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3 ldentifying Survivors of Sepsis at Risk for Adverse

Cardiovascular Outcomes

For many years, infections have been recognized as precipitants of
incident cardiovascular disease (1). Several epidemiologic studies have
reported higher long-term risk of heart failure, myocardial infarction,
stroke, coronary revascularization, and atrial fibrillation after viral
illness, pneumonia, and sepsis (2-5). The mechanisms underlying

the increased risk of cardiovascular disease after sepsis remain
incompletely understood, and point-of-care approaches to identify
high-risk patients who may benefit from targeted interventions are
appealing and much needed.

In this issue of the Journal, Garcia and colleagues (pp. 557-565)
analyzed the association between serum troponin levels and 1-year
cardiovascular events in a multicenter cohort of 14,046 adult survivors
of sepsis hospitalization who had no prior cardiovascular diagnosis (6).
Patients were categorized into three tertiles based on peak troponin
levels measured within the first 14 days of hospital admission, and their
association with a composite cardiovascular outcome of atherosclerotic
cardiovascular disease (defined as acute myocardial infarction, ischemic
stroke, or coronary revascularization), acute heart failure, and atrial
fibrillation was assessed. Among the 14,046 patients included in the
primary analysis, 6,403 (45.6%) had an elevated troponin level. In
unadjusted and multivariable analysis, elevated troponin levels were
associated with a “dose-dependent” risk increase in incident
cardiovascular events that ranged from 1.37-fold (95% confidence
interval, 1.2-1.55) for the lowest tertile to 1.77-fold (95% confidence
interval, 1.56-2.00) in the highest tertile. These findings remained
robust across multiple sensitivity analyses that included using only
patients without missing data (i.e., complete cases), using different
imputation strategies for missing data, using troponin as a continuous
variable instead of a priori defined tertiles, and exclusion of
cardiovascular events that occurred during hospitalization. In addition,
the authors used eValues to assess the potential effect of unmeasured
confounders (7). For example, the eValue for the association of peak
troponin in the highest tertile and 1-year cardiovascular events was 2.94,
indicating that residual confounding could explain the observed
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association only if there existed an unmeasured covariate with a relative
risk association of at least 2.94.

Numerous previous studies have demonstrated an increased risk
of cardiovascular events in survivors of sepsis (2-5). However, many of
these studies, particularly those using administrative data, were limited
in their ability to identify preexisting cardiovascular disease. We
commend Garcia and colleagues on their efforts to identify patients with
preexisting cardiovascular disease. They leveraged the advantages of a
large integrated healthcare system and performed a 5-year look back
using outpatient and inpatient records to identify presepsis
comorbidities in addition to 3 months of medication data to
identify current use of antihypertensives, statins, and antiplatelet
drugs. The data sources used to identify preexisting chronic disease
and length of the look-back period are indeed important, as shorter
look back periods and use of single data sources (e.g., inpatient or
outpatient data) underestimate the prevalence of chronic health
conditions and consequently overestimate the hazard of incident
cardiovascular disease (8, 9). This is particularly relevant for atrial
fibrillation, which is often missed even during periods of intensive
monitoring (10).

One common critique of composite outcomes, which are more
commonly used in cardiovascular clinical trials than not, is that
individual components are often unreasonably combined,
inconsistently defined, and inadequately reported, which makes their
interpretation challenging (11, 12). In the current study, Garcia and
colleagues used a composite endpoint of atherosclerotic cardiovascular
disease, acute heart failure, and atrial fibrillation diagnosis. Of the 2,012
(14.3%) patients who experienced the outcome, more than two-thirds
(1,425 0r 70.8%) had a new diagnosis of atrial fibrillation, and among the
complete case subgroup, 27.2% (2,164/7,965) had an episode of atrial
fibrillation during hospitalization. New onset atrial fibrillation is the
most common arrhythmia encountered in ICUs and particularly
prevalent among patients with sepsis (10, 13). It is associated with
increased length of stay and hospital death (14), but its significance for
long-term mortality and implications for subsequent treatment are
debated (15), perhaps because many view “this type” of atrial fibrillation
as a distinct and reversible manifestation of critical illness with unique
predisposing factors (16). Because persistent inflammation and
immunosuppression are common among survivors of sepsis (17),
cardiovascular outcomes such as atrial fibrillation should be studied
in this context, and this approach may broaden the number of
candidate treatment strategies beyond anticoagulation and rhythm
control (18).
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Elevated troponin levels are found in approximately 50% of
critically ill patients and have been associated with adverse outcomes
(19, 20). Hence, elevated troponin levels may be useful for future risk
stratification in survivors of sepsis as suggested by this study. However,
the appropriate troponin cutoff levels remain to be determined. There
are legitimate concerns that indiscriminate troponin testing or use of
highly sensitive assays will return many positive results of uncertain
clinical significance that may result in subsequent procedures and
treatments of questionable therapeutic value (21). Among the 39,590
eligible patients in this study, only a third had troponins drawn during
hospitalization and were ultimately included in this study (see Figure 1
in the article by Garcia and colleagues). Speculating about the factors
behind the clinical decision to obtain a troponin level versus not is
intriguing, and one wonders how the 25,544 patients who did not have a
troponin level measured differed from patients included in this study
who did and had “normal” levels. Comparing cardiovascular outcomes
in such groups will be necessary on the path forward to validating
troponin and determining appropriate cutoff values for long-term
cardiovascular risk prognostication in survivors of sepsis.

In conclusion, the association of increased troponin levels
with adverse incident cardiovascular outcomes after sepsis is an
intriguing finding that may signal a significant step toward
identifying survivors of sepsis at high-risk for these outcomes. Future
studies will show whether troponin levels alone or perhaps in
combination with other biomarkers (e.g., markers of persistent
inflammation or immunosuppression) will accurately identify
patients that may benefit from targeted preventative interventions
after hospital discharge. M
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