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Abstract

Objective—To identify the patients at greatest odds for SIRS and examine the association
between Systemic Inflammatory Response Syndrome (SIRS) and outcomes in patients presenting
with intracerebral hemorrhage (ICH).

Methods—We retrospectively reviewed consecutive patients presenting to a tertiary care
center from 2008-2013 with ICH. SIRS was defined according to standard criteria as 2 or more of
the following: (1) body temperature < 36°C or >38°C, (2) heart rate > 90 beats per minute, (3)
respiratory rate > 20, or (4) white blood cell count < 4000/mm3 or > 12,000/mm3 or > 10%
polymorphonuclear leukocytes for >24 hours in the absence of infection. The outcomes of interest,
discharge modified-Rankin Scale (mRS 4-6), death, and poor discharge disposition (discharge
anywhere but home or inpatient rehab), were assessed using logistic regression.
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Results—A total of 249 ICH patients met inclusion criteria and 53 (21.3%) developed SIRS
during their hospital stay. A score was developed (ranging from 0-3) to identify patients at greatest
risk for developing SIRS. Adjusting for stroke severity, SIRS was associated with mRS 4-6 (OR
5.25, 95%CI 2.09-13.2) and poor discharge disposition (OR 3.74, 95%CI 1.58-4.83), but was not
significantly associated with death (OR 1.75, 95%CI 0.58-5.32). We found that 33% of the effect
of ICH score on poor functional outcome at discharge was explained by the development of SIRS
in the hospital (Sobel 2.11, p=0.03).

Conclusion—We observed that approximately 20% of patients with ICH develop SIRS, and
that patients with SIRS were at increased risk of having poor functional outcome at discharge.
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Introduction

Complications after intracerebral hemorrhage (ICH) contribute to the high morbidity and
mortality of this condition.(1) While recent studies have identified post-1CH infectious
complications as an important contributor to death and disability following ICH,(2) no
studies have investigated the role of the systemic inflammatory response syndrome (SIRS) in
the absence of a clinically defined infection on ICH outcome. SIRS is a systemic reaction to
a stimulus (e.g., trauma, surgery) characterized by the absence of infection and the presence
of 2 or more of the following: hypothermia or hyperthermia, leukocytosis or leukopenia,
tachycardia, or tachypnea.(3)

SIRS without infection has been previously described in acute cerebral injury.(4) Stroke can
generate an initial inflammatory response, further complicated by inflammation resulting
from reperfusion injury.(5-9) Moreover, SIRS has been recognized as a risk factor for poor
outcomes in patients with non-neurological critical illness, ischemic stroke, and
subarachnoid hemorrhage.(4, 10, 11) In addition to the relationship with functional
outcomes illustrated in other stroke types, SIRS has been shown to be related to stroke
severity in subarachnoid hemorrhage patients,(4) as well as to infarct volume in acute
ischemic stroke patients.(12)

It remains unclear which patients are at greatest risk for developing SIRS after an ICH, and
the relationship between SIRS during hospitalization and ICH outcomes is unknown. We
created a SIRS prediction score to identify those ICH patients at greatest risk for developing
SIRS, explored the relationship between stroke severity and development of SIRS, and
described the influence SIRS during hospitalization has on short-term ICH functional
outcome.
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Methods

Study Setting and Inclusion/Exclusion Criteria

This study was conducted with approval of the Institutional Review Board. We conducted a
retrospective review of consecutive patients presenting to our center from 2008-2013 with
non-traumatic ICH. As the focus of this paper was spontaneous ICH in adults, patients aged
19 and older were included. Patients who were enrolled in a non-observational clinical study,
had a subarachnoid hemorrhage, subdural hemorrhage, epidural hemorrhage, traumatic ICH,
underlying vascular malformation, or hemorrhagic conversion after an ischemic stroke were
excluded. Enrollment in a clinical trial can affect outcomes, therefore patients who were
enrolled in a non-observational clinical study were excluded. In the primary analyses
patients who were placed on hospice, palliative care, or were clinically diagnosed with an
infection at any time during their stroke hospitalization were excluded. Early care limitations
have been associated with short and long term mortality.(13, 14) As this population has such
an increased risk of morbidity and mortality we did not include them in the sample as to not
bias the population. Infection was defined as a diagnosis of a clinical infection during the
hospital course as described in the electronic medical record. We initially excluded patients
with a diagnosis of an infection as we sought to assess the influence of the isolated
inflammatory response on stroke outcomes. In a secondary analysis, we included patients
with infection to assess the independent effects of infection, SIRS, and SIRS plus infection
on short-term functional outcome in ICH patients.

