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ABSTRACT 
 
Background and Objectives 
Intracranial aneurysms affect up to 3% of the population and carry a high mortality and morbidity prognosis when 
presented with aneurysm rupture and spontaneous subarachnoid hemorrhage (SAH). Despite its severity on patient 
prognosis and cost to society, the pathologic mechanism of cerebral aneurysm formation and rupture remains unclear. 
The roles of genetics and epidemiology have been implicated to play major roles in the pathogenesis of aneurysm and 
patient outcome after SAH. Our studies serve to investigate both the genetic and epidemiologic factors associated with 
cerebral aneurysms through studying genome-wide association study (GWAS) of mitochondrial genes and the 
Nationwide Inpatient Sample (NIS) database. 
 
Methods 
For our genetic study of cerebral aneurysms, we analyzed data from two existing GWAS databases targeting the 
nuclear-encoded mitochondrial gene loci. We identified single nucleotide polymorphisms (SNPs) within 500kb of 794 
candidate nuclear-encoded mitochondrial proteins using the human mitochondrial protein and MitoProteome 
databases. Plink was used to identify SNPs associated with cerebral aneurysms and a meta-analysis approach was used 
to calculate the pooled odds ratio (OR) and 95% confidence interval (CI) of the two combined studies. In addition, 
gene expression analysis using three gene omnibus (GEO) databases (GSE15629, GSE26969, GSE46337) was used 
to identify differential expression of the genes associated with the significant SNPs. 
 
For our epidemiologic study of cerebral aneurysms, we analyzed patients using the NIS database from 2001 to 2010. 
Multivariate linear and logistic models were used to analyze the association between 1) cerebral aneurysm rupture and 
climatic factors, 2) cerebral aneurysm outcome and hospital teaching status, and 3) cerebral aneurysm outcome and 
patient insurance status.  
 
Results 
Genetic studies: 
A new genome-wide significant SNP on chromosome 19 (rs7937, OR=2.71, 95%CI 1.81-4.05, p=3.46x10-5) was 
found to be associated with the formation of cerebral aneurysms. The expression of the gene associated with this SNP, 
RAB4B, was also found to be elevated in our subsequent differential gene expression analysis (RAB4B, OR=1.74, 
95%CI 1.23-2.47, p=0.02). 
 
Epidemiologic studies: 
There were 38,843 hospitalizations for the treatment of unruptured and ruptured aneurysms. In the analysis of SAH 
rupture with meteorological pattern, decreased sunlight and lower relative humidity were associated with increased 
rate of admission (p<0.001). In ruptured cerebral aneurysms, the odds ratio of in-hospital death and non-routine 
discharges were 0.69 (95% CI 0.54-0.88) and 0.77 (95% CI 0.60-0.99) in teaching hospitals, independent of hospital 
aneurysm procedure volume. This difference was accentuated in patients who underwent microsurgical clipping. In 
the analysis of patient outcome with insurance status, the adjusted odds of in-hospital mortality were higher for 
Medicare (OR 1.23, p<0.001), Medicaid (OR 1.23, p<0.001), and uninsured patients (OR 1.49, p<0.001) compared 
with those with private insurance.  
 
Conclusion 
In our genetics analysis of cerebral aneurysms, we demonstrated that mitochondrial genes may play an important role 
in the pathogenesis of cerebral aneurysm formation, and further research is necessary to confirm and validate the 
relationship between RAB4B and cerebral aneurysm formation. Our nationwide study was the first to suggest the 
association between decreased sunlight and lower relative humidity with admission of ruptured cerebral aneurysms. 
Furthermore, the studies also showed that both the hospital teaching status and patient insurance status have significant 
associations with the outcome cerebral aneurysm rupture.  
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GLOSSARY OF ABBREVIATIONS 
 
AAA: Abdominal aortic aneurysm 
GWAS: Genome-wide association study 
IVH: Intraventricular hemorrhage 
MMP: Matrix metalloproteinase 
MtDNA: Mitochondrial DNA 
NIS: Nationwide Inpatient Sample database 
ROS: Reactive oxidative species 
SAH: Subarachnoid hemorrhage 
SNP: Single nucleotide polymorphism 
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Introduction 

I. Intracranial aneurysms and subarachnoid hemorrhage 

An intracranial aneurysm, also known as a cerebral aneurysm, is the dilatation and 

ballooning of a region of an arterial vessel as a result of an abnormal weakening of the vessel wall. 

The earliest description of the disease dated to the late 1800s from incidental case reports during 

craniotomy for suspected brain tumors. Intracranial aneurysms have been estimated to affect up to 

1-3% of the population(1), with higher prevalence among women and older age. Other known risk 

factors for developing aneurysms include patients with autosomal dominant polycystic kidney 

disease, familial predisposition, hypertension, and atherosclerosis (2). 

The spontaneous rupture of an intracranial aneurysm leads to extravasation of blood into 

the subarachnoid and ventricular spaces, resulting in subarachnoid (SAH) and intraventricular 

hemorrhage (IVH). Aneurysm rupture carries a significant mortality and morbidity prognosis. The 

mortality rate of aneurysmal SAH has been estimated up to 40%, with up to half of patients die 

from the initial insult before reaching a medical facility, and the subsequent deaths as a result of 

cerebral vasospasm and infarction. Of those who survive, up to 66% can suffer permanent 

neurologic deficit(3). 

Intracranial aneurysms were first reported to be treated by wrapping of a ruptured aneurysm 

in 1933 by Norman Dott, and by clipping of an aneurysm in 1938 by Walter Dandy(4). Surgical 

clipping has been regarded as the definitive mode of treatment for ruptured and unruptured 

aneurysms, which involves an operative procedure that clips the neck of the aneurysm to prevent 

blood flow, and thus, reducing the pressure and risk of rupture. Recent advancement in 

interventional neuroradiology has allowed for the development of a new approach in the treatment 

of intracranial aneurysms. Endovascular coiling, the insertion of coils with or without stents into 

the aneurysm through a catheter-based approach, was introduced in the early 1990s, and has 



 8 

become a highly used prophylactic and therapeutic treatment. Both surgical clipping and 

endovascular coiling approaches are widely used in academic centers. 

II. Genome-wide association studies and aneurysms 

The familial predisposition of intracranial aneurysm is a strong risk factor for the disease. 

There has been no known inherited pattern for the development of aneurysms. It is believed that 

the aneurysmal formation is a complex process and may be associated with multiple genetic 

alterations. To understand this familial predisposition, there have been many efforts into 

understanding the role of genetics, and in finding these associated genetic loci.  

Genome-wide association analysis (GWAS), also known as whole genome association 

study, was first introduced in 2005 as a global approach to study genetic variants of diseases (5). 

The method involves extracting genetic information from individuals with and without the disease, 

and studying whether there are single-nucleotide polymorphisms (SNPs), changes in single bases 

of the DNA, between the two groups. GWAS has revolutionized genetic epidemiology as this 

approach allows for testing of millions of genetic variants of complex, multifactorial disorders. 

The first large-scale GWAS study on the genetic polymorphisms of intracranial aneurysms 

was published in 2008 by Bilguvar et al. to identify SNPs associated with sporadic and familial 

cerebral aneurysms(6). The study involved cohorts from European and Japanese populations of 

over 2100 aneurysm cases, and found common SNPs on chromosomes 2q, 8q and 9q to be 

associated with cerebral aneurysm. Specifically, SOX17 on 8q and CDKN2A on 9p were suggested 

to play a role in the development of aneurysm through their involvement in the maintenance of 

endothelial cells. Subsequent GWAS studies have replicated the data and identified new risk loci 

associated with cell-cycle progression, vascular formation and repair, and systolic blood pressure 

(7-9). Currently, the most common SNPs that have been associated with intracranial aneurysms 
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have been associated with the following genes: EDNRA, SOX17, CDKN2A/CDKN2B, CNNM2, 

and RBBP8 (10). 

III. Mechanism of aneurysm formation 

Despite significant efforts and large-scale genetic studies into understanding this disease, 

the pathogenesis remains elusive and complex. Different pathways have been proposed to lead to 

the formation and rupture of cerebral aneurysms. The current model, through the study of human 

specimens and animal models of aneurysms, suggests that the formation of aneurysms may be a 

result of chronic inflammation at the vessel wall from hemodynamic stress. As blood travels in 

cerebral vessels and creates turbulence, specifically at branch point sites, the endothelium is 

damaged, resulting in the degeneration of the elastic lamina and the recruitment and infiltration of 

inflammatory cells. The upregulation of proinflammatory genes and activation of the immune 

response leads to the weakening of the arterial wall and subsequent dilation and remodeling of the 

vessel site(11). Processes such as hypertension, hypoxia, and smoking, can alter the balance of 

remodeling proteins, such as matrix metalloproteinases (MMPs), resulting in the susceptibility of 

aneurysmal formation (12).  

Oxidative stress is toxic and damages biomolecules, including DNA and proteins, and has 

been associated with many vascular diseases like hypertension and atherosclerosis. The formation 

of reactive oxidative species (ROS), such as H2O2, has been found to play a significant role in the 

pathogenesis of cerebral aneurysms. ROS are involved in multiple steps of the pathogenesis, 

including the predisposition to initial endothelial damage and the recruitment and invasion of 

inflammatory cells. Animal models of aneurysmal formation have been demonstrated to support 

these postulations. There has been a number of studies that suggest alteration in genes that regulate 

ROS in the rodent model results in a reduction in the incidence of aneurysmal formation (13). 

Furthermore, this connection with ROS and its role in the regulation of MMPs, apoptosis and 
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inflammation, have been well established in the pathogenesis of abdominal aortic aneurysms 

(AAA) (14).  

IV. The mitochondria and vascular dysfunction 

The mitochondria play a key role in many cellular processes, including the regulation of 

apoptosis through calcium and the formation of adenosine triphosphate and ROS through the 

electron transport chain(15). There is a direct association between mitochondria and many vascular 

diseases, including familial hypertension, atherosclerosis, cancer tumorigenesis, and the vascular 

abnormalities in mitochondrial-associated genetic syndromes like MELAS. 

Mitochondria contain their own DNA, mitochondrial DNA (mtDNA), which carries a 

maternal inheritance. MtDNA is organized in a circular, double-stranded plasmid, with a total of 

37 genes encoding 13 proteins. While there are over 1500 proteins that function in the 

mitochondria, majority are encoded within the nucleus(16). 

The mitochondrion is well regarded as the key source for the generation of ROS. The 

mitochondrial electron transport chain generates ROS as by-products, including superoxides (17). 

There are at least 10 known sites in the mitochondria that are capable of producing ROS(18). 

While there has been no clinical study that demonstrated the relationship between 

mitochondrial dysfunction and aneurysmal formation, this association has been demonstrated in 

the animal model. Similar to Guo et al., the expression of caspases have been shown in elastase-

induced aneurysms in rabbit and rodent models(19). Furthermore, the intrinsic, mitochondrial-

dependent mechanism of apoptosis is well recognized in the development of AAA in the rodent 

model through the upregulation of caspase-3 and caspase-9(20). 
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V. Research questions and hypotheses 

Given the existing associations between aneurysmal formation and oxidative stress, we 

hypothesize that mitochondrial genetic polymorphisms play an important role in the formation of 

intracranial aneurysms through changes in its regulatory pathways such as apoptosis and the 

generation of ROS. Specifically, we propose that changes in SNPs in nuclear-encoded 

mitochondrial genes result in changes in the regulation and expression of genes associated with 

susceptibility of aneurysmal formation. In the first part of our analysis, we examined two existing 

GWAS databases, concentrating on nuclear-encoded mitochondrial gene polymorphisms, to find 

associated SNPs with the formation of intracranial aneurysms. In the second part of our analysis, 

we used the gene omnibus database of patients with cerebral aneurysms to study gene expression 

changes of the nuclear-encoded mitochondrial genes. 

 

Methods 
Genome-wide association analysis: 

We used two existing GWAS databases for our analysis. The first database (Akiyama et 

al.(21)) involved a Japanese cohort of 194 aneurysmal cases and 288 control cases. The second 

database was the Familial Intracranial Aneurysm Linkage Study (FIALS), with a total of 2507 

individuals, and 434 with known cerebral aneurysms represented in the database. The FIALS 

database can be accessed at: (http://www.ncbi.nlm.nih.gov/projects/gap/cgi-

bin/study.cgi?study_id=phs000293.v1.p1#restricted-access). 

The human mitochondrial protein database (http://bioinfo.nist.gov) and MitoProteome 

database were used to identify a total of 794 candidate nuclear-encoded mitochondrial proteins 

and their associated genes. All SNPs within 500kb of the 794 candidate genes were identified, 

resulting in a total of 1,048,576 SNPs. BioMart Version 2.20.0, a web-based tool with centralized 

http://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs000293.v1.p1#restricted-access
http://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs000293.v1.p1#restricted-access
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database of the most up-to-date genetic information (http://www.ensembl.org/biomart/) was used 

to identify the SNPs. 

Plink v1.9, an online whole genome association analysis toolset 

(http://pngu.mgh.harvard.edu/~purcell/plink/) was used for all association analyses in this study. 

For the Akiyama et al. database, a logistic regression model was used to perform the association 

between the selected SNPs and individuals with cerebral aneurysms. For the FIALS database, a 

family-based association (TDT) approach was used to test for disease trait to generate a list of 

significant SNPs.  The resulting list of SNPs and odds ratio from both studies were combined by 

a meta-analysis approach using meta-regression in Stata 12.0. A random-effects model was used 

to calculate the pooled odds ratio (OR) and 95% confidence interval (CI), with p<0.05 indicating 

statistical significance after Bonferroni adjustment for multiple testing.  

 

Gene Expression 

We analyzed gene expression of the 794 nuclear-encoded mitochondrial genes identified 

in our study using the Bioconductor packages in R version 3.1.2. Gene expression was obtained 

from three gene expression omnibus (GEO) databases at the National Center for Biotechnology 

Information (NCBI): GSE15629, GSE26969 and GSE46337. The GEO databases contain public 

repository for gene expression data (http://www.ncbi.nl.nih.gov/geo).   

The nuclear-encoded mitochondrial genes were isolated from the three databases. 

Expression data was log-transformed and quantile normalized using R. Differential expression 

analysis was performed using linear models with least squares regression and empirical Bayes 

moderated t-statistics (22). A meta-analysis using the random-effects model was used to combine 

the three studies, with Bonferroni adjustment for multiple testing.  An adjusted p-value of less than 

0.05 was considered statistically significant. 

http://www.ensembl.org/biomart/
http://pngu.mgh.harvard.edu/~purcell/plink/
http://www.ncbi.nl.nih.gov/geo
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RESULTS 

GWAS meta-analysis 

We conducted a meta-analysis of the GWAS data from 482 patients by Akiyama et al. and 

2507 subjects from FIALS.  To selectively analyze nuclear-encoded mitochondrial genes, we 

identified 1,048,576 candidate SNPs from the mitochondrial database search, of which 6391 and 

246 SNPs were present in the Akiyama et al. and FIALS databases respectively.  The meta-analysis 

of the 246 SNPs present in both studies demonstrated 12 significant SNPs after adjustment for 

multiple testing. The pooled OR and 95% CI of all 12 SNPs are presented in Table 1. 

