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1.

2.

Grantee Institution: The Pennsylvania State University

Reporting Period (start and end date of grant award period): 1/1/2009 — 12/31/2012
Grant Contact Person (First Name, M.I., Last Name, Degrees): John Anthony, MPA
Grant Contact Person’s Telephone Number: 814-935-1081

Grant SAP Number: # 4100047645

Project Number and Title of Research Project: 22 - The Use of Biomarkers to Predict the
Onset of VVasospasm in Aneurysmal Subarachnoid Hemorrhage

Start and End Date of Research Project: 7/8/2009 — 12/31/2011

Name of Principal Investigator for the Research Project: Kevin M. Cockroft, MD, MSc,
FACS

Research Project Expenses.
9(A) Please provide the total amount of health research grant funds spent on this project for
the entire duration of the grant, including indirect costs and any interest earned that was

spent:

$ 61,835

9(B) Provide the last names (include first initial if multiple individuals with the same last
name are listed) of all persons who worked on this research project and were supported with
health research funds. Include position titles (Principal Investigator, Graduate Assistant,
Post-doctoral Fellow, etc.), percent of effort on project and total health research funds
expended for the position. For multiple year projects, if percent of effort varied from year to
year, report in the % of Effort column the effort by year 1, 2, 3, etc. of the project (x% Yr 1;
2% Yr 2-3).



Last Name Position Title % of Effort on Project | Cost

None

9(C) Provide the names of all persons who worked on this research project, but who were not
supported with health research funds. Include position titles (Research Assistant,
Administrative Assistant, etc.) and percent of effort on project. For multiple year projects, if
percent of effort varied from year to year, report in the % of Effort column the effort by year
1, 2, 3, etc. of the project (x% Yr 1; z% Yr 2-3).

Last Name Position Title % of Effort on Project
Cockroft Pl 2
Connor Co-PI 1
Patel Investigator 5
Mitchell MD/PhD Student 5
Weston MD/PhD Student 1
Lehman Statistical Analyst 2

9(D) Provide a list of all scientific equipment purchased as part of this research grant, a short
description of the value (benefit) derived by the institution from this equipment, and the cost
of the equipment.

Type of Scientific Equipment | Value Derived Cost
None
10. Co-funding of Research Project during Health Research Grant Award Period. Did this

11.

research project receive funding from any other source during the project period when it was
supported by the health research grant?

Yes No X

If yes, please indicate the source and amount of other funds:

Leveraging of Additional Funds

11(A) As a result of the health research funds provided for this research project, were you
able to apply for and/or obtain funding from other sources to continue or expand the
research?

Yes No X

If yes, please list the applications submitted (column A), the funding agency (National
Institutes of Health—NIH, or other source in column B), the month and year when the
application was submitted (column C), and the amount of funds requested (column D). If



you have received a notice that the grant will be funded, please indicate the amount of funds
to be awarded (column E). If the grant was not funded, insert “not funded” in column E.

Do not include funding from your own institution or from CURE (tobacco settlement funds).
Do not include grants submitted prior to the start date of the grant as shown in Question 2. If
you list grants submitted within 1-6 months of the start date of this grant, add a statement
below the table indicating how the data/results from this project were used to secure that
grant.

A. Title of research B. Funding C. Month | D. Amount | E. Amount
project on grant agency (check and Year of funds of funds to
application those that apply) Submitted | requested: be awarded:
CINIH $ $
None O Other federal
(specify: )
[0 Nonfederal
source (specify: )

12.

13.

11(B) Are you planning to apply for additional funding in the future to continue or expand
the research?

Yes X No

If yes, please describe your plans:

The results from these studies will likely be combined with other work to generate an
application for further grant funding for the study of delayed cerebral ischemia after
aneurysmal subarachnoid hemorrhage.

Future of Research Project. What are the future plans for this research project?

