR OR 0.55  
(0.30-1.03) 

 

OR 0.26  
(0.13-0.53) 

 

Current regular & former smoking, 
hypertension, heart disease, daily drinker, 

High cholesterol 

 

ALT; Alkaline aminotransferase, AST; Aspartate aminotransferase, UN; Urea Nitrogen 

 
 

  



76 
 

Table 3-14 Studies for coronary artery disease 

Author Crude risk Adjusted risk Covariates 

Male Female Male Female 

OR/RR/HR  

(95% CI) 

OR/RR/HR (95% 

CI) 

OR/RR/HR (95% 

CI) 

OR/RR/HR  

(95% CI) 

Coronary Artery Disease 

Reference: No Coronary Artery 

Disease 

     

Inagawa  

(2005)149  

NR NR OR 0.44  

(0.08-2.28) 

 

OR 0.33  

(0.12-0.89) 

 

Current regular & former smoking, hypertension, 

diabetes mellitus, liver disease, daily drinker, 

High cholesterol, AST level, ALT level, UN 
level 

 

Inagawa 
(2010)150  

NR NR OR 0.92  
(0.46-1.86) 

OR 1.34  
(0.87-2.06) 

 

 

Current regular & former smoking, hypertension, 
diabetes mellitus, daily drinker, High cholesterol 

 

ALT; Alkaline aminotransferase, AST; Aspartate aminotransferase, UN; Urea Nitrogen 
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Table 3-15 Studies for hypercholesterolemia and hypertriglyceridemia 

Author Crude risk Adjusted risk Covariates 

Male Female Male Female 

OR/RR/HR (95% CI) OR/RR/HR (95% CI) OR/RR/HR 

(95% CI) 

OR/RR/HR  

(95% CI) 

Hypercholesterolemia 

Reference: No 

Hypercholesterolemia 

     

Canhao  

et al145  
 

OR 

(self-estimated)             
      0.53 

(0.18-1.62) 

 

OR 

(self-estimated)    
      1.15  

(0.55-2.39) 

 

NR NR N/A 

Inagawa  

(2005)149  

NR NR OR 2.47  

(0.78-7.82) 

 

OR 3.49  

(1.46-8.29) 

 

Current regular & former smoking, 

hypertension, diabetes mellitus, liver 

disease, daily drinker, heart disease, 
AST level, ALT level, UN level 

 

Inagawa 
(2010)150  

NR NR OR 0.89  
(0.50-1.60) 

 

OR 0.73  
(0.55-0.98) 

Current regular & former smoking, 
hypertension, diabetes mellitus, daily 

drinker, heart disease 

 
Triglyceride level > 200 mg/dl      

Canhao et al145  OR (self-estimated)       

      0.64  

(0.10-4.12) 
 

OR (self-estimated)  

      1.00  

(0.28-3.63) 
 

NR NR N/A 

ALT; Alkaline aminotransferase, AST; Aspartate aminotransferase, UN; Urea Nitrogen 
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Table 3-16 Studies for family history 

Author Crude risk Adjusted risk Covariates 

Male Female Male Female 

OR/RR/HR 

(95% CI) 

OR/RR/HR  

(95% CI) 

OR/RR/HR (95% 

CI) 

OR/RR/HR (95% 

CI) 

Family History of aSAH 

Reference: No family history of 

aSAH 

 

     

Okamoto  
et al (2003)158  

NR NR OR 3.9  
(1.1-16) 

OR 3.8  
(1.5-9.7) 

Hypertension, smoking 

Family history of stroke 

Reference: No family history of 

stroke 

 

     

Lindekleiv  

et al94* 

HR 1.61  

(0.79-3.3) 

HR 2.16  

(1.36-3.44) 

 

NR NR 

 

 

N/A 

*Cohort study 
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Table 3-17 Studies for genetic risk factors 

Author Crude risk Adjusted risk Covariates 

Male Female Male Female 

OR/RR/HR (95% 

CI) 

OR/RR/HR 

(95% CI) 

OR/RR/HR  

(95% CI) 

OR/RR/HR  

(95% CI) 

Genetic Risk factors 

 
     

GpIIIa A1/A2       

Polymorphism 

 

     

Adamski  

et al141  

NR NR No sex difference was 

observed in gene 
polymorphism 

 

No sex difference was 

observed in gene 
polymorphism 

 

Hypertension, diabetes mellitus, 

smoking, obesity 

Genetic variation at 

ADAMTS13 

 

  

Hanson  

et al148  

sex stratified analysis did not detect sex specific association 

(values not provided) 

 

NR 

FXIII Variants 

 

     

Ladenvall  
et al155  

    Hypertension, smoking 

FXIII variant H2 NR NR OR 1.28  

(0.59-2.81) 

OR 1.58  

(1.031-2.43) 
  

FXIII variant H3 NR NR OR 0.75  

(0.28-0.57) 

OR 1.95  

(1.18-3.40) 
 

SNP Leu34 allele carriers NR NR OR 1.06  

(0.49-2.29) 

OR 1.59  

(1.01-2.5) 

 

 

Genetic variation on 9p21 

 
     

Olsson  

et al160  

NR NR OR 1.27 

 (0.74-2.16) 

OR 1.49  

(1.07-2.07) 
 

 

Hypertension, smoking 

NOS 3 b/b genotype of  

intron-4 27bp  

VNTR polymorphism 

 

     

Staalso  

et al164  

OR 2.8  

(1.5–5.6) 

OR 1.1  

(0.7–1.6) 

OR 2.7  

(1.2-6.5) 

OR 1  

(0.6-1.6) 

 

Age, hypertension, smoking 
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GenotypeII of the ACE gene 

polymorphism 

     

Slowik  
et al163  

NR NR OR 3.56  
(1.43-8.86) 

OR 3.86  
(1.75-8.51) 

 

 

Age, hypertension, ischaemic heart 
disease, smoking, excessive alcohol 

ACE; Angiotensin converting enzyme, ADAMTS13; A Disintegrin-like and Metalloprotease with Thrombospondin Type 1 Motif, 13, FXIII; Factor XIII,  GpIIIa; Glycoprotein 

IIIa , NOS3; nitric oxide synthase gene, SNP; single nucleotide polymorphism, VNTR; variable number of tandem repeats 
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Table 3-18 Miscellaneous risk factors 

Author Crude Risk Adjusted Risk Covariates 

Male Female Male Female 

OR/RR/HR  

(95% CI) 

OR/RR/HR  

(95% CI) 

OR/RR/HR  

(95% CI) 

OR/RR/HR  

(95% CI) 

Age 

 

     

Lindekleiv et al94 * HR 1.12  

(1.02-1.23) 

 

HR 1.07  

(1.01-1.15) 

 

NR NR N/A 

Stress 

 
     

de Wilde et al146  NR NR OR 0.79  

(0.47-1.33) 
 

stress at work <12 

months 

OR 1.00 

(0.69-1.45) 
 

children related 

stress<12 
months 

Age, smoking, hypertension, daily alcohol  

NR NR OR 0.62 

(0.38-1.00) 

 

stress at work >12months 

OR 0.81  

(0.56-1.15)                                                    

 

children related 

stress>12 
months 

 

AST>40IU/L 

 

     

Inagawa 

(2005)149  

NR NR OR 0.14  

(0.04-0.51) 

 

OR 1.14  

(0.42-3.10) 

 

Current regular & former smoking, 

hypertension, heart disease, liver disease, 

daily drinker, high cholesterol, diabetes 
mellitus, ALT level, UN level 

 

ALT>35IU/L   

 

     

Inagawa 

(2005)149  

NR NR OR 5.24  

(1.41-19.40) 
 

OR 0.31  

(0.09-1.02) 
 

Current regular & former smoking, 

hypertension, heart disease, liver disease, 
daily drinker, high cholesterol, diabetes 

mellitus, AST level, UN level 
 

UN>20mg/dl 

 

     

Inagawa 

(2005)149  

NR NR OR 1.70  

(0.61-4.75) 

OR 0.69  

(0.34-1.40) 

Current regular & former smoking, 

hypertension, heart disease, liver disease, 

daily drinker, high cholesterol, diabetes 
mellitus, ALT level, AST level 

 

Liver disease 
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Inagawa 
(2005)149  

NR NR OR 0.81  
(0.26-2.52) 

 

OR 2.91  
(0.58-12.50) 

 

Current regular & former smoking, 
hypertension, heart disease & daily drinker, 

high cholesterol, diabetes mellitus, ALT 

level, AST level & UN level 
 

ALT; Alkaline aminotransferase, AST; Aspartate aminotransferase, UN; Urea Nitrogen 
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Table 3-19 Measurement or assessment of risk factors in the included studies 

Study Risk factor Measurement methods 

Adamski et al141  A1/A2 genotyping for the GpIIIa gene polymorphism PCR & RFLP 

Anderson 
et al142  

Smoking Structured in person interview with standardised questionnaire & medical records 

Bell & Symon143  Smoking Self-report 

Canhao et al145  Smoking Self-report 
Hypertension Objective measurement SBP>160mmHg or DBP >95mmHg or antihypertensive 

medication 

DM Fasting glucose > 140mg/dl or random glucose assay >200mg/dl 
Hypercholesterolemia Measurement of fasting cholesterol level 

Hypertriglyceridemia Measurement of fasting triglyceride level 

de Wilde et al146  Stress Marriage and Stressful Life Events Measures (MSLEM) 
Questionnaire 

Gaist et al147  Smoking Self-report 

Parity  Birth and cause of death register 
Hanson et al148  Variation in ADAMTS13 Genotyping 

Inagawa et al (2005)149  Smoking Medical records (Self-report probably) 

Hypertension Medical history 
DM Medical history 

Liver disease Medical history 

Alcohol consumption Medical records (Self-report probably) 
Heart disease Medical history 

Serum cholesterol Blood serum levels 

AST Blood serum levels 
ALT Blood serum levels 

UN Blood serum levels 
Inagawa et al (2010)150  Smoking Medical records (Self-report probably) 

Hypertension Medical history 

DM Medical history 
Alcohol consumption Medical records (Self-report probably) 

Heart disease Medical history 

Serum cholesterol  Blood serum levels 
Juvela et al152  Smoking Structured in person interview with questionnaire  

Hypertension Objective measurement/use of medication 

Alcohol consumption In person interview with structured in person interview with questionnaire  
Koshy et al95  Smoking In person interview with structured questionnaire 

Alcohol consumption In person interview with structured questionnaire 

Kubota et al154  Smoking In person/proxy interview with structured questionnaire 
Alcohol In person/proxy interview with structured questionnaire 

Ladenvall155  Polymorphism in FXIII  Genotyping  

Lindegard167  Marital status Record linkage 
Lindekleiv94  Smoking Self-report 

Hypertension & Systolic blood pressure Objective measurement (mean of 2nd and 3rd recording SBP> 140mmHg)/Use of 

medication 
Alcohol consumption Self-report 

Family history Self-report 
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Menopause status Self-report 
HRT use Self-report 

Parity Self-report 

Age at menarche Self-report 
Morris et al156  Smoking Hospital records 

Okamoto et al (2001)157  Age at menarche In person interview with structured questionnaire 

Age at first pregnancy In person interview with structured questionnaire 
Age at first birth In person interview with structured questionnaire 

Menopause status In person interview with structured questionnaire 

Gravidity In person interview with structured questionnaire 

Parity In person interview with structured questionnaire 

Okamoto et al (2003)158  Family history In person interview with structured questionnaire 

Okamoto et al (2005)159  Smoking In person interview with structured questionnaire 
Hypertension In person interview with structured questionnaire (previous diagnosis) 

Olsson et al160  Variation on 9p21 chromosome Genotyping 

Petitti & Wingerd161  Smoking Self-report 
Hypertension Self-report 
Contraceptive use Self-report 
Migraine history Self-report 

Slowik et al163  ACE I/D polymorphism PCR 

Staalso et al164 NOS3 polymorphism Genotyping 

Vlak et al165  Hypertension In person interview with structured questionnaire & medical records 
Smoking In person interview with structured questionnaire 
Hypercholesterolemia In person interview with structured questionnaire & medical records 
Family history In person interview with structured questionnaire & medical records 

ACE I/D; Angiotensin converting enzyme insertion/deletion, ADAMTS13; A Disintegrin-like and Metalloprotease with Thrombospondin Type 1 Motif, 13, ALT; Alkaline aminotransferase, AST; Aspartate 

aminotransferase, DBP; diastolic blood pressure, DM; Diabetes mellitus, FXIII; Factor XIII,  GpIIIa; Glycoprotein IIIa, HRT; Hormone replacement therapy, NOS3; Nitric oxide synthase gene, PCR; Polymerase 

chain reaction, RFLP; Restriction Fragment Length Polymorphism, SBP; systolic blood pressure, SNP; single nucleotide polymorphism, UN; Urea Nitrogen, VNTR; variable number of tandem repeats 
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Figure 3-2 Association between female sex and aSAH 

(A) Pooled ORcrude for case-control studies (B) Pooled ORadjusted for case-control studies(C) 

Pooled HRadjusted for cohort studies 
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Figure 3-3 Association between smoking and aSAH; Pooled ORcrude (case-control 

studies) 

(A) all women studies (B) subgroup analysis in men (C) subgroup analysis in women  
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Figure 3-4 Association between smoking and aSAH; Pooled ORadjusted (case-control 

studies) 

(A) all men studies (B) subgroup analysis in men (C) subgroup analysis in women 

A 
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C 
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Figure 3-5 Association between former smoking and aSAH; Pooled ORadjusted (case-

control studies) 

(A) in men (B) in women 
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Figure 3-6 Association between alcohol consumption and aSAH; Pooled ORcrude (case-

control studies) 

(A) in men (B) in women  
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Figure 3-7 Association between alcohol consumption and aSAH; Pooled ORadjusted (case-

control studies) 

(A) in men (B) in women 
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Figure 3-8 Association between hypertension and aSAH; Pooled ORcrude (case-control 

studies) 

(A) all women studies (B) subgroup analysis in men (C) subgroup analysis in women  
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Figure 3-9 Association between hypertension and aSAH; Pooled ORadjusted (case-control 

studies) 

 (A) in men (B) in women  
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Figure 3-10 Association between diabetes mellitus and aSAH; Pooled ORadjusted (case-

control studies) 

(A) in men (B) in women  
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Figure 3-11 Association between coronary artery disease and aSAH; Pooled ORadjusted 

(case-control studies) 

(A) in men (B) in women  
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Figure 3-12 Association between hypercholesterolemia and aSAH; Pooled ORadjusted 

(case-control studies) 

 (A) in men (B) in women 

A 
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Analysis of Heterogeneity by Regions 

We conducted meta-regression for the risk factors when there were 3 or more studies for a risk 

factor and a region was common for at least 2 studies. The region with high incidence was 

taken as reference. We could only analyse the difference by region for female sex (adjusted 

Odds ratio from case-control studies), smoking (adjusted and unadjusted Odds ratio), and 

hypertension (unadjusted Odds ratio). Regional differences in these risk factors were not 

statistically significant. See Table 3-20, Table 3-21, Table 3-22, Table 3-23, Table 3-24, 

Table 3-25 and Table 3-26. 

Table 3-20 Analysis of heterogeneity based on region for female sex (unadjusted) as a 

risk factor 

Geographic Region No. of studies OR (95% CI) P-value 

Europe 2 Reference  

Latin America 2 0.50(0.07-3.39) 0.33 

USA  2 0.53(0.09-3.36 0.36 

 

Table 3-21 Analysis of heterogeneity based on region for smoking (unadjusted) as a risk 

factor in men 

Geographic Region No. of studies OR (95% CI) P-value 

Europe 3 Reference  

South East Asia 3 0.61(0.15-2.51) 0.39 

 

Table 3-22 Analysis of heterogeneity based on region for smoking (unadjusted) as a risk 

factor in women 

Geographic Region No. of studies OR (95% CI) P-value 

Europe 3 Reference  

South East Asia 3 1..08(0.37-3.16) 0.84 

 

Table 3-23 Analysis of heterogeneity based on region for hypertension (unadjusted) as a 

risk factor in men 

Geographic Region No. of studies OR (95% CI) P-value 

Europe 2 Reference  

South East Asia 2 1.77(0.18-16.76) 0.37 

 

Table 3-24 Analysis of heterogeneity based on region for hypertension (unadjusted) as a 

risk factor in women 

Geographic Region No. of studies OR (95% CI) P-value 
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Europe 2 Reference  

South East Asia 2 0.95(0.02-32.23) 0.96 

 

Table 3-25 Analysis of heterogeneity based on region for smoking (adjusted) as a risk 

factor in men 

Geographic Region No. of studies OR (95% CI) P-value 

Western Pacific  1 Reference  

South East Asia 3 0.65(0.01-24.59) 0.66 

 

Table 3-26 Analysis of heterogeneity based on region for smoking (adjusted) as a risk 

factor in women 

Geographic Region No. of studies OR (95% CI) P-value 

Western Pacific 1 Reference  

South East Asia 3 0.28(0.001-54.19) 0.41 

 

3.6 Discussion 

In this systematic review, risk factors for their sex-specific association with aSAH, were 

identified. Most risk factors had an equal effect on the risk or odds of aSAH in men and women. 

A large proportion of studies had to be excluded because there was no sex specific analysis of 

risk factors. 

Female sex was associated with a greater risk of aSAH compared to male sex. This aligns with 

the findings of several female-only risk factors that are broadly related to greater exposure to 

reproductive hormones including early age at menarche, later age at pregnancy and 

nulligravidity. Women suffer from aSAH after menopause which suggests that estrogen might 

be important in protection against the rupture of aneurysm 170 though it might not be the main 

factor for aSAH.171 Estrogen promotes vessel wall strengthening by increasing connective 

tissue and endothelial NO production, and decreasing TNF-α function which is pro-

inflammatory cytokine.172 The estrogenic change in menopausal women might stimulate 

aneurysm formation and rupture. The absence of this strong estrogen withdrawal in males could 

be one factor contributing to the lower incidence in men compared to women. The underlying 

explanation for this may be the number of menstrual cycles, which is greater in women with 

early age of menstruation.170 Estrogen levels change markedly during the menstrual cycle, with 

a deficiency of estrogen in immediate perimenstrual phase. Estrogen deficiency can lead to 

changes in vascular haemodynamics and microanatomy increasing its fragility173, as it is 
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protective against vessel injury by nitric oxide production, reducing oxidative stress 174 and, 

decreases TNF-α function which is pro-inflammatory cytokine.172 Therefore, the greater 

number of menstrual cycles in women, the greater the exposure to these estrogenic changes. 

There is a need for greater understanding of the role of hormones in cerebral aneurysm rupture 

as this may be a therapeutic target to reduce aSAH, particularly in women. This is unlikely to 

be a simple task given the conflicting effects of currently available therapies on risk of aSAH 

with oral contraceptives increasing 175 and hormone replacement therapy decreasing 176 the risk.  

Risk factors such as smoking, hypertension, increased systolic blood pressure, family history 

of aSAH and age were associated with a similar increased risk of aSAH in both sexes. Although 

smoking was equally a risk factor for aSAH in both sexes there was some evidence of a larger 

risk of aSAH in women, compared to men, who smoked heavily.172 Cigarette smoking can 

cause endothelial dysfunction, haemodynamic stress, and promote inflammatory response that 

affects extracellular matrix leading to the formation of aneurysm and, further breakdown of 

matrix and cell death causes to aneurysmal rupture.177 Hypertension increases the risk of aSAH 

in men and women equally through damaging the endothelium, occluding vessel wall and 

connective tissue synthesis172, and affecting the release of mediators like matrix 

metalloproteinase 13 178 and nitric oxide (NO).179 Matrix metalloproteinase 13 breaks down 

extracellular matrix 178 and nitric oxide (NO) promotes oxidative stress 179, which can cause 

aneurysm rupture.172  The role of family history in the occurrence of aSAH in men and women 

may be due to shared behavioural and genetic factors. Several genetic risk factors equally 

affected men and women including variation in ADAMTS13 gene148 and ACE enzyme gene 

insertion/deletion polymorphism.163 When endothelial injury occurs, ADAMTS13 protease 

inhibits thrombus formation and decreases vascular inflammation in response to contents 

released by platelets.180 Therefore, variation in ADAMST13 gene is a possible 

pathophysiological mechanism for aSAH in men and women. Some authors observed that the 

insertion/deletion (I/D) polymorphism of the (ACE) gene increased the risk of aSAH 163. This 

polymorphism is linked with hypertension,181 a known risk factor for aSAH,  and with other 

cardiovascular diseases such as coronary artery disease182 and ischaemic stroke.183 These 

finding suggest that the management of traditional risk factors for stroke through lifestyle 

modification and medications should remain the key targets for primary prevention of aSAH, 

as well as stroke in general.119 

Some risk factors for aSAH were only present in men. This may be attributable to the dose of 

the risk factor. For example, the observation that alcohol consumption was more hazardous in 
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men than women may be attributable to the heavier consumption of alcohol in men.95, 152, 154 

There are several mechanisms linking alcohol consumption to aSAH. High levels of alcohol 

consumption induce oxidative stress that damages the endothelium which may cause aneurysm 

formation and rupture.179 Heavy alcohol consumption can lead to increase in blood pressure,184 

which itself is an independent risk factor for aSAH.185 In a related finding, higher ALT levels 

increased the risk of aSAH in men but not women. High ALT levels are usually associated with 

liver disease or cirrhosis of liver, alcoholism being one of the causes, making a plausible link 

to aSAH.186 The mechanisms underlying the greater risk of aSAH in men than women 

associated with high ALT levels remain unknown.149 Current primary prevention guidelines 

for stroke, which include aSAH, counsel against heavy alcohol consumption. This should be a 

focus of management for men with existing aneurysms.119 Endothelial NOS gene (NOS3) 27-

bp-VNTR b/b genotype polymorphism was also a risk for aSAH in men only.164 It is unclear 

why men and not women with this polymorphism may have a greater risk of aSAH. However, 

as endothelial nitric oxide synthase (NOS) derives NO and is involved in vasodilation and 

protection from thrombosis, a pathophysiological link to aSAH is reasonable.187 Increasingly 

knowledge of genetic risk factors for aneurysm rupture made lead to more individualised 

approaches to management of people with aneurysms.  

Some risk factors were associated with an increased risk of aSAH in women but not in men. 

Clotting factor XIII gene haplotypes H2 & H3 were associated with the risk of aSAH in women 

but not men. In the same study, Ladenvall et al reported carriers of FXIII 34Leu allele were 

also associated with the risk of aSAH more in women than in men.155 Coagulation factor XIII 

induces cross-linking of fibrin for strengthening the thrombus and wound healing.188 The 

variation in 9p21 (lead SNPrs10757278) was also a risk factor for aSAH in women. The 

association between 9p21 and cerebral aneurysm, aortic aneurysms, coronary artery disease, 

and ischaemic stroke has been observed in previous studies.189-191 The authors of these studies 

did not explore why these particular factors may increase risk in women but not men. We 

hypothesise that statistical power may have contributed as these studies tended to include more 

women (74%) than men. In some studies, there were trends towards an association in men, but 

these failed to reach significance. Larger samples, potentially through individual participant 

data analyses, may be required to examine these sex differences in detail. The differences in 

genetic variations could potentially explain the sex differences in aSAH. With replication of 

these findings in larger datasets, genetic risks for aSAH hold promise as tools to identify people 

with aneurysms at high risk of rupture that should undergo securement. 
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Some risk factors had inverse association with the risk or odds of aSAH in men and women. 

High levels of AST were associated with a reduced risk of aSAH in men for reasons that are 

not clear.149 Diabetes mellitus decreased the risk of aSAH in women but not men, although a 

similar non-significant trend was noted in men. Others have suggested that people with diabetes 

might have a greater risk of dying from other causes and thus the chances of SAH occurrence 

is less.49 Diabetics have higher BMI which is associated with a lower risk of aSAH169 for 

reasons that are not clear. Diabetics may change their lifestyles including through healthier 

diets and be more likely to take medications for hypertension 192 which might prevent the 

rupture of the aneurysm. There were some factors that were not found to be associated with 

risk of aSAH in either sex, including former smoking, coronary artery disease, 

hypercholesterolemia, hypertriglyceridemia, liver disease and urea nitrogen. 

3.6.1 Limitations and Strengths 

There were several limitations of our study. Firstly, only published data was used, and therefore, 

some studies that were unpublished because of negative findings may have been missed. 

Secondly, many important risk factors were not addressed separately in men and women such 

as lifestyle factors (e.g. BMI, physical activity), environmental factors (e.g. seasonal 

fluctuations, pollution), ethnicity, and anatomical location and morphology of aneurysm. Most 

studies based on risk factors, did not aim to find sex differences in risk factors for aSAH. There 

were very few studies for each risk factor; therefore, pooled estimates might be underpowered 

to explore the sources of heterogeneity. All studies showed that aneurysm presence was 

confirmed through angiographic techniques or during surgery or at autopsy, but we included 

the studies which mentioned presence of aneurysm in all cases but not the means of how it was 

confirmed, which was another limitation. The strengths of the study are use of the 

comprehensive list of risk factors in our search strategy, systematic approach, wide time-period, 

and inclusion of studies with genetic risk factors.  

3.6.2 Conclusion 

In conclusion, it was surprising that not many risk factors for aSAH differed between the sexes 

given the difference in incidence between men and women. Many studies identified could not 

be included as the data were not reported separately for men and women. There should be 

efforts to undertake secondary analyses of these existing studies. This will help us to 

understanding the risk factors for aSAH in men and women and inform prevention efforts. It 

should be noted that the prevalence of unruptured intracranial aneurysms (UIA) is greater in 
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women than in men with prevalence ratio of 1.61(1.02-2.54) 193 and earlier identification could 

alleviate the burden of aSAH incidence in women. The clinical guidelines for UIA do not 

mention women as a high-risk group; 44 a point to ponder over. We also recommend studies 

exploring aSAH risk factors linked to hormones, as these may assist prevention and 

management of aneurysmal rupture in women but also men. In the meantime, the management 

of known risk factors for aSAH including hypertension, smoking and heavy alcohol 

consumption, should be the focus of efforts to prevent aSAH in men and women. 
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Appendix A: Sex differences in Risk factors for Aneurysmal 

Subarachnoid Haemorrhage: Systematic Review and Meta-

analysis 

Search strategies  

Embase via ovid 

1. (sex adj3 characteristic$1).ab,kw,ti.  

2. (sex adj3 difference$1).ab,kw,ti.  

3. (gender adj3 difference$1).ab,kw,ti.  

4. sex difference/  

5. sex based.ab,kw,ti.  

6. sex distribution.ab,kw,ti.  

7. sex factors.ab,kw,ti.  

8. sexual dimorphism.ab,kw,ti.  

9. female$1.ab,kw,ti.  

10. male$1.ab,kw,ti.  

11. girl$1.ab,kw,ti.  

12. boy$1.ab,kw,ti.  

13. (men or man).ab,kw,ti.  

14. wom#n.ab,kw,ti.  

15. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14  

16. subarachnoid hemorrhage/  

17. subarachnoid hemorrhage.ab,kw,ti.  

18. Aneurysmal Sub-arachnoid h?emorrhage.ab,kw,ti.  

19. aSAH.ab,kw,ti.  

20. ruptured brain aneurysm$1.ab,kw,ti.  

21. ruptured cerebral aneurysm$1.ab,kw,ti.  

22. ruptured intracranial aneurysm$1.ab,kw,ti.  

23. 16 or 17 or 18 or 19 or 20 or 21 or 22  

24. risk factor/  

25. risk factor$1.ab,kw,ti.  

26. smoking/  

27. smoking.ab,kw,ti.  

28. tobacco use*.ab,kw,ti.  

29. hypertension/  
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30. hypertension.ab,kw,ti.  

31. blood pressure/  

32. blood pressure.ab,kw,ti.  

33. drinking behavior/  

34. drinking behavio?r.ab,kw,ti.  

35. Alcohol drinking.ab,kw,ti.  

36. estrogen/  

37. estrogen.ab,kw,ti.  

38. oestrogen.ab,kw,ti.  

39. cocaine/  

40. Cocaine.ab,kw,ti.  

41. hypercholesterolemia/  

42. Hypercholesterolemia.ab,kw,ti.  

43. diabetes mellitus/  

44. Diabetes Mellitus.ab,kw,ti.  

45. familial stroke.ab,kw,ti.  

46. (family history adj5 stroke).ab,kw,ti.  

47. hormone substitution/  

48. hormone substitution.ab,kw,ti.  

49. hormone replacement therapy.ab,kw,ti.  

50. menarche/  

51. menarche.ab,kw,ti.  

52. menopause/  

53. menopause.ab,kw,ti.  

54. premenopause/  

55. premenopause.ab,kw,ti.  

56. postmenopause/  

57. postmenopause.ab,kw,ti.  

58. body mass index/  

59. body mass index.ab,kw,ti.  

60. Ovariectomy/  

61. Ovariectomy.ab,kw,ti.  

62. oophorectomy.ab,kw,ti.  

63. hysterectomy/  

64. Hysterectomy.ab,kw,ti.  

65. androgen deprivation therapy/  
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66. androgen deprivation therapy.ab,kw,ti.  

67. breast feeding/  

68. breast feeding.ab,kw,ti.  

69. erectile dysfunction/  

70. Erectile dysfunction.ab,kw,ti.  

71. orchiectomy/  

72. orchiectomy.ab,kw,ti.  

73. antiandrogen/  

74. anti androgen.ab,kw,ti.  

75. androgen antagonist.ab,kw,ti.  

76. Gonadotrophin releasing hormone agonist.ab,kw,ti.  

77. testosterone/  

78. testosterone.ab,kw,ti.  

79. sex hormone binding globulin/  

80. sex hormone binding globulin.ab,kw,ti.  

81. kidney polycystic disease/  

82. autosomal dominant polycystic kidney disease.ab,kw,ti.  

83. Marfan syndrome/  

84. Marfan syndrome.ab,kw,ti.  

85. nicotine/  

86. nicotine.ab,kw,ti.  

87. caffeine/  

88. caffeine.ab,kw,ti.  

89. cardiovascular disease/  

90. cardiovascular disease.ab,kw,ti.  

91. ethnicity/  

92. ethnicity.ab,kw,ti.  

93. ethnic groups.ab,kw,ti.  

94. social status/  

95. social status.ab,kw,ti.  

96. socioeconomic status.ab,kw,ti.  

97. Exercise/  

98. exercise.ab,kw,ti.  

99. physical activity.ab,kw,ti.  

100. sexual behavior/  

101. sexual behavio?r.ab,kw,ti.  
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102. sexual activity.ab,kw,ti.  

103. (location adj4 brain aneurysm).ab,kw,ti.  

104. (location adj4 cerebral aneurysm).ab,kw,ti.  

105. (location adj4 intracranial aneurysm).ab,kw,ti.  

106. (shape adj4 brain aneurysm).ab,kw,ti.  

107. (shape adj4 cerebral aneurysm).ab,kw,ti.  

108. (shape adj4 intracranial aneurysm).ab,kw,ti.  

109. (size adj4 brain aneurysm).ab,kw,ti.  

110. (size adj4 cerebral aneurysm).ab,kw,ti.  

111. (size adj4 intracranial aneurysm).ab,kw,ti.  

112. parity/  

113. parity.ab,kw,ti.  

114. pregnancy/  

115. pregnancy.ab,kw,ti.  

116. gravidity.ab,kw,ti.  

117. age/  

118. age.ab,kw,ti.  

119. 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 

or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 

or 62 or 63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 80 

or 81 or 82 or 83 or 84 or 85 or 86 or 87 or 88 or 89 or 90 or 91 or 92 or 93 or 94 or 95 or 96 or 97 or 98 or 99 

or 100 or 101 or 102 or 103 or 104 or 105 or 106 or 107 or 108 or 109 or 110 or 111 or 112 or 113 or 114 or 115 

or 116 or 117 or 118  

120. 15 and 23 and 119 

Medline via ovid 

1. (sex adj3 characteristic$1).ab,kf,ti.  

2. (sex adj3 difference$1).ab,kf,ti.  

3. (gender adj3 difference$1).ab,kf,ti.  

4. Sex Characteristics/  

5. sex based.ab,kf,ti.  

6. sex distribution.ab,kf,ti.  

7. sex factors.ab,kf,ti.  

8. sexual dimorphism.ab,kf,ti.  

9. female$1.ab,kf,ti.  

10. male$1.ab,kf,ti.  

11. girl$1.ab,kf,ti.  

12. boy$1.ab,kf,ti.  

13. (men or man).ab,kf,ti.  
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14. wom#n.ab,kf,ti.  

15. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14  

16. subarachnoid hemorrhage/  

17. subarachnoid hemorrhage.ab,kf,ti.  

18. Aneurysmal Sub-arachnoid h?emorrhage.ab,kf,ti.  

19. aSAH.ab,kf,ti.  

20. ruptured brain aneurysm$1.ab,kf,ti.  

21. ruptured cerebral aneurysm$1.ab,kf,ti.  

22. ruptured intracranial aneurysm$1.ab,kf,ti.  

23. 16 or 17 or 18 or 19 or 20 or 21 or 22  

24. risk factors/  

25. risk factor$1.ab,kf,ti.  

26. smoking/  

27. smoking.ab,kf,ti.  

28. tobacco use*.ab,kf,ti.  

29. hypertension/  

30. hypertension.ab,kf,ti.  

31. blood pressure/  

32. blood pressure.ab,kf,ti.  

33. drinking behavior/  

34. drinking behavio?r.ab,kf,ti.  

35. Alcohol drinking.ab,kf,ti.  

36. estrogen/  

37. estrogen.ab,kf,ti.  

38. oestrogen.ab,kf,ti.  

39. cocaine/  

40. Cocaine.ab,kf,ti.  

41. hypercholesterolemia/  

42. Hypercholesterolemia.ab,kf,ti.  

43. diabetes mellitus/  

44. Diabetes Mellitus.ab,kf,ti.  

45. familial stroke.ab,kf,ti.  

46. (family history adj5 stroke).ab,kf,ti.  

47. hormone replacement therapy/  

48. hormone replacement therapy.ab,kf,ti.  

49. menarche/  
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50. menarche.ab,kf,ti.  

51. menopause/  

52. menopause.ab,kf,ti.  

53. premenopause/  

54. premenopause.ab,kf,ti.  

55. postmenopause/  

56. postmenopause.ab,kf,ti.  

57. body mass index/  

58. body mass index.ab,kf,ti.  

59. Ovariectomy/  

60. Ovariectomy.ab,kf,ti.  

61. oophorectomy.ab,kf,ti.  

62. hysterectomy/  

63. Hysterectomy.ab,kf,ti.  

64. androgen deprivation therapy.ab,kf,ti.  

65. breast feeding/  

66. breast feeding.ab,kf,ti.  

67. erectile dysfunction/  

68. Erectile dysfunction.ab,kf,ti.  

69. orchiectomy/  

70. orchiectomy.ab,kf,ti.  

71. Gonadotrophin releasing hormone agonist.ab,kf,ti.  

72. androgen antagonist.ab,kf,ti.  

73. androgen antagonist/  

74. anti androgen.ab,kf,ti.  

75. testosterone/  

76. testosterone.ab,kf,ti.  

77. sex hormone-binding globulin/  

78. sex hormone-binding globulin.ab,kf,ti.  

79. polycystic kidney disease/  

80. autosomal dominant polycystic kidney disease.ab,kf,ti.  

81. Marfan syndrome/  

82. Marfan syndrome.ab,kf,ti.  

83. nicotine/  

84. nicotine.ab,kf,ti.  

85. caffeine/  



108 
 

86. caffeine.ab,kf,ti.  

87. cardiovascular disease/  

88. cardiovascular disease.ab,kf,ti.  

89. ethnic groups/  

90. ethnic groups.ab,kf,ti.  

91. ethnicity.ab,kf,ti.  

92. social class/  

93. social class.ab,kf,ti.  

94. socioeconomic status.ab,kf,ti.  

95. Exercise/  

96. exercise.ab,kf,ti.  

97. physical activity.ab,kf,ti.  

98. sexual behavior/  

99. sexual behavio?r.ab,kf,ti.  

100. sexual activity.ab,kf,ti.  

101. (location adj4 cerebral aneurysm).ab,kf,ti.  

102. (location adj4 brain aneurysm).ab,kf,ti.  

103. (location adj4 intracranial aneurysm).ab,kf,ti.  

104. (shape adj4 brain aneurysm).ab,kf,ti.  

105. (shape adj4 cerebral aneurysm).ab,kf,ti.  

106. (shape adj4 intracranial aneurysm).ab,kf,ti.  

107. (size adj4 brain aneurysm).ab,kf,ti.  

108. (size adj4 cerebral aneurysm).ab,kf,ti.  

109. (size adj4 intracranial aneurysm).ab,kf,ti.  

110. parity/  

111. parity.ab,kf,ti.  

112. gravidity/  

113. gravidity.ab,kf,ti.  

114. pregnancy/  

115. pregnancy.ab,kf,ti.  

116. Age Factors/  

117. age.ab,kf,ti.  

