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Background: Little is known about the risk of in-hospital cardiac arrest (IHCA) among patients with sepsis. We aimed to characterize the incidence and outcome of IHCA among patients with sepsis in a national database. We then determined the major risk factors associated with IHCA among sepsis patients.

Methods: We used data from a population-based cohort study based on the National Health Insurance Research Database of Taiwan (NHRID) between 2000 and 2013. We used Martin's implementation that combined the explicit ICD-9 CM codes for sepsis and six major organ dysfunction categories. IHCA among sepsis patients was identified by the presence of cardiopulmonary resuscitation procedures. The survival impact was analyzed with the Cox proportional-hazards model using inverse probability of treatment weighting (IPTW). The risk factors were identified by logistic regression models with 10-fold cross-validation, adjusting for competing risks.

Results: We identified a total of 20,022 patients with sepsis, among whom 2,168 developed in-hospital cardiac arrest. Sepsis patients with a higher burden of comorbidities and organ dysfunction were more likely to develop in-hospital cardiac arrest. Acute respiratory failure, hematological dysfunction, renal dysfunction, and hepatic dysfunction were associated with increased risk of IHCA. Regarding the source of infection, patients with respiratory tract infections were at the highest risk, whereas patients with urinary tract infections and primary bacteremia were less likely to develop IHCA. The risk of IHCA correlated well with age and revised cardiac risk index (RCRI). The final competing risk model concluded that acute respiratory failure, male gender, and diabetes are the three strongest predictors for IHCA. The effect of IHCA on survival can last 1 year after hospital discharge, with an IPTW-weighted hazard ratio of 5.19 (95% CI: 5.06, 5.35) compared to patients who did not develop IHCA.

Conclusion: IHCA in sepsis patients had a negative effect on both short- and long-term survival. The risk of IHCA among hospitalized sepsis patients was strongly correlated with age and cardiac risk index. The three identified risk factors can help clinicians to identify patients at higher risk for IHCA.

Keywords: sepsis, cardiac arrest, revised cardiac index, mortality, in-hospital cardiac arrest


INTRODUCTION

In-hospital cardiac arrest (IHCA) poses major clinical challenges and is a public health burden. Each year, over 290,000 hospitalized patients develop IHCA in the United States (1). A recent analysis of the 2000–2009 American Heart Association (AHA) Get with the Guidelines (GWTG)–Resuscitation registry, showed a median incidence of 4.02 IHCAs per 1,000 hospital admissions [interquartile range (IQR), 2.95–5.65 per 1,000 admissions]. The median survival rate to hospital discharge for this period was 18.8% (2). Internationally, the incidence of IHCA ranged from 1 to 5 per 1,000 hospital admissions with varying survival rates (0–42%) (1). In 2012, a report by National Confidential Enquiry into Patient Outcome and Death (NCEPOD) found that cardiac arrests were predictable in 64%, and potentially avoidable in 38%, of cases (3).

Among the factors that were investigated, pre-arrest sepsis was listed as a risk factor for IHCA. Various studies have reported that the prevalence of sepsis among adult patients with IHCA ranged from 13 to 27% (4, 5). Patients with sepsis are a more vulnerable group compared to the general patient population. Previous studies have found that a high proportion of patients with IHCA had sepsis and multi-organ dysfunction, and their prognosis was worse than the non-sepsis IHCA in general (6). A single-center study in Finland showed that the patients with severe sepsis before IHCA had both higher 30-day mortalities and higher 1-year mortalities than those without sepsis before IHCA (6). However, the heterogeneous patient population, different study settings, and variable sepsis definitions used in each study prevent clear conclusions.

Much less is known regarding the predictors, incidence, and outcome of IHCA among hospitalized sepsis patients. Thus, the aim of this study was 3-fold. First, we aimed to determine the incidence and major risk factors for IHCA among patients hospitalized with sepsis. Next, we aimed to determine the short-term and long-term outcomes for sepsis patients who developed IHCA as compared to patients who did not develop IHCA. Understanding the risk factors for IHCA and quantifying its adverse impact among sepsis patients has important implications to identify opportunities for focusing future efforts on quality improvement including pharmacologic prevention and systems-based practices.



