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Background: Infections are an important complication after stroke and negatively affect clinical outcome. While pneumonia and urinary tract infections are well recognized after stroke, the incidence and consequences of sepsis remain unclear. The aim of this study was to evaluate the frequency and characteristics of sepsis in patients undergoing endovascular therapy for large vessel occlusion stroke, and its association with clinical outcome.

Methods: We analyzed a cohort of patients who underwent endovascular therapy at a single center between 2016 and 2020. The diagnosis and timing of infections and Sequential Organ Failure Assessment scores were evaluated retrospectively to identify patients with sepsis. Patients with sepsis were compared to controls regarding clinical characteristics and outcome.

Results: Fifty-four of 406 patients (13.3%) were found to have sepsis. The median onset of sepsis was 2 days after admission. The majority of cases (85.2%) was caused by pneumonia. At 3 months, 72.5% of patients with sepsis were bedridden or dead compared to 25.7 and 42.7% of controls and patients with an infection without sepsis, respectively. The adjusted odds ratio (95% confidence interval) for a poor outcome was 5.4 (1.6–17.6) for patients with sepsis vs. controls, and 2.0 (0.8–5.2) for patients with sepsis vs. patients with an infection without sepsis.

Conclusions: Sepsis is a frequent complication after large vessel occlusion stroke, and may be associated with a poor clinical outcome. More studies are needed to determine specific risk factors and measures to early recognize and reduce the possibly negative impact of sepsis on outcome after stroke.
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INTRODUCTION

Infections are an important complication after stroke and have a strong association with an unfavorable clinical outcome (1, 2). The most common stroke-associated infections are pneumonia and urinary tract infections, occurring in 12 and 8–19%, respectively (3, 4). While these infections are well recognized after stroke, less is known about sepsis after stroke. Berger et al. reported sepsis in 12.6% of patients admitted to a neurological intensive care unit for ischemic or hemorrhagic stroke and an association of sepsis with poor outcome in 2014 (5).

In 2016, new diagnostic criteria for sepsis were established. The Sepsis-3 definition relies on the detection of life-threatening organ dysfunction consequent to an infection assessed by the Sequential Organ Failure Assessment (SOFA) score (acute increase of ≥2 points) (6). Further, the quick Sequential Organ Failure Assessment (qSOFA) score was introduced to facilitate the diagnosis of sepsis in a non-intensive care unit setting (7). However, studies employing the Sepsis-3 definition to investigate sepsis after ischemic stroke are missing.

The aim of this study was to evaluate the frequency and characteristics of sepsis in patients undergoing endovascular therapy (ET) for LVOS using the Sepsis-3 definition, to evaluate the impact of sepsis on clinical outcome in these patients, and to assess the predictive value of the qSOFA score.



METHODS

All data analyzed in this study were derived from patients included in the German Stroke Registry–Endovascular Therapy (GSR-ET) Study at University Hospital Bonn between June 2016 and January 2020. The GSR-ET is an ongoing, open-label, prospective, multicenter registry of patients with LVOS treated with ET (https://www.clinicaltrials.gov; unique identifier: NCT0335639). A detailed description of the GSR-ET study design has been published (8, 9). Data collection was centrally approved by the ethics committee of the Ludwig-Maximilian University Munich (689-15) and the local ethics committee of the University of Bonn (054/16) and was thus in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. The data supporting the findings of this study are available from the corresponding author upon reasonable request.