We will perform an alternative analysis looking at rate of biomarker change over time to
determine if this has a relationship with DCI or clinical outcome in our patient population.
Manuscript writing based on our current results is underway for future publication in a peer-
reviewed journal. The results from these studies will likely be combined with other work to
generate an application for further grant funding for the study of delayed cerebral ischemia
after aneurysmal subarachnoid hemorrhage.

New Investigator Training and Development. Did students participate in project
supported internships or graduate or post-graduate training for at least one semester or one
summer?

Yes No X




If yes, how many students? Please specify in the tables below:

Undergraduate Masters Pre-doc Post-doc

Male

Female

Unknown

Total

Undergraduate Masters Pre-doc Post-doc

Hispanic

Non-Hispanic

Unknown

Total

Undergraduate Masters Pre-doc Post-doc

White

Black

Asian

Other

Unknown

Total

14. Recruitment of Out-of-State Researchers. Did you bring researchers into Pennsylvania to
carry out this research project?

Yes No X
If yes, please list the name and degree of each researcher and his/her previous affiliation:
15. Impact on Research Capacity and Quality. Did the health research project enhance the
quality and/or capacity of research at your institution?
Yes No X
If yes, describe how improvements in infrastructure, the addition of new investigators, and
other resources have led to more and better research.
16. Collaboration, business and community involvement.

16(A) Did the health research funds lead to collaboration with research partners outside of
your institution (e.g., entire university, entire hospital system)?

Yes No X



17.

If yes, please describe the collaborations:
16(B) Did the research project result in commercial development of any research products?
Yes No X

If yes, please describe commercial development activities that resulted from the research
project:

16(C) Did the research lead to new involvement with the community?
Yes No X

If yes, please describe involvement with community groups that resulted from the
research project:

Progress in Achieving Research Goals, Objectives and Aims.

List the project goals, objectives and specific aims (as contained in the grant agreement).
Summarize the progress made in achieving these goals, objectives and aims for the period
that the project was funded (i.e., from project start date through end date). Indicate whether
or not each goal/objective/aim was achieved; if something was not achieved, note the reasons
why. Describe the methods used. If changes were made to the research
goals/objectives/aims, methods, design or timeline since the original grant application was
submitted, please describe the changes. Provide detailed results of the project. Include
evidence of the data that was generated and analyzed, and provide tables, graphs, and figures
of the data. List published abstracts, poster presentations and scientific meeting presentations
at the end of the summary of progress; peer-reviewed publications should be listed under
item 20.

This response should be a DETAILED report of the methods and findings. It is not sufficient
to state that the work was completed. Insufficient information may result in an unfavorable
performance review, which may jeopardize future funding. If research findings are pending
publication you must still include enough detail for the expert peer reviewers to evaluate the
progress during the course of the project.

Health research grants funded under the Tobacco Settlement Act will be evaluated via a
performance review by an expert panel of researchers and clinicians who will assess project
work using this Final Progress Report, all project Annual Reports and the project’s strategic
plan. After the final performance review of each project is complete, approximately 12-16
months after the end of the grant, this Final Progress Report, as well as the Final Performance
Review Report containing the comments of the expert review panel, and the grantee’s written
response to the Final Performance Review Report, will be posted on the CURE Web site.

There is no limit to the length of your response. Responses must be single-spaced below,
no smaller than 12-point type. If you cut and paste text from a publication, be sure



symbols print properly, e.g., the Greek symbol for alpha (a) and beta () should not
print as boxes () and include the appropriate citation(s). DO NOT DELETE THESE
INSTRUCTIONS.