METHODS


Study Population

We used data from a cohort study constructed from the National Health Insurance Research Database (NHIRD) in Taiwan. Taiwan's National Health Insurance program is a compulsory government-operated health insurance system that covers 99.6% of Taiwanese residents. One million subjects in the NHIRD were randomly selected from the 23 million Taiwanese residents that represent the demographic and geographic distribution of the Taiwanese population. Subjects were longitudinally followed from 2000 to 2013. Patient consent was not required for this study as this was an electronic database study involving anonymous subjects. Ethics approval was granted by the Institutional Review Board of the National Taiwan University Hospital.



Identification of Sepsis Patients

Sepsis hospitalizations were identified using a validated approach that selected admissions with relevant International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis/procedure codes. In accordance with the Sepsis-3 definition, sepsis was defined as a life-threatening organ dysfunction caused by a dysregulated host response to infection (7). The coding system proposed and validated previously by Martin et al. (8) was a more conservative estimate that showed a parallel trend with the electronic health record (EHR) estimates (9). Therefore, we used Martin's implementation to identify patients with sepsis in this study. Operationally, we identified cases with sepsis by selecting all cases with explicit ICD-9-CM codes for sepsis or systemic fungal infection (e.g., 038 septicemias, 020.0 septicemic, 790.7 bacteremias, 117.9 disseminated fungal infections, 112.5 disseminated candida infection, or 112.81 disseminated fungal endocarditis) and a diagnosis of acute organ dysfunction. Source of infection was categorized as lower respiratory tract infection, genitourinary tract infection, skin and skin structure infection, catheter-related bloodstream infection, intra-abdominal infection, systemic fungal infection, primary bacteremia, musculoskeletal infection, and biliary tract infection. Acute organ/system dysfunction was categorized as follows: cardiovascular, respiratory, central nervous system (CNS), hematologic, hepatic, renal, and metabolic system dysfunction. The shock was included as a form of cardiovascular dysfunction. The following information was collected for analysis: demographics, presence of pre-existing comorbidity, and outcome.



Identification of IHCA

We identified IHCA by the presence of the cardiopulmonary resuscitation procedure code.



Outcome Measurements

The primary outcome of interest was the incidence of sepsis patients complicated by IHCA, stratified by age and Revised Cardiac Risk Index (RCRI) (10). The RCRI was developed to predict the risk of cardiac complications pre-operatively. This index can identify patients at higher risk for complications such as myocardial infarction, pulmonary edema, ventricular fibrillation or primary cardiac arrest, and complete heart block. The RCRI incorporates six independent variables, which include history of ischemic heart disease, heart failure, cerebrovascular disease, diabetes mellitus, chronic kidney disease, and major operations (suprainguinal vascular, intrathoracic, and intraperitoneal). We sought to examine whether RCRI could be used to risk-stratify hospitalized patients for the likelihood of developing IHCA. The secondary outcome was the impact of IHCA on short- and long-term mortality and risk factors for IHCA among sepsis patients. To provide a control for the baseline difference between patients with and without IHCA, we constructed a propensity score (PS) that included patient demographics (such as age, sex, insurance premium, and area of residence), chronic disease conditions, additional clinically relevant baseline patient characteristics (such as alcohol/drug use, psychiatric disorder, neurologic disorder, obesity, bed-ridden status, solid organ transplantation, and atrial fibrillation), sepsis-associated acute organ dysfunctions (such as renal dysfunction, cardiovascular dysfunction/shock, hematologic system dysfunction, acute respiratory failure, CNS dysfunction, and hepatic dysfunction), and various sources of infections (such as lower respiratory tract, genitourinary tract, skin and skin structure, catheter-associated, intra-abdominal, biliary tract, and musculoskeletal).



