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Abstract

Objective

To investigate whether the systemic inflammatory response syndrome (SIRS) without in-
fection as surrogate of a systemic immune response is associated with poor long-term functional
outcome in patients with spontaneous intracerebral hemorrhage (ICH).

Methods

We analyzed consecutive patients with spontaneous ICH from our prospective cohort study
(2018-2015). SIRS was defined according to standard criteria: i.e., 2 or more of the following
parameters during hospitalization: body temperature <36°C or >38°C, respiratory rate >20 per
minute, heart rate >90 per minute, or white blood cell count <4,000/pL or >12,000/uL in the
absence of infection. The primary outcome consisted of the modified Rankin Scale (mRS) at 3
and 12 months investigated by adjusted ordinal shift analyses. Bias and confounding were
addressed by propensity score matching and multivariable regression models.

Results

Of 780 patients with ICH, 21.8% (n = 170) developed SIRS during hospitalization. Patients
with SIRS showed more severe ICH compared with those without; i.e., larger ICH volumes
(18.3 cm®, interquartile range [IQR 4.6-47.2 cm®] vs 7.4 cm®, IQR [2.4-18.6 cm™]; p < 0.01),
increased intraventricular hemorrhage (57.6%, n = 98/170 vs 24.8%, n = 79/319; p < 0.01), and
poorer neurologic admission status (NIH Stroke Scale score 16, IQR [7-30] vs 6, IQR [3-12];
p < 0.01). ICH severity-adjusted analyses revealed an independent association of SIRS with
poorer functional outcome after 3 (OR 1.80, 95% CI [1.08-3.00]; p = 0.025) and 12 months
(OR 1.76,95% CI [1.04-2.96]; p = 0.034). Increased ICH volumes on follow-up imaging (OR
1.38, 95% CI [1.01-1.89]; p = 0.05) and previous liver dysfunction (OR 3.01, 95% CI
[1.03-10.19]; p = 0.04) were associated with SIRS.

Conclusions

In patients with ICH, we identified SIRS to be predictive of poorer long-term functional
outcome over the entire range of mRS estimates. Clinically relevant associations with SIRS were
documented for previous liver dysfunction and hematoma enlargement.
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Glossary

ERICH = Ethnic/Racial Variations of Intracerebral Hemorrhage; ICH = intracerebral hemorrhage; IQR = interquartile range;
IVH = intraventricular hemorrhage; mRS = modified Rankin Scale; NIHSS = NIH Stroke Scale; PS = propensity score; SIRS =

systemic inflammatory response syndrome.

Intracerebral hemorrhage (ICH) remains a significant cause
of morbidity and mortality throughout the world," especially
complications such as post-ICH infections during hospitali-
zation contribute to disability and death.! However, limited
evidence exists regarding the influence of noninfectious sys-
temic inflammation.” Experimental studies suggest that ICH
induces a cytokine-driven acute-phase inflammation, which
may lead to secondary brain damage and systemic in-
flammatory response syndrome (SIRS).?

SIRS is frequently observed in patients with vascular diseases.
In ICH, approximately 20% of patients develop SIRS during
hospital stay,” and a correlation between SIRS and stroke
severity has been suggested.* Recent stroke research has fo-
cused on systemic and local inflammatory responses as novel
therapeutic target (NCT03338998) ,>° yet the association of
SIRS with functional long-term outcomes after ICH remains
undetermined. The present study aimed at investigating
associations of SIRS with long-term functional outcome and
contributing factors after ICH.

Methods

Patient selection

We retrospectively analyzed all consecutive spontaneous
patients with ICH (n = 780) presenting to a tertiary care
center in Germany from 2008 to 2015. We excluded sec-
ondary ICH etiologies such as trauma, arteriovenous mal-
formation, tumor, thrombolysis, or
coagulopathies. Our aim was to compare patients with non-
infectious SIRS with a control group of patients without
a systemic inflammatory reaction, all receiving full medical
support, to investigate its associations with functional out-
comes. The presence of SIRS (defined according to standard
criteria [>2] simultaneously present over a 24-hour period
evaluated at hourly recordings: temperature >38°C [100.4°F]
or <36°C [96.8°F], heart rate >90 beats per minute, re-
spiratory rate >20 breaths per minute or arterial carbon di-
oxide tension PaCO, <32 mm Hg, not scored in fully
assisted mechanical ventilation, and white blood cell count
>12,000/pL or <4,000/pL) was evaluated during the en-
tire hospital stay. Therefore, we excluded a total of 291
patients (37.3%) with validated infections; i.e., sepsis,
diagnosed according to standard diagnostic criteria; types
of infections included pneumonia (n = 210; 72.2%), uri-
nary tract infection (n =33; 11.3%), bloodstream infection
(n = 30; 10.3%), and CNS infection (n = 18; 6.2%).°"® Fur-
thermore, 59 patients were excluded with early care limi-
tations representing comfort care measures implemented

