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Abstract

Background and Purpose: Sepsis has been identified as a trigger for stroke, but the
underlying mechanisms and risk factors that predispose patients with sepsis to increased stroke
risk remain unclear. We sought to identify predictors of stroke after sepsis and bloodstream
infections.

Methods: The 2007 — 2009 California State Inpatient Database from the Health Care Utilization
Project was used to identify patients over the age of 18 years and hospitalized with sepsis or
bloodstream infection defined by International Classification of Diseases (ICD-9) codes. Patients
who died during their sepsis hospitalization were excluded. The primary outcome was a primary
diagnosis of ischemic or hemorrhagic stroke on a subsequent hospitalization within one year.
Associations between risk factors, also defined by ICD-9 codes, and stroke were analyzed using
multivariable logistic regression. A composite risk score was generated to predict stroke risk.

Results: Of 121,947 patients with sepsis, 0.5% (n=613) had a primary diagnosis of stroke within
a year of their sepsis hospitalization. Significant predictors for stroke were identified. A score was
generated from these risk factors with points assigned based on regression coefficients: valvular
heart diseases (1 point), congestive heart failure (1), renal failure (1), lymphoma (2), peripheral
vascular diseases (2), pulmonary circulation disorders (2), and coagulopathy (3). The C-statistic
for the receiver operating characteristic curve for the score was 0.68. The risk of stroke increased
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43% (OR =1.43, 95% ClI: 1.37, 1.48) per point increase in the score. The effect of increase in
score was greater among younger patients.

Conclusion: Risk factors and a composite risk score for stroke may help identify a
subpopulation of sepsis patients that could be targeted to reduce the short-term risk of stroke after
serious infections.

Indexing Terms:

Stroke; Sepsis; Population at Risk; Epidemiology

Introduction

Methods

Stroke remains the leading cause of serious long-term adult disability in the US, and incurs a
huge cost from both clinical and societal perspectives.? Though stroke mortality has
declined substantially over the past decade due to effective combinations of prevention and
intervention programs, the decline in incidence and prevalence of stroke has recently begun
to reverse, and there is evidence that stroke is increasing in younger individuals.2:3
Traditional cardiovascular risk factors do not fully account for the risk of stroke, moreover,
and they also fail to explain why strokes occur at a particular “vulnerable” point in time.
Therefore, it is a high priority to identify novel risk factors of long-term risk, as well as
triggers associated with short-term risk, to better prevent stroke.

One such novel risk factor may be sepsis. Recent evidence has suggested that infections,
including sepsis, could function as acute triggers for stroke, increasing stroke risk within a
relatively short period of time.*2:6.7:8.9 Sepsis is a leading cause of death in the US,
particularly among patients in the Intensive Care Unit.8 Sepsis patients are at long-term
increased risk of death and major adverse cardiovascular events.” Additionally, sepsis is
associated with an increased intermediate and long-term risk for stroke.>8:9 The risk of
stroke after sepsis appears to be higher in younger sepsis patients, and in patients who do not
have diabetes, but these associations and interactions need further exploration.19 Possible
mechanisms linking sepsis to stroke could be atrial fibrillation, hemodynamic instability,
coagulopathy, the systemic inflammatory response syndrome, and prolonged inflammation.®
It is therefore important to identify which patients are at highest risk for stroke after sepsis
and blood-stream infection for risk management purposes. In this study, we aimed to
identify those patients at greatest risk of stroke after their sepsis hospitalization.

Study Population

The data that support the findings of this study are available through the Healthcare Cost and
Utilization Project (HCUP) Central Distributor, maintained by Agency for Healthcare
Research and Quality (AHRQ). We used data collected from the 2007 — 2009 California
State Inpatient Database (SID) of the HCUP dataset. Within the California SID, all clinical
and non-clinical information on patients hospitalized in nonfederal acute care hospitals is
covered, regardless of payer status. Demographic information includes age, sex, race, and
payment source. Upon every admission, 25 primary and secondary /nternational
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Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9_CM) diagnosis
codes, discharge status, length of stay, and AHRQ comorbidity measures were recorded.1!
The visit linkage variable (VisitLink)12 allows researchers to study the same patient across
multiple hospital admissions over time.