Project goals, Objectives and Specific Aims:

Stroke is the third leading cause of death and the primary cause of disability in the United States
[1]. Aneurysmal subarachnoid hemorrhage (aSAH), a form of hemorrhagic stroke, is a
particularly devastating disease. The thirty-day mortality rate after aneurysmal SAH is
approximately 50% with the majority of survivors left disabled and unable to return to work [2].
Of those patients that survive the initial aneurysm rupture and/or re-rupture, the primary cause of
death and further disability is delayed cerebral ischemia (DCI) [3]. Cerebral vasospasm, is
becoming rarer terminology for the early brain injury that follows the rupture of an intracranial
aneurysm and is an inaccurate surrogate for DCI. There is a correlation between
arterial/arteriolar constriction and presence of neurological symptoms in only half of all cases.
The dissociation between angiographic vasospasm and outcome after SAH was noted in the
double blind randomized control trials with the endothelin receptor antagonist clazosentan [4, 5].
Despite its unequivocal clinical significance, the complete pathogenesis of post-hemorrhagic
DCI remains poorly understood. Currently, only one drug (nimodipine) is FDA approved for the
treatment of cerebral vasospasm, thought to be the causative factor of DCI [6]. Physicians in
North America typically employ hyperdynamic therapy or “triple H”; specifically induced
hypervolemia, hemodilution and hypertension. Unfortunately, there are a number of severe
complications including pulmonary edema, myocardial ischemia, hyponatremia and cerebral
edema, which raises questions the efficacy of such treatment. In the last decade a number of
theories have been put forth for the pathogenesis of DCI. Investigators have examined
inflammatory mechanisms, volume contraction, autonomic dysregulation, local oxygen free
radicals, nitric oxide (NO) production, endothelin-1 and microthrombosis [7-14]. Yet given the
myriad of signaling cascades the picture still remains obscure. What is known is that there exists
a specific microenvironment during subarachnoid hemorrhage and the presence of a clot is
enough to set off a number of molecular and cellular processes [7]. It is controversial whether
vasospasm of the principal arteries of the circle of Willis is the major determinant of cortical
neuronal ischemia [15]. Both angiographic spasm and trans-cranial Doppler spasm have poor
predictive value for the development of DCI. Recent evidence points to cerebral blood flow
changes directed by small diameter vasculature or micro-circuitry [11]. However this explanation
is controversial and the mechanism as to how this occurs is uncertain.

The role of inflammation during cerebral ischemia has been impractical to study in the general
population and would require very large epidemiological trials. Patient’s with aSAH represent a
unique subset to study the association between plasma inflammatory markers and the subsequent
development of ischemia. Although there are clinical and experimental data that suggest an
inflammatory mechanism may be one possible etiologic factor in post-hemorrhagic vasospasm,
the degree to which inflammation plays a role in cerebral vasospasm is a contended point. Few
studies have shown that plasma markers in SAH are consistent with DCI and cerebral
vasospasm. Elevated C-reactive protein and leukocytosis may predict poor outcome following



SAH [16, 17]. Some authors have argued that leukocyte-endothelial cell interactions in particular
lead to the development of vasospasm.

Immune system regulators, such as inflammatory cytokines, have been implicated in a variety of
brain injury scenarios, including traumatic brain injury and aneurysmal rupture. However, the
literature is very heterogeneous with regards to the magnitude and relative effect of each
particular inflammatory protein or immune cellular interaction. Only one study thus far has
demonstrated a correlation between a specific serum biomarker and cerebral vasospasm/DCI. On
the contrary, the vast majority of research has focused on indirect indices of DCI. Though the
preliminary data is promising, further investigation has failed to validate the usefulness of
individual biomarkers. There would be huge potential benefit to examine more than a dozen
inflammatory cytokines simultaneously over an extended period of time in human subjects.

Hypothesis:

It is hypothesized that the levels of inflammatory biomarkers will match the time course of
vasospasm in aneurysmal SAH. We expect this correlation to be bimodal, as suggested by the
natural history of the disease, and reflect the severity of vasospasm based on clinical data. We
hope to develop a biomarker signature to act as a predictor of disease severity and outcome.

