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Abstract

Background: Aneurysmal subarachnoid hemorrhage (SAH) is an acute cerebrovascular disease associated with high
mortality and long-term functional impairment among survivors. Systemic inflammatory responses after acute injury
and nosocomial infections are frequent complications, making the management of these patients challenging. Here,
we hypothesized that sepsis might be associated with early and long-term mortality and functional outcomes. Our
objective was to define the incidence of sepsis, diagnosed prospectively with the Sepsis-3 criteria, and to determine
its impact on mortality and functional outcomes of patients with SAH.

Methods: We prospectively included all adult patients with aneurysmal SAH admitted to the intensive care unit (ICU)
of a reference center between April 2016 and May 2018. Daily clinical and laboratory follow-up data were analyzed
during the first 14 days, with data collected on sepsis according to the Sepsis-3 criteria. The main outcome was the
functional outcome using the Modified Rankin Scale (mRS), which was assessed at hospital discharge and 3, 6 and

12 months post-discharge.

Results: In total, 149 patients were enrolled. The incidence of sepsis was 28%. Multivariable logistic regression
analysis revealed that death or functional dependence (defined as an mRS score of 4 to 6) at hospital discharge was
independently associated with sepsis (OR 3.4, 95% Cl 1.16-9.96, p =0.026) even after controlling for World Federation
of Neurological Surgeons (WFNS) Scale (OR 4.66, 95% Cl 1.69-12.88, p =0.003), hydrocephalus (OR 4.55,95% Cl 1.61-
12.85, p=0.004) and DCI (OR 3.86, 95% Cl 1.39-10.74, p=0.01). Long-term follow-up mortality rates were significantly
different in the septic and nonseptic groups (log-rank test p <0.0001). The mortality rate of septic patients was 52.5%,
and that of nonseptic patients was 16%.

Conclusion: Sepsis plays a significant role in the outcomes of patients with SAH, affecting both mortality and long-
term functional outcomes. Combining high-level neurocritical care management of neurological complications and
the optimal diagnosis and management of sepsis may effectively reduce secondary brain injury and improve patients’
outcomes after SAH.
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Background
Aneurysmal subarachnoid hemorrhage (SAH) is an acute
cerebrovascular disease with devastating consequences,
including high mortality and long-term functional
impairment among survivors [1]. Several brain-specific
mechanisms of injuries secondary to SAH have been
associated with worse functional outcomes, including
early injuries, vasospasms and delayed cerebral ischemia
(DCI), neuroinflammation or impaired cerebral autoreg-
ulation [2—6]. However, there are few options for treating
or preventing such complications of SAH. On the other
hand, systemic (and potentially preventable) complica-
tions such as nosocomial infections, sepsis and organ
dysfunction may also alter the course of the disease and
worsen survival as well as functional capacity [7]. The
incidence of systemic inflammatory response syndrome
(SIRS) after SAH may be up to 83% of patients, and the
incidence of sepsis varies between 10 and 20%, with a
strong association with poor outcomes [8, 9].
Approximately 30% of patients with SAH will develop
nosocomial infection during the course of hospitaliza-
tion [10]. However, most of the available data are derived
from retrospective studies or cohort studies with impre-
cise definitions of infections or sepsis. The diagnosis of
sepsis is challenging in patients with SAH due to the high
incidence of early SIRS and the lack of reliable biomark-
ers that can be used to differentiate SIRS and sepsis [8,
9]. Therefore, there is a risk of sepsis misdiagnosis, which
can potentially lead to the under- or overtreatment of
SAH patients. Considering the previously exposed, the
objective of this investigation was to define the incidence
of sepsis, diagnosed prospectively with the Sepsis-3 crite-
ria, and its impact on mortality and functional outcomes
of patients with SAH.

Methods

Design and setting

We prospectively included all adult patients (> 18 years)
admitted to the neurological intensive care unit (ICU) of
the Paulo Niemeyer State Brain Institute (Rio de Janeiro,
Brazil) with aneurysmal SAH between April 2016 and
May 2018. The Institute is a reference center for neuro-
vascular diseases and receives approximately 70-100
SAH patients per year from a statewide public healthcare
network in Brazil.