Data Collection and Variable Definition

All data collection was done through retrospective chart review by the study physicians.
Demographic and clinical data collected included past medical history, imaging, and
laboratory data. In-hospital treatments were documented and outcomes at discharge were
assessed. Stroke severity was defined as the ICH score that was calculated on admission for
each patient.(15) This score is a standard score of ICH severity with points assigned for
Glasgow Coma Scale (GCS), age over 80, ICH volume greater than 30 ml, the presence of
intraventricular hemorrhage, and infratentorial origin of hemorrhage.(15) The National
Institutes of Health Stroke Scale (NIHSS) and GCS were obtained on admission as part of
standard of care.

SIRS during hospitalization was defined according to standard criteria as having 2 or more
of the following: (1) body temperature less than 36°C or greater than 38°C, (2) heart rate
greater than 90 beats per minute, (3) respiratory rate greater than 20 breaths per minute, or
(4) white blood cell count less than 4000/mm? or greater than 12,000/mm3 or more than
10% polymorphonuclear leukocytes for at least 24 hours.(3, 11) We used a strict timeframe
criterion to identify those patients most likely to be experiencing an inflammatory response
and to prevent misclassification of patients. SIRS was considered present if the necessary
criteria persisted for at least 24 hours at any time during the hospitalization. We classified
SIRS on admission as being SIRS criteria met transiently with the initial ED labs and vitals.
This was a more transient definition without the strict timeframe criterion.
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The primary outcome was poor functional outcome at discharge, defined as a modified-
Rankin Scale (mRS) score of 4-6.(16) Secondary outcomes were unfavorable discharge
disposition and death. Unfavorable discharge disposition was defined as discharge anywhere
but to home or an inpatient rehabilitation hospital. Death was defined as death during the
hospitalization with patients who were withdrawn from full support excluded.

Analyses

The 2 test of independence was used to assess group differences for baseline demographic
categorical variables and Wilcoxon Rank Sum for continuous variables between patients
with SIRS and those without SIRS. A prediction model was designed to estimate which
patients would develop SIRS. All demographic, clinical, and laboratory variables available
at the time of admission were examined, using logistic regression models in which the
outcome was development of SIRS. Variables with p-values < 0.2 were retained in the final
model. Receiver operating characteristic (ROC) curves were used to evaluate continuous
variables. Sensitivities were calculated to investigate the best way to categorize continuous
variables. Model performance was assessed using the C-statistic, corrected for optimism.
(17) To correct for optimism, reduce bias, and internally validate the model, we calculated
the estimated decrease in the C-statistic that would be expected in an independent dataset
using the 0.632 bootstrap method.(18) The points assigned to the variables in the score were
determined using the beta coefficients from the final multivariable logistic regression model.
Spearman correlation and adjusted ROC curves were used to evaluate the final score. A cut
point of the SIRS prediction model was established based on sensitivity and specificity of
the dichotomized score in predicting which patients developed SIRS during hospitalization.

Crude and adjusted logistic regression models were used to estimate the odds ratios and 95%
confidence intervals (OR, 95% CI) for the relationship between SIRS and the outcomes of
interest. A sub-analysis was conducted assessing the relationship between infection, SIRS,
and SIRS plus infection on the outcomes of interest. In the sub analysis four categories were
created (1) patients without an infection or SIRS, (2) patients with just an infection, (3)
patients with just SIRS, and (4) patients who experienced both SIRS and an infection,
although it may not have been at the same time during their hospitalization. A univariable
analysis was conducted assessing the relationship between these categories and poor
functional outcome using the first group (no infection/no SIRS) as a reference group. As this
was an exploratory analysis, no adjustments were made for multiple comparisons.(19) An
alpha of 0.05 was set as the level of significance.