118. 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 

or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or  61 

or 62 or 63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 80 

or 81 or 82 or 83 or 84 or 85 or 86 or 87 or 88 or 89 or 90 or 91 or 92 or 93 or 94 or 95 or 96 or 97 or 98 or 99 

or 100 or 101 or 102 or 103 or 104 or 105 or 106 or 107 or 108 or 109 or 110 or 111 or 112 or 113 or 114 or 115 

or 116 or 117  



109 
 

119. 15 and 23 and 118  

Pubmed  

(((((((((((((((((((((((((((((((((((sex characteristics[MeSH Terms]) OR sex characteristic*[Title/Abstract]) OR 

gender difference*[Title/Abstract]) OR sex difference*[Title/Abstract]) OR sex based[Title/Abstract]) OR sex 

distribution[Title/Abstract]) OR sex factors[Title/Abstract]) OR sexual dimorphism[Title/Abstract]) OR 

female[Title/Abstract]) OR male[Title/Abstract]) OR girl[Title/Abstract]) OR boy[Title/Abstract]) OR 

((men[Title/Abstract] OR man[Title/Abstract]))) OR ((women[Title/Abstract] OR 

woman[Title/Abstract])))))))))))))))) AND (((((((((((((subarachnoid hemorrhage[MeSH Terms]) OR 

((Aneurysmal subarachnoid hemorrhage[Title/Abstract] OR Aneurysmal subarachnoid 

haemorrhage[Title/Abstract]))) OR aSAH[Title/Abstract]) OR Ruptured cerebral aneurysm*[Title/Abstract]) 

OR Ruptured brain aneurysm*[Title/Abstract]) OR Ruptured intracranial 

aneurysm*[Title/Abstract])))))))))))))))) AND 

((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((risk factors[MeSH  

Terms]) OR risk factor*[Title/Abstract]) OR smoking[MeSH Terms]) OR smoking[Title/Abstract]) OR tobacco 

use[Title/Abstract]) OR hypertension[MeSH Terms]) OR hypertension[Title/Abstract]) OR blood 

pressure[MeSH Terms]) OR blood pressure[Title/Abstract]) OR drinking behavior[MeSH Terms]) OR drinking 

behavior[Title/Abstract]) OR drinking behaviour[Title/Abstract])) OR alcohol drinking[Title/Abstract]) OR 

estrogen[MeSH Terms]) OR estrogen[Title/Abstract]) OR oestrogen[Title/Abstract]) OR cocaine[MeSH 

Terms]) OR cocaine[Title/Abstract]) OR hypercholesterolemia[MeSH Terms]) OR 

hypercholesterolemia[Title/Abstract]) OR diabetes mellitus[MeSH Terms]) OR diabetes 

mellitus[Title/Abstract]) OR familial stroke[Title/Abstract]) OR family history of stroke[Title/Abstract]) OR 

hormone replacement therapy[MeSH Terms]) OR hormone replacement therapy[Title/Abstract]) OR 

menarche[MeSH Terms]) OR menarche[Title/Abstract]) OR menopause[MeSH Terms]) OR 

menopause[Title/Abstract]) OR premenopause[MeSH Terms]) OR premenopause[Title/Abstract]) OR 

postmenopause[MeSH Terms]) OR postmenopause[Title/Abstract]) OR body mass index[MeSH Terms]) OR 

body mass index[Title/Abstract]) OR ovariectomy[MeSH Terms]) OR ovariectomy[Title/Abstract]) OR 

Oophorectomy[Title/Abstract]) OR hysterectomy[MeSH Terms]) OR hysterectomy[Title/Abstract]) OR 

androgen deprivation therapy[Title/Abstract]) OR breast feeding[Title/Abstract]) OR breast feeding[MeSH 

Terms]) OR erectile dysfunction[MeSH Terms]) OR erectile dysfunction[Title/Abstract]) OR 

orchiectomy[Title/Abstract]) OR orchiectomy[MeSH Terms]) OR androgen antagonists[MeSH Terms]) OR 

androgen antagonists[Title/Abstract]) OR gonadotropin releasing hormone agonists[Title/Abstract]) OR anti 

androgen[Title/Abstract]) OR testosterone[MeSH Terms]) OR testosterone[Title/Abstract]) OR sex hormone-

binding globulin[Title/Abstract]) OR polycystic kidney disease[MeSH Terms]) OR autosomal dominant 

polycystic kidney disease[Title/Abstract]) OR marfan syndrome[MeSH Terms]) OR marfan 

syndrome[Title/Abstract]) OR nicotine[MeSH Terms]) OR nicotine[Title/Abstract]) OR caffeine[MeSH 

Terms]) OR caffeine[Title/Abstract]) OR cardiovascular disease[MeSH Terms]) OR cardiovascular 

disease[Title/Abstract]) OR ethnic groups[MeSH Terms]) OR ethnicity[Title/Abstract]) OR social class[MeSH 

Terms]) OR socioeconomic status[Title/Abstract]) OR ethnic groups[Title/Abstract]) OR social 

class[Title/Abstract]))) OR exercise[MeSH Terms]) OR exercise[Title/Abstract]) OR physical 

activity[Title/Abstract]) OR sexual behavior[MeSH Terms]) OR sexual behaviour[Title/Abstract]) OR sexual 

activity[Title/Abstract]) OR location of intracranial aneurysm[Title/Abstract]) OR location of brain 

aneurysm[Title/Abstract]) OR location of cerebral aneurysm[Title/Abstract]) OR size of intracranial 

aneurysm[Title/Abstract]) OR size of brain aneurysm[Title/Abstract]) OR size of cerebral 

aneurysm[Title/Abstract]) OR shape of intracranial aneurysm[Title/Abstract]) OR shape of brain 

aneurysm[Title/Abstract]) OR shape of cerebral aneurysm[Title/Abstract])) OR pregnancy[Title/Abstract]) OR 

gravidity[Title/Abstract]) OR gravidity[MeSH Terms]) OR parity[Title/Abstract]) OR pregnancy[MeSH Terms] 

OR parity[MeSH Terms])))) OR sex hormone-binding globulin[MeSH Terms]))))) OR age factors[MeSH 

Terms]) OR age[Title/Abstract])))) 

 Scopus 

( ( ( ( INDEXTERMS ( "sex characteristics" ) )  OR  ( INDEXTERMS ( "sex difference" ) ) )  OR  ( TITLE-

ABS-KEY ( "sex characteristic*" )  OR  TITLE-ABS-KEY ( "sex difference*" )  OR  TITLE-ABS-KEY 

( "gender difference*" )  OR  TITLE-ABS-KEY ( "sex based" )  OR  TITLE-ABS-KEY ( "sex distribution" )  

OR  TITLE-ABS-KEY ( "sex factors" )  OR  TITLE-ABS-KEY ( "sexual dimorphism" )  OR  TITLE-ABS-

KEY ( "female*" )  OR  TITLE-ABS-KEY ( "male*" )  OR  TITLE-ABS-KEY ( "girl*" )  OR  TITLE-ABS-

KEY ( "boy*" )  OR  TITLE-ABS-KEY ( "man" )  OR  TITLE-ABS-KEY ( "men" )  OR  TITLE-ABS-KEY 

( "wom?n" ) ) ) )  AND  ( ( ( INDEXTERMS ( "subarachnoid hemorrhage" ) )  OR  ( TITLE-ABS-KEY 

( "Aneurysmal subarachnoid hemorrhage" )  OR  TITLE-ABS-KEY ( "aSAH" )  OR  TITLE-ABS-KEY 
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( "Aneurysmal subarachnoid haemorrhage" )  OR  TITLE-ABS-KEY ( "Ruptured cerebral aneurysm*" )  OR  

TITLE-ABS-KEY ( "Ruptured brain aneurysm*" )  OR  TITLE-ABS-KEY ( "Ruptured intracranial 

aneurysm*" ) ) ) )  AND  ( ( ( ( INDEXTERMS ( "risk factor" )  OR  INDEXTERMS ( "risk factors" )  OR  

TITLE-ABS-KEY ( "risk factor*" )  OR  INDEXTERMS ( "smoking" )  OR  TITLE-ABS-KEY ( "smoking" )  

OR  TITLE-ABS-KEY ( "Tobacco use" )  INDEXTERMS ( "hypertension" )  OR  TITLE-ABS-KEY 

( "hypertension" )  OR  INDEXTERMS ( "blood pressure" )  OR  TITLE-ABS-KEY ( "blood pressure" )  OR  

INDEXTERMS ( "drinking behavior" )  OR  TITLE-ABS-KEY ( "drinking behavior" )  OR  TITLE-ABS-KEY 

( "drinking behaviour" )  OR  TITLE-ABS-KEY ( "alcohol drinking" )  OR  INDEXTERMS ( "estrogen" )  OR  

TITLE-ABS-KEY ( "estrogen" )  OR  TITLE-ABS-KEY ( "oestrogen" )  OR  INDEXTERMS ( "cocaine" )  OR  

TITLE-ABS-KEY ( "cocaine" )  OR  INDEXTERMS ( "hypercholesterolemia" )  OR  TITLE-ABS-KEY 

( "hypercholesterolemia" )  OR  INDEXTERMS ( "diabetes mellitus" )  OR  TITLE-ABS-KEY ( "diabetes 

mellitus" )  OR  INDEXTERMS ( "hormone replacement therapy" )  OR  INDEXTERMS ( "hormone 

substitution" )  OR  TITLE-ABS-KEY ( "hormone replacement therapy" )  OR  TITLE-ABS-KEY ( "hormone 

substitution" )  OR  INDEXTERMS ( "menarche" )  OR  INDEXTERMS ( "menopause" )  OR  INDEXTERMS 

( "premenopause" )  OR  INDEXTERMS ( "postmenopause" )  OR  TITLE-ABS-KEY ( "menarche" )  OR  

TITLE-ABS-KEY ( "menopause" )  OR  TITLE-ABS-KEY ( "premenopause" )  OR  TITLE-ABS-KEY 

( "postmenopause" )  OR  INDEXTERMS ( "body mass index" )  OR  TITLE-ABS-KEY ( "body mass index" )  

OR  INDEXTERMS ( "ovariectomy" )  OR  TITLE-ABS-KEY ( "ovariectomy" )  OR  INDEXTERMS 

( "hysterectomy" )  OR  TITLE-ABS-KEY ( "hysterectomy" )  OR  INDEXTERMS ( "breast feeding" )  OR  

TITLE-ABS-KEY ( "breast feeding" )  OR  INDEXTERMS ( "androgen deprivation therapy" )  OR  TITLE-

ABS-KEY ( "androgen deprivation therapy" )  OR  INDEXTERMS ( "erectile dysfunction" )  OR  TITLE-ABS-

KEY ( "erectile dysfunction" )  OR  INDEXTERMS ( "orchiectomy" )  OR  TITLE-ABS-KEY 

( "orchiectomy" )  OR  INDEXTERMS ( "androgen antagonists" )  OR  TITLE-ABS-KEY ( "androgen 

antagonists" )  OR  INDEXTERMS ( "antiandrogen" )  OR  TITLE-ABS-KEY ( "antiandrogen" )  OR  TITLE-

ABS-KEY ( "gonadotropin releasing hormone agonists" )  OR  INDEXTERMS ( "testosterone" )  OR  TITLE-

ABS-KEY ( "testosterone" )  OR  INDEXTERMS ( "polycystic kidney disease" )  OR  TITLE-ABS-KEY 

( "polycystic kidney disease" )  OR  INDEXTERMS ( "kidney polycystic disease" )  OR  TITLE-ABS-KEY 

( "kidney polycystic disease" )  OR  TITLE-ABS-KEY ( "Autosomal dominant polycystic kidney disease" )  OR  

INDEXTERMS ( "marfan syndrome" )  OR  TITLE-ABS-KEY ( "marfan syndrome" )  OR  INDEXTERMS 

( "nicotine" )  OR  TITLE-ABS-KEY ( "nicotine" )  OR  INDEXTERMS ( "caffeine" )  OR  TITLE-ABS-KEY 

( "caffeine" )  OR  INDEXTERMS ( "cardiovascular disease" )  OR  TITLE-ABS-KEY ( "cardiovascular 

disease" )  OR  INDEXTERMS ( "ethnic groups" )  OR  INDEXTERMS ( "ethnicity" )  OR  TITLE-ABS-KEY 

( "ethnic groups" )  OR  TITLE-ABS-KEY ( "ethnicity" )  OR  INDEXTERMS ( "social class" )  OR  

INDEXTERMS ( "social status" )  OR  TITLE-ABS-KEY ( "social class" )  OR  TITLE-ABS-KEY ( "social 

status" )  OR  TITLE-ABS-KEY ( "socioeconomic status" )  OR  INDEXTERMS ( "exercise" )  OR  TITLE-

ABS-KEY ( "exercise" )  OR  TITLE-ABS-KEY ( "physical activity" )  OR  INDEXTERMS ( "sexual 

behavior" )  OR  TITLE-ABS-KEY ( "sexual behavior" )  OR  TITLE-ABS-KEY ( "sexual behaviour" )  OR  

TITLE-ABS-KEY ( "sexual activity" )  OR  INDEXTERMS ( "sex hormone-binding globulin" )  OR  

INDEXTERMS ( "sex hormone binding globulin" )  OR  TITLE-ABS-KEY ( "sex hormone-binding globulin" )  

OR  TITLE-ABS-KEY ( "sex hormone binding globulin" )  OR  INDEXTERMS ( "pregnancy" )  OR  TITLE-

ABS-KEY ( "pregnancy" )  OR  INDEXTERMS ( "parity" )  OR  TITLE-ABS-KEY ( "parity" )  OR  

INDEXTERMS ( "gravidity" )  OR  TITLE-ABS-KEY ( "gravidity" )  OR  INDEXTERMS ( "age" )  OR  

TITLE-ABS-KEY ( "age" )  OR  INDEXTERMS ( "age factors" )  OR  TITLE-ABS-KEY ( "familial 

stroke" ) ) ) )  OR  ( TITLE-ABS-KEY (  W/5  stroke )  OR  TITLE-ABS-KEY ( location  W/4   )  OR  TITLE-

ABS-KEY ( location  W/4   )  OR  TITLE-ABS-KEY ( location  W/4   )  OR  TITLE-ABS-KEY ( shape  W/4   )  

OR  TITLE-ABS-KEY ( shape  W/4)  OR  TITLE-ABS-KEY ( shape  W/4   )  OR  TITLE-ABS-KEY ( size  

W/4   )  OR  TITLE-ABS-KEY ( size  W/4   )  OR  TITLE-ABS-KEY ( size  W/4) ) ) 
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Chapter 4: Sex Differences in Aneurysmal Subarachnoid 

Haemorrhage (aSAH): Aneurysm characteristics, Neurological 

complications, and Outcome 

4.1 Preface 

This thesis chapter is published as a paper in Acta Neurochirurgica (see Appendix D) 

Rehman S, Chandra RV, Zhou K, Tan D, Lai L, Asadi H, Froelich J, Thani N, Nichols L, 

Blizzard L, Smith K, Thrift AG, Stirling C, Callisaya ML, Breslin M, Reeves MJ, Gall S. Sex 

differences in aneurysmal subarachnoid haemorrhage (aSAH): aneurysm characteristics, 

neurological complications, and outcome. Acta Neurochir (Wien). 2020 Sep;162(9):2271-2282. 

Epub 2020 Jun 30. PMID: 32607744. (Journal IF 1.81) 

doi: 10.1007/s00701-020-04469-5 

Authors note – at the time of analysis and preparation of this manuscript, data on survival out 

to 12 months was not available for this cohort. The data on survival to 12 months are presented 

in the following chapter. There are some differences between this chapter and the published 

version of this manuscript due to integrating supplements to assist with readability of the thesis.  
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4.2 Abstract 

Background: Women are over-represented in aSAH cohorts but whether their outcomes differ 

to men remains unclear. We examined if sex differences in neurological complications and 

aneurysm characteristics contributed to aSAH outcomes. 

Methods: In a retrospective cohort (2010-2016) of all aSAH cases across two hospital 

networks in Australia, information on severity, aneurysm characteristics and neurological 

complications (rebleed before/after treatment, post-operative stroke <48 hours, neurological 

infections, hydrocephalus, seizures, delayed cerebral ischaemia [DCI], cerebral infarction) 

were extracted. We estimated sex differences in (1) complications and aneurysm characteristics 

using chi square/t tests and (2) outcome at discharge (home, rehabilitation or death) using 

multinomial regression with and without matching on pre-stroke confounders.  

Results: Among 577 cases (69% women, 84% treated) aneurysm size was greater in men than 

women and DCI more common in women than men. In unadjusted log multinomial regression, 

women had marginally greater discharge to rehabilitation (RRR 1.15 95% CI 0.90-1.48) and 

similar likelihood of in-hospital death (RRR 1.02 95% CI 0.76-1.36) versus discharge home. 

Pre-stroke confounders (age, hypertension, smoking status) explained greater risk of death in 

women (rehabilitation RR 1.13 95% CI 0.87-1.48); death (RRR 0.75 95% CI 0.51-1.10). 

Neurological complications (DCI and hydrocephalus) were covariates explaining some of the 

greater risk for poor outcomes in women (rehabilitation RRR 0.87 95% CI 0.69-1.11; death 

RRR 0.80 95% CI 0.52-1.23). Results were consistent in propensity score matched models.  

Conclusion: The marginally poorer outcome in women at discharge was partially attributable 

to pre-stroke confounders and complications. Improvements in the managing complications 

could improve outcomes. 
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4.3 Introduction 

In contrast to other stroke types, women have a greater incidence of aneurysmal subarachnoid 

haemorrhage (aSAH) than men.43, 171 In some studies female sex has been shown to be an 

independent determinant of poor outcome following aSAH, with greater 30-day case-fatality 

66 and poorer up to 2-year outcome89, 194-196 than men. Others have reported that sex is not a 

prognostic factor for outcome following aSAH.52, 64, 69, 85 Few studies have been specifically 

designed to examine sex differences in outcome after aSAH. In our previous research including 

mostly ischaemic strokes, we determined that characteristics before stroke such as age and co-

morbidities but also more modifiable factors such as stroke severity and aspects of clinical 

management were contributing to poorer outcomes for women compared to men.126, 197 There 

has been limited research exploring patient-level factors that may explain sex differences in 

outcome after aSAH. Such findings are potentially important clinically because they may lead 

to sex-specific interventions to improve management and outcome. 

Aneurysm characteristics and neurological complications predict outcome after aSAH. 52, 85, 89 

There is also some evidence that these vary by sex, suggesting that these could mediate any 

sex differences in outcome after aSAH. Delayed Cerebral Ischaemia (DCI) occurs in nearly 

30% of patients 198 and is the most important cause of mortality and morbidity for aSAH. While 

some authors have reported that the incidence of DCI was greater in women than men, 199, 200 

authors of a systematic review concluded that there was limited evidence of a sex difference 

but  that only one out of four studies was of high quality.201 Among other neurological 

complications, hydrocephalus has been reported to be more frequent in women than men 109, 

rebleeding more common in men than women,202 while no detectable sex difference has been 

reported for seizures. 203 Aneurysm characteristics including location (e.g. posterior circulation) 

52 and larger size 52, 85, 196 are associated with poor outcome. Some researchers have reported 

sex differences in site and location of ruptured aneurysm.50, 52, 69 Most of these studies were not 

designed to examine sex differences in complications, had small sample sizes and few used 

standardised assessment of complications. No studies though have explored how differences 

in aneurysm characteristics between men and women may influence outcome. 

We therefore aimed to examine sex differences in (1) neurological complications, (2) aneurysm 

characteristics, (3) discharge outcomes including the role of complications and aneurysm 

characteristics in any differences observed. We hypothesised that compared to men, women 
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would more often have unfavorable aneurysm characteristics and complications that would 

result in worse outcomes after aSAH.  

4.4 Methods 

This was a retrospective cohort study of all patients with aSAH across two tertiary referral 

hospital networks (Tasmania, population ~500,000 and South East Victoria, population ~1.2 

million) in Australia from 1st January 2010 to 31st December 2016. Both hospitals are 

comprehensive cerebrovascular centres, receiving patients who experience aSAH from a 

network of urban, regional and rural hospitals. This study was approved by the Human 

Research Ethics Committee in Victoria (RES-18-0000-036A) and Tasmania (H0014563). 

Potential cases were identified using multiple overlapping sources including admission, 

discharge and ward lists for emergency, neurosurgical and radiology departments across the 

tertiary centres and referring hospitals. A combination of International Classification of 

Diseases 10 codes (160.0-160.9, 167.1 and 169.0), as either a primary or secondary diagnosis, 

and keyword searches were used to ascertain potential cases. A standardised extraction form 

using data from radiology, pathology and surgical reports, as well as the medical record were 

used to confirm first ever aSAH. Potential cases were coded by one researcher in each site, and 

a neurosurgeon and/or an interventional neuroradiologist confirmed the diagnoses and resolved 

any discrepancies. Following detailed review of medical records patients with unruptured 

aneurysms were excluded, and only those with confirmed SAH included in the final sample. 

The presence of subarachnoid haemorrhage was confirmed on either non-contrast CT-Brain or 

xanthochromia on lumbar puncture. CT-angiography, digital subtraction angiography (DSA) 

or magnetic resonance angiography (MRA) were then used to find a cause, including an 

aneurysm, and characterise it. We excluded cases with previous history of aSAH and other 

causes of subarachnoid haemorrhage including arteriovenous malformations (AVMs), trauma, 

amyloid angiopathy and non-aneurysmal SAH. The latter were only excluded where, despite 

multiple series of imaging tests, a cerebral aneurysm could not be demonstrated. After verifying 

the aneurysmal cause of SAH, information was extracted from the medical record and captured 

in REDCap. 204 
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4.4.1 Covariates  

4.4.1.1 Aneurysm characteristics 

We extracted information for the side of aneurysm, anterior or posterior part of the circulation, 

site on Circle of Willis and maximal size in millimetres. The information was collected from 

neuroradiological reports from neuroimaging (e.g. CT scans and DSAs). The location of the 

aneurysm was categorised into five groups, including posterior communicating artery, internal 

carotid artery (anterior choroidal and internal carotid excluding posterior communicating), 

anterior cerebral artery (A1 pre-communicating part of anterior cerebral artery which originates 

from the terminal bifurcation of the internal carotid artery, extending almost 14 mm in length, 

terminating at the anterior communicating artery and pericallosal), middle cerebral artery (M1 

which is the horizontal segment of middle cerebral artery, at bifurcation and, distal middle 

cerebral artery) and Posterior circulation (posterior cerebral branches, basilar, vertebral, 

superior cerebellar, anterior inferior cerebellar, posterior inferior cerebellar, vertebrobasilar 

junction). We categorized aneurysm size into four groups based on previous literature:≤

6.9mm, 7-9.9mm, 10-19.9mm and ≥20mm 205. In a small number of patients, the size of 

aneurysm could not be determined due to absence of information in the respective records, and 

so these were categorised as missing. 

4.4.1.2 Complications 

Neurological complications were abstracted based on the National Institute of Neurological 

Disorders and Stroke definitions (NINDS).108 These included post-operative stroke within 48 

hours, post-treatment neurological infections, rebleed, hydrocephalus (defined by the presence 

of an intervention), seizures, DCI (based on clinical criteria) and cerebral infarction (based on 

radiological evidence). Treatments for complications were also extracted. These included 

ventriculostomy/external ventricular drains (EVD) or shunt placement for pre- and post-

operative hydrocephalus, and endovascular balloon angioplasty or intra-arterial vasodilators 

for DCI. 

4.4.2 Outcome 

Outcome was categorized according to the discharge destination after acute admission which 

included discharge to home, discharge to rehabilitation or in-hospital death. 

https://radiopaedia.org/articles/anterior-communicating-artery?lang=us
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4.4.3 Patient characteristics  

Patient characteristics, pre-stroke clinical and behavioural factors’ details   were extracted from 

medical records including age, smoking status (current smoker, ex-smoker and non-smoker), 

history of high blood pressure (antihypertensive medications on admission and/or recorded 

history), World Federation of Neurological Surgeons severity grading (WFNS from 

neurosurgical or neuroradiological records) and Modified Fisher scores (higher score depicted 

worse prognosis from neurosurgical or neuroradiological records), medications 

(antihypertensive agents and nimodipine), type of treatment for aneurysm (coiling or clipping) 

and hospital network.  

4.4.4 Statistical analysis 

We examined sex differences in the aneurysm characteristics and neurological complications 

using Pearson’s chi square for categorical variables and t-test for continuous variables.  

We used log multinomial regression to estimate the relative risk ratio (RRR 95% confidence 

interval [CI]) of discharge to rehabilitation or death in-hospital compared to discharged home 

for women compared to men. We built two multivariable models: the first to estimate the effect 

of sex on outcome independent of ‘pre-stroke confounding factors’ such as demographic and 

clinical factors (Model 1), and the second to include ‘covariates’ which include aneurysm 

characteristics and complications to examine their additional effect (Model 2). We identified 

potential pre-stroke confounding factors to include in our models that were known to be 

associated with poor outcome from existing literature as well as analyses of study factors (e.g. 

demographics, pre-stroke health or clinical factors). We examined variables for confounder 

adjusted model if they were different by sex in our study. We used purposeful model building 

to create a model adjusted for pre-stroke confounders selecting to include a variable in the 

model when (1) the covariate was associated with sex (p-value≤0.25), (2) the covariate was 

associated with the outcome (p-value≤0.25), and (3) the covariate that changed the effect of 

sex on the outcome by ≥10%. 197, 206 As our objective was to examine whether aneurysm 

characteristics or complications contributed to sex differences in discharge destination, we 

entered aneurysm characteristics and complications that were different by sex as covariates 

into the confounder adjusted model. Changes in the magnitude of effect for sex on the outcome 

when adjusted for aneurysm characteristics or complications would suggest these factors 
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contribute to sex differences in outcome. We explored interactions between sex and covariates 

using product terms in the final multivariable models. 

We performed sensitivity analyses using propensity score matching as an alternative to the 

classical confounder adjusted models. We created propensity scores to match men and women 

based on pre-stroke confounders different by sex, and then applied weights based on the 

propensity score to the multinomial logistic regression. Aneurysm characteristics and 

complications that differed by sex were entered into the weighted model as covariates. Analysis 

was performed in statistical software Stata15 (StataCorp LLC, Texas, USA) and a two-sided 

p-value<0.05 was considered statistically significant. 

4.5 Results 

There were 577 confirmed cases of aSAH. Women were overrepresented more than men(69% 

of cases; Table 4-1). Data were generally complete with <1% missing details of discharge 

destination and <10% missing details of aneurysm characteristics or complications.  

4.5.1 Aneurysm characteristics 

In both sexes, aneurysms were more common in the anterior than posterior circulation (Table 

4-2 and Figure 4-1). There were more midline aneurysms in men (42%) than women (31%) 

and more left-sided aneurysms in women (24%) than men (32%). There were sex differences 

in the anatomical location of aneurysm (p=0.001). Anterior cerebral artery location (42%) was 

the most common site in men followed by middle cerebral artery (20%) and posterior 

circulation (20%). In women, anterior cerebral artery (33%), posterior communicating artery 

(20%) and posterior circulation (20%) were the most common positions for the rupture of the 

aneurysm. The mean size of aneurysm was smaller in women than men (p=0.02). More men 

(26%) than women (16%, p=0.03) had an aneurysm size >10mm. 

4.5.2 Aneurysmal repair 

Aneurysm was repaired by either clipping or coiling or both. There was no sex difference in 

the type of intervention (Table 4-1). 

4.5.3 Complications 

Neurological complications were common, with 61% of men and 69% of women having at 

least one complication (Table 4-3). We were unable to detect a difference between men and 

women in post-operative stroke within 48 hours, early rebleeding and after intervention, seizure, 
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meningitis, cerebral infarction and ventriculitis. Hydrocephalus (Men 46%, Women 54%, 

p=0.06) and DCI were less common in men compared to women (Men 25%, Women 35%, 

p=0.003).  

4.5.4 Treatment for DCI 

In total 130 (33%) women and 42 (23%) men experienced DCI. Among those with DCI, 

women (55%) more often received treatment than men (40%; p=0.08, Table 4-3). A total of 

71 (55%) women and 17 (40%) men with confirmed DCI and/or cerebral infarction received 

some type of endovascular management. Among these, more women (93%) received intra-

arterial vasodilators (nicardipine, papaverine and nimodipine) than men (65%). Mechanical 

treatment of endovascular angioplasty was more common in men (35%) than women (7%, 

p=0.001).  

4.5.5 Treatment for hydrocephalus 

Ventriculostomy was performed in 46% men and 54% women (p=0.06), while shunt placement 

was conducted in 7% of men and 12% of women (p=0.22; Table 4-3). 
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Table 4-1 Characteristics of cohort 

Variable Men§ 

N=179 

Women§ 

N=398 

 P-value 

 N (%) N (%)  

No of patients (%) 179 (31) 398 (69)  

Mean age (SD) 54.44 (14.94)  57.78 (15.34)  0.01* 

Age category     0.18 

    ≤55 years 94 (53) 185 (46)  

    >55years 85 (47) 213 (54)  

Smoking     0.10 

   Current smoker 92 (51) 171 (43)  

   Ex-smoker 25 (14) 36 (9)  

   Non-smoker 32 (18) 90 (23)  

   Missing 30 (17) 101 (25)  

Hypertension     0.006** 

   Yes 61 (34) 187 (47)  

   No 110 (61) 200 (50)  

   Missing 8 (4) 11 (3)  

Charlson comorbidity 

index 

    0.23 

   0 or 1 157 (88) 334 (84)  

   ≥ 2 22 (12) 64 (16)  

States     0.48 

   Victoria 106 (59) 248 (62)  

   Tasmania 73 (41) 150  (38)  

WFNS      0.37 

   I 88 (49) 166 (42)  

   II 28 (16) 72 (18)  

   III 6 (3) 20 (5)  

   IV 12 (7) 39 (10)  

   V 43 (24) 91 (23)  

   Missing 2 (1) 10 (3)  

Modified Fisher grade     0.76 

   0 2 (1) 7 (2)  

   1 17 (10) 32 (8)  

   2 8 (4) 9 (3)  

   3 36 (20) 74 (19)  

   4 100 (56) 219 (58)  

   Missing 16 (9) 61 (11)  

Type of intervention     0.65 

   Clipping  57 (39) 126 (37)  

   Coiling 88 (60) 208 (61)  

   Both coiling and  

   clipping    

2 (1) 2 (1)  

   Not treated  32 (17) 59 (14)  

   Missing 0 (0) 3 (0.75)  

Discharge Destination     0.36 

   Home 73 (41) 138 (35)  
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§Number and (%), unless otherwise indicated  

WFNS: World Federation of Neurological Surgeons grading 
  

   Rehabilitation 58 (32) 148 (37)  

   Death 48  (27) 108 (27)  

   Unknown 0  (0) 4 (1)  
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Table 4-2 Sex Differences in Aneurysm-Specific Findings 

Aneurysm specific findings Men§ 

N=179 

Women§ 

N=398 

P-

value  

 N % N %  

Aneurysm identified 172 (94) 376 (94)  

Posterior or Anterior     0.27 

   Posterior 38 (21) 64 (16)  

   Anterior 134 (75) 313 (79)  

   Unknown  7 (4) 21 (5)  

Side of Aneurysm     0.03* 

   Right  54  (30) 123 (31)  

   Left  43 (24) 129 (32)  

   Midline 75 (42) 124  (31)  

   Unknown 7 (4) 22 (6)  

Location of aneurysm¶     0.001* 

   Pcomm 13 (7) 81 (20)  

   Internal Carotid  12 (6) 37 (9)  

           ACho 2 (1) 7 (2)  

           ICA 10 (5) 30  (7)  

   Anterior Cerebral 74 (42) 129 (33)  

           ACA-A1 5  (3) 20  (5)  

           ACA-Acomm 64 (36) 94  (24)  

           ACA-pericallosal 5 (3) 15  (4)  

   Middle Cerebral 36 (20) 65 (16)  

           MCA -M1 17  (9) 25 (6)  

           MCA-at bifurcation 18 (10) 35 (9)  

           MCA-distal MCA 1  (0.5) 5 (1)  

   Posterior Circulation 37 (20) 66 (20)  

           PCA-distal 2 (1) 0 (0)  

           P2 2 (1) 0 (0)  

           P1 0 (0) 1 (0.5)  

           Basilar bifurcation 13  (7) 26  (6)  

           SCA 3 (2) 2 (0.5)  

           Basilar trunk 5 (3) 9  (2)  

           AICA 0 (0) 1 (0.25)  

           V-B junction 1 (0.5) 1 (0.25)  

           Vertebral 3 (2) 10 (2)  

           PICA 8 (4) 16 (4)  

   Other 0 (0) 0 (0)  

   Choroidal 0 (0) 0 (0)  

   Unknown 7 (4) 19 (5)  

Size of aneurysm (mean ± SD) 

(Mean ±SD) mm 

7.89(±4.65)  6.93(±4.14)  0.02* 

   Missing 11 (6) 30 (7)  

Categories of size (mm)     0.03* 

   ≤6.9 83 (46) 214 (54)  

   7-9.9 37 (21) 88 (22)  



122 
 

§Number and (%), unless otherwise indicated  
¶Aneurysm location collapsed to five categories as mentioned in the text 

Abbreviations: Posterior communicating, Pcomm; Anterior choroidal, ACho; Internal carotid 

artery, ICA; Anterior cerebral artery, ACA; Anterior communicating artery, Acomm; Pre-

communicating part of ACA, A1; Middle cerebral artery, MCA; Sphenoidal segment of MCA, 

M1; Posterior cerebral artery, PCA; Pre-communicating part of PCA, P1; Post-communicating 

part of PCA, P2; Superior cerebellar artery, SCA; Anterior inferior cerebellar artery, AICA; 

Vertebrobasilar junction, V-B junction; Posterior inferior cerebellar artery, PICA  
  

   10-19.9 42 (23) 61 (15)  

   ≥20 6 (3) 5 (1)  
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Table 4-3 Complications following aSAH 

Complications Men§ 

N=179 

Women§ 

N=398 

P-value  

 

 N % N %  

Any neurological complication     0.05* 

   Yes 110 (61) 275 (69)  

   No 69 (39) 119 (30)  

   Missing 0 (0) 4 (1)  

Post-op stroke within 48 hours     0.59 

   Yes 34 (19) 66 (17)  

   No 144 (80) 322 (81)  

   Unknown 1 (1) 10 (3)  

Early or before treatment rebleed     0.94 

   Yes 14 (8) 30 (8)  

   No rebleed 165 (92) 362  (91)  

   Unknown 0 (0) 6 (1)  

Rebleed after treatment     0.42 

   Yes, confirmed/suspected 3 (2) 9 (3)  

   No rebleed 175 (97) 381 (95)  

   Unknown 1 (1) 8 (2)  

Hydrocephalus     0.06 

    Yes 83 (46) 215 (54)  

    No 95 (53) 176 (44)  

    Unknown 1 (1) 7 (2)  

DCI (clinical deterioration)      0.003** 

    Yes  34 (19) 122 (31)  

    No 135 (75) 253 (64)  

    Unknown 10 (6) 23 (5)  

Cerebral Infarction      0.51 

    Yes  35 (20) 85 (21)  

    No  137 (76) 287 (72)  

    Unknown or missing 7 (4) 26 (6)  

Neurological Infection     0.24 

    Meningitis/Ventriculitis 14 (8) 43 (11)  

    Non-neurological infections or    

    no infection 

164 (92) 346 (87)  

    Unknown 1 (1) 9 (2)  

 Seizure     0.37 

    Yes 12 (7) 28 (7)  

    No 165 (92) 358 (90)  

    Unknown 2 (1) 12 (3)  

Management of complications      

   Endovascular therapy for DCI/    

   cerebral infarction 

    0.08 

   No  24 (57) 54 (41)  

   Yes  17 (40) 71 (55)  

   Missing 1 (2) 5 (4)  
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Complications Men§ 

N=179 

Women§ 

N=398 

P-value  

 

 N % N %  

Type of endovascular 

intervention for DCI/Cerebral 

infarction 

    0.001 ** 

   Balloon angioplasty 6 (35) 5 (7)  

   Intraarterial Vasodilator  11 (65) 66 (93)  

Ventriculostomy     0.06 

   Yes 82 (46) 213  (54)  

   No 97 (54) 179 (45)  

   Missing 0 (0) 6 (1)  

Shunt placement     0.22 

   Yes 13  (7) 46  (12)  

   No 163  (91) 342 (86)  

   Missing 3 (2) 10 (2)  
§Number and (%), unless otherwise indicated  
n=42 men and n=130 women had DCI and/or cerebral infarction 
Denominator is n=17 men and n=71 women with endovascular intervention for 

DCI/cerebral infarction 
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Figure 4-1 Distribution of Aneurysm site in men and women 
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4.5.6 Sex differences in poor outcome 

Regarding sex differences in outcome, more men (40.7%) went home compared to women 

(34.6%) while more women were discharged to rehabilitation (men 32.4% vs women 37.1%) 

or died in-hospital (men 26.8% vs women 27.1%).  

In univariable analysis including all people with aSAH, women compared to men had a 

marginally greater risk of being discharged to rehabilitation (RRR 1.15 95% CI 0.90-1.48) and 

similar likelihood of in-hospital death (RRR 1.02 95% CI 0.76-1.36) versus being discharged 

to home (Table 4-4). Potential pre-stroke confounding factors and covariates of aneurysm 

characteristics and neurological complications that were different between the sexes were 

analysed for association with the outcome.  Age, DCI and hydrocephalus were associated with 

discharge to rehabilitation and in hospital death while hypertension history and size of the 

aneurysm were associated with in-hospital death only. We identified age, hypertension history 

and smoking status were different between men and women whereas severity scores, 

comorbidities and treatment modalities were similar between the sexes. In model 1, adjusted 

for pre-stroke confounding factors (Table 4-4), women compared to men had a marginally 

greater risk of being discharged to rehabilitation (1.13 95% CI 0.87-1.48, p=0.34) and lesser 

risk of in-hospital death (0.75 95% CI 0.51-1.10, p=0.14). In model 2 (Table 4-4), adjusted for 

covariates (DCI and hydrocephalus), women had a somewhat lesser risk of being discharged 

to rehabilitation (0.87 95% CI 0.69-1.11, p=0.28) and death (0.80 95% CI 0.52-1.23, p=0.32) 

where age, hypertension history, presence of DCI and hydrocephalus were independently 

associated with death and discharge to rehabilitation. There were no interactions between sex 

and the other variables included in the final model. 

 In the sensitivity analyses on the matched analysis of men and women (Table 4-5), the relative 

risk ratio for discharge to rehabilitation was 1.19 (95% CI 0.75-1.89, p=0.44) and for in-

hospital death was 0.84 (95% CI 0.48-1.48, p=0.56). In covariate adjusted analysis, the risk of 

discharge to rehabilitation was 0.84 (95% CI 0.50-1.39, P=0.50) and the risk of death was 0.73 

(95% CI 0.40-1.33, p=0.31). There were slight differences in the risk, but the confidence 

intervals were wide. The estimates were nearly consistent with log multinomial regression. 