The present study was approved by the Ethics Review
Board of the Evandro Chagas National Institute of Infec-
tious Diseases—Oswaldo Cruz Foundation (Rio de
Janeiro). The data were deidentified by assigning each
patient a unique identification number. SAH was diag-
nosed by findings from the initial computed tomography
(CT) scan or by xanthochromia in the cerebrospinal fluid
if the findings from the CT scan were normal. Patients
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who were admitted 30 days or more after a hemorrhagic
ictus were excluded. We also excluded patients who were
pregnant or had a life expectancy of less than 48 h after
admission to the ICU.

Clinical assessment

Demographic data, social and medical history, and clini-
cal features at onset were obtained shortly after admis-
sion. Neurological status was assessed with the Glasgow
Coma Scale (GCS) [11] and the World Federation of
Neurological Surgeons (WENS) Scale [12]. Systemic dis-
ease severity was assessed with the Acute Physiology and
Chronic Health Evaluation II (APACHE II) score [13].
Admission and follow-up computed tomography (CT)
scans during hospitalization were evaluated by using the
modified Fisher scale [14] and for the presence of global
cerebral edema and infarction. Daily clinical and labora-
tory follow-ups were analyzed during the first 14 days
of hospitalization or up to the ICU discharge. Data were
collected daily during the hospital stay by two investiga-
tors (TS and MP), using an electronic case report form
(through Research Electronic Data Capture—REDCap).
For all patients, the following daily evaluations were also
performed: the presence of SIRS and the presence of sep-
sis or septic shock (according to the Sepsis-3 criteria)
[7]; organ dysfunction using the sequential organ failure
assessment (SOFA) [15]; and the presence of infection
according to clinical and the Centers for Disease Control
and Prevention (CDC) criteria. The clinical variables and
the diagnosis of infection and sepsis were validated both
by the research study team (BG, RT, PK and CR) and
through adjudication by an independent infectious dis-
ease specialist.

Outcome assessment

The main outcome was the functional outcome, using
the Modified Rankin Scale (mRS) score [16]. Scores were
prospectively assessed at hospital discharge and 3, 6 and
12 months post-discharge. Long-term outcomes (at 3, 6
and 12 months) were assessed via a telephone interview
with the validated mRS score [17]. The interviews were
conducted three times during the course of the study;
thus, patients included in the final months of the study
only had the 3- or 6-month follow-up. Any patient with-
out data available after hospital discharge was considered
lost to follow-up. Functional outcome was dichotomized
to a poor outcome (defined as mRS 4 to 6) and a good
outcome (mRS 0 to 3). Hospital complications after SAH
were diagnosed by the clinical team and adjudicated by
the research study team (BG, RT, PK and CR) on a weekly
basis. DCI was defined as an otherwise unexplained clini-
cal deterioration (such as a new focal deficit, decrease
in the level of consciousness or both) or a new infarct
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shown on the CT scan that was not visible in the admis-
sion or the immediate postoperative CT scan, or both,
after the exclusion of other potential causes of clinical
deterioration. Postoperative deterioration due to opera-
tive complications was defined as any neurological wors-
ening or a new infarct within 48 h after the aneurysm
repair procedure. Other complications, such as hydro-
cephalus (defined in this study as the need for cerebrospi-
nal fluid drainage by external ventricular drain or lumbar
puncture for that end), rebleeding (defined as a new brain
hemorrhage on CT and not related to a surgical proce-
dure), vasospasm (defined as arterial narrowing on cer-
ebral angiogram or mean velocity higher than 120 cm/s
and Lindegaard index higher than 3 on transcranial
Doppler) and seizures, were also recorded. Aneurysm
rebleeding was defined as an acute neurological deterio-
ration with a new hemorrhage apparent on the CT scan.