 

Gene expression  

Given the possibility of association between mitochondrial genes and cerebral aneurysms, 

a subsequent meta-analysis of three gene expression (GEO) databases were performed. Subjects 

were classified into two categories: subjects with aneurysms (n=19) or controls (n=10). We 

analyzed genes associated with the 12 SNPs identified in our previous GWAS analysis.  Among 

the 12 genes of interest, three genes (PNKD, PPP2R2B and RAB4B) had statistically significant 

changes in gene expression using the fixed-effects model. Only RAB4B was found to be significant 

under a random-effects model (Table 1). 
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DISCUSSION 

GWAS studies have been widely used to study the novel genetic foci contributing to the 

susceptibility of intracranial aneurysm development (7, 23). Previous GWAS studies have yielded 

significance for SNPs primarily on chromosome 9p (CDKN2BAS) and chromosome 8q (SOX17) 

(7, 24-27).  A recent large meta-analysis of 134 studies has identified 19 SNPs, with the most 

robust SNPs from variants on chromosomes 4, 8 and 9(28). These genetic analyses, in combination 

with the studies of molecular markers, suggest that hemodynamic stress and inflammatory 

pathways play a critical role in the formation of aneurysms. However, none of the SNPs identified 

in the prior study was associated with oxidative stress or mitochondrial dysfunction. 

The proinflammatory pathway and its association with oxidative stress have been 

implicated to play a significant role in the formation of intracranial aneurysms. While there is no 

SNP identified to date that are associated with this pathway, studies have found biomarkers of 

oxidative stress and inflammation to be upregulated in aneurysmal SAH. Apoptosis has also been 

proposed as a mechanism for vessel wall weakening and subsequent dilatation(23). The 

mitochondria are the powerhouse for both the production of oxidative species and the key regulator 

of apoptosis. Furthermore, mitochondria-dependent apoptosis has been demonstrated in the 

formation of AAA in rodents (20). 

There has been no study to date to our knowledge that has focused on finding genetic loci 

of mitochondria-associated genes. Given the evidence that mitochondrial proteins play an 

important role in the regulation of the inflammatory and apoptotic pathways, we performed an 

analysis on two existing GWAS databases to identify potential key genetic players in the formation 

of cerebral aneurysms, and combined the results with gene expression to validate the findings.  

In this study, combining two GWAS datasets resulted in 12 SNPs associated with the 

formation of cerebral aneurysms. The genes associated with the three SNPs found in this meta-
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analysis, Paroxysmal Nonkinesigenic Dyskinesia (PNKD), Protein Phosphatase 2 Regulatory 

Subunit B (PPP2R2B), and RAS-related Protein (RAB4B), were subsequently found to be 

differentially expressed. Specifically, RAB4B was found to be significant in both the fixed- and 

random-effects models. RAB4B on chromosome 19q13.2, is a member of the RAS oncogene 

family involved in vesicular trafficking and expressed in endothelial cells(29). The Rab-dependent 

endosome-to-plasma membrane has been reported to play a key role in the trafficking and 

signaling of vascular endothelial growth factor 2 (VEGF2), and has been hypothesized to be 

important for intracellular signaling and proliferation during angiogenesis(30). While RAB4B has 

not previously been reported to be associated with cerebral aneurysmal formation, it has been 

identified in prior GWAS analyses as a susceptibility locus for Kawasaki disease and the formation 

of coronary artery aneurysms (31).  

The 19q13 loci has previously been associated with cardiovascular pathology (32, 33). 

Furthermore, 19q has also been suggested to be involved in the pathogenesis of aortic abdominal 

and intracranial aneurysms (34). There is strong association between smoking and 19q13 (35, 36). 

Among all SNPs on this chromosome, rs7937 was highly associated with the number of cigarettes 

smoked per day in one study (36). Perhaps the association between rs7937, RAB4B and other genes 

with the development of cerebral aneurysm can be explained through changes from environmental 

behavior. Despite these postulations, this is the first association found between RAB4B and the 

formation of cerebral aneurysms. 

PPP2R2B has previously been implicated to play a role in the regulation of apoptosis(37). 

Specifically, PPP2R2B has also been associated with the formation of cerebral aneurysm and 

coronary artery diseases in prior analyses (37, 38).  

The major limitation of a GWAS approach to this study is the identification of association 

and not causality. At the molecular level, a genetic variant may not result in changes in gene or 
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protein expression. To address this, we included a genetic expression analysis to provide further 

support for this possible association. However, a GWAS approach remains a powerful tool to 

identify significant novel candidate genes which can be subsequently further studied in biological 

models.  

CONCLUSION 

In conclusion, using a GWAS approach with gene expression validation, this study 

demonstrated that there may be an association between mitochondrial genes and intracranial 

aneurysm. RAB4B was identified as the strongest association among all nuclear-encoded 

mitochondrial genes studied, and may serve as a good candidate for further studies to verify its 

role in the formation of cerebral aneurysms. 
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Part II: Epidemiologic risk factors of the development and outcome of aneurysmal 
subarachnoid hemorrhage 
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I. Introduction 

Aneurysmal SAH is believed to be a largely unpredictable, spontaneous event. While 

genetic susceptibility is a known risk factor for the formation of aneurysm, many epidemiologic 

variables have also been implicated in the development of the disease. Both the formation and 

rupture of cerebral aneurysms have been shown to be associated with multiple factors, including 

the characteristics of the aneurysm, the age of the patient, and changes in systolic blood pressure 

and body temperature (39, 40).  

 

II. The NIS Database and research questions 

The Nationwide Inpatient Sample (NIS, Healthcare Cost and Utilization Project, Agency 

Healthcare Research and Quality) database is the largest all-payer longitudinal inpatient care 

database in the United States, consisting of approximately 8 million annual hospitalizations. All 

discharges from sampled hospitals (from across 41 states) are included in the NIS, which is an 

approximately 20% stratified sample of American non-federal hospitals. The NIS contains data 

about diagnoses, procedures, and hospital characteristics to allow for analysis of national trends in 

health care outcomes. We used the NIS database for a nationwide analysis to study the effects of 

environmental factors, teaching hospital status, and patient insurance status on the incidence and 

outcome of aneurysmal SAH.   
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III. Environmental and climatic association with aneurysmal subarachnoid hemorrhage1 

INTRODUCTION 

Regional weather patterns and seasonal changes have been hypothesized to have an impact 

on the risk of rupture of cerebral aneurysms. Several studies have suggested that hospital admission 

for aneurysmal SAH is associated with variations in temperature, atmospheric pressure, humidity, 

and the lunar cycle (42-44). Moreover, associations between meteorological parameters and 

cerebral aneurysm rupture have also been observed to vary by sex (45, 46). However, the findings 

in the literature have been inconsistent: other studies have suggested that SAH does not vary with 

season or temperature (47, 48). 

Although prior retrospective studies have analyzed the association between weather 

patterns and the risk of cerebral aneurysm rupture in patients treated at a single hospital or a limited 

geographic area, few large-population or nationwide studies have found an association between 

meteorological factors and aneurysmal SAH. Furthermore, no study to date has analyzed the 

association between weather patterns and the post-procedural outcomes of patients treated for 

ruptured cerebral aneurysms. In this study, we used the NIS database to study the association of 

four weather parameters with the admission of aneurysmal SAH: average monthly temperature, 

precipitation, humidity and percent sunlight. 

Methods 

Inclusion Criteria and Outcome Measures 

Diagnostic codes from the International Classification of Disease, 9th Revision, Clinical 

Modification (ICD-9-CM) were used to identify patients with ruptured cerebral aneurysms in the 

NIS database. Patients were included if they had a diagnosis code for SAH (ICD-9-CM 430) or 

                                                        
1 This work was previously published in Lai et.al. 2014 (41). 
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intracerebral hemorrhage (ICD-9-CM 431) and at least one procedural code for aneurysm repair, 

by “clipping of aneurysm” (ICD-9-CM 39.51), “endovascular repair or occlusion” (ICD-9-CM 

39.72), or “other repair of aneurysm” (ICD-9-CM 39.79). 

The endpoints evaluated were state-adjusted hospital admission rate and in-hospital 

mortality. State-adjusted hospital admission rate was determined by calculating the total number 

of patients identified by hospital state and admission month, divided by the state population in 

millions. Hospital state, admission month and in-hospital mortality are directly encoded in the NIS 

database. Annual state population was obtained from the 2000-2010 State Characteristics 

Intercensal Population Estimates File, US Census Bureau, Population Division 

(http://www.census.gov/popest/data/intercensal/index.html) and was used to adjust for state 

hospital admission. 

Climate data was obtained from the State of the Climate Report 2010 released by the 

National Climatic Data Center (http://www.ncdc.noaa.gov/). The report outlines the climatic 

conditions at major weather observing stations in all 50 states, which includes data for monthly 

temperature (degree Fahrenheit), monthly precipitation (inches), percent possible sunlight, and 

relative morning humidity. Percent possible sunlight is defined as the total time for sunshine to 

reach the surface of the earth, expressed as a percentage of the maximum sunlight possible from 

sunrise to sunset with clear sky conditions. Average relative morning humidity is a percentage of 

the amount of moisture in the air compared to the maximum potential moisture the air can hold at 

the same temperature and pressure. The monthly values of all observing stations in each state were 

averaged across all years to generate averaged, independent monthly data across each state for all 

climate variables. 

 

 

http://www.census.gov/popest/data/intercensal/index.html
http://www.ncdc.noaa.gov/
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Statistical Analysis 

Statistical analyses were performed using STATA 12.0 (StataCorp LP, College Station, 

Texas), and probability values were considered statistically significant if p<0.05. Multivariable 

linear regression analysis was performed to evaluate the association between annual average 

monthly state temperature, precipitation, percent possible sunlight, and relative morning humidity 

on annual state-adjusted hospital monthly admission rate and in-hospital mortality rate. 

Subsequent multivariate regression models were constructed after patients were also stratified by 

sex, to evaluate if sex modifies any potential associations between hospital admission or outcomes 

and weather.  

Results 

Study Population 

16, 970 patients with SAH who underwent surgical clipping or endovascular coiling to 

repair a cerebral aneurysm were identified from 723 hospitals across 41 states. 67.8% (n=11,484) 

of patients included were females. The median age for all patients [interquartile range (IQR)] was 

53 (34-72), and for females and males were 54 (35-73) and 51 (33-69) respectively.  6933 (40.9%) 

and 7325 (43.2%) patients underwent endovascular coiling only and surgical clipping only 

respectively. The in-hospital mortality for the patient population was 13.6% (14.1% female only, 

12.7% for male only). The median [IQR] hospital length of stay was 17 (3-31) days. 

 

Multivariate Analyses 

Multivariate regression was utilized to analyze the association between average monthly 

state temperature, precipitation, daily percent possible sunlight, and relative morning humidity on 

state-adjusted hospital admissions for and mortality during hospitalization for aneurysmal SAH, 

adjusted by sex (Table 2). Higher daily percent sunlight and greater average morning humidity 
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were associated with a decreased rate of state population adjusted hospital admission (p<0.001); 

however, no significant differences in mortality were seen. Greater precipitation was associated 

with reduced in-hospital mortality (p=0.001). Temperature was not found to be associated with 

significantly different rates of admission or in-hospital mortality. No changes in the statistical 

significance of parameters were found when multivariate analyses were constructed without sex 

as a covariate (data not shown). 

Discussion 

The degree to which the rupture of cerebral aneurysms is impacted by variations in season 

or weather has been widely debated. Many institutional or regional retrospective studies have 

examined the relationship between climate and aneurysmal SAH, but the findings in the literature 

have been inconsistent. Prior research has suggested that ambient temperature, precipitation, 

sunlight, average humidity, and the lunar cycle may all be associated with an increased risk of 

rupture of cerebral aneurysms (43, 44, 49-52). On the other hand, others have found no associations 

between weather patterns and SAH (42, 47, 48). One recent large meta-analysis review of the 

literature found SAH to be associated with the winter and January(53). In the analysis, multiple 

studies reported associations with temperature and humidity, although the directions of effects 

were conflicting due to the heterogeneity of the population pool. To date, the climatic effects on 

spontaneous SAH continue to be unclear and conflicting.  

In this study, 16,970 patients from 723 hospitals across 41 US states over a 10-year period 

who presented with aneurysmal SAH were analyzed. Four specific meteorological parameters 

were examined—temperature, precipitation, sunlight, and humidity—to evaluate how these factors 

are associated with admission rates for and outcomes after aneurysmal SAH. After adjusting for 

state population, greater sunlight and higher average morning humidity were found to be 

associated with decreased rate of hospital admission for ruptured cerebral aneurysms.  The 
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increased admission with decreased sunlight is consistent with prior studies demonstrating 

increased admission with winter and January. 

There are few reports studying the correlation of aneurysmal SAH and sunlight exposure. 

Neidert et al. recently reported no association between hourly sunlight and incidence of 

aneurysmal SAH(54). However, there have been prior studies suggesting a distinct latitudinal 

pattern for SAH occurrence with progressively decreasing rates from north to south (55-57). 

Furthermore, multiple studies have associated summer months with lower rates of SAH (53, 58). 

These phenomena have previously been postulated to be associated with hours of sunshine(59). 

Sunlight exposure have also been correlated previously with cerebral infarction(60) as well as with 

the rupture of AAA(61).  

It has been postulated that sunlight may impact blood pressure, which ultimately affects 

the risk of aneurysm rupture. There are new evidences suggesting seasonal blood pressure to be 

associated with daylight hours(62). Sunlight exposure has been shown to alter blood pressure 

through the effects of UV light on vitamin D and parathyroid hormone status, stimulating changes 

in vascular smooth muscle and intracellular calcium, adrenergic responsiveness, and endothelial 

function (63, 64). Vitamin D deficiency is associated with high blood pressure and the prevalence 

of the deficiency has seasonal as well as geographic variation based on sunlight exposure(65). 

Thus, it is biologically plausible that the association between decreased sunlight hours and greater 

hospital admissions of cerebral aneurysms may be at least partially attributable to the effects of 

Vitamin D on blood pressure. Moreover, blood pressure is a known independent risk factor 

associated with both formation and rupture of cerebral aneurysms (66, 67).  

The association of sunlight exposure and SAH has also been attributed to the regulation of 

serotonin by the light/dark cycle.  Serotonin in CSF has been reported to fluctuate with both 

daylight exposure and seasonal variations, with peaks in the spring and troughs in the fall (68, 69). 



 24 

It has been postulated that the changes in serotonin level affect the sensitivity of cerebral 

vessels(55), and subsequently, influences the rupture of cerebral aneurysms. Furthermore, sunlight 

exposure may also affect patient behaviors, such as tobacco smoking and exercise, which may also 

impact the risk of aneurysm rupture (70).  