Regarding missing data, an analysis of the characteristics associated with missing data showed 

that only the proportion dying during hospitalisation differed between those with and without 

data on complications or details of the aneurysm (Table 4-6, Table 4-7 and Table 4-8). 
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Table 4-4 Relative Risk ratio for discharge home or rehabilitation versus death in women compared to men in log-multinomial 

regression analysis 

Variables 

 

 

All patients 

N=577 

 

Rehabilitation Death 

Unadjusted  

RRR  

(95% CI) 

Model 1 

RRR  

(95%CI) 

Model 2* 

RRR  

(95%CI) 

Unadjusted  

RRR  

(95% CI) 

Model 1 

RRR  

(95%CI) 

Model 2* 

RRR 

 (95%CI) 

Female sex 1.15 

(0.90-1.48) 

1.13 

 (0.87-1.48) 

0.87  

(0.69-1.11) 

1.02 

(0.76-1.36) 

0.75  

(0.51-1.10) 

0.80  

(0.52-1.23) 

Aneurysm characteristics 

Site 

  Anterior     

  Cerebral 

Ref   Ref   

  Internal  

  Carotid 

0.98 

(0.65-1.48) 

  1.40 

(0.85-2.30) 

  

  Posterior  

  Communicating 

0.83 

(0.58-1.18) 

  1.12 

(0.72-1.74) 

  

  Middle    

  Cerebral 

0.99 

(0.72-1.34) 

  1.36 

(0.91-2.03) 

  

  Posterior  

  Circulation 

1.12 

(0.83-1.50) 

  1.36 

(0.91-2.03) 

  

Size of aneurysm 

(mm) 

0.99 

(0.96-1.01) 

  1.04 

(1.02-1.05) 

  

Neurological Complications 

Hydrocephalus 2.50 

(1.91-3.27) 

 1.68  

(1.27-2.23) 

1.71 

(1.27-2.29) 

 1.97  

(1.27-3.05) 

DCI (Clinical         

  deterioration)  

2.72 

(2.20-3.36) 

 2.80  

(2.02-3.90) 

0.63 

(0.42-0.91) 

 0.95 

 (0.53-1.69) 

Confounding factors 

Age 1.00 

(0.99-1.02) 

1.01  

(0.99-1.02) 

1.01  

(1.00-1.02) 

1.01 

(1.01-1.02) 

1.02  

(1.01-1.04) 

1.04 

 (1.02-1.06) 

Smoking       

  Non-smoker Ref       

  Current 0.97 1.06  0.87  0.89 1.16  1.51  
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Variables 

 

 

All patients 

N=577 

 

Rehabilitation Death 

Unadjusted  

RRR  

(95% CI) 

Model 1 

RRR  

(95%CI) 

Model 2* 

RRR  

(95%CI) 

Unadjusted  

RRR  

(95% CI) 

Model 1 

RRR  

(95%CI) 

Model 2* 

RRR 

 (95%CI) 

  Smoker (0.73-1.26) (0.79-1.42) (0.70-1.09) (0.57-1.37) (0.74-1.81) (0.90-2.55) 

  Ex-smoker 1.09 

(0.76-1.58) 

1.19  

(0.81-1.73) 

1.05  

(0.73-1.51) 

0.87 

(0.46-1.65) 

0.93 

 (0.49-1.77) 

0.79  

(0.41-1.51) 

Hypertension       

  No Ref   Ref   

  Yes 1.15 

(0.89-1.38) 

0.99  

(0.78-1.27) 

1.33  

(1.05-1.70) 

1.81 

(1.35-2.41) 

1.61  

(1.12-2.33) 

1.85  

(1.17-2.91) 

Model 1 (adjusted for pre-stroke confounding factors) 

Model 2 (adjusted for pre-stroke confounding factors and covariates) 

*Adjusted for hospital network 

Confounders included age, hypertension history and smoking status and covariates included DCI and hydrocephalus  
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Table 4-5 Relative risk ratio for discharge home or rehabilitation versus death in women compared to men in multinomial logistic 

regression analysis 

Variables 

 

 

All patients 

N=577 

 

Rehabilitation Death 

 

RRR (95% CI) * 

 

RRR (95% CI) ** 

 

RRR (95% CI) * 

 

RRR (95% CI) ** 

Female sex 1.19 (0.75-1.89) 0.84 (0.50-1.39) 0.84 (0.48-1.48) 0.73 (0.40-1.33) 

  Hydrocephalus  4.14 (2.47-6.94)  3.16 (1.75-5.69) 

  DCI (Clinical         

  deterioration)  

 6.00 (3.13-11.49)  1.94 (0.92-4.08) 

*Matched on pre-stroke confounders different by sex 

 **Adjusted for covariates and hospital network 

Confounders included age, hypertension history and smoking status and covariates included DCI and hydrocephalus 
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Table 4-6 Comparison of characteristics for people with complete and missing data on 

complications 

Variable 

 

No missing  

data on  

complications§ 

(N=526) 

Any missing  

data on 

complications§  

(N=51) 

P-value 

N (%) N (%) 

Age <=55 252 (48) 27 (53) 0.49 

 >55 274 (52) 24 (47)  

Sex  Men 165 (31) 14 (27) 0.56 

 Women 361 (69) 37 (73)  

Hypertension history Yes 228 (43) 20 (39) 0.68 

 No 282 (54) 28 (54)  

 Missing 16 (3) 3 (5)  

Smoking  Current  243 46 20 39 0.25 

 Ex 58 11 3 6  

 Non 108 20 14 27  

 Missing 117 22 14 27  

WFNS I 233 (44) 21 (41) 0.50 

 II 96 (18) 4 (8)  

 III 24 (4) 2 (4)  

 IV 47 (9) 4 (9)  

 V 120 (23) 14 (27)  

 Missing 6 (1) 6 (12)  

Fisher scale 0 8 (1) 0 (16)  

 1 42 (7) 8 (0) 0.10 

 2 18 (3) 0 (0)  
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Variable 

 

No missing  

data on  

complications§ 

(N=526) 

Any missing  

data on 

complications§  

(N=51) 

P-value 

N (%) N (%) 

 3 104 (19) 6 (12)  

 4 306 (58) 26 (51)  

 Missing 48 (10) 11 (21) 0.06 

Clipping Yes 177 (67) 10 (19)  

 No 349 (33) 39 (76)  

 Missing 0 (0) 2 (4)  

Coiling Yes 276 (48) 24 (47) 0.74 

 No 250 (52) 24 (47)  

 Missing 0 (0) 3 (5)  

Posterior /Anterior  Posterior 90 (18) 12 (23) 0.40 

 Anterior 414 (77) 33 (65)  

 Missing 22 (5) 6 (12)  

Side Midline 184 (35) 15 (29) 0.1 

 Right 160 (30) 17 (33)  

 Left  159 (30) 13 (25)  

 Missing 23 (4) 6 (12)  

Site aneurysm ACA 187 (35) 16 (31) 0.09 

 ICA 46 (9) 3 (6)  

 Pcomm 86 (16) 8 (6)  

 MCA 97 (18) 4 (8)  

 Posterior  89 (17) 15 (30)  

 Missing 21 (4) 5 (10)  
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Variable 

 

No missing  

data on  

complications§ 

(N=526) 

Any missing  

data on 

complications§  

(N=51) 

P-value 

N (%) N (%) 

Size Mean (SD) 7.30 

(4.37)  

6.39 

(3.68) 

 0.19 

 Measured 495 (94) 41 (80)  

 Missing 31 (6) 10 (20)  

Discharge destination Home 197 (37) 14 (27) <0.001*** 

 Rehab 176 (34) 7 (14)  

 Another 

hospital 

14 (2) 9 (17)  

 Died 139 (26) 17 (33)  

 Missing 0 (0) 4 (8)  

Ambulance transfer¶ Yes 419 (79) 35 (68) 0.74 

 No 95 (18) 9 (17)  

 Missing 12 (3) 7 (13)  

Inter-hospital transfer Admitted to 

same hospital 
280 (53) 21 (41) 0.003** 

  
    

 

 Transferred 

to another 

hospital 

 

243 (46) 28 (55)  

 

 Died/Sent 

home 

3 (0.5) 1 (2)  

 

 Missing 0 (0) 1 (2)  

§Number and (%), unless otherwise indicated;¶Ambulance transfer refers to initial arrival by 

ambulance; WFNS: World Federation of Neurological Surgeons  

ACA: Anterior cerebral artery, ICA: Internal carotid artery, Pcomm: Posterior 

communicating, MCA: Middle cerebral artery, Posterior: Posterior circulation   
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 Table 4-7 Comparison of characteristics for people with complete and missing data on 

aneurysm specific findings 

Variable 

 

No missing data on 

aneurysm 

characteristics§  

(N=524) 

Any missing data on 

aneurysm 

characteristics§ 

(N=53) 

P-value 

N (%) N (%) 

Age <=55 250 (49) 29 (54) 0.33 

 >55 274 (51) 24 (45)  

Sex Men 165 (32) 14 (26) 0.44 

 Women 359 (68) 39 (73)  

Hypertension 

history 

Yes 225 (43) 23 (43) 0.92 

 No 282 (54) 28 (53)  

 Missing 17 (3) 2 (4)  

Smoking  Current  244 (46) 19 (36) 0.59 

 Ex 58 (11) 3 (6)  

 Non 111 (21) 11 (21)  

 Missing 111 (21) 20 (37)  

WFNS I 237 (45) 17 (32) 0.36 

 II 93 (18) 7 (13)  

 III 25 (4) 1 (2)  

 IV 46 (8) 5 (9)  

 V 118 (22) 16 (30)  

 Missing 5 (1) 7 (13)  

Fisher scale 0 6 (1) 2 (4) 0.12 

 1 47 (8) 3 (6)  

 2 18 (3) 0   
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Variable 

 

No missing data on 

aneurysm 

characteristics§  

(N=524) 

Any missing data on 

aneurysm 

characteristics§ 

(N=53) 

P-value 

N (%) N (%) 

 3 105 (20) 5 (9)  

 4 301 (57) 31 (58)  

 Missing 47 (9) 12 (22)  

Clipping Yes 170 (33) 17 (32) 0.89 

 No 354 (67) 34 (64)  

 Missing 0 (0) 2 (3)  

Coiling Yes 285 (54) 15 (28) 0.001** 

 No 238 (45) 36 (67)  

 Missing 1 (0.19) 2 (3)  

Post-op stroke 

within 48 hrs 

Yes 95 (18) 6 (11) 0.34 

 No 424 (81) 41 (77)  

 Missing 5 (1) 6 (11)  

Early or before 

treatment 

rebleed 

Yes  40 (7) 4 (7) 0.82 

 No  484 (91) 43 (81)  

 Missing 5 (1) 6 (11)  

Rebleed after 

treatment 

Yes 12 (2) 2 (3) 0.40 

 No  509 (97) 45 (85)  

 Missing 3 (1) 6 (11)  

Neurological 

Infection 

Yes 55 (10) 2 (3) 0.16 

 No  465 (88) 45 (84)  

 Missing 4 (2) 6 (11)  
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Variable 

 

No missing data on 

aneurysm 

characteristics§  

(N=524) 

Any missing data on 

aneurysm 

characteristics§ 

(N=53) 

P-value 

N (%) N (%) 

Seizure Yes 40 (7) 1 (2) 0.16 

 No  477 (91) 45 (85)  

 Missing 7 (1) 7 (13)  

DCI (Clinical 

deterioration) 

Yes 149 (28) 7 (13) 0.05 

 No  351 (67) 37 (69)  

 Missing 24 (5) 9 (16)  

Cerebral 

Infarction 

Yes 116 (22) 4 (7) 0.03* 

 No  384 (73) 40 (75)  

 Missing 24 (4) 9 (16)  

Hydrocephalus Yes 278 (53) 20 (38) 0.09 

 No  242 (46) 29 (55)  

 Missing 4 (1) 4 (7)  

Discharge 

destination 

Home 210 (37) 1 (7) 0.001** 

 Rehab 182 (32) 1 (7)  

 Another 

hospital 

22 (4) 1 (7)  

 Died 145 (26) 11 (78)  

 Missing 4 (1) 0 (0)  

Ambulance 

transfer¶ 

Yes 414 (79) 40 (75) 0.71 

 No 96 (18) 8 (15)  

 Missing 14 (2) 5 (9)  
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Variable 

 

No missing data on 

aneurysm 

characteristics§  

(N=524) 

Any missing data on 

aneurysm 

characteristics§ 

(N=53) 

P-value 

N (%) N (%) 

Inter-hospital 

transfer 

Admitted to 

same 

hospital 

277 (53) 24 (45) <0.001*** 

 Transferred 

to another 

hospital 

245 (46) 26 (49)  

 

 Died/Sent 

home 

 

2 (0.3) 2 (3)  

 Missing 0 (0) 1 (2)  

§Number and (%), unless otherwise indicated;¶Ambulance transfer refers to initial arrival by 

ambulance 

WFNS: World Federation of Neurological Surgeons 
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Table 4-8 Comparison of characteristics for people with complete and missing data on 

discharge destination 

Variable 

 

No Missing data 

on discharge 

destination§  

(N=573) 

Any Missing data on 

discharge 

destination§ (N=4) 

P-value 

N (%) N (%) 

Age <=55 276 (48) 3 (75) 0.35 

 >55 297 (51) 1 (25)  

Sex Men 179 (31) 0 (0) 0.31 

 Women 394 (69) 4 (100)  

Hypertension 

history 

Yes 246 (43) 2 (50) 0.43 

 No 309 (54) 1 (25)  

 Missing 18 (3) 1 (25)  

Smoking  Current  261 (45) 2 (50) 0.78 

 Ex 61 (11) 0 (0)  

 Non 121 (21) 1 (25)  

 Missing 130 (22) 1 (25)  

WFNS I 254 (44) 0 (0)  

 II 100 (17) 0 (0)  

 III 26 (4) 0 (0) - 

 IV 51 (8) 0 (0)  

 V 134 (23) 0 (0)  

 Missing 8 (1) 4 (100)  

Fisher scale 0 8 (1) 0 (0) 1.000 

 1 50 (9) 0 (0)  

 2 18 (3) 0 (0)  
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Variable 

 

No Missing data 

on discharge 

destination§  

(N=573) 

Any Missing data on 

discharge 

destination§ (N=4) 

P-value 

N (%) N (%) 

 3 110 (19) 0 (0) 1.000 

 4 331 (57) 1 (25)  

 Missing 56 (9) 3 (75)  

Clipping Yes 186 (32) 1 (25) 1.000 

 No 385 (67) 3 (75)  

 Missing 2 (0.35) 0 (0)  

Coiling  Yes 297 (51) 3 (75) 0.62 

 No 273 (47) 1 (25)  

 Missing 3 (0.5) 0 (0)  

Posterior 

/Anterior  

Posterior 102 (17) 0 (0) 1.00 

 Anterior 445 (77) 2 (50)  

 Missing 26 (4) 2 (50)  

Side Midline 198 (34) 1 (25) 0.76 

 Right 177 (30) 0 (0)  

 Left  171 (29) 1 (25)  

 Missing 27 (5) 2 (50)  

Site aneurysm ACA 202 (35) 1 (25) 0.15 

 ICA 49 (8) 0 (0)  

 Pcomm 94 (16) 0 (0)  

 MCA 101 (17) 0 (0)  

 Posterior  101 (17) 3 (75)  

 Missing 26 (4) 0 (0)  
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Variable 

 

No Missing data 

on discharge 

destination§  

(N=573) 

Any Missing data on 

discharge 

destination§ (N=4) 

P-value 

N (%) N (%) 

Size Measured 533 (94) 0 (0)  

 Missing 37 (6) 4 (100)  

Ambulance 

transfer¶ 

Yes 454 (79) 0 (0) - 

 No 104 (18) 0 (0)  

 Missing 15 (2) 4 (100)  

Inter-hospital 

transfer 

Admitted to 

same hospital 

301 (52) 0 (0) 0.20 

 Transferred 

to another 

hospital 

267 (46) 4 
(100) 

 

 

 Died/Sent 

home 

 

4 (1) (0) (0)  

 Missing 1 (0.17) (0) (0)  

       

Post-op stroke 

with 48 hrs 

Yes 101 (17) 0 (0) - 

 No 465 (81) 0 (0)  

 Missing 7 (1) 4 (100)  

Early or before 

treatment 

rebleed 

Yes 44 (7) 0 (0) - 

 No 527 (91) 0 (0)  

 Missing 2 (1) 4 (100)  

Rebleed after 

treatment 

Yes 14 (2) 0 (0) - 



140 
 

Variable 

 

No Missing data 

on discharge 

destination§  

(N=573) 

Any Missing data on 

discharge 

destination§ (N=4) 

P-value 

N (%) N (%) 

 No 554 (96) 0 (0)  

 Missing 5 (1) 4 (100)  

Neurological 

Infection 

Yes 57 (9) 0 (0) - 

 No 510 (89) 0 (0)  

 Missing 6 (1) 4 (100)  

Seizure Yes 41 (8) 0 (0)  

 No 522 (91) 0 (0)  

 Missing 10 (1) 4 (100) - 

Clinical 

deterioration 

Yes 156 (27) 0 (0) - 

 No 388 (67) 0 (0)  

 Missing 29 (5) 4 (100)  

Cerebral 

Infarction 

Yes 120 (20) 0 (0) - 

 No 424 (74) 0 (0)  

 Missing 29 (5) 4 (100)  

Hydrocephalus Yes 298 (52) 0 (0) 0.22 

 No 269 (46) 2 (50)  

 Missing 6 (1) 2 (50)  

§Number and (%), unless otherwise indicated;¶Ambulance transfer refers to initial arrival by 

ambulanceWFNS: World Federation of Neurological Surgeons 

ACA: Anterior cerebral artery, ICA: Internal carotid artery, Pcomm: Posterior 

communicating, MCA: Middle cerebral artery, Posterior: Posterior circulation  
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4.6 Discussion 

This is the largest study examining the role of sex in short term-outcome following aSAH. 

Women were older, more often had a history of hypertension and more frequently suffered 

from DCI and hydrocephalus than men. Sex did not predict outcome, however; women had a 

marginally greater risk of being discharged to rehabilitation and in-hospital death. The risk of 

death decreased slightly when pre-stroke confounding factors were taken into account. The risk 

of poor outcomes in women was explained by age, history of hypertension, presence of DCI 

and hydrocephalus.  

Sex did not predict poor outcomes in our study. Among the few prior studies designed to 

examine the factors associated with the outcome in aSAH, women have generally been found 

to have a poorer outcome than men, 196, 207 although not consistently. 52, 65, 69 In one comparable 

study of 120 people (69% women), although 6-month mortality appeared to be greater in 

women (28%) than men (16%), this was not apparent in multivariable analysis.65 In other 

studies, there was no detectable difference between men and women in the risk of worse 

outcome at 3 months when adjusting for age, neurological condition on admission, site 52, 69 

and size of aneurysm, and length of stay.52 There is an urgent need for research to improve 

diagnosis, prevention and treatment of complications after aSAH, particularly DCI and 

management of hydrocephalus, which could lead to improved outcome. 

DCI and hydrocephalus were more common in women than in men. Our finding is in agreement 

with some studies 109, 199, 200 but contrasts with others. 201, 208 The risk of DCI is associated with 

the size of initial bleed and poor WFNS grades 209 but its pathophysiology remains unexplained. 

198 The greater risk of DCI in women could be related to physiological factors including smaller 

vessels compared to men that result in high sheer wall stress inducing vascular injury and 

ultimately leading to ischaemia.199 The explanation for our finding that hydrocephalus was 

more common in women than men is unclear, but some authors suggest a possible role of 

estrogen.210 Complications were very common after aSAH and there are limited clinical 

guidelines to guide prevention, diagnosis and management.  

There were sex differences in the location of ruptured aneurysms. The anterior communicating 

artery was the most common site in men, while anterior communicating and posterior 

communicating arteries were the most common locations in women. This is consistent with 

previous studies that tended to be single-centre or regionally focused.50, 52, 211 These sex 

differences in aneurysm site on Circle of Willis may be due to morphological, embryological 
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and physiological factors. In a study based on sex differences specific to morphology of 

ruptured aneurysms of anterior communicating artery, the authors noticed that morphological 

measures of the aneurysm such as aneurysm size, flow angles and vessel angles were greater 

in men than women. 212 These morphological differences might be the reason for more anterior 

communicating ruptured aneurysms in men than women. 212 Anatomical variations in the Circle 

of Willis, which are linked to a higher rate of aneurysm rupture, have been linked to differences 

in aneurysm distribution in men and women.213 Type A variation when there is an absence of 

unilateral A1 segment (pre-communicating part of anterior cerebral artery) was more common 

in men, while women more often had Type P variations when the fetal type of posterior cerebral 

artery originates from the internal carotid artery, and thus has been linked to internal carotid 

artery aneurysm.214 Considering physiological factors, authors of another study found that 

vessel diameters were greater in men than in women. There was more sheer wall stress in 

women 215 mostly at bifurcations, and this could be a potential reason for more aneurysms in 

women. Although posterior circulation aneurysms and greater aneurysmal size were 

considered predictors of unfavorable outcomes in previous studies,85, 216 in our study most 

aneurysms were located in the anterior circulation. Despite the sex differences in location and 

size of the ruptured aneurysm, we could not detect any association of these findings with 

outcome in the covariate adjusted analyses. 

Although our study was focused on sex differences in aSAH, the study also provides more 

general insights into predictors of poor outcome after aSAH from a large, multicentre, 

contemporary cohort ascertained using sound epidemiological methods. We observed that risk 

factors like history of hypertension was more common in women and smoking was more 

frequent in men. A poor risk factor profile leads to early deaths from aSAH.217 These behavioral 

factors have been linked to unfavorable outcomes100, 218 and are also a cause of various 

neurological complications after aSAH.51, 218, 219 Older age was also a risk for worse outcomes 

in our study as supported by others.85, 86 We reported no significant interaction of sex with age 

and other covariates in the study for association with the outcome, however, there is a dearth 

in literature regarding the interaction of sex with other factors while reporting the outcomes 

after aSAH. In accordance with previous research, patients with DCI 220 and hydrocephalus221, 

222 were more often discharged to rehabilitation, an indicator of greater functional impairment, 

and had a greater risk of in-hospital death, reinforcing the significance of these complications. 

Prevention of modifiable risk factors and rapid diagnosis and improvement in the management 
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of DCI and hydrocephalus is important to prevent death and temporary or permanent disability 

after aSAH in both sexes, but particularly women given its higher incidence in that group. 

There were some limitations of our study. Owing to the low incidence of aSAH, the study was 

retrospective, which resulted in some missing data for the outcomes of interest (≤10%) and 

risk factors like smoking (25%). As out of hospital deaths were not available for the study, our 

results are only generalizable to hospitalized patients. The use of discharge outcome is also a 

limitation of our study, as functional improvement or deterioration from delayed complications 

may occur following discharge. Examination of other more relevant patient-centred outcomes 

such as health related quality of life are needed. We also did not have data on severity of 

angiographic vasospasm which is one of the mechanisms that leads to DCI.223 Instead, we 

recorded DCI using the clinical NINDS definition noting that “vasospasm” was often used as 

an alternate term in medical records. The diagnosis of DCI was confirmed using medical notes, 

treatment received and confirmation from neurointerventional radiologist. We recorded for 

hydrocephalus indicated by intervention like ventriculostomy or shunt placement. We further 

confirmed DCI and hydrocephalus from post-operative notes, imaging and details on treatment 

related to both complications. Aneurysm characteristics were taken from neuroimaging after 

rupture, which may result in mis-estimation of aneurysm size, noting that this is a common 

method used in studies of aSAH.50, 52 

There were several strengths of the current study. Unlike most previous studies that have been 

in single centres, we had data from all consecutive cases of radiographically confirmed aSAH 

across two hospital networks, making our results more generalisable. We had access to clinical 

and radiological records and only included confirmed cases of aneurysmal rupture. We further 

included only first ever cases of aSAH, and so our findings were not complicated by ongoing 

neurological impairments from previous events, different management or outcomes. We used 

standardised clinical definitions for complications, while aneurysm characteristics were 

reported by neuroradiologists. 

4.6.1 Conclusions 

In conclusion, there were more women than men in our cohort of aSAH participants. They 

were older and more often have a history of hypertension whereas smoking was more common 

in men. They were found to have a slightly greater likelihood of being discharged to 

rehabilitation and in-hospital death compared to men, but this was explained by older age, 
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hypertension history, presence of DCI and hydrocephalus. Better management of behavioural 

risk factors and neurological complications could overall improve the outcomes.  
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Chapter 5: Adherence to evidence-based processes of care reduces 

one-year mortality after Aneurysmal Subarachnoid haemorrhage 

(aSAH)  

5.1 Preface 

At the time of submission, the contents of this paper were submitted to the International 

Journal of Stroke. 

Rehman S, Chandra RV, Lai L, Asadi H, Dubey A, Froelich J, Thani N, Nichols L, Blizzard L, 

Smith K, Thrift AG, Stirling C, Callisaya ML, Breslin M, Reeves MJ, Gall S.  
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5.2 Abstract  

Background: There is limited evidence on the provision of processes of care and survival after 

aneurysmal subarachnoid haemorrhage (aSAH). There are sex differences in aSAH incidence 

but whether these extend to care or outcomes is unknown. 

Aims: We aimed to examine sex differences in (1) longer term survival and (2) adherence to 

evidence-based care after aSAH. 

Methods: In a retrospective cohort (2010-2016) of all aSAH cases across two comprehensive 

Australian cerebrovascular centres, we documented 3 indicators of evidence-based aSAH care: 

(1) antihypertensives before aneurysm treatment, (2) nimodipine, and (3) aneurysm treatment 

(coiling/clipping). We defined ‘optimal care’ as receiving all eligible processes of care. 

Outcomes included discharge destination from medical records and survival at 1 year from data 

linkage. We analysed (1) sex differences in the risk of 1-year mortality and causes of death 

after aSAH; (2) the proportion of patients receiving processes of care including by sex, and (3) 

associations between processes of care with 1-year mortality using cox-proportional hazard 

model and discharge destination using log-binomial regression adjusting for sex, age, severity, 

and comorbidities. 

Results: Among 549 patients (69% women), 59% were managed according to the guidelines, 

with no sex differences. Individual care indicators were associated with a lower 1-year 

mortality but not discharge destination. Optimal care reduced mortality at 1 year in univariable 

(HR 0.24 95% CI 0.17-0.35) and multivariable (HR 0.51 95% CI 0.34-0.77) analyses 

independent of sex, age, severity, comorbidities, and hospital network.  

Conclusion: There were no differences in the provision of evidence-based care for people with 

aSAH by sex. Adherence to processes of care reduced 1-year mortality after aSAH. Many 

patients with aSAH do not receive evidence-based care and this must be addressed to improve 

outcomes. 
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5.3 Introduction 

Aneurysmal subarachnoid haemorrhage (aSAH) is a rare type of stroke with poor outcomes. 

Approximately 25% of patients die before reaching hospital5 and about 50% die within 6 

months.224 While there is a greater incidence of aSAH in women than men,43 it is unclear 

whether this sex difference extends to processes of care or long-term survival. Sex differences 

in care and outcome for people with stroke may exist due to patient-level factors, such as age 

or comorbidities, but could also reflect gender bias in the provision of care.27 Understanding if 

such differences exist, and if they do what might explain them, is important for ensuring 

equitable outcomes for all people with aSAH. 

Clinical guidelines for the diagnosis and treatment of aSAH provide recommendations for 

management that are associated with better outcomes.119, 120 European and American guidelines 

recommend imaging including non-contrast head computed tomography (CT)121 scan for 

diagnosis of aSAH, and computed tomography angiography (CTA) and/or digital subtraction 

angiography (DSA) for aneurysm detection. Following confirmation, guidelines recommend 

(1) use of antihypertensives in the emergency department (ED) to reduce aneurysm rebleeding; 

(2) administration of nimodipine to prevent delayed ischaemia and improve outcomes;5 and (3) 

clipping or coiling to treat the ruptured aneurysm.124 There is a large and growing body of 

evidence showing that adherence to treatment guidelines is associated with better outcomes in 

ischaemic stroke.225 However, it is unclear whether the benefits of adhering to guidelines also 

hold for aSAH. Others have observed sex differences in the receipt of evidence-based care in 

ischaemic stroke125 but none have examined this for aSAH.127 

Findings are inconsistent regarding sex differences in long-term mortality following aSAH. In 

the International Subarachnoid Aneurysm Trial (ISAT) standardised mortality ratios (SMR) 

were somewhat higher for women (1.65 95% CI 1.32-1.98) than men (1.46 95% CI 1.09-1.83) 

at 1 year.75 Similarly, a greater SMR was reported for women (2.0 95% CI 1.6-2.6) than men 

(1.3 95% CI 0.9-1.8) in 752 aSAH patients in the Netherlands between 1985 to 2001.82 There 

are also inconsistencies reported in sex differences in the causes of death following aSAH and 

determination of sex differences was not been the main purpose of these investigations.82, 224 

None of these authors examined associations between processes of care in aSAH and long-

term mortality. A deeper understanding of sex differences in the long-term survival of aSAH, 

considering the quality of care, will help in targeting strategies to improve survival.  
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We examined (1) sex differences in 1-year mortality after aSAH including causes of death; (2) 

adherence to recommended processes of care after aSAH including differences by sex, and (3) 

whether adherence to recommended guidelines was associated with 1-year survival and 

discharge destination after aSAH including if these differed by sex.  

5.4 Methods 

This was a retrospective cohort study of all patients diagnosed with aSAH across two large 

public healthcare networks (Tasmania, population ~500,000 and South-east Victoria, 

population ~1.2 million) in Australia between 2010-2016. The study was approved by the 

Health and Medical Human Research Ethics Committees in Victoria (RES-18-0000-036A) and 

Tasmania (H0014563) with a waiver of consent. Multiple overlapping sources were used to 

identify the cases including admission, discharge and ward lists for the emergency, 

neurosurgical and radiology departments across the tertiary centres and referring hospitals. A 

combination of International Classification of Diseases 10 codes (160.0-160.9, 167.1 and 

169.0), as either a primary or secondary diagnosis, and keyword searches were used to ascertain 

potential cases. A standardised abstraction form using data from radiology, pathology, and 

surgical reports, as well as discharge letters, were used to confirm first-ever aSAH. Potential 

cases were coded by one researcher in each site, and a neurosurgeon or neuro-interventional 

radiologist resolved any discrepancies in diagnosis. 

5.4.1 Measurement of study factors 

We examined 3 indicators as evidence-based best practice measures following current clinical 

guidelines.119, 120 Indicator 1 was the administration of antihypertensives as recommended in 

US guidelines when systolic blood pressure (SBP) is ≥160mmHg119 and in European guidelines 

when SBP is >180mmHg.120 We present data for the 160mmHg SBP cut-off 226 in the main 

analysis and SBP>180mmHg in a sensitivity analysis. Data on receipt of antihypertensives 

including the time of administration before aneurysm treatment was extracted from the 

emergency department (ED) records along with the first reading of SBP on arrival at the 

hospital. We classified patients into four groups according to use of antihypertensive and their 

recorded systolic blood pressure (SBP) using the cut-off of  ≥160mmHg (>180mmHg as an 

alternative cut-off) : (1) systolic blood pressure (SBP) <160mmHg in those treated with 

antihypertensive agents, (2) systolic blood pressure (SBP) <160mmHg in those not treated with 

antihypertensive agents, (3) systolic blood pressure (SBP) ≥160mmHg in those treated with 

antihypertensive agents, (4) systolic blood pressure (SBP) ≥160mmHg in those not treated with 
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antihypertensive agents. Indicator 2 was the receipt of nimodipine extracted from medical 

records, emergency department records, and post-operative notes. Indicator 3 was coiling or 

clipping to treat aneurysm including the time of treatment when ruptured aneurysm was located 

on neuroimaging.  

Although the guidelines do not specify time frames, we examined the timing of receipt of 

nimodipine (within 24 hours compared to >24 hours or not treated), antihypertensive agents 

(within 24 hours compared to >24 hours or not treated) and aneurysm treatment (treated <72 

hours compared to treated >72 hours or not treated) in sensitivity analyses. The information 

was extracted from surgery and discharge notes and, imaging details. Type of management (e.g. 

‘active aSAH care’ or ‘active comfort care’ including only those with these orders before 

aneurysm treatment) was also examined as an indicator but not as part of ‘optimal care’ (see 

below).  

The proportion of patients receiving 0, 1, 2, or 3 processes of care was calculated, and also the 

proportion receiving ‘optimal care’ (i.e. receiving all eligible processes of care) compared to 

those receiving fewer processes of care in line with previous studies of ischaemic stroke.227   

Covariates included variables that were known to be strong predictors of the outcome,228, 229 

including age, World Federation of Neurological Surgeons (WFNS) score (I-V, higher=more 

severe), Modified Fisher scale (0-4, higher=more severe) and Charlson comorbidity index (0, 

1 or 2, >2) and delayed cerebral ischaemia (DCI) using National Institutes of Neurological 

Disorders and Stroke definition (NINDS).108  

World Federation of Neurological Surgeons (WFNS) score (I-V)114 and Modified Fisher scale 

(0-4)230 were assessed on admission and by non-contrast CT scan respectively. These severity 

scores are used to determine the prognosis of the disease. Charlson comorbidity index was 

categorized according to the number of comorbidities (0, 1 or 2, >2).231 

A potentially important covariate that might influence provision of evidence-based care, as 

well as survival, was whether the person was actively managed on admission to hospital or 

whether they provide with active comfort care (e.g. active palliative care). Information on the 

type of management (e.g. ‘active aSAH care’ or ‘active comfort care’) were extracted from 

medical records. Patients who were placed on active comfort care after aneurysm treatment 

were included in the ‘active’ management group. The methods for dealing with this covariate 

in analyses is described below in the ‘statistical analysis’ section. 
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5.4.2 Outcome 

The primary outcome was 1-year survival after aSAH, which was obtained by data linkage to 

the National Death Index (NDI). Underlying causes of death were based on the International 

Statistical Classification of Diseases and Related Health Problems 10th Revision (ICD-10) 

codes. We collapsed causes of death into four categories: (1) SAH, (2) other cerebrovascular 

events, e.g. intracerebral haemorrhage (ICH) and ischaemic stroke (IS), (3) cardiovascular 

diseases, e.g. ischaemic heart disease (IHD), and (4) other causes, e.g. infection, cancer, or 

respiratory diseases. We calculated days from diagnosis to death up to 1 year. Patients who did 

not die up to 1 year were censored. As a secondary outcome, we examined discharge 

destination (home vs rehabilitation in survivors) after acute hospital admission.232 

5.4.3 Statistical analysis 

We examined sex differences in characteristics of patients, discharge destination, survival 

including causes of death and processes of care using Pearson’s chi-square for categorical 

variables and t-test for continuous variables. Competing-risks regression233 was used to analyse 

the specific hazard ratio (sHR) in women compared to men for causes of death at 1 year.  

For processes of care, log-binomial regression was used to examine the likelihood of receiving 

each evidence-based processes of care (prevalence ratios ± 95% CI) with consideration of 

covariates including sex, age, WFNS, modified Fisher scale, and Charlson comorbidity index). 

Analyses were repeated using alternative indicators including the timing of each process of 

care. We also ran these analyses restricted to those that were actively managed. 

We used a Cox proportional hazard model to estimate the univariable hazard ratio (HR  95% 

confidence interval [CI]) of the primary outcome of 1-year mortality by study factors including 

sex, processes of care (including optimal care), WFNS, modified Fisher scale, Charlson 

comorbidity index, and delayed cerebral ischaemia (DCI) with purposeful model building used 

to select covariates for models including each process of care and optimal care. Separate 

regression models predicting survival were run for each process of care indicator and optimal 

care adjusted for covariates.  

Log-binomial regression was used to estimate the relative risk (RR  95% confidence interval 

[CI]) of the secondary outcome of discharge to rehabilitation compared to home among 

survivors including sex, optimal care, processes of care, age, WFNS, modified Fisher scale, 

and Charlson comorbidity index as covariates using purposeful model building, in the models 
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including each process of care and optimal care. Separate regression models predicting 

discharge destination were run for each process of care indicator and optimal care adjusted for 

covariates.  

For both outcomes, we explored interactions between covariates and processes of care using 

product terms in the final multivariable models. We also explored, in detail, the role of 

management type (active aSAH management/care vs active comfort care) in associations 

between processes of care and outcomes. This included by adjusting for management type in 

multivariable regression models, as well as analyses restricted to those that were actively 

managed only.  

Sensitivity analyses were performed including re-running all regression models with 

alternative SBP category (>180mmHg cut off), and timing of receipt of antihypertensives, 

nimodipine and clipping/coiling, and ‘optimal care’ was re-calculated with these alternative 

indicator definitions. 

The analysis was performed in statistical software Stata 16 (StataCorp LLC, Texas, USA) and 

two-sided P<0.05 was considered statistically significant. 

5.5 Results 

We identified 549 patients with aSAH, with a median age of 55 (46-67) years (Table 5-1). 

Women were over-represented (69% of cases) and were older than men (median age 56 vs 54). 

A large proportion of patients had a favourable grade of WFNS (WFNS I, 44%) on presentation 

and most had a severe grade of haemorrhage recorded on CT scan (modified Fished score 4, 

56%). The Charlson comorbidity score and active comfort care did not differ between the sexes. 

5.5.1 Processes of care  

Among individual processes of care, 85% received nimodipine and 85% received aneurysm 

treatment (Table 5-2 and Table 5-3). Only 31% of the eligible cohort received antihypertensive 

agents in the ED. Optimal care was received by 59% of all patients. There were no sex 

differences in individual processes of care or optimal care. Most received nimodipine and 

antihypertensives within one day and aneurysm treatment within 72 hours with no difference 

by sex (Table 5-4). Optimal care was received by 64% of those actively managed and none on 

active comfort care (Table 5-5). There was a lesser prevalence of receiving nimodipine, 

aneurysm treatment and optimal care in patients with poor-grade aSAH and among those who 

were put on active comfort care , but there were no differences by sex (Table 5-6).   
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5.5.2 Mortality up to 1 year  

In our cohort, 27% died within 1 year of onset of aSAH (Table 5-7). The median days of 

survival and death rate up to 1 year were similar in both sexes (27% men vs 26% women) 

(p=0.87, Table 5-7). Almost all patients put on active comfort care subsequently died.  

