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Key Points

Question

What is the association of a care bundle for early sepsis management, the Early Management Bundle for
Severe Sepsis/Septic Shock (SEP-1), and its components with mortality and organ dysfunction in
hospitalized patients with community-onset or hospital-onset sepsis?

Findings

In this cohort study of 6404 patients, SEP-1–adherent care was not associated with reduced mortality or
decreased vasopressor support among patients with sepsis in the emergency department (community-onset
sepsis), patients first meeting sepsis criteria after arrival in an inpatient unit (hospital-onset sepsis), or the
total sample. Multiple components of SEP-1 were associated with improved outcomes among patients with
sepsis in the emergency department, a statistically significant finding.

Meaning

The SEP-1–adherent care was not associated with improved outcomes, but individual SEP-1 components
were associated with benefit in patients with community-onset sepsis.

Abstract

Importance

The Early Management Bundle for Severe Sepsis/Septic Shock (SEP-1) is a quality metric based on a care
bundle for early sepsis management. Published evidence on the association of SEP-1 with mortality is
mixed and largely excludes cases of hospital-onset sepsis.

Objective

To assess the association of the SEP-1 bundle with mortality and organ dysfunction in cohorts with
hospital-onset or community-onset sepsis.

Design, Setting, and Participants

This retrospective cohort study used data from 4 University of California hospitals from October 1, 2014,
to October 1, 2017. Adult inpatients with a diagnosis consistent with sepsis or disseminated infection and
laboratory or vital signs meeting the Sepsis-3 (Third International Consensus Definitions for Sepsis and
Septic Shock) criteria were divided into community-onset sepsis and hospital-onset sepsis cohorts based on
whether time 0 of sepsis occurred after arrival in the emergency department or an inpatient area. Data were
analyzed from April to October 2019. Additional analyses were performed from December 2019 to
January 2020.

Exposures

Administration of SEP-1 and 4 individual bundle components (serum lactate level testing, blood culture,
broad-spectrum intravenous antibiotic treatment, and intravenous fluid treatment).

Main Outcomes and Measures

The primary outcome was in-hospital mortality. The secondary outcome was days requiring vasopressor
support, measured as vasopressor days.

Results

Among the 6404 patient encounters identified (3535 men [55.2%]; mean [SD] age, 64.0 [18.2] years), 2296
patients (35.9%) had hospital-onset sepsis. Among 4108 patients (64.1%) with community-onset sepsis,
serum lactate level testing within 3 hours of time 0 was associated with reduced mortality (absolute
difference, –7.61%; 95% CI, –14.70% to –0.54%). Blood culture (absolute difference, –1.10 days; 95% CI,
–1.85 to –0.34 days) and broad-spectrum intravenous antibiotic treatment (absolute difference, –0.62 days;
95% CI, –1.02 to –0.22 days) were associated with fewer vasopressor days. Among patients with hospital-
onset sepsis, broad-spectrum intravenous antibiotic treatment was the only bundle component significantly
associated with any improved outcome (mortality difference, –5.20%; 95% CI, –9.84% to –0.56%). Care
that was adherent to the complete SEP-1 bundle was associated with increased vasopressor days in patients
with community-onset sepsis (absolute difference, 0.31 days; 95% CI, 0.11-0.51 days) but was not
significantly associated with reduced mortality in either cohort (absolute difference, –0.07%; 95% CI, –
3.02% to 2.88% in community-onset; absolute difference, –0.42%; 95% CI, –6.77% to 5.93% in hospital-
onset).

Conclusions and Relevance

SEP-1–adherent care was not associated with improved outcomes of sepsis. Although multiple components
of SEP-1 were associated with reduced mortality or decreased days of vasopressor therapy for patients who
presented with sepsis in the emergency department, only broad-spectrum intravenous antibiotic treatment
was associated with reduced mortality when time 0 occurred in an inpatient unit. Current sepsis quality
metrics may need refinement.