Statistical Analysis

Continuous variables that are normally distributed were presented as mean with standard error (SE), and non-normal variables were reported as median with IQR. Categorical variables were reported as a percentage (%). We plotted bar charts to show the risk of IHCA associated with age and RCRI. The correlation between IHCA risk and age categories or RCRI was evaluated by Spearman–rank correlation test. To evaluate the impact of IHCA on the outcome of sepsis patients after discharge, we used the PS weighting method to adjust for differences in baseline comorbidities and sepsis severity. We did not use the PS matching method because there was a high imbalance between the number of patients who developed IHCA and those who did not. PS was defined as the conditional probability of developing IHCA for the index episode of sepsis. The PS was created from a binary logistic regression model that included 29 covariates associated with IHCA. The matching weights (11) were calculated as:
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where eki is the propensity score of the k-th treatment, Z is the categorical treatment, and I is the indicator (1 if true, 0 if false). The balance of each covariate across the two comparison groups was checked using standardized differences before and after PS weighting. We made a direct comparison of the median value of the outcome variables in the PS-weighted cohort. Kaplan–Meier survival curves were built from the original and weighted cohorts. The difference in survival curves was tested by a logrank test. Cox proportional hazard models were used to calculate the hazard ratios (HR) and 95% confidence intervals (CI) in both the original cohort (crude HR) and the PS-weighted cohort (PS-weighted HR). To investigate the independent risk factors associated with IHCA, we entered the significant variables on univariate comparison as well as age and gender into a logistic regression model. We used the backward elimination method to select significant independent risk factors. The model was validated using the 10-fold cross-validation. We reported the C-statistics of the original model and optimism-corrected c-statistics to adjust for the overfitting problem. To assess the presence of effect modification, we conducted several pre-specified subgroup analyses of particular clinical importance, including age > or ≤ 75 years, gender, and presence/absence of cancer, cardiovascular disease, diabetes mellitus, acute respiratory failure, lower respiratory tract infection, and genitourinary tract infection. All p-values are two-sided, and a P < 0.05 was considered statistically significant unless otherwise stated. Data management and statistical analyses were conducted using SAS (version 9.4, SAS Inc., Cary, NC).




RESULTS


Study Population Characteristics

We identified 20,022 patients who met Martin's coding criteria for sepsis from 2000 to 2013, among whom 2,168 (10.83%) patients developed IHCA and received cardiopulmonary resuscitation (Figure 1). The in-hospital mortality rate for patients who developed IHCA was 81.46% compared to 23.83% among patients who did not develop IHCA. Men were more likely to develop IHCA compared to women. Genitourinary tract infection and primary bacteremia were more common among the patients without IHCA compared with those with IHCA, whereas lower respiratory tract infections were common among patients who developed IHCA (Table 1). There were also no statistically significant differences in mean age, urbanization level, the prevalence of coronary artery disease (CAD), diabetes mellitus, chronic pulmonary diseases, malignancy, metastatic disease, and congestive heart failure (CHF) between patients with and without IHCA.


[image: Figure 1]
FIGURE 1. Study cohort. We identified 20,022 patients with sepsis from 2000 to 2013. In this cohort, 10.83% of the patients developed IHCA.



Table 1. Comparison of patient characteristics between patients with and without post-sepsis cardiovascular complications at the end of 180 days of follow-up.
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Risk Factors for IHCA Among Sepsis Patients

We hypothesized that the occurrence of IHCA is correlated with age and cardiac risk. Figure 2 shows the number of sepsis patients who developed IHCA stratified by age categories or RCRI score. In our study cohort, IHCA incidence increased with advancing 10-year age categories (r2 = 0.97, P < 0.0001). The incidence of IHCA was also well-calibrated with the RCRI scores. The IHCA risk increased by 1,155 (1/100,000) for each RCRI score increase (r2 = 0.99, P = 0.0006). To evaluate the independent predictors associated with IHCA, we entered the significant variables on univariate comparison (Table 1), as well as age in the 10-year category and revised cardiac index score, into the logistic regression model. We found that acute respiratory failure was the strongest predictor of IHCA with an OR of 2.96 (95% CI: 2.67–3.29), followed by male gender (OR 1.32), psychiatric disorder (OR 1.28), gastrointestinal bleeding (OR 1.26), and RCRI (OR 1.07). The C-statistic for the model, which included all of these covariates, was 0.71 (Table 2).