5.5.3 Cause-specific mortality  

Death from aSAH was the most common cause of death (71%) within 1 year. Causes of death 

were similar for women and men (Table 5-7). In women, the risk of dying from the SAH was 

the same as in men (sHR 1.06 95% CI 0.71-1.59, p=0.76) when adjusted for age and 

comorbidities in competing risk analysis (Table 5-8).  
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Table 5-1 Characteristics of aSAH in the whole cohort by sex 

Variable 

 

Total* 

N=549 

Men* 

N=170 

Women* 

N=379 

P-

value 

N (%) N % N (%) 

Age Median  

(IQR 1-3) 

55 (46-67) 54 (45-64) 56 (47-70) 0.04 

Charlson 

comorbidity score 

      0.13 

0 396 (72) 132 (77) 264 (70)  

1 or 2 114 (21) 27 (16) 87 (23)  

>2 39 (7) 11 (6) 28 (7)  

WFNS        0.53 

I 246 (45) 85 (50) 161 (42)  

II 97 (18) 27 (16) 70 (18)  

III 25 (4) 6 (3) 19 (5)  

IV 47 (9) 12 (7) 35 (9)  

V 124 (23) 38 (22) 86 (23)  

Missing 10 (2) 2 (1) 8 (2)  

Modified Fisher 

score 

      0.56 

0 6 (1) 1 (1) 5 (1)  

1 49 (8) 17 (10) 32 (8)  

2 18 (3) 8 (4) 10 (3)  

3 110 (20) 37 (22) 73 (19)  

4 310 (56) 92 (54) 218 (58)  

Missing 56 (10) 15 (9) 41 (11)  

Hospital network       0.93 

Hospital 1 

(Victoria) 

334 (61) 103 (61) 231 (61)  

Hospital 2 

(Tasmania) 

215 (39) 67 (39) 148 (39)  

Ventriculostomy 

before aneurysm 

treatment 

      0.11 

No 299 (54) 102 (60) 197 (52)  

Yes 246 (45) 68 (40) 178 (47)  

Missing 4 (1) 0 (0) 4 (1)  

Delayed cerebral 

ischaemia (DCI) 

      0.003 

No 368 (67) 128 (75) 240 (63)  

Yes 153 (28) 33 (19) 120 (32)  

Missing 28 (5) 9 (5) 19 (5)  

Active Comfort care        0.20 

No 488 (89) 148 (87) 340 (89)  

Yes 57 (10) 22 (13) 35 (9)  
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Missing 4 (1) 0 (0) 4 (1)  

*Number and (%), unless otherwise indicated, WFNS World Federation of Neurological 

Surgeons grading 
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Table 5-2 Processes of care in aSAH in the whole cohort and, in men and women 

Variable Total* Men* Women* P-value 

N (%) N (%) N (%) 

Nimodipine       0.85 

No 81 (14) 26 (15) 55 (14)  

Yes  464 (85) 144 (85) 320 (84)  

Missing 4 (1) 0 (0) 4 (1)  

Aneurysm treated       0.40 

No 80 (15) 28 (16) 52 (14)  

Yes 468 (85) 142 (84) 326 (86)  

Missing 1 (0.1) 0 (0) 1 (0.2)  

Antihypertensive        0.85 

SBP<160/No antihypertensive 270 (49) 84 (49) 186 (49)  

SBP≥160/No antihypertensive 143 (26) 42 (25) 101 (27)  

SBP<160/Yes antihypertensive 43 (8) 13 (8) 30 (8)  

SBP≥160/Yes antihypertensive 65 (12) 23 (13) 42 (11)  

Missing  28 (5) 8 (5) 20 (5)  

Number of evidence-based 

processes of care 

      0.82 

0 31 (6) 11 (6) 20 (5)  

1 47 (8) 14 (8) 33 (8)  

2 148 (30) 42 (25) 106 (28)  

3 323 (59) 103 (60) 220 (58)  

Optimal care       0.57 

Did not receive 1 treatment 226 (41) 67 (39) 159 (42)  

Received all treatments 323 (59) 103 (61) 220 (58)  

*Number and (%), unless otherwise indicated 
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Table 5-3 Individual diagnostic processes in men and women 

Variable Total* 

N=549 

Men* 

N=170 

Women* 

N=379 

P-value 

N (%) N (%) N (%)  

CT (any type)       0.94 

      No 10 (2) 3 (2) 7 (2)  

      Yes 537 (97.5) 167 (98) 370 (97)  

      Missing 2 (0.3) 0 (0) 2 (0.5)  

Non-contrast CT       0.59 

No 71 (13) 24 (14) 47 (12)  

Yes 470 (85) 144 (84) 326 (86)  

Missing 8 (1) 2 (1) 6 (1.5)  

CT Angiography       0.32 

No 90 (16) 24 (14) 66 (17)  

Yes 451 (82) 144 (84) 307 (81)  

Missing 8 (1) 2 (1) 6 (2)  

Digital 

Subtraction 

Angiography 

      0.13 

No 135 (25) 49 (29) 86 (23)  

Yes 412 (75) 121 (71) 291 (76)  

Missing 2 (0.3) 0 (0) 2 (0.5)  

Magnetic 

Resonance 

Imaging 

      0.51 

No 515 (94) 159 (94) 356 (94)  

Yes 30 (5) 11 (6) 19 (5)  

Missing 4 (1) 0 (0) 4 (1)  

Lumbar Puncture       0.16 

No 511 (93) 157 (92) 354 (93)  

Yes 25 (5) 11 (7) 14 (4)  

Missing 13 (2) 2 (1) 11 (3)  

*Number and (%), unless otherwise indicated 
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Table 5-4 Time delays in receipt of medication and aneurysm treatment and optimal 

care in men and women in alternative classifications 

Variable Total* Men* Women* P-value 

N (%) N (%) N (%) 

Nimodipine        0.89 

Within 24 hours 278 (60) 84 (58) 194 (58)  

After 24 hours        

7 days 150 (32) 48 (33) 102 (33)  

14 days 20 (4) 8 (6) 12 (5)  

21 days 5 (1) 2 (1) 3 (1)  

>21 days 6 (1) 2 (1) 4 (1)  

Missing 5 (1) 0 (0) 5 (17)  

Nimodipine        0.51 

Not treated/> 24 hours 262 (48) 86 (51) 176 (46)  

 ≤24 hours 278 (51) 84 (49) 194 (51)  

Missing 9 (1) 0 (0) 9 (2)  

Antihypertensives if SBP≥160       0.24 

Within 24 hours 56 (86) 18 (78) 38 (90)  

After 24 hours        

2 days 3 (5) 1 (4) 2 (5)  

>2 days 6 (9) 4 (17) 2 (5)  

Antihypertensives if SBP≥160       0.86 

Not treated/>24 hours 152 (73) 47 (72) 105 (73)  

≤24 hours 56 (27) 18 (28) 38 (27)  

Clipping        0.74 

     No 367 (67) 112 (66) 255 (67)  

     Yes 182 (33) 58 (34) 124 (33)  

     Missing 0 (0) 0 (0) 0 (0)  

Coiling       0.48 

No 259 (47) 84 (49) 175 (46)  

Yes 290 (53) 86 (51) 204 (54)  

Aneurysm treatment time       0.05 

     Not treated/>72 hrs 132 (24) 50 (29) 82 (22)  

     ≤72 hrs 409 (74) 118 (70) 291 (78)  

Antihypertensive if SBP> 180        0.27 

SBP≤180/No antihypertensive 354 (64) 113 (66) 241 (63)  

SBP>180/No antihypertensive 59 (10) 13 (8) 46 (12)  

SBP≤180/Yes antihypertensive 82 (14) 25 (14) 57 (15)  

SBP>180/Yes antihypertensive 26 (5) 11 (6) 15 (4)  
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Missing  28 (5) 8 (4) 20 (5)  

Optimal care*       0.60 

     No 366 (67) 116 (68) 250 (66)  

     Yes 183 (33) 54 (32) 129 (34)  

Optimal care**       0.51 

     No 159 (29) 46 (27) 113 (30)  

     Yes 390 (71) 124 (73) 266 (70)  

*optimal care when aneurysm treatment performed within 72 hours, nimodipine and 

antihypertensives within 24 hours 

**optimal care when SBP>180mmHg as cut-off 
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Table 5-5 Patient characteristics and processes of care according to type of   

management (active comfort care vs actively managed with active aSAH care) 

 Active comfort care* 

N=57 

Actively managed* 

N=488 

P-value 

 N (%) N (%) 

Patient characteristics      

Age Median  

(IQR1-IQR3) 

71 (55-80) 54 (45-64) <0.001 

WFNS     <0.001 

I 8 (14) 237 (48)  

II 3 (5) 93 (19)  

III 4 (7) 21 (4)  

IV 4 (7) 43 (8)  

V 38 (36) 85 (17)  

Missing 0 (0) 9 (1)  

Modified Fisher score     <0.001 

0 0 (0) 6 (1)  

1 0 (0) 48 (9)  

2 0 (0) 18 (3)  

3 3 (5) 107 (21)  

4 45 (79) 263 (54)  

Missing 9 (15) 46 (9)  

Charlson comorbidity 

score     

0.004 

0 31 (54) 362 (74)  

1 or 2 21 (36) 92 (19)  

>2 5 (8) 34 (6)  

Processes of care      

Nimodipine     <0.001 

No 41 (72) 37 (4)  

Yes  16 (28) 447 (96)  

Missing 0 (0)    

Aneurysm treated     <0.001 

No 57 (48) 20 (4)  

Yes   568 (94)  

Missing 0 (0) 1 (0.23)  

Antihypertensive      0.02 

SBP<160/No 

antihypertensive 27 (47) 243 (50) 

 

SBP≥160/No 

antihypertensive 22 (38) 121 (24) 

 

SBP<160/Yes 

antihypertensive   43 (9) 

 

SBP≥160/Yes 

antihypertensive 5 (8) 59 (12) 

 

Missing  3 (5) 22 (4)  

Optimal care     <0.001 

No 57 (100) 165 (33)  

Yes 0 (0) 323 (64)  
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Secondary outcome      

Discharge Destination     <0.001 

Death 57 (100) 83 (17)  

Home 0 (0) 203 (42)  

Rehabilitation 0 (0) 198 (41)  

*Number and (%), unless otherwise indicated, WFNS World Federation of Neurological 

Surgeons grading, Information on comfort care missing in N=4 participants 
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Table 5-6 Unadjusted and adjusted prevalence ratios of processes of care and optimal care according to sex, age, Charlson comorbidity 

index, severity, and management type 

Care processes Nimodipine Antihypertensive Aneurysm treated Optimal care 

Unadjusted 

PR 

(95% CI) 

Adjusted* 

PR 

(95% CI) 

Unadjusted 

PR 

(95% CI) 

Adjusted* 

PR 

(95% CI) 

Unadjusted 

PR 

(95% CI) 

Adjusted* 

PR 

(95% CI) 

Unadjusted 

PR 

(95% CI) 

Adjusted* 

PR 

(95% CI) 

Sex         

  Men Ref  Ref  Ref  Ref  

  Women 1.01 

(0.93-1.08) 

1.02  

(0.95-1.09) 

0.83 

(0.54-1.25) 

0.85 

(0.56-1.29) 

1.03 

(0.95-1.11) 

1.04  

(0.98-1.11) 

0.95 

(0.82-1.11) 

1.04 

(0.91-1.20) 

Age 0.998 

(0.996-1.00) 

0.999  

(0.997-1.00) 

0.99  

(0.97-1.00) 

0.99  

(0.97-1.01) 

0.997  

(0.996-0.998) 

0.998 

(0.995-1.00) 

0.99  

(0.98-1.00) 

0.99  

(0.98-1.00) 

Charlson comorbidity 

index 

        

  0 Ref  Ref  Ref  Ref  

  1 or 2 0.98  

(0.90-1.08) 

1.01  

(0.93-1.09) 

0.88  

(0.53-1.46) 

0.91  

(0.53-1.56) 

0.90  

(0.81-1.00) 

0.96  

(0.89-1.05) 

0.87  

(0.72-1.05) 

0.92  

(0.75-1.13) 

  >2 1.05 

(0.94-1.18) 

1.09  

(0.99-1.04) 

0.76 

(0.34-1.68) 

0.98  

(0.46-2.08) 

0.96  

(0.84-1.11) 

1.05 

 (0.93-1.19) 

0.83  

(0.61-1.15) 

0.95 

(0.73-1.24) 

WFNS 

(I-V) 

0.93  

(0.91-0.96) 

0.95  

(0.93-0.98) 

0.85  

(0.75-0.97) 

0.80 

(0.69-0.92) 

0.92  

(0.93-0.95) 

0.95  

(0.93-0.97) 

0.84  

(0.80-0.90) 

0.87  

(0.83-0.93) 

Modified Fisher score 

(0-4) 

0.96  

(0.94-0.98) 

1.01  

(0.99-1.04) 

0.93  

(0.78-1.12) 

1.07  

(0.87-1.31) 

0.95  

(0.94-0.96) 

1.01  

(0.99-1.03) 

0.94  

(0.89-1.00) 

1.07  

(0.99-1.16) 

Management type         

  Active aSAH care Ref  Ref  Ref  Ref  

  Active Comfort        

care 

0.64  

(0.55-0.74) 

0.69  

(0.60-0.80) 

0.84  

(0.52-1.35) 

1.08  

(0.64-1.84) 

0.54  

(0.45-0.65) 

0.62  

(0.52-0.74) 

0.41  

(0.31-0.55) 

0.57  

(0.42-0.78) 

*Adjusted for hospital network, WFNS World Federation of Neurological Surgeons grading 
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Table 5-7 Mortality in men and women and causes of death up to 1 year after aSAH 

Variables of mortality  Total* Men* Women* P-

value 

 N (%) N % N (%)  

Cohort deceased by 1 year 146 (26.5) 46 (27) 100  (26.3) 0.87 

Median days till death (range) 4 0-107 4  0-93 4 0-107  

Mean(±SD) days till death 11.86 18.06 10.73 15.46 12.39 19.19  

Causes of death        

SAH 104 (71) 32 (70) 72 (72) 0.96 

Other cerebrovascular events 24 (16) 7 (15) 17 (17)  

Cardiovascular events 5 (3) 2 (4) 3 (3)  

Other causes  11 (8) 3 (6) 8 (8)  

Missing 2 (1) 2 (4) 0 (0)  

*Number and (%), unless otherwise indicated 



163 
 

Table 5-8 Specific Hazard Ratio in women compared to men for cause of death up to 1 

year 

Cause of death Unadjusted  

sHR (95%CI) 

Adjusted 

sHR (95%CI) 

Covariates 

adjusted 

Subarachnoid haemorrhage 1.03 (0.69-1.53) 1.06 (0.71-1.59) Age and 

Charlson 

comorbidity 

index 

Other cerebrovascular events  1.11 (0.46-2.65) 1.11 (0.47-2.63) Age and 

Charlson 

comorbidity 

index 

Cardiovascular events 0.69 (0.12-4.12) 0.68 (0.13-3.47) Age and 

Charlson 

comorbidity 

index 

Other conditions like infection, 

respiratory diseases, cancer 

1.19 (0.31-4.49) 1.16 (0.30-4.46) Age and 

Charlson 

comorbidity 

index 
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5.5.4 Predictors of outcomes after aSAH including sex, processes of care and 

covariates 

For the primary outcome of mortality to 1 year, in univariable analysis among all cases (Table 

5-9) there was an increased hazard ratio for mortality associated with age, greater number of 

comorbidities, WFNS score and modified Fisher scale but not sex. Receiving each care 

indicator, except antihypertensives and optimal care was associated with a lower likelihood of 

death. In multivariable analyses adjusted for sex, age, severity scores, comorbidities, DCI, 

aneurysm treatment, nimodipine, and optimal care all remained associated with a reduced risk 

of death at 1 year. We did not find an interaction between processes of care or optimal care 

with sex, age, severity grade or management type suggesting these did not modify the effect of 

evidence-based care on survival. However, given the large influence of being placed on 

comfort measures on the care provided and on outcome, we repeated analyses restricted to 

actively managed patients only (n=488). In this group, receipt of nimodipine and aneurysm 

treatment were associated with longer survival (Table 5-10). We also performed analysis 

adjusting for management type. Aneurysm treatment and nimodipine, but not optimal care, 

were associated with a reduced risk of death at 1 year with no difference by sex (Table 5-11)  

For the secondary outcome of discharge destination, more patients discharged to rehabilitation 

and home received optimal care (rehabilitation 63%, home 76%) compared to those who died 

(30%, p=<0.001,Table 5-12). There were no interactions between covariates, including sex, 

with processes of care and discharge destination. As all patients who were not actively managed 

died, we did not repeat analyses for association between processes of care and discharge 

destination by management type or with adjustment for management type because this groups 

included survivors only. 
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Table 5-9 Hazard ratio of mortality at 1 year associated with individual processes of care and optimal care adjusted for covariates  

Mortality at 1 year Unadjusted 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Female sex 0.97 

(0.68-1.37) 

0.74 

(0.50-1.11)  

0.92 

(0.61-1.37) 

0.69 

(0.38-1.24) 

0.75 

(0.50-1.13) 

Processes of care      

Nimodipine      

No  Ref Ref    

Yes  0.14 

(0.10-0.20) 

0.19 

(0.12-0.32) 

   

Aneurysm treated      

No Ref  Ref   

Yes 0.07 

(0.05-0.10) 

 0.19 

(0.06-0.18) 

  

Antihypertensive      

No Ref   Ref  

Yes 0.64 

(0.37-1.10) 

  1.20 

(0.65-2.21) 

 

Optimal care      

No Ref    Ref 

Yes 0.24 

(0.17-0.35) 

   0.51 

(0.34-0.77) 

Covariates      

Age 1.04 

(1.03-1.05) 

1.04 

(1.02-1.05) 

1.02 

(1.00-1.03) 

1.05 

(1.03-1.08) 

1.04 

(1.02-1.06) 

Charlson comorbidity index      

0 Ref Ref Ref Ref Ref 

1 or 2 1.70 

(1.17-2.46) 

1.50 

(0.93-2.42) 

1.28 

(0.79-2.05) 

1.36 

(0.68-2.70) 

1.25 

(0.78-1.99) 

>2 1.91 2.30 1.90 1.73 1.66 
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Mortality at 1 year Unadjusted 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

(1.12-3.26) (1.24-2.48) (1.02-3.53) (0.84-3.56) (0.75-2.97) 

WFNS 1.72 

(1.54-1.91) 

1.60 

(140-1.84) 

1.51 

(1.31-1.73) 

1.92 

(1.56-2.36) 

1.70 

(1.49-1.95) 

Modified Fisher scale 2.60 

(1.80-3.75) 

1.52 

(1.07-2.14) 

1.43 

(1.00-2.03) 

1.39 

(0.92-2.10) 

1.54 

(1.10-2.16) 

Delayed cerebral ischaemia 

(DCI) 

0.63 

(0.42-0.95) 

0.55 

(0.33-0.92) 

0.79 

(0.46-1.33) 

0.35 

(0.19-0.65) 

0.39 

(0.24-0.62) 

 

*Adjusted for year and hospital network, WFNS World Federation of Neurological Surgeons grading 
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Table 5-10 Hazard ratio of mortality at 1 year associated with individual processes of care and optimal care in actively managed 

patients   

Mortality at 1 year Unadjusted 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Female sex 1.17 

(0.73-1.88) 

0.83 

(0.48-1.41)  

0.94 

(0.56-1.6) 

0.97 

(0.47-2.01) 

0.85 

(0.50-1.45) 

Processes of care      

Nimodipine      

No  Ref Ref    

Yes  0.28 

(0.16-0.20) 

0.19 

(0.09-0.39) 

   

Aneurysm treated      

No Ref  Ref   

Yes 0.20 

(0.10-0.39) 

 0.07 

(0.02-0.17) 

  

Antihypertensive      

No Ref   Ref  

Yes 0.75 

(0.39-1.42) 

  1.33 

(0.66-2.69) 

 

Optimal care      

No Ref    Ref 

Yes 0.50 

(0.33-0.76) 

   0.81 

(0.51-1.33) 

Covariates      

Age 1.03 

(1.02-1.05) 

1.04 

(1.02-1.06) 

1.04 

(1.02-1.06) 

1.02 

(0.99-1.05) 

1.04 

(1.02-1.06) 

Charlson comorbidity index      

0 Ref Ref Ref Ref Ref 

1 or 2 1.38 

(0.83-2.30) 

1.28 

(0.69-2.35) 

1.15 

(0.63-2.08) 

1.24 

(0.51-3.01) 

1.13 

(0.62-2.07) 
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Mortality at 1 year Unadjusted 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

>2 2.20 

(1.15-4.21) 

2.15 

(1.06-4.36) 

2.05 

(1.02--4.11) 

2.23 

(0.98-5.07) 

1.88 

(0.93-3.80) 

WFNS 1.64 

(1.44-1.87) 

1.64 

(1.39-1.9) 

1.63 

(1.39-1.91) 

1.78 

(1.39-2.29) 

1.70 

(1.45-2.00) 

Modified Fisher scale 2.12 

(1.45-3.11) 

1.44 

(1.00-2.06) 

1.47 

(1.01-2.14) 

1.26 

(0.80-1.97) 

1.43 

(1.00-2.03) 

Delayed cerebral ischaemia  

(DCI) 

1.12 

(0.71-1.77) 

0.66  

(0.37-1.18) 

0.61 

(0.34-1.08) 

0.42 

(0.19-0.92) 

0.51 

(0.29-0.90) 

*Adjusted for year and hospital network, WFNS World Federation of Neurological Surgeons grading 
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Table 5-11 Hazard ratio of mortality at 1 year associated with individual processes of care and optimal care including additional 

adjustment for type of management  

Mortality at 1 year Unadjusted 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Female sex 0.97 

(0.68-1.37) 

1.05 

(0.69-1.60) 

1.07 

(0.70-1.62) 

1.05 

(0.56-1.97) 

1.03 

(0.67-1.57) 

Processes of care      

Nimodipine      

No  Ref Ref    

Yes  0.14 

(0.10-0.20) 

0.28 

(0.16-0.48) 

   

Aneurysm secured      

No Ref  Ref   

Yes 0.07 

(0.05-0.10) 

 0.08 

(0.03-0.19) 

  

Antihypertensive      

No Ref           Ref  

Yes 0.64 

(0.37-1.10) 

  1.36 

    (0.72-2.55) 

 

Optimal care      

No Ref    Ref 

Yes 0.24 

(0.17-0.35) 

   0.79 

(0.49-1.27) 

Management type      

Active aSAH care  Ref Ref Ref          Ref Ref 

Active comfort care  25.34 

(16.88-38.03) 

5.37 

(2.83-10.19-) 

1.14 

(0.51-2.58) 

8.97 

(3.45-23.35) 

8.24 

(4.32-15.71) 

Covariates      

Age 1.04 

(1.03-1.05) 

1.03 

(1.01-1.04) 

1.02 

(1.01-1.04) 

1.02 

   (1.00-1.05) 

1.02 

(1.01-1.04) 
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Mortality at 1 year Unadjusted 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Charlson 

comorbidity index 

     

0 Ref Ref Ref Ref Ref 

1 or 2 1.70 

(1.17-2.46) 

1.22 

(0.74-1.99) 

1.04 

(0.64-1.70) 

1.03 

(0.50-2.14) 

1.05 

(0.64-1.71) 

>2 1.91 

(1.12-3.26) 

2.01 

(1.04-3.75) 

1.67 

(0.90-3.11) 

1.73 

(0.82-3.65) 

1.68 

(0.90-3.15) 

WFNS 1.72 

(1.54-1.91) 

1.57 

(1.37-1.80) 

1.56 

(1.36-1.79) 

1.75 

(1.42-2.16) 

1.58 

(1.37-1.81) 

Fisher scale 2.60 

(1.80-3.75) 

1.38 

(0.98-1.94) 

1.42 

(1.00-2.02) 

         1.26 

(0.83-1.93) 

1.38 

(0.99-1.94) 

Delayed cerebral 

ischaemia  

(DCI) 

0.63 

(0.42-0.95) 

0.70 

(0.42-1.17) 

0.79 

(0.47-1.33) 

0.60 

(0.29-1.23) 

0.66 

(0.39-1.09) 

*Adjusted for year and hospital network, WFNS World Federation of Neurological Surgeons grading 
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Table 5-12 Comparison of acute outcome in patients receiving individual processes of care and optimal care 

Processes of care Death  

(N=142) 

Rehabilitation 

(N=200) 

Home 

(N=203) 

P-value 

 N % N % N %  

Nimodipine       <0.001 

No 59 (42) 11 (5) 11 (5)  

Yes 83 (58) 189 (95) 192 (95)  

Missing 0 (0) 0 (0) 0 (0)  

Antihypertensives       0.24 

No 56 (77) 59 (73) 35 (62)  

Yes 17 (23) 21 (26) 20 (36)  

Missing 0 (0) 1 (1) 0 (0)  

Aneurysm 

treatment 

      <0.001 

No 69 (49) 4 (2) 7 (3)  

Yes 73 (51) 195 (97) 196 (96)  

Missing 0 (0) 1 (0.5) 0 (0)  

Optimal care       <0.001 

No  100 (70) 73 (37) 49 (24)  

Yes 42 (30) 127 (63) 154 (76)  
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5.5.4.1 Sensitivity analyses with alternative indicators of processes of care 

In the cohort with SBP>180mmHg, receipt of antihypertensive was not associated with better 

survival. In the analysis of optimal care using the alternative indicator of SBP, the results were 

similar for 1-year survival (Table 5-13). Refining the process of care for receipt of nimodipine 

within 24 hours and treating aneurysm to within 72 hours was associated with longer survival 

(Table 5-13). Among survivors, receipt of nimodipine, aneurysm treatment and optimal care 

was relatively greater for those discharged home with a larger difference seen when the time 

to receiving processes of care was taken into account (Table 5-14, Table 5-15 and Table 5-

16). 
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Table 5-13 Hazard ratio of mortality at 1 year associated with the alternative classification of individual processes of care and optimal 

care  

Mortality at 1 year Unadjusted 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Female sex 0.97 

(0.68-1.37) 

0.71 

(0.49-1.07)  

0.95 

(0.62-1.44) 

0.70 

(0.39-1.24) 

1.40 

(0.51-3.80) 

0.73 

(0.48-1.09) 

0.78 

(0.52-1.17) 

Processes of care        

Nimodipine        

Received after 24 hrs Ref Ref      

Received within 24 hrs  0.63 

(0.45-0.88) 

0.61 

(0.42-0.89) 

     

Aneurysm treated        

Not treated/>72 hrs Ref  Ref     

≤72 hrs 0.19 

(0.14-0.27) 

 0.20 

(0.13-0.31) 

    

Antihypertensive        

Received after 24 hrs Ref   Ref    

Received within 24 hrs 0.73 

(0.42-1.26) 

  1.33 

(0.72-2.45) 

   

Antihypertensive >180mmHg        

No Ref    Ref   

Yes 0.69 

 (0.32-1.49) 

   1.63 

(0.58-4.52) 

  

Optimal care**        

No Ref     Ref  

Yes 0.49 

(0.33-0.73) 

    0.68 

 (0.44-1.04) 

 

Optimal care***        

No Ref      Ref 

Yes 0.20 

(0.14-0.27) 

     0.41 

(0.27-0.61) 

Covariates        

Age 1.04 

(1.03-1.05) 

1.04 

(1.03-1.06) 

1.02 

(1.00-1.04) 

1.05 

(1.03-1.08) 

1.04 

(1.00-1.08) 

1.04 

(1.03-1.06) 

1.04 

(1.02-1.05) 
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Mortality at 1 year Unadjusted 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Adjusted* 

HR 

(95% CI) 

Charlson comorbidity index        

0 Ref Ref Ref Ref Ref Ref Ref 

1 or 2 1.70 

(1.17-2.46) 

1.26 

(0.79-2.03) 

1.13 

(0.70-1.83) 

1.35 

(0.68-2.69) 

1.02 

(0.30-3.46) 

1.16 

(0.73-1.84) 

1.24  

(0.78-1.98) 

>2 1.91 

(1.12-3.26) 

1.86 

(0.99-3.50) 

1.93 

(1.03-3.60) 

1.79 

(0.87-3.68) 

3.33 

(1.00-11.03) 

         1.79 

(0.97-3.30) 

1.85 

(1.00-3.04) 

WFNS 1.72 

(1.54-1.91) 

1.82 

(1.60-2.08) 

1.66 

(1.45-1.90) 

1.92 

(1.57-2.36) 

1.69 

(1.24-2.30) 

1.78 

(1.56-2.03) 

1.64 

(1.43-1.88) 

Modified Fisher scale 2.60 

(1.80-3.75) 

1.58 

(1.12-2.23) 

1.85 

(1.27-2.68) 

1.38 

(0.91-2.09) 

1.53 

(0.77-3.01) 

1.55 

(1.10--2.18) 

1.53 

(1.10-2.13) 

Delayed cerebral ischaemia  

(DCI) 

0.63 

(0.42-0.95) 

0.32 

(0.20-0.53) 

0.55 

(0.34-0.89) 

0.32 

(0.16-0.61) 

0.33 

(0.11-0.97) 

0.36 

(0.22-0.58) 

0.41 

(0.26-0.66) 

*Adjusted for year and hospital network, WFNS World Federation of Neurological Surgeons grading 

**optimal care when aneurysm treatment performed within 72 hours, nimodipine and antihypertensives received within 24 hours 

***optimal care when SBP >180mmHg is cut-off 
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Table 5-14 Prevalence of processes of care and optimal care in those discharged to home compared to discharged to rehabilitation as the 

reference category 

 RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) 

Female sex 0.86 (0.70-1.05) 1.06 (1.04-1.09) 1.07 (0.97-1.18) 0.92 (0.65-1.31) 1.06 (1.04-1.09) 

Processes of care      

Nimodipine      

No  Ref Ref    

Yes  1.00 (0.65-1.54) 1.76 (0.71-4.34)    

Aneurysm secured      

No Ref  Ref   

Yes 0.78 (0.49-1.24)  1.02 (0.48-2.20)   

Antihypertensive      

No Ref   Ref  

Yes 1.24 (0.83-1.87)   1.16 (0.77-1.74)  

Optimal care      

No Ref    Ref 

Yes 1.11 (0.90-1.36)    1.06 (0.91-1.24) 

Covariates      

Age 0.986 (0.985-0.988) 0.989 (0.986-0.992) 0.989 (0.986-0.993) 0.979 (0.968-0.990) 0.990 (0.986-0.993) 

Charlson comorbidity 

index 

     

0 Ref Ref Ref Ref Ref 

1 or 2 0.80 (0.61-1.06) 0.90 (0.68-1.18) 0.91 (0.68-1.20) 1.07 (0.62-1.86) 0.91 (0.70-1.20) 

>2 0.48 (0.24-0.96) 0.53 (0.25-1.11) 0.53 (0.25-1.12) 0.57 (0.09-3.57) 0.52 (0.25-1.11) 

WFNS 0.62 (0.54-0.71) 0.66 (0.58-0.76) 0.66 (0.57-0.76) 0.71 (0.57-0.89) 0.66 (0.58-0.76) 

Modified Fisher scale 0.81 (0.77-0.86) 0.92 (0.90-0.94) 0.92 (0.87-0.98) 0.91 (0.79-1.03) 0.92 (0.90-0.95) 

WFNS World Federation of Neurological Surgeons grading 
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Table 5-15 Prevalence of processes of care and optimal care in those discharged to home compared to discharged to rehabilitation as the 

reference category in actively managed patients 

 RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) 

Female sex 0.87 (0.71-1.06) 1.06 (1.04-1.09) 1.07 (0.97-1.18) 0.92 (0.65-1.31) 1.06 (1.04-1.09) 

Processes of care      

Nimodipine      

No  Ref Ref    

Yes  0.96 (0.63-1.46) 1.38 (0.57-3.36)    

Aneurysm secured      

No Ref  Ref   

Yes 0.71 (0.47-1.08)  0.97 (0.47-1.97)   

Antihypertensive      

No Ref   Ref  

Yes 1.27 (0.85-1.91)   1.17 (0.78-1.76)  

Optimal care      

No Ref    Ref 

Yes 1.34 (1.05-1.70)    1.16 (0.93-1.45) 

Covariates      

Age 0.986 (0.985-0.988) 0.989 (0.986-0.992) 0.989 (0.986-0.993) 0.979 (0.968-0.990) 0.990 (0.987-0.993) 

Charlson comorbidity 

index 

     

0 Ref Ref Ref Ref Ref 

1 or 2 0.81 (0.61-1.07) 0.91 (0.69-1.19) 0.91 (0.69-1.20) 1.09 (0.63-1.8) 0.92 (0.70-1.20) 

>2 0.48 (0.24-0.96) 0.53 (0.25-1.11) 0.53 (0.25-1.12) 0.57 (0.09-3.574) 0.52 (0.25-1.08) 

WFNS 0.62 (0.54-0.71) 0.66 (0.58-0.76) 0.66 (0.57-0.76) 0.71 (0.57-0.89) 0.66 (0.58-0.76) 

Modified Fisher scale 0.81 (0.78-0.86) 0.92 (0.90-0.94) 0.92 (0.87-0.98) 0.91 (0.79-1.03) 0.93 (0.90-0.95) 

WFNS World Federation of Neurological Surgeons grading 
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Table 5-16 Prevalence of processes of care and optimal care in those discharged to home compared to discharged to rehabilitation as the 

reference category (optimal care category with optimal time to treatment)** 

 RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) 

Female sex 0.86 (0.70-1.05) 1.03 (0.92-1.48) 1.08 (0.98-1.20) 0.92 (0.67-1.28) 1.06 (1.04-1.09) 

Processes of care      

Nimodipine      

No  Ref Ref    

Yes  1.01 (0.83-1.23) 1.10 (0.95-1.27)    

Aneurysm secured      

No Ref  Ref   

Yes 0.69 (0.56-0.85)  0.87 (0.76-1.00)   

Antihypertensive      

No Ref   Ref  

Yes 1.29 (0.85-1.96)   1.29 (0.82-2.05)  

Optimal care      

No Ref    Ref 

Yes 1.18 (0.98-1.44)    1.18 (0.97-1.28) 

Covariates      

Age 0.986 (0.985-0.988) 0.990 (0.986-0.993) 0.989 (0.985-0.992) 0.980 (0.968-0.990) 0.991 (0.986-0.994) 

Charlson comorbidity 

index 

     

0 Ref Ref Ref Ref Ref 

1 or 2 0.80 (0.61-1.06) 0.95 (0.71-1.27) 0.91 (0.70-1.20) 1.08 (0.62-1.86) 0.92 (0.69-1.23) 

>2 0.48 (0.24-0.96) 0.53 (0.25-1.11) 0.54 (0.25-1.14) 0.65 (0.10-4.26) 0.52 (0.25-1.09) 

WFNS 0.62 (0.54-0.71) 0.66 (0.58-0.76) 0.67 (0.58-0.77) 0.71 (0.57-0.89) 0.66 (0.57-0.76) 

Modified Fisher scale 0.81 (0.77-0.86) 0.94 (0.89-0.99) 0.93 (0.87-0.98) 0.88 (0.75-1.03) 0.93 (0.90-0.95) 

**optimal care when aneurysm treatment performed within 72 hours, nimodipine and antihypertensives received within 24 hours, WFNS World 

Federation of Neurological Surgeons grading 
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5.6 Discussion 

To the best of our knowledge, this is the first study undertaken to examine adherence to 

evidence-based processes of care and association with mortality up to 1 year for patients with 

aSAH. We had a particular focus on whether there were sex differences in these aspects of 

aSAH but found no apparent differences in longer term survival, causes of death or receipt of 

evidence-based care between men and women. Notably, while most patients received 

individual processes of care per current guidelines, optimal care was received by 59% of the 

patients. Patients who were treated according to evidence-based processes of care had lower 

mortality at 1 year, but the outcome was similar in those discharged home versus those 

discharged to rehabilitation as a reference category.  

Sex did not predict long-term survival after aSAH. Overall, 27% of patients had died within 1 

year, a proportion that was similar for women and men. Among causes of death, initial bleed 

from aSAH was the most common with no difference between men and women. This stresses 

the importance of acute care for aSAH to reduce early death. Predictors of mortality in our 

cohort were age, presence of other comorbidities, severity and, perhaps not surprisingly, being 

placed in active palliative care or ‘active comfort care’. Age is an established factor of mortality 

in SAH.224  The risk of death and poor outcome increases in elderly patients of SAH234 due to 

frailty and a higher number of comorbidities. The severity of aSAH measured through WFNS 

and Fisher score grading scales were also associated with 1-year mortality. These scales 

estimate neurological damage through neurological examination or indirectly through the 

extent of the haemorrhage. They are strongly associated with the outcome of the disease235 and 

guide clinical decision making on treatment.236 Others have noted that severity on admission 

to determine prognosis or guide decisions is flawed due to misestimation in some patients and 

inter-observer variability.237 Therefore, it is possible that some patients categorized as poor 

grade with predicted poor prognosis did not receive evidence-based care but may have 

benefited from active management.238  

The indicators for the management of aSAH selected for inclusion in this analysis were from 

the most recent United States and European guidelines, noting that these are both almost 10 

years old.119, 120 Our analyses highlight that there are limited indicators for the care of people 

with aSAH with level 1 evidence. Nimodipine, a calcium channel blocker, was not received by 

some patients who had a poor grade of aSAH and were provided active comfortcare. Another 

reason for not receiving nimodipine could be the presence of contraindications such as 
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hypersensitivity or hypotension,239 symptoms that were not possible to record in our study. 

Nimodipine is recommended for all aSAH119 patients to reduce the event of DCI and improve 

the neurological outcome209 so lower use in poor-grade patients should be explored further. 

Similarly, patients with poor-grade WFNS and the elderly had their aneurysm treated less often. 

The decision for aneurysm treatment depends on factors like age, comorbidity, WFNS grade, 

or aneurysm morphology.240 However, guidelines state that aneurysm should be secured as 

early as ‘logistically and technically’ possible with this decision independent of the grade of 

aSAH.120 Few eligible patients (31%) received antihypertensive medications in the ED 

according to set the cut-off value of SBP in our study from the American Heart Association 

(AHA) guidelines.119 This discrepancy in management of blood pressure needs to be addressed 

in the acute management of aSAH with further research regarding the upper limit for SBP 

associated with better outcomes. 

Approximately 40% of patients did not receive optimal care. The population not provided with 

optimal care (reception of aSAH specific measures) was older, with a poor grade of aSAH 

deemed for active palliative treatment but there were no differences according to sex. Increased 

age and poor grade of aSAH have previously been shown to predict referral for active palliative 

treatment.236 Some investigators have questioned not actively treating older and poor-grade 

aSAH patients,238 showing evidence of a favourable outcome in such patients. Therefore, 

exploring ways to increase access to optimal care to all patients with aSAH irrespective of age 

and grade could help in improving the outcome.  

Individual processes of care and optimal care improved the survival of the patients of aSAH 

by reducing death at 1 year without any sex differences. While there was evidence of somewhat 

increased discharge to home compared to rehabilitation associated with individual processes 

of care and optimal care, these were not statistically significant. Of note is the reduced sample 

size for analyses of discharge destination in survivors that may have affected our ability to 

detect differences, so future studies with larger samples are encouraged. There was evidence 

that receiving processes of care within shorter time frames enhanced the benefit of survival and 

discharge to home, with larger effect sizes in these analyses. DCI was associated with better 

survival replicating our previous findings.232 Overall these findings are supported by improved 

short-term and long-term outcomes in ischaemic stroke when the uncompromised quality of 

care is provided.227, 241 To reduce the gaps in evidence-based care of aSAH, strategies such as 

quality of care registries, audit and feedback could be implemented.242  



180 
 

It is important to highlight that 10% of patients were put on ‘active comfort care’, e.g. without 

active aSAH management, and all eventually died. In actively managed patients there was no 

longer a detectable effect of optimal care with this group younger with less severe stroke than 

the active comfort care group, which may confound associations with outcomes. The patients 

placed on active comfort care were older, had poor-grade SAH and had more comorbidities 

than those who received active management. Similar characteristics and outcome have been 

reported in other studies for those on active comfort care.236, 243  Hence, patients who are elderly 

or with poor-grade aSAH are more likely to receive palliative treatment rather than early 

aneurysm treatment or other active treatment that may contribute to earlier death beyond the 

neurological insult.243 It is difficult to disentangle the interrelationships between age and the 

severity of stroke with clinical decision making in a study of this kind. Arguably, management 

of blood pressure, nimodipine and, probably aneurysm treatment, could be given to all patients 

irrespective of other clinical factors. We should seek to build the evidence base for novel 

treatments for aSAH to improve outcomes. We should ensure that new treatments are included 

in clinical guidelines and that these are implemented into practice.  

5.6.1  Limitations and strengths 

There were some limitations of our study. Common to retrospective studies, there were missing 

data (≤15%) for some variables, providing a potential source of bias. Treatment of 

hydrocephalus is another potential process of care, but we did not have adequate information 

to accurately capture indication and timing. We only extracted the first reading of blood 

pressure from medical records in the ED because records were mostly scanned written notes 

rather than fully digital making accurate extraction of multiple measures difficult. Therefore, 

the true prevalence of hypertension may be different to that reported here. Because we did not 

extract details of the route of administration for nimodipine and antihypertensives we could not 

ascertain whether this differed by sex. Also, there were no data available for long-term 

functional outcomes and quality of life measures but were able to determine outcomes based 

on discharge destination after acute hospital admission, admittedly a poor proxy for functional 

status. There were several strengths of the current study. This is the first large study specifically 

designed to explore the association between the management of aSAH and 1-year survival after 

aSAH. This was a multicentre study with a large cohort of confirmed cases of aSAH. Many 

variables had complete, or almost complete data, for example only 1% of missing data on cause 

of death.  
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5.6.2  Conclusion 

In conclusion, receipt of processes of care improved survival. However, approximately 40% of 

the patients with aSAH did not receive all evidence-based processes of care. There is a lack of 

agreement between the two guidelines regarding SBP for the receipt of antihypertensive, which 

needs to be addressed and updated in the guidelines. Following the guidelines may be critical 

to improving outcome, as processes of care were associated with reduced mortality at 1 year. 