In addition to data prospectively collected in GSR-ET, clinical and laboratory data were retrospectively collected from individual electronic medical records. Patients with infections were identified by screening medical records for, firstly, a diagnosis of infection documented by the treating clinician and, secondly, subsequent antibiotic therapy. Diagnosis and treatment of infections was in accordance with current national guidelines (10–12). A summary of the standard operating procedures for diagnosis and treatment of infections at our institution is provided in the supplement. Pneumonia was also evaluated according to the modified Centers for Disease Control and Prevention (CDC) criteria for probable stroke-associated pneumonia and according to the CDC criteria for health care-associated pneumonia in ventilated patients (13, 14). The source of infections was classified as “other” if there was a clear source of infection other than pneumonia or urinary tract infection and as “undetermined” if the source of infection was unclear after diagnostic workup. Patients who were diagnosed with an infection, but not treated by antibiotics because of a comfort measures only agreement, were defined as having an infection too. The onset of infection was defined as the first day of either antibiotic therapy or microbiological culture sampling (if sampling was done within 48 h prior to antibiotic therapy) (7). SOFA and qSOFA scores were determined at admission and daily within the period from 2 days before the onset of infection to 1 day after the onset of infection (7, 15). The SOFA score assesses the function of six vital organ systems based on physiological parameters (15). The qSOFA score is a simplified version of the SOFA score developed to screen patients with an infection for sepsis outside the intensive care unit (7). Patients who did not have an infection served as controls. In this group, SOFA and qSOFA scores were determined at admission and for the following 4 days. If PaO2 was not available, the PaO2/FiO2 ratio was substituted by the SpO2/FiO2 ratio as described previously (16). Sepsis was defined as an increase in total SOFA score of two points or more over the baseline score at admission within the period from 2 days before the onset of infection to 1 day after the onset of infection according to the Sepsis-3 definition (6).

Primary outcome measure was the frequency of patients with a score of five to six on the modified Rankin Scale (mRS) after 90 days. Secondary outcome measures included National Institutes of Health Stroke Scale (NIHSS) scores, the length of hospitalization, the frequency of patients with a mRS score of zero to two, median mRS scores and mortality. Symptomatic intracranial hemorrhage was evaluated retrospectively according to the European Cooperative Acute Stroke Study (ECASS) II definition (17).

Statistical analyses were performed using the Statistical Package for Social Sciences version 27.0.0.0 (IBM SPSS Statistics, Armonk, N.Y., USA). Propensity score matching was performed using R (R version 4.1.3, R core team 2021, package “MatchIt”, R Foundation for Statistical Computing, Vienna, Austria. https://www.R-project.org/). Propensity score matching was performed using a 1:1 nearest neighbor matching without replacement. Propensity scores were estimated using logistic regression with the following relevant covariates: age, sex, NIHSS at admission, premorbid mRS and Charlson Comorbidity Index. Cases with missing data on those covariates were excluded from the analysis of matched cohorts. Differences in metric data were assessed using Kruskal-Wallis tests and Mann-Whitney U tests where appropriate. Differences in frequencies were assessed using Pearson chi-square tests. Regression analyses were conducted using multivariable linear, logistic and ordinal models based on the dependent variable. Multivariable analyses of outcome measures were adjusted for a predefined set of variables (age, sex, NIHSS at admission, premorbid mRS, Charlson Comorbidity Index, and either intracranial hemorrhage for the 24 h and discharge follow ups, or the combined frequency of intracranial hemorrhage, recurrent stroke and malignant infarction within 90 days for the 90 days follow up). Missing SOFA score variables from the day of admission were imputed by the value from the following day (“carried backwards”), all other missing data including follow up SOFA score variables were not imputed. Sensitivity and specificity were calculated using standard formula. All tests were two-tailed. Statistical significance was determined at an α level of 0.05. A Bonferroni-Holm correction was applied to p-values for pairwise comparisons.



RESULTS

The data of 406 patients who underwent ET for LVOS between June 2016 and December 2019 were available and included in the analysis. Fifty-four (13.3%) patients had sepsis. One hundred fifty-eight (38.9%) patients had an infection without fulfilling the Sepsis-3 definition. The remaining 194 (47.8%) patients had no evidence of infection (see Supplementary Figure S1 for the study flowchart).