Analysis

A mediation analysis using the Sobel test was performed to assess the complex relationships
between ICH score on admission, development of SIRS, and poor functional outcome at
discharge. The Sobel test, which is capable of handling dichotomous mediators and
outcomes, was used to test whether the indirect effect of ICH score on poor functional
outcome at discharge through the mediator (SIRS during hospitalization) was significantly
different than zero.(20, 21)
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Of 384 consecutive patients who presented with a ICH, a total of 249 ICH patients met
inclusion criteria for the primary analysis. There were 81 people excluded from the primary
analysis for a diagnosis of infection during their hospital admission, and 54 people excluded
from both analyses for being placed on hospice or palliative care after their ICH. The
median age was 61 (range 19-94) years. Of the 249 patients in this study, 53 (21.3%)
developed SIRS during hospitalization. Patients with SIRS during hospitalization had higher
baseline stroke scale scores (NIHSS 17 vs. 6; p<0.0001), lower baseline GCS scores (10 vs.
15; p<0.0001), higher baseline ICH scores (2 vs. 1; p=0.0042), and larger ICH volumes (18
vs. 9 cm3; p=0.0012). There were no statistically significant differences in demographics or
past medical history between patients who did and did not develop SIRS during their
hospitalization (Table 1).

Predictors of SIRS

In addition to the markers of stroke severity (ICH Score) described above on univariable
analysis, patients with SIRS during hospitalization had a higher frequency of intubation
(50.9% vs. 18.4%; p<0.0001), but it is not known whether intubation or SIRS occurred first.
Patients with SIRS during hospitalization were more likely to have abnormal vital signs (i.e.,
meeting SIRS vital sign criteria) obtained on admission in the emergency department (ED;
45.3% vs. 9.7%; p<0.0001). The overlap between patients with transient SIRS in the ED and
persistent SIRS during hospitalization was less with only 33.3% of SIRS patients having
both transient SIRS in the ED and persistent SIRS during hospitalization, 26.4% of SIRS
patients who only met transient SIRS criteria in the ED, and 40.3% of SIRS patients only
having persistent SIRS during their hospital stay. The variables that remained in the final
multivariable prediction model were SIRS criteria in the ED and ICH score (unadjusted
AUC 0.719; Figure 1). A SIRS prediction score was thus developed to predict persistent
SIRS during hospitalization ranging from 0-3 with 1 point for transient SIRS criteria met in
the ED, 1 point for an ICH score of 2 or 3, and 2 points for an ICH score of 4 or more. The
score predicted development of SIRS during hospitalization (OR 2.86 per point on the SIRS
prediction score, 95%CI 1.94-4.21, p<0.0001; adjusted AUC 0.701). A SIRS Score of 2 or
more placed a patient at a 3-fold increased odds of developing SIRS during hospitalization
(OR 3.05, 95%CI 1.28-6.71, p=0.0056) when compared to a score of 1.

SIRS and Outcomes

In the univariable analyses SIRS was associated with poor functional outcome (MRS 4-6 at
discharge, OR 6.08, 95%CI 2.86-12.91, p<0.0001), poor discharge disposition (OR 4.41,
95%Cl 1.92-4.77, p<0.0001), and death (OR 2.25, 95%CI 1.02-4.95, p=0.0432). Adjusting
for ICH score at baseline, SIRS remained associated with poor functional outcome (MRS
4-6 at discharge, OR 5.25, 95%CI 2.09-13.2, p=0.0004) and poor discharge disposition (OR
3.74, 95%Cl 1.58-4.83, p=0.0026), but was no longer statistically significantly associated
with death (OR 1.75, 95%CI 0.58-5.32, p=0.3214).

There were 32 (11.7%) patients who met 2 SIRS criteria, 9 (3.3%) who met 3 SIRS criteria,
and 3 (1.1%) who met all 4 SIRS criteria. Having only 2 SIRS criteria increased the odds for
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poor functional outcome at discharge (OR 4.18, 95%CI 1.94-9.03, p=0.0003) and this
relationship remained after adjusting for ICH score on admission (OR 3.51, 95%ClI
1.37-9.05, p=0.0092). All of the patients who met 3 SIRS criteria or 4 SIRS criteria had poor
functional outcome at discharge.