Obijective:

Our objective was to determine a molecular profile based on examination of inflammatory
mediators in the serum during the course of aneurysmal SAH. A multiplex immunoassay enabled
us to evaluate a panel of inflammatory and trophic proteins that were analyzed in a regression
analysis to determine whether inflammatory biomarkers could be used to predict onset of a
vasospasm as well as be correlated to outcome variables.

Specific Aim:

To discover the relationship between inflammatory biomarkers and the occurrence of DCI/
cerebral vasospasm and clinical outcome in the setting of aneurysmal subarachnoid hemorrhage
(SAH)

The pathogenesis of vasospasm is not known. There are over twenty cellular and molecular
factors that have been implicated. No one has been able to satisfactorily predict which patients
will undergo cerebral vasospasm/DCI based on the presence of hemorrhage in the subarachnoid
space. The mismatch between laboratory findings and clinical evidence is in part due to the
multifactorial nature of the disease. Our study will allow us to examine a wide selection of
interleukins and growth factors during a patient’s hospital stay and identify markers for DCI and
clinical outcome based on clinical findings that correlate with laboratory values.

Methods:

Clinical component:

An institutional review board (IRB) proposal was completed and approved prior to the onset of
investigation (Hershey Medical Center and Penn State College of Medicine IRB 30616).
Between July 1% 2009 and April 30" 2010, 34 patients were enrolled into this study. Patient
selection and suitability was based on the presence of subarachnoid hemorrhage due to
aneurysmal rupture only. Subarachnoid hemorrhage in this setting was confirmed via
radiographic data in all cases. All patients were consented within 48 hours of the onset of their




clinical symptoms. All patients were admitted to the Neurosurgical Service at the Penn State
Hershey Medical Center. Demographic and radiographic data were collected at the time of
admission. This included age, sex, location and size of aneurysm, Hunt-Hess grade, Fisher
grade, World Federation of Neurologic Surgeons grade, cigarette smoking status and placement
of external ventricular drain.

Venous blood was obtained on a daily basis for each patient during their hospitalization. If a
patient required an external ventricular drain (EVD), cerebrospinal fluid (CSF) was also obtained
daily while access was available. Samples were obtained between 7am and 2pm, to limit
variations of circadian rhythm. Once samples were obtained they were immediately hand
couriered to the neurosurgical laboratory on ice.

All patients were subject to daily Transcranial Doppler (TCD) imaging. TCD provided the
velocity of blood flow in the anterior cerebral artery, the middle cerebral artery, the internal
carotid artery and the posterior cerebral artery of both hemispheres. As vessel diameter narrows,
velocity increases in order to maintain constant flow, hence vasospasm is correlated with
increasing TCD velocity. The highest mean velocity, in any arterial territory was used to
categorize the patient’s degree of TCD vasospasm. If the mean velocity was less than 80 cm/sec
it was considered that the vessel was not spastic or narrowed. Similarly, velocities between 80-
120 cm/sec denoted mild spasm, 120-200 cm/sec, moderate spasm, and greater than 200 cm/sec,
severe vasospasm. In addition, patients were monitored closely for signs of delayed cerebral
ischemia (DCI), a.k.a. clinical vasospasm. Further imaging was performed with either MRI or
CT if clinically warranted.

Laboratory components

Once the samples were received in the lab, they are spun down in a centrifuge at 1000G for 5
minutes. The supernatant was extracted as to leave all particulate matter behind. Protease
inhibitor cocktail (Sigma-Aldrich; St. Louis, MO) was then added 1:100. The samples were then
stored at minus 80 degrees Fahrenheit in 200uL aliquots. When it was possible to analyze the
samples, they were appropriately thawed.