Studies have previously reported no association between average humidity and 

spontaneous SAH (42, 50, 54, 71-73). One systematic review and meta-analysis found a total of 

15 studies on the association of relative humidity and SAH incidence. Among the studies, a 

significant relationship between SAH and humidity was found in three studies (53, 74). In our 

analysis, lower relative morning humidity was found to be associated with increased rate of 

hospital admission for aneurysmal SAH. One study found that decreased relative humidity and air 

pressure increase insensible water loss and blood viscosity(75). Arterial wall shear stress is directly 

proportional to velocity of blood flow and blood viscosity, potentially increasing the risk of 

aneurysm rupture. Cigarette smoking has been proposed to have a similar mechanism of increasing 

the risk of cerebral aneurysm rupture:  increasing wall shear stress through greater blood viscosity 

and volume (76). Thus, it is possible that low relative humidity may have a transient effect on 

blood viscosity.  

While many previous studies have examined the relationship between ambient temperature 

and aneurysmal hemorrhage, the data has been conflicting. While some studies have reported no 

association between temperature and SAH (48, 54, 72-74), others have found a correlation of 

aneurysmal hemorrhage with low or extreme temperatures (40, 44, 46, 64, 71, 77). In this study, 

average monthly temperature was not found to be associated with a differential rate of hospital 

admission for ruptured cerebral aneurysms. Although temperature is influenced by many factors, 

it is correlated with sunlight. It can be postulated that the previously reported association between 

rupture of cerebral aneurysms and temperature may be at least partially attributable to differential 
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sunlight exposure. In this study, sunlight and temperature were analyzed separately and only 

sunlight, but not atmospheric temperature, was found to be associated with hospital admission 

rates.  

In this study, greater precipitation was found to be associated with significantly reduced 

in-hospital mortality after, but not with different admission rates for SAH. This suggests that 

precipitation may be less important for the actual rupture of aneurysms. However, precipitation 

may affect individuals’ behaviors related to health, potentially impacting outcomes.  

Prior research has suggested that the association between weather patterns and cerebral 

aneurysm rupture may vary by sex. Some studies have reported an association between admission 

for SAH and seasonal variations in females, while others have only made this observation in males 

(42, 78). To evaluate whether there is any associations between meteorological parameters and 

cerebral aneurysm rupture differ based on sex, separate regression analysis were constructed with 

and without sex as a covariate. Sex was not found to change the observed associations between 

sunlight or humidity and hospital admission for aneurysmal SAH.  

There are many important limitations of this study. Weather patterns were examined in this 

study by state, but there may be large variations in meteorological parameters within given states. 

Moreover, average monthly values were utilized for the individual meteorological factors, but 

likewise weather may change substantially within a specific month. Prior analyses have suggested 

that daily changes in weather may be associated with aneurysmal SAH (71, 77); however, daily 

variations could not be examined as the specific day of admission is not available in the NIS. 

Barometric pressure is an additional meteorological parameter that has been previously reported 

to be associated with the rupture of cerebral aneurysms (66), but this data was not available from 

the State of the Climate Report. Coding inaccuracies are a potential concern for any study based 

on ICM-9-CM identifiers. Furthermore, this study population was limited to those who underwent 
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procedural treatment for cerebral aneurysm repair, but did not include patients who died before 

intervention.  

Nonetheless, the NIS is the largest all-payer database in the United States, and few large 

sample studies have found a relationship between weather patterns and cerebral aneurysm rupture. 

Moreover, the NIS provides a very large sample of patients from a large geographic area who 

presented across a decade, allowing for a comprehensive analysis of the association between 

meteorological parameters and SAH.  

Conclusions 

This is the first nationwide retrospective study to associate sunlight exposure and humidity 

with the risk of cerebral aneurysm rupture. Greater precipitation was associated with reduced in-

hospital mortality.  The associations of external climatic factors with aneurysmal SAH may be 

explained by homeostatic regulation, hormonal fluctuations and changes in human behavior, 

although further investigation is needed to elucidate these connections. Further research is needed 

to confirm these findings and further understand the pathophysiology of these relationships 

between climate and cerebral aneurysms.  
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IV. Teaching hospital status on the outcome of cerebral aneurysms2  

INTRODUCTION 

While high volume hospitals and centralized care have been traditionally advocated for 

high-risk neurosurgical procedures (80, 81), there have been much controversies in the relationship 

between hospital teaching status and patient outcome.  Although academic medical centers usually 

house highly qualified and sub-specialized physicians, patients sometimes express hesitations over 

the prospect of being treated by physicians in training. Some literature also suggests increased 

adverse outcome during the summer, which could coincide with an influx of novice residents(82), 

although this effect was not observed in patients with SAH(83). Patients with more severe illness 

or complex medical conditions may be preferentially directed to academic centers due to multiple 

specialty involvements, thus further complicating the effect on outcome by teaching status. Due to 

the complexity of managing complications associated with SAH and of treating ruptured 

aneurysms, it is critical to direct patients with ruptured aneurysms to hospitals with the best 

outcomes for this group of patients. Furthermore, directing patients with unruptured aneurysms to 

appropriate centers will avoid consequences of rupture and unnecessary complications. Moreover, 

teaching hospitals are often large, high volume centers, and favorable outcomes associated with 

teaching status could be in fact explained by the hospital volume status (84).  

In this study, we examined the Nationwide Inpatient Sample (NIS) to determine whether 

hospital teaching status is an independent determinant for patient outcome after intracranial 

aneurysm treatment.   

                                                        
2 This work was previously published in Lai et al. 2014 (79). 
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METHODS 

Patient Selection and Endpoint Variables 

Diagnostic codes from ICD-9-CM were used to identify patients with ruptured and 

unruptured aneurysms from the NIS database. Patients were included in the study of ruptured 

aneurysms if they had diagnosis codes for SAH (ICD-9-CM 430) or intracerebral hemorrhage 

(ICH, ICD-9-CM 431) and at least one procedural code for aneurysm repair, by “clipping of 

aneurysm” (ICD-9-CM 39.51), “endovascular repair or occlusion” (ICD-9-CM 39.72) or “other 

repair of aneurysm” (ICD-9-CM 39.79).  

Patients with both a procedural code for aneurysm repair and a diagnosis code for 

unruptured aneurysm (ICD-9-CM 437.3) were included in the study for unruptured aneurysms. 

Patients were excluded from the unruptured group if they had diagnosis codes for SAH or ICH.  

Data was stratified by teaching status of the hospital in which patients were treated. A 

hospital is coded to be a teaching hospital if it has an AMA-approved residency program, is a 

member of the Council of Teaching Hospital (COTH), or has a ratio of full-time equivalent interns 

and residents to beds of 0.25 or higher. The average number of aneurysm repair procedures each 

year was used as a measurement for volume of hospital and calculated for each hospital by 

counting the total number of endovascular coiling or microsurgical clipping procedures over the 

number of years the hospital was included in the dataset.  

The effect of hospital teaching status was evaluated using three endpoints: in-hospital 

deaths, non-routine discharge, and length of stay excluding in-hospital deaths. Time to first 

aneurysm repair procedure was also compared between teaching and non-teaching hospitals for 

the ruptured aneurysm subgroup. In-hospital mortality and length of stay in days were directly 

coded from the NIS database. Discharge disposition was encoded as routine to home, transfer to 

short-term hospital, transfer to skilled nursing facility or to intermediate care, home health care, 
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against medical advice, died, and unknown. Non-routine discharge was defined as any disposition 

other than routine to home. 

 

Statistical Analysis 

Patient selection and statistical analysis were performed using STATA 12.0. All statistical 

analyses were performed using survey commands to account for the complex survey sampling 

technique of NIS, which incorporates hospital clustering and sampling weight of each discharge. 

Probability values were considered statistically significant if p<0.05.  

Statistical analysis was performed for three defined groups for both ruptured and 

unruptured aneurysms: all patients included in the study, patients with endovascular procedures 

only, and patients with surgical procedures only. The association between teaching hospital status 

and the three outcome variables were analyzed using regression models. Length of stay in hospital 

and days to first aneurysm repair procedure were analyzed using linear regressions to model the 

effect of teaching hospital status. All regression models were adjusted for patient specific factors 

relevant to outcome: age, sex, race, the median household income for the patient’s zip code, and 

total number of comorbidities. The median household income for patient’s zip code was reported 

as <$39,000, $39,000-$47,999, $48,000 to $62,999, and >$63,000. The total number of 

comorbidities was calculated by the summation of all listed comorbidities available in the NIS 

database (Acquired Immunodeficiency Syndrome, alcohol abuse, anemia deficiency, rheumatoid 

arthritis, chronic blood loss, congestive heart failure, chronic pulmonary disease, coagulopathy, 

depression, diabetes with or without complications, drug abuse, hypertension, hypothyroidism, 

liver disease, lymphoma, fluid and electrolyte disorders, metastatic cancer, other neurological 

disorders, obesity, peripheral vascular disorders, pulmonary circulation disorders, renal failure, 

solid tumor without metastasis, peptic ulcer disease excluding bleeding, and valvular disease). The 
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hospital specific factors affecting patient outcome are also accounted for in the regression models: 

annual procedural volume of hospital for aneurysm treatment, hospital region (Northeast, Midwest, 

South, West), and hospital location (rural, urban). Time to aneurysm repair procedure was included 

as a covariate for statistical analyses of ruptured aneurysms.  

RESULTS 

Study population and Teaching Hospital Status 

Demographics of the study population comparing ruptured and unruptured aneurysms at 

teaching and non-teaching hospitals are presented in Table 3. A total of 34,843 patients were 

included in the study who had undergone microsurgical clipping or endovascular coiling for 

unruptured or ruptured aneurysms between January 1, 2001 and December 31, 2010. Of these 

patients, 16,557 patients had unruptured aneurysms and 18,286 patients had ruptured aneurysms. 

Overall, there were 9998 males in the study (41%) and the median age for all patients was 54.3. 

Patients were identified in the NIS database to be White (68.5%), Black (13.1%), Hispanic (11.6%), 

Asian or Pacific Islander (3.15%), Native American (0.40%), or Other (3.36%).  

In both groups with ruptured or unruptured aneurysms, patients were identified as having 

been treated in a teaching or non-teaching hospital. Mean age was higher in non-teaching hospitals 

for both unruptured (p<0.001) and ruptured aneurysms groups (p<0.001). Male to female gender 

distribution was not different for both ruptured and unruptured aneurysms groups. There was also 

no difference comparing race distribution of patients with ruptured aneurysms in teaching and non-

teaching hospitals, but difference was observed in patients with unruptured aneurysms (p=0.029). 

The total number of comorbidities was higher in patients treated in non-teaching hospitals for both 

unruptured and ruptured aneurysm cohorts (p<0.001).  

A total of 669 and 778 hospitals were represented in this study for treatment of unruptured 

and ruptured aneurysms respectively. Mean number of aneurysm repair procedures and 
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distribution of hospital regions were significantly different for both unruptured and ruptured 

aneurysm groups in teaching hospitals (p<0.001).  

 

Multivariate analysis 

Multivariate logistic and linear regressions were used to study the associations between 

outcomes and teaching hospital status in patients with ruptured and unruptured aneurysms. The 

three endpoints assessed were in-hospital mortality, non-routine discharge, and length of stay 

excluding in-hospital deaths. These results are shown in Tables 4A and 4B for ruptured and 

unruptured aneurysms, respectively. 

In the population with unruptured aneurysms, patient age and number of comorbidities 

were consistently correlated with increased risk of in-hospital deaths, non-routine discharges and 

increased length of stay. Annual volume of aneurysm repair procedures per hospital was associated 

with favorable outcome. Independent of hospital volume, no difference was observed in hospital 

teaching status for the three endpoints. 

Similarly, in patients with ruptured aneurysms, patient age and number of comorbidities 

were correlated with unfavorable endpoints, whereas higher hospital volume for aneurysm 

treatment was associated with a decrease in mortality and non-routine discharges. In addition, 

differences between teaching hospital statuses were observed independent of the effect of hospital 

volume. The likelihood of in-hospital death was reduced by 31% (p=0.003) and non-routine 

discharges were reduced by 23% (p=0.042) in teaching hospitals, despite no difference in hospital 

length of stay.  

To analyze whether the differences observed between teaching and non-teaching hospitals 

in the ruptured aneurysms group were associated with the type of aneurysm repair procedures, the 

population was stratified into endovascular coiling and microsurgical clipping to analyze in-
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hospital deaths, non-routine discharge, and length of stay.  Regression of the three endpoints for 

coiling and clipping are presented in Table 5A and 5B for ruptured and unruptured aneurysms 

respectively. In patients with unruptured aneurysms, no difference was observed for the three 

endpoints in coiling or clipping of aneurysms. In the ruptured aneurysms group, the likelihood of 

in-hospital deaths was reduced by 38% in teaching hospitals for microsurgical clipping (p=0.002). 

There were no associations observed between endovascular treatment of ruptured aneurysms and 

the three outcome measures.  

 

DISCUSSION 

In this study, we retrospectively reviewed data from the NIS from 2001 to 2010 to 

determine whether hospital teaching status is an independent factor associated with patient 

outcome after treatment of cerebral aneurysms. Consistent with previous studies, patient specific 

factors such as age and comorbidities are associated with poorer outcome measures, while average 

volume for aneurysm treatment for each hospital was correlated with decreased mortality, non-

routine discharges and hospital length of stay(85). We examined whether the teaching status of a 

hospital is associated with patient outcome measures independent of the effect of patient volume. 

For patients with ruptured aneurysms, academic institutions were associated with lower mortality 

rate (12.9% vs. 17.5%, p=0.003) and lower likelihood of non-routine discharge (59.9% vs. 68.8%, 

p=0.042). Moreover, the disparity in mortality rate in teaching versus non-teaching hospitals 

seemed even more pronounced for those treated with clipping.  Such differences in outcome 

parameters were not observed in the unruptured population, in which mortality, non-routine 

discharge, and length of stay were not statistically different between those treated at teaching and 

non-teaching hospitals independent of aneurysm treatment volume.  The results for the ruptured 

population are consistent with findings from prior reports of SAH(83), whereas the relationship 
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between hospital teaching status and patient outcome for the treatment of unruptured aneurysm 

has not been previously investigated. The associations between favorable patient outcomes and the 

surgical clipping of ruptured aneurysms, but not with the endovascular treatment of ruptured 

aneurysms or either treatments for unruptured aneurysms, further support the hypothesis that 

teaching hospitals are correlated with better outcomes with more invasive procedures and can 

possibly explain the variations in teaching status’ effect on patient outcome observed in prior 

studies.      