The demographics, medical history as well as clinical, imaging and treatment characteristics of patients with sepsis, patients with an infection without sepsis, and control patients are shown in Table 1. The three cohorts were evenly balanced regarding these baseline variables with the following significant exceptions. Patients with an infection without sepsis were older than controls (median 79 vs. 74 years). Patients with sepsis and patients with an infection without sepsis had a higher frequency of arterial hypertension compared to controls (90.7 and 87.3, respectively, vs. 76.4%). Patients with an infection without sepsis had a higher frequency of atrial fibrillation compared to controls (54.5 vs. 41.1%).


Table 1. Baseline characteristics of control patients, patients with an infection without sepsis and patients with sepsis.
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Details regarding the timing and site of infection and the SOFA scores are given in Table 2. The median onset of sepsis was 2 days after admission, compared to 3 days for the median onset of infection without sepsis. Pneumonia was the most common source of sepsis (85.2%) and infection without sepsis (56.3%) and was more common in patients with sepsis than in patients without sepsis. If pneumonia was evaluated to the stricter modified CDC criteria for probable stroke-associated pneumonia, the results were similar (75.5% in patients with sepsis vs. 41.7% in patients with an infection without sepsis). The overall frequency of pneumonia in all three groups combined was 33.2% (135/406) and 25.9% (105/406) according to the modified CDC criteria. Dysphagia with risk of aspiration was more common in patients with sepsis compared to patients with an infection without sepsis and controls (74.1 vs. 39.2 and 17.9%, respectively). The same held true for mechanical ventilation (49.1 vs. 15.4 and 12.9%, respectively). The overall frequency of urinary tract infections in all three groups combined was 10.6% (43/406). Moreover, the cause of infection was undetermined in more patients with infection without sepsis (15.2%) than in patients with sepsis (3.7%).


Table 2. Timing, source of infection and Sequential Organ Failure Assessment (SOFA) scores of controls, patients with an infection without sepsis and patients with sepsis.
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The median of the maximal SOFA score within the period of 2 days before until 1 day after the onset of infection of patients with sepsis was eight (from a baseline of two), while the SOFA scores did not increase in controls and patients with an infection without sepsis as per definition. The time courses of total SOFA scores and scores of SOFA subcategories are shown in Supplementary Figure S2. The most frequently affected organ systems in patients with sepsis were respiration (53.8%), the central nervous system (37.7%), the cardiovascular system (35.8%) and renal function (7.4%). If SOFA scores were calculated without the central nervous system (CNS) subcategory, 9 (16.7%) patients with sepsis failed to meet the Sepsis-3 definition. On the other hand, 6 (3.8%) patients with an infection without sepsis did meet the Sepsis-3 definition if the CNS subcategory was left out. Additional laboratory and clinical parameters are shown in Supplementary Table S1.

The qSOFA score was significantly more often positive in patients with sepsis at the onset of infection (86.8%) compared to patients with an infection without sepsis (58.5%) and to controls (37.2%). This resulted in a sensitivity of 86.8% and a specificity of 52.2% of the qSOFA score for the diagnosis of sepsis. When analyzing the qSOFA subcategories, the mental status showed a sensitivity and specificity of 94.3 and 37.5%, respectively, the respiratory rate a sensitivity and specificity of 71.7 and 30.0%, respectively, and the systolic blood pressure a sensitivity and specificity of 49.1 and 75.6%, respectively. The data on qSOFA scores are shown in Supplementary Table S2.

Clinical outcome parameters are shown in Table 3 and are illustrated in Figure 1. A poor outcome at 90 days, indicated by an mRS of five or six, was more common in patients with sepsis compared to controls and to patients with an infection without sepsis (72.5 vs. 25.7 and 42.7%, respectively). The adjusted odds ratio (95% confidence interval) for a poor outcome was 11.4 (4.4–29.2) for patients with sepsis vs. controls, 3.5 (1.6–7.5) for patients with sepsis vs. patients with an infection without sepsis, and 5.9 (2.7–12.9) for patients with sepsis vs. all patients without sepsis. If adjusted for the NIHSS at 24 hours instead of NIHSS at admission, the odds ratio (95% confidence interval) for a poor outcome was 5.4 (1.6–17.6) for patients with sepsis vs. controls, 2.0 (0.8–5.2) for patients with sepsis vs. patients with an infection without sepsis, and 2.7 (1.0–6.8) for patients with sepsis vs. all patients without sepsis.