Statistical analysis

Data are presented as means (standard deviations) or
medians (interquartile ranges) for continuous variables
and as absolute numbers and percentages for categori-
cal variables. Univariate associations were tested by using
the Chi-square or Fisher’s exact test for categorical vari-
ables, the two-tailed ¢ test for normally distributed con-
tinuous variables and the Mann-Whitney U test for
nonnormally distributed continuous variables. Logistic
regression was used to test the association between sep-
sis and mortality and functional outcome using known
predictors of poor outcome as covariates. An initial
Multivariable analysis was performed to determine the
relationship between premorbid demographic, admis-
sion clinical and radiographic variables, as well as com-
plications and surgical treatment offered, with functional
outcome at hospital discharge. We initially considered
for the multivariable model variables associated with
poor outcome with a p value lower than 0.1 in univari-
ate analysis. Adjusted odds ratios for specific hospi-
tal complications, including sepsis, were calculated by
sequentially adding each of these factors to the baseline
model to evaluate their unique contribution. A Hos-
mer—Lemeshow test was used to test the goodness of
fit of each model. The final model included age, sex and
variables that remained significantly associated with the
outcome variable. Potential multicollinearity between the
parameters of the final regression model was assessed by
calculating tolerance and variance inflation factor coeffi-
cients. A Kaplan—Meier survival curve was derived from
the log-rank test for the septic and nonseptic groups. The
significance was set to 0.05 for all analyses. All analyses
were performed with commercially available statistical
software (SPSS version 19.0; SPSS Inc., now part of IBM
Corporation, Armonk, NY, USA).
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Results

Baseline characteristics

In total, 149 patients were enrolled in the study. There
were no patients admitted to the ICU who met the exclu-
sion criteria during the period of the study. Age ranged
from 22 to 79 years (median 55 years), and most patients
were female (109-73%). The demographic and baseline
characteristics of all patients are detailed in Table 1. In-
hospital mortality was 17% (25 patients), and 69 patients
(46%) had poor outcomes at hospital discharge (mRS of
4-6).

Incidence of sepsis and SIRS

Fifty-six patients (38%) developed 60 infectious events
(four patients had two distinct episodes of infection).
The events were classified as follows: fourteen episodes
of ventilator-associated pneumonias (VAP), thirteen
nosocomial pneumonias, eleven tracheobronchitis, nine
meningitis/ventriculitis, six urinary tract infections, two
bloodstream infections, one infected pressure ulcer, one

Table 1 Patient demographics and baseline characteristics

N=149 N (%)
Median age (range) 55(22-79)
Female 109 (73%)
Arterial hypertension 100 (67%)
Smoking 44 (30%)
Alcoholism 20 (13%)
Diabetes mellitus 12 (8%)
WENS grade (I-V)

| 63 (42%)

Il 32 (21%)

Il 7 (5%)

% 29 (19%)

vV 18 (12%)
Modified Fisher (0-4)

0 6 (4%)

1 14 (9%)

2 16 (11%)

3 65 (44%)

4 48 (32%)
Mechanical ventilation 50 (34%)
SIRS 122 (82%)
Sepsis 41 (28%)
Hydrocephalus 45 (30%)
Rebleeding 9 (6%)
Vasospasm 55(37%

)
Postoperative neurological deterioration 47 (32%)
Dl 47 (32%)
25 (17%)
69 (46%)

Hospital mortality
Poor outcome at discharge (Modified Rankin 4-6)




Gongalves et al. Ann. Intensive Care (2019) 9:94

dental abscess and three indeterminate infections. Out
of all episodes of infection, 27 (45%) were classified as
pneumonias. The incidence of sepsis was 28% (41/149
patients), and among those, 18 patients developed sep-
tic shock (12% of all patients, 44% of the septic patients).
Among septic patients, the initial infection was VAP in
nine patients, nosocomial pneumonia in nine, tracheo-
bronchitis in eight, meningitis/ventriculitis in three,
urinary tract infections in six, bloodstream infections

Table 2 Baseline characteristics of septic and nonseptic
groups (N/percentage or range/mean)