It has been shown that the treatment pattern and patient outcome for intracranial aneurysms 

can be highly variable based on the geographic location (86) and volume of the treating hospitals 

(81).  Nevertheless, controversies continue to exist on how hospital teaching status can affect 

patient outcome.  While one report demonstrated that teaching hospitals are associated with higher 

likelihood of severe maternal non-routine discharge and length of stay for women with type 2 and 

gestational diabetes(87), multiple studies suggest that teaching hospitals may produce better 

outcome for patients requiring complex surgical procedures and multi-disciplinary therapy(83, 88, 

89). Our study analyzed the outcome of patients undergoing endovascular coiling and 

microsurgical clipping and appears to support the latter observation. In-hospital death was reduced 

by 38% in teaching hospitals for patients who had undergone clipping. These findings are 

independent of demographic and hospital associated factors, including hospital location and 

aneurysm repair volume.   

Previous speculations of the association between academic institutions and better patient 

outcomes for invasive procedures are that teaching hospitals have a higher patient volume. 

However, our study suggests that teaching hospital status has an independent association with 

favorable outcome independent of patient and treatment volume. There are several potential 

reasons for the observed positive outcome for patients undergoing microsurgical clipping for 
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ruptured intracerebral aneurysms in teaching hospitals. Academic institutions possess dedicated 

intensive care units managed by specialists to manage patients with severe and critical conditions. 

Although less-experienced physician trainees are an important part of teaching hospitals, more 

rigorous practice guidelines and standardized clinical care practices may be more stringently 

enforced in teaching hospitals to ensure better outcome. The increased overnight staffing at 

teaching hospitals may also contribute to better management of critical conditions. Third, 

academic institutions are actively involved in clinical research and may be more likely to practice 

the most updated standards of care.  Finally, the higher complexity of cases in teaching hospitals 

in general may also reflect and augment the surgical skills of individual surgeons, which may be 

more apparent in the more complicated procedures involving ruptured aneurysms.  These 

differences may explain the significantly reduced mortality of patients undergoing the complex 

surgical procedures.  

Caveats for our analyses include the retrospective nature of the study and the inability to 

demonstrate causality.  NIS does not provide specific clinical information on admission, such as 

presenting neurological condition, Hunt and Hess Grade, or the size and location of the aneurysm, 

and therefore these factors are not included in any analysis. In this study, we have included certain 

prognostic factors which affect outcome relevant to SAH and recovery, such as patient age, sex, 

race, total number of comorbidities, and hospital demographics. However, these adjustments do 

not entirely represent all factors that can affect outcome measures. For example, there is no 

information in the NIS database on the complexity of cases. As patients with complex medical 

problems are more often referred to academic centers, our study may underestimate the outcome 

advantages of teaching institutes. Coding inaccuracies remain a concern for any outcome study 

using NIS data and ICD-9-CM identifiers(90), and hospitals of comparable quality based teaching 

status may not be represented equally among the NIS database. Despite these caveats, the large 
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size and well-established nationwide representativeness made NIS a standard tool for large-sample 

analyses in multiple medical fields and the codes used here have been previously validated and 

generally used in examination of treatment of aneurysm patients.   

 

CONCLUSIONS 

Our findings suggest that in-hospital mortality and non-routine discharges were reduced in 

patients treated in teaching hospitals, independent of aneurysm procedure volume. Mortality was 

reduced in patients with ruptured aneurysms who have undergone microsurgical clipping, but not 

endovascular coiling, in teaching hospitals.  These analyses support the hypothesis that teaching 

hospitals are associated with better outcome for patients requiring complex procedures and critical 

care, and suggest that the teaching status of hospitals should be an important consideration when 

triaging patients for the treatment of ruptured aneurysms. 
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V.  Insurance status on the outcome of aneurysmal subarachnoid hemorrhage3 

INTRODUCTION  

Legislation impacting healthcare insurance has remained at the forefront of politics, policy, 

and media in the United States for more than half a century. Medicare and Medicaid enrollments 

have been steadily increasing for several decades: in the most recent census, the two programs 

were the primary payer for more than 108 million Americans(92). Despite this increase in coverage, 

disparities based on insurance status have been increasingly recognized for patients with varied 

medical and surgical conditions. Medicare and Medicaid patients undergoing a range of operations 

have been found to have greater mortality and morbidity, an observation partially attributable to 

complexities in the American healthcare delivery system and socioeconomic factor (93-97). 

Although investigation into differences in outcomes by insurance status for patients undergoing 

neurosurgical intervention has been limited, a recent retrospective institutional study found that 

patients with public or no insurance were more likely to sustain a complication after 

craniotomy(98).  However, no nationwide study to date has evaluated the impact of primary payer 

on the outcomes after surgical or endovascular securing of ruptured cerebral aneurysms.   

Prior studies have found hospitalization costs for both endovascular and surgical treatment 

of ruptured aneurysms to be higher than Medicare payments (99). However, no analysis to date 

has evaluated the relationship between insurance status and outcomes after aneurysmal SAH. This 

is the first nationwide study to investigate the impact of primary payer status on the in-hospital 

outcomes—mortality, length of stay, and discharge disposition—after surgical or endovascular 

treatment of ruptured intracranial aneurysms. 

 

                                                        
3 This work was previously published in Lai et al. 2013 (91). 
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METHODS 

Inclusion Criteria and Outcome Measures  

Patients from the NIS database were included in the analysis if they had an ICD-9-CM 

diagnosis code for SAH, (ICM-9-CM 430) or intracerebral hemorrhage (ICH, ICM-9-CM 431) 

and at least one procedural code for aneurysm repair, by “clipping of aneurysm” (ICM-9-CM 

39.51), “endovascular repair or occlusion” (ICM-9-CM 39.72), or “other repair of aneurysm” 

(ICM-9-CM 39.79). Patients were identified by primary payer status, which is directly encoded in 

the NIS, and stratified into four groups: Medicare, Medicaid, private insurance, and uninsured. 

Patients were classified as uninsured if their insurance status was coded as self-pay or no charge. 

In-hospital mortality, hospital discharge disposition, and length of hospital stay were selected as 

outcome measures.  

 

Statistical Analysis 

Analyses were performed using STATA 12.0 using survey commands to account for the 

complex survey sampling of NIS, which incorporates hospital clustering and sampling weight of 

each discharge. Probability values were considered statistically significant if p<0.05.  

Univariate analysis of two-group mean comparison test and F-test were used to compare 

study population demographics. The Wilcoxon rank sum test and Kruskal-Wallis test were used 

for non-normal distributions, identified by the Shapiro-Wilk normality test.  

Multivariable hierarchical logistic and linear regression analyses were performed to 

evaluate the outcomes of patients undergoing repair of ruptured cerebral aneurysms by primary 

payer. Potential confounding variables included as covariates included patient demographics 

(patient age, sex, race, comorbidities, and the median household income for the patient’s ZIP 

code);  hospital demographics (teaching status, region, location, and procedural volume); year of 
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admission; differences in the severity of presentation (the proportion of patients who underwent 

ventriculostomy and the presence of intracerebral hemorrhage); and variations in management 

(treatment modality, time to aneurysm repair, and time to ventriculostomy) . Patient age, sex, and 

comorbidities (using the Elixhauser et al. categories of comorbid disease(100)) are directly coded 

in the NIS. Year of admission was included to account for temporal changes in insurance policies 

and health care delivery. 

Ventriculostomy was used as a surrogate for severity of neurological deficit upon 

presentation—as this procedure is traditionally reserved for patients with a Hunt-Hess grade of 3 

or greater—and identified by procedural codes (ICM-9-CM 02.2). Likewise, the presence of 

intracerebral hemorrhage was also utilized as a potential maker of severity of presentation, as these 

patients by definition have a higher Fisher grade. The proportion of patients treated via 

microsurgical clipping was included as a covariate to adjust for differences in treatment modality.  

Time to aneurysm repair and ventriculostomy were calculated by identifying time to the 

first coiling or clipping procedure code. Finally, to analyze the degree to which any differences 

which may be present based on insurance status are impacted by the procedural approach utilized 

to secure the aneurysm, subgroup analyses were performed separately for patients who underwent 

surgical clipping and endovascular coiling.  

RESULTS 

Study Population 

17,559 patients with aneurysmal SAH underwent microsurgical clipping or endovascular 

coiling between 2001 and 2010; the demographics of the study population are presented in Table 

6.  The majority of patients were covered by private insurance (50.6%), followed by Medicare 

(23.3%), Medicaid (14.7%), and no insurance (11.4%). Medicare patients were older (mean age 

69, p<0.0001), while Medicaid (mean age 46, p<0.0001) and uninsured patients (mean age 47, 
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p<0.0001) were younger, compared to those with private insurance (mean age 50). The Medicare 

group had a higher proportion of females (74% versus 67% of privately insured patients, p<0.0001), 

while the uninsured group had a lower proportion (62%, p<0.0001).  

We investigated the baseline characteristics of the hospitals in which the patient population 

was treated (Table 7). A greater proportion of Medicaid (67%, p=0.0065) and uninsured patients 

(66%, p=0.0199) were treated at a teaching hospital compared to those with private insurance 

(59%). Hospital location and region did not differ significantly by primary payer. Those with 

Medicare underwent intervention at hospitals with higher annual volume of ruptured aneurysms 

(p=0.0075). Time to aneurysm treatment was significantly longer for Medicare and Medicaid 

patients (p<0.0001). Time to ventriculostomy was not different among the four insurance groups.  

 

Univariate Analysis 

First, univariate analysis was performed to evaluate the unadjusted difference in outcomes 

by primary payer. In-hospital mortality was higher for patients with Medicare (20%, p<0.0001), 

Medicare (12%, p=0.0299) and no insurance (14%, p=0.0008) compared to patients with private 

insurance (11%). The proportion of patients with a non-routine discharge was higher for Medicare 

patients (83%, p<0.0001), not different for Medicaid patients (59%, p=0.06), and lower for those 

without insurance (43%, p<0.0001) compared to the privately insured. Medicaid patients had the 

longest unadjusted length of hospital stay (25r23 days, p<0.001), followed by those with Medicare 

(21r14 days, p<0.001), no insurance (19r15 days, p=0.211), and private insurance (19r13 days). 

 

Multivariate Analyses 

Subsequently, hierarchical multivariate regression models were constructed to evaluate 

differences in outcomes by insurance status after adjusting for several potential confounding 
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variables (Table 8). The initial multivariate regression model included patient and hospital 

demographics, year of admission, and severity of presentation as independent variables. A second 

multivariate model was also constructed including all of the variables in the first model as well as 

timing of intervention—time to aneurysm repair and time to ventriculostomy.  

In the initial model, the adjusted odds of in-hospital mortality were significantly higher for 

Medicare (OR 1.23, p<0.001), Medicaid (OR 1.23, p<0.001) and uninsured patients (OR 1.49, 

p<0.001) compared to patients with private insurance. Additionally, Medicare and Medicaid 

beneficiaries had higher adjusted odds of non-routine discharges (OR 1.62, p<0.001 and OR 1.08, 

p=0.044) while uninsured patients had lower adjusted odds of a non-routine discharge. Length of 

stay was longer for Medicaid patients (by 6 days, p<0.001) but not significant for those with 

Medicare or uninsured status. In the second model, when adjusted for timing of intervention, both 

Medicaid (OR 0.75, p<0.001) and uninsured patients (OR 0.42, p<0.001 had reduced non-routine 

discharges despite longer length of stay (by 8.35 days, p<0.001 for Medicaid and by 2.45, p=0.05 

for uninsured). 

Subsequently, hierarchical multivariate regression models were constructed to evaluate 

differences in outcomes by insurance status after adjusting for several potential confounding 

variables (Table 8). The initial multivariate regression model included patient and hospital 

demographics, year of admission, and severity of presentation as independent variables. A second 

multivariate model was also constructed including all of the variables in the first model as well as 

timing of intervention—time to aneurysm repair and time to ventriculostomy.  

In the initial model, the adjusted odds of in-hospital mortality were significantly higher for 

Medicare (OR 1.23, p<0.001), Medicaid (OR 1.23, p<0.001) and uninsured patients (OR 1.49, 

p<0.001) compared to patients with private insurance. Additionally, Medicare and Medicaid 

beneficiaries had higher adjusted odds of non-routine discharges (OR 1.62, p<0.001 and OR 1.08, 
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p=0.044) while uninsured patients had lower adjusted odds of a non-routine discharge. Length of 

stay was longer for Medicaid patients (by 6 days, p<0.001) but not significant for those with 

Medicare or uninsured status. In the second model, when adjusted for timing of intervention, both 

Medicaid (OR 0.75, p<0.001) and uninsured patients (OR 0.42, p<0.001 had reduced non-routine 

discharges despite longer length of stay (by 8.35 days, p<0.001 for Medicaid and by 2.45, p=0.05 

for uninsured) (Table 8). 

To determine whether differences in outcome measures were associated with the 

procedural approach utilized for securing the aneurysm, subgroup analyses were subsequently 

performed separately for patients who underwent microsurgical clipping and endovascular coiling 

(Table 9A and 9B). Compared with those with private insurance, Medicare patients who 

underwent surgical clipping had a higher adjusted odds of in-hospital mortality (OR 1.36, 

p<0.001) and non-routine discharges (OR 1.50, p<0.001) but not difference in length of hospital 

stay. Medicaid patients had a higher in-hospital mortality (OR 1.18, p=0.025) and no difference 

in non-routine discharges despite an increased in hospital length of stay (by 7.63 days, p<0.001). 

Uninsured patients had a lower adjusted odds of a non-routine discharge (OR 0.30, p<0.001) and 

longer length of stay (by 2.93 days, p=0.018). Patients who underwent endovascular coiling had 

no difference in mortality by insurance status (Table 9B). 

DISCUSSION 

The association between socioeconomic disadvantage and poor health has been well-

established.  The factor of insurance status, which was often treated as a binary parameter and a 

surrogate for socioeconomic status, has recently been considered an independent variable in 

public-health analyses(101). Numerous reports have suggested that uninsured patients and patients 

with public insurance have inferior outcomes after certain medical and surgical treatments 

compared to patients covered by private insurance(93, 95, 97, 98, 102-106). LaPar et al. reported 
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that primary payer status affects mortality after a range of different major surgical operations, 

including lung resection, colectomy, abdominal aortic aneurysm repair, total hip replacement, and 

coronary artery bypass grafting (95). On the other hand, other studies have suggested insurance 

status does not influence surgical outcome (107). Nonetheless, investigation into the impact of 

payer status on patients undergoing neurosurgical interventions has been limited.  El-Sayed et al. 

analyzed outcomes after craniotomy from a single institution and found that patients with public 

insurance or no insurance were more likely to sustain a complication(98); likewise, those with 

cranial and spinal tumors have been found to have differential post-operative mortality by primary 

payer(108, 109). However, no study to date has analyzed the impact of insurance status on the 

outcomes after aneurysmal SAH: we report the first nationwide study evaluating if those with 

government-sponsored or no insurance have differential outcomes compared to those with private 

insurance after microsurgical clipping or endovascular coiling for ruptured intracranial aneurysms. 