Multiplex cytokine bead assay

We performed multiplex analysis on undiluted blood and CSF supernatants using the Bio-Plex
Human 27-plex panel of cytokines and growth factors (Bio-Rad; Hercules, CA). The analytes
tested are listed in Table 1. One percent bovine serum albumin (BSA, Sigma-Aldrich; St. Louis,
MO) was added to 200uL of each of the supernatants. The standards were reconstituted in PBS
with 1% BSA. Fifty uL of each sample or standard was added in duplicate to a 96 well plate and
mixed with 50uL of antibody-conjugated beads for 1 hour at room temperature. Wells were then
washed and 25uL of detection antibody was added to each well. After a 30-minute incubation,
wells were washed and 50uL of streptavidin-PE was added to each well for a second 10-minute
incubation. A final wash cycle was then completed and 125uL of assay buffer was added to each
well. The plate was then analyzed using a Bio-Plex 200 workstation (Bio-Rad). Analyte
concentration was calculated based on the standard on the respective standard curve for each
cytokine. Analyte concentration was measured in picograms per milliliter. For direct comparison
and to measure trends between analytes, the concentration values were normalized. This




calculation was based on the analyte concentration on day 1 of patient admission. All data
collected from day 1 onwards reflects a change from an arbitrary baseline across all analytes.

Statistical Analysis

Descriptive statistics were computed for variables of interest using means for continuous
variables and percentages for categorical variables. Measurements were taken anywhere from 1
to 30 days post-bleed. Because of the randomness of the measurement times, we applied a
random coefficients model (JD Singer & JB Willett, Applied Longitudinal Data Analysis, 2003)
that used time as a random factor in the model. The model included a group effect not related to
time, the time effect not related to the group, and the interaction between the group and time
effects. Using this model, we compared the group means for the outcome variables at clinically
significant time points at day 1, day 7, day 14, and day 21 post-bleed. Model assumptions and fit
were assessed with histograms and residual plots. We performed logistic regression analysis for
early (days 1-3) and late (days 7-10) in the hospital course. Adjustments were made for age,
gender and smoking. Statistical significance was determined as p < 0.01 due to the multiple
comparisons made, and all statistical analyses were performed using SAS Software Version 9.2
(SAS Institute, 2008).

Results:

Patient Characteristics and Presentation

All patients enrolled were treated solely at Hershey Medical Center and also received their
follow-up care at on campus clinic sites (Table 2). Thirteen women and seven men participated
in the study and their average age was 57.6 years. Ten patients were documented to have been
smokers prior to hospitalization. Seventeen patients had their aneurysms treated by endovascular
coil embolization while the remaining three underwent craniotomy and microsurgical clipping.
The median Hunt-Hess grade on admission was 2 and the median WFNS grade was also 2.
Thirteen patients required external ventricular drain placement for treatment of increased
intracranial pressures. Of these thirteen, two required placement of a permanent venticulo-
peritoneal shunt either during hospitalization or at follow-up. Eight patients were noted to have
TCD values greater than 200cm/s during their hospitalization. Of these, six were noted to have
symptoms indicative of delayed cerebral ischemia or required endovascular treatment for
angiographic vasospasm. Two patients had temporal bones too thick for ultrasonographic (TCD)
interpretation. Two patients required intracranial endovascular angioplasty for treatment of
clinically symptomatic vasospasm that was refractory to noninvasive ICU management.

Hospital Course

Various biomarkers varied with clinical parameters (Table 3). For those patients who presented
with poor (defined as 4-5) World Federation of Neurological Surgeons (WFNS) or Hunt-Hess
scores, levels of: IL-2, IL-6, and IL-10 were significantly elevated. Conversely, elevated levels
of MIP-1beta and TNF-alpha were associated with good scores (defined as 1-3). A subset of
patients required temporary cerebrospinal shunting (in the form of an external ventricular drain)
or permanent shunting (in the form of a ventricular-peritoneal shunt). Levels of IL-10, B-FGF,
and IFN-gamma levels were found to be significantly elevated in these patients. The appearance
of cerebral vasospasm was assessed with transcranial Doppler, development of delayed cerebral
ischemia and cerebral angiography. TCD velocities above 200cm/s were correlated with 1L-2
and Eotaxin levels. Three patients required intracranial angioplasty for acute treatment of




delayed cerebral ischemia. These patients had significantly elevated levels of IL-7 and
significantly low levels of MIP-1beta.