Septic Nonseptic  p value

N=41 N=108
Age 23-77 (54)  22-79(52) 04
Female gender 27 (66%) 82 (76%) 0.22
Arterial hypertension 34 (83%) 66 (61%) 0.01
Diabetes mellitus 5(12%) 7 (6%) 031
Alcoholism 7 (17%) 13 (12%) 042
Smoking 12 (29%) 32 (29%) 1
APACHE Il 5-36(16.22) 2-31(10.81) <0.00001
Cardiovascular SOFA at admis- 0-4(0.9) 0-4(0.26) 0.0005

sion

GCS at admission 3-15(9.51)  3-15(13.44) <0.00001
WENS 4-5 25 (61%) 22 (20%) <0.0001
Modified Fisher 3-4 34 (83%) 79 (73%) 0.28
Mechanical ventilation 31 (76%) 19 (17%) <0.00001
Hydrocephalus 23 (56%) 22 (20%) <0.0001
Rebleeding 1 (2%) 8 (7%) 045
Endovascular treatment 22 (54%) 28 (26%) 0.002
Surgical treatment 17 (41%) 75 (69%) 0.002
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in two, infected pressure ulcer in one and infections of
indeterminate origin in three patients. SIRS was present
in 122 patients (82%). The median time between admis-
sion and the diagnosis of sepsis was 3 days (interval of
1-14 days). The characteristics of each group, septic and
nonseptic, are detailed in Table 2.

Outcomes at hospital discharge

In the univariate analysis, age over 55 years (p=0.049),
sepsis (p<0.0001), poor grade SAH (WENS scale of
4-5) (p<0.0001), modified Fisher scale of 3—-4 (p=0.01),
hydrocephalus (p <0.0001), vasospasm (p =0.004), post-
operative neurological deterioration (p=0.027) and DCI
(p<0.0001) were associated with a poor outcome. Mul-
tivariable logistic regression analysis, with outcomes
at hospital discharge, revealed that death or functional
dependence (mRS of 4 to 6) at hospital discharge were
independently associated with sepsis (OR 3.4, 95% CI
1.16-9.96, p=0.026) even after controlling for WFNS
(OR 4.66, 95% CI 1.69-12.88, p=0.003), hydrocephalus
(OR 4.55, 95% CI 1.61-12.85, p=0.004) and DCI (OR
3.86, 95% CI 1.39-10.74, p=0.01) (Table 3). SIRS, how-
ever, was not independently associated with a poor func-
tional outcome. The data of the multivariable analysis are
presented in Fig. 1.

Long-term outcomes

Follow-up data were acquired for 136 patients (13
patients were lost to follow-up—9%, 12 of those patients
were in the nonseptic group). Data were available for
95 patients at 12 months (70%), 28 patients at 6 months
(20.5%) and 13 patients at 3 months (9.5%). The long-
term mortality rate (using the last follow-up available

Table 3 Study variables and association with functional outcome (at discharge)

Unfavorable outcome

Favorable outcome

Univariate analysis ~ Multivariable analysis

(Modified Rankin 4-6) N=69 (Modified Rankin 0-3) N=80  pvalue OR (95% ClI) p value
Age 7 (45.5-62) 52 (44-58) 0.049 1.04 (1.003-1.08) 0.033
Female gender (73 9%) 58 (72.5%) 0.846
Infection 42 (60.9%) 14 (17.5%) <0.0001
Pneumonia® 3(33.3%) 4 (5%) <0.0001
SIRS (94 2%) 57 (71.2%) 0.0006
Sepsis 4 (49.3%) 7 (8.8%) <0.0001 34(1.16-9.96) 0.026
WENS 4-5 ( 19%) 9(11.3%) <0.0001 466(1.69-12.88)  0.003
Modified Fisher 3-4 9 (85. 5%) 54 (67.5%) 0.01
Hydrocephalus 36 (52.2%) 9(11.3%) <0.0001 4.55(1.61-12.85) 0.004
Rebleeding 4 (5.8%) 5(6.3%) 1
Vasospasm 34 (49.3%) 21 (26.3%) 0.004
Post-op deterioration (40 6%) 19 (23.8%) 0.027
Dl 8(55.1%) 9(11.3%) <0.0001 3.86(1.39-10.74) 001

@ Both ventilator-associated pneumonia and nosocomial pneumonia
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Variables

Age :
Sepsis : &

Odds ratio of poor outcome at hospital discharge

Odds Ratio (95% Cl)

1.04 (1.003 - 1.08)
3.4 (1.16 - 9.96)

WENS 4-5 f -

4.66 (1.69 — 12.88)

Hydrocephalus L

DCl —

4.55 (1.61 - 12.85)
3.86 (1.39 - 10.74)

Fig. 1 Risk factors for poor outcome at discharge—multivariate analysis

Odds Ratio

for each patient until 12 months) was 26% (36 out of 136
patients), and the poor outcome rate was 33% (46 out of
136 patients).