We should continue to look at the new avenues for evidence-based care for aSAH patients, but 

also measure adherence and test interventions to address gaps in the receipt of care. 
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Chapter 6: Sex differences in short and long-term mortality and 

functional outcome after subarachnoid haemorrhage (SAH) in 

INternational STRoke oUtComes sTudy (INSTRUCT)-A pooled 

analysis of the individual participant data 

6.1 Preface 

The contents of this paper were circulated to the co-authors at the time of thesis submission. 

We included other causes of SAH in the study as we could not specifically examine aSAH due 

to missing information on the cause of SAH in the included data sets. 

Rehman S, Phan HT,  Reeves MJ,  Thrift AG, Cadilhac DA,  Sturm J, Breslin M,  Callisaya 

ML, Vemmos K,  Parmar P,  Krishnamurthi R, Barker-Collo S,  Feigin V, Chausson N, Olindo 

S,  Cabral NL, Carolei A, Marini C,  Sacco S, Correia M, Appelros P, Kõrv J,  Vibo R,  Minelli 

C,  Sposato L,  Pandian JD, Kaur P, Azarpazhooh MR,  Morovatdar N,  Gall S. 
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6.2 Abstract  

Background: There have been few studies that have examined sex differences in outcomes 

after subarachnoid haemorrhage (SAH), particularly in the longer term. This may be due to the 

low incidence and relatively high case-fatality of SAH compared to ischaemic stroke. Pooling 

individual participant data (IPD) from people with SAH from high-quality stroke incidence 

studies may address this gap. We aimed to examine the short and long-term outcomes of SAH 

using an IPD meta-analysis.  

Methods: This study is an extension of INternational STRoke oUtComes sTudy (INSTRUCT) 

pooling individual participant data from 13 high-quality population-based incidence studies 

(10 previous and 3 new studies). The primary outcomes were mortality and functional outcome 

(modified Rankin Scale; mRS: good outcome ≤2, poor outcome 3-5). Harmonised study factors 

included age, sex, behavioural factors (current smoking, alcohol intake), comorbidities (history 

of hypertension, ischaemic heart disease, atrial fibrillation), stroke severity (e.g. National 

Institutes of Health Stroke Scale [NIHSS score]) and year of SAH. In the pooled dataset, we 

estimated predictors of mortality, including sex, using Poisson regression, to estimate incidence 

rate ratio (IRR) at 1 month (11 studies), 1 year (12 studies) and 5 years (8 studies). Generalized 

estimating equation using the log-binomial family were used to calculate risk ratios (RRs) for 

predictors, including sex, of poor functional outcome at 1 month (6 studies) and 1 year (8 

studies). 

Results: There were n=657 people with SAH. Mortality was 33% at 1 month, 43% at 1 year, 

and 47% at 5 years. Poor functional outcome was 27% at 1 month and 15% at 1 year. In 

univariable and multivariable analysis, sex was not associated with mortality or poorer 

functional outcome at any time point. In multivariable analysis, mortality was predicted by age 

(RR 1.02 95% CI 1.01-1.03) and severity (RR 2.71 95% CI 1.98-3.72) at 1 month; age (RR 

1.04 95% CI 1.03-1.05), smoking (RR 1.74 95% CI 1.11-2.72) and severity (RR 3.02 95% CI 

2.03-4.48) at 1 year and; age (RR 1.04 95% CI 1.03-1.06), severity (RR 2.75 95% CI 1.56-

4831), and smoking (RR 3.16 95% CI 1.58-6.31) at 5 years. Poor functional outcome was 

predicted by age (RR 1.03 95% CI 1.01-1.05) at 1 month and severity (RR 6.99 95% CI 2.94-

16.60) at 1 year. 

Conclusion: Sex did not predict mortality or poor functional outcomes after SAH. Risk factors 

like smoking, older age and severity of the SAH were associated with worse outcomes. Better 

management of older patients and those with severe strokes could improve outcomes after SAH.  
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6.3 Introduction  

A large body of evidence exists regarding long-term outcomes of ischaemic stroke197, 244, 245 

However, few authors have examined this for subarachnoid hemorrhage (SAH). Higher 

mortality rates and the low incidence of SAH246 compared to ischaemic stroke are possible 

explanations. Pooling individual participant data (IPD) from different studies could be a way 

to examine longer-term outcomes of SAH. The best source of incident cases of SAH is ‘ideal’ 

stroke incidence population-based studies.247, 248 Salient characteristics of an ideal stroke 

incidence population-based study include standard definitions for stroke diagnosis (e.g. World 

Health Organisation definitions), first-ever cases of stroke, community-based case-

ascertainment using multiple overlapping sources, prospective study design, a large and well-

defined stable population, ≤5 years of data averaged together, ages up to ≥ 85 years. and men 

and women presented separately. In these studies, the likelihood of missing cases is less 

compared to hospital-based case-series. This is because of the community-based case 

ascertainment with multiple overlapping sources including death registries, which is 

particularly important for aSAH where sudden death without hospitalisation is not 

uncommon.217 We established an IPD collaboration, the INternational STRoke oUtComes 

sTudy (INSTRUCT), between investigators for 13 ideal stroke incidence studies to examine 

sex differences in stroke. INSTRUCT provides a potential platform for examining longer-term 

outcomes after SAH. 

Whether there are sex differences in outcomes after SAH is unclear. Only a few studies have 

examined sex differences in long-term outcome in SAH, such as mortality at >1 year after onset, 

with most reporting no difference.74,75, 83, 84 However, none of these were designed to examine 

sex differences. The lack of sex differences in outcome after SAH contrasts with studies on 

mixed stroke cohorts that include SAH. In a previous INSTRUCT analysis, we showed that 

women have higher mortality197 and greater disability than men but that this was due to sex 

differences in age, stroke severity, pre-stroke dependency and some risk factors249. However, 

our previous INSTRUCT study had too few SAH cases for the analysis method used and some 

relevant covariates were not extracted from individual studies compared to the updated data 

used from the studies. Therefore, a new analysis focusing on SAH could help us in elucidating 

sex differences in long-term outcomes.  

More broadly, there are relatively few studies of the distribution and predictors of outcome of 

SAH, particularly in the longer term. Existing studies of long-term outcomes after SAH have 
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some limitations. These were mostly single-centred,79, 84, 130 hospital-based studies,74, 79, 130 with 

small sample sizes,79, 207 examined a specific group of patients for example with less severe 

stroke,75 and did not explore the association of patient-level factors74, 83 with the outcome. This 

means there are gaps in our understanding of the natural history of SAH, with such data 

important for informing patients of their likely prognosis but also for identifying ways to 

improve outcomes. 

In this study, we examined sex differences in short and long-term outcomes after SAH, 

including mortality and functional outcomes at 30 days, 1 year and 5 years. 

6.4 Methods 

The methods for INSTRUCT are described elsewhere197 and registered in PROSPERO 

(CRD42016036723). This study is an extension of INSTRUCT including 3 new cohorts with 

10 126, 250-258 existing cohorts for a total of 13 ideal incidence stroke studies included.126, 250-261 

We performed a systematic search for new studies published between 2015-2018 (Appendix 

B) with investigators for 9 new studies contacted with 3 262-264 agreeing to participate. We 

requested deidentified IPD on mortality (≤5 years after stroke), functional outcome, quality 

of life (QoL) and participant characteristics. In these ideal studies, SAH diagnosis was based 

on a typical clinical history (headache, nausea, vomiting, decreased alertness, with or without 

focal neurological deficit) along with CT or lumbar puncture evidence of subarachnoid blood 

or angiographic demonstration of a source of bleeding247. Although aneurysmal rupture (85%) 

is the most common cause of SAH,265 it occurs due to several other reasons like arteriovenous 

malformation. In this study, we examined outcomes for all causes of SAH due to the lack of 

more specific information on causes. INSTRUCT was approved by the Tasmanian Health and 

Medical Human Research Ethics Committee (H0014861). The participating studies had written 

informed consent and approval from their respective local ethics committees. 

6.4.1 Outcome measurement 

Mortality and functional outcome at 30 days, 1 year and 5 years were the outcome measures. 

For mortality, the sources of data in the studies were death certificates250, 251, 253-258, 262-264, 

hospital records251, 253, 258, 261-264, death registries126, 253, 256, 257, patient follow-up250, 254, and 

autopsy records261. Functional outcomes were assessed by the modified Rankin scale (mRS) 

266, 267. Poor outcome was defined as mRS >2 (score 0-5) 249. For functional outcome, 

participants were followed up with face-to-face interviews126, 251, 253, 254, 256, 258, 261, 268, telephone 
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interviews250, 257, 262, 263 or mail250, 257 conducted at 30 days, at 1 and 5 years after stroke. Of 

note, no study had Quality of Life (QoL) available for the participants with SAH.  

6.4.2 Study factors 

We harmonised information on study factors across studies (Table 6-1, Table 6-2 and Table 

6-3): sociodemographic factors included sex, age, marital status, race, education, and 

socioeconomic status; health behaviours included smoking (non-smoker, current smoker, past 

smoker) and alcohol use (never, daily or occasional current drinker, ex-heavy drinker); pre-

stroke comorbidities comprised hypertension, ischaemic heart disease (IHD), peripheral 

vascular disease (PVD), transient ischaemic attack (TIA) and atrial fibrillation (AF); 

medications before stroke included antihypertensives, antiplatelets, and anticoagulants and 

year of stroke. Stroke severity was measured on different scales across the studies including 

the National Institutes of Health Stroke Scale score (4 studies)250, 253, 256, 264; Glasgow Coma 

Scale score (4 studies)251, 256, 257, 261; 6S score Stroke Severity Score based on Six Signs and 

Symptoms (1 study)262, Barthel index at onset (1 study),258 or loss of consciousness (7 

studies)126, 251, 254, 255, 261-263 and hemiplegia or motor deficit (6 studies).126, 251, 254, 255, 261, 263 

Stroke severity was categorized into two categories (less severe/more severe) using cut-off 

levels for different scales: National Institutes of Health Stroke Scale [NIHSS] (≤7)269; Glasgow 

coma scale (GCS) [8>]270, 271; Barthel index (BI) at onset [>20]269 or using median value 

(Stroke severity score SS6) or absence or presence of a loss of consciousness. Year of the SAH 

was categorised for analysis of each outcome at different time points. Based on available 

studies and number of participants, the year of SAH for mortality outcomes was categorised 

into five levels and for functional outcome into four levels. Year of SAH was considered as a 

covariate due to known trends in outcomes due to improvement in the management of SAH 

over time. 
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Table 6-1 Baseline characteristics of 13 Population-Based Stroke Incidence Studies  

Study Years of 

study 

Region Baseline 

(N) 

Women 

% 

1-month 

Mortality 

1-year 

Mortality 

5-year 

Mortality 

1-month 

Functional 

outcome 

1-year 

Functional 

outcome 

5-year 

Functional 

outcome 

Joinville, 

Brazila 

2011-2013 South 

America 

142 55    
 

§ 
¶ 

Melbourne, 

Australia 

1996-1999 Australasia 68 76       

Arcadia, 

Greece 

1993-1995 Europe 13 61       

Orebro, 

Sweden 

2017 Europe 21 52       

Martinique, 

French West 

Indies 

1998-1999 Caribbean 20 50       

Porto, 

Portugal 

1998-2000 Europe 23 78      
¶¶ 

Auckland, 

New Zealand 

2002-2003 Australasia 87 53      
¶¶¶ 

L’Aquila, 

Italia 

1994-1998 Europe 118 53       

Matão,  

Brazil 

2003-2004 South 

America 

1 0       

Tartu, Estonia 2002-2003 Europe 18 72       

Tandil, 

Argentina 

2013-2015 South 

America 

17 59     
§§  

Ludhiana, 

India 

2010-2013 Asia 115 34 *   
   

Mashhad, Iran 2006-2007 Asia 14 43       

Total cases   657  632/643 542 409 222/241 210/217 73/105 

Follow up data missing for: *1-month mortality for 11 cases,1-month functional outcome for 8 cases; 1-month functional outcome for 11 cases;§1-year functional outcome 

for 1 case; §§1-year functional outcome for 6 cases;;¶5-year functional outcome for 6 cases; ¶¶5-year functional outcome for 2 cases; ¶¶¶5-year functional outcome for 24 cases 
aFollow-up data to 5 years were available only among cases with year of stroke 2009 to 2011 for Joinville 
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Table 6-2 Characteristics of included cohort studies from Joinville, Melbourne, Arcadia, Orebro, Martinique and Porto by sex 

 Joinville 

(N=142) 

Melbourne 

(N=68) 

Arcadia 

(N=13) 

Orebro 

(N=21) 

Martinique 

(N=20) 

Porto 

(N=23) 

Characteristic Men 

(n=64) 

N(%)* 

Women 

(n=78) 

N(%)* 

Men 

(n=16) 

N(%)* 

Women 

(n=52) 

N(%)* 

Men 

(n=5) 

N(%)* 

Women 

(n=8) 

N(%)* 

Men 

(n=10) 

N(%)* 

Women 

(n=11) 

N(%)* 

Men 

(n=10) 

N(%)* 

Women 

(n=10) 

N(%)* 

Men 

(n=5) 

N(%)* 

Women 

(n=18) 

N(%)* 

Age, Mean (SD) 54 

(14.31) 

52.34 

(12.54) 

58.46 

(15.63) 

59.22 

(17.40) 

71.40 

(12.11) 

68.87 

(9.44) 

59.70 

(19.71) 

64.63 

(14.98) 

44.50 

(20.00) 

60.30 

(14.05) 

63.40 

(19.80) 

58.61 

(18.90) 

Race              

Caucasian - - 15(94) 46(88) - - 8(80) 11(100) 0 0 - - 

Non-Caucasian   1(6) 2(3)   2(20) 0 10(100) 10(100)   

Missing   0 4(8)   0 0 0 0   

Marital status              

No 

(single/widowed/divorced) 

- - - - - - 1(10) 5(45) - - - - 

Yes       9(90) 6(55)     

Missing       0 0     

Education              

≤ Grade12  60(94) 66(85) 2(13) 3(6) - - - - - - 3(60) 12(67) 

> Grade12 3(5) 11(14) 14(87) 49(94)       1(20) 1(5) 

Missing 1(1) 1(1) 0 0       1(20) 5(28) 

Hypertension history              

No 34(53) 35(45) 10(63) 34(65) 1(20) 1(13) 6(60) 6(54) 8(80) 3(30) 1(20) 13(72) 

Yes 30(46) 43(55) 5(31) 15(29) 4(80) 7(87) 4(40) 4(36) 2(20) 7(70) 4(80) 5(28) 

Missing 0 0 1(6) 3(6) 0 0 0 1(9) 0 0 0 0 

History of diabetes              

No - - 13(81) 47(90) 1(20) 6(75) - - 10(100) 9(90) - - 

Yes   2(12) 2(4) 4(80) 2(25)   0 1(10)   

Missing   1(6) 3(6) 0 0   0 0   

Smoking             

Never 17(26) 38(49) 1(6) 23(44) 3(60) 7(87) 8(80) 7(64) - - 3(60) 16(89) 

Former 16(25) 8(10) 6(38) 3(6) 0 0 0 0   0 0 

Current 31(48) 32(41) 4(25) 10(19) 2(40) 1(13) 2(20) 3(27)   2(40) 2(11) 

Missing 0 0 5(31) 16(31) 0 0 0 1(9)   0 0 

Alcohol              

Never 22(34) 55(71) 0 14(27) 3(60) 8(100) 0 0 6(60) 8(80) 2(40) 8(44) 

Current drinker  42(66) 23(29) 10(63) 19(36) 2(40) 0 8(80) 3(27) 4(40) 2(20) 3(60) 6(33) 



189 
 

 Joinville 

(N=142) 

Melbourne 

(N=68) 

Arcadia 

(N=13) 

Orebro 

(N=21) 

Martinique 

(N=20) 

Porto 

(N=23) 

Characteristic Men 

(n=64) 

N(%)* 

Women 

(n=78) 

N(%)* 

Men 

(n=16) 

N(%)* 

Women 

(n=52) 

N(%)* 

Men 

(n=5) 

N(%)* 

Women 

(n=8) 

N(%)* 

Men 

(n=10) 

N(%)* 

Women 

(n=11) 

N(%)* 

Men 

(n=10) 

N(%)* 

Women 

(n=10) 

N(%)* 

Men 

(n=5) 

N(%)* 

Women 

(n=18) 

N(%)* 

(Occasional/ 

daily) 

Ex-heavy drinker 0 0 1(6) 0 0 0 0 0 0 0 0 0 

Missing 0 0 5(31) 19(36) 0 0 2(20) 8(72) 0 0 0 4(22) 

Transient Ischaemic 

Attack 

            

No 64(100) 78(100) 16(100) 51(98) 5(100) 8(100) 10(100) 11(100) 10(100) 10(100) 5(100) 18(100) 

Yes 0 0 0 1(2) 0 0 0 0 0 0 0 0 

Missing 0 0 0 0 0 0 0 0 0 0 0 0 

Atrial fibrillation              

No 63(98) 78(100) 14(87) 47(90) 4(80) 8(100) 10(100) 9(81) 10(100) 10(100) 5(100) 18(100) 

Yes 1(2) 0 0 1(2) 1(20) 0 0 2(19) 0 0 0 0 

Missing 0 0 2(13) 4(8) 0 0 0 0 0 0 0 0 

Ischaemic heart disease              

No 62(97) 78(100) 15(94) 50(96) 4(80) 7(87) 8(80) 3(27) 10(100) 10(100) 4(80) 18(100) 

Yes 2(3) 0 1(6) 0 1(20) 1(13) 0 0 0 0 1(20) 0 

Missing 0 0 0 2(4) 0 0 2(20) 8(73) 0 0 0 0 

Peripheral vascular disease             

No - - 14(87) 49(94) 5(100) 8(100) 8(80) 3(27) 10(100) 10(100) 5(100) 17(94) 

Yes   2(13) 1(2) 0 0 0 0 0 0 0 0 

Missing   0 2(4) 0 0 2(20) 8(73) 0 0 0 1(6) 

Stroke severity   0 0 0 0 0 0 0 0 0 0 

NIHSS Mean (SD) 14.21 

(11.91) 

14.01 

(11.37) 

5.42 

(11.42) 

9.40 

(12.21) 

  1.28 

(1.49) 

26.33 

(7.76) 

    

NIHSS              

Less severe 30(47) 32(41) 6(37) 13 (25)   7(70) 0     

More severe 34(53) 46(59) 1(1) 9(17)   0 3(27)     

Missing   9(56) 30(57)   3(30) 8(72)     

GCS Mean (SD)     8.00  

(5.56) 

7.12 

(3.87) 

      

GCS             

Less severe     2(40) 3(37)       

More severe     3(60) 5(62)       
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 Joinville 

(N=142) 

Melbourne 

(N=68) 

Arcadia 

(N=13) 

Orebro 

(N=21) 

Martinique 

(N=20) 

Porto 

(N=23) 

Characteristic Men 

(n=64) 

N(%)* 

Women 

(n=78) 

N(%)* 

Men 

(n=16) 

N(%)* 

Women 

(n=52) 

N(%)* 

Men 

(n=5) 

N(%)* 

Women 

(n=8) 

N(%)* 

Men 

(n=10) 

N(%)* 

Women 

(n=11) 

N(%)* 

Men 

(n=10) 

N(%)* 

Women 

(n=10) 

N(%)* 

Men 

(n=5) 

N(%)* 

Women 

(n=18) 

N(%)* 

Missing     0 0       

Loss of consciousness                

No  - - 6(37) 19(36) 4(80) 7(87) - - - - 5(100) 14(78) 

Yes    7(44) 24(46) 1(20) 1(13)     0 4(22) 

Missing   3(19) 9(17) 0 0     0 0 

Loss of consciousness                

Less severe             

More severe             

Missing             

Barthel index at onset             

<20 - - -  - - - - 3(30) 2(20) - - 

≥20         1(10) 2(20)   

Missing         6(60) 6(60)   

Paralysis/motor deficit             

No  - - 10(62) 27(52) 1(20) 3(37) - - - - 5(100) 18(100) 

Yes    3(19) 16(31) 4(80) 5(63)     0 0 

Missing   3(19) 9(17) 0 0     0 0 

*Otherwise indicated 
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Table 6-3 Characteristics of included cohort studies from Auckland, L’Aquila, Matao, Tartu, Tandil, Ludhiana and Mashhad by sex 

 Auckland 

(N=87) 

L’Aquila 

(N=118) 

Matao 

(N=1) 

Tartu 

(N=18) 

Tandil 

(N=17) 

Ludhiana 

(N=115) 

Mashhad 

(N=14) 

Characteristic Men 

(n=41) 

N(%)* 

Women 

(n=46) 

N(%)* 

Men 

(n=55) 

N(%)* 

Women 

(n=63) 

N(%)* 

Men 

(n=1) 

N(%)* 

Women 

(n=0) 

N(%)* 

Men 

(n=5) 

N(%)* 

Women 

(n=13) 

N(%)* 

Men 

(n=7) 

N(%)* 

Women 

(n=10) 

N(%)* 

Men 

(n=76) 

N(%)* 

Women 

(n=39) 

N(%)* 

Men 

(n=8) 

N(%)* 

Women 

(n=6) 

N(%)* 

Age   Mean (SD) 57.56 

(14.73) 

60.06 

(16.04) 

56.18 

(16.85) 

64.80  

(13.96) 

83 - 59.80 

(12.75) 

61.30 

(12.65) 

60.57 

(20.63) 

60.10 

(21.90) 

47.39 

(16.19)  

48.23 

(16.05) 

50.62 

(17.14) 

51.66 

(10.89) 

Race                

Caucasian 8(20) 9(19) - - - - - - - - - - 0 0 

Non-Caucasian 2(5) 3(7)           8(100) 6(100) 

Missing 31(75) 34(74)           0 0 

Marital status                

No (single/ 

widowed/ 

divorced) 

11(27) 20(43) - - - - - - - - 2(3) 3(8) 1(12) 1(17) 

Yes 30(73) 23(50) - - - - - - - - 43(55) 22(56) 7(88) 5(83) 

Missing 0 3(7)         32(42) 14(35) 0 0 

Education                

≤ Grade12  8(20) 14(30)   1(100) 0 - - - - 40(53) 23(59) 6(75) 5(83) 

> Grade12 17(41) 13(28)         3(4) 0 2(25) 1(17) 

Missing 16(39) 19(41)         33(43) 16(41) 0 0 

Hypertension 

history  

              

No 23(56) 25(54) 23(42) 25(40) 1(100) - 3(60) 6(46) 3(43) 4(40) 2(3) 2(5) 7(88) 2(33) 

Yes 13(32) 18(39) 31(56) 38(60)   2(40) 7(54) 4(57) 6(60) 42(55) 23(59) 1(12) 4(67) 

Missing 5(12) 3(6) 1(2)        32(42) 14(36)   

History of 

diabetes  

              

No - - - - - - - - - - 33(43) 15(38) 8(100) 6(100) 

Yes           11(15) 10(26) 0 0 

Missing           32(42) 14(36) 0 0 

Smoking                

Never 10(24) 16(35) 28(51) 43(68) 1(100) 0 - - 7(100) 9(90) 26(34) 24(61) 5(62) 4(67) 

Former 17(41) 8(17) 0 0 0 0   0 0 12(16) 0 0 0 

Current 7(17) 15(33) 17(31) 5(8) 0 0   0 1(10) 5(7) 1(3) 3(37) 2(33) 

Missing 7(17) 7(15) 10(18) 15(24) 0 0   0 0 33(43) 14(36) 0 0 

Alcohol                
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 Auckland 

(N=87) 

L’Aquila 

(N=118) 

Matao 

(N=1) 

Tartu 

(N=18) 

Tandil 

(N=17) 

Ludhiana 

(N=115) 

Mashhad 

(N=14) 

Characteristic Men 

(n=41) 

N(%)* 

Women 

(n=46) 

N(%)* 

Men 

(n=55) 

N(%)* 

Women 

(n=63) 

N(%)* 

Men 

(n=1) 

N(%)* 

Women 

(n=0) 

N(%)* 

Men 

(n=5) 

N(%)* 

Women 

(n=13) 

N(%)* 

Men 

(n=7) 

N(%)* 

Women 

(n=10) 

N(%)* 

Men 

(n=76) 

N(%)* 

Women 

(n=39) 

N(%)* 

Men 

(n=8) 

N(%)* 

Women 

(n=6) 

N(%)* 

Never 6(15) 15(33) - - 1(100) 0 - - 6(86) 10(100) 7(9) 24(61) 8(100) 6(100) 

Current drinker 

(Occasional/ 

daily) 

20(49) 15(33)   0 0   1(14) 0 12(16) 0 0 0 

Ex-heavy drinker 4(10) 5(11)   0 0   0 0 20(30) 1(3) 0 0 

Missing 11(26) 11(24)   0 0   0 0 24(45) 14(36) 0 0 

Transient 

Ischaemic Attack 

              

No - - 49(89) 60(95) 1(100) 0 - - 6(86) 10(100) 35(46) 20(51) 8(100) 6(100) 

Yes   0 0 0 0   1(14) 0 9(12) 5(13) 0 0 

Missing   6(11) 3(5) 0 0   0 0 32(42) 14(36) 0 0 

Atrial fibrillation               

No 40(98) 41(89) 50(91) 55(87) 1(100) 0 - - 6(86) 10(100) 39(51) 22(56) 7(87) 6(100) 

Yes 0 3(7) 2(4) 5(8) 0 0   1(14) 0 5(6) 3(8) 1(13) 0 

Missing 1(20 2(4) 3(5) 3(5) 0 0   0 0 32(42) 14(36) 0 0 

Ischaemic heart 

disease  

              

No 37(90) 42(91) 47(85) 53(84) 1(100) - - - - - 37(48) 24(61) - - 

Yes 3(7) 3(7) 3(5) 6(10) 0      7(9) 1(2)   

Missing 1(2) 1(2) 5(9) 4(6) 0      32(42) 14(36)   

Peripheral 

vascular disease 

              

No - - 49(89) 55(87) 1(100) 0 - - - - - - - - 

Yes   1(2) 3(5) 0 0         

Missing   5(9) 5(8) 0 0         

Stroke severity               

NIHSS mean 

(SD) 

- - - - 22 - - - - - - - 6.28 

(13.25) 

4.5 

(10.54) 

NIHSS               

Less             6(75) 5(83) 

Severe     1 (100)        0 1(16) 

Missing             2(25) 0 

GCS mean (SD) 5.45 

(5.03) 

6.14 

(4.63) 

- - 9 - 13.4 

(2.07) 

11.18 

(4.99) 

- - - - - - 
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 Auckland 

(N=87) 

L’Aquila 

(N=118) 

Matao 

(N=1) 

Tartu 

(N=18) 

Tandil 

(N=17) 

Ludhiana 

(N=115) 

Mashhad 

(N=14) 

Characteristic Men 

(n=41) 

N(%)* 

Women 

(n=46) 

N(%)* 

Men 

(n=55) 

N(%)* 

Women 

(n=63) 

N(%)* 

Men 

(n=1) 

N(%)* 

Women 

(n=0) 

N(%)* 

Men 

(n=5) 

N(%)* 

Women 

(n=13) 

N(%)* 

Men 

(n=7) 

N(%)* 

Women 

(n=10) 

N(%)* 

Men 

(n=76) 

N(%)* 

Women 

(n=39) 

N(%)* 

Men 

(n=8) 

N(%)* 

Women 

(n=6) 

N(%)* 

GCS               

Less 13(31) 15 (33)     5 (100) 8 (61)       

Severe 24 (58) 26 (56)     0 3(23)       

Missing 4 (10) 5 (11)     0 2(15)       

Loss of 

consciousness  

              

No  11(27) 8(17) 20(36) 28(44) - 0 - - 2(29) 10(100) 23(30) 13(33) - - 

Yes 28(68) 34(74) 33(60) 35(56)     5(71) 0 20(26) 12(31)   

Missing 2(5) 4(9) 2(4) 0     0 0 33(43) 14(36)   

6S score** 

Mean (SD) 

- - - - - - - - 3.71 

(2.13) 

4.88 

(1.45) 

- - - - 

6S score               

Less severe         5(71) 6(60)     

More severe         2(28) 3(30)     

Missing          1(10)     

Paralysis/motor 

deficit 

              

No  16(39) 19(41) 40(73) 51(81) - - - - - - 13(17) 8(20) - - 

Yes  21(51) 22(48) 11(20) 9(14)       30(39) 17(44)   

Missing 4(10) 5(11) 4(7) 3(5)       33(43) 14(36)   

*Otherwise indicated 

**6S score; Stroke Severity Score based on Six Signs and Symptoms
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6.4.3 Statistical analysis 

We created a pooled dataset with people with SAH from 13 datasets. Poisson regression was 

used for calculating the incidence rate ratio of mortality by study factors with the cohort as a 

cluster variable, at 30 days (11 studies), 1 year (12 studies) and 5 years (8 studies) after stroke 

with the logarithm of the number of person-years at risk of dying within that period entered as 

an offset. For functional outcome, we used generalized equation estimates using binomial 

family and population cohorts as clusters to calculate risk ratio of poor outcome (modified 

Rankin Scale>2) by study factors at 30 days (6 studies) and 1 year (8 studies).  

To examine the role of sex in the outcome, we used a purposeful model building. We included 

a variable in the multivariable model when (1) the covariate was associated with sex (p-value

≤0.25), (2) the covariate was associated with the outcome (p-value≤0.25), and (3) the 

covariate changed the effect of sex on the outcome by ≥10%.206  

We performed a sensitivity analysis to examine the effect of different severity scales on the 

outcomes. Statistical interaction was tested between sex and covariates using product terms. 

We forced the severity of SAH and time-periods of SAH  into the multivariable model.197  

Multiple imputations by chained equations (m=30 imputations) using variables with complete 

data (sex, age, mortality, and year of stroke) were used to impute person-years in Poisson model 

when date of death was not provided. The imputations were also performed for covariates and 

outcomes when missing data was present for more than 20% of cases.197 The effect of missing 

data on results was examined by comparing complete case and imputed analyses for univariable 

and multivariable models for each outcome at each time points.  

Analyses were conducted in Stata 16 (StataCorp LLC, Texas, USA) and two-tailed p-value 

<0.05 was considered statistically significant. 

6.5 Results 

In total, we included 13 studies with 657 participants across 3 new and 10 existing studies in 

INSTRUCT (Figure 6-1). The characteristics of participants with SAH are provided in Table 

6-4 .  
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Figure 6-1 Flow chart showing the selection of the studies  
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Women comprised a greater proportion (46% men vs 54% women) of the cohort. Mean age for 

the cohort was 56 years. In this cohort 22% were married and 18% had education beyond grade 

12 but the missing data was more than 40% for these covariates. In this pooled cohort 48% 

were hypertensive, 22% were current smokers and 10% were past smokers, current alcohol 

intake was present in 25% of the patients. Other covariates like diabetes mellitus, TIA, AF and 

PVD were present in <5%. Around 44% suffered from severe stroke compared to 41% who 

had a less severe one. 

Compared to men (mean age 54 years), women were older (57 years, p 0.002), less likely to be 

married (29% men vs 16% women, p<0.001) and had more education after year 12 (13% men 

vs 21% women, p=0.009), noting missing data for these factors. More men were past (17% 

men vs 5%women) and current smokers (24% men vs 20% women, p <0.001) compared to 

women. Current alcohol drinking was also more common in men compared to women (34% 

men vs 19% women, p<0.001). After harmonising severity scores, ‘severe’ stroke was not 

different by sex (41% men vs 46% women, p=0.47). Other covariates like hypertension history, 

diabetes mellitus, TIA, AF and PVD were not different by sex. The details for each study are 

provided in Table 6-1, Table 6-2 and Table 6-3 and in Figure 6-2 and Figure 6-3. The 

distribution of sex according to year of stroke is shown in Table 6-5.  
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Figure 6-2 Flow chart of studies with available and missing data on mortality 
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Figure 6-3 Flow chart of studies with available and missing data on functional outcome 

 

  



199 
 

Table 6-4 Characteristics of men and women with first-ever SAH from 13 Population-

based Stroke Incidence Studies (N=657) 

Variable Total 

N=657 

Men 

N=303 

(46%) 

Women 

N=354 

(54%) 

P-

value 

N % N % N %  

Age,   mean (SD) 56 16 54 16 57 15  0.002 

Marital status       <0.001 

Single/widowed/divorced 44 7 15 5 29 8  

Married 145 22 89 29 56 16  

Missing 468 71 199 66 269 76  

Education       0.009 

No 243 37 120 40 123 35  

Yes>12year 115 18 40 13 75 21  

Missing 299 45 143 47 156 44  

Hypertension history       0.87 

No 278 42 122 40 156 44  

Yes 319 48 142 47 177 50  

Missing 60 9 39 13 21 6  

History of diabetes       0.34 

No 148 73 65 21 83 23  

Yes 32 2 17 6 15 4  

Missing 477 72 221 73 256 72  

Smoking       <0.001 

Never 296 45 109 36 187 53  

Former 70 10 51 17 19 5  

Current 145 22 73 24 72 20  

Missing 146 22 70 23 76 21  

Alcohol       <0.001 

Never 209 32 61 20 148 41  

Current drinker (occasional/daily) 170 25 102 34 68 19  

Ex-heavy drinker 34 5 28 9 6 2  

Missing 244 37 112 37 132 37  

Transient Ischaemic Attack       0.13 

No 481 73 209 69 272 77  

Yes 16 2 10 3 6 2  

Missing 160 24 84 28 76 21  

Atrial fibrillation       0.74 

No 553 84 249 82 304 86  

Yes 24 4 10 3 14 4  

Missing 80 12 44 14 36 10  

Ischaemic heart disease       0.06 

No 510 78 225 74 285 80  

Yes 29 4 18 6 11 3  

Missing 118 18 60 20 58 16  

Peripheral vascular disease       0.85 

No 234 35 92 30 142 40  

Yes 7 1 3 1 4 1  

Missing 416 63 208 69 208 59  
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Variable Total 

N=657 

Men 

N=303 

(46%) 

Women 

N=354 

(54%) 

P-

value 

N % N % N %  

Stroke severity       0.47 

Less severe 270 41 125 41 145 41  

More severe 289 44 125 41 164 46  

Missing 98 15 53 17 45 13  
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Table 6-5 Year of SAH event  

Year of 

SAH 

Total Men Women 

 N %  N %  N % 
1993-1999 234 36 90 30 144 41 
2000-2009 135 20 58 19 77 22 

2010-2017 285 43 154 51 131 37 
Missing  3 0.4 1 0.3 2 0.5 

*year of stroke missing for 3 patients at 1 month 
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6.5.1 Mortality  

At 1 month, 33% (n/N=215/643) of people with SAH died. Mortality rate was similar in both 

sexes at 1 month (36% women vs 30% men, p=0.09) after SAH (Figure 6-4, Panel A). There 

were missing data for study factors reducing the sample size for the multivariable analysis. 

Using the imputed dataset, in univariable and multivariable analysis (Table 6-6), the risk ratio 

of mortality in women was somewhat elevated but not statistically different to men at 1 month 

(MRRunadjusted 1.28 95% CI 0.97-1.70; MRRadjusted 1.21 95% CI 0.92-1.61). Greater age and 

more severe stroke were independently associated with higher mortality at 1 month after stroke. 

At 1 year, 43% (n/N=230/542) of participants with SAH were deceased. The mortality rate was 

similar in both sexes at 1 year following SAH (44% women vs 41% men, p=0.55). Using the 

imputed dataset, there was no sex difference in 1-year mortality rate ratio MRRunadjusted 1.09 

95% CI 0.83-1.44; MRRadjusted 1.05 95% CI 0.73-1.49) in the univariable and multivariable 

analysis but current smoking and more severe stroke independently predicted this outcome 

(Table 6-6).  

At 5 years, 47% (n/N=193/409) participants had died. There was no difference by sex in 

mortality rate at 5 years following SAH (47% in men and women, p=0.95). Using the imputed 

dataset, in univariable and multivariable analysis, the sex differences were not significant for 

mortality at 5 years (MRRunadjusted 1.06 95% CI 0.79-1.42; MRRadjusted 1.34 95% CI 0.74-2.35). 

Greater age, current smoking, and more severe stroke were predictors of mortality at 5 years 

(Table 6-6). The results between the complete case and imputed analysis in univariable and 

multivariable models for mortality at multiple time points were observed to be almost identical 

(data not shown). 

6.5.2 Functional Outcome 

At 1 month, 27% (n/N=66/241) of people with SAH had a poor functional outcome. The 

proportion of people with poor functional outcome was similar in men and women (32% men 

vs 34% women, p=0.54). See Figure 6-4, Panel B. At 1 month, using the imputed dataset for 

univariable analysis and multivariable analysis (Table 6-7), the risk of poor functional outcome 

was not different by sex (RRunadjusted 1.04 95% CI 0.70-1.52; RRadjusted 1.19 95% CI 0.72-1.95) 

but older age was associated with greater risk of poor functional outcome at 1 month.  

At 1 year, 15% (n/N=33/217) of patients had a poor functional outcome. The proportion of 

people with poor functional outcome was higher in women than men but not statistically 
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significantly different at 1 year (10% men vs 19% women, p=0.07). At 1 year in univariable 

analysis and multivariable analysis using the imputed data (Table 6-7), the risk of poor 

functional outcome was similar between the sexes (RRunadjusted 1.69 95% CI 0.85-3.36; RRadjusted 

1.54 95% CI 0.73-3.25). In multivariable analysis, stroke severity was the only independent 

predictor of the risk of poor functional outcome. The results between the complete case and 

imputed analysis in univariable and multivariable models for the poor outcome at multiple time 

points were observed to be almost identical (data not shown). 