Table 3. Clinical outcome of controls, patients with an infection without sepsis and patients with sepsis.
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FIGURE 1. Primary and secondary outcome parameters of patients with sepsis, patients with infection without sepsis and control patients. (A) modified Rankin scale (mRS) scores at 3 months. (B) National Institutes of Health Stroke Scale (NIHSS) scores at 24 h. (C) NIHSS scores at hospital discharge. (D) Length of hospitalization in days. The data in (B–D) are displayed as boxplots; the box represents the median and interquartile range; the whiskers represent 1.5 times the interquartile range; the circles represent outliers.


The secondary outcome measures also demonstrated a significantly worse outcome in patients with sepsis compared to controls (median NIHSS at 24 h: 16 vs. 5; median NIHSS at discharge: 11 vs. 2; median length of stay 13 vs. 7 days; median mRS at 90 days: 5 vs. 2; frequency of mRS 0-2: 7.8 vs. 54.1%). Compared to patients with an infection without sepsis, the following secondary outcome measures showed a significantly worse outcome of patients with sepsis (median NIHSS at 24 h: 16 vs. 11; median NIHSS at discharge: 11 vs. 6; median mRS at 90 days: 5 vs. 4).

Clinical outcome was also analyzed in modified cohorts that included patients with sepsis and infection without sepsis, respectively, based on the SOFA score calculated without the CNS subcategory. This modified cohort of patients with sepsis included 51 patients, and the modified cohort of patients with an infection without sepsis 161 patients. The results were comparable to the analysis of the original cohort and are shown in Supplementary Table S3. Notably, poor outcome at 90 days was even more frequent in the modified sepsis cohort compared to controls and to the modified infection cohort than in the original cohort (80.9% vs. 25.7 and 40.8%, respectively). Further, in contrast to the original cohorts, mortality at 90 days in patients with sepsis was not only significantly higher than in controls, but also compared to patients with an infection without sepsis (53.2 vs. 22.4 and 25.2%, respectively). A sensitivity analysis of clinical outcome parameters after exclusion of 4 patients with comfort measures only agreements did not yield relevant differences compared to the analysis of the complete cohort. The results are shown in Supplementary Table S4.

Clinical outcome was further analyzed in patients with sepsis compared to propensity score matched cohorts of controls and patients with infection without sepsis. Five patients with sepsis had to be excluded for that analysis because of partially missing data for covariates of the propensity score and 3 further patients for partially missing outcome data, leaving 46 patients with sepsis for this analysis. A poor outcome at 90 days was more common in patients with sepsis compared to matched controls and to matched patients with an infection without sepsis (69.6 vs. 26.1 and 47.8%, respectively). The adjusted odds ratio (95% confidence interval) for a poor outcome was 9.0 (2.9–28.0) for patients with sepsis vs. controls, and 2.8 (1.1–6.9) for patients with sepsis versus patients with an infection without sepsis. Further results of the propensity score matched cohorts are reported in detail in Supplementary Table S5.



DISCUSSION

In this analysis of 406 patients who underwent endovascular therapy for LVOS, sepsis was detected in 13.3% with a median onset of 2 days after admission. The outcome at 90 days was poor (bedridden or dead) in 72.5% of patients with sepsis compared to 25.7% in control patients and to 42.7% in patients with an infection without sepsis.

