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Abstract
Introduction: Subarachnoid hemorrhage (SAH) can trigger immune activation sufficient to induce
the systemic inflammatory response syndrome (SIRS). This may promote both extra-cerebral organ
dysfunction and delayed cerebral ischemia, contributing to worse outcome. We ascertained the
frequency and predictors of SIRS after spontaneous SAH, and determined whether degree of early
systemic inflammation predicted the occurrence of vasospasm and clinical outcome.

Methods: Retrospective analysis of prospectively collected data on 276 consecutive patients
admitted to a neurosciences intensive care unit with acute, non-traumatic SAH between 2002 and
2005. A daily SIRS score was derived by summing the number of variables meeting standard criteria
(HR >90, RR >20, Temperature >38°C or <36°C, WBC count <4,000 or >12,000). SIRS was
considered present if two or more criteria were met, while SIRS burden over the first four days was
calculated by averaging daily scores. Regression modeling was used to determine the relationship
between SIRS burden (after controlling for confounders including infection, surgery, and
corticosteroid use), symptomatic vasospasm, and outcome, determined by hospital disposition.

Results: SIRS was present in over half the patients on admission and developed in 85% within the
first four days. Factors associated with SIRS included poor clinical grade, thick cisternal blood, larger
aneurysm size, higher admission blood pressure, and surgery for aneurysm clipping. Higher SIRS
burden was independently associated with death or discharge to nursing home (OR 2.20/point, 95%
CI 1.27-3.81). All of those developing clinical vasospasm had evidence of SIRS, with greater SIRS
burden predicting increased risk for delayed ischemic neurological deficits (OR 1.77/point, 95% CI
1.12-2.80).

Conclusions: Systemic inflammatory activation is common after SAH even in the absence of
infection; it is more frequent in those with more severe hemorrhage and in those who undergo surgical
clipping. Higher burden of SIRS in the initial four days independently predicts symptomatic
vasospasm and is associated with worse outcome.
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INTRODUCTION
Activation of the systemic immune response after subarachnoid hemorrhage (SAH) is
frequently manifested by elevated levels of circulating cytokines, the major effectors of
systemic inflammation [1]. The clinical manifestations of this process have been termed the
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Systemic Inflammatory Response Syndrome (SIRS), a constellation of findings originally
described in association with sepsis [2]. It is now recognized that SIRS may be seen with a
number of non-infectious insults, including trauma and surgery [3,4]. Its presence is delineated
by a combination of abnormal heart rate, respiratory rate, temperature, and leukocyte count
[5]. These highly sensitive clinical signs reflect a systemic process associated with endothelial
activation and dysfunction [6], which itself alters tissue perfusion, promotes organ failure and
worsens outcome. This host response also includes activation of complement and coagulation
cascades with potential for thrombosis and impaired microcirculatory flow [7]. High levels of
catecholamines are released after SAH and are known to correlate with extra-cerebral organ
dysfunction such as myocardial stunning and neurogenic pulmonary edema [8,9]; they may
also play a role in activating the systemic immune response [10].

SIRS is seen in the majority of patients after SAH ,and is associated with extra-cerebral organ
dysfunction and worse outcome [11]. Its components, such as fever and leukocytosis have long
been associated with adverse events after SAH [12-15]. In addition, an intriguing link between
SIRS and cerebral vasospasm has been observed [16], although this study did not control for
confounding factors such as surgery, corticosteroid use, and infections. This recent observation
complements the growing recognition that inflammation, both local and systemic, plays an
important role in the pathogenesis of vasospasm after SAH [17]. Infiltrates of inflammatory
cells are seen in the walls of vasospastic arteries [18]. Cytokines and endothelial activation
promote changes in smooth muscle cells, while activated leukocytes release potent
vasoconstrictors such as endothelin-1 [19]. Agents that block this inflammatory cascade,
including corticosteroids and non-steroidal anti-inflammatory agents, have been shown to
reduce experimental vasospasm [20]. Thus, a greater degree of early neurogenic inflammatory
activation may place patients at higher risk for the subsequent development of disabling
cerebral ischemia.

We sought to determine the frequency as well as predictors of SIRS after SAH, and assess
whether the early burden of systemic inflammation, after controlling for confounders such as
concurrent infection, surgical stress, and the use of corticosteroids, was associated with
increased risk of symptomatic vasospasm and poor clinical outcome.