In sensitivity analysis examining individual rather than harmonised severity scores, the 

different measures of severe stroke were generally associated with the poor outcomes except 

when the score was provided by one study and the sample size was very small (6SSS and 

Barthel Index at the onset, Table 6-8 and Table 6-9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-4 Mortality in men and women (Panel A) at 1 month (n/N=215/643, 11 studies); 

1 year (n/N=230/542, 12 studies) and 5 year (n/N=193/409, 8 studies) and poor 

functional outcome in men and women (Panel B) at 1 month (n/N=66/241, 6 studies) and 

1 year (n/N=33/217, 8 studies)  

Panel A 

Panel B 
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Table 6-6 Mortality rate ratio (MRR) after SAH in women compared to men in univariable and multivariable analysis 

Variable MRR at 1 month (N=643, 11 studies) MRR at 1 year (N=542, 12 studies) MRR at 5 years (N=409, 8 studies) 

 

Univariable  

RR (95% CI) 

Multivariable 

RR* (95% CI) 

Univariable  

RR (95% CI) 

Multivariable  

RR* (95% CI) 

Univariable  

RR (95% CI) 

Multivariable 

RR* (95% CI) 

Female sex 1.28 (0.97-1.70) 1.21 (0.92-1.61) 1.09 (0.83-1.44) 1.05 (0.73-1.49) 1.06 (0.79-1.42) 1.34 (0.74-2.35) 

Age 1.03 (1.0-1.04) 1.02 (1.01-1.03) 1.04 (1.03-1.05) 1.04 (1.03-1.06) 1.04 (1.03-1.06) 1.04 (1.03-1.06) 

Hypertension 

history 

      

No Ref  Ref  Ref  

Yes 1.24 (0.91-1.68)  1.54 (1.17-2.04)  1.98 (1.46-2.68)  

Smoking       

Never Ref  Ref  Ref  

Former 0.74 (0.43-1.25)  0.69 (0.39-1.24) 0.68 (0.35-1.29) 0.75 (0.42-1.38) 0.94 (0.31-2.77) 

Current 1.08 (0.76-1.53)  1.23 (0.89-1.71) 1.74 (1.11-2.72) 1.37 (0.95-1.95) 3.16 (1.58-6.31) 

Alcohol       

Never Ref  Ref  Ref  

Current 

drinker 

(occasional  

or daily) 

0.96 (0.66-1.39)  0.76 (0.54-1.09)  0.97 (0.64-1.46)  

Ex-heavy 

drinker 

0.69 (0.33-1.45)  0.59 (0.19-1.89)  0.81 (0.24-2.71)  

Transient 

Ischaemic 

Attack 

      

No Ref      

Yes 0.69 (0.24-2.01)  -  -  

Atrial 

fibrillation 

      

No Ref  Ref  Ref  
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Variable MRR at 1 month (N=643, 11 studies) MRR at 1 year (N=542, 12 studies) MRR at 5 years (N=409, 8 studies) 

 

Univariable  

RR (95% CI) 

Multivariable 

RR* (95% CI) 

Univariable  

RR (95% CI) 

Multivariable  

RR* (95% CI) 

Univariable  

RR (95% CI) 

Multivariable 

RR* (95% CI) 

Yes 1.28 (0.65-2.52)  2.08 (1.13-3.82)  1.89 (0.92-3.82)  

Ischaemic 

heart disease 

      

No Ref  Ref  Ref  

Yes 1.65 (0.94-2.92)  2.04 (1.07-3.88)  1.62 (0.87-3.00)  

Stroke 

severity 

      

Less severe Ref  Ref  Ref  

More severe 2.87(2.09-3.93) 2.71 (1.98-3.72) 3.79 (2.79-5.15) 3.02 (2.03-4.48)  2.57 (1.80-3.66) 2.75 (1.56-4.83)  

*Adjusted for time-period of stroke 

For Joinville study, follow-up data to 5 years were available only among cases with year of stroke 2009 to 2011  
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Table 6-7 Relative risk of having poor functional outcome (mRS >2) for women compared to men among survivors after SAH in 

univariable and multivariable analysis 

Variable 1 month 

(n=241, 6 studies) 

 

1 year 

(n=217, 8 studies) 

Univariable  

RR (95% CI) 

Multivariable  

RR* (95% CI) 

Univariable  

RR (95% CI) 

Multivariable  

RR* (95% CI) 

Female sex 1.04 (0.70-1.52) 1.19 (0.72-1.95) 1.69 (0.85-3.36) 1.54 (0.73-3.25) 

Age 1.03 (1.01-1.04) 1.03 (1.01-1.05) 1.03 (1.01-1.05)  

Hypertension history     

No Ref  Ref  

Yes 1.28 (0.82-2.03)  1.38 (0.74-2.60)  

Smoking     

Never Ref  Ref  

Former 0.75 (0.37-1.51)  0.39 (0.05-2.92)  

Current 0.84 (0.49-1.43)  0.48 (0.20-1.17)  

Alcohol     

Never Ref  Ref  

Current drinker 

(occasional or daily) 

0.80 (0.49-1.30)  0.45 (0.16-1.21)  

Ex-heavy drinker 0.78 (0.30-2.05)  -  

Transient Ischaemic 

Attack 

    

No Ref    

Yes 1.18  (0.49-2.83)  -  

Atrial fibrillation     

No Ref    

Yes 0.92 (0.29-2.96)  -  

Ischaemic heart 

disease 

    

No Ref    
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*Adjusted for time-period of stroke 

For Joinville study, follow-up data to 5 years were available only among cases with the year of stroke 2009 to 2011  

 

  

Yes 0.88 (0.15-4.93)  -  

Stroke severity     

Less severe Ref  Ref  

More severe  1.90 (1.21-2.97)  6.78 (2.97-15.46) 6.99 (2.94-16.60) 
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Table 6-8 Rate ratio of severity scores after SAH in univariable and multivariable analysis for mortality at multiple time points 

Variable 1 month 1 year 5 years 

Univariable  

RR (95% CI) 

Multivariable RR* 

(95% CI) 

Univariable  

RR (95% CI) 

Multivariable RR** 

(95% CI) 

Univariable  

RR (95% CI) 

Multivariable 

RR*** (95% CI) 

Stroke severity 

scores 

      

NIHSS≤7 Ref  Ref  Ref  

NIHSS>7 1.11 (1.08-1.15) 1.11 (1.08-1.14) 1.16 (1.13-1.18) 1.17 (1.14-1.20)  1.13 (1.11-1.15) 1.16 (1.14-1.18) 

GCS>8 Ref  Ref  Ref  

GCS≤8 1.07 (1.01-1.13) 1.08 (0.99-1.19) 1.00 (0.96-1.03) 1.01 (0.98-1.05) 1.02 (1.00-1.04) 1.02 (1.00-1.04) 

6 SSS≤4 Ref  Ref    

6 SSS>4 1.62 (0.96-2.72) 1.77 (1.03-3.04) 1.39 (0.93-2.09) 1.30 (0.90-1.90)   

No loss of 

consciousness 

Ref  Ref  Ref  

Loss of 

consciousness 

2.86 (2.41-3.39) 3.17 (2.48-4.04) 5.58 (4.62-6.73) 4.63 (4.14-5.19) 4.27 (3.82-4.75) 3.86 (3.47-4.29) 

*Adjusted for age, sex and time-period of stroke, ** Adjusted for age, sex, smoking and time-period of stroke, *** Adjusted for age, sex, 

smoking, and time-period of stroke 
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Table 6-9 Rate ratio of severity scores after SAH in univariable and multivariable analysis 

for poor functional outcome (>2mRS) at multiple time points 

Variable 1 month 1 year 

Univariable  

RR (95% CI) 

Multivariable RR* 

(95% CI) 

Univariable  

RR (95% CI) 

Multivariable  

RR** (95% CI) 

Stroke severity 

scores 

    

NIHSS≤7 Ref  Ref  

NIHSS>7 1.04 (1.01-1.08) 1.08 (1.03-1.13) 1.08 (1.04-1.12) 1.05 (1.04-1.14) 

No loss of 

consciousness 

  Ref  

Loss of 

consciousness 

1.04 (0.55-1.98) 1.50 (0.51-4.34) 7.41 (2.24-24.46) 7.34 (2.19-24.61) 

*Adjusted for age, sex and time-period of stroke**Adjusted for sex and time-period of stroke 
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6.6 Discussion 

This is one of the largest studies of SAH outcomes at multiple time points from population-

based datasets. Sex was not a statistically significant factor contributing to outcomes after SAH. 

Age, stroke severity, and current smoking were independent predictors of death at multiple 

time points. Poor functional outcome was more common in older people and those with more 

severe strokes. Our study confirms high levels of case-fatality and poor functional outcome in 

the longer term after SAH. 

Sex was not an independent predictor of mortality at any of the multiple time points. Studies 

have reported inconsistent findings regarding sex differences in case fatality at less than 1 

year64, 65, 69, 71 and after1 year of onset SAH.75, 82, 83 Several studies have reported no significant 

difference in survival after SAH by sex. In one hospital-based prospective Dutch study with 

1,761 participants, mortality within 1 year in women was RR 0.90 (95% CI 0.785-1.03) 

compared to men.69 Similarly, the rate of mortality within 30 days was greater in men (34%) 

compared to women (19%) in a retrospective hospital-based study comprising of 121 patients 

from Martinique, but this difference was not statistically significant noting the small sample 

size and limited power to detect a difference in that study.71 In other studies, differences 

between men and women in survival after SAH have been found. In one hospital-based study 

with prospectively collected data of 752 patients in the Netherlands,  the long term standardised 

mortality ratio in women was greater (SMR 2.0 95% CI 1.6 to 2.6) compared to men (SMR 1.3 

95% CI 0.9 to 1.8).82 While authors of another hospital-based study on 1,746 participants in 

Finland, reported male sex as an independent predictor for the long-term relative excess risk of 

mortality after SAH (RER 1.6 95% CI 1.0-2.7).83 Of note, most of these studies were not aimed 

at examining the role of sex in the outcome, meaning they may have reported the sex difference 

as part of analyses focused on a different exposure or all predictors. In these studies, the sex 

difference, if it exists, might be masked by other variables in a model. The existing studies 

were also not population-based, potentially introducing bias that may hamper the ability to see 

sex differences in outcome after SAH. In the current study, we were focused on identifying sex 

differences in outcomes and used data from population-based studies. However, we also failed 

to find any sex difference in survival after SAH. 

Poor functional outcome was similar in both sexes, evident in 27% at 1 month and 15% at 1 

year among survivors. Noting that the populations are not identical over the time-periods due 

to different studies included at different time points, these figures are similar to those 
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previously reported from individual studies.272-274 Other hospital-based studies have shown that 

there is no sex difference in functional outcome at 3 months52 and up to 1 year.275 Thus, 

outcome after SAH appears to be independent of sex. Highlighting that these data do not 

represent one cohort followed over time, there is an apparent reduction in poor functional 

outcome over time. This might be due to survivor bias where those that have the worst 

functional levels are less likely to survive in the longer term. This, therefore, leaves a cohort of 

people with SAH with less functional limitations surviving longer. However, longitudinal 

studies with repeated assessments of outcome are needed to properly address this question.  

The study factors that were identified as potential confounders of the association between sex 

and outcomes provide further insights into predictors of outcome after SAH. Advancing age 

and severity of SAH were predictors of mortality at all time points and poor functional outcome 

was predicted by age at 1 month and severity at 1 year. Current smoking was an additional 

predictor of mortality at 1 and 5 years after SAH. These predictors are consistent with other 

studies.276-278  

Age is a well-known factor associated with mortality and poor functional outcome after SAH.87, 

224, 277, 279,280 281, 282 This is because increasing age is associated with comorbidities243, 283, 284 and 

suffering more severe SAH285 and that leads to an increased risk of death or poor functional 

recovery. Compared to the brains of younger people, the aging brain may have a more limited 

ability to repair structural or functional damage after SAH.87 Some studies have reported that 

older people more commonly suffer complications of SAH associated with mortality like 

shunt-dependent hydrocephalus110, 286 and rebleeding287, 288 potentially explaining worse 

outcome in older patients. We could not examine this in the current study because the included 

datasets did not collect complications. It has also been observed that elderly patients less often 

have their aneurysm secured than younger patients after SAH. It has been speculated that this 

is due to concern about higher mortality rates in older compared to younger patients.289 The 

rate of death after neurosurgical or endovascular treatment for SAH has reduced over time due 

to improvements in techniques.290, 291  Importantly, studies have shown good outcomes for 

people with SAH from active management including surgery even when there was a 

considerable proportion of elderly patients.289 Ensuring evidence-based management in older 

patients with SAH will lead to better survival and good functional outcomes.  

The severity of SAH was independently associated with mortality224, 278 and poor functional 

outcome.104 80,292 Many scores have been developed to measure the severity of SAH and these 
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are used to predict the likely outcome. The most commonly used are World Federation of 

Neurosurgical Societies (WFNS) score, Hunt and Hess scale, Glasgow Outcome Score 

(GOS)112 and modified Fisher grade.113 The population-based incidence studies included here 

did not use SAH-specific measures of severity due to the preponderance of ischaemic events 

in such studies. Therefore, we used harmonised measures across the studies focused mostly on 

the NIHSS. Poor neurological condition measured by a range of instruments on admission has 

been reported by others to be a strong predictor of mortality up to 1 year293 280 294 and functional 

outcome.295 Poor grade patients more often suffer from complications of SAH including 

rebleeding, hydrocephalus and delayed cerebral ischaemia (DCI).116 Some investigators 

suggested that clinical grade or severity after neurological resuscitation in people with SAH 

predicts functional outcome.295 Historically, poor grade SAH patients were not aggressively 

treated (e.g. aneurysm securement or ICU management) which may have increased their case-

fatality rate but new investigations are confirming favourable outcomes in people with severe 

SAH. Further research to identify those SAH patient groups with severe bleeds that might 

benefit from active care or management are warranted. Better management strategies focused 

on preventing and managing complications in all patients, but particularly those with more 

severe bleeds, could help in improving the outcomes in patients of SAH.  

Smoking independently predicted long-term mortality for SAH, as reported by a previous 

study.276 Previously some studies showed that smoking was associated with better outcome 

after SAH. This was suggested to be a protective effect of nicotine, despite the younger age 

group, more existing comorbidities in smokers and the causal relationship between smoking 

and aneurysm formation and rupture.79, 99 A recent study explained this paradox by 

survivorship bias and showed that smoking resulted in worse survival after SAH.100 Smoking 

may be associated with a worse outcome because complications appear to occur more 

frequently in smokers after SAH, along with more smoking-related cardiovascular and 

pulmonary comorbidities that may affect outcome.296 There is strong evidence of smoking 

associated with delayed cerebral ischaemia (DCI),201 which is associated with short- and long-

term mortality, as well as poorer functional outcome after SAH.209, 297, 298 Identifying smoking 

in the risk factor profile of people with SAH is important as these patients may require closer 

monitoring and more aggressive physiological management. Assisting survivors to quit 

smoking could help improve longer-term survival of SAH and also prevent recurrence of 

SAH.299 
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We undertook this individual participant data meta-analysis due to a lack of large, high-quality 

datasets of people with SAH. There is a need for high-quality prospective studies of SAH to 

understand the needs for prevention, management, and outcomes in contemporary settings. We 

recommend that SAH should be part of ideal incidence population-based studies and national 

stroke registries. Information specific to SAH should be collected as we observed a lack of 

such data in existing studies. Important variables include the cause of SAH (e.g. aneurysmal or 

non-aneurysmal), risk factors, SAH-specific severity scales (e.g. WFNS or Hunt and Hess 

scales), type of treatment (conservative, clipping or coiling), long-term mortality, the functional 

outcome with more detailed assessments such as the Functional Independence Measure (FIM), 

return to work and other patient-reported outcome measures such as quality of life. Information 

on these variables could help us in identifying factors which could improve prevention or 

outcomes of SAH. 

6.6.1 Limitations and strengths 

To our knowledge, this is one of the largest studies ever to use data on SAH from high-quality 

population-based stroke incidence studies to determine the role of sex, and a range of other 

predictors, in mortality and poor functional outcome. The examination of outcomes at short 

and longer time-periods is also a strength as studies tend to only examine one or the other. 

Unlike the previous INSTRUCT study, this study included data set from Ludhiana (India) and 

Mashhad (Iran) that are low-income and middle-income countries respectively. This 

potentially makes these results more generalisable than the previous analyses which included 

more high-income countries.  

There were some limitations of the current study. We included other causes of SAH in the 

study and could not specifically examine aSAH due to missing information on the cause of 

SAH. Information on functional outcome and deaths were recorded at different time periods, 

therefore, not all studies could be included together for the outcomes. The studies collected 

data over two decades, which might make pooling data problematic particularly given that 

outcomes have been reported to improve over that time frame.294, 300 We did, however, adjust 

for the year of stroke in analyses to account for the change in management and outcomes over 

time. As noted earlier, the severity scores usually used in SAH (e.g. WFNS, Fisher Scale, Hunt 

and Hess) were not used in included studies because SAH accounts for a minority of cases in 

such studies (e.g. <10%) so protocols tend to use instruments appropriate for the more common 

ischaemic strokes (e.g. 80% of events). We, therefore, harmonised available stroke severity 
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scores but this results in a loss of information. There were also missing data on some important 

covariates including smoking status, alcohol intake which are likely not missing at random due 

to a larger proportion of missing data in people who died. We did, however, use multiple 

imputations to replace missing covariates using available data to maximise the sample size for 

analyses. There are unmeasured factors (e.g. hormonal and genetic) that were not measured in 

the studies included that might contribute to the outcomes after SAH. Also, a more general 

analysis not considering sex as the primary exposure might lead to different predictors of 

outcomes, with this a limitation of the model building used in this study.  

6.6.2 Conclusion 

In conclusion, we found that outcomes after SAH were independent of sex in this largest-ever 

international collaborative high-quality study for SAH. Other factors were found to predict 

survival and functional outcome including smoking, age and severity. Ensuring evidence-based 

management in smokers, the elderly and those with worse grade SAH could potentially reduce 

the poor outcomes that are common after SAH. 
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Appendix B: Sex differences in short and long-term mortality and 

functional outcome after subarachnoid haemorrhage (SAH) in 

INternational STRoke oUtComes sTudy (INSTRUCT)-A pooled 

analysis of the individual participant data 

Search Strategy  

Science direct  

n=658 results found for pub-date > 2014 and  

TITLE ( "stroke" OR "ischaemic stroke" OR "ischemic stroke" OR "intracerebral" OR 

"intraparenchymal" OR "subarachnoid" OR "haemorrhage" OR “haemorrhage”  ) AND 

TITLE ( "mortality" OR "morbidity" OR "fatality" OR "case fatality" OR "trends" OR 

"population-based" OR "community-based" OR "community" OR "epidemiology" OR 

"epidemiological" OR "incidence" OR "attack rates" OR "survey" OR "surveillance") . 

Scopus  

(n=1,525) 

( TITLE ( "population-based"  OR  "community 

based"  OR  "community"  OR  "epidemiology"  OR  "epidemiological"  OR  "incidence"  O

R  "attack 

rates"  OR  "survey"  OR  "surveillance"  OR  "mortality"  OR  "morbidity"  OR  "fatality"  O

R  "case fatality"  OR  "trends" ) )  AND  ( TITLE ( "stroke"  OR  "ischaemic 

stroke"  OR  "ischemic 

stroke"  OR  "intracerebral"  OR  "intraparenchymal"  OR  "subarachnoid"  OR  "haemorrhag

e"  OR  hemorrhage ) )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar " )  OR  LIMIT-

TO ( DOCTYPE ,  " ip " ) )  AND  ( LIMIT-TO ( PUBYEAR ,  2018 )  OR  LIMIT-

TO ( PUBYEAR ,  2016 )  OR  LIMIT-TO ( PUBYEAR ,  2017 )  OR  LIMIT-

TO ( PUBYEAR ,  2015 ) )  AND  ( LIMIT-TO ( LANGUAGE ,  "English " ) ) 

Pubmed  

(n=1,952) 

((((stroke[Title] OR ischaemic stroke[Title] OR ischemic[Title] OR intracerebral[Title] OR 

intraparenchymal[Title] OR subarachnoid[Title] OR haemorrhage[Title] OR 

hemorrhage[Title])) AND ("2015/01/01"[PDat] : "2018/06/25"[PDat]))) AND (((population-

based[Title] OR community-based[Title] OR community[Title] OR epidemiology[Title] OR 

epidemiological[Title] OR incidence[Title] OR attack rates[Title] OR survey[Title] OR 

surveillance[Title] OR mortality[Title] OR morbidity[Title] OR fatality[Title] OR case 

fatality[Title] OR trends[Title])) AND ("2015/01/01"[PDat] : "2018/12/31"[PDat])) AND 
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(("2015/01/01"[PDat] : "2018/06/25"[PDat])) AND (("2015/01/01"[PDat] : 

"2018/06/25"[PDat]) AND Humans[Mesh]) 
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Chapter 7: Discussion 

There is limited literature available on sex differences in the risk factors and outcomes of aSAH, 

unlike ischaemic stroke. In this thesis, I extensively examined sex differences in aSAH 

including, the risk factors in a systematic review and the outcomes after aSAH using two 

datasets. Regarding risk factors for aSAH, the rationale of this research was that previous 

reviews were conducted more than a decade ago with sex differences explored as a part of sub-

analysis in studies that included non-aneurysmal causes of SAH. The rationale for examining 

sex differences in outcomes after aSAH was that very few studies have examined outcomes 

after aSAH with a specific focus on sex, particularly at long-term. I found no difference by sex 

in common risk factors for aSAH, but genetic risk factors were identified as a possible 

explanation of sex differences in incidence. Women-specific risk factors could explain why 

aneurysm formation and its rupture might be more common in the female sex. Few differences 

by sex were detected in the outcomes examined in this thesis. Although I had postulated that 

the reasons why sex differences were not found could have been due to methodological issues 

with previous studies including the methods of analysis, this did not appear to be the case. 

However, some risk factors and neurological complications were found to be more common in 

women than men. The results from this thesis will not only add to the body of evidence 

regarding sex differences in aSAH but also highlight the measures that might be necessary to 

improve aSAH management and outcome in general. This chapter provides a general summary 

and discussion of the findings as well as future directions for research and potential 

implications of the findings. 

7.1 Summary of findings 

7.1.1  Sex differences in risk factors and greater incidence in women 

Examining sex differences in the risk factors for aSAH was one of the research questions of 

this thesis since aSAH is more common in women than men (See Research Questions in 

Introduction chapter). I aimed to examine if there were sex differences in the risk factors for 

aSAH in the existing literature and if they might explain the greater incidence in women 

compared to men. In Chapter 3, in a systematic review and meta-analysis, I reported that 

women had a greater risk of aSAH compared to men. Women-specific risk factors like early 

age of menarche, later age of pregnancy and nulligravidity were associated with an increased 

risk of aSAH in women; and among genetic variations, clotting factor XIII and 9p21 

polymorphism increased the risk of aSAH in women than in men. Alcohol, high alkaline 
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aminotransferase levels (ALT), endothelial nitric oxide synthase gene (NOS3) 27-bp-VNTR 

b/b genotype polymorphism increased the risk of aSAH in men compared to women. Known 

risk factors such as smoking, hypertension, increased systolic blood pressure, family history of 

aSAH and age were associated with a similar increased risk of aSAH in both sexes. In 

conclusion, not many risk factors for aSAH differed between the sexes despite the difference 

in incidence between men and women. Further studies are required regarding women-specific 

risk factors and genetic variations identified in the review. Meanwhile, a re-analysis of existing 

studies on risk factors for aSAH which have not reported sex differences could be helpful.  

7.1.2  Sex differences in short and long-term outcomes  

Examining sex differences in the outcomes after aSAH was the second research question of 

this thesis (See section Research Questions). I aimed to examine if there were sex differences 

in discharge destination, survival or poor functional outcomes in the short and long-term after 

aSAH.  This was explored across three chapters of this thesis using two datasets. In Chapter 

4, using a retrospective cohort study of cases of aSAH from two hospital networks, (the 

REDDISH study), I found that women were older, had a history of hypertension and less often 

smoked than men. Women suffered more from neurological complications including delayed 

cerebral ischaemia (DCI) and hydrocephalus than men. They had a marginally greater risk of 

poor short-term outcomes which included in-hospital death and discharge to rehabilitation, 

although these differences were not statistically different. There was evidence that the 

somewhat elevated worse outcome in women was explained by age, hypertension history, DCI, 

and hydrocephalus. When matched on pre-stroke confounders using inverse probability of 

treatment weighting including age, hypertension history and smoking status, the results were 

consistent with adjusted analysis. The slightly poorer outcome in women than men at discharge 

was partially attributable to pre-stroke confounders and neurological complications. Prevention 

of risk factors and improvements in managing complications could improve outcomes after 

aSAH.  

In Chapter 5, using a retrospective cohort study of cases of aSAH from two hospital networks, 

(the REDDISH study) it was observed that 74% of the patients survived up to 1 year, with no 

difference by sex noted. There was no difference in the causes of death between men and 

women after aSAH. In a model including optimal care, age, severity scores, comorbidities, DCI, 

and hospital network no association of sex was detected for 1-year mortality. Around 59% of 

aSAH patients received optimal care. It was also noted that comparatively younger patients 
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and those with a less severe stroke were more likely to receive active management while those 

who were older or with severe stroke were more likely to be given comfort measures only. The 

severity of the stroke, age, type of management influenced receipt of optimal care with the 

relationship of these variables and outcomes very complex. In conclusion, long-term outcome 

was independent of sex but predicted by age, severity scores, comorbidities, and optimal care 

in patients with aSAH.  

In Chapter 6, using data from an individual participant data analysis of people with aSAH 

from 13 ideal stroke incidence studies around the world (INternational STRoke oUtComes 

sTudy – INSTRUCT) I explored sex differences in short and long-term mortality and functional 

outcome following SAH. A limitation of this study, due to the historical nature of some of the 

data, was that the data were not specific to aneurysmal causes of SAH. I found that there were 

no significant sex differences for mortality at multiple time points. Mortality at 1 month was 

predicted by age and stroke severity, at 1 year by age, stroke severity, and current smoking, 

and at 5 years by age, stroke severity and current smoking. Regarding functional outcomes, 

poor outcome was not different by sex but was independently associated with age at 1 month, 

stroke severity at 1 year. Sex was not a predictor of poor outcomes after SAH. Smoking, a risk 

factor related to the incidence of aSAH made outcomes worse. Better management strategies 

in older patients and those with severe strokes could improve outcomes after SAH. 

In the above studies, no differences by sex was detected but improvement in prevention and 

management of aSAH could improve the outcomes overall. 

7.1.3  Sex differences in evidence-based processes of care  

Another research question was to examine if there were sex differences in the receipt of 

evidence-based care after aSAH (See section Research Questions). This was examined using 

the REDDISH dataset in Chapter 5. Individual indicators including antihypertensives if 

systolic blood pressure (SBP)≥160mmHg, nimodipine and aneurysm treatment and ‘optimal 

care’ (e.g. receiving all eligible processes of care) were examined between men and women 

but no difference by sex was noted. There were no differences between men and women in 

receipt of aneurysm treatment within 72 hrs and receipt of nimodipine and antihypertensives 

within 24 hrs. In conclusion, the receipt of evidence-based care was similar in both sexes.  

However, around 40% of the cohort was deprived of optimal care. More research is needed on 

measuring the adherence to the guidelines and to understand the gaps in the provision of care 

after aSAH. 
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7.1.4  Factors contributing to sex differences in the outcomes after aSAH 

I also examined the contribution of factors including pre-event factors like age, hypertension 

and smoking status or clinical factors like complications or aneurysm characteristics to the sex 

differences in short and long-term outcomes after aSAH (See section Research Questions). 

As discussed, there were limited sex differences observed in the outcomes in the short or long-

term after aSAH. However, some factors were observed to be different by sex and were also 

associated with poor outcomes. The factors identified were age, history of hypertension, current 

smoking, DCI, and hydrocephalus. These factors could be important as some benefit from 

consideration of sex-specific management and are discussed below. 

7.1.4.1 Age 

In this thesis, it was observed that women were older than men after aSAH similar to findings 

of other studies,64, 65, 69, 88 and greater age, predicted poor outcomes in my studies. Increasing 

age is associated with comorbidities243, 283 which could worsen the stroke. Older patients are 

also more prone to lethal complications after aSAH like shunt-dependent hydrocephalus110, 286 

and rebleeding287, 288 leading to worse outcomes. It is important to note that the majority of men 

and women suffering from aSAH are in a younger age group usually between 45-55 compared 

to ischaemic stroke, which is common after the age of 70 and above.301 It has been reported 

that older patients with severe aSAH are more likely to be placed on comfort measures due to 

unfavourable outcomes.236 Recent studies have shown that uncompromised quality of care in 

older patients could improve the outcomes after aSAH,238,243 therefore, there may be a need to 

consider more aggressive management plans for more older patients with aSAH, as clinically 

appropriate. 

7.1.4.2 Vascular risk factors 

There were some differences in vascular risk factors between men and women who had aSAH. 

It was observed that women more often had a history of hypertension partially attributable to 

their relatively older age compared to men, and it was associated with poor outcomes. Higher 

blood pressure could be a risk for complications after aSAH including rebleeding302 and 

cerebral infarction,219, 303 and is associated with risk of sudden death after aSAH.217 As high 

blood pressure may be an underlying cause of death or disability after aSAH, better 

management of blood pressure in hypertensive patients could be useful for better outcomes. 
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More men were current smokers than women as per findings in the studies of this thesis and 

outcomes were worse in current smokers. Smoking, like hypertension, adds to the poor risk 

profile of aSAH patients potentially contributing to sudden death.217 There is evidence of DCI, 

a fatal neurological complication, being more common in smokers.98 This is proposed to be 

due to the vasoconstrictor endothelin, which is elevated in smokers, causing arterial spasm in 

cerebral arteries after SAH.304 Better preventive measures like counselling about the cessation 

of smoking and strategies to educate about tobacco use could be an effective measure to prevent 

aSAH. Consideration of smoking status in terms of management to prevent complications like 

DCI may be an avenue for further research. 

7.1.4.3 Neurological complications 

It was observed that the neurological complications of DCI and hydrocephalus were more 

common in women compared to men and were associated with poor outcomes. Sex differences 

have been observed in some previous studies in DCI.88, 98 Regarding hydrocephalus, some 

studies showed that women were more affected by this complication than men110, 305, and age, 

poor-grade SAH, posterior location aneurysm, vasospasm, higher bicaudate index110, 305-308 

could be contributing to its occurrence. In short, more women suffered from neurological 

complications than men, which likely means a longer hospital stay for the treatment of these 

complications and extra costs of care, although I did not examine these in my study. There is a 

need for more research to understand the role of sex in the occurrence and pathophysiology of 

these complications. This may assist in preventing these complications in women, but also men 

with aSAH, to improve the outcomes. 

7.2 Future directions 

7.2.1 Studies on women-specific risk factors for aSAH 

I identified several women-specific risk factors for aSAH including the age of menarche, age 

of pregnancy, gravidity, parity, use of oral contraceptive pills (OCPs), use of hormone 

replacement therapy (HRT) and age of menopause. These hormonal factors could potentially 

explain the cause of greater incidence of aSAH in women than men, but the number of studies 

that examined aSAH and these risk factors are very few. Therefore, there is a need for more 

evidence regarding the association of these factors with the risk of aSAH. Conducting 

prospectively designed population-based studies or case control studies in women to examine 

the role of the relationship of hormonal variations throughout the life of women and the 
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occurrence of aSAH could provide answers to understand a greater risk in women. There are 

many existing studies including the Million Women Study, Nurses’ Health Study, Midlife 

Women’s Health study, Australian Longitudinal Study of Women’s Health focused on women 

that have data on various hormonal and reproductive factors. Data linkage to these existing 

data sets to identify fatal and non-fatal cases of aSAH might be helpful to find information on 

the association of women-specific risk factors recorded in these studies and the occurrence of 

aSAH. There might be a limitation of the number of cases of aSAH in these studies as it is rare, 

but being prospectively designed population-based studies individual participant data could be 

pooled from different studies to increase the power of cohort of aSAH. More high-quality 

longitudinal observational or case control studies in women should be conducted for answering 

the questions around women-specific risk factors and aSAH. 

7.2.2 Intervention studies targeting women-specific risk factors 

Given these findings, hormonal therapies may help reduce aneurysmal rupture in women but 

also potentially in men. Aneurysmal formation and rupture have been linked to estrogen 

deficiency in women170 resulting in the incidence of aSAH being common around menopause. 

Studies have shown controversial results regarding the use of HRT in postmenopausal 

women,170, 176, 309 while animal studies have shown promising results for selective estrogen 

receptor modulators in the prevention of aSAH.310 Clinical intervention studies could be 

conducted in women with diagnosed unruptured intracranial aneurysm (UIA) to examine the 

effect of exogenous hormonal medications such as OCPs or HRT and other physiological 

factors (parity, number of pregnancies, age of menarche) with outcomes that may include 

aneurysm growth or estimated risk of rupture. This might help understand the 

pathophysiological role of hormonal factors and identify potential therapeutic interventions in 

cerebral aneurysm formation, growth, and rupture which may open doors for the use of 

hormonal medications in prevention of aSAH in women.  

7.2.3 Improvements in epidemiological studies of aSAH 

Efforts should be made so that large population-based studies and stroke registries include 

aSAH. The low number of cases of aSAH in population-based stroke incidence studies limits 

the ability to do detailed analyses. I found that in existing incidence studies besides a small 

number of SAH cases, there was a lot of missing data for SAH patients regarding risk factors 

and outcomes. The low number of cases of aSAH in stroke incidence studies in most 

population-based studies limits the ability to do detailed analyses. There is a need to improve 
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the recording of risk factor profiles of aSAH patients in such studies. I noted that details of 

common factors like hypertension history, past or current smoking and alcohol intake, family 

history or use of hormonal therapy were usually missing in the large prospective studies. These 

data were not collected partly because these were studies based on all types of stroke, which 

are mostly ischaemic events, whereas the important risk factors for aSAH may be different. 

Further, the high early death in people with aSAH can make collecting such data difficult in 

prospective studies. Data collection in these studies could be improved by adding risk factors 

and measures specific to SAH, for example, severity scores which are different for SAH than 

ischaemic stroke. Also, follow-up of SAH patients should be completed at the specified time 

(at 1 year or 5 years) as per the protocol of the studies to overcome missing information on 

outcomes. The above measures could be crucial in examining sex differences robustly, 

identifying the causative factors of worse outcomes and improving the sex-specific and overall 

care. 

aSAH is also not a part of national stroke registries like the Australian Stroke Clinical Registry 

(AuSCR),311 in which data is collected regarding evidence-based care and outcomes. Funding 

could be a constraint for not creating a registry specific to aSAH due to a lower number of 

cases. It is, therefore, preferable to include aSAH in large stroke registries. This might require 

a few additions to the list of variables, which may include a family history of aSAH, severity 

scores (WFNS, modified Fisher score), and use of nimodipine, and aneurysm treatment 

(coiling/clipping) as indicators of care. These efforts could prove fruitful in gathering 

information regarding SAH on a larger scale without creating a separate registry for aSAH. In 

addition, differences by sex in different aspects including risk factors, management and 

outcomes could be examined nationwide using these registries. 

7.2.4 Patient-centred outcomes 

The overall conclusion of this thesis is that there were few sex differences in survival, discharge 

destination or functional outcome after aSAH. In chapter 4-6, outcomes were examined and 

compared between the sexes at short and long-term including death and poor functional 

outcomes after discharge, up to 1 year and 5 years. It is to be noted that we included one large 

data set with retrospective data and pooled ideal population-based prospective stroke studies 

for the analyses. The outcomes recorded in these studies were ‘hard’ clinical endpoints, e.g. 

deceased or not and discharged to rehabilitation or not, largely because of the retrospective 

nature of the study. These studies did not record for patient-centred outcomes for aSAH or 
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SAH patients such as quality of life, the Functional Independence Measure (FIM), return to 

work or gait speed. Previously a few studies of aSAH have reported these outcomes with sex 

differences noted but these studies had limitations, with a substantial loss to follow-up.77, 78, 81 

Examination of sex differences is crucial regarding these outcomes because they align more 

closely with what is important to the patient and their family. Unfortunately, the existing stroke 

incidence studies did not gather quality of life outcomes, which could be attributed to a lower 

volume of cases. There is, therefore, a need to record patient-related outcomes in SAH patients 

in these high-quality studies as this will help with improving the quality of life in patients of 

aSAH. It is possible that if a broader range of outcomes that better characterise peoples’ lives 

after aSAH was examined then sex differences would be seen. Given the predominance of 

traditional gender roles in society, it possible that there are different impacts on participation 

(e.g. social and family roles) and quality of life for a woman suffering an aSAH compared a 

man but the lack of in-depth studies makes it difficult to fully explore these differences. 

7.2.5 Understanding the pathophysiology of neurological complications in both sexes 

It was observed that an association was detected between sex and neurological complications 

including DCI and hydrocephalus and this was independent of age and severity of stroke. More 

studies are needed to examine the pathophysiology of these complications to understand why 

there are sex differences. This may help in devising ways to prevent or manage these 

complications more effectively.  

To improve the prevention of DCI in women and men, the role of sex in the development of 

DCI should be explored. This could further help in redefining prediction scales and taking 

effective sex-specific measures to prevent DCI. Similar efforts could also be made for 

preventing hydrocephalus in women and men. DCI is treated by using endovascular therapy or 

intra-arterial vasodilators and, hydrocephalus is managed by ventriculostomy and 

ventriculoperitoneal shunt (VPS). As women suffer more from these complications, this likely 

lengthens their stay at the hospital, adds expense to treatment costs and increases the chances 

for rehabilitation as a part of the recovery process. Therefore, understanding the role of sex in 

the occurrence of complications might help plan strategies specific to women to overcome 

further neurological damage, but would likely have benefits for both genders. There has been 

some pre-clinical research in animal models that favours the role of hormones, for example, 

estradiol improves the vasospasm, one of the mechanisms, resulting in DCI.312, 313  However, 

more clinical trials on human subjects are necessary to examine how these hormones might 



225 
 

affect cerebral vascular circulation in patients after aSAH and possibilities of using these as a 

therapeutic intervention for DCI could be explored.314 

7.2.6 Randomised control trials (RCTs) for the management of UIA 

The prevalence of UIAs is more prevalent in women than men .44 There is some evidence that 

women with certain risk factors have a higher risk of rupture than men with the same risk factor. 

For example, It was shown in a study that life-time risk of rupture in women who are current 

smokers with UIA ≥ 7mm was remarkably increased compared to men.315 UIA are typically 

monitored with regular neuroimaging with the option to advance to prophylactically treating 

the aneurysm if it becomes at a higher risk of rupture potentially leading to devastating aSAH. 

The current clinical practice is to perform aneurysm treatment depending on the growth of the 

aneurysm with these decisions based on evidence from RCTs and observational studies of 

aSAH.44, 316 There is, however, a lack of evidence from RCTs regarding measures to be taken 

for managing UIA. An important consideration is that there is around 6%-10% likelihood of 

poor neurological outcome after preventive repair of UIA compared to the mean 5-year risk of 

rupture which is 3.4%.316 There is a trial for UIA being conducted317 to compare the outcomes 

of coiling and clipping over the long-term and findings could be useful for the provision of 

best-practice management for patients with UIA and prevention of aSAH. There is recent 

evidence from a cohort study that people taking aspirin and that have well-controlled blood 

pressure have lower aneurysm growth than those not taking aspirin or with poorly controlled 

blood pressure.318 Further exploration of the use of non-surgical interventions to manage UIA 

using randomised controlled trials with enough power to examine sex differences are needed. 