aneurysms, acute
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within the first 24 hours after hospital admission leading to
a total cohort of 430 patients (figure 1).

Standard protocol approvals, registrations,
and patient consents

The study was approved by the ethics committee, and in-
formed consent was obtained from all individual participants
or legal representatives. Data were retrieved from our pro-
spective institutional ICH cohort study (NCT03183167).

Acquisition of demographic, clinical, and
laboratory parameters

Demographic and clinical data were retrieved from our pro-
spective database.” The presence of liver dysfunction was
evaluated according to a common model for hemorrhagic risk
assessment (HAS-BLED Score: Hypertension, Abnormal re-
nal/liver function, Stroke, Bleeding history or predisposition,
Labile international normalized ratio, Elderly [>65 years],
Drugs/alcohol concomitantly) defined as serum bilirubin >2
times upper limit with transaminases/alkaline phosphatase el-
evation >3 times upper normal limit on admission.”

All patients were comprehensively screened to identify clinical
signs or evident infections to exclude sepsis. Infection screening
was corroborated by medical chart, physicians’ letters, laboratory,
microbiological, radiologic, and institutional database review.
Neuroradiologic parameters were evaluated using all available
cranial CT and MRI, and hematoma location and intraventricular
hemorrhage (IVH) were assessed as previously described.” ICH
volume was calculated using validated methodology,10 and he-
matoma enlargement was scored if ICH volume on follow-up
imaging was greater (33%)."" Functional outcome was evaluated
using the modified Rankin Scale (mRS) at 3 and 12 months,
which was assessed by a standardized mailed questionnaire or
semistructured telephone interview.” Primary outcome analyses
comprised functional status at 3 and 12 months (using the full-
range of the mRS) analyzed according to SIRS status.

Statistical analysis

Data are presented as mean * SD for normally distributed
continuous variables and median and interquartile range (IQR)
for non-normally distributed continuous variables. All tests were
2 sided, and the significance level was set at a = 0.05. The
Kolmogorov-Smirnov test was used to determine distribution of
the data. Normally distributed data were compared using the
Student ¢ test. For non-normally distributed continuous varia-
bles, we used the Mann-Whitney U test (Control vs SIRS) and
Kruskal-Wallis H test (Control vs SIRS vs Sepsis). Frequency
distribution of categorized variables was compared using the
Pearson x” test or the Fisher exact test, respectively, the
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Figure 1 Study flow diagram

Patient with primary
spontaneous ICH

All consecutive primary spontaneous patients with ICH (n =
780) treated during 2008-2015 were analyzed from our
prospective institutional ICH cohort study (NCT03183167).
We excluded 291 patients (37.3%) with validated infections
to patients with noninfectious SIRS to patients without;
types of infections: pneumonia (n = 210; 72.2%), UTI (n = 33;
11.3%), bloodstream infection (n = 30; 10.3%), and CNS in-

(N = 780)
Controls SIRS Sepsis
(n=319) (n=170) (n=291)
Excluded (n =291):
* Pneumonia (210)
Excluded (n = 59): + UTI (33)
* Early care * Bloodstream infection (30)
limitations (59) * CNS infection (18)
PS-matching
Controls SIRS
(n=104) (n=104)

Primary outcome-shift-analyses of mRS at 3 and12 months
Secondary outcome-independent associations of SIRS

fection (n = 18; 6.2%). Furthermore, 59 patients with ECLs,
i.e., comfort care measures implemented within the first 24
hours after hospital admission were excluded, leading to
a total cohort of 430 patients. ECL = early care limitation;
ICH = intracerebral hemorrhage; mRS = modified Rankin
Scale; PS = propensity score; SIRS = systemic inflammatory
response syndrome; UTI = urinary tract infection.