METHODS
Subjects

All patients diagnosed with SAH at our institution are admitted to the Neurology /
Neurosurgery Intensive Care Unit (NNICU) for stabilization and management. Data on patients
cared for in this unit are prospectively entered into a computerized database (QUiC, Space
Labs) by a trained nurse utilizing strict definitions and guidelines, while the NNICU director
(MND) performs periodic reviews to ensure reliability. We evaluated all patients with SAH
admitted over a three-year period (December 2002 to December 2005) for inclusion. Eligibility
criteria consisted of admission to the NNICU within four days of known ictus with head
computed tomography (HCT) or lumbar puncture confirming presence of SAH. Subjects were
excluded if there was a history of trauma or if a vascular malformation or other non-aneurysmal
source of bleeding was discovered. Readmissions to the NNICU were also excluded. The
Washington University Human Studies Committee approved the collection of data for this
analysis; a waver for individual patient informed consent was obtained.

Ruptured aneurysms are secured surgically or by endovascular means as early as possible after
SAH. Standard NNICU care includes administration of nimodipine to all SAH patients, while
corticosteroids are given perioperatively depending on the mode of aneurysm treatment
(stopped immediately after coiling, longer duration after complex surgery), and at the discretion
of the individual neurosurgeon. A euvolemic state is aggressively maintained in all patients
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but prophylactic hemodynamic augmentation is not employed. Transcranial doppler (TCD)
studies are not used for routine monitoring and cerebral angiograms are only obtained if clinical
suspicion dictates. Hemodynamic augmentation for reversal of ischemic neurological deficits
consists of raising mean arterial pressure (MAP) by 15-30% after aggressive fluid resuscitation,
without intentional hemodilution [21].

Data Collection
The following variables were extracted from the database for this analysis: Demographics
including age, gender, past medical history of hypertension, diabetes mellitus, ischemic heart
disease, and smoking; Admission status including time from symptom onset to admission,
Glasgow Coma Scale (GCS) score on presentation (from which the World Federation of
Neurological Surgeons [WFNS] grade was derived [22]); poor grade was considered a WFNS
grade of IV or V (equivalent to GCS ≤ 12) on admission. Daily measures of physiological
variables included leukocyte count, maximum heart rate and respiratory rate, and highest (or
lowest) temperature. The need for intubation and duration of mechanical ventilation were also
recorded, as was occurrence of hydrocephalus requiring ventriculostomy. The occurrence and
timing of infections including bacteremia, pneumonia, and urinary tract infections (UTI) were
also abstracted from the prospectively collected ICU database using pre-specified standard
definitions.

All available admission HCTs (obtained within four days of SAH onset and before any
aneurysm treatment) were reviewed by a single investigator (RD), who categorized them into
grades based on the Fisher classification [23]. The presence of any intraventricular hemorrhage
(IVH) was noted and the sum IVH score was calculated on a standard scale from 0 to 12
[24]. Records of all cerebral angiograms were reviewed and the size and location of any
ruptured aneurysm was noted. The mode of aneurysm treatment, whether surgical or
endovascular, was recorded. Duration of early corticosteroid use was extracted from the central
pharmacy database; exposure over the first four days was dichotomized as: 1) Minimal: none
or less than one day; 2) Significant: greater than one day. The admission MAP and highest
serum glucose in the initial 24 hours was also collected from hospital records.

Outcomes
Vasospasm may be defined a number of ways: it may be based on the demonstration of vessel
narrowing on angiography, elevation of TCD velocities, or the emergence of delayed
neurological deficits. For this study, we used both clinical and angiographic criteria for
vasospasm in our analysis. Symptomatic vasospasm was diagnosed when abnormal
neurological status, including altered mentation, diminished level of consciousness, or new
focal deficits, developed for which other causes had been excluded. While angiography was
not mandatory, in the absence of radiographic support this clinical diagnosis required
improvement after hemodynamic augmentation. The degree of angiographic vasospasm was
independently extracted from all reports of follow-up cerebral angiograms, and classified as
mild, moderate, or severe based on radiologists' interpretation; radiographic vasospasm was
considered significant when at least one vessel demonstrated moderate to severe narrowing.
The association between our clinical and radiographic definitions of vasospasm was examined
to validate the common but imperfect overlap between these two pathophysiologic states.