 In this study, 17,559 patients with aneurysmal SAH from across the United States who 

presented over a ten year period were evaluated. After adjusting for many potential confounding 

variables in multivariate regression models—including patient and hospital demographics 

including age, sex, comorbidities, race, socioeconomic status, procedural volume, and the need for 

ventriculostomy—patients with Medicaid or no insurance had a higher adjusted odds of in-hospital 

mortality compared to those with private insurance. However, when also adjusting for timing of 

intervention, these differences in mortality were no longer statistically significant. Medicaid or no 

insurance coverage was associated with lower adjusted odds of a non-routine hospital discharge: 

by 28% and 55% respectively. Moreover, length of hospital stay was significantly longer by 9 days 

for Medicare patients and 4 days for uninsured patients. When subgroup analyses evaluated 

patients undergoing clipping and coiling separately, differences based upon insurance status were 

more profound for those who underwent clipping compared to endovascular coiling. 
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Time to ventriculostomy and aneurysm repair have been associated with clinical outcomes 

in patients with ruptured intracranial aneurysms (110), but their usage as covariates in previous 

administrative database analyses has been limited. In this study, time to aneurysm securing was 

significantly longer for Medicare and Medicaid patients compared to those with private insurance; 

likewise, time to ventriculostomy was longer for Medicaid patients. When timing of intervention 

was added to multivariate regression models, the impact of insurance status on outcomes 

diminished. In fact, after for adjusting for timing of intervention, no significant difference in 

mortality by insurance status was found.  

The reason for the differences in outcomes and timing of intervention by primary payer 

seen in this study may be multifactorial. Prior studies have suggested that disparities based on 

insurance status are largely attributable to underlying societal variations and the structure of the 

healthcare delivery system in the United States rather than individual provider or hospital bias. It 

has been hypothesized that inferior outcomes for patients with government-sponsored or no 

insurance undergoing surgical procedures may be partially attributable to three factors—access to 

high-quality care, comorbidities, and acuity of presentation (111). Those with government-

sponsored or no insurance are known to have prohibitive language and transportation barriers to 

receiving quality care. Individuals with private insurance may possess better access to primary 

care, have greater health-care literacy, and additional pre- and post-operative support (98, 101, 

102). Patients with limited access to primary care may have poorly controlled comorbidities, which 

are known to negatively impact surgical outcomes and may delay procedural intervention. While 

twenty-nine comorbidities were included as covariates in multivariate analyses, this may not fully 

account for differences in severity of the diseases. Moreover, patients with limited access to 

primary care and preventive medicine may have reduced pre-morbid referral to specialists—

including cerebrovascular neurosurgeons—potentially decreasing the likelihood of undergoing 
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elective securing of the cerebral aneurysm. Additionally, prior studies have suggested that patients 

with government or no insurance are more likely to be treated at hospitals with limited resources 

and reduced staffing, which may decrease the likelihood of undergoing early intervention.  

Notably, Medicaid coverage was associated in this study with a 45% lower adjusted odds 

of a non-routine hospital discharge, despite having a statistically and clinically significant longer 

hospitalization (by 12.5 days).  Similar trends were seen for uninsured patients. These observations 

are consistent with prior studies which have found restricted access to rehabilitation services for 

uninsured patients after traumatic injury (112). Although governmental programs such as 

Medicaid are designed to provide coverage for acute conditions, there may be variability in 

extension to include short- and long-term rehabilitation facilities. This may explain why Medicaid 

patients were less likely to have a non-routine discharges and had longer hospital stays: those that 

were medically eligible for acute rehabilitation may have remained in the hospital until they were 

ready to be discharged home.  

 The limitations of this study merit closer evaluation. The mortality rates in this study only 

represent patients who underwent procedural treatment for ruptured aneurysms and do not include 

patients who died before intervention.  This may bias towards better outcomes, as those with 

decreased access to healthcare may have a higher chance of dying prior to receiving treatment.  

Nonetheless, the NIS has many unique advantages that make it well-suited to evaluate the 

impact of insurance status on surgical outcomes in the United States. The NIS is the largest all-

payer database in the United States, providing a broader perspective than state-wide or single-

payer datasets. The NIS includes data on many important potential confounding variables—

including patient and hospital demographics—that were utilized as covariates in multivariate 

analyses. The large size and well-established nationwide perspective of the NIS have rendered it a 

standard dataset for large-sample analyses on health care utilization and outcomes in the United 
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States. Further research, particularly with data collected in a prospective fashion, may provide 

additional insight into strategies to reduce differential outcomes based on primary payer for 

patients undergoing procedural intervention for aneurysmal SAH. 



 46 

REFERENCES 
 
1. Jellinger K. Pathology of intracerebral hemorrhage. Zentralblatt fur Neurochirurgie. 
1977;38(1):29-42. PubMed PMID: 579154. 
2. Rinkel GJ, Djibuti M, Algra A, van Gijn J. Prevalence and risk of rupture of intracranial 
aneurysms: a systematic review. Stroke; a journal of cerebral circulation. 1998;29(1):251-6. 
Epub 1998/01/28. PubMed PMID: 9445359. 
3. Olafsson E, Hauser WA, Gudmundsson G. A population-based study of prognosis of 
ruptured cerebral aneurysm: mortality and recurrence of subarachnoid hemorrhage. Neurology. 
1997;48(5):1191-5. PubMed PMID: 9153441. 
4. Maurice-Williams RS, Lafuente J. Intracranial aneurysm surgery and its future. Journal 
of the Royal Society of Medicine. 2003;96(11):540-3. PubMed PMID: 14594960; PubMed 
Central PMCID: PMC539625. 
5. Klein RJ, Zeiss C, Chew EY, Tsai JY, Sackler RS, Haynes C, et al. Complement factor H 
polymorphism in age-related macular degeneration. Science. 2005;308(5720):385-9. doi: 
10.1126/science.1109557. PubMed PMID: 15761122; PubMed Central PMCID: PMC1512523. 
6. Bilguvar K, Yasuno K, Niemela M, Ruigrok YM, von Und Zu Fraunberg M, van Duijn 
CM, et al. Susceptibility loci for intracranial aneurysm in European and Japanese populations. 
Nature genetics. 2008;40(12):1472-7. doi: 10.1038/ng.240. PubMed PMID: 18997786; PubMed 
Central PMCID: PMC2682433. 
7. Yasuno K, Bilguvar K, Bijlenga P, Low SK, Krischek B, Auburger G, et al. Genome-
wide association study of intracranial aneurysm identifies three new risk loci. Nature genetics. 
2010;42(5):420-5. Epub 2010/04/07. doi: 10.1038/ng.563. PubMed PMID: 20364137; PubMed 
Central PMCID: PMC2861730. 
8. Yasuno K, Bakircioglu M, Low SK, Bilguvar K, Gaal E, Ruigrok YM, et al. Common 
variant near the endothelin receptor type A (EDNRA) gene is associated with intracranial 
aneurysm risk. Proceedings of the National Academy of Sciences of the United States of 
America. 2011;108(49):19707-12. doi: 10.1073/pnas.1117137108. PubMed PMID: 22106312; 
PubMed Central PMCID: PMC3241810. 
9. Gaal EI, Salo P, Kristiansson K, Rehnstrom K, Kettunen J, Sarin AP, et al. Intracranial 
aneurysm risk locus 5q23.2 is associated with elevated systolic blood pressure. PLoS genetics. 
2012;8(3):e1002563. doi: 10.1371/journal.pgen.1002563. PubMed PMID: 22438818; PubMed 
Central PMCID: PMC3305343. 
10. Hussain I, Duffis EJ, Gandhi CD, Prestigiacomo CJ. Genome-wide association studies of 
intracranial aneurysms: an update. Stroke; a journal of cerebral circulation. 2013;44(9):2670-5. 
doi: 10.1161/STROKEAHA.113.001753. PubMed PMID: 23908070. 
11. Hosaka K, Hoh BL. Inflammation and cerebral aneurysms. Translational stroke research. 
2014;5(2):190-8. doi: 10.1007/s12975-013-0313-y. PubMed PMID: 24323732. 
12. Penn DL, Witte SR, Komotar RJ, Sander Connolly E, Jr. The role of vascular remodeling 
and inflammation in the pathogenesis of intracranial aneurysms. Journal of clinical 
neuroscience : official journal of the Neurosurgical Society of Australasia. 2014;21(1):28-32. 
doi: 10.1016/j.jocn.2013.07.004. PubMed PMID: 24120708. 
13. Aoki T, Nishimura M, Matsuoka T, Yamamoto K, Furuyashiki T, Kataoka H, et al. 
PGE(2) -EP(2) signalling in endothelium is activated by haemodynamic stress and induces 
cerebral aneurysm through an amplifying loop via NF-kappaB. British journal of pharmacology. 



 47 

2011;163(6):1237-49. doi: 10.1111/j.1476-5381.2011.01358.x. PubMed PMID: 21426319; 
PubMed Central PMCID: PMC3144537. 
14. McCormick ML, Gavrila D, Weintraub NL. Role of oxidative stress in the pathogenesis 
of abdominal aortic aneurysms. Arteriosclerosis, thrombosis, and vascular biology. 
2007;27(3):461-9. doi: 10.1161/01.ATV.0000257552.94483.14. PubMed PMID: 17218601. 
15. van der Giezen M, Tovar J. Degenerate mitochondria. EMBO reports. 2005;6(6):525-30. 
doi: 10.1038/sj.embor.7400440. PubMed PMID: 15940286; PubMed Central PMCID: 
PMC1369098. 
16. Chinnery PF, Hudson G. Mitochondrial genetics. British medical bulletin. 2013;106:135-
59. doi: 10.1093/bmb/ldt017. PubMed PMID: 23704099; PubMed Central PMCID: 
PMC3675899. 
17. Jezek P, Hlavata L. Mitochondria in homeostasis of reactive oxygen species in cell, 
tissues, and organism. The international journal of biochemistry & cell biology. 
2005;37(12):2478-503. doi: 10.1016/j.biocel.2005.05.013. PubMed PMID: 16103002. 
18. Starkov AA. The role of mitochondria in reactive oxygen species metabolism and 
signaling. Annals of the New York Academy of Sciences. 2008;1147:37-52. doi: 
10.1196/annals.1427.015. PubMed PMID: 19076429; PubMed Central PMCID: PMC2869479. 
19. Kadirvel R, Ding YH, Dai D, Lewis DA, Kallmes DF. Intrinsic pathway-mediated 
apoptosis in elastase-induced aneurysms in rabbits. AJNR American journal of neuroradiology. 
2010;31(1):165-9. doi: 10.3174/ajnr.A1781. PubMed PMID: 19749227; PubMed Central 
PMCID: PMC2807469. 
20. Sinha I, Sinha-Hikim AP, Hannawa KK, Henke PK, Eagleton MJ, Stanley JC, et al. 
Mitochondrial-dependent apoptosis in experimental rodent abdominal aortic aneurysms. Surgery. 
2005;138(4):806-11. Epub 2005/11/05. doi: 10.1016/j.surg.2005.07.011. PubMed PMID: 
16269312. 
21. Akiyama K, Narita A, Nakaoka H, Cui T, Takahashi T, Yasuno K, et al. Genome-wide 
association study to identify genetic variants present in Japanese patients harboring intracranial 
aneurysms. Journal of human genetics. 2010;55(10):656-61. Epub 2010/07/09. doi: 
10.1038/jhg.2010.82. PubMed PMID: 20613766. 
22. Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, et al. limma powers differential 
expression analyses for RNA-sequencing and microarray studies. Nucleic acids research. 2015. 
doi: 10.1093/nar/gkv007. PubMed PMID: 25605792. 
23. Roder C, Kasuya H, Harati A, Tatagiba M, Inoue I, Krischek B. Meta-analysis of 
microarray gene expression studies on intracranial aneurysms. Neuroscience. 2012;201:105-13. 
Epub 2011/11/15. doi: 10.1016/j.neuroscience.2011.10.033. PubMed PMID: 22079572. 
24. Foroud T, Koller DL, Lai D, Sauerbeck L, Anderson C, Ko N, et al. Genome-wide 
association study of intracranial aneurysms confirms role of Anril and SOX17 in disease risk. 
Stroke; a journal of cerebral circulation. 2012;43(11):2846-52. Epub 2012/09/11. doi: 
10.1161/STROKEAHA.112.656397. PubMed PMID: 22961961; PubMed Central PMCID: 
PMC3752852. 
25. Low SK, Takahashi A, Cha PC, Zembutsu H, Kamatani N, Kubo M, et al. Genome-wide 
association study for intracranial aneurysm in the Japanese population identifies three candidate 
susceptible loci and a functional genetic variant at EDNRA. Human molecular genetics. 
2012;21(9):2102-10. Epub 2012/01/31. doi: 10.1093/hmg/dds020. PubMed PMID: 22286173. 
26. Hashikata H, Liu W, Inoue K, Mineharu Y, Yamada S, Nanayakkara S, et al. 
Confirmation of an association of single-nucleotide polymorphism rs1333040 on 9p21 with 
familial and sporadic intracranial aneurysms in Japanese patients. Stroke; a journal of cerebral 