Freeman-Halton extension of the Fisher exact test for tri-
chotomous group comparisons. Bonferroni correction was per-
formed to counteract accumulation of type 1 errors. To address
bias and confounding, we performed propensity score (PS)
matching using a parallel, balanced, 1:1 ratio nearest-neighbor
approach with a caliper of 0.2. We matched for parameters
showing intergroup differences (p < 0.05) such as age, sex, NIH
Stroke Scale (NIHSS) score, ICH volume, IVH, and length of
hospital stay. Outcome analysis was calculated using the PS-
matched cohort further controlled by multivariably adjusted
ordinal shift analysis for age, ICH volume, NIHSS score on
admission, IVH, and admission ward type (stroke unit or neu-
rointensive care unit). Subanalyses constituted factors associated
with SIRS using binary multivariable logistic regression models.
Statistical analyses were performed using IBM SPSS Statistics
21.0 (spss.com) and R version 2.12.0 (r-project.corg).

Data availability

Anonymized data may be shared with qualified investigators
upon request, depending on the terms of our regulatory
approvals and institutional policy.

Results

Of 780 consecutive patients with ICH, 21.8% (n = 170/780)
developed noninfectious SIRS and 37.3% (n = 291/780)
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developed sepsis during hospitalization (table 1); for infectious
etiologies, see figure 1). Patients with SIRS compared with
controls, i.e., patients who did not meet the SIRS criteria during
the hospital stay (non-SIRS/non-Sepsis) showed significantly
greater stroke severity (NIHSS score: 16, IQR [7-30] vs 6, IQR
[3-12]; p < 0.01; Glasgow Coma Scale score: 11, IQR [3-14] vs
15, IQR [13-15]; p < 0.01) and less favorable ICH character-
istics (ICH volume: 18.3 cm®, IQR [4.6-47.2] vs 7.4 cm®, IQR
[2.4-18.6]; p < 0.01; IVH: 57.6%, n = 98/170 vs 24.8%, n = 79/
319; p < 0.01; hematoma enlargement: 12.7%, n = 15/118 vs
4.3%, n = 11/258; p < 0.01). Unadjusted outcomes comparing
SIRS vs controls (at hospital discharge: mRS score S, IQR [4-6]
vs 3, IQR [2-5]; at 3 months: mRS score 5, IQR [3-6] vs 3, IQR
[2-4]; at 12 months: mRS score 6, IQR [3-6] vs 3, IQR [1-5];
all p < 0.01) were all significantly in disfavor of patients with SIRS.

PS matching resulted in a well-balanced cohort of 104 patients
with SIRS comparable to 104 controls. Validated outcome
predictors in ICH showed no significant difference after
matching for the comparison of patients with SIRS vs controls;
age: 73 years, IQR (65-78 years) vs 70 years, IQR (58-78
years); p = 0.24; ICH volume: 10.5 cm?, IQR (3.2-26.0 cm®) vs
7.9 am®, IQR (3.4-17.0 cm®); p = 0.32, IVH: 41.3%, n = 43/104
vs 34.6%, n = 36/104; p = 0.32; hematoma enlargement: 8.0%,
n =7/88 vs 8.7%, n = 8/92; p = 0.86; NIHSS score: 10, IQR
(4-17) vs 8, IQR (4-16); p = 0.59 (table 2).
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Table 1 Baseline characteristics of patients with ICH with SIRS and sepsis