Clinical outcomes included ICU and hospital mortality, length of stay, and discharge
disposition. A good outcome was considered discharge to home or a rehabilitation facility, as
opposed to death or discharge to a nursing facility.
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Analysis
The daily SIRS score was calculated by summing the number of variables meeting standard
criteria for SIRS [5]: 1) Heart rate > 90 beats per minute; 2) Respiratory rate > 20 breaths per
minute; 3) Leukocyte count < 4,000 or > 12,000; and 4) Temperature > 38 °C or < 36 °C. SIRS
is traditionally diagnosed if two or more criteria are present on a given day [5], although this
is a nonspecific and arbitrary delineation. To more accurately estimate the cumulative exposure
of the brain to this systemic inflammatory process, a novel variable, the “SIRS burden” was
quantified by summing daily scores over the first four days and calculating the mean. This
early period was selected to coincide with the time when degree of systemic inflammation may
be most relevant to the subsequent development of cerebral vasospasm.

Data was exported from the QUiC database into SPSS for Windows (version 11.5; SPSS,
Chicago, IL) for analysis. Initial analysis was performed by dividing all subjects into groups
based on presence or absence of SIRS over the first four days, development of clinical and/or
angiographic vasospasm, and poor vs. good outcome. For analysis of vasospasm, patients were
excluded who died within the first four days of ICU admission. Groups were compared using
two-tailed ttests for continuous variables, Mann-Whitney tests for semi-quantitative variables
(IVH score, SIRS burden) or chi-squared tests for categorical variables. To determine which
variables were independently associated with the selected outcome measures, logistic
regression analyses were performed; all relevant variables with p < 0.10 in the univariate
analysis for each outcome were entered into a backward stepwise model. For analyses of SIRS
and vasospasm, all baseline variables and early interventions (aneurysm treatment,
corticosteroid use) were included in these models, while complications of SAH were not. In
order to focus on neurogenic SIRS and exclude any infectious or other systemic contribution
to the inflammatory burden we specifically controlled for those with early infections
(bacteremia, UTI, pneumonia), surgery, and corticosteroid exposure, by forcing these variables
into the regression model regardless of their univariate associations. Covariates with p < 0.05
were considered significant and presented in tabular format as odds ratios (OR) with 95%
confidence intervals (CI).

RESULTS
Of 368 patients with a diagnosis of SAH over the study period, 276 were eligible and included
in subsequent analyses. The remainder were excluded based on prolonged or unknown duration
from ictus (n=49), or due to the association of bleeding with trauma or a non-aneurysmal source
(n=43). Of those included, 90% were admitted within the first 24 hours after symptom onset.
SIRS was present on at least one ICU day in 241 (87%) patients, and in 235 (85%) it occurred
within the first four days. Criteria for SIRS were present on the day of admission in 145 (53%)
of SAH patients. Demographic variables of the entire group and those patients with and without
SIRS in the first four days are presented in Table 1.

A SIRS burden of <1 was present in 37 patients (13%), 1-2 in 109 (40%), 2-3 in 92 (33%), and
3-4 in 38 (14%). The median daily SIRS burden over the first four days was 1.75. It was
significantly higher in those presenting with WFNS grade IV or V (2.4 vs. 1.7 for grades I to
III), those with hydrocephalus (2.0 vs. 1.7), and in those requiring intubation (2.3 vs. 1.5). It
was lower in the group who were subsequently discharged home compared to those who died
or were discharged elsewhere (1.5 vs. 2.3). SIRS was infrequent in cases of angiogram negative
SAH, whose SIRS burden was also significantly lower than in those with aneurysmal bleeding
(1.0 vs. 2.0). All these differences between groups were significant at p ≤ .001.

Few patients suffered infections in the first four days of ICU admission, and there was no
statistically significant association between having bacteremia, pneumonia, or UTI and
presence of SIRS early after SAH (Table 1). Even after excluding those with any early infection
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(n = 35), the incidence of SIRS remained at 85% and the median SIRS burden remained 1.75.
There was no association between any of these infections and the occurrence of vasospasm or
clinical outcome. Corticosteroids were given to 211 (76%) with a median duration of 4 days
(mean 4.8 ± 5.8d). Steroid use was more common in those developing SIRS over the first four
days, as was mean duration of exposure (5.2 vs. 2.9 days, p = 0.02). However, in multivariate
analysis, only surgical treatment of the aneurysm, along with clinical grade, Fisher grade,
admission MAP, and aneurysm size were independently associated with presence of SIRS. As
would be expected if surgery induced a systemic inflammatory response, SIRS was no more
common on admission in those later undergoing aneurysmal clipping, but was a significant
predictor of SIRS when examined over the entire four day period perioperatively.