 48 

circulation. 2010;41(6):1138-44. Epub 2010/04/17. doi: 10.1161/STROKEAHA.109.576694. 
PubMed PMID: 20395613. 
27. Olsson S, Csajbok LZ, Jood K, Nylen K, Nellgard B, Jern C. Association between 
genetic variation on chromosome 9p21 and aneurysmal subarachnoid haemorrhage. Journal of 
neurology, neurosurgery, and psychiatry. 2011;82(4):384-8. Epub 2010/10/27. doi: 
10.1136/jnnp.2009.187427. PubMed PMID: 20974651. 
28. Alg VS, Sofat R, Houlden H, Werring DJ. Genetic risk factors for intracranial 
aneurysms: a meta-analysis in more than 116,000 individuals. Neurology. 2013;80(23):2154-65. 
Epub 2013/06/05. doi: 10.1212/WNL.0b013e318295d751. PubMed PMID: 23733552; PubMed 
Central PMCID: PMC3716358. 
29. de Leeuw HP, Koster PM, Calafat J, Janssen H, van Zonneveld AJ, van Mourik JA, et al. 
Small GTP-binding proteins in human endothelial cells. British journal of haematology. 
1998;103(1):15-9. Epub 1998/10/29. PubMed PMID: 9792283. 
30. Jopling HM, Odell AF, Pellet-Many C, Latham AM, Frankel P, Sivaprasadarao A, et al. 
Endosome-to-Plasma Membrane Recycling of VEGFR2 Receptor Tyrosine Kinase Regulates 
Endothelial Function and Blood Vessel Formation. Cells. 2014;3(2):363-85. Epub 2014/05/03. 
doi: 10.3390/cells3020363. PubMed PMID: 24785348; PubMed Central PMCID: PMC4092869. 
31. Khor CC, Davila S, Breunis WB, Lee YC, Shimizu C, Wright VJ, et al. Genome-wide 
association study identifies FCGR2A as a susceptibility locus for Kawasaki disease. Nature 
genetics. 2011;43(12):1241-6. Epub 2011/11/15. doi: 10.1038/ng.981. PubMed PMID: 
22081228. 
32. Ikram MK, Sim X, Jensen RA, Cotch MF, Hewitt AW, Ikram MA, et al. Four novel Loci 
(19q13, 6q24, 12q24, and 5q14) influence the microcirculation in vivo. PLoS genetics. 
2010;6(10):e1001184. Epub 2010/11/10. doi: 10.1371/journal.pgen.1001184. PubMed PMID: 
21060863; PubMed Central PMCID: PMC2965750. 
33. Brink PA, Ferreira A, Moolman JC, Weymar HW, van der Merwe PL, Corfield VA. 
Gene for progressive familial heart block type I maps to chromosome 19q13. Circulation. 
1995;91(6):1633-40. Epub 1995/03/15. PubMed PMID: 7882468. 
34. Ruigrok YM, Elias R, Wijmenga C, Rinkel GJ. A comparison of genetic chromosomal 
loci for intracranial, thoracic aortic, and abdominal aortic aneurysms in search of common 
genetic risk factors. Cardiovascular pathology : the official journal of the Society for 
Cardiovascular Pathology. 2008;17(1):40-7. Epub 2007/12/28. doi: 
10.1016/j.carpath.2007.06.001. PubMed PMID: 18160059. 
35. Genome-wide meta-analyses identify multiple loci associated with smoking behavior. 
Nature genetics. 2010;42(5):441-7. Epub 2010/04/27. doi: 10.1038/ng.571. PubMed PMID: 
20418890; PubMed Central PMCID: PMC2914600. 
36. Thorgeirsson TE, Gudbjartsson DF, Surakka I, Vink JM, Amin N, Geller F, et al. 
Sequence variants at CHRNB3-CHRNA6 and CYP2A6 affect smoking behavior. Nature 
genetics. 2010;42(5):448-53. Epub 2010/04/27. doi: 10.1038/ng.573. PubMed PMID: 20418888; 
PubMed Central PMCID: PMC3080600. 
37. Dutting S, Brachs S, Mielenz D. Fraternal twins: Swiprosin-1/EFhd2 and Swiprosin-
2/EFhd1, two homologous EF-hand containing calcium binding adaptor proteins with distinct 
functions. Cell communication and signaling : CCS. 2011;9:2. Epub 2011/01/20. doi: 
10.1186/1478-811X-9-2. PubMed PMID: 21244694; PubMed Central PMCID: PMC3036668. 
38. Nolan DK, Sutton B, Haynes C, Johnson J, Sebek J, Dowdy E, et al. Fine mapping of a 
linkage peak with integration of lipid traits identifies novel coronary artery disease genes on 
chromosome 5. BMC genetics. 2012;13:12. Epub 2012/03/01. doi: 10.1186/1471-2156-13-12. 
PubMed PMID: 22369142; PubMed Central PMCID: PMC3309961. 



 49 

39. Taylor CL, Yuan Z, Selman WR, Ratcheson RA, Rimm AA. Cerebral arterial aneurysm 
formation and rupture in 20,767 elderly patients: hypertension and other risk factors. Journal of 
neurosurgery. 1995;83(5):812-9. Epub 1995/11/01. doi: 10.3171/jns.1995.83.5.0812. PubMed 
PMID: 7472548. 
40. Kirkness CJ, Burr RL, Thompson HJ, Mitchell PH. Temperature rhythm in aneurysmal 
subarachnoid hemorrhage. Neurocritical care. 2008;8(3):380-90. Epub 2007/12/11. doi: 
10.1007/s12028-007-9034-y. PubMed PMID: 18066502. 
41. Lai PM, Dasenbrock H, Du R. The association between meteorological parameters and 
aneurysmal subarachnoid hemorrhage: a nationwide analysis. PloS one. 2014;9(11):e112961. 
doi: 10.1371/journal.pone.0112961. PubMed PMID: 25393630; PubMed Central PMCID: 
PMC4231088. 
42. Oyoshi T, Nakayama M, Kuratsu J. Relationship between aneurysmal subarachnoid 
hemorrhage and climatic conditions in the subtropical region, Amami-Oshima, in Japan. 
Neurologia medico-chirurgica. 1999;39(8):585-90; discussion 90-1. Epub 1999/09/16. PubMed 
PMID: 10487037. 
43. Slatina E, Music M, Babic N, Pleho-Kapic A, Dervisevic S, Salibasic M, et al. 
Correlation of barometer pressure and incidence of cerebrovascular insult. Materia socio-medica. 
2012;24(4):232-7. Epub 2012/01/01. doi: 10.5455/msm.2012.24.232-237. PubMed PMID: 
23922533; PubMed Central PMCID: PMC3732370. 
44. Fang CW, Ma MC, Lin HJ, Chen CH. Ambient temperature and spontaneous 
intracerebral haemorrhage: a cross-sectional analysis in Tainan, Taiwan. BMJ open. 2012;2(3). 
Epub 2012/06/12. doi: 10.1136/bmjopen-2012-000842. PubMed PMID: 22685220; PubMed 
Central PMCID: PMC3371577. 
45. Muroi C, Yonekawa Y, Khan N, Rousson V, Keller E. Seasonal variations in hospital 
admissions due to aneurysmal subarachnoid haemorrhage in the state of Zurich, Switzerland. 
Acta neurochirurgica. 2004;146(7):659-65. Epub 2004/06/16. doi: 10.1007/s00701-004-0278-4. 
PubMed PMID: 15197608. 
46. Lejeune JP, Vinchon M, Amouyel P, Escartin T, Escartin D, Christiaens JL. Association 
of occurrence of aneurysmal bleeding with meteorologic variations in the north of France. 
Stroke; a journal of cerebral circulation. 1994;25(2):338-41. Epub 1994/02/01. PubMed PMID: 
8303741. 
47. Vulekovic P, Nikolic-Doric E, Kojadinovic Z, Papic V, Karan M, Doczi T. A temporal 
pattern in the occurrence of aneurysmal subarachnoid hemorrhage in the Province of Vojvodina, 
Serbia. Acta neurochirurgica. 2011;153(6):1313-9; discussion 9. Epub 2011/04/19. doi: 
10.1007/s00701-011-1017-2. PubMed PMID: 21499961. 
48. McDonald RJ, McDonald JS, Bida JP, Kallmes DF, Cloft HJ. Subarachnoid hemorrhage 
incidence in the United States does not vary with season or temperature. AJNR American journal 
of neuroradiology. 2012;33(9):1663-8. Epub 2012/05/12. doi: 10.3174/ajnr.A3059. PubMed 
PMID: 22576889. 
49. Ali Y, Rahme R, Matar N, Ibrahim I, Menassa-Moussa L, Maarrawi J, et al. Impact of the 
lunar cycle on the incidence of intracranial aneurysm rupture: myth or reality? Clinical 
neurology and neurosurgery. 2008;110(5):462-5. Epub 2008/03/21. doi: 
10.1016/j.clineuro.2008.02.001. PubMed PMID: 18353534. 
50. Law HY, Wong GK, Chan DT, Wong L, Poon WS. Meteorological factors and 
aneurysmal subarachnoid haemorrhage in Hong Kong. Hong Kong medical journal = Xianggang 
yi xue za zhi / Hong Kong Academy of Medicine. 2009;15(2):85-9. Epub 2009/04/04. PubMed 
PMID: 19342732. 



 50 

51. Landers AT, Narotam PK, Govender ST, van Dellen JR. The effect of changes in 
barometric pressure on the risk of rupture of intracranial aneurysms. British journal of 
neurosurgery. 1997;11(3):191-5. Epub 1997/06/01. PubMed PMID: 9231005. 
52. Buxton N, Liu C, Dasic D, Moody P, Hope DT. Relationship of aneurysmal subarachnoid 
hemorrhage to changes in atmospheric pressure: results of a prospective study. Journal of 
neurosurgery. 2001;95(3):391-2. Epub 2001/09/22. doi: 10.3171/jns.2001.95.3.0391. PubMed 
PMID: 11565858. 
53. de Steenhuijsen Piters WA, Algra A, van den Broek MF, Dorhout Mees SM, Rinkel GJ. 
Seasonal and meteorological determinants of aneurysmal subarachnoid hemorrhage: a systematic 
review and meta-analysis. Journal of neurology. 2013;260(2):614-9. Epub 2012/10/17. doi: 
10.1007/s00415-012-6687-z. PubMed PMID: 23070464. 
54. Neidert MC, Sprenger M, Wernli H, Burkhardt JK, Krayenbuhl N, Bozinov O, et al. 
Meteorological influences on the incidence of aneurysmal subarachnoid hemorrhage - a single 
center study of 511 patients. PloS one. 2013;8(12):e81621. Epub 2013/12/07. doi: 
10.1371/journal.pone.0081621. PubMed PMID: 24312565; PubMed Central PMCID: 
PMC3847045. 
55. Vinall PE, Maislin G, Michele JJ, Deitch C, Simeone FA. Seasonal and latitudinal 
occurrence of cerebral vasospasm and subarachnoid hemorrhage in the northern hemisphere. 
Epidemiology. 1994;5(3):302-8. Epub 1994/05/01. PubMed PMID: 8038244. 
56. Takahashi E, Sasaki N, Takeda J, Ito H. The geographic distribution of cerebral 
hemorrhage and hypertension in Japan. Human biology. 1957;29(2):139-66. Epub 1957/05/01. 
PubMed PMID: 13428291. 
57. Koffijberg H, Buskens E, Granath F, Adami J, Ekbom A, Rinkel GJ, et al. Subarachnoid 
haemorrhage in Sweden 1987-2002: regional incidence and case fatality rates. Journal of 
neurology, neurosurgery, and psychiatry. 2008;79(3):294-9. Epub 2007/07/20. doi: 
10.1136/jnnp.2007.123901. PubMed PMID: 17635967. 
58. Feigin VL, Anderson CS, Rodgers A, Bennett DA. Subarachnoid haemorrhage 
occurrence exhibits a temporal pattern - evidence from meta-analysis. European journal of 
neurology : the official journal of the European Federation of Neurological Societies. 
2002;9(5):511-6. Epub 2002/09/11. PubMed PMID: 12220383. 
59. Tsementzis SA, Kennet RP, Hitchcock ER, Gill JS, Beevers DG. Seasonal variation of 
cerebrovascular diseases. Acta neurochirurgica. 1991;111(3-4):80-3. Epub 1991/01/01. PubMed 
PMID: 1950692. 
60. Kent ST, McClure LA, Judd SE, Howard VJ, Crosson WL, Al-Hamdan MZ, et al. Short- 
and long-term sunlight radiation and stroke incidence. Annals of neurology. 2013;73(1):32-7. 
Epub 2012/12/12. doi: 10.1002/ana.23737. PubMed PMID: 23225379; PubMed Central PMCID: 
PMC3563869. 
61. Takagi H, Umemoto T. Abdominal aortic aneurysm prefers to rupture on a dim day. 
Journal of vascular surgery. 2005;41(4):735-6; author reply 6-7. Epub 2005/05/06. doi: 
10.1016/j.jvs.2005.01.011. PubMed PMID: 15874946. 
62. Modesti PA, Morabito M, Massetti L, Rapi S, Orlandini S, Mancia G, et al. Seasonal 
blood pressure changes: an independent relationship with temperature and daylight hours. 
Hypertension. 2013;61(4):908-14. Epub 2013/02/06. doi: 
10.1161/HYPERTENSIONAHA.111.00315. PubMed PMID: 23381792. 
63. Rostand SG. Ultraviolet light may contribute to geographic and racial blood pressure 
differences. Hypertension. 1997;30(2 Pt 1):150-6. Epub 1997/08/01. PubMed PMID: 9260973. 



 51 

64. Brennan PJ, Greenberg G, Miall WE, Thompson SG. Seasonal variation in arterial blood 
pressure. British medical journal. 1982;285(6346):919-23. Epub 1982/10/02. PubMed PMID: 
6811068; PubMed Central PMCID: PMC1499985. 
65. Tamez H, Kalim S, Thadhani RI. Does vitamin D modulate blood pressure? Current 
opinion in nephrology and hypertension. 2013;22(2):204-9. Epub 2013/01/10. doi: 
10.1097/MNH.0b013e32835d919b. PubMed PMID: 23299053. 
66. Setzer M, Beck J, Hermann E, Raabe A, Seifert V, Vatter H, et al. The influence of 
barometric pressure changes and standard meteorological variables on the occurrence and 
clinical features of subarachnoid hemorrhage. Surgical neurology. 2007;67(3):264-72; discussion 
72. Epub 2007/02/27. doi: 10.1016/j.surneu.2006.06.060. PubMed PMID: 17320635. 
67. Lindgren AE, Kurki MI, Riihinen A, Koivisto T, Ronkainen A, Rinne J, et al. 
Hypertension predisposes to the formation of saccular intracranial aneurysms in 467 unruptured 
and 1053 ruptured patients in Eastern Finland. Annals of medicine. 2014. Epub 2014/03/04. doi: 
10.3109/07853890.2014.883168. PubMed PMID: 24579936. 
68. Overlack A, Zenzen JG, Ressel C, Muller HM, Stumpe KO. Influence of magnesium on 
blood pressure and the effect of nifedipine in rats. Hypertension. 1987;9(2):139-43. Epub 
1987/02/01. PubMed PMID: 3818011. 
69. Luykx JJ, Bakker SC, Lentjes E, Boks MP, van Geloven N, Eijkemans MJ, et al. Season 
of sampling and season of birth influence serotonin metabolite levels in human cerebrospinal 
fluid. PloS one. 2012;7(2):e30497. Epub 2012/02/09. doi: 10.1371/journal.pone.0030497. 
PubMed PMID: 22312427; PubMed Central PMCID: PMC3270010. 
70. Ballaro A, Cortina-Borja M, Collin J. A seasonal variation in the incidence of ruptured 
abdominal aortic aneurysms. European journal of vascular and endovascular surgery : the official 
journal of the European Society for Vascular Surgery. 1998;15(5):429-31. Epub 1998/06/20. 
PubMed PMID: 9633499. 
71. Abe T, Ohde S, Ishimatsu S, Ogata H, Hasegawa T, Nakamura T, et al. Effects of 
meteorological factors on the onset of subarachnoid hemorrhage: a time-series analysis. Journal 
of clinical neuroscience : official journal of the Neurosurgical Society of Australasia. 
2008;15(9):1005-10. Epub 2008/07/12. doi: 10.1016/j.jocn.2007.07.081. PubMed PMID: 
18617401. 
72. Cowperthwaite MC, Burnett MG. The association between weather and spontaneous 
subarachnoid hemorrhage: an analysis of 155 US hospitals. Neurosurgery. 2011;68(1):132-8; 
discussion 8-9. Epub 2010/11/26. doi: 10.1227/NEU.0b013e3181fe23a1. PubMed PMID: 
21099710. 
73. Beseoglu K, Hanggi D, Stummer W, Steiger HJ. Dependence of subarachnoid 
hemorrhage on climate conditions: a systematic meteorological analysis from the dusseldorf 
metropolitan area. Neurosurgery. 2008;62(5):1033-8; discussion 8-9. Epub 2008/06/27. doi: 
10.1227/01.neu.0000325864.91584.c7. PubMed PMID: 18580800. 
74. Hughes MA, Grover PJ, Butler CR, Elwell VA, Mendoza ND. A 5-year retrospective 
study assessing the association between seasonal and meteorological change and incidence of 
aneurysmal subarachnoid haemorrhage. British journal of neurosurgery. 2010;24(4):396-400. 
Epub 2010/08/24. doi: 10.3109/02688697.2010.499154. PubMed PMID: 20726749. 
75. Hashiguchi N, Takeda A, Yasuyama Y, Chishaki A, Tochihara Y. Effects of 6-h 
exposure to low relative humidity and low air pressure on body fluid loss and blood viscosity. 
Indoor air. 2013;23(5):430-6. Epub 2013/03/08. doi: 10.1111/ina.12039. PubMed PMID: 
23464811. 
76. Chalouhi N, Ali MS, Starke RM, Jabbour PM, Tjoumakaris SI, Gonzalez LF, et al. 
Cigarette smoke and inflammation: role in cerebral aneurysm formation and rupture. Mediators 