A previous study observed sepsis in 12.6% of patients admitted to a neurological intensive care unit for ischemic or hemorrhagic stroke (5). While this frequency is numerically similar to our dataset, the results cannot be compared directly as the previous study analyzed a different category of patients and used a now outdated sepsis definition. The same holds true for the clinical outcome: An unfavorable outcome with high mortality was observed in sepsis patients in that study, but the control group also had a comparably poor outcome.

In our cohort, there were no relevant differences between controls and patients with sepsis regarding demographics, medical history as well as clinical, imaging and treatment characteristics at baseline, which could point to specific risk factors for sepsis in this cohort. While arterial hypertension was more prevalent in sepsis patients, the Charlson comorbidity index as a general measure of comorbidity was not significantly different between groups.

Pneumonia was the source of sepsis in the majority of patients (85.2 and 75.5% according to modified CDC criteria, respectively). Accordingly, the main risk factors for stroke-associated pneumonia, dysphagia with risk of aspiration and mechanical ventilation, were significantly more common in patients with sepsis. The overall frequency of pneumonia in our cohort (33.2 and 25.9% according to modified CDC criteria, respectively) was high compared to the frequency described for a general stroke population (12%) (3). This may be explained by the fact that all patients in our cohort had EVT in general anesthesia, which is associated with a higher risk of pneumonia. Indeed, a post-hoc analysis of the SWIFT PRIME thrombectomy trial demonstrated a similar frequency of pneumonia after EVT in general anesthesia as in our cohort (34.4%) (18). The overall infection rate including patients with and without sepsis was rather high (52.2%) in our cohort compared to the rates reported for general stroke populations (24–36%) and intensive care stroke patients (38–52%) (1). Possible reasons are that LVOS patients share more characteristics with intensive care patients than with general stroke patients, and that the diagnostic criteria for infections were liberal in our study. Application of strict operational criteria of infections leads to lower rate of infections, as reported above for pneumonia. Accordingly, the frequency of sepsis in a general stroke population including non-LVOS would be expected to be lower than in our cohort.

Pathophysiologically, there are several mechanisms making stroke patients prone to infections and consecutively sepsis. On the one hand, stroke patients often have an increased exposure to microbiological pathogens: Dysphagia and disorders of consciousness with impaired airway protection reflexes, and mechanical ventilation are risk factors for pneumonia (18, 19). Urinary catheters that are frequently used in severely affected stroke patients predispose to urinary tract infections. On the other hand, stroke affects the immune system as a host-intrinsic risk factor for infections (2, 19–21). Within hafter stroke, there is a systemic immunodepression, in particular a depression of CD4+ T-lymphocytes as well as reduced proinflammatory and increased anti-inflammatory cytokines, mainly driven by an excessive activation of the autonomic nervous system, increasing the susceptibility for infections (19, 20, 22, 23). In response to an infection, a host inflammatory response is initiated – in the case of sepsis, this response becomes dysregulated on the basis of both proinflammatory and anti-inflammatory mechanisms and compromises organ function (24, 25). Moreover, stroke-associated infections are suspected to trigger an autoimmune response against brain antigens, which may explain the poor outcome in these patients (2, 26). In stroke patients with sepsis, this phenomenon might be particularly important for clinical outcome given the central role of the dysregulated immune response in sepsis.

The most frequently affected organ systems in patients with sepsis were respiration, the cardiovascular system and renal function, consistent with pneumogenic sepsis. In a subset of patients without sepsis, the analysis of SOFA subcategories revealed relevant organ dysfunction, for example respiratory failure in 5.3% of patients with infection without sepsis. In these patients, the total SOFA score did not show an increase of ≥2 compared to admission, explaining why they were not classified as sepsis cases. A worsening of CNS function was often observed in sepsis patients, which might have been either caused by septic encephalopathy, by the stroke itself, mechanical ventilation with consecutive sedation, or other stroke-related complications. This might hamper the applicability of the SOFA score to diagnose sepsis in stroke patients. Indeed, we observed that 16.7% of patients with sepsis no longer fulfilled the Sepsis-3 definition if the SOFA score was calculated without the CNS subcategory. This indicates that the diagnosis of sepsis was based on a worsening of the neurological status in these patients. Thus, clinical reasoning is needed in practice to determine if worsening of the neurological status is due to septic encephalopathy, the stroke itself or other stroke-related complications.