SIRS and ICH Score

The relationship between ICH score and outcomes was mediated by the development of
SIRS during hospitalization. For each point increase in the ICH Score on admission, there
was a 45% increase in odds of developing SIRS during hospitalization (OR 1.45, 95%
1.07-1.98, p=0.0169). For each point increase in the ICH Score, adjusting for SIRS, there
was a 2.68 fold increase in the odds of poor functional outcome (MRS 4-6 at discharge, OR
2.68, 95%CI 1.82-3.96, p<0.001). Using a mediation analysis we found that 33% of the
effect of ICH score on poor functional outcome at discharge was explained by the
development of SIRS in the hospital (Sobel 2.11, p=0.03).

Sub-analysis of SIRS and Outcomes accounting for Infections

In a sub-analysis that included patients who experienced an infection (n=330 total) there
were 37 (11.2%) who had an infection, 53 (16.1%) who met SIRS criteria during their
hospital admission and was not diagnosed with an infection, and 44 (13.3%) who had both
an infection and met SIRS criteria. In this larger sample including patients with an infection,
SIRS remained a significant independent predictor of poor functional outcome at discharge
on univariable analysis (OR 5.56, 95%CI 3.10-9.99, p<0.0001). Furthermore, a clinically
diagnosed infection was a significant independent predictor of poor functional outcome at
discharge on univariable analysis (OR 2.84, 95%CI 1.56-5.17, p=0.0007). Adjusting for ICH
score at baseline, infection remained a predictor of poor functional outcome at discharge
(mRS 4-6 at discharge, OR 2.20, 95%CI 1.07-4.53, p=0.0329), as did SIRS (OR 5.16,
95%Cl 2.52-10.58, p<0.0001). In the final model adjusting for both infection and ICH score
on admission, SIRS remained a strong predictor of poor functional outcome at discharge
(OR 4.78, 95%CI 2.25-10.15, p<0.0001), whereas infection had no statistically significant
effect on discharge poor functional outcome in the presence of SIRS (OR 1.29, 95%ClI
0.58-2.85, p=0.5307).

Four categories were created (1) patients without an infection or SIRS, (2) patients with just
an infection, (3) patients with just SIRS, and (4) patients who experienced both SIRS and an
infection, although it may not have been at the same time during their hospitalization. A
univariable analysis was conducted assessing the relationship between these categories and
poor functional outcome using the first group (no infection/no SIRS) as a reference group
(Table 2). After adjusting for ICH score at baseline, patients with an infection were no
longer at statistically significantly higher odds of poor functional outcome; however, patients
with only SIRS (OR 5.16, 95%CI 1.91-13.9, p=0.0012) and patients with both SIRS and an
infection were at higher odds of poor functional outcome (OR 5.93, 95%CI 2.14-16.4,
p=0.0006).
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Discussion

Over 20% of patients in this ICH cohort developed SIRS, and the development of SIRS
conferred an increased risk of poor discharge outcome. Furthermore, we developed a simple
score to predict the development of SIRS during hospitalization. The prevalence of SIRS in
ICH patients found in this study was similar to the prevalence of SIRS found in acute
ischemic stroke patients treated with tissue plasminogen activator (18%), but was lower than
the prevalence found in subarachnoid hemorrhage patients (54-86%).(4, 11, 22, 23)

Given the high prevalence of SIRS in this sample and the association we observed between
SIRS and poor functional outcome, the ability to identify patients at greatest risk for
developing SIRS after ICH may prove useful in prognosticating outcomes in ICH patients.
The score we developed can identify patients who are at a 3 fold higher odds of developing
SIRS after an ICH. To our knowledge, this is the first study to investigate the predictors of
SIRS in ICH patients using a strict definition, as well as a diagnostic evaluation that rules
out sepsis and infection during the hospital stay. Using information available at the time of
admission, we developed a simple, easy to use score for ICH patients that can provide
clinicians with the probability that a non-infected ICH patient will develop SIRS during
hospitalization. While there were some differences between groups with regard to
demographics (e.g. gender), these differences were not statistically significantly different.
The components of the SIRS score, SIRS criteria on admission, and ICH score on admission
suggest that SIRS during ICH hospitalization is a function of stroke severity. This is
supported by previous research in acute ischemic stroke and subarachnoid hemorrhage that
identified strong positive associations between stroke severity and development of SIRS.(5,
24) While studies in ischemic stroke and subarachnoid hemorrhage reported that prior
history of stroke hypertension, and chronic disease burden as predictors of SIRS, we did not
observe this.(24-26) The influence of stroke severity on the inflammatory process suggests
that SIRS in ICH patients may be related to an inflammatory reaction to the stroke itself, as
opposed to pre-existing chronic inflammatory conditions. Further research will determine
whether the score can be used to direct intervention to prevent the development of SIRS and
improve ICH outcomes in the presence of SIRS.