Mortality rates and functional outcomes for the long-
term follow-up were significantly different in the septic
and nonseptic groups, with higher rates in septic patients
(log-rank test p<0.0001). The long-term mortality rate of
septic patients was 52.5% (21 out of 40 patients), and that
of nonseptic patients was 16% (15 out of 96). Long-term
poor outcome rates were 66% (26 out of 40) for the sep-
tic group and 21% (20 out of 96) for nonseptic patients.
The Kaplan—Meier survival curve is depicted in Fig. 2,
and Fig. 3 shows the long-term outcomes, divided by the
mRS, in both the septic and nonseptic groups.

Discussion

In this study, we present the results of a prospective
cohort study of SAH patients with functional out-
comes (measured by the mRS score) and mortality col-
lected during a maximum of 12 months of follow-up.
We prospectively investigated the incidence of sepsis
during the first 14 days of the hospital stay, with an inci-
dence of 28%. Sepsis was independently associated with
a threefold increase in poor functional outcomes and
long-term (using the last data point for each patient)
mortality (52.5% for septic patients and 16% for nonsep-
tic patients—log-rank test p <0.0001).

Aneurysmal SAH is a severe cerebrovascular event that
may lead to lifelong disabilities. Mortality can be as high
as 15% prior to hospital admission and may reach 40 to
45% in the 30 days after the bleed [3, 18]. After the ini-
tial ictus, a number of complications leading to second-
ary brain injury can further impact outcomes. Sepsis, a
complex syndrome where a dysregulated inflammatory
response to an infection leads to organ dysfunction, is
one of these complications [7].

Regardless of adjustment, in the multivariable analy-
sis, for known neurological factors that affect outcomes
(poor grade, hydrocephalus and DCI), sepsis was still
independently associated with an unfavorable outcome

in our cohort. Some of these neurological factors, such
as poor clinical presentation, depend on the initial brain
injury—such as a loss of consciousness, seizures and the
bleed volume [14]. Others, such as DCI, remain poorly
understood and have limited therapeutic options. Sepsis,
on the other hand, may be prevented through measures
that effectively reduce nosocomial infections. Moreover,
accurate and early diagnosis of sepsis combined with an
aggressive treatment for organ dysfunction may poten-
tially improve outcomes for SAH patients [3, 19].

Although some studies have shown an association
between sepsis and unfavorable outcomes after SAH
[20-23], none used the current definition of sepsis (Sep-
sis-3.0). The previous definitions, which included the
SIRS criteria, were less specific and did not clearly dis-
criminate sepsis from a systemic inflammatory response
due to noninfectious causes, such as an SAH. Two ret-
rospective studies [24, 25] found associations between
the SIRS burden and worse outcomes in SAH, with SIRS
incidence ranging from 69 to 85%. Although present in
82% of our patients, SIRS was not associated with a poor
outcome after adjusting for confounders. SIRS could be
related to the severity of SAH presentation. Sepsis, on the
other hand, could play a role in brain dysfunction devel-
oped after SAH, working as a second attack on a vulner-
able brain. This phenomenon has been shown in other
populations where sepsis leads to brain dysfunction, cog-
nitive impairment, muscular loss and exacerbated end-
organ dysfunction [19, 26].