Outcome Measures

A modified Rankin Score (mRS) was obtained for each patient on discharge from the hospital
and at 6 months. A good score was defined as 0-2 and a poor score was defined as 3-6. Poor
scores at discharge were associated with elevated IL-1beta, IL-2, IL-6, IL-10, IL-17, G-CSF,
GM-CSF, IFN-gamma and TNF-alpha. Poor scores at 6 month follow-up were associated with
elevated IL-7, IL-10, IL-12 and G-CSF.

Predictive Ability

We performed a logistic regression analysis for days 1-3 and days 7-10 to see if the biomarkers
were of predictive value to clinical status (Table 4). We were not able to find any significance
with this methodology for outcome variables: clinical vasospasm (DCI), modified Rankin at
discharge, and modified Rankin at 6 month follow-up. Next, we utilized a simple linear fixed
effects model for the average of days 1-3 for the biomarkers to mirror the logistic regression
analysis. Unfortunately, this did not yield a significant interaction either. In both analyses
p<0.01 was considered significant given the multiple comparisons that were made.

Discussion:

Instantaneously following cerebral aneurysm rupture there is a spillage of arterial blood into the
subarachnoid space. There is experimental evidence that erythrocytes, platelets and plasma
proteins can precipitate inflammatory cascades in the cerebrospinal fluid [7, 18, 19]. Other
groups studying SAH pathophysiology have asserted that this inflammatory response is the
putative mechanism for delayed cerebral ischemia (DCI), a.k.a. cerebral vasospasm [2, 8, 20-22].
There are myriad experimental animal models that demonstrate an association between vessel
caliber and degree of inflammation [21, 23-27]. Human data is lacking however, and there still
has not been any significant trial data to support the laboratory findings [28]. Part of the problem
is due to the vast array of signaling molecules implicated in vasospasm and thus the added
complexity of arranging the evidence, to form a coherent canonical pathway. The literature on
this topic suggests that researchers are independently focusing on separate molecules without
much consideration for the other possible ‘confounding’ elements and this may lead to
inaccurate conclusions.

A frequently overlooked aspect of cerebral vasospasm is the location at which this phenomenon
is occurring. There is evidence that there is a chronic effect on both macroscopic vasculature and
microcirculation [29]. Tissue breakdown and foreign particulates in the subarachnoid space
elicits a global inflammatory reaction [30]. The evidence available that inflammation directly
reflects neurological outcome is lacking. The few reports in the literature are conflicting, though
none argue against the initial irritative effect of the ictal hemorrhage.

We attempted to discover a relationship between a broad range of inflammatory cytokines and
growth factors and clinical evidence of DCI as well as overall clinical outcome. This
investigational paradigm has never been attempted/ applied before. While we found some overall
associations between elevated overall levels of certain biomarkers across an entire
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hospitalization, we were not able to find any predictive value in early measurement of biomarker
levels. When measured early (within 1-3 days of admission or even when measure later (7 -10
days, peak incidence of vasopasm/DCI), we found no statistically significant links between the
biomarker serum concentrations and the specified outcomes. A few potential trends were seen,
but given the number of comparisons analyzed there is a reasonable likelihood that these may
have been encountered by chance alone.

The major weakness of this study, possibly introducing type Il error, is that we have a small
patient cohort. Although our results do not support the theory that inflammation directly impacts
a patient’s clinical status, we have shown that there may be a few molecules that warrant further
investigation in a larger group of patients. Due to subject and funding limitations, our study did
not assess cerebrospinal fluid (CSF) concentrations of inflammatory biomarker. CSF may prove
to be a much more sensitive location for biomarker assessment as compared to blood/serum
monitoring alone.