Consistent with studies in other stroke samples, patients who developed SIRS were at
greater odds of being discharged with poor functional outcome, even after adjusting for
covariates that have been identified to influence ICH outcomes. Our findings are consistent
with associations previously reported in ischemic stroke and subarachnoid hemorrhage. (4,
11) Considering that individual components of the SIRS classification (e.g. body
temperature, leukocytosis) have been linked to poor outcomes, the relationship between the
combined components and outcomes was anticipated.(27, 28)-22 23 The relationship
between elevated body temperature and poor outcomes after ICH has also been well
described, with one multicenter study highlighting a 40% increased odds of poor outcomes
at 90 days in patients with elevated body temperature.(27, 29) In a study of multiple types of
stroke, tachycardia was identified as a predictor of mortality at 3 months,(30) though no
study to our knowledge has linked tachypnea with outcomes after stroke. Leukocytosis after
ICH has been linked to secondary injury and poor outcomes.(31, 32) Further research is
needed to assess whether it is just the specific components of the SIRS classification driving
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the relationship with poor functional outcome, or if there is a dose response effect with
number of SIRS criteria and the relationship with poor functional outcome. Unfortunately,
the relatively low numbers of ICH patients with 3 or more SIRS criteria in our sample did
not permit us to explore this issue.

As expected, the prevalence of SIRS was higher in patients presenting with greater severity
of ICH. In our cohort, we observed poor outcome to be associated with ICH score, a marker
of stroke severity. The results of the mediation analysis suggest that SIRS may be one
mechanism by which the association of rising ICH score and worsening functional outcome
can be explained. Further, this is consistent with our finding that the development of SIRS in
ICH patients is strongly associated with stroke severity. This finding is in keeping with
previous research between individual components of the SIRS classification and stroke
severity.(33) Elevated body temperature alone has been associated with stroke severity; fever
may be a manifestation of stroke severity, hematoma growth due to the breakdown of the
blood-brain barrier, or cell death due to inflammation.(34, 35) A relationship between
leukocytosis and stroke severity has been reported, with larger baseline hemorrhage volumes
being strongly associated with leukocytosis.(36, 37) This association could be due to the
presence of leukocytes around the injury within hours of the ICH, with a direct relationship
between number of leukocytes present, and volume of hemorrhage.(38) To our knowledge,
no prior study has identified a relationship between ICH severity and tachycardia or
tachypnea.

In the sub-analysis investigating the relationship between SIRS, infection, and outcomes our
study highlights the strong association between SIRS and outcomes in the absence of
infection. Patients with SIRS and patients with SIRS and infections have a much higher odds
of poor functional outcome than patients with only an infection even after adjusting for
baseline stroke severity. This finding is consistent with prior research in subarachnoid
patients indicating that SIRS is nonspecific and not necessarily an indicator of infection.(23)
The close relationship between stroke severity and SIRS provides further indirect evidence
that SIRS is not an indicator of infection, but an inflammatory response related to the stroke
itself. Further research is needed to explore temporal relationships among SIRS, infection
development, and functional outcomes.