This study included all patients (aged = 18 years) with an existing hospitalization record for
sepsis or bloodstream infection in California. The population of those with sepsis and
bloodstream infections was defined, as in a prior paper on sepsis and strokel?, as the
presence of an admission ICD-9 diagnostic code of 038.xx (septicemia), 020.0 (septicemic),
790.7 (bacteremia), 117.9 (disseminated fungal infection), 112.5 (disseminated candida
infection), 112.81 (disseminated fungal endocarditis), 995.91 (sepsis), 995.92 (severe sepsis)
or 785.52 (septic shock). Patients that died during their sepsis hospitalization, or had
concurrent or prior diagnoses of stroke upon their sepsis admission were excluded. Patients
with missing information on age, length of stay, and number of chronic conditions were also
excluded based on the assumption that missing values occurred at random in the HCUP
dataset.

Exposures, Covariates, and Outcomes

Covariates included demographic characteristics such as age, sex, and race/ethnicity.
Exposures of interest were AHRQ co-morbidity measures, as defined by HCUP
(Supplemental Table 1).13 AHRQ co-comorbidity measures are used by federal agencies as
standard categories of disorders and conditions to adjust risk of readmission and mortality in
quality assurances programs.

The primary outcome was first hospitalization for stroke after sepsis hospitalization, defined
as either ischemic or hemorrhagic stroke occurring in 2009. Ischemic stroke was defined, as
in prior studies, by the presence of ICD-9 codes 433.x1 (“x,” the fourth digit, can vary to
specify a specific arterial distribution), 434 (excluding 434.x0), or 436 present at any
diagnostic position between DX1 and DX1210. Patients with ICD-9 codes for traumatic
brain injury (800-804, 850 or 854) or rehabilitation care (VV57) as a primary diagnosis upon
admission were excluded®. Hemorrhagic stroke was defined by the presence of ICD-9
codes 430-432 at any diagnostic position between the first and twelfth diagnostic code.10

Statistical analyses

Baseline demographic characteristics and comorbid conditions were assessed among post-
sepsis patients with versus without stroke. In order to develop and validate a prognostic
multivariable regression model for post-sepsis stroke, we used bootstrapping methods with
Harrell’s c-statistics. Bootstrap methods, which repeatedly generate small samples from the
overall population with replacement, have been considered the most efficient resampling
strategy.1415 All possible combinations of post-sepsis comorbidity measures were taken into
consideration during the automated model selection process, and sensitivity analyses of
selected models were performed using the bootstrap method. The subsets of comorbidity
measures that gave the highest Harrell’s c-statistic were selected into the final multivariable
logistic models.16:17
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Multivariable logistic regression was used to compute odds ratios and 95% confidence
intervals (OR, 95% CI) for exposures of interest for all stroke, and then separately for
ischemic or hemorrhagic stroke. A composite risk score for post-sepsis stroke was
generated. Effect modification by age in this study was assessed. Since the interaction
between age and composite risk score was statistically significant in this study, stratified risk
of post-sepsis stroke associated with per-point increase in composite risk score was
evaluated. The optimal threshold for age as a continuous variable was determined based on
highest area under the Receiver Operating Characteristic (ROC) curve for sensitivity
analysis. We also conducted sub-analyses investigating risk factors among ischemic and
hemorrhagic stroke separately. Additionally, we collapsed composite risk score into high
versus low strata to assess the predictive ability of our model using different score cutoffs.
The Institutional Review Board at Columbia University waived the need for full ethics
review as all data were de-identified and the study does not constitute human subjects
research.

Study Population Characteristics

Of the 121,947 eligible patients with a hospitalization record of sepsis or bloodstream
infection in 2009, 613 (0.5%) also had either ischemic or hemorrhagic stroke within one
year and 121,334 did not have any stroke. Among stroke cases, 490 (80%) were ischemic
and 123 (20%) were hemorrhagic. Baseline demographic characteristics and AHRQ co-
morbidity measures were presented in Table 1. Post-sepsis patients who later had a stroke
were slightly older on average (66.1 vs.64.4 years) than those patients without. Neither sex
nor race/ethnicity characteristics differed significantly between the two groups.
Hypertension was the most prevalent comorbid condition for all patients. Atrial fibrillation,
valvular heart disease, renal failure, congestive heart failure, coagulopathy, peripheral
vascular disorders, pulmonary circulation disorders, and lymphoma were more prevalent
among patients with stroke.

Risk Factors and Composite Risk Score for Post-Sepsis Stroke

After stepwise model selection and internal validation, an adjusted multivariable logistic
model was developed, including valvular heart diseases, congestive heart failure,
coagulopathy, lymphoma, peripheral vascular diseases, pulmonary circulation disorders, and
renal failure as covariates (Table 2). Definitions of these AHRQ comorbidity measures using
ICD-9 codes are included in the supplement (Supplemental Table I). All these risk factors
were independently associated with an increased risk for stroke post sepsis.