There is a paucity of adequate and reliable animal models of aneurysmal subarachnoid
hemorrhage [31]. Some models rely on ex vivo analysis of tissue or cannot reproduce certain
characteristics of the disease, such as its chronicity and associated brain edema. Thus early
experiments, utilizing these models, may have inadvertently led the field astray. Alternatively, as
mentioned, the small sample size of the present study and the sensitivity issues associated with
serum biomarker measurement as opposed to CSF markers may have contributed to the negative
results. Recently published work has also suggested that the rate of change seen in the
inflammatory markers may actually be more important than the actual level [32]. We plan to
analyze our data to see if we can confirm such a finding.

Conclusion:

Inflammation seems a very attractive target to link subarachnoid hemorrhage, cerebral
vasospasm and DCI, and numerous preclinical studies exist to corroborate this hypothesis.
Nevertheless, interventions aimed at reducing inflammation have not resulted in a reduction in
patient mortality or morbidity. Indeed, a number of other theories have arisen to complement our
understanding of this phenomena, such as micro-thrombosis, micro-vessel spasm, spreading
depolarizations and spreading ischemia. We conducted the present study to examine a host of
inflammatory biomarkers that may predict clinical outcome akin to a biologic "finger print". No
other study has examined this broad a range of specific inflammatory biomarkers. Though
previous studies have linked generalized systemic inflammation to DCI and cerebral vasospasm,
our study found that early measurement of serum levels of biomarker were not predictive of DCI
or overall clinical outcome. Our study adds to the growing body of literature that inflammation
during aneurysmal subarachnoid hemorrhage may be an epiphenomenon that is not directly
causative, and that other mechanisms may contribute to the complex pathophysiology associated
with this disease process.

11



Table 1: Collection of Analytes (Inflammatory Biomarkers) Simultaneously Tested
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Table 2: Demographic Data Collected

Gender Tobacco Use HHS FS WFENS EVD placed VPSplaced mRSondc MRS @ 6mos
No 1 y n 1

Yes
Yes
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No
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No
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No
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No
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Key: M: male, F: female, HHS: Hunt Hess Score, FS: Fisher Scale, WFNS: World Federation of Neurological Surgeons Score, EVD:
external ventricular drain, VPS: ventriculoperitoneal shunt, mRS: modified Rankin score, dc: discharge



Table 3: Association Between Biomarker Levels and Clinical Parameters using Random Coefficients Models.

Biomarker Poor Grade SAH EVD VPS Vasospasm Good Outcome | Good Outcome
at Discharge at 6 months
Hunt-Hess or WFNS 4,5 | Placed Placed | DCI/Angiographic | TCDs>200 mRS 0-2 MRS 0-2

IL-1b 0.036 0.036 0.047 0.026 0.075 <0.0001 0.803
IL-1a 0.122 0.610 0.114 0.206 0.751 0.121 0.453
IL-2 <0.0001 0.162 0.483 0.909 <0.0001 <0.0001 0.618
IL-4 0.362 0.131 0.164 0.180 0.442 0.003 0.039
IL-5 0.836 0.794 0.318 0.866 0.085 0.799 0.056
IL-6 <0.0001 0.066 0.179 0.623 0.071 <0.0001 0.078
IL-7 0.036 0.581 0.730 0.001 0.276 0.026 0.008
IL-8 0.204 0.017 0.213 0.188 0.502 0.019 0.150
IL-9 0.198 0.345 0.026 0.448 0.062 0.586 0.900
IL-10 <0.0001 <0.0001 0.145 0.221 0.026 <0.0001 0.002
IL-12 0.505 0.311 0.325 0.086 0.706 0.002 0.009
IL-13 0.874 0.319 0.490 0.922 0.143 0.566 0.628
IL-15 0.115 0.317 0.860 0.643 1.000 0.179 0.054
IL-17 0.107 * 0.017 * * <0.0001 0.045
Eotaxin 0.163 0.655 0.016 0.023 0.003 0.582 0.799
B FGF 0.225 0.443 <0.0001 0.433 0.513 0.094 0.510
G-CSF 0.040 0.210 0.018 0.664 0.881 0.009 0.001
GM-CSF 0.017 0.014 0.179 0.599 0.092 0.001 0.640
IFN-g 0.098 0.036 0.007 0.494 0.013 0.003 0.092
IP-10 0.019 0.152 0.329 0.547 0.230 0.110 0.777
MCAF 0.011 0.310 0.248 0.087 0.151 0.306 0.343
MIP la 0.683 0.060 0.853 0.312 0.966 0.349 0.578
MIP 1b 0.037 0.236 0.153 0.035 0.398 0.391 0.217
TNF a 0.931 0.037 0.016 0.145 0.122 0.009 0.249
VEGF 0.147 0.018 0.151 0.268 0.416 0.014 0.176