Limitations

Our study is limited by the retrospective nature and small sample size involving only one
academic center. Validation in additional cohorts is needed to determine the generalizability
of our SIRS prediction score to ICH patients in general and other patient populations.
Additionally, we did not have information on inflammatory biomarkers. We defined
infections by clinical diagnosis, although there could have been patients with infections that
were not diagnosed during their hospital stay. While distinguishing infection from SIRS is
never perfect, this research provides estimates from a real world perspective and is an
important contribution despite the limitations. We do not have information on duration of
SIRS, or whether SIRS occurred before, during, or after infection in the sub-analysis
including those with infections. Our study is further limited by the lack of data on seizure
activity during hospitalization and the short-term nature of our outcomes data. This study is
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limited by the potential bias of having differing measures of vital signs, particularly among
the sicker patients, that could under report the prevalence of SIRS in the healthier stroke
patients. We attempted to decrease this bias as much as possible by including the 24-hour
requirement for SIRS criteria to be classified as having SIRS. Furthermore, infections were
not assessed in a systematic manner and therefore some infections could be missed. This
study is limited to only outcomes at discharge as there is no follow up information on this
patient population. Despite these limitations, this is the first study to develop a SIRS
prediction score for ICH stroke patients and to describe SIRS as a predictor of outcomes in
ICH patients—independent of infection status.

Conclusion

The high prevalence of SIRS after ICH, in addition to the increased risk of poor outcomes,
necessitates further research to determine whether early intervention in treating SIRS will
reduce the poor functional outcome observed with patients who develop SIRS during ICH
hospitalization. This observation raises the question of whether early intervention to prevent
or treat incipient SIRS may reduce morbidity and mortality in this high-risk population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Receiver Operating Curve for the SIRS Prediction Score as a Predictor of SIRS During

Hospitalization
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Table 1

Demographic and Baseline Characteristics Stratified by Diagnosis of Systemic Inflammatory Response
Syndrome after Admission for Intracerebral Hemorrhage

No SIRS196 (78.7%) SIRS53(21.3%) p-value

Demographics

Age, median (range) 63 (23-99) 60 (19-93) 0.1423
Female Sex, N (%) 119 (60.7%) 23 (44.2%) 0.6680
Black Race, N (%) 89 (45.4%) 27 (50.9%) 0.3823
Past Medical History
History of Stroke, N (%) 42 (21.5%) 8 (15.1%) 0.2998
History of Atrial Fibrillation, N (%) 15 (7.6%) 2 (3.8%) 0.3205
History of Hyperlipidemia, N (%) 45 (22.9%) 9 (16.9%) 0.3488
History of Diabetes, N (%) 48 (24.5%) 13 (24.5%) 0.9954
History of Hypertension, N (%) 149 (76.0%) 41 (77.4%) 0.8389
History of Coronary Artery Disease, N (%) 32 (16.3%) 3(5.7%) 0.0475
Previous History of Smoking, N (%) 63 (36.2%) 23 (50%) 0.0882
Clinical Information
NIHSS at Baseline, median (range) 6 (0-41) 17 (0-40) <0.0001
GCS at Baseline, median (range) 15 (3-15) 10 (3-15) <0.0001
ICH Score, median (range) 1(0-5) 2 (0-4) 0.0042
ICH Volume (ml), median (range) 9 (1-214) 18 (3-177) 0.0012
ICH Classification 0.3476
Hypertension, N (%) 130 (67.4%) 32 (61.5%)
Amyloid, N (%) 16 (8.3%) 6 (11.5%)
Underlying Structural Abnormality, N (%) 8 (4.2%) 6 (11.5%)
Secondary to Anticoagulation, N (%) 8 (4.2%) 1(1.9%)
Other, N (%) 10 (5.2%) 3 (5.8%)
Cryptogenic, N (%) 21 (10.9%) 4 (7.7%)

SIRS: Systemic Inflammatory Response Syndrome; NIHSS: National Institutes of Health Stroke Scale; GCS: Glasgow Coma Scale; ICH:
Intracerebral Hemorrhage

Other ICH Classification includes substance abuse, vasculitis, CVST, coagulopathy due to liver failure, ethylene glycol poisoning, and brain mass
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Table 2
Sub analysis of the Relationship Between Infection, SIRS, SIRS plus Infection on Poor Functional Outcome at
Discharge
Crude Adjusted”
OR 95%Cl Pvalue OR 95%Cl P value
No Infection or SIRS ref ref
Infection Only 238 101-561 00468 151 055416 0.4306
SIRS Only 556 239-12.9 <0.0001 516 191-139 0.0012
SIRS and an Infection 655 2.86-150 <0.0001 593 214-164  0.0006

*
The final model includes SIRS, Infection and ICH score at baseline
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