The odds ratio for each predictor was converted to an integer risk score, and a composite risk
score was developed. One point was assigned if the OR was between 1 and 1.50. Two points
were assigned if OR was between 1.59 and 2.50. Three points were assigned if OR was
greater than 2.50. Based on this method, one point was assigned to valvular diseases,
congestive heart failure, and renal failure; two points to lymphoma, peripheral vascular
disorders and pulmonary circulation disorders; and three points to coagulopathy. For every
one-point increase in the composite risk score, the odds of having a stroke post-sepsis
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increased by 43% (OR=1.43, 95% CI 1.37-1.48; Table 2; Figure 1) with an area under the
curve (AUC) equal to 0.68. For every point increase in risk score, the odds of developing
stroke post-sepsis was slightly higher for patients aged 18 to 45 years old (OR= 1.86, 95%
Cl 1.62-2.14) than for patients over 45 years old (OR=1.39, 95% CI 1.33-1.45; Table 2).

The absolute risk of stroke increased as the composite risk score increased. The highest
absolute risk of stroke was observed among patients with a score between 7 and 11 (Table
3). Based on increments in absolute risk of stroke, we collapsed the composite risk score
into high versus low strata, using 4, 5, 6, and 7 as cutoffs. The predictive ability of our
models decreased, however, using these strata, (Supplemental Table Il) likely due to the low
incidence of stroke among patients scoring above 4 (Table 3). Therefore, the validity of
evaluating patients’ stroke risk based on a binary scoring system needs to be assessed in a
larger study.

Risk of Stroke Subtypes after Sepsis or Bloodstream Infection

Independent risk factors that predicted ischemic stroke are shown in Supplemental Table I11.
Risk factors included age >45 years old, valvular heart diseases, coagulopathy, hypertension,
peripheral vascular diseases, pulmonary circulation disorders, renal failure, and rheumatoid
arthritis/collagen vascular diseases.

For hemorrhagic stroke, predictors were age < 65 years old, pulmonary circulation disorders,
lymphoma, coagulopathy, and congestive heart failure (Supplemental Table 1V). We
observed a protective effect against post-sepsis hemorrhage for those above 65 years old
(OR=0.46, 95% CI 0.31 — 0.69). This finding could be a result of survivor bias in this study.

Discussion

We found that patients with valvular heart diseases, congestive heart failure, lymphoma,
coagulopathy, peripheral vascular diseases, pulmonary circulation disorders, and renal
failure were at increased risk for stroke in the year after sepsis or bloodstream infection. A
combination of these independent risk factors increases the risk for stroke, particularly
among younger patients. We created a composite stroke risk score for sepsis patients and
illustrated the predictive ability of our composite stroke risk score. According to these
models, risk factors predicting stroke after sepsis hospitalization vary for the outcomes of
different stroke subtypes. However, the risk of stroke is highest for post-sepsis patients with
the AHRQ co-morbidity code of coagulopathy across all groups. Our results provide a
possible framework to dissect the mechanisms for post-sepsis stroke among different sub-
populations. More importantly, our findings may be useful to help identify post-sepsis
patients at highest risk for stroke, whether for clinical practice or for the design of future
trials in the prevention of stroke after sepsis.

In our study, the AHRQ co-morbidity of coagulopathy was associated with a three-fold
increased odds for post-sepsis ischemic stroke, and a seven-fold increased odds of
hemorrhagic stroke. Coagulopathy was defined in this analysis according to AHRQ
standards, which includes primarily antithrombotic coagulation defects, qualitative platelet
defects, and thrombocytopenia. Some of these abnormalities, however, may also be
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associated with thrombotic tendencies. Notably, previous reports identified several vascular
biological pathways by which sepsis may cause stroke, and abnormal coagulation played a
key role in many these proposed pathophysiological mechanisms.18:12 The activation of
inflammatory responses and the hemostatic system during sepsis might lead to
hemodynamic collapse and coagulopathy as well as potential embolism.2° Previous studies
estimated that more than 80% of sepsis patients have either clinical or subclinical
coagulopathy, increasing risks of both thrombosis and hemorrhage.2! Often, patients with
sepsis present with abnormal platelet-leukocyte aggregates in blood circulation and are more
prone to develop disseminated intravascular coagulation (DIC).2 DIC involves the
activation of the clotting cascade, which could lead to thrombus formation in vasculature and
hypercoagulability, resulting in embolism or ischemic stroke.21:22 Moreover, sepsis-related
coagulopathy such as DIC can also cause consumption of platelets and coagulation factors,
resulting in severe bleeding events including hemorrhagic stroke.2:23 Our finding provides
additional support for the biological plausibility that coagulopathy may play an important
role in linking sepsis to stroke. More importantly, if this finding is confirmed in future
studies, antithrombotic therapy might be an effective strategy for stroke prevention among
sepsis patients.