 52 

of inflammation. 2012;2012:271582. Epub 2013/01/15. doi: 10.1155/2012/271582. PubMed 
PMID: 23316103; PubMed Central PMCID: PMC3532877. 
77. Gill RS, Hambridge HL, Schneider EB, Hanff T, Tamargo RJ, Nyquist P. Falling 
temperature and colder weather are associated with an increased risk of aneurysmal subarachnoid 
hemorrhage. World neurosurgery. 2013;79(1):136-42. Epub 2012/06/27. doi: 
10.1016/j.wneu.2012.06.020. PubMed PMID: 22732514. 
78. Chyatte D, Chen TL, Bronstein K, Brass LM. Seasonal fluctuation in the incidence of 
intracranial aneurysm rupture and its relationship to changing climatic conditions. Journal of 
neurosurgery. 1994;81(4):525-30. Epub 1994/10/01. doi: 10.3171/jns.1994.81.4.0525. PubMed 
PMID: 7931585. 
79. Lai PM, Lin N, Du R. Effect of teaching hospital status on outcome of aneurysm 
treatment. World neurosurgery. 2014;82(3-4):380-5 e6. doi: 10.1016/j.wneu.2013.07.015. 
PubMed PMID: 23891879. 
80. Barker FG, 2nd, Curry WT, Jr., Carter BS. Surgery for primary supratentorial brain 
tumors in the United States, 1988 to 2000: the effect of provider caseload and centralization of 
care. Neuro-oncology. 2005;7(1):49-63. doi: 10.1215/S1152851704000146. PubMed PMID: 
15701282; PubMed Central PMCID: PMC1871628. 
81. Barker FG, 2nd, Amin-Hanjani S, Butler WE, Ogilvy CS, Carter BS. In-hospital 
mortality and morbidity after surgical treatment of unruptured intracranial aneurysms in the 
United States, 1996-2000: the effect of hospital and surgeon volume. Neurosurgery. 
2003;52(5):995-1007; discussion -9. PubMed PMID: 12699540. 
82. Phillips DP, Barker GE. A July spike in fatal medication errors: a possible effect of new 
medical residents. Journal of general internal medicine. 2010;25(8):774-9. doi: 10.1007/s11606-
010-1356-3. PubMed PMID: 20512532; PubMed Central PMCID: PMC2896592. 
83. McDonald RJ, Cloft HJ, Kallmes DF. Impact of admission month and hospital teaching 
status on outcomes in subarachnoid hemorrhage: evidence against the July effect. Journal of 
neurosurgery. 2012;116(1):157-63. doi: 10.3171/2011.8.JNS11324. PubMed PMID: 21942725. 
84. Dimick JB, Cowan JA, Jr., Colletti LM, Upchurch GR, Jr. Hospital teaching status and 
outcomes of complex surgical procedures in the United States. Archives of surgery. 
2004;139(2):137-41. doi: 10.1001/archsurg.139.2.137. PubMed PMID: 14769569. 
85. Johnston SC. Effect of endovascular services and hospital volume on cerebral aneurysm 
treatment outcomes. Stroke; a journal of cerebral circulation. 2000;31(1):111-7. PubMed PMID: 
10625724. 
86. Smith GA, Dagostino P, Maltenfort MG, Dumont AS, Ratliff JK. Geographic variation 
and regional trends in adoption of endovascular techniques for cerebral aneurysms. Journal of 
neurosurgery. 2011;114(6):1768-77. doi: 10.3171/2011.1.JNS101528. PubMed PMID: 
21314274. 
87. Nicholson WK, Witter F, Powe NR. Effect of hospital setting and volume on clinical 
outcomes in women with gestational and type 2 diabetes mellitus. Journal of women's health. 
2009;18(10):1567-76. doi: 10.1089/jwh.2008.1114. PubMed PMID: 19764843; PubMed Central 
PMCID: PMC2864466. 
88. Hayanga AJ, Mukherjee D, Chang D, Kaiser H, Lee T, Gearhart S, et al. Teaching 
hospital status and operative mortality in the United States: tipping point in the volume-outcome 
relationship following colon resections? Archives of surgery. 2010;145(4):346-50. doi: 
10.1001/archsurg.2010.24. PubMed PMID: 20404284; PubMed Central PMCID: PMC4036455. 
89. Meguid RA, Brooke BS, Perler BA, Freischlag JA. Impact of hospital teaching status on 
survival from ruptured abdominal aortic aneurysm repair. Journal of vascular surgery. 



 53 

2009;50(2):243-50. doi: 10.1016/j.jvs.2009.01.046. PubMed PMID: 19446987; PubMed Central 
PMCID: PMC2752445. 
90. Woodworth GF, Baird CJ, Garces-Ambrossi G, Tonascia J, Tamargo RJ. Inaccuracy of 
the administrative database: comparative analysis of two databases for the diagnosis and 
treatment of intracranial aneurysms. Neurosurgery. 2009;65(2):251-6; discussion 6-7. doi: 
10.1227/01.NEU.0000347003.35690.7A. PubMed PMID: 19625902. 
91. Lai PM, Dasenbrock H, Lin N, Du R. The impact of insurance status on the outcomes 
after aneurysmal subarachnoid hemorrhage. PloS one. 2013;8(10):e78047. doi: 
10.1371/journal.pone.0078047. PubMed PMID: 24205085; PubMed Central PMCID: 
PMC3812119. 
92. Division SS (n.d.) Medicare M. The 2012 Statistical Abstract - U.S. Census Bureau 
http://www.census.gov/compendia/statab/cats/health_nutrition/medicare_medicaid.html. [cited 
2013]. 
93. Trinh QD, Schmitges J, Sun M, Sammon J, Shariat SF, Zorn K, et al. Morbidity and 
mortality of radical prostatectomy differs by insurance status. Cancer. 2012;118(7):1803-10. doi: 
10.1002/cncr.26475. PubMed PMID: 22009603. 
94. Boxer LK, Dimick JB, Wainess RM, Cowan JA, Henke PK, Stanley JC, et al. Payer 
status is related to differences in access and outcomes of abdominal aortic aneurysm repair in the 
United States. Surgery. 2003;134(2):142-5. doi: 10.1067/msy.2003.214. PubMed PMID: 
12947310. 
95. LaPar DJ, Bhamidipati CM, Mery CM, Stukenborg GJ, Jones DR, Schirmer BD, et al. 
Primary payer status affects mortality for major surgical operations. Annals of surgery. 
2010;252(3):544-50; discussion 50-1. doi: 10.1097/SLA.0b013e3181e8fd75. PubMed PMID: 
20647910; PubMed Central PMCID: PMC3071622. 
96. Abdo A, Trinh QD, Sun M, Schmitges J, Bianchi M, Sammon J, et al. The effect of 
insurance status on outcomes after partial nephrectomy. International urology and nephrology. 
2012;44(2):343-51. doi: 10.1007/s11255-011-0056-1. PubMed PMID: 21894468. 
97. Slatore CG, Au DH, Gould MK, American Thoracic Society Disparities in Healthcare G. 
An official American Thoracic Society systematic review: insurance status and disparities in 
lung cancer practices and outcomes. American journal of respiratory and critical care medicine. 
2010;182(9):1195-205. doi: 10.1164/rccm.2009-038ST. PubMed PMID: 21041563. 
98. El-Sayed AM, Ziewacz JE, Davis MC, Lau D, Siddiqi HK, Zamora-Berridi GJ, et al. 
Insurance status and inequalities in outcomes after neurosurgery. World neurosurgery. 
2011;76(5):459-66. doi: 10.1016/j.wneu.2011.03.051. PubMed PMID: 22152576. 
99. Pleis JR, Lethbridge-Cejku M. Summary health statistics for U.S. adults: National Health 
Interview Survey, 2005. Vital and health statistics Series 10, Data from the National Health 
Survey. 2006(232):1-153. PubMed PMID: 17252928. 
100. Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use with 
administrative data. Medical care. 1998;36(1):8-27. PubMed PMID: 9431328. 
101. Lin N, Popp AJ. Insurance status and patient outcome after neurosurgery. World 
neurosurgery. 2011;76(5):398-400. doi: 10.1016/j.wneu.2011.05.011. PubMed PMID: 
22152563. 
102. Lemaire A, Cook C, Tackett S, Mendes DM, Shortell CK. The impact of race and 
insurance type on the outcome of endovascular abdominal aortic aneurysm (AAA) repair. 
Journal of vascular surgery. 2008;47(6):1172-80. doi: 10.1016/j.jvs.2008.01.033. PubMed 
PMID: 18407451. 

http://www.census.gov/compendia/statab/cats/health_nutrition/medicare_medicaid.html


 54 

103. Shen JJ, Washington EL. Disparities in outcomes among patients with stroke associated 
with insurance status. Stroke; a journal of cerebral circulation. 2007;38(3):1010-6. doi: 
10.1161/01.STR.0000257312.12989.af. PubMed PMID: 17234983. 
104. Haider AH, Chang DC, Efron DT, Haut ER, Crandall M, Cornwell EE, 3rd. Race and 
insurance status as risk factors for trauma mortality. Archives of surgery. 2008;143(10):945-9. 
doi: 10.1001/archsurg.143.10.945. PubMed PMID: 18936372. 
105. Rosen H, Saleh F, Lipsitz S, Rogers SO, Jr., Gawande AA. Downwardly mobile: the 
accidental cost of being uninsured. Archives of surgery. 2009;144(11):1006-11. doi: 
10.1001/archsurg.2009.195. PubMed PMID: 19917936. 
106. Salim A, Ottochian M, DuBose J, Inaba K, Teixeira P, Chan LS, et al. Does insurance 
status matter at a public, level I trauma center? The Journal of trauma. 2010;68(1):211-6. doi: 
10.1097/TA.0b013e3181a0e659. PubMed PMID: 20065777. 
107. Murphy EH, Davis CM, Modrall JG, Clagett GP, Arko FR. Effects of ethnicity and 
insurance status on outcomes after thoracic endoluminal aortic aneurysm repair (TEVAR). 
Journal of vascular surgery. 2010;51(4 Suppl):14S-20S. doi: 10.1016/j.jvs.2009.11.079. PubMed 
PMID: 20346335. 
108. Momin EN, Adams H, Shinohara RT, Frangakis C, Brem H, Quinones-Hinojosa A. 
Postoperative mortality after surgery for brain tumors by patient insurance status in the United 
States. Archives of surgery. 2012;147(11):1017-24. doi: 10.1001/archsurg.2012.1459. PubMed 
PMID: 23165616; PubMed Central PMCID: PMC3571758. 
109. Dasenbrock HH, Wolinsky JP, Sciubba DM, Witham TF, Gokaslan ZL, Bydon A. The 
impact of insurance status on outcomes after surgery for spinal metastases. Cancer. 
2012;118(19):4833-41. doi: 10.1002/cncr.27388. PubMed PMID: 22294322. 
110. Wong GK, Boet R, Ng SC, Chan M, Gin T, Zee B, et al. Ultra-early (within 24 hours) 
aneurysm treatment after subarachnoid hemorrhage. World neurosurgery. 2012;77(2):311-5. doi: 
10.1016/j.wneu.2011.09.025. PubMed PMID: 22120257. 
111. Kelz RR, Gimotty PA, Polsky D, Norman S, Fraker D, DeMichele A. Morbidity and 
mortality of colorectal carcinoma surgery differs by insurance status. Cancer. 
2004;101(10):2187-94. doi: 10.1002/cncr.20624. PubMed PMID: 15382089. 
112. Nirula R, Nirula G, Gentilello LM. Inequity of rehabilitation services after traumatic 
injury. The Journal of trauma. 2009;66(1):255-9. doi: 10.1097/TA.0b013e31815ede46. PubMed 
PMID: 19131836. 



 55 

TABLES 
 

Table 1. Meta-analysis of 12 aneurysm-associated SNPs using the random-effects model (GWAS) and differential gene expression 
associated with significant SNPs (Gene Omnibus). *P-values were adjusted using Bonferroni correction. 

            SNPs Gene Expression 

Gene Chr Position SNP Allele 
Major 
Allele 

OR 
(95%CI) P Padj* 

OR 
(95%CI) 

Rando
madj* 

Fixedadj
* 

THEM4 1 151874041 rs13320 
A/G G 

2.81 (2.3-
3.4) 

2.14x10-

26 
6.21x10-

25 
1.14 (0.9-

1.5) 
1 1 

PNKD 2 218345073 rs921970 
A/C C 

2.65 (1.6-
4.4) 

1.06x10-

4 
3.07x10-3 4.19 (1.0-

18) 
0.58 0.01 

EFHD1 2 232682275 rs7286 
C/T C 

2.06 (1.6-
2.7) 

1.69x10-

7 
4.78 x10-

6 
0.4 (0.2-

1.1) 
1 1 

SH3BP
5 

3 15300094 rs826423 
A/G A 

3.51 (1.8-
6.9) 

2.85x10-

4 
8.25 x10-

3 
0.68 (0.5-

1.0) 
0.74 0.21 

SUCLG
2 

3 67401619 rs1490265 
A/C A 

2.61 (2.1-
3.2) 

5.10x10-

14 
1.48x10-

14 
0.91 (0.5-

1.8) 
1 1 

FAM16
2A 

3 122409547 rs1127343 
A/G A 

2.62 (4.5-
3.5) 

4.81x10-

4 
1.40 x10-

2 
0.96 (0.6-

1.6) 
1 0.64 

RAI14 5 34698588 rs889319 
C/T T 

3.45 (2.8-
4.2) 

2.44x10-

33 
7.08x10-

32 
1.02 (0.8-

1.4) 
1 1 

PPP2R
2B 

5 147075262 rs1480150 
C/T C 

3.75 (2.3-
6.2) 

1.67x10-

7 
4.84 x10-

6 
0.47 (0.1-

2.2) 
1 0.002 

RARS 5 168491658 rs244896 
G/T T 

2.39 (1.6-
3.6) 

3.02x10-

5 
8.76x10-4 1.02 (0.8-

1.4) 
0.58 1 

PARK2 6 162180689 rs1954948 
C/T T 

2.48 (2.0-
3.1) 

7.32x10-

16 
1.93x10-

14 
0.64 (0.2-

2.1) 
1 0.14 

GLRX5 14 95541473 rs1007813 
C/T C 

2.58 (1.6-
4.2) 

1.77x10-

4 
5.13 x10-

3 
0.76 (0.6-

1.1) 
0.58 0.64 

RAB4B 19 40796801 rs7937 
C/T C 

2.71 (1.8-
4.1) 

1.19x10-

6 
3.46x10-5 1.74 (1.2-

2.5) 
0.02 0.02 
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Table 2. Multivariate analysis evaluating the association between meteorological parameters by state and (A) annual state population-
adjusted hospital admission rate for, as well as (B) in-hospital mortality after aneurysmal SAH, adjusted for sex. 
 