[image: Figure 2]
FIGURE 2. The number of sepsis patients who developed IHCA stratified by age categories or RCRI score.



Table 2. Independent risk factors associated with in-hospital cardiac arrest (IHCA) among patients hospitalized for sepsis.
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Impact of IHCA on Survival

We plotted the Kaplan–Meier survival curve of patients with IHCA vs. that of patients without IHCA in the original cohort (Figure 3). Patients who developed IHCA had worse survival in the following year, with an early divergence of the KM curves that was maintained throughout the duration of follow-up (Log-rank test, p < 0.0001). We evaluated all the factors that might affect the survival of septic patients who experienced IHCA and selected significant covariates through a binary logistic model. The standardized mean difference graph showed that all the selected covariates were balanced in a satisfactory range (<10%) and the PS weighting successfully eliminated the difference in baseline covariates (Supplementary Material). After PS weighting, there was still a significant difference between the survival curve of the patients with IHCA and that of the patients without IHCA (Figure 4, log-rank test, p < 0.0001). Sepsis patients with IHCA in the original cohort had a higher 30-day mortality rate (HR, 3.45; 95% CI, 2.37–5.01) and 1 year mortality rate (HR, 1.40; 95% CI, 1.01–1.96) when compared to sepsis patients without IHCA. In the PS-weighted cohort, IHCA patients still had a worse 30-day mortality rate (HR, 3.06; 95% CI, 2.77–3.37) and 1 year mortality rate (HR, 1.07; 95% CI, 1.00–1.15) (Table 3).


[image: Figure 3]
FIGURE 3. Survival probability before PS weighting.The Kaplan-Meier survival curve showed the survival probability with and without IHCA before PS weighting.
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FIGURE 4. Survival probability after PS weighting.The Kaplan-Meier survival curve showed the impact of IHCA on survival probability.



Table 3. Comparison of post-discharge 30-day or 1 year survival between patients with and without IHCA during hospitalization.
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Subgroup Analysis

We additionally assessed for potential effect modification between baseline characteristics and the impact on survival after IHCA. Results showed that IHCA events had a more pronounced adverse impact on patients with healthier conditions. Patients in the age group of ≤ 75 years or with genitourinary tract infection, or patients without cancer, cardiovascular disease, diabetes mellitus, acute renal failure, or lower respiratory tract infection were more adversely affected by the IHCA events on the 30-day survival than those with these conditions. The interaction term p-value was significant at <0.05 (Table 4).


Table 4. Subgroup analysis for post-discharge 30-day mortality among sepsis survivors.
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DISCUSSION

This study described the basic characteristics among sepsis patients with and without IHCA. Five variables were identified as being associated with post-sepsis IHCA in the multivariable Cox regression analysis; these were a respiratory failure, male gender, diabetes with complications, 10-year increase in age, and RCRI. In the survival analysis, patients with post-sepsis IHCA had worse long-term survival compared to patients without IHCA, who had otherwise similar comorbidities. We showed that the increased risk of IHCA was a result of sepsis rather than the general disease condition of the patients. In subgroup analyses, identifying that post-sepsis IHCA affected patients with fewer comorbidities stresses the importance of preventing sepsis IHCA to reduce loss of disability-adjusted life-years (DALYs).

Sepsis-related systemic inflammation exposes patients to higher concentrations of proinflammatory and prothrombotic factors and may be associated with more cellular metabolic dysregulation. This milieu has been associated with an increased risk for cardiovascular events, including IHCA (12). This phenomenon has been supported in preclinical models (13–15) and observed in short- and long-term prospective studies of pneumonia and urinary tract infections (16). This hypothesis is compatible with previous studies in which sepsis-related IHCA portended a worse prognosis than non-sepsis-related IHCA (6). There have been no prior studies that have identified risk factors for IHCA among sepsis patients, making our study the first of its kind to identify novel risk factors.