Vasospasm
Symptomatic vasospasm developed in 64 (26%) of the 245 patients surviving beyond the first
four ICU days. 100% of patients with vasospasm showed evidence of SIRS, all but two in the
critical first four days; median SIRS burden was also significantly greater in this group (Table
2). Those with SIRS burden of 2 or greater had a 38% incidence of vasospasm, compared to
16% in those with a smaller burden (OR 3.1, 95% CI 1.7-5.6). This dose-dependence of SIRS
burden on risk of vasospasm is shown in Figure 1. Multivariate analysis found that SIRS burden
was a strong independent predictor of vasospasm, along with thick cisternal blood on HCT
(Fisher grade 3) and undergoing surgery. Age, gender, and past medical history did not differ
between those developing and not developing vasospasm. There was a close association
between delayed ischemic deficits and significant angiographic narrowing (χ-squared, p < .
001). Of those with symptoms, 54 of 64 had significant radiologic narrowing while only 5
further patients had angiographic vasospasm without clinical correlation. Multivariate analysis
found that Fisher grade and surgical clipping were independent predictors of angiographic
vasospasm, but unlike the association seen with symptomatic vasospasm, SIRS burden was
not independently associated with angiographic changes.

Outcomes
Poor outcome was seen in 68 patients (25%), and was associated with expected prognostic
variables such as age, poor neurologic grade, and thick cisternal blood on HCT (Table 2).
However, even after controlling for these factors, SIRS burden was the strongest independent
predictor of poor outcome, along with respiratory failure requiring intubation. Significantly
longer lengths of stay were seen in those with SIRS (Table 1), while SIRS on admission was
strongly associated with overall mortality (24% if SIRS present vs. 9% if absent, p = .001).

DISCUSSION
Sudden arterial hemorrhage within the subarachnoid space precipitates acute brain injury,
initiating a complex cascade of both cerebral and systemic events [25]. Not only does a local
inflammatory response propagate from blood breakdown, but a systemic state of inflammation
is triggered. This may result either directly from the action of liberated cytokines, or indirectly
through release of high levels of circulating catecholamines which promote immune activation
[26]. The acutely injured brain releases significant quantities of interleukin-6 (IL-6), as
evidenced by the much higher levels measured in the jugular vein compared to a peripheral
artery after SAH [27]. The extent of this cerebral cytokine release correlates with severity of
brain injury and prognosis [28]. Furthermore, IL-6 is a major stimulus for hepatic production
of acute-phase proteins [29]. This acute-phase response is reflected in the elevated levels of
C-reactive protein (CRP) found in the systemic circulation early after SAH, with higher peaks
in those developing delayed ischemic deficits [30].
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SIRS is a clinically-defined syndrome that serves as a simple and highly sensitive surrogate
for identifying this systemic inflammatory activation [5]. It has been shown to occur frequently
following SAH [11,16], and may itself reflect a process that contributes to harmful sequelae
such as vasospasm and extra-cerebral organ dysfunction, promoting poor outcome. In this study
we confirmed that SIRS is present in most people after SAH, even in the absence of infection,
and frequently occurs in the critical first four days prior to the development of delayed cerebral
ischemia. Its frequency parallels the severity of the cerebral insult, being more common and
of greater degree in higher grade radiographic and clinical SAH. The surge in ICP and
sympathetic nervous system activation may both contribute to this strong relationship between
severity of SAH and degree of SIRS.

SIRS was more frequent in those undergoing aneurysm surgery. The relationship between
surgical stress and inflammatory response is well known [4], but has not been well described
in the neurosurgical population. That surgery promotes inflammation is even more notable in
that we found a relationship between those undergoing surgical clipping and increased risk of
symptomatic cerebral ischemia. There is controversy in the literature over any differential risk
of vasospasm between modes of aneurysm treatment, although a recent meta-analyses of six
studies found a similar trend towards higher rates of symptomatic vasospasm in those
undergoing surgery [31]. Our findings support an inflammatory mechanism by which surgery
might contribute to adverse outcomes including vasospasm, and deserves further study.