The incidence of sepsis is higher than previously
reported [8, 9]. The incidence of infection was also higher
than previous reports (38%), with 45% of those infec-
tions presenting as pneumonia. This study is the first
large cohort study of SAH patients with a sepsis diagno-
sis from low- and middle-income countries, which may
explain the differences from the current literature, which
mostly comprises European and North American data.
Recently, a multicenter study from Brazil [27] has evalu-
ated the national prevalence of sepsis on a single day and
reported an incidence of 16.7% and a prevalence of 25%
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Kaplan-Meier Survival by group
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Fig. 2 Kaplan—-Meier survival curves of septic x nonseptic patients with SAH. Log-rank test p <0.0001. Time to death or last follow-up in months

(meaning 30% of patients were septic on the day of the
study). The in-hospital mortality rate was 56%. In con-
trast, the PRISM meta-analysis [28], which reported data
from the USA, the UK and Australasia, showed a sepsis-
related mortality rate of 25%. Again, data on sepsis, with
the use of new criteria, is scarce in low- and middle-
income countries and almost nonexistent in the neuro-
critical population, which may limit such comparisons.
Our study has limitations. First, our institution is
a reference center, and the majority of patients are
admitted 24 h after ictus. The delay in transfer may
introduce selection bias, as patients with a very severe
disease presentation, such as evidence of intracranial

hypertension, may die before reaching our ICU. Also,
that those patients who died early were excluded from
our sample may be a reason for the overestimation in
the incidence of sepsis in this cohort. Additionally,
being a convenience sample, our cohort may be under-
powered. Second, follow-up data were acquired for
136 patients (95 patients at 12 months, 28 patients at
6 months and 13 patients at 3 months), with 13 patients
lost to follow-up. Third, sepsis diagnosis remains dif-
ficult in these patients, even with the new criteria.
Confounders such as vasoactive drugs for induced
hypertension, neurogenic pulmonary edema and
stress-induced myocardial depression may simulate
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sepsis-induced organ dysfunction. In this population,
it is even more difficult due to the neurological impair-
ment due to the bleeding itself, which can elevate the
SOFA score (specifically, the neurological SOFA) with-
out sepsis, confounding the diagnosis. To avoid such
bias, our sepsis diagnosis was validated by an external
specialist (an infectious diseases’ specialist), and for the
neurological SOFA, only the rise in the score was con-
sidered (not the baseline, if already altered) and when
not due to SAH complications (such as DCI or hydro-
cephalus for instance). Finally, we do not have data
on all of the patients’ brain images after discharge, so
we cannot explore the hypothesis of sepsis worsening
brain damage in more detail—however, this was already
addressed by other authors [26] in previous studies.

Though the data indicate a relationship between sep-
sis and worse outcomes in this cohort, it is still scarce to
define a cause—effect association with certainty, espe-
cially since the septic group was clearly more severe
than the nonseptic group on presentation. However,
the multivariate analysis still shows sepsis as an inde-
pendent variable of worse outcomes. Thus, our study in
fact serves to formulate and empower this hypothesis—
further studies, with larger cohorts, should be analyzed
in order to better clarify the matter.

That aside, a number of potential opportunities arise
from a better understanding of the impact of sepsis
in patients with SAH. Future studies should aim to
develop novel and more accurate methods to improve
sepsis diagnosis, such as early molecular detection
of bacteria in the blood or monitoring of blood bio-
markers (e.g., procalcitonin and C-reactive protein)
[9, 10]. Additionally, strategies that aim to reduce early
pneumonia, such as the preemptive administration of

antibiotics in comatose patients, may potentially reduce
the incidence of sepsis and benefit poor grade SAH
patients [29].

Sepsis mortality has dropped in recent years in the gen-
eral ICU population, mainly due to early recognition and
effective treatment [30]. Our study shows an association
between sepsis and outcomes in SAH; though it is under-
powered to determine a cause—effect relationship, it still
provides data to create this hypothesis. Based on our
results, we believe that nosocomial infection prevention,
improved diagnosis and optimal management of infec-
tion and sepsis in SAH patients may have a major impact
on patients’ outcomes, especially in low- and middle-
income countries.

Conclusion

Sepsis can play a significant role in the outcomes of
patients with SAH, affecting both mortality and long-
term functional outcomes. Combining high-level neuro-
critical care management of neurological complications
and optimal diagnosis and management of sepsis may
effectively reduce secondary brain injury and improve
patients’ outcomes after SAH.
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