Similarly, if evidence were found in the cohort study approach suggested above (e.g. with the 

Million Women Study or similar) or case control studies that certain hormonal factors were 

associated with aneurysm growth or aSAH then potential targets could also be explored in a 

clinical trial design, for example using different types of hormonal contraceptives. Recently, a 

decline in the incidence of aSAH has been noted over a long-term by authors of different 

studies.319-321 Some attributed this to control of modifiable risk factors (e.g. smoking)319, 321 

while some suggested that the treatment of UIA could be contributing to this decline.320 

However, more studies are needed to specifically explore association of UIA management and 

decrease in the incidence of aSAH with an account of sex. 
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7.3 Policy and practice implications 

7.3.1 Provision of evidence-based care 

There is a need to provide patients with aSAH with better care based on current evidence from 

RCTs and clinical studies. Results of recent trials suggest that there is a need to revise the 

guidelines. For example, there is emerging evidence of a reduction in the rates of DCI by using 

goal-directed haemodynamic therapy (GDHT)322 compared to standard clinical care in aSAH. 

This includes advanced haemodynamic monitoring, fluid management and monitoring of 

various cardiovascular parameters including mean arterial pressure, global-end diastolic index, 

cardiac index, and extravascular lung index. However, in a recent RCT, other investigators 

reported some adverse effects regarding the use of induced hypertension in patients of aSAH 

with DCI,323 therefore careful review of all evidence would be required before reconsideration 

of the guidelines. In another RCT, a new medication (Cilostazol) has been tested for DCI 

prevention with better outcomes and with lesser adverse effects.324 There has also been 

recommendations for improving endovascular coiling techniques that could improve the 

outcomes after aSAH.325 In general, the guidelines119, 120 for managing aSAH are almost a 

decade old and need to be updated according to the current results from different types of 

evidence. In Australia, there is potential to add management of SAH into clinical guidelines, 

such as those developed by the Stroke Foundation.326  

7.3.2 Enhancing quality of care 

It was observed in this thesis that most patients with aSAH did not receive care as per guidelines. 

This was also noted in a previous study,327 however, the measures in the previous study were 

general to stroke and not specific to aSAH. Potential targets may include educating the 

clinicians and nurses in the ED, radiology services, neurosurgical units and intensive care units 

regarding the management of aSAH. Audit, feedbacks, quality of care registries could be used 

to monitor the adherence to guidelines and build capacity to deliver the best quality of care, as 

used successfully for ischaemic stroke.242 There are in-hospital programmes like ‘Get With The 

Guidelines’ program in the USA328 created to improve quality of care and provision of best-

practice guidelines for acute ischaemic stroke patients. Stroke care measures in this program 

cover various aspects of ischaemic stroke but for haemorrhagic stroke, the only indicator is 

smoking cessation. There are no such existing programmes for SAH to measure adherence to 

guidelines. In Australia, SAH is not a part of the national stroke registry, that is the Australian 

Stroke Clinical Registry (AuSCR).311 To measure nationwide adherence to guidelines in SAH 
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treatment, it is recommended that SAH should be added to AuSCR. There are likely to be 

requirements for SAH specific data through a separate module. Indicators specific to aSAH 

treatment may include receipt of nimodipine and aneurysm treatment (coiling/clipping). There 

would be a requirement for collaboration with a wide range of clinical groups that manage 

aSAH including neurosurgeons, interventional neuroradiologists, intensive care physicians, 

emergency department physicians, as well as nursing staff across these areas. This would help 

in creating the first prospective national registry of SAH cases that will also assist in monitoring 

and enhancing the quality of care in SAH patients.  

Provision of mobile health and telemedicine329, 330 could also be a road towards better provision 

of care in aSAH patients especially, in rural areas. People with aSAH in regional areas may 

access specialist consultation quickly with reduction in delays in diagnosis and early 

management. The aspects of delays in the provision of care and ambulance bypass in aSAH 

management are important to address to the enhance quality of care. This has been explored in 

detail in the ‘time to treatment’ aspect of REDDISH data, which is a broader study and hence 

was not examined in the current thesis.  

7.3.3 Prevention guidelines for women  

It is noted that guidelines mentioned female sex as a risk factor for aSAH119 and also for UIA.44 

At present these guidelines do not address specific preventive measures in women. There are 

separate guidelines for the prevention of ischaemic stroke28 or heart diseases29 in women and I 

would recommend the same for aSAH and UIA. The sex-specific guidelines could be helpful 

to identify and manage the common risk factors for aSAH by recommending preventive 

measures including smoking cessation or monitoring of blood pressure and consequently 

lowering the incidence of aSAH in women. In my thesis, it was found that post-SAH 

complications including DCI and hydrocephalus were more common in women. With 

development of further evidence regarding the reasons for sex differences in DCI and 

hydrocephalus after aSAH, the guidelines’ recommendations could also include sex-specific 

preventive measures and interventions regarding these complications. 

7.3.4 Prevention programmes in high-risk groups 

Prevention programmes could be carried out for public awareness about aSAH especially in 

high-risk groups which may include post-menopausal women, people with hypertension, 

smokers, and those with a family history of aSAH. People can be educated through these 

programmes about common symptoms of aSAH including severe and sudden headache, neck 
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stiffness, nausea and vomiting, focal neurological deficits (e.g. hearing and vision problems) 

and loss of consciousness. These programmes may also education about ‘lifestyle interventions’ 

as preventive measures to manage the risk factors to reduce aSAH risk. For example, 

decreasing salt, maintaining a balanced food intake and exercise can avoid high blood 

pressure,331 and cessation of smoking can reduce the occurrence of cardiovascular diseases 

including stroke.332 ‘Screening and therapeutic interventions’ for high-risk groups which many 

include treatment and monitoring of hypertensive patients during routine visits to hospitals and 

clinics, and rigorous follow-up of those with a family history of aSAH. ‘Mass media approach’ 

could help provide education about aSAH using TV, posters on public transport, internet, or 

newspapers, although as aSAH is rare this approach may be of lower value. Educating about 

aSAH and its risk factors in the community, teaching institutes and workplaces might help333 

and specifically making women aware of the aSAH visiting for routine check-ups. Legislative 

changes for example introducing better anti-smoking policies to restrict tobacco use which 

might not only help to reduce aSAH but also other cardiovascular diseases.334 These preventive 

measures could be introduced on a large scale by adding SAH as a subcategory in awareness 

programmes for stroke335 including mobile phone applications.336 

7.4  Conclusion 

In conclusion, despite no detectable sex differences in the outcomes of interest, women were 

still more affected by aSAH than men due to the absolute number of events occurring. They 

were overrepresented in aSAH cohorts, were older, hypertensive, and more often had 

neurological complications after aSAH than men. Hence, more women underwent admission 

for aSAH treatment and additional management for complications, increasing the burden of the 

disease. There is a need to conduct more high-quality large multicentre studies to examine sex 

differences in functional and patient-related outcomes in the longer-term after aSAH. This 

should include national stroke registries and follow up of SAH cases in ideal stroke population-

based studies. There is a potential for advances in this field by enhancing preventive strategies 

and improving the quality of care to reduce the incidence and improve the outcomes of aSAH. 
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Appendix E: REDDISH STUDY-Database and Data Dictionary 

information 

 

Patient Information 

Variable / Field Name Record_id 

Form Name patient_information 

Field Type Text 

Field Label Record ID 

rSource This will automatically populate  

Further description  This field is the auto-populated record ID prescribed by REDcap 

 

Variable / Field Name Name 

Form Name patient_information 

Field Type Text 

Field Label Name 

Identifier? Yes 

Branching Logic (Show field 

only if...) 

No 

Required Field? Yes 

Source Individual patient medical records, admission form or patient 

administrative system.   

Further description  First name  Last name  

The format in which it is written should be the same as that indicated by 

the person (e.g. written on a form) or in the same format as that printed on 

an identification card, such as a Medicare card, to ensure consistent 

collection of name data.   

- In instances where the person has a number of different names and there 

is uncertainty about which name to record for a person, please record the 

person's name as it appears on their Medicare card.   

- Some people do not have a family name and a given name; they have 

only one name by which they are known.  

 

 

Variable / Field Name Mrn 

Form Name patient_information 

Field Type Text 

Field Label Medical Record Number (MRN)/ UR number 

Identifier? Yes 

Required Field? Yes 

Source Individual patient medical records – the numbering system including the 

content and format of the medical record number is usually specific to the 

individual health care service. 

 

This is the THCI number for Tasmanian Patients 

 

Further description  The MRN is collected to assist in individual patient identification and to 

identify potential duplicates in the database. It is the current method of 

patient identification being used for purposes such as delivery of care, 

record keeping and communication.   
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Variable / Field Name Gender 

Form Name patient_information 

Field Type Radio 

Field Label Gender 

Choices, Calculations 1, Male | 2, Female | 3, intersex or indeterminate 

Required Field? Yes 

Source Individual patient medical records, admission form or patient 

administrative system.   

Further description  Sex will be captured as it is written in the medical record. If there is a 

conflict, document the self-identified gender. 

 

 

Variable / Field Name Dob 

Form Name patient_information 

Field Type text 

Field Label Date of birth 

Field Note The date of birth of the person. 

Text Validation Type  DD-MM-YYYY 

Required Field? yes 

Identifier? Yes 

Source Individual patient medical records, admission form or patient 

administrative system.   

Further description  If day of birth is unknown, use 01 for the day (01/MM/YYYY). - If the 

day and month of birth are unknown, use 01 for the day and month 

(01/01/YYYY). - If the date of birth is unknown, estimate the client’s age 

in years and subtract this from the current year (01/01/YYYY). 

 

 

Variable / Field Name postcode 

Form Name patient_information 

Field Type text 

Field Label Postcode 

Field Note Postcode for place of residence 

Text Validation Type  postalcode_australia 

Required Field? yes 

Source Individual patient medical records, admission form or patient 

administrative system, ambulance report 

Further description  This is the postcode of the patient’s residential address at the time of the 

event. (not the current postcode). 

 

The numeric descriptor for a postal delivery area, aligned with locality, 

suburb or place for the address of a person. 

Leave blank when the locality name or geographic area for a person is 

not known, or when a person has no fixed address. - For person’s 

visiting from overseas, record their local Australian address. 

 

 

Variable / Field Name suburb 

Form Name patient_information 

Field Type text 

Field Label Suburb 

Field Note Suburb for place of residence 

Required Field? yes 
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Source Individual patient medical records, admission form or patient 

administrative system, ambulance report 

Further description  This is the suburb of the patient’s residential address at the time of the 

event. (not the current suburb). 

 

The full name of the locality contained within the specific address of a 

person, as represented by text. 

The suburb name may be a town, city, suburb or commonly used 

location name such as a large agricultural property or Aboriginal 

community. - Leave blank when the locality name or geographic area 

for a person is not known, or when a person has no fixed address. - For 

person’s visiting from overseas, record their local Australian address. 

 

 

 

Variable / Field Name marital_status 

Form Name patient_information 

Field Type Radio 

Field Label Marital status 

Choices, Calculations 1, Married (de facto) | 2, Never married (single) | 3, Widowed | 5, 

Unknown 

Required Field? Yes 

Source Individual patient medical records, admission form or patient 

administrative system 

Further description  A de facto relationship is defined in Section 4AA of the Family Law Act 

1975. The law requires that you and your former partner, who may be of 

the same or opposite sex, had a relationship as a couple living together on 

a genuine domestic basis.  

 

Variable / Field Name priv_health_ins 

Form Name patient_information 

Field Type Radio 

Field Label Private Health Insurance 

Choices, Calculations 1, Yes  

2, No  

3, Unknown  

4, Department of Veteran Affairs (DVA)  

 

Required Field? Yes 

Source Individual patient medical records, admission form or patient 

administrative system 

Further description  Does the patient have private health insurance? 

 

http://meteor.aihw.gov.au/content/index.phtml/itemId/352427 

 

Variable / Field Name indigenous_status 

Form Name patient_information 

Field Type Radio 

Field Label Indigenous Status 

Choices, Calculations, OR Slider 

Labels 

1, Aboriginal  

2, Torres Strait Islander  

3, Both Aboriginal and Torres Strait Islander  

4, Neither Aboriginal nor Torres Strait Islander  

5, Unknown 

Required Field? Yes 

Source Individual patient medical records, admission form or patient 

administrative system.    

http://www.comlaw.gov.au/Current/C2013C00639
http://www.comlaw.gov.au/Current/C2013C00639
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Australian Indigenous status will be captured as it is written in the 

medical record. If there is a conflict, document with the self-identified 

origin, i.e. origin as reported by the person. 

Further description  Rationale: Indigenous Australians suffer poorer health outcomes than 

their counterparts. Stroke subtypes also vary by different ethnic status, 

as well as risk factor prevalence 

 

 

Variable / Field Name Height 

Form Name patient_information 

Field Type Text 

Field Label Height 

Field Note enter in cm e.g. 175cm 

Text Validation Min 120 

Text Validation Max 220 

Required Field? Yes 

Source  

Further description  Leave blank if unavailable 

 

Rounding to the nearest 1 cm will be required  

http://meteor.aihw.gov.au/content/index.phtml/itemId/270365 

 

 

Variable / Field Name Weight 

Form Name patient_information 

Field Type text 

Field Label Weight 

Field Note enter in kg 

Text Validation Type OR Show 

Slider Number number 

Text Validation Min 40 

Text Validation Max 300 

Required Field? yes 

Source  

Further description  Leave blank if unavailable 

 

The measurement is recorded to the nearest 0.1 kg 

http://meteor.aihw.gov.au/content/index.phtml/itemId/270208 
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Inclusion/Exclusion criteria 

 

Variable / Field Name incl_exc 

Form Name inclusionexclusion_criteria 

Field Type radio 

Field Label Is this event an aSAH? 

Choices, Calculations, OR 

Slider Labels 

1, Confirmed - aSAH confirmed on neuroimaging and/or lumbar puncture 

2, Probable - aSAH suspected but definitive testing not available  

3, Possible - limited records but in a person with known aneurysm  

4, Excluded - SAH due to other causes or other pathology 

Field Note DO NOT CONTINUE WITH DATA ENTRY IF THE PATIENT IS 

EXCLUDED 

Required Field? yes 

Source Individual patient medical records 

CT report 

Lumbar puncture report 

Emergency Department notes 

Neurosurgery review 

Further description  This data will define the eligibility of the patient for inclusion into the 

study. 

 

Variable / Field Name asah_cause 

Form Name inclusionexclusion_criteria 

Field Type radio 

Field Label Cause of Subarachnoid Haemorrhage 

Choices, Calculations 1, Cerebral Aneurysm 

2, Unknown 

3, Arteriovenous malformation DO NOT CONTINUE 

4, Intraoperative/procedure related DO NOT CONTINUE 

5, Cerebrovascular event (no subarachnoid extension) DO NOT 

CONTINUE 

6, Extension from ICH DO NOT CONTINUE 

7, Non-cerebral arteriovenous malformation DO NOT CONTINUE 

8, Subarachnoid haemorrhage secondary to cancer DO NOT CONTINUE  

9, Traumatic subarachnoid haemorrhage DO NOT CONTINUE  

10, Non-cerebral event DO NOT CONTINUE  

Field Note Final decision of causative factors 

Required Field? yes 

Source CT report 

Lumbar puncture report 

Emergency Department notes 

Neurosurgery review 

Discharge summary 

 

Further description  This data will define the eligibility of the patient for inclusion into the 

study. 

 

 

 

Variable / Field Name tas 

Form Name inclusionexclusion_criteria 

Field Type Yesno 

Field Label Does the patient live in Tasmania?  (Tasmanian data only) 
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Field Note DO NOT CONTINUE WITH DATA ENTRY IF THE PATIENT 

DOES NOT LIVE IN TASMANIA 

Required Field? Yes 

Source Individual patient medical record 

 

Further description  Check residential address to confirm the patient is from Tasmania. Patients 

who live outside the state will be excluded from the study. Do not 

continue with data entry. 

 

Variable / Field Name asah_hx 

Form Name inclusionexclusion_criteria 

Field Type Dropdown 

Field Label Previous history of aSAH 

Choices, Calculation 1, Yes  

2, No  

3, Unknown 

Field Note If yes, Do Not Continue 

Required Field? Yes 

Source CT reports 

Lumbar puncture reports 

Emergency Department notes 

Neurosurgery review 

Discharge summary 

 

Further description  Patients who have had a previous aneurysmal subarachnoid haemorrhage 

are excluded from the study.  

 

Variable / Field Name details_asah_hx 

Form Name inclusionexclusion_criteria 

Field Type Notes 

Field Label Details of previous aSAH 

Field Note If applicable 

Required Field? No 

Source CT reports 

Lumbar puncture reports 

Emergency Department notes 

Neurosurgery review 

Discharge summary 

 

Further description  This is a free text box. Enter a description of any previous subarachnoid 

haemorrhage to validate exclusion from the study. 
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Medical History 

Medical history data are collected to help verify the inclusion and exclusion criteria and describe the study 

population. 

Variable / Field Name family_history_hx 

Form Name medical_history 

Field Type Dropdown 

Field Label Family history of aSAH? 

Choices, Calculations, OR 

Slider Labels 

1, Yes  

2, No  

3, Unknown 

Required Field? Yes 

Source Medical record; history can be obtained from participant/ subject, family 

member or friend. 

 

Further description  If there is no mention of a family history of aSAH select ‘unknown’. 

 

Family history data are collected to determine if subarachnoid 

haemorrhage (SAH) or other related diseases/disorders run in the 

participant’s/ subject’s immediate family.  

 

 

Variable / Field Name hx_aneurysms 

Form Name medical_history 

Field Type Dropdown 

Field Label Family history of brain aneurysms? 

Choices, Calculations, OR 

Slider Labels 

1, Yes  

2, No  

3, Unknown 

Required Field? Yes 

Source Medical records; medical history 

Further description  If there is no mention of a family history of aSAH select ‘unknown’. 

 

Is there a family history of brain aneurysms? Raptured and unruptured to 

be recorded as ‘yes’ 

 

Variable / Field Name ruptured_aneurysm 

Form Name medical_history 

Field Type Radio 

Field Label Does the patient have an unruptured brain aneurysm in addition to the 

ruptured aneurysm? 

Choices, Calculations, OR 

Slider Labels 

1, Yes  

2, No  

3, Unknown 

Required Field? Yes 

Source CT reports 

Lumbar puncture reports 

Emergency Department notes 

Neurosurgery review 

Discharge summary 

 

 

Variable / Field Name cardiovascular_hx 

Form Name medical_history 

Field Type Dropdown 

Field Label History of Coronary Artery Disease? 
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Choices, Calculations, OR 

Slider Labels 

1, Yes  

2, No  

3, Unknown 

Field Note Acute Myocardial Infarction and/or angina =yes 

Required Field? Yes 

Source Medical records; medical history 

Further description  Acute Myocardial Infarction and/or angina =yes 

 

Variable / Field Name pkd_hx 

Form Name medical_history 

Field Type Dropdown 

Field Label History of Polycystic Kidney Disease? 

Choices, Calculations, OR 

Slider Labels 

1, Yes  

2, No 

3, Unknown 

Required Field? Yes 

Source Medical records; medical history 

Further description   

 

Variable / Field Name hypertension_hx 

Form Name medical_history 

Field Type Dropdown 

Field Label History of Hypertension? 

Choices, Calculations, OR 

Slider Labels 

1, Yes  

2, No  

3, Unknown 

Field Note In adults, hypertension is defined as a systolic pressure = 140 and a 

diastolic pressure = 90. (NINDS) 

Required Field? Yes 

Source Medical records; medical history 

Further description  In adults, hypertension is defined as a systolic pressure = 140 and a 

diastolic pressure = 90. (NINDS) 

 

Variable / Field Name hypercholesterolemia_hx 

Form Name medical_history 

Field Type Dropdown 

Field Label History of Hypercholesterolemia? 

Choices, Calculations, OR 

Slider Labels 

1, yes  

2, no  

3, unknown 

Required Field? Yes 

Source Medical records; medical history 

Further description  If there is no written record of Hypercholesterolemia please select not 

recorded. 

 

Variable / Field Name Statin 

Form Name medical_history 

Field Type Dropdown 

Field Label Hypercholesterolemia treatment at admission? 

Choices, Calculations, OR 

Slider Labels 

1, Diet  

2, Statin  

4, Other 

Field Note  

Branching Logic (Show field 

only if...) [hypercholesterolemia_hx] = '1' 
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Required Field? Yes 

Source Medical records; medical history 

Further description  Select the option that best describes the patient’s treatment for 

hypercholesterolemia. Some common statins include: 

atorvastatin (Lipitor), 

fluvastatin (Lescol, Lescol XL), 

lovastatin (Mevacor, Altoprev), 

pravastatin (Pravachol), 

rosuvastatin (Crestor), 

simvastatin (Zocor), and. 

pitavastatin (Livalo). 

 

 

Variable / Field Name Anticoagulants 

Form Name medical_history 

Field Type Dropdown 

Field Label Anticoagulant treatment at admission? 

Choices, Calculations, OR 

Slider Labels 

1, No  

2, Aspirin  

3, Clopidogrel  

4, Asasantin  

5, Warfarin  

6, Dabigatran (Pradaxa)  

7, Rivaroxaban (Xarelto)  

8, Apixaban (Eliquis)  

9, other 

Required Field? Yes 

Source Medical records; medical history 

Further description  Select ‘other’ if prescribed anti-coagulant is not listed. 

 

Variable / Field Name hrt_use 

Form Name medical_history 

Field Type Dropdown 

Field Label Use of Hormone Replacement Therapy (HRT) at admission? (current use) 

Choices, Calculations, OR 

Slider Labels 

1, Yes  

2, No  

3, Unknown 

Field Note Record current use only. 

Required Field? Yes 

Source Medical records; medical history 

Further description  Hormone Replacement therapy is commonly listed as HRT in the medical 

history. Record current use only. 

 

Variable / Field Name Smoke 

Form Name medical_history 

Field Type Dropdown 

Field Label Smoking status 

Choices, Calculations, OR 

Slider Labels 

1, Current smoker  

2, Ex-smoker  

3, Non-smoker  

4, Unknown 

Field Note  

Required Field? Yes 

Source Medical records; medical history. History can be obtained from 

participant/ subject, family member or friend.  
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Further description  Smoking encompasses all tobacco use e.g cigarettes, e-cigarettes, pipes 

and cigars. 

 

Variable / Field Name Alc 

Form Name medical_history 

Field Type Dropdown 

Field Label Alcohol Intake 

Choices, Calculations, OR 

Slider Labels 

1, Never drink alcohol  

2, <=4 standard drinks per week/social drinker  

3, >4 standard drinks per week/Heavy drinker  

4, Ex-heavy drinker  

5, Unknown 

Required Field? Yes 

Source Medical record; history can be obtained from participant/ subject, family 

member or friend. 

 

Select ‘unknown’ if no information is available. 

 

Further description   
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Charlson Comorbidity Index 

Variable / Field Name aids1 

Form Name charlson_comorbidity_index 

Field Type Yesno 

Field Label Aids/HIV positive? 

Required Field? Yes 

 

Variable / Field Name diabeties_hx_2 

Form Name charlson_comorbidity_index 

Field Type Dropdown 

Field Label Diabetes Mellitus? 

Choices, Calculations, OR Slider Labels 1, Yes  

2, No  

3, Not recorded 

Required Field? Yes 

 

Variable / Field Name diab_tx 

Form Name charlson_comorbidity_index 

Field Type Dropdown 

Field Label Diabetes Mellitus treatment? 

Choices, Calculations, OR Slider Labels 1, Diet  

2, Insulin  

3, Oral 

Branching Logic (Show field only if...) [diabeties_hx_2] = '1' 

Required Field? Yes 

 

Variable / Field Name Myoinfac 

Form Name charlson_comorbidity_index 

Field Type Radio 

Field Label Myocardial infarction? 

Choices, Calculations, OR Slider Labels 1, Yes  

2, No  

3, Not recorded 

Required Field? Yes 

 

Variable / Field Name Chf 

Form Name charlson_comorbidity_index 

Field Type Radio 

Field Label Congestive Heart Failure? 

Choices, Calculations, OR Slider Labels 1, Yes  

2, No  

3, Not recorded 

Required Field? Yes 

 

Variable / Field Name pvd_hx 

Form Name charlson_comorbidity_index 

Field Type Dropdown 

Field Label Peripheral vascular disease? 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No  

 3, Not recorded 

Required Field? Yes 
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Variable / Field Name Ckd 

Form Name charlson_comorbidity_index 

Field Type Radio 

Field Label Moderate to Severe Chronic Kidney Disease? 

Choices, Calculations, OR Slider Labels 1, Yes  

2, No  

3, Not recorded 

Required Field? Yes 

Source  

Further description  As defined by Kidney Health Australia: 

Kidney.org.au  

 

Variable / Field Name cancer_type 

Form Name charlson_comorbidity_index 

Field Type Dropdown 

Field Label Cancer? 

Choices, Calculations, OR Slider Labels 1, Localised solid tumour  

3, Leukaemia lymphoma or metastatic solid tumour  

2, None 

Required Field? Yes 

 

Variable / Field Name liver_d 

Form Name charlson_comorbidity_index 

Field Type Radio 

Field Label Liver Disease? 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No  

 3, Not recorded 

Required Field? Yes 

 

Variable / Field Name Copd 

Form Name charlson_comorbidity_index 

Field Type Radio 

Field Label Chronic Obstructive Pulmonary Disease? 

Choices, Calculations, OR Slider Labels 1, Yes  

2, No  

3, Not recorded 

Required Field? Yes 

 

Variable / Field Name stroke_tia 

Form Name charlson_comorbidity_index 

Field Type Radio 

Field Label Stroke or TIA? 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No  

 3, Not recorded 

Required Field? Yes 

 

Variable / Field Name Ctd 

Form Name charlson_comorbidity_index 

Field Type Radio 

Field Label Connective Tissue Disease? 

Choices, Calculations, OR Slider Labels 1, Yes  
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 2, No  

3, Not recorded 

Required Field? Yes 

 

Variable / Field Name Hemi 

Form Name charlson_comorbidity_index 

Field Type Radio 

Field Label Hemiplegia prior to admission for aSAH? 

Choices, Calculations, OR Slider Labels 1, Yes  

2, No  

 3, Not recorded 

Required Field? Yes 

 

Variable / Field Name Dementia 

Form Name charlson_comorbidity_index 

Field Type Radio 

Field Label Dementia? 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No  

 3, Not recorded 

Required Field? Yes 

 

Variable / Field Name Pud 

Form Name charlson_comorbidity_index 

Field Type Radio 

Field Label Peptic Ulcer Disease? 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No  

 3, Not recorded 

Required Field? Yes 

 



263 
 

Aneurysmal Subarachnoid Haemorrhage event 

 

Variable / Field Name date_event 

Form Name asah_event 

Field Type Text 

Field Label Date of first aSAH symptom 

Text Validation Type 

OR Show Slider 

Number date_dmy 

Required Field? Yes 

Source Individual patient medical record – Nursing notes and medical notes or ambulance 

report. 

Further description  Date of the symptom onset. This is known as the date the person was last seen, or 

known to be, well. (i.e., if the patient awoke with symptoms of aSAH the onset date is 

designated as the last time the patient was seen, or known to be, well). 

 

 

Variable / Field Name onset_time 

Form Name asah_event 

Field Type Text 

Field Label Time of first aSAH symptom  

Text Validation Type  Time 

Required Field? Yes 

Source Individual patient medical record - Nursing notes and Medical notes, allied health 

records or ambulance report. 

Further description  Time of the onset of aSAH symptoms, this is also known as the time the person was last 

seen, or known to be, well (i.e., if the patient awoke with symptoms the onset time is 

designated as the last time the patient was seen, or known to be well. 

 

Onset time is recorded to the nearst minute; however, time to within 15 minutes of exact 

time is acceptable to be coded as.  

 

If there are conflicting onset times, please use the following hierarchy: 1. stroke 

team/neurologist 2. admitting physician 3. emergency department physician 4. ED 

nursing notes 5. Emergency medical staff/Ambulance reports  

 

If onset time is unclear, then time last seen well should be recorded. In this circumstance 

enter the time the patient was last seen well. 

 

If approximate time last seen well is unclear, select an approximate time from the list 

below:  

 

Middle of the night 03:00  

Breakfast 08:00 E 

Early morning 08:00  

Morning 09:00  

Late morning 10:00  

Lunch 12:00  

Midday or 

 12 Noon 12:00  

Early afternoon 14:00  

Afternoon or mid-afternoon 15:00  

Late afternoon 16:00  

Dinner/Supper 18:00  

Early evening 19:00  

Evening 21:00  
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Late evening 22:00  

Midnight  23:59 – 

 

 

 

Variable / Field Name Symptoms 

Form Name asah_event 

Field Type Checkbox 

Field Label aSAH Symptoms  

Choices, Calculations 1, Headache  

2, Change in level of consciousness  

 3, Seizure  

 4, Vomiting  

 5, Other  

 6, Focal Neurological deficit  

 7, Stiffness in neck  

 8, Nausea 

Field Note select all symptoms that apply 

Required Field? Yes 

Source Individual patient medical record – Emergency department notes, nursing notes and 

Medical notes, or ambulance report. 

Further description  Select all symptoms that apply. Where there are conflicting reports, select the self-

report by the patient. 

 

Variable / Field Name Location 

Form Name asah_event 

Field Type Text 

Field Label Where was the person when the aSAH event occurred? 

Field Note e.g home, work, shopping centre 

Required Field? Yes 

Source Ambulance report 

Further description  Provide a brief description. Where possible use a single word only. 

 

Variable / Field Name pre_residence 

Form Name asah_event 

Field Type Dropdown 

Field Label Pre aSAH residence? 

Choices, Calculations, OR 

Slider Labels 

1, Home  

 2, Low level care  

 3, High level care 

Required Field? Yes 

Source  

Further description   

 

Variable / Field Name phys_active 

Form Name asah_event 

Field Type Dropdown 

Field Label Physical activity at symptom onset 

Choices, Calculations, OR 

Slider Labels 1, Sedentary  

 2, Asleep  

 3, Mildly active  

 4, Moderately active  

 5, Very active 

6, unknown 
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Required Field? Yes 

Source  

Further description   

 

Ambulance Times 

 

Variable / Field Name ambulance_transfer 

Form Name ambulance_times 

Field Type Radio 

Field Label Was the patient transferred to hospital by ambulance? 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No 

3, Unknown 

Required Field? yes  

Further description  Arrival by ambulance refers to the patient being 

transported to the Emergency Department by road 

ambulance, air ambulance including plane and 

helicopter.    

 

 

Variable / Field Name amb_date 

Form Name ambulance_times 

Field Type Text 

Field Label Date of Ambulance transfer 

Text Validation Type OR Show Slider 

Number date_dmy 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? Yes 

Source Ambulance report 

Further description  The date that the patient was first transported by ambulance to 

hospital. 

 

Variable / Field Name time_amb_call 

Form Name ambulance_times 

Field Type Text 

Field Label Time of ambulance call 

Text Validation Type OR Show Slider 

Number time 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? yes 

Source Ambulance report 

Ambulance record 

Further description  The time that the patient/carer/other called the ambulance to 

request assistance. 

 

Variable / Field Name amb_dispatch_code 

Form Name ambulance_times 

Field Type text 

Field Label Ambluance dispatch code 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? Yes 

Source Ambulance data – this is not available from the medical records. 
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Further description  What dispatch code was used? Dispatch code defines the priority 

of the call. 

 

 

Variable / Field Name time_amb_arrived 

Form Name ambulance_times 

Field Type text 

Field Label Time the ambulance arrived at the scene 

Text Validation Type OR Show Slider Number time 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? yes 

Source Ambulance report 

Further description  What time did the ambulance arrive on scene to assist 

the patient? 

 

Variable / Field Name time_pt_loaded 

Form Name ambulance_times 

Field Type text 

Field Label Time that the patient was loaded into the ambulance for 

transfer to hospital 

Text Validation Type OR Show Slider Number time 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? yes 

Source Ambulance report 

Further description  What time was the patient put into the ambulance ready 

for transfer to hospital? 

 

Variable / Field Name arrival_1st_hosp 

Form Name ambulance_times 

Field Type text 

Field Label Time of arrival at the first hospital 

Text Validation Type OR Show Slider Number time 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? yes 

Source Ambulance report 

Further description  What time did the ambulance arrive at the hospital? 

Note: this is different to the time the patient was triaged 

in ED. The ambulance may wait with the patient for 

some time at the hospital prior to triage.  

 

Variable / Field Name time_triage_ed 

Form Name ambulance_times 

Field Type text 

Field Label Time of triage in ED at the first hospital 

Field Note Time patient was triaged in ED 

Text Validation Type OR Show Slider Number time 

Required Field? Yes 

Source Ambulance report 

Emergency department record 

Further description  What time did the ambulance arrive at the hospital? 

Note: this is different to the time the patient was 

triaged in ED. The ambulance may wait with the 

patient for some time at the hospital prior to triage. 
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Variable / Field Name amb_delays 

Form Name ambulance_times 

Field Type checkbox 

Field Label Please select any documented ambulance delays 

Choices, Calculations, OR Slider Labels 1, Poor access | 2, Ramped | 7, Geographical distance | 

4, Secure airway | 5, Heavy lift | 6, Poor compliance | 8, 

other| 9, none | 

Field Note Select all that apply 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? Yes 

Source Ambulance report 

Further description   

 

Ambulance (Initial obs and tx) 

 

Variable / Field Name amb_peak_int 

Form Name ambulance_initial_obs_and_tx 

Field Type dropdown 

Field Label Ambulance: How long did the patients' headache take to 

reach peak intensity? 

Choices, Calculations, OR Slider Labels 1, Instantaneous  

 2, ≤ 1min  

 3, ≤ 5min > 1min  

 4, ≤ 10min > 5min  

5, ≤ 30min >10min  

 6, >30min  

7, Unknown 

Field Note  

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? yes 

Source  

Further description   

 

Variable / Field Name amb_descrip_headach 

Form Name ambulance_initial_obs_and_tx 

Field Type dropdown 

Field Label Ambulance: How did the patient describe their headache? 

Choices, Calculations, OR Slider Labels 1, Sudden  

 2, Thunderclap  

 3, Instantaneous  

4, Worst in life  

 5, Throbbing  

6, Like a Migraine  

 7, Not documented 

8,other 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? yes 

Source Ambulance report only 

Further description  Description of headache as reported by patient. Take from 

ambulance reports only. 

 

Variable / Field Name stroke_spec_ass 

Form Name ambulance_initial_obs_and_tx 

Field Type radio 

Field Label Ambulance: Was a stroke-specific assessment completed? 
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Choices, Calculations, OR Slider Labels 1, Yes  

2, No  

3, Unknown  

Field Note e.g. FAST, ROSIER, NIHSS 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? Yes 

Source Ambulance report/data 

Further description  Validation: A stroke specific assessment assists in 

identifying stroke. Early identification may improve time 

to treatment. 

 

Variable / Field Name time_amb_obs_1 

Form Name ambulance_initial_obs_and_tx 

Field Type text 

Field Label Ambulance: What time were initial ambulance 

observations undertaken? 

Field Note time of first documented observations 

Text Validation Type OR Show Slider Number time 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? y 

Source Ambulance report/data 

Further description  Initial ambulance observations are defined as the first set 

of observations recorded. 

 

Variable / Field Name amb_pulse_1 

Form Name ambulance_initial_obs_and_tx 

Field Type text 

Field Label Ambulance: Initial pulse rate 

Text Validation Type OR Show Slider Number number 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? Yes 

Source Ambulance report/data 

Further description  Initial ambulance observations are defined as the first set 

of observations recorded. 

 

Variable / Field Name amb_systolic_1 

Form Name ambulance_initial_obs_and_tx 

Field Type text 

Field Label Ambulance: Initial systolic blood pressure 

Field Note First recorded systolic BP 

Text Validation Type OR Show Slider Number number 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? Yes 

Source Ambulance report/data 

Further description  Initial ambulance observations are defined as the first set 

of observations recorded. 

 

Variable / Field Name amb_diastolic_1 

Form Name ambulance_initial_obs_and_tx 

Field Type text 

Field Label Ambulance: Initial diastolic blood pressure 

Field Note First recorded diastolic BP 

Text Validation Type OR Show Slider Number number 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? Yes 
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Source Ambulance report/data 

Further description  Initial ambulance observations are defined as the first set 

of observations recorded. 

 

Variable / Field Name amb_temp_1 

Form Name ambulance_initial_obs_and_tx 

Field Type text 

Field Label Ambulance: Initial temperature 

Field Note Degrees celsius 

Text Validation Type OR Show Slider Number number 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? Yes 

Source Ambulance report/data 

Further description  Initial ambulance observations are defined as the first set 

of observations recorded. 

 

Variable / Field Name amb_gcs_1 

Form Name ambulance_initial_obs_and_tx 

Field Type text 

Field Label Ambulance: Initial Glasgow Coma Scale (GCS) 

Field Note First recorded GCS 

Text Validation Type OR Show Slider Number number 

Text Validation Min 0 

Text Validation Max 15 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? Yes 

Source Ambulance report/data 

Further description  Initial ambulance observations are defined as the first set 

of observations recorded. 

 

Variable / Field Name amb_bgl_1 

Form Name ambulance_initial_obs_and_tx 

Field Type text 

Field Label Ambulance: Initial Blood Glucose Level 

Field Note First recorded blood glucose level 

Text Validation Max Initial ambulance observations are defined as the first set 

of observations recorded. 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? Yes 

Source Ambulance report/data 

Further description  Initial ambulance observations are defined as the first set 

of observations recorded. 

 

Variable / Field Name amb_resp_rate_1 

Form Name ambulance_initial_obs_and_tx 

Field Type text 

Field Label Ambulance: Initial respiration rate 

Field Note First recorded respiration rate 

Text Validation Type OR Show Slider Number number 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? Yes 

Source Ambulance report/data 

Further description  Initial ambulance observations are defined as the first set 

of observations recorded. 
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Variable / Field Name pupil 

Form Name ambulance_initial_obs_and_tx 

Field Type yesno 

Field Label Pupil abnormalities (asymmetry or lack of reaction) 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? yes 

Source Ambulance report/data 

Further description  Initial ambulance observations are defined as the first set 

of observations recorded. 

 

Variable / Field Name cpr 

Form Name ambulance_initial_obs_and_tx 

Field Type yesno 

Field Label Was CPR required at the scene or en-route to hospital? 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? yes 

Source Ambulance report/data 

Further description   

 

Variable / Field Name intubation 

Form Name ambulance_initial_obs_and_tx 

Field Type yesno 

Field Label Was intubation required at the scene or en-route to 

hospital? 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? yes 

Source Ambulance report/data 

Further description   

 

Variable / Field Name amb_aspirin 

Form Name ambulance_initial_obs_and_tx 

Field Type radio 

Field Label Ambulance: Was Aspirin given? 