We did not simply define SIRS as present or absent, which does not capture the continuous
spectrum of systemic inflammation after SAH. Instead we estimated SIRS burden as a novel
clinical measure of the intensity of this systemic response, as quantified by the mean number
of SIRS criteria being met over the first four days. We found that this semi-quantitative measure
strongly predicted hospital disposition after SAH, with patients having a higher burden being
very unlikely to be discharged home and more likely to suffer a poor outcome. Moreover, the
presence of SIRS early after SAH, especially with a higher burden, was associated with
symptomatic vasospasm independent of traditional risk factors and such confounders as
surgery and corticosteroid exposure; vasospasm was extremely unlikely in those not exhibiting
signs of early systemic activation. This lends further credence to the hypothesis that an activated
inflammatory process not only reflects severe SAH but also may be detrimental to vascular
function and cerebral perfusion, thereby contributing to the development of symptomatic
cerebral ischemia [17].

Levels of inflammatory cytokines are known to rise in parallel to the increase in blood flow
velocities in basal cerebral vessels indicative of emerging vasospasm [32]. Complement
activation associated with systemic inflammation accelerates red blood cell lysis and can
liberate more spasmogenic proteins into the CSF space [33], while activation of the coagulation
system can promote thrombosis and impair microcirculatory flow [7]. Endothelial dysfunction
may further impair regulation of cerebral blood flow in this vulnerable state [34]. Loss of
cerebral autoregulation and microcirculatory dysfunction may be more strongly related to
systemic inflammatory activation, as opposed to local CSF inflammation; this may explain
why SIRS burden was a powerful predictor of symptomatic cerebral ischemia while not being
independently associated with large vessel angiographic narrowing. Clinical vasospasm is a
complex multifactorial disorder involving changes at multiple levels of the cerebral
vasculature, and correlates imperfectly with angiographic changes alone [35].

There are a number of limitations to a study of this kind. Although data was collected
prospectively into an ICU database, retrospective review and analysis for this study depended
entirely on the range and quality of available data. The SIRS criteria are extremely sensitive
for this systemic response to a variety of insults, but lack specificity to any one cause. However,
our research suggests that SIRS most frequently stems from the primary nervous system insult
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rather than reflecting early infectious triggers. Further, the high frequency of SIRS in this
population means that the absence of SIRS is a much better predictor of a low risk group, with
almost uniformly good outcome and minimal risk of vasospasm, than the presence of SIRS
absolutely predicting a poor outcome. A higher SIRS burden may provide better positive
predictive value in this regard (Figure 1), but the use of this novel score requires further
validation in both sepsis and SAH populations.

Further research is needed to test and refine the hypothesis generated here in a more rigorous
prospective manner. We did not measure serum markers of inflammation, such as CRP or
procalcitonin [36], or look for microalbuminuria, a marker of endothelial dysfunction [37].
Such testing may allow a more precise estimation of this potentially detrimental process.

Modulation of the inflammatory response is a target of much research in sepsis-associated
SIRS. In accordance with our findings, drugs that modify systemic immune activation may
also have potential to ameliorate the effects of delayed cerebral ischemia after SAH. Therapies
aimed at systemic complement depletion or blocking adhesion molecules and leukocyte
migration have been promising in animal studies of vasospasm [38-40]. In this observational
study, corticosteroids were not associated with a reduced risk of vasospasm. In fact, those
treated with steroids had a higher incidence of SIRS, largely driven by an association of both
with surgical interventions. Adrenergic-blocking agents, which temper the intense sympathetic
activation after SAH, and statins, which stabilize endothelial function and reduce CRP, have
been shown in small human studies to significantly reduce vasospasm and improve outcome
after SAH [41-43]. In fact, statins upregulate nitric oxide synthesis, reduce adhesion molecule
expression and inhibit leukocyte migration in experimental SAH [44]; their promising acute
effects may largely be mediated through their modulation of the inflammatory cascade [45].
A recent randomized clinical trial confirmed that statins reduced inflammatory cytokines and
markers of neutrophil activation after coronary bypass surgery, another non-infectious trigger
for SIRS [46]. Evaluating their impact more precisely on the post-hemorrhagic inflammatory
response studied here may help us better understand their role in the prevention of cerebral
vasospasm.

CONCLUSIONS
Systemic inflammatory activation assessed by SIRS criteria is common after SAH, with a
greater burden in those with more severe brain injury. The early burden of systemic
inflammation was not only independently associated with poor outcome, but predicted
subsequent development of symptomatic vasospasm. This corroborates experimental evidence
that systemic inflammation may be pivotal in the pathogenesis of vasospasm, and provides a
simple clinical marker of this complex process for further investigation.
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Figure 1.
Rate of symptomatic vasospasm associated with increasing SIRS burden
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