Results are adjusted for age, gender and smoking. Values in bold indicate statistical significance; a threshold of p < 0.01 was used because of the
multiple comparisons. A* indicates that results not measurable due to failure of the experimental assay.

SAH: subarachnoid hemorrhage, WFNS: World Federation of Neurological Surgeons Score, EVD: external ventricular drain, VPS:
ventriculoperitoneal shunt, mRS: modified Rankin score, DCI: delayed cerebral ischemia, TCD: transcranial Doppler.
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Table 4: Association Between Early (days 1-3) and Late (days 7-10) Biomarker Levels with
Clinical Outcome Measures using Logistic Regression

Biomarker Good Outcome at Good Outcome at Clinical VVasospasm
Discharge 6 months (DCI)
mRS 0-2 mRS 0-2
day 1-3 day 7-10 day 1-3 day 7-10 day 1-3 day 7-10

IL-1b 0.185 0.167 0.261 0.776 0.691 0.336
IL-1a 0.974 0.366 0.341 0.633 0.244 0.277
IL-2 0.621 0.172 0.620 0.360 0.474 0.271
IL-4 0.296 0.144 0.809 0.397 0.245 0.232
IL-5 0.712 0.617 0.988 0.660 0.152 0.283
IL-6 0.405 0.243 0.346 0.677 0.557 0.340
IL-7 0.626 0.540 0.968 0.996 0.459 0.693
IL-8 0.516 0.221 0.367 0.180 0.207 0.851
IL-9 0.783 0.618 0.416 0.891 0.243 0.380
IL-10 0.192 0.099 0.834 0.779 0.312 0.235
IL-12 0.292 0.241 0.788 0.641 0.636 0.371
IL-13 0.420 0.796 0.191 0.380 0.196 0.205
IL-15 0.151 0.079 0.101 0.537 0.640 0.336
IL-17 0.303 0.635 0.487 0.588 0.216 0.858
Eotaxin 0.874 0.237 0.204 0.582 0.978 0.331
B FGF 0.286 0.997 0.149 0.194 0.434 0.904
G-CSF 0.729 0.783 0.765 0.445 0.205 0.335
GM-CSF 0.091 0.178 0.126 0.489 0.331 0.499
IFN-g 0.327 0.228 0.568 0.981 0.423 0.397
IP-10 0.705 0.713 0.951 0.426 0.484 0.648
MCAF 0.615 0.914 0.126 0.557 0.271 0.331
MIP 1a 0.655 0.767 0.266 0.473 0.183 0.455
MIP 1b 0.377 0.111 0.822 0.172 0.213 0.349
TNF a 0.396 0.102 0.552 0.229 0.408 0.189
VEGF 0.517 0.494 0.338 0.783 0.809 0.141

Results are adjusted for age, gender and smoking. Values in bold may represent a trend; a
threshold of p < 0.01 was used for statistical significance because of the multiple comparisons.
mRS: modified Rankin score, DCI: delayed cerebral ischemia.
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