Choices, Calculations, OR Slider Labels 1, Yes | 2, No | 3, Unknown 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? yes 

Source Ambulance report/data 

Further description   
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Ambulance Final Observations 

 

Variable / Field Name time_amb_obs_2 

Form Name ambulance_final_observations 

Field Type text 

Field Label Ambulance: what time were final ambulance observations 

undertaken? 

Field Note time of discharge observations 

Text Validation Type OR Show Slider Number time 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? yes 

Source Ambulance report/data 

Further description  The final observations are defined as the last set of 

observations prior to admission to hospital. 

 

Variable / Field Name amb_pulse_2 

Form Name ambulance_final_observations 

Field Type text 

Field Label Ambulance: Final pulse rate 

Field Note Ambulance discharge pulse rate 

Text Validation Type OR Show Slider Number number 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? Yes 

Source Ambulance report/data 

Further description  The final observations are defined as the last set of 

observations prior to admission to hospital. 

 

Variable / Field Name amb_systolic_2 

Form Name ambulance_final_observations 

Field Type text 

Field Label Ambulance: Final systolic blood pressure 

Field Note Ambulance discharge systolic BP 

Text Validation Type OR Show Slider Number number 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? yes 

Source Ambulance report/data 

Further description  The final observations are defined as the last set of 

observations prior to admission to hospital. 

 

Variable / Field Name amb_diastolic_2 

Form Name ambulance_final_observations 

Field Type text 

Field Label Ambulance: Final diastolic blood pressure 

Field Note Ambulance discharge diastolic BP 

Text Validation Type OR Show Slider Number number 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? yes 

Source Ambulance report/data 

Further description  The final observations are defined as the last set of 

observations prior to admission to hospital. 

 

Variable / Field Name amb_temp_2 

Form Name ambulance_final_observations 
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Field Type text 

Field Label Ambulance: Final temperature 

Choices, Calculations, OR Slider Labels number  

Field Note in degrees Celsius 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? yes 

Source Ambulance report/data 

Further description  The final observations are defined as the last set of 

observations prior to admission to hospital. 

 

Variable / Field Name amb_gcs_2 

Form Name ambulance_final_observations 

Field Type text 

Field Label Ambulance: Final Glasgow Coma Scale (GCS) 

Field Note Ambulance discharge GCS 

Text Validation Type OR Show Slider Number number 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? Yes 

Source Ambulance report/data 

Further description  The final observations are defined as the last set of 

observations prior to admission to hospital. 

 

Variable / Field Name amb_bgl_2 

Form Name ambulance_final_observations 

Field Type text 

Field Label Ambulance: Final Blood Glucose Level 

Field Note Ambulance discharge blood glucose level 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? Yes 

Source Ambulance report/data 

Further description  The final observations are defined as the last set of 

observations prior to admission to hospital. 

 

Variable / Field Name amb_resp_rate_2 

Form Name ambulance_final_observations 

Field Type text 

Field Label Ambulance: Final respiration rate 

Field Note Ambulance discharge respiration rate 

Text Validation Type OR Show Slider Number number 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? Yes 

Source Ambulance report/data 

Further description  The final observations are defined as the last set of 

observations prior to admission to hospital. 

 

Variable / Field Name amb_pt_outcome 

Form Name ambulance_final_observations 

Field Type dropdown 

Field Label Ambulance: Patient outcome at discharge to hospital 

Choices, Calculations, OR Slider Labels 1, Improved | 2, Unchanged | 3, Deteriorated | 4, Died 

Branching Logic (Show field only if...) [ambulance_transfer] = '1' 

Required Field? yes 

Source Ambulance report/data 

Further description  The final observations are defined as the last set of 

observations prior to admission to hospital. 
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Hospital Arrival _1 

 

Variable / Field Name hospital_name_1 

Form Name hospital_arrival_1 

Field Type text 

Field Label Hospital Name 

Required Field? yes 

Further description  The name of the first hospital at which the patient 

presented 

 

Variable / Field Name date_hosp_arrival_1 

Form Name hospital_arrival_1 

Field Type text 

Field Label Date of hospital arrival 

Text Validation Type OR Show Slider Number date_dmy 

Required Field? yes 

Source Admission form or patient administrative system. 

Further description  The date of patient presentation to the hospital is the 

earliest occasion of being registered clerically or 

triaged 

 

 

 

Variable / Field Name time_hosp_arrival_1 

Form Name hospital_arrival_1 

Field Type text 

Field Label Time of arrival to hospital 

Text Validation Type OR Show Slider Number time 

Required Field? y 

Source Admission form or patient administrative system. 

Further description  The time of patient presentation to the hospital is the 

earliest occasion of being registered clerically or 

triaged. 

 

 

 

Variable / Field Name arrival_transport_1 

Form Name hospital_arrival_1 

Field Type dropdown 

Field Label Arrival mode of transport 

Choices, Calculations, OR Slider Labels 6, Ambulance with paramedic  

3, Volunteer ambulance  

4, Patient Transport  

5, Private car/walk in  

 7, Fixed wing flight  

8, Medical retrieval fixed wing flight  

 9, Medical retrieval ambulance  

 10, Rescue helicopter  

 11, Unknown 

Required Field? yes 

Source Ambulance report 

Emergency department notes 

Further description  Select the option which best describes how the patient 

arrived at the hospital. 
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Variable / Field Name triage_catagory_1 

Form Name hospital_arrival_1 

Field Type dropdown 

Field Label Triage category 

Choices, Calculations, OR Slider Labels 1, Immediately life threatening  

 2, Imminently life threatening  

 3, Potentially life threatening  

4, Potentially serious  

 5, Less urgent  

6, No category noted  

 7, Unknown 

Required Field? No 

Source Emergency department notes 

Further description  This refers to the category of priority given to the patient on 

arrival to the Emergency department.  

 

Variable / Field Name description 

Form Name hospital_arrival_1 

Field Type descriptive 

Field Label Emergency Department Description of Event 

Required Field? No 

Source Emergency department notes 

Further description  Document the description of the aSAH event as written by 

the emergency department on arrival to hospital. If this is not 

available, leave blank. Do not substitute with another 

description. 

 

Variable / Field Name med_contact 

Form Name hospital_arrival_1 

Field Type radio 

Field Label Was there any medical contact within 30 days of admission 

(GP or hospital visit)? 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No  

 3, Unknown 

Required Field? yes 

Source Emergency department notes; patient history 

Medical notes 

Allied health notes 

Further description  If date of last medical contact is unknown and not within 

30days, select Unknown. 

 

Variable / Field Name antihypertensive_1 

Form Name hospital_arrival_1 

Field Type yesno 

Field Label Was antihypertensive medication given in the emergency 

department? 

Required Field? yes 

Source Medication chart 

Further description   

 

Variable / Field Name antihypertensive_date 

Form Name hospital_arrival_1 

Field Type text 
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Field Label Date of the first dose of antihypertensive in the emergency 

department. 

Branching Logic (Show field only if...) [antihypertensive_1] = '1' 

Required Field? y 

Source Emergency department records 

Further description  This refers to the previous point ‘Was antihypertensive 

medication given in the emergency department?’ 

 

Variable / Field Name antihypertensive_time_1 

Form Name hospital_arrival_1 

Field Type text 

Field Label Time of the first dose of antihypertensive in the emergency 

department 

Branching Logic (Show field only if...) [antihypertensive_1] = '1' 

Required Field? yes 

Source Emergency department records 

Further description  This refers to the previous point ‘Was antihypertensive 

medication given in the emergency department?’ 

 

Variable / Field Name pt_admitted 

Form Name hospital_arrival_1 

Field Type radio 

Field Label Was the patient admitted to this hospital or transferred to 

another hospital? 

Choices, Calculations, OR Slider Labels 1, yes, the patient was admitted to this hospital  

2, no, the patient was transferred to another hospital  

3, no, the patient died or was sent home 

Required Field? yes 

Source Emergency department notes 

Further description  Where did the patient go after the emergency department 

of this hospital? Patient may be transferred to another 

hospital for treatment.  

 

Variable / Field Name transfer_reason 

Form Name hospital_arrival_1 

Field Type notes 

Field Label What was the reason for transfer? Write a brief description. 

Branching Logic (Show field only if...) [pt_admitted] = '2' 

Required Field? Yes 

Source Emergency department notes 

Further description  Write a short description of the reason for transfer. One or 

two sentences.  
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Hospital observations_1 

 

Variable / Field Name hosp_init_obs_1 

Form Name hospital_observations_1 

Field Type text 

Field Label What time were initial hospital observations 

undertaken? 

Field Note The first set of observations taken at hospital 

Text Validation Type OR Show Slider Number time 

Required Field? yes 

Source Emergency department record 

Further description  The first set of observations is defined as the first set of 

observations taken (from arrival) at hospital. This would 

typically be completed in the emergency department 

unless the patient was taken straight to another location 

(e.g. ward/surgery) 

 

Variable / Field Name pulse_1 

Form Name hospital_observations_1 

Field Type text 

Field Label Initial pulse rate 

Text Validation Type OR Show Slider Number number 

Required Field? Yes 

Source Emergency department record 

Further description  The first set of observations taken (from arrival) at 

hospital 

 

Variable / Field Name systolic_1 

Form Name hospital_observations_1 

Field Type text 

Field Label Initial systolic blood pressure 

Text Validation Type OR Show Slider Number number 

Required Field?  Yes 

Source Emergency department record 

Further description  The first set of observations taken (from arrival) at 

hospital 

 

Variable / Field Name diastolic_1 

Form Name hospital_observations_1 

Field Type text 

Field Label Initial Diastolic blood pressure 

Text Validation Type OR Show Slider Number number 

Required Field?  Yes 

Source Emergency department record 

Further description  The first set of observations taken (from arrival) at 

hospital 

 

Variable / Field Name temp_1 

Form Name hospital_observations_1 

Field Type text 

Field Label Initial temperature 

Field Note in degrees celsius 

Text Validation Type OR Show Slider Number number 

Required Field? Yes 
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Source Emergency department record 

Further description  The first set of observations taken (from arrival) at 

hospital 

 

Variable / Field Name gcs_1 

Form Name hospital_observations_1 

Field Type text 

Field Label Initial Glasgow Coma Scale (GCS) 

Text Validation Type OR Show Slider Number number 

Text Validation Min 0 

Text Validation Max 15 

Required Field? Yes 

Source Emergency department record 

Further description  The first set of observations taken (from arrival) at 

hospital 

 

Variable / Field Name bgl_1 

Form Name hospital_observations_1 

Field Type text 

Field Label Initial blood glucose Level 

Field Note Ambulance discharge blood glucose level 

Required Field? Yes 

Source Emergency department record 

Further description  The first set of observations taken (from arrival) at 

hospital 

 

Variable / Field Name resp_rate_1 

Form Name hospital_observations_1 

Field Type text 

Field Label Initial respiration rate 

Text Validation Type OR Show Slider Number number 

Required Field? Yes 

Source Emergency department record 

Further description  The first set of observations taken (from arrival) at 

hospital 

 

Variable / Field Name wfns 

Form Name hospital_observations_1 

Field Type radio 

Field Label World Federation of Neurosurgeons Scale (WFNS) 

Choices, Calculations, OR Slider Labels 1, grade 1: GCS 15, no motor deficit.  

2, grade 2: GCS 13-14 without deficit  

3, grade 3: GCS 13-14 with focal neurological deficit  

4, grade 4: GCS 7-12, with or without deficit.  

5, grade 5: GCS < 7 , with or without deficit.  

6, Not completed 

Required Field? Yes 

Source Emergency department record 

Medical notes 

Neurosurgery review 

Further description  This is a standardised neurological assessment.  
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Hospital arrival_2 

 

Variable / Field Name hosp_name_2 

Form Name hospital_arrival_2 

Field Type text 

Field Label Hospital name 

Branching Logic (Show field only if...) [pt_admitted] = '2' 

Required Field? y 

Further description  The name of the hospital that the patient was transferred to. 

 

Variable / Field Name date_hosp_arrival_2 

Form Name hospital_arrival_2 

Field Type text 

Field Label Date of hospital arrival 

Text Validation Type OR Show Slider 

Number date_dmy 

Branching Logic (Show field only if...) [pt_admitted] = '2' 

Required Field? yes 

Source Admission form or patient administrative system. 

Further description  The date of patient presentation to the hospital is the earliest 

occasion of being registered clerically or triaged 

 

 

 

Variable / Field Name time_hosp_arrival_2 

Form Name hospital_arrival_2 

Field Type text 

Field Label Time of arrival to hospital 

Text Validation Type OR Show Slider 

Number time 

Branching Logic (Show field only if...) [pt_admitted] = '2' 

Required Field? yes 

Source Admission form or patient administrative system. 

Further description  The time of patient presentation to the hospital is the earliest 

occasion of being registered clerically or triaged. 

 

 

 

Variable / Field Name arrival_transport_2 

Form Name hospital_arrival_2 

Field Type dropdown 

Field Label Arrival mode of transport 

Choices, Calculations, OR Slider Labels 6, Ambulance with paramedic  

 3, Volunteer ambulance  

 4, Patient Transport  

 5, Private car/walk in  

7, Fixed wing flight  

8, Medical retrieval fixed wing flight  

 9, Medical retrieval ambulance  

 10, Rescue helicopter  

 11, Unknown 

Branching Logic (Show field only if...) [pt_admitted] = '2' 

Required Field? y 

Source Ambulance report 

Emergency department notes 
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Further description  Select the option which best describes how the 

patient arrived at the hospital. 

 

Variable / Field Name triage_catagory_2 

Form Name hospital_arrival_2 

Field Type dropdown 

Field Label Triage category 

Choices, Calculations, OR Slider Labels 1, Immediately life threatening  

 2, Imminently life threatening  

 3, Potentially life threatening  

 4, Potentially serious  

 5, Less urgent  

 6, No category noted  

 7, Unknown 

Branching Logic (Show field only if...) [pt_admitted] = '2' 

Required Field? No 

Source Emergency department notes 

Further description  This refers to the category of priority given to the 

patient on arrival to the Emergency department.  

 

Variable / Field Name antihypertensive_2 

Form Name hospital_arrival_2 

Field Type yesno 

Field Label Was antihypertensive medication given? 

Required Field? yes 

Source Medication chart 

Further description   

 

Variable / Field Name antihypertensive_date_2 

Form Name hospital_arrival_2 

Field Type text 

Field Label Date of the first dose of antihypertensive 

Branching Logic (Show field only if...) [antihypertensive_2] = '1' 

Required Field? Y 

Source Emergency department records 

Further description  This refers to the previous point ‘Was 

antihypertensive medication given in the emergency 

department?’ 

 

Variable / Field Name antihypertensive_time_2 

Form Name hospital_arrival_2 

Field Type Text 

Field Label Time of the first dose of antihypertensive 

Branching Logic (Show field only if...) [antihypertensive_2] = '1' 

Required Field? Yes 

Source Emergency department records 

Further description  This refers to the previous point ‘Was 

antihypertensive medication given in the emergency 

department?’ 
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Hospital_Observations_2 

 

Variable / Field Name date_init_obs_2 

Form Name hospital_observations_2 

Field Type Text 

Field Label What date were initial hospital observations undertaken? 

Field Note The first set of observations taken at this hospital 

Source Emergency department record 

Nursing notes 

Further description  The date of the first set of observations. Defined as the 

first set of observations taken (from arrival) at hospital. 

This would typically be completed in the emergency 

department unless the patient was taken straight to 

another location (e.g. ward/surgery) 

 

Variable / Field Name time_init_obs_2 

Form Name hospital_observations_2 

Field Type Text 

Field Label What time were initial hospital observations 

undertaken? 

Field Note The first set of observations taken at this hospital 

Text Validation Type OR Show Slider Number Time 

Branching Logic (Show field only if...) [pt_admitted] = '2' 

Required Field? Yes 

Source Emergency department record 

Nursing notes 

Further description  The time of the first set of observations. Defined as the 

first set of observations taken (from arrival) at hospital. 

This would typically be completed in the emergency 

department unless the patient was taken straight to 

another location (e.g. ward/surgery) 

 

Variable / Field Name pulse_2 

Form Name hospital_observations_2 

Field Type Text 

Field Label Pulse rate 

Text Validation Type OR Show Slider Number Number 

Branching Logic (Show field only if...) [pt_admitted] = '2' 

Required Field? Yes 

Source Emergency department record 

Nursing notes 

Further description  Defined as the first set of observations taken (from 

arrival) at hospital. 

 

Variable / Field Name systolic_2 

Form Name hospital_observations_2 

Field Type Text 

Field Label Systolic blood pressure 

Text Validation Type OR Show Slider Number Number 

Branching Logic (Show field only if...) [pt_admitted] = '2' 

Required Field? Yes 

Source Emergency department record 

Nursing notes 

Further description  Defined as the first set of observations taken (from 

arrival) at hospital. 
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Variable / Field Name diastolic_2 

Form Name hospital_observations_2 

Field Type Text 

Field Label Diastolic blood pressure 

Text Validation Type OR Show Slider Number Number 

Branching Logic (Show field only if...) [pt_admitted] = '2' 

Required Field? Yes 

Source Emergency department record 

Nursing notes 

Further description  Defined as the first set of observations taken (from 

arrival) at hospital. 

 

Variable / Field Name temp_2 

Form Name hospital_observations_2 

Field Type Text 

Field Label Temperature 

Field Note in degrees Celsius 

Text Validation Type OR Show Slider Number Number 

Branching Logic (Show field only if...) [pt_admitted] = '2' 

Required Field? Yes 

Source Emergency department record 

Nursing notes 

Further description  Defined as the first set of observations taken (from 

arrival) at hospital. 

 

Variable / Field Name gcs_2 

Form Name hospital_observations_2 

Field Type Text 

Field Label Glasgow Coma Scale (GCS) 

Text Validation Type OR Show Slider Number Number 

Branching Logic (Show field only if...) [pt_admitted] = '2' 

Required Field? Yes 

Source Emergency department record 

Nursing notes 

Further description  Defined as the first set of observations taken (from 

arrival) at hospital. 

 

Variable / Field Name bgl_2 

Form Name hospital_observations_2 

Field Type Text 

Field Label Blood glucose Level 

Branching Logic (Show field only if...) [pt_admitted] = '2' 

Source Yes 

Further description  Emergency department record 

Nursing notes 

 

Variable / Field Name resp_rate_2 

Form Name hospital_observations_2 

Field Type Text 

Field Label Respiration rate 

Text Validation Type OR Show Slider Number Number 

Branching Logic (Show field only if...) [pt_admitted] = '2' 

Source Yes 
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Further description  Emergency department record 

Nursing notes 

 

Variable / Field Name wfns_2 

Form Name hospital_observations_2 

Field Type Radio 

Field Label World Federation of Neurosurgeons Scale (WFNS) 

Choices, Calculations, OR Slider Labels 1, grade 1: GCS 15, no motor deficit.  

2, grade 2: GCS 13-14 without deficit  

3, grade 3: GCS 13-14 with focal neurological deficit  

4, grade 4: GCS 7-12, with or without deficit.  

5, grade 5: GCS < 7 , with or without deficit.  

 6, Not completed 

Required Field? Yes 

Source Emergency department record 

Medical notes 

Neurosurgery review 

Further description  This is a standardised neurological assessment.  
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Diagnostic imaging 

 

Variable / Field Name pt_ct 

Form Name diagnostic_imaging 

Field Type Radio 

Field Label Did the patient have a CT scan prior to treatment? 

Choices, Calculations, OR Slider Labels 1, Yes | 2, No | 3, Unknown 

Required Field? Yes 

Source Radiology report 

Further description  If the patient had any type of Computed Tomography 

(e.g CTA, CTP, non-contrast CT) select ‘yes’.  

 

Variable / Field Name date_ct 

Form Name diagnostic_imaging 

Field Type Text 

Field Label Date of the CT 

Text Validation Type OR Show Slider Number date_dmy 

Branching Logic (Show field only if...) [pt_ct] = '1' 

Required Field? Yes 

Source Radiology report 

Further description  If the patient had more than one CT, enter the data for 

the first aSAH diagnostic CT  

 

Variable / Field Name time_ct 

Form Name diagnostic_imaging 

Field Type Text 

Field Label Time of the CT 

Text Validation Type OR Show Slider Number Time 

Branching Logic (Show field only if...) [pt_ct] = '1' 

Required Field? Yes 

Source Radiology report 

Further description  The time of the CT as noted on the scan itself 

 

Variable / Field Name type_ct 

Form Name diagnostic_imaging 

Field Type Checkbox 

Field Label What type of CT scan was it? Select all that apply. 

Choices, Calculations, OR Slider Labels 1, Non contrast CT (plain) | 2, CT angiogram | 3, CT 

perfusion | 4, Unknown 

Field Note Select all that apply 

Branching Logic (Show field only if...) [pt_ct] = '1' 

Required Field? Yes 

Source Radiology report 

Further description  Select the type of CT undertaken as for the scan 

recorded in the previous data points. 

 

Variable / Field Name pt_mri 

Form Name diagnostic_imaging 

Field Type Checkbox 

Field Label Did the patient have an MRI prior to treatment? 

Choices, Calculations, OR Slider Labels 1, Yes | 2, No | 3, Unknown 

Required Field? Yes 

Source Radiology report 
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Further description   

 

Variable / Field Name date_mri 

Form Name diagnostic_imaging 

Field Type Text 

Field Label Date of the MRI 

Text Validation Type OR Show Slider Number date_dmy 

Branching Logic (Show field only if...) [pt_mri(1)] = '1' 

Required Field? Yes 

Source Radiology report 

Further description   

 

Variable / Field Name time_mri 

Form Name diagnostic_imaging 

Field Type Text 

Field Label Time of the MRI 

Text Validation Type OR Show Slider Number Time 

Branching Logic (Show field only if...) [pt_mri(1)] = '1' 

Required Field? Yes 

Source Radiology report 

Further description  The time of the MRI as noted on the scan 

 

Variable / Field Name pt_lumb 

Form Name diagnostic_imaging 

Field Type Radio 

Field Label Did the patient have a lumbar puncture prior to 

treatment? 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No  

 3, Unknown 

Required Field? Yes 

Source Diagnostics – sort by date 

Further description   

 

Variable / Field Name date_lumb 

Form Name diagnostic_imaging 

Field Type Text 

Field Label Date of lumbar puncture 

Branching Logic (Show field only if...) [pt_lumb] = '1' 

Required Field? Yes 

Source Diagnostics 

Further description   

 

Variable / Field Name time_lumb 

Form Name diagnostic_imaging 

Field Type Text 

Field Label Time of lumbar puncture 

Branching Logic (Show field only if...) [pt_lumb] = '1' 

Required Field? No  

Source Lumbar puncture report 

Further description   

 

Variable / Field Name lumb_rbc 
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Form Name diagnostic_imaging 

Field Type Radio 

Field Label Which best describes the results of the lumbar 

puncture? 

Choices, Calculations, OR Slider Labels 1, Unequivocally abnormal (xanthochromia, elevated 

red-cell count unchanged from tube 1 to tube 4)  

 2, Abnormal but equivocal (elevated red-cell count 

without xanthochromia or analysis of only 1 tube)  

3, Normal 

Branching Logic (Show field only if...) [pt_lumb] = '1' 

Required Field? Yes 

Source Lumbar puncture report 

Further description   

 

Variable / Field Name pt_dsa 

Form Name diagnostic_imaging 

Field Type Radio 

Field Label Did the patient have a DSA (Digital Subtraction 

angiography)? 

Choices, Calculations, OR Slider Labels 1, Yes | 2, No | 3, Unknown 

Required Field? Yes 

Source Radiology report 

Further description   

 

Variable / Field Name date_dsa 

Form Name diagnostic_imaging 

Field Type Text 

Field Label Date of DSA 

Branching Logic (Show field only if...) [pt_dsa] = '1' 

Required Field? Yes 

Source Radiology report 

Further description   

 

Variable / Field Name time_dsa 

Form Name diagnostic_imaging 

Field Type Text 

Field Label Time of DSA 

Branching Logic (Show field only if...) [pt_dsa] = '1' 

Required Field? No 

Source Endovascular report 

Further description  Record the groin puncture time 

 

Variable / Field Name multiple_aneurysms 

Form Name diagnostic_imaging 

Field Type Dropdown 

Field Label Multiple aneurysms? 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No 

Field Note Is there more than one aneurysm noted on the 

radiology report? 

Required Field? Yes 

Source Radiology report 

Further description   

 



286 
 

Variable / Field Name aneurysm_ident 

Form Name diagnostic_imaging 

Field Type Dropdown 

Field Label Can the ruptured aneurysm be identified 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No 

Required Field? Yes 

Source Radiology report 

Further description   

 

Variable / Field Name post_ant 

Form Name diagnostic_imaging 

Field Type Dropdown 

Field Label Posterior or anterior? 

Choices, Calculations, OR Slider Labels 1, Posterior  

2, Anterior 

Branching Logic (Show field only if...) [aneurysm_ident] = '1' 

Required Field? No 

Source Radiology report 

Further description   

 

Variable / Field Name aneurysm_side 

Form Name diagnostic_imaging 

Field Type Dropdown 

Field Label Aneurysm side? 

Choices, Calculations, OR Slider Labels 1, Right  

2, Left  

 3, Midline 

Branching Logic (Show field only if...) [aneurysm_ident] = '1' 

Required Field? No 

Source Radiology report 

Further description   

 

Variable / Field Name aneurysm_loc 

Form Name diagnostic_imaging 

Field Type Dropdown 

Field Label Aneurysm specific location 

Choices, Calculations, OR Slider Labels 1, Pcomm  

 2, AChoA  

3, ICA terminus  

 4, ACA - A1  

 5, ACA - Acomm  

 6, ACA -Pericallosal/callosomarginal  

 7, MCA - M1 before major bif/trifurcation  

 8, MCA - at bifurcation/trifurcation  

 9, MCA - distal MCA (Distal MCA is beyond the 

MCA bifurcation or trifurcation)  

 10, PCA - distal  

 11, PCA - P2  

 12, PCA - P1  

 13, basilar bifurcation  

 14, SCA  

 15, Basilar trunk  

 16, AICA  

 17, Vertebral_basilar junction  

 18, Vertebral 
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Field Note To be verified by clinician 

Branching Logic (Show field only if...) [aneurysm_ident] = '1' 

Required Field? No 

Source Radiology report 

Further description   

 

Variable / Field Name fisher_scale 

Form Name diagnostic_imaging 

Field Type Dropdown 

Field Label Modified Fisher Scale grade: 

Choices, Calculations, OR Slider Labels 1, Grade 0: No SAH or IVH  

 2, Grade 1: SAH less than 1mm thick, no IVH  

 3, Grade 2: SAH less than 1mm thick, with IVH  

 4, Grade 3: SAH more than 1mm thick, no IVH  

5, Grade 4: SAH more than 1mm thick, with IVH 

Field Note Complete if available 

Required Field? No 

Source Radiology report 

Neurosurgeon report 

Further description   

 

Variable / Field Name aneurysm_size 

Form Name diagnostic_imaging 

Field Type Text 

Field Label Maximum aneurysm in size (mm) 

Field Note in milimeters 

Required Field? No 

Source CTA 

Neurosurgeon report 

Endovasular report 

Further description  Record the largest measurement. For example if the 

aneurysm is 4.4 x 2.1 x 3.0, you would record 4.4 
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Treatment details 

 

Variable / Field Name ventriculostomy 

Form Name treatment_details 

Field Type Yesno 

Field Label Ventriculostomy placement for hydrocephalus prior to 

clipping and coiling? 

Required Field? Yes 

Source Medical records 

Radiological reports 

Further description   

 

Variable / Field Name rebleed1 

Form Name treatment_details 

Field Type radio 

Field Label Rebleed prior to treatment? 

Choices, Calculations, OR Slider Labels 1, Yes  - confirmed on neuroimaging  

 2, Possible - acute clinical deterioration clinically suspected 

to be a rebleed but no radiological confirmation  

3, No - no change in clinical status 

Required Field? yes 

Source Medical records 

Radiological reports 

Further description   

 

Variable / Field Name seizure_activity 

Form Name treatment_details 

Field Type dropdown 

Field Label Was there any seizure activity prior to coiling or clipping? 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No  

 3, Unknown 

Required Field? yes 

Source Medical records 

Further description   

 

Variable / Field Name coiling 

Form Name treatment_details 

Field Type yesno 

Field Label Did the patient receive endovascular coiling? 

Required Field? yes 

Source Neurosurgical records 

Further description   

 

Variable / Field Name date_coiling 

Form Name treatment_details 

Field Type Text 

Field Label Date of endovascular coiling 

Text Validation Type OR Show Slider 

Number date_dmy 

Branching Logic (Show field only if...) [coiling] = '1' 

Required Field? Yes 

Source Neurosurgical records 
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Further description   

 

Variable / Field Name time_coiling 

Form Name treatment_details 

Field Type Text 

Field Label Time of endovascular coiling 

Branching Logic (Show field only if...) [coiling] = '1' 

Required Field? Yes 

Source Neurosurgical records 

Further description  Record the groin puncture time 

 

Variable / Field Name Clipping 

Form Name treatment_details 

Field Type Yesno 

Field Label Did the patient receive microsurgical clipping? 

Field Note Surgical start time 

Required Field? Yes 

Source Neurosurgical records 

Further description   

 

Variable / Field Name date_clipping 

Form Name treatment_details 

Field Type text 

Field Label Date of microsurgical clipping  

Text Validation Type OR Show Slider 

Number date_dmy 

Branching Logic (Show field only if...) [clipping] = '1' 

Required Field? Yes 

Source Neurosurgical records 

Further description   

 

Variable / Field Name time_clipping 

Form Name treatment_details 

Field Type Text 

Field Label Time of microsurgical clipping 

Field Note surgical start time 

Branching Logic (Show field only if...) [clipping] = '1' 

Required Field? Yes 

Source Neurosurgical records 

Further description  Record the surgery start time 

 

Variable / Field Name treatment_result 

Form Name treatment_details 

Field Type Dropdown 

Field Label Treatment result 

Choices, Calculations, OR Slider Labels 1, Complete Occlusion  

2, Neck remnant  

 3, Residual Fundus  

 4, Unsecured 

Required Field? Yes 

Source Neurosurgical records 

Further description   
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Variable / Field Name Haematoma 

Form Name treatment_details 

Field Type Yesno 

Field Label Haematoma evacuation?  

Required Field? Yes 

Source Neurosurgical records 

Further description   

 

Variable / Field Name no_tx 

Form Name treatment_details 

Field Type Text 

Field Label Number of aneurysms treated? 

Field Note write unknown if not documented 

Required Field? Yes 

Source Neurosurgical records 

Further description   

 

Variable / Field Name intraoperative_rupture 

Form Name treatment_details 

Field Type Dropdown 

Field Label Intraoperative rupture? 

Choices, Calculations, OR Slider Labels 1, Yes - major: leading to intracranial pressure 

necessitating additional surgery, resulting in 

hypotension or requiring blood transfusion  

 2, Yes - Minor: any other rupture from any treated 

aneurysm  

 3, No  

4, Unknown 

Field Note see NINDS definition 

Required Field? Yes 

Source Neurosurgical records 

Further description   

 

Variable / Field Name Nimodopine 

Form Name treatment_details 

Field Type Yesno 

Field Label Was nimodopine given 

Required Field? Yes 

Source Emergency record 

Day after surgery 

Further description  Do not record any dose given during sugery. 

 

Variable / Field Name date_nimodopine 

Form Name treatment_details 

Field Type Text 

Field Label Date nimodopine given? 

Text Validation Type OR Show Slider Number date_dmy 

Branching Logic (Show field only if...) [nimodopine] = '1' 

Required Field? Yes 

Source Medical Records 

Further description   

 

Variable / Field Name time_nimodopine 

Form Name treatment_details 
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Field Type Text 

Field Label Time of the first dose of nimodopine 

Text Validation Type OR Show Slider Number Time 

Branching Logic (Show field only if...) [nimodopine] = '1' 

Required Field? Yes 

Source Medical Records 

Further description   

 

  



292 
 

Complications 

 

Variable / Field Name Haemorrhage 

Form Name Complications 

Field Type Yesno 

Field Label New haemorrhage or ischaemic stroke on 

postoperative scan performed within first 48 hours? 

Required Field? Yes 

Source Radiology report 

Further description   

 

Variable / Field Name Rebleeding 

Form Name Complications 

Field Type Dropdown 

Field Label Was there post-treatment rebleed? 

Choices, Calculations, OR Slider Labels 1, Yes - confirmed on neuroimaging  

 2, No  

3, Suspected but unconfirmed neuroimaging 

Required Field? Yes 

Source Radiology report 

Further description   

 

Variable / Field Name date_of_rebleed 

Form Name Complications 

Field Type Text 

Field Label Date of rebleed 

Text Validation Type OR Show Slider Number date_dmy 

Branching Logic (Show field only if...) [rebleeding] = '1' 

Required Field? Yes 

Source Medical notes 

Radiology report 

Further description   

 

Variable / Field Name re_treatment_required 

Form Name Complications 

Field Type Yesno 

Field Label Aneurysm re-treatment required? 

Branching Logic (Show field only if...) [rebleeding] = '1' 

Required Field? Yes 

Source Medical records 

Further description   

 

Variable / Field Name re_treatment_type 

Form Name Complications 

Field Type Dropdown 

Field Label Aneurysm re-treatment type? 

Choices, Calculations, OR Slider Labels 1, Surgery | 2, Endovascular 

Branching Logic (Show field only if...) [re_treatment_required] = '1' 

Required Field? Yes 

Source Medical notes 

Further description   

 

Variable / Field Name haem_evac 
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Form Name Complications 

Field Type Yesno 

Field Label Was there emergency evacuation of the haematoma? 

Required Field? Yes 

Source Medical notes 

Further description   

 

Variable / Field Name del_cerebral_inj 

Form Name Complications 

Field Type Radio 

Field Label Confirmed delayed cerebral injury? 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No  

 3, Unknown 

Field Note As per NINDS definition - DCI is defined as the 

presence of cerebral infarction on CT or MR scan of 

the brain within 6 weeks after SAH, or on the latest 

CT or MR  

Required Field? Yes 

Source Medical notes 

Further description   

 

Variable / Field Name endo_cereb_isch 

Form Name Complications 

Field Type Dropdown 

Field Label Did the patient receive endovascular therapy for 

delayed cerebral ischemia? 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No  

3, Unknown 

Required Field? Yes 

Source Medical notes 

Further description   

 

Variable / Field Name clinical_deterioration 

Form Name Complications 

Field Type Dropdown 

Field Label Did the patient experience clinical deterioration due 

to delayed cerebral ischaemia? 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No  

3, Unknown 

Field Note NINDS definition - The occurrence of focal 

neurological impairment (such as hemiparesis, 

aphasia, apraxia, hemianopia, or neglect), or a 

decrease of at least 2 points on the Glasgow Coma 

Scale (either on the total score or on one of its 

individual components [eye, motor on either side, 

verbal]). This should last for at least 1 hour, is not 

apparent immediately after aneurysm occlusion, and 

cannot be attributed to other causes by means of 

clinical assessment, CT or MRI scanning of the 

brain, and appropriate laboratory studies 

Required Field? Yes 

Source Medical notes 

Further description   
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Variable / Field Name endovasc_ther_received 

Form Name Complications 

Field Type Dropdown 

Field Label Endovascular therapy received 

Choices, Calculations, OR Slider Labels 1, Endovascular balloon angioplasty  

 2, Endovascular vasodilator therapy 

Required Field? Yes 

Source Medical notes 

Further description   

 

Variable / Field Name endovasc_tx_no 

Form Name Complications 

Field Type Text 

Field Label How many endovascular therapy treatments did they 

receive? 

Required Field? Yes 

Source Medical notes 

Further description   

 

Variable / Field Name post_treatment_infec 

Form Name Complications 

Field Type Dropdown 

Field Label Post-treatment infection 

Choices, Calculations, OR Slider Labels 1, No  

 2, Yes - meningitis/ventriculitis  

 3, Yes - pneumonia  

4, Yes - line related  

5, Yes - UTI  

6, Yes – other 

Required Field? Yes 

Source Medical notes 

Further description   

 

Variable / Field Name post_treatment_seizure 

Form Name Complications 

Field Type Dropdown 

Field Label In Hospital post-treatment seizure? 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No  

 3, Unknown 

Required Field? Yes 

Source Medical notes 

Further description   

 

Variable / Field Name ventriculo_placement 

Form Name Complications 

Field Type Dropdown 

Field Label Ventriculostomy placement after treatment? 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No  

 3, Unknown 

Required Field? Yes 

Source Medical notes 
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Further description   

 

Variable / Field Name shunt_placement 

Form Name Complications 

Field Type Dropdown 

Field Label Shunt placement in hospital after treatment? 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No  

 3, Unknown 

Required Field? Yes 

Source Medical notes 

Discharge summary 

Further description   

 

Variable / Field Name icu2 

Form Name Complications 

Field Type Yesno 

Field Label ICU admission required 

Required Field? Yes 

Source Medical record 

Further description  Was the patient admitted to ICU? 

 

Variable / Field Name comfort_measures_only 

Form Name Complications 

Field Type Dropdown 

Field Label Was care restricted to 'comfort measures only'? 

Choices, Calculations, OR Slider Labels 1, Yes  

 2, No  

 3, Unknown 

Required Field? Yes 

Source Medical notes 

Admission/discharge records 

Further description   

 

Variable / Field Name comfort_care_start 

Form Name Complications 

Field Type Text 

Field Label If care was 'comfort measures' only, what date did this 

care type start? 

Text Validation Type OR Show Slider Number date_dmy 

Branching Logic (Show field only if...) [comfort_measures_only] = '1' 

Required Field? No 

Source  

Further description   
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Discharge 

Variable / Field Name discharge_destination 

Form Name Discharge 

Field Type Radio 

Field Label Where was the patient discharged to following their 

acute hospital admission? 

Choices, Calculations, OR Slider Labels 1, Home  

 2, Rehabilitation  

 3, Another hospital  

 4, Nursing home  

 5, Died 

Required Field? Y 

Source  

Further description   

 

Variable / Field Name death_hosp 

Form Name Discharge 

Field Type Dropdown 

Field Label Cause of death in hospital 

Choices, Calculations, OR Slider Labels 1, Initial bleeding  

 2, Rebleeding  

 3, Delayed cerebral ischemia  

 4, Cardiac  

5, Respiratory  

6, Sepsis  

 7, other 

Field Note As per death certificate 

Required Field?  

Source  

Further description   

 

Variable / Field Name dischrg_mobility 

Form Name Discharge 

Field Type Notes 

Field Label Was a physiotherapy assessment completed at 

discharge? Describe the patient's mobility. 

Required Field?  

Source  

Further description   

 

Variable / Field Name Fim 

Form Name Discharge 

Field Type Text 

Field Label Functional Independence Measure Score (FIM) at 

admission to rehabilitation. 

Field Note recorded at discharge from hospital 

Required Field?  

Source  

Further description   

 

Variable / Field Name fim_2 

Form Name Discharge 

Field Type Text 

Field Label Functional Independence Measure Score (FIM) at 

discharge from rehabilitation 
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Field Note recorded at discharge from hospital 

Required Field?  

Source  

Further description   
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