Control (n =319) SIRS (n = 170) Sepsis (n =291) p Value
Age, y (IQR) 73 (65-80) 72 (63-81) 68 (58-77) 0.15
Female sex 146 (45.8%) 90 (52.9%) 119 (40.9%) 0.04°
Previous comorbidities
Hypertension 267 (83.7%) 135 (79.4%) 243 (83.5%) 0.44
Diabetes mellitus 96 (30.1%) 37 (21.8%) 71 (24.4%) 0.09
Dyslipidemia 149 (46.7%) 60/168 (35.7%) 74 (25.4%) 0.02°
Previous ischemic stroke/TIA 51 (16.0%) 33/169 (19.5%) 56 (18.0%) 0.48
Previous hemorrhagic stroke 43 (13.5%) 11/169 (6.5%) 23 (7.9%) 0.03?
Congestive heart failure 33(10.3%) 17 (10.0%) 33 (11.3%) 0.90
Abnormal kidney function 26 (8.2%) 16 (9.4%) 42 (14.4%) 0.04°
Abnormal liver function 14 (4.4%) 16 (9.4%) 25 (8.6%) 0.057
Prestroke mRS score (IQR) 0(0-2) 1(0-2) 1(0-2) 0.78
Admission status
GCS (IQR) 15 (13-15) 11 (3-14) 10 (3-13) <0.01
NIHSS score (IQR) 6(3-12) 16 (7-30) 19 (12-32) <0.01
Imaging
Deep 127 (39.8%) 71 (41.8%) 165 (56.7%) <0.01
Lobar 164 (51.4%) 79 (46.5%) 88 (30.2%) <0.01
Infratentorial 28 (8.8%) 20 (11.8%) 38 (13.1%) 0.02°2
ICH volume, cm? (IQR) 7.4 (2.4-18.6) 18.3 (4.6-47.2) 19.2 (9.0-45.0) <0.01
IVH 79 (24.8%) 98 (57.6%) 208 (71.5%) <0.01
Hematoma enlargement® 11/258 (4.3%) 15/118 (12.7%) 28/267 (10.5%) <0.01
Outcome
Death at discharge 25 (7.8%) 69 (40.6%) 52 (17.9%) <0.01
mRS score at discharge (IQR) 3(2-5) 5(4-6) 5 (5-5) <0.01
Death 3 months 43 (13.5%) 81/170 (47.6%) 95 (32.6%) <0.01
mRS score 3 months (IQR) 3(2-4) 5 (3-6) 5 (4-6) <0.01
Death 12 months 61(19.1%) 90 (52.9%) 130 (44.7%) <0.01
mRS score 12 months (IQR) 3(1-5) 6 (3-6) 5 (4-6) <0.01
ECLs 16 (5.0%) 43 (25.3%) 17 (5.8%) <0.01
LOS (IQR) 7.5(5.5-11.6) 6.2(2.1-11.2) 18.0 (12.0-24.5) <0.01

Abbreviations: ECL = early care limitation; GCS = Glasgow Coma Scale; ICH = intracerebral hemorrhage; IQR = interquartile range 25th-75th percentile; IVH =
intraventricular hemorrhage; LOS = length of hospital stay; mRS = modified Rankin Scale; NIHSS = NIH Stroke Scale; SIRS = systemic inflammatory response
syndrome.

Multiple comparisons were corrected by the Bonferroni method.

2 Not significant after Bonferroni correction.

® Hematoma enlargement >33% in follow-up imagine.

For primary outcome analysis (figure 2), we used the PS-  at 3 months: OR = 1.80, 95% CI [1.08-3.00]; p = 0.025; mRS
matched cohort, which was further multivariably adjusted for ~ at 12 months: OR = 1.76, 95% CI [1.04-2.96]; p = 0.034).
ICH severity. Noninfectious SIRS was independently asso-  Secondary outcome analyses of parameters potentially pre-
ciated with poorer functional status at 3 and 12 months (mRS  dictive of SIRS (table 3) showed independent associations of
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Table 2 Baseline characteristics after propensity score matching

Control (n = 104) SIRS (n = 104) p Value

Age, y (IQR) 70 (58-78) 73 (65-78) 0.24
Female sex 47 (45.2%) 59 (56.7%) 0.10
Prestroke mRS score (IQR) 0(0-2) 0(0-2) 0.85
Imaging

ICH volume, cm? (IQR) 7.9 (3.4-17.0) 10.5 (3.2-26.0) 0.32

IVH 36 (34.6%) 43 (41.3%) 0.32

Hematoma enlargement (>33%) 7/88 (8.0%) 8/92 (8.7%) 0.86
Admission status

GCS score (IQR) 14 (12-15) 13(11-15) 0.14

NIHSS score (IQR) 8 (4-16) 10 (4-17) 0.59

LOS (IQR) 8.2(5.3-12.4) 9.4 (6.0-13.2) 0.22

Abbreviations: GCS = Glasgow Coma Scale; ICH = intracerebral hemorrhage; IQR = interquartile range 25th-75th percentile; IVH = intraventricular hemor-
rhage; LOS = length of hospital stay; mRS = modified Rankin Scale; NIHSS = NIH Stroke Scale; SIRS = systemic inflammatory response syndrome.