Peripheral vascular disease (PVD) and congestive heart failure (CHF) were also associated
with an increased stroke risk after sepsis in our model. PVD involves damage to peripheral
arteries and veins.24 The presence of elevated plasma indices of thrombosis and
inflammation in PVD is associated with future vascular events such as stroke?425 and
progression of vascular disease.28 Moreover, high levels of cytokines generated during
sepsis, such as tumor necrosis factor (TNF)-a and interleukin (IL)-1, also promote
intravascular coagulation, ventricular dysfunction, and endothelial dysfunction during CHF
pathogenesis.2” The additive adverse effects of sepsis, PVD, and CHF may explain the
increased risk of stroke. However, CHF was not among the risk factors for post-sepsis
ischemic stroke. Rather, it accounted for an almost two-fold increase in risk for post-sepsis
hemorrhagic stroke. This result could be due to failure to capture hemorrhagic conversion
from ischemic stroke cases in the administrative dataset, to medications including
antithrombotic agents used in patients with CHF, or to chance.

Lymphoma was associated with risk of stroke after sepsis in our analysis. Previous studies
reported that solid tumors and hematologic cancer increase risk for stroke.28 However, this
effect is rather short-lived.2%:30 We did not find a significant association between solid
tumors and stroke after sepsis. The low prevalence of cancer cases in our study and other
limitations of the dataset did not allow exploration of mechanistic hypotheses. Future studies
are needed to confirm this association.

This study has potential implications for clinical practice and future research. If risk factors
for stroke among patients with sepsis or bloodstream infection can be reliably identified,
then clinicians may consider treating those sepsis patients at highest risk with therapies, such
as aspirin or statins, that have been proven to prevent cerebrovascular disease in other
settings.27-31 An episode of sepsis may provide a particularly appropriate time to calculate a
patient’s cardiovascular risk profile. Clinical and translational investigators, moreover, may
be inspired both to identify the mechanisms by which sepsis leads to cerebrovascular disease
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and to conduct clinical trials to test whether the implementation of vasculoprotective
strategies among sepsis patients does in fact lead to a reduction in cerebrovascular events.

Our study has limitations. Due to the nature of the dataset, we were not able to obtain
detailed clinical information, particularly with regards to the temporal relationship between
sepsis and comorbidities. Second, the broad definitions of AHRQ co-morbidity measures in
this dataset could lead to covariate misclassification. For example, endocarditis is included
as a valvular disease based on AHRQ definitions. However, it is associated with risk for both
sepsis and stroke.32:33 Third, we were not able to capture the medication usage history of
patients. We observed a relatively higher prevalence of vascular risk factors such as
coagulopathy and hypertension among patients with stroke. Patients with these
comorbidities, and especially older patients, might have been taking anticoagulant,
antiplatelet, or statin therapies prior to their diagnosis of sepsis, or during their
hospitalization. This might lead to biased risk estimate towards null among older patients.
We also did not have information on the previous infectious conditions of each patient. Since
sepsis is a result of a triggered inflammatory response against infection3# and infection can
function as trigger for stroke, it might be possible that the increased risk for stroke among
post-sepsis patients could be partially attributed to patients’ previous exposure to infection.
Therefore, it is hard to parse out the unique pathway linking sepsis to stroke from these data.
Another limitation is potential competing risks. As a result, the analysis might be prone to
collider bias. For example, we observed a negative association between age greater than 65
and post-sepsis hemorrhagic stroke. This could be due to the fact that we are observing older
patients who already survived sepsis hospitalization (survivor bias). Our scoring algorithm
needs to be validated in a larger study population before it can be used widely. Finally, the
low incidence of stroke in the cohort suggests that stroke after sepsis is uncommon and
perhaps suggests limited clinical significance of its occurrence. Our scoring system,
however, suggests that at least certain subgroups of patients can be identified in whom the
risk of stroke is higher. On the population level, given the high burden of sepsis and other
infectious diseases, identification of those high-risk patients could have practical clinical
relevance.