A. 

State-Adjusted Hospital 
Admission 

Coefficient  95% Confidence 
Interval 

P value 

Average Daily 
Temperature 

0.012 (0.002, 0.02) 0.021 

Average Daily 
Precipitation 

-0.044 (-0.2, 0.07) 0.426 

Average Percent Daily 
Sunlight 

-0.061 (-0.08, -0.04) <0.001 

Average Morning 
Humidity 

-0.041 (-0.05, -0.03) <0.001 

 
B. 

In-hospital Mortality Coefficient  95% Confidence 
Interval 

P value 

Average Daily 
Temperature 

0.0007 (-0.003, 0.002) 0.158 

Average Daily 
Precipitation 

-0.017 (-0.03, -0.007) 0.001 

Average Percent Daily 
Sunlight 

-0.001 (-0.003, 0.0003) 0.119 

Average Morning 
Humidity 

-0.004 (-0.002, -0.0008) 0.512 
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Table 3. Characteristics of patients with ruptured and unruptured intracranial aneurysms by teaching hospital status. 
 

Study Population 
Characteristics Unruptured Aneurysms Ruptured Aneurysms 

 Teaching 
Non-

Teaching P value Teaching 
Non-

Teaching P value 
Patient 
Characteristics       
Patients 14763 1794  15628 2658  
Mean Age 
(meanrSE) 55.4r0.2 57.8r0.4 <0.001 53.5r0.2 55.7r0.4 <0.001 
Male gender (%) 23.4 25.1 0.127 32.6 30.8 0.256 
Race (%)   0.029   0.678 

White 7986(75) 1036(80)  6877 (61) 1337 (64)  
Black 1062(10)  96(7.4)  1881 (17) 247 (12)  
Hispanic 958(9.0) 128(9.9)   1500 (13) 337 (16)  
Asian or Pacific 
Islander 221 (2.1) 13(1.0)  468 (4.2) 94 (4.5)  
Native American 49(0.5) 3 (0.2)  41 (0.4) 6 (0.3)  
Other 310(2.9) 22(1.7)  436 (3.9) 81 (3.9)  

Total Comorbidities 
(meanrSE) 1.53r0.02 1.77r0.06 <0.001 1.97r0.04 2.24r0.07 0.001 
       
Hospital 
Characteristics       
Hospitals (%) 405 (61) 264 (39)  436 (56) 342 (44)  
Annual Aneurysm 
Procedure Volume 
per Hospital  
(meanrSE) 18.6r1.6 3.8r0.5 <0.001 16.4r1.3 3.5r0.3 <0.001 
Time to Aneurysm 
Procedure (Days, 
(meanrSE) 0.54r0.04 0.65r0.08 0.255 1.8r0.1 2.0r0.1 0.550 
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Hospital Regions   <0.001   <0.001 
Northeast 82 (20.2) 25 (9.47)  37 (11) 96 (22)  
Midwest 116 (28.6) 36 (13.6)  45 (13) 120 (28)  
South 129 (31.9) 122 (46.2)  153 (45) 133 (31)  
West 78 (19.3) 81 (30.7)  107 (31) 87 (20)  

Hospital Location 
(%)   0.391   0.015 

Urban 11 (2.5) 10 (2.9)  10 (2.3) 16 (4.7)  
Rural 381 (97.5) 233 (68.1)  426 (97.7) 326 (95.3)  
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Table 4. Adjusted odds ratio for outcome and difference in length of stay in patients who underwent treatment of ruptured (A) and 
unruptured (B) aneurysms in teaching vs non-teaching hospital. 
  
A) 

 
 

% of Patients Odds 
Ratio 

95% 
Confidence 

Interval 

P value 

Mortality 13.4    
Teaching 12.9 0.69 [0.54, 0.88] 0.003 

Non-Teaching  17.5    
Non-Routine 
Discharges 

61.0    

Teaching 59.9 0.77 [0.60, 0.99] 0.042 
Non-Teaching 68.8    

 Mean Number of 
Days 

Difference 
(Days) 

  

Length of Stay 20.4    
Teaching 20.4 0.22 [-1.48, 1.92] 0.801 
Non-Teaching 20.1    
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B) 
 

 % of Patients Odds Ratio 95% 
Confidence 

Interval 

P value 

Mortality 0.74    
Teaching 0.69 0.84 [0.38, 1.88] 0.677 
Non-Teaching 1.18    

Non-Routine Discharges 14.9    
Teaching 14.6 1.00 [0.73, 1.36] 0.976 
Non-Teaching 17.3    

 Mean Number 
of Days 

Difference 
(Days) 

  

Length of Stay 4.70    
Teaching 4.65 0.47 [-0.26, 1.20] 0.208 
Non-Teaching 5.05    

 
*Regression model includes covariates adjusted for patient age, sex, race, total number of comorbidities, median household income, 
hospital region, hospital location and average hospital volume of aneurysm procedure. Ruptured aneurysms (A) also includes time to 
aneurysm repair procedure as covariate. 
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Table 5. Adjusted odds ratios for outcome and difference in length of stay in patients with ruptured (A) and unruptured (B) aneurysms 
who had undergone endovascular coiling or microsurgical clipping based on hospital teaching status. 
 
A) 
 
 
 
 
 
 
 

 

 
Outcome Procedure 

% of Patients Odds Ratio 95% 
Confidence 

Interval 

P Value 

 Teaching Non-
Teaching 

   

Mortality      
Clipping 11.9 17.8 0.62 [0.46, 0.84] 0.002 

Coiling 14.2 17.0 0.73 [0.51, 1.05] 0.085 
Non-Routine Discharge      

Clipping 59.9 70.0 0.83 [0.61, 1.13] 0.239 
Coiling 59.6 67.4 0.76 [0.57, 1.01] 0.060 

 Mean Number of Days Difference 
(Days) 

  

Length of Stay      
Clipping 21.0 20.5 1.22 [-0.86, 3.30] 0.249 
Coiling 19.2 19.0 -0.32 [-2.58, 1.94] 0.782 
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B) 

 
Outcome Procedure 

% of Patients Odds Ratio 95% 
Confidence 

Interval 

P Value 

 Teaching Non-
Teaching 

   

Mortality      
Clipping 0.91 1.36 0.95 [0.30, 3.05] 0.949 
Coiling 0.45 1.01 0.86 [0.28, 2.62] 0.789 

Non-Routine Discharge      
Clipping 23.5 29.1 0.87 [0.63, 1.20] 0.402 
Coiling 8.21 10.6 0.96 [0.56, 1.64] 0.872 

 Mean Number of Days Difference 
(Days) 

  

Length of Stay      
Clipping 6.53 6.96 0.48 [-0.39, 1.36] 0.276 
Coiling 2.92 3.11 0.05 [-0.83, 0.93] 0.904 
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Table 6.  The demographics of patients with aneurysmal SAH who underwent surgical clipping or endovascular coiling, by primary 
payer.  

 Private Medicare Medicaid Uninsured F 
   p*  p*  p*  
No. of patients 8883 4096  2578  2002   
Age (meanrSD) 50r11 69r11 <0.0001 46r13 <0.0001 47r11 <0.000

1 
<0.0001 

Female (%) 67 74 <0.0001 67 0.7680 62 <0.000
1 

<0.0001 

Race (%)   0.0020  <0.0001  <0.000
1 

<0.0001 

White 68 72  40  50   
Black 14 12  25  22   
Hispanic 10 9.2  25  20   
Asian/Pacific Islander 4.5 4.0  3.8  3.4   
Native American 0.3 0.27  0.7  0.2   
Other 3.7 3.0  5.2  4.8   
Number of Comorbidities 
(medianrrange)+ 

1 (0-8) 2 (0-9) <0.0001 2 (0-9) <0.0001 1 (0-8) 0.0009 0.0001 

Median Household Income (%)   <0.0001  <0.0001  <0.000
1 

<0.0001 

< $25,000 18 25  37  34   
$25,000-34,999 23 27  27  28   
$35,000-44,999 26 23  22  23   
>$44,999 33 24  14  16   
Microsurgical Clipping (%) 60 52 <0.0001 60 0.5014 63 0.0498 <0.0001 
Ventriculostomy (%)  26 34 <0.0001 34 <0.0001 20 

 
0.0002 <0.0001 

Intracerebral Hemorrhage (%)  8.8 11 0.0060 9.7 0.2142 6.8 0.0094 0.0002 
 
*P values are for comparison with private insurance.  
+For non-normal distributions, Wilcoxon rank sum and Kruskal-Wallis tests were used. 
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Table 7. Characteristics of the hospitals treating patients with aneurysmal SAH via surgical clipping or endovascular coiling, by 
insurance status. 

 
 

 Private Medicare Medicaid Uninsured F 
   p*  p*  p*  
Teaching hospital (%) 59 60 0.5920 67 0.0065 66 0.0199 0.0131 
Rural location (%) 3.3 3.0 0.7950 1.8 0.1464 2.7 0.6146 0.5340 
Hospital region (%)   0.9994  0.6112  0.6298 0.8517 
Northeast 17 17  16  15   
Midwest 22 22  22  23   
South 36 37  36  43   
West 24 24  26  18   
Annual Aneurysm 
Procedure Volume 
(median+range) + 

27(0.14
-134) 

30.5 
(0.14-
134) 

0.0075 25.8 
(0.25-
134) 

0.2128 25.8 
(0.25-
134) 

0.7574  

Time to Aneurysm 
Repair, days 
(median+range) + 

1 (0-
69) 

1 (0-
50) 

<0.00
01 

1 (0-
106) 

<0.000
1 

1 (0-40) 0.1138 <0.00
1 

Time to 
Ventriculostomy, 
days (median+range) 

+ 

0 (0-
52) 

0 (0-
62) 

0.2955 0 (0-
77) 

0.4034 0 (0-42) 0.6828 0.209 
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Table 8. Hierarchical analysis* evaluating the impact of primary payer status on the outcomes after aneurysmal SAH, utilizing 
patients with private insurance as the reference. 
 

Outcome Medicare Medicaid Uninsured 
 OR [95% CI] OR [95% CI] OR [95% CI] 
In-hospital Mortality 1.23 [1.14, 1.34] 

P<0.001 
1.23 [1.14, 1.34] 
P<0.001 

1.49 [1.36, 1.63] 
P<0.001 

Non-routine Discharge  1.62 [1.48, 1.76] 
P<0.001 

1.08 [1.002, 1.16] 
P=0.044 

0.53 [0.49, 0.58] 
P<0.001 

 Coef. [95% CI] Coef. [95% CI] Coef. [95% CI] 
Length of Stay  0.80 [-0.046, 1.65] 

P=0.064 
6.00 [4.76, 7.23] 
P<0.001 

0.64 [-0.22, 1.49] 
P=0.144 

 
 
*The independent variables included as covariates in regression analyses were patient age, sex, race, comorbidities, median household 
income of the patient’s zip code, hospital region, hospital location, teaching status, procedural volume, the presence of intracerebral 
hemorrhage, the performance of a ventriculostomy, year of admission, and aneurysm treatment modality (clipping or coiling). 
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Table 9. Subgroup hierarchical analyses investigating the impact of primary payer on the outcomes after aneurysmal SAH, evaluating 
patients who underwent microsurgical clipping (A) or endovascular coiling (B) separately. 
 
A) 

 Private 
Insurance 

Medicare Medicaid Uninsured 

 % % OR [95% CI] % OR [95% 
CI] 

% OR [95% 
CI] 

In-
hospital 
Mortality 

10.5 19.3 1.36 [1.16, 
1.58] 
P<0.001 

12.3 1.18 
[1.02, 
1.36] 
P=0.025 

13.4 1.09 
[0.88, 
1.36] 
P=0.438 

Non-
routine 
Discharge  

59.2 84.4 1.50 [1.32, 
1.71] 
P<0.001 

57.8 1.03 
[0.93, 
1.14] 
P=0.632 

42.5 0.30 
[0.25, 
0.35] 
P<0.001 

 Days Days Coef. [95% 
CI] 

Days Coef. 
[95% CI] 

Days Coef. 
[95% CI] 

Length of 
Stay  

19r13 23r15 0.13 [-1.30, 
1.56] 
P=0.857 

26r24 7.63 
[5.38, 
9.87] 
P<0.001 

20r15 2.93 
[0.49, 
5.36] 
P=0.018 
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B) 
 Private 

Insurance 
Medicare Medicaid Uninsured 

 % % OR [95% CI] % OR [95% CI] % OR [95% CI] 
In-hospital 
Mortality 

11.5 21.6 0.85 [0.58, 1.26] 
P=0.418 

12.5 1.31 [0.95, 
1.81] 
P=0.104 
 

13.8 1.26 [0.75, 2.10] 
P=0.381 

Non-routine 
Discharge  

54.0 80.9 2.06 [1.45, 2.93] 
P<0.001 

60.5 1.76 [1.29, 
2.40] 
P<0.001 

43.8 0.39 [0.26, 0.58] 
P<0.001 

 Days  Coef. [95% CI] Days Coef. [95% 
CI] 

Days Coef. [95% CI] 

Length of 
Stay  

18r13 20r1
3 

-3.08 [-7.76, 1.60] 
P=0.197 

24r20 12.1 [4.85, 
19.4] 
P=0.001 

18r14 8.49 [-1.41, 18.4] 
P=0.093 

 
*The independent variables included as covariates in regression analyses were patient age, sex, race, comorbidities, median household 
income of the patient’s ZIP code, hospital region, hospital location, teaching status, procedural volume, the proportion of patients who 
underwent ventriculostomy, year of admission, the proportion of patients who presented with intracerebral hemorrhage, and aneurysm 
treatment modality (clipping or coiling). 
 