SIRS with larger hematoma volumes (OR = 1.38, 95% CI
[1.01-1.89]; p = 0.05) and previous liver dysfunction (OR =
3.01, 95% CI [1.03-10.19]; p = 0.04).

Discussion

To our knowledge, this is the first study to investigate the
association of noninfectious SIRS with long-term functional
outcome after ICH. We observed a high prevalence of SIRS
(22%) and detected independent associations with poorer
functional outcome over the entire range of mRS estimates.
Factors potentially contributing to SIRS were preexisting liver
dysfunction and hematoma enlargement, although cause and
effect remain to be established.

Associations between in-hospital SIRS and poorer outcome at
discharge were previously reported by Boehme et al.” evalu-
ating 249 patients with ICH from a single center study.
Contradictory findings were reported from the large pro-
spective multicenter (n = 2,441) Ethnic/Racial Variations of
Intracerebral Hemorrhage (ERICH) cohort, which did not
confirm this association between SIRS and poorer outcomes
at discharge and after 3 months. These discrepant findings
may emphasize the importance of the SIRS evaluation period
as the first confirmatory study evaluated SIRS similarly to the
present study over the entire hospital stay, whereas for the
ERICH-cohort, SIRS was only assessed at a single time point,
i.e,, hospital admission. Another study based on a large ran-
domized data set from the Intensive Blood Pressure Re-
duction in Acute Cerebral Haemorrhage Trials I and II
investigated associations of admission heart rate with out-
comes, showing that an elevation above 84 beats per minute
was negatively affecting short-term outcome.'” However, for
the present study, we evaluated SIRS criteria over a 24-hour
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period during the entire hospital stay capturing all patients with
initial, sustained, or delayed systemic inflammatory response.
Importantly, single time point assessment, only at hospital ad-
mission, may theoretically be prone to confounding aspects such
as volume status (dehydration), anemia, arrhythmia, comor-
bidity, and body temperature influenced by timing from symp-
tom onset to admission. Furthermore, diagnosis and detection
of true infections may be compromised by treatment intensity,
as those severely affected patients (older age, large ICH, and
poor neurologic status) with an additive picture of septic shock
may potentially receive earlier care limitations impeding accurate
SIRS classification (noninfectious vs infectious).

We observed a high prevalence of SIRS (22%) during hospital
stay, and SIRS-positive patients had more severe ICH with
significantly larger ICH volumes, more IVH, and hence
poorer neurologic status.”"> This possibly suggests a correla-
tion between stroke severity and SIRS mechanistically
encompassing a stroke-induced systemic inflammation pro-
cess, which has been supported by increased serum cytokine
concentrations found in larger ICH volumes.®> In ICH, in-
flammation begins immediately after hematoma formation
and early reactions are driven by local microglia activation,
release of cytokines, and chemokines, which are subsequently
released into systemic circulation. Nevertheless, it has been
hypothesized that novel immunotherapeutic approaches
(NCT03338998) in stroke mainly focus on local phenomena
inducing secondary brain injury.'* Our data importantly
suggest that systemic inflammation itself is an independent
predictor of outcome, thereby representing a potential treat-
ment target of immunomodulation with greater effect size
than previously anticipated. Furthermore, we identified pre-
vious liver dysfunction and larger ICH volumes on follow-up
imaging to be associated with SIRS. Relations between liver
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Figure 2 Primary outcome analysis—adjusted ordinal shift of the mRS

Primary outcome analysis-mRS distribution

A. 3 months
CJo
Control
(n=104) | © 16 1y
OR 1.80 (1.08-3.00); p = 0.025 e ;-
SIRS
=109 || 2
B. 12 months
Control -
(n=104)
SIRS
(n=104) : -
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Patients (%)