Our study also has strengths, moreover. It is one of the first to identify risk factors for stroke
among post-sepsis patients. In addition, given the low prevalence of sepsis in the general
population, the use of a statewide population dataset allows for inclusion of a large number
of post-sepsis patients. The diverse population also increases the generalizability of our
study results. Lastly, our findings provide implications for future studies on mechanisms
linking sepsis to stroke and effective clinical management strategies for stroke prevention
among post-sepsis patients. Considering coagulopathy is a risk factor common to all stroke
subtypes, it will be important to further investigate what type of coagulopathy is the main
driver for the association so that we could examine the timing and potential therapeutic
options among post-sepsis patients.

Conclusion

Patients at increased risk of stroke after sepsis can be identified. Further investigation needs
to be carried out to confirm the effects of specific stroke risk factors among patients with
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sepsis and bloodstream infections as well as dissecting the detailed mechanisms linking each
risk factor to post-sepsis stroke. Finally, future trials may be entertained that would focus on
sepsis patients at highest risk who could be candidates for treatments to reduce their risk of
stroke.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ROC Curve for Model
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Figure 1.
Receiver Operating Characteristics (ROC) Curve Analysis for Composite Risk Score

Predicting Stroke after Sepsis or Bloodstream Infection
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Baseline Characteristics of California Healthcare Cost and Utilization Project (HCUP) Patients Post Sepsis or
Bloodstream Infection, Stratified by Stroke Status (N = 121,947)

Variable With Stroke Within One Year (N=613) | Stroke Freeat One Year (N=121,334)
Age (years) 66.1(19.2) 64.4 (20.7)
Women, No. (%) 306 (49.92) 61,592 (51.97)
Black, No. (%) 58 (9.86) 11,291 (9.79)

AHRQ Comorbidities (%)

Valvular heart disease 73 (11.91) 7314 (6.03)
Congestive heart failure 195 (31.81) 24,230 (19.97)
Peripheral vascular disorders 91 (14.85) 10,764 (8.87)
Coagulopathy 194 (31.65) 13,792 (11.37)
Rheumatoid arthritis/collagen vascular diseases 30 (4.89) 4,184 (3.45)
Pulmonary circulation disorders 49 (7.99) 4,383 (3.61)
Chronic pulmonary disease 125 (20.39) 28,390 (23.40)
Hypertension 378 (61.66) 69,363 (57.17)
Diabetes with chronic complications 76 (12.40) 14,523 (11.97)
Diabetes, uncomplicated 153 (24.96) 30,270 (24.95)
Atrial fibrillation 134 (21.9) 17,957 (14.8)
Obesity 52 (8.48) 13,163 (10.85)
Lymphoma 20 (3.26) 2,179 (1.80)
Acquired immune deficiency syndrome <10 (0.00) 234 (0.19)
Solid tumor without metastasis 15 (2.45) 4,709 (3.88)
Metastatic cancer 17 (2.77) 4,991 (4.11)
Renal failure 228 (37.19) 31,730 (26.15)
Alcohol abuse 35 (5.71) 5,226 (4.31)
Drug abuse 22 (3.59) 4,164 (3.43)
Depression 44 (7.18) 11,236 (9.26)
Psychoses 34 (5.55) 8,095 (6.67)
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Association between Risk Factors and Composite Risk Score for Stroke after Sepsis or Bloodstream Infection

Risk of Stroke after Hospitalization for Sepsisor Bloodstream I nfection

Predictor Odds Ratio (95% CI) Point Contribution to Risk Score
Valvular Heart Diseases 1.53 (1.18,1.98) 1
Congestive Heart Failure 1.51(1.26, 1.81) 1
Coagulopathy 3.48(2.93,4.14) 3
Lymphoma 1.60 (1.02, 2.51) 2
Peripheral Vascular Diseases 1.60 (1.27, 2.01) 2
Pulmonary Circulation Disorders 1.65 (1.22, 2.24) 2
Renal Failure 1.39(1.18, 1.65) 1

Odds Ratio (95% ClI)

Per Point Increase in Composite Risk Score

Entire Study Population

1.43 (1.37, 1.48)

Adults between 18 and 45 years old

1.86 (1.62, 2.14)

Adults above 45 years old

1.39 (1.33, 1.45)

*
Cl indicates Confidence Interval
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Absolute Risk of Stroke after Sepsis or Bloodstream Infection, Based on Composite Risk Score Stratum

Composite Risk Score

Number of Post-Sepsis Patients (%)

Number of Stroke Cases per

Absolute Risk of Stroke within

Stratum (N=121,94 Stratum One Year
0-3 111,479 (91.42) 465 0.004
4-6 9,861 (8.01) 131 0.013
7-11 606 (0.50) 17 0.028
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