We demonstrated that IHCA led to worse long-term survival among sepsis patients. From a physiological standpoint, we posit that the patients experiencing IHCA have a higher baseline cardiovascular risk or experience more severe sepsis. IHCA events themselves expose patients to additional degrees of acute injury through systemic hypoxia, poor perfusion, and potentially proarrhythmic medications. They lead to protracted clinical courses and increased number of invasive procedures, alongside exposure to hand-offs and intubation (17). Ultimately, these may result in unavoidable loss of life or withdrawal of care. We suspect that this risk is additive and unequally distributed amongst the sepsis population, given the clear differences in outcomes within our study.

There have been several scoring systems using demographic characteristics, laboratory test results, and physiological parameters to predict the onset of IHCA during hospitalization, such as MEWS, NEWS, and eCART. Bartkowiak et al. (18) showed that for post-operative surgical patients, all those three scoring systems showed good performance in predicting adverse events such as ICD transfer, cardiac arrest, and death. In their study, the area under the ROC curve (AUC) for eCART was 0.79, which showed the best performance among all three scores. In the study of Churpek et al. (19), the results also showed that the MEWS score of 48 h proceeding cardiac arrest had the best performance of predicting cardiac arrest (area under the ROC curve = 0.77). Nevertheless, though those studies suggested that the proximate causes could be more relevant to the onset of IHCA, more accurate algorithms used to predict IHCA for sepsis patients based on baseline comorbidities identified at admission are still needed by physicians. Such algorithms will help physicians to identify high-risk sepsis patients and to better allocate resources. Our results showed that for sepsis patients, using an algorithm based on baseline comorbidities can predict the onset of IHCA. Though the differences among study populations may affect the AUROC, our study using nationwide claims data showed an AUROC of 0.70 after 10-fold validation, which provides plausible generalizability.

In our algorithm, we used the RCRI as a surrogate measure of cardiovascular disease burden in order to identify patients who were more likely to undergo these cardiovascular events. This is the first demonstration of using RCRI to identify the risk of IHCA in sepsis patients and warrants more research. Within the perioperative evaluation, RCRI was found to be inferior to National Surgical Quality Improvement Program (NS-QIP) when predicting the incidence of cardiac arrest (20). However, in this application, RCRI can be advantageous as it uses fewer variables to calculate risk and can serve as a simple tool to identify high-risk sepsis patients. We recommend future investigation for a better predictive metric that incorporates the use of RCRI to characterize cardiovascular risk in addition to the risk factors identified by us.

The strengths of this study include the large, nationally representative data with over 20,000 sepsis patients, and the identified novel risk factors which were associated with long-term adverse impact on IHCA. However, there are a few important limitations within our study. Our data spans hospitalizations during the period of 2000–2013 and demonstrates a very high rate of IHCA. We believe this is the result of including patients with sepsis and by including hospitalizations before widespread adoption of rapid-response teams, code teams, and training on best practices in CPR. We cannot meaningfully speculate that our event rates would be similar in 2021, but would expect risk factors to be similar as stated previously. Since our analysis employed a database, we did not have information regarding rhythm data, timing, medications, and laboratory studies associated with IHCA resuscitation episodes. Thus, we were unable to evaluate the impact of these factors on long-term outcomes. Further areas of study should include factors associated with post-discharge survival among sepsis patients following IHCA. This would provide insight into improving long-term outcomes in these patients.



CONCLUSION

In-hospital cardiac arrest is a complication of sepsis and its incidence rises with increasing age and pre-existing cardiac risk. Furthermore, the adverse effects of IHCA extend beyond the hospitalization course to 1 year after discharge. The three newly identified risk factors or RCRI scores can be used to identify patients who are at high risk for developing IHCA. As IHCA has been shown to be preventable, our study should prompt further studies that aim to include IHCA prevention as part of sepsis care quality improvement activity.
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