Introduction

Most patients with sepsis exhibit the signs and symptoms of a dysregulated host response to infection at the
time of admission to the hospital (ie, community-onset sepsis).  Only 10% to 20% of cases are hospital
onset, meaning that the signs and symptoms develop after hospital admission. The level of risk varies
markedly among individuals with sepsis, with mortality ranging from 5% to 50%.  On average, in-
hospital mortality is more common among patients with hospital-onset sepsis than those with community-
onset sepsis.

Protocols that combine multiple interventions for early sepsis care, or sepsis bundles, have mainly been
studied in the context of community-onset sepsis (including the major trials related to early goal-directed
therapy).  For management of hospital-onset sepsis, the effectiveness of sepsis bundles
remains unproven, to our knowledge. Nonetheless, the Early Management Bundle for Severe Sepsis/Septic
Shock (SEP-1) is recommended for all patients with sepsis, including those with community-onset and
hospital-onset sepsis.  The purpose of this study was to assess the association of SEP-1 with mortality
and organ dysfunction in patients with community-onset or hospital-onset sepsis and, thus, to evaluate the
use of SEP-1 as a quality metric.

Methods

Study Design and Data Source

For this retrospective cohort study, clinical data were obtained from the electronic medical records of 4
academic teaching hospitals (Ronald Reagan Medical Center, Los Angeles, California; Santa Monica
Hospital, Santa Monica, California; Jacobs Medical Center, La Jolla, California; and University of San
Diego Medical Center, Hillcrest, San Diego, California) offering diverse clinical services. All data were
collected as part of routine clinical care. The UCLA (University of California, Los Angeles) institutional
review board approved the protocol and waived requirement of informed consent. Data from University of
California, San Diego were deidentified. Data from UCLA were linked by the study identifier to medical
record numbers that could be used to access charts for data validation.

Inclusion and Exclusion Criteria

All hospital admissions for patients 18 years or older who had a diagnosis of sepsis or disseminated
infection at 2 hospitals between October 1, 2014, and October 1, 2017, and at another 2 hospitals between
October 1, 2014, and October 1, 2016, were screened for inclusion. The following exclusion criteria were
used as specified by SEP-1: hospitalization for more than 120 days or fewer than 6 hours, admission by
transfer from another acute care facility, or receipt of broad-spectrum intravenous antibiotic treatment for
24 hours or longer at time 0 of sepsis. Only patients with vital signs and laboratory values consistent with
the Sepsis-3 (Third International Consensus Definitions for Sepsis and Septic Shock)  definition of sepsis
(formerly severe sepsis or septic shock) were included in the analysis.

For encounters before October 1, 2015, sepsis encounters were identified using diagnosis codes from
Martin et al.  For hospitalizations after October 1, 2015, diagnosis codes provided by the Center
for Medicare & Medicaid Services (CMS) were paired with diagnosis codes for organ dysfunction in a
process analogous to the Martin method. If an explicit diagnosis of severe sepsis or septic shock was
present, a concurrent diagnosis of organ dysfunction was not required.

Definitions

We defined sepsis as suspected infection with organ dysfunction, including syndromes previously called
severe sepsis and septic shock, based on Sepsis-3.  Other definitions were based on the core measure
SEP-1.

Time 0 of sepsis required 2 signs of a systemic inflammatory response and 1 sign of organ dysfunction in
the context of suspected or confirmed infection. We determined time 0 using an automated algorithm that
identified the first instance in a given encounter when a patient’s laboratory values and vital signs met
these criteria instead of using a medical record review.

To proxy for clinician suspicion of infection, time 0 was required to occur within 48 hours of an order for
an antibiotic, antifungal, or clinical culture. A 48-hour window was chosen to capture situations in which
morning laboratories showed a new abnormality, such as leukocytosis, that did not provoke a response
until found to be persistent the following day. Two-day window periods have been used for similar
purposes in other electronic measures for identifying episodes of sepsis, such as the adult sepsis event.

To capture differences between hospitalized and ambulatory patients, hospital-onset sepsis was defined by
occurrence of time 0 after patient arrival in an inpatient unit, and community-onset sepsis was defined by
time 0 after arrival in the emergency department. If a patient showed signs of infection or instability in the
emergency department but did not meet the criteria for sepsis until arriving in an inpatient unit, they were
categorized as having hospital-onset sepsis.