Comparison of the mRS score between patients with ICH with and without SIRS presented at 3 (A) and 12 months (B). Analyses were calculated using the
propensity score-matched cohort multivariably adjusted for age, ICH volume, NIHSS score on admission, intraventricular hemorrhage, and admission ward
type. ICH = intracerebral hemorrhage; mRS = modified Rankin Scale; SIRS = systemic inflammatory response syndrome.

dysfunction and systemic inflammation were previously
reported, ie, in patients with cirrhosis, 39% met the SIRS
criteria and were showing poorer outcome.” In line, we re-
port an increased susceptibility for SIRS development in
patients with ICH with previous liver dysfunction. However,
interactions between these 2 findings (liver dysfunction, coa-
gulopathy, and larger ICH volumes) remain to be determined.

Our study has several limitations, mainly the retrospective
nature and monocentric design. Patients were routinely
screened for infections according to internal standards;
however, a prospective screening methodology was not ap-
plied, influencing the temporal resolution of SIRS-associated
factors to determine causality. According to our institutional
protocol, prophylactic antibiotics were not recommended,
although antibiotic use was applied at the discretion of the
treating physicians, potentially introducing treatment vari-
ability and possibly influencing detection of infectious causes.
Institutionally, temperature management comprised treat-
ment at body core temperatures >37.5°C consisting of an
escalating regime, i.e., antipyretic medications, cooled infu-
sions, body surface cooling methods, and ultimately IV

Neurology: Neuroimmunology & Neuroinflammation
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cooling catheters, which did not show significant differences
between patients with SIRS and controls. Furthermore, sen-
sitivity analyses of catecholamine use within the present co-
hort did not result in a greater likelihood of type I errors for
SIRS scoring (data not shown). Although rigorous statistical
means to control for confounding have been applied, residual
bias cannot be fully excluded.

In patients with ICH, we identified SIRS to be independently
predictive of poorer long-term functional outcome over the
entire range of mRS estimates. Clinically relevant associations
with SIRS were documented for previous liver dysfunction
and hematoma enlargement.
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Table 3 Exploratory analyses of parameters associated with SIRS

Univariable regression

Multivariable regression

Total patients (n = 208) OR (95% CI) p Value OR (95% CI) p Value
Age,y 1.01(0.99-1.04) 0.20
Female sex 1.59 (0.92-2.75) 0.10 1.67 (0.90-3.03) 0.11
Previous comorbidities
Hypertension 1.07 (0.53-2.17) 0.86
Diabetes mellitus 0.62 (0.25-1.49) 0.28
Dyslipidemia 0.96 (0.56-1.66) 0.89
Previous ischemic stroke/TIA 1.75 (0.84-3.64) 0.14
Previous hemorrhagic stroke 0.62 (0.25-1.49) 0.28
Congestive heart failure 1.24 (0.49-3.12) 0.66
Abnormal kidney function 1.14 (0.42-3.07) 0.80
Abnormal liver function 2.83(0.97-8.25) 0.06 3.01(1.03-10.19) 0.04
Premorbid mRS score 1.01 (0.80-1.27) 0.91
Imaging
Deep 0.59 (0.34-1.04) 0.07
Lobar 1.65 (0.96-2.86) 0.07 1.35(0.72-2.55) 0.74
Infratentorial 1.00 (0.40-2.51) 1.00
ICH volume 1.01 (0.99-1.02) 0.34
ICH volume follow-up? 1.45 (1.07-1.96) 0.02 1.38(1.01-1.89) 0.05
IVH 1.33(0.76-2.34) 0.32
Admission status
Temperature 1.11 (0.63-1.95) 0.71
GCS score 0.96 (0.88-1.05) 0.34
NIHSS score 1.01 (0.98-1.04) 0.61

Abbreviations: GCS = Glasgow Coma Scale; ICH = intracerebral hemorrhage; IVH = intraventricular hemorrhage; mRS = modified Rankin Scale; NIHSS = NIH
Stroke Scale; SIRS = systemic inflammatory response syndrome.
Multivariable regression analysis was computed to delineate contributing factors associated with SIRS development for the PS-matched cohort of patients

with ICH. Parameters with p value <0.10 in univariate analysis were included.

2|CH volume on follow-up was categorized as follows: <15 cm?, 15-30 cm?, 30-45 cm?, 45-60 cm?, and >60 cm?.
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