The qSOFA score, a resource-efficient screening tool for sepsis, demonstrated very good sensitivity, but only mediocre specificity for the diagnosis of sepsis in our cohort. An analysis of the qSOFA subcategories revealed that the rather low overall specificity was due to low specificities of the mental status and respiratory rate categories. The drawbacks of using the neurological status for diagnosis of sepsis in stroke patients are the same as discussed above for the SOFA score. The respiratory rate subcriterion was often met in all 3 groups (60.2 to 81.2%), indicating that tachypnea occurred not only due to infection, but also due to the stroke itself, as disturbances of respiratory patterns with tachypnea are frequently observed in stroke patients (27, 28). Accordingly, tachycardia was frequently observed in all patients, which may rather reflect stroke-associated cardiovascular autonomic dysfunction than a clinical sign of infection or sepsis in these patients (29). Thus, our data confirm that the qSOFA score may be a helpful screening tool that should not be used without confirmatory tests, such as the regular SOFA score (6).

Patients with sepsis had a significantly worse clinical outcome than control patients without infection and patients with an infection but without sepsis. The most drastic difference was observed for a poor outcome (mRS five or six), but secondary outcome measures also showed a worse outcome in sepsis patients after adjustment for possible confounders. Notably, patients with sepsis had a significantly higher NIHSS at 24 h than controls and patients with an infection without sepsis. This difference cannot be attributed to septic encephalopathy in most patients, as the median onset of sepsis was 2 days after admission. If the NIHSS at 24 h was taken into account in multivariable analyses instead of the NIHSS at admission, sepsis was still an independent predictor of a poor outcome, but with a smaller effect size. Thus, stroke severity partly mediated the poor outcome observed in sepsis patients. An analysis restricted to sepsis patients in whom the diagnosis of sepsis was based on the dysfunction of organs other than the CNS also indicated that the association of sepsis with poor outcome was independent of factors affecting CNS function, such as stroke severity or mechanical ventilation with sedation.

The prevention, early diagnosis and effective treatment of sepsis might improve outcome after ET for LVOS. As the majority of cases were caused by pneumonia, preventative measures for pneumonia, such as swallowing assessments and therapy, oral hygiene measures and possibly the usage of conscious sedation for ET, may reduce the frequency of sepsis as well (18, 30–32). Previous trials showed that prophylactic antibiotic therapy does not improve outcome in stroke patients (33, 34). Thus, diagnostic criteria for infections, such as the SOFA score, should be applied thoroughly before antibiotic therapy is initiated. Collecting SOFA scores daily on a routine basis in patients with severe stroke would help with a timely diagnosis and might be a measure worthwhile exploring in future prospective studies.

This study has several limitations: the single center design, retrospective data collection and thus partly missing data, and that a special subgroup of stroke patients (LVOS undergoing ET) was studied, which limits the applicability of the results to a general population of stroke patients. A major limitation is that the SOFA score and thus the diagnosis of sepsis in stroke patients depended on stroke severity and other factors, such as mechanical ventilation. This might have affected the analysis of clinical outcome due to selection bias. Further, even though the same treatment guidelines were in use for all patients, the treatment might have deviated from the guidelines in some cases causing heterogeneity of treatment. Since we could not properly control for this, this is a potential source of omitted variable bias.



CONCLUSIONS

Sepsis frequently occurs in patients with LVOS undergoing ET and may be associated with poor clinical outcome. More studies are needed to determine specific risk factors and measures for early recognition to reduce the possibly negative impact of sepsis on the outcome after LVOS.
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