Variables

The primary outcome was in-hospital mortality, expressed as an absolute probability difference comparing
those who did and did not receive SEP-1–adherent care. Negative values represent a mortality reduction
(ie, increased likelihood of survival) associated with treatment.

The secondary outcome was requirement of blood pressure support with a vasopressor medication in the 10
days after time 0, expressed as vasopressor days. Vasopressor days are a marker of organ dysfunction that
may reflect improved physiological characteristics of sepsis in the absence of a mortality difference.
When counting vasopressor days, death was given equal weight to vasopressor administration; thus,
patients who died within the 10-day window were counted as receiving vasopressor medication from time
of death until the end of day 10. Individuals who died more than 10 days after sepsis onset were not
assigned any additional vasopressor days. This method of accounting for deaths is typical when counting
organ support–free days.  Vasopressor days were reported as an absolute difference in the number of
vasopressor days, and this difference was used instead of vasopressor-free days  so that the direction of
the association (plus or minus sign) matched the primary outcome (ie, lower mortality and fewer
vasopressor days represented benefit from treatment). A 10-day window was chosen to limit bias from lack
of follow-up after discharge. Because calendar dates were not available, vasopressor days were calculated
in hours from the medication administration record.

Treatments evaluated included the SEP-1 bundle and the 4 components required within 3 hours of time 0:
(1) blood culture results, (2) broad-spectrum intravenous antibiotic treatment, (3) serum lactate level
testing, and (4) intravenous fluid treatment if the blood pressure was low or if the lactate level was
elevated. The SEP-1 bundle required those 4 components plus (5) follow-up serum lactate level testing and
(6) initiation of vasopressor treatment, if indicated. Patients who received some but not all components of
SEP-1 were counted as not having received SEP-1–adherent care per the CMS manual.  A seventh
component of SEP-1—reassessment of tissue perfusion within 6 hours of time 0—was excluded from this
evaluation because of inherent flexibility and lack of a relevant field in the electronic medical record.

Covariates included year of admission, patient age, sex, baseline comorbidity, source of infection,
immunosuppression, postoperative status, features of sepsis such as fever and shock, and the admitting
hospital. Baseline comorbidity was represented by count of conditions present at admission from the
Elixhauser Comorbidity Index.  Elixhauser comorbidities included HIV infection, congestive heart
failure, and malignant tumor, among others. Source of infection was determined by International
Classification of Diseases diagnosis codes for pneumonia, urinary tract infection, and skin and/or soft-
tissue infection that were recorded as present at admission (International Classification of Diseases, Ninth
Revision was used for the period before October 1, 2015. International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision was used for the period after October 1, 2015).
Immunosuppression was determined by the receipt of chemotherapy, corticosteroids, or other
immunosuppressive medication. The postoperative period included days 1 through 90 after a major
diagnostic or therapeutic procedure, as defined by the Healthcare Cost and Utilization Project’s procedure
classes.  Septic shock was defined by either hypotension after intravenous fluid treatment or a lactate
level of at least 4 mmol/L (to convert plasma lactate level to mg/dL, divide by 0.111). New bacteremia was
defined by positive blood culture results within 7 days of sepsis onset in the absence of a previous positive
culture result (excluding possible skin contaminants).

Statistical Analysis

Data analyses were performed from April through October 2019. Additional analyses were performed from
December 2019 through January 2020. The mean association of treatment with outcomes among the
participants was estimated by comparing outcomes between patients who did and did not receive SEP-1–
adherent care. To address nonrandom treatment assignment, we used doubly robust models that
incorporated propensity scores, Mahalanobis distance matching,  and regression adjustment.

Propensity scores were estimated by multivariate probit regression with treatment as the dependent
variable. Numerous clinical variables were factored into the propensity model in addition to the covariates
described above, including whether the patient was admitted from home, the specialty of the admitting
service, presence of each Elixhauser comorbidity, laboratory values, vital signs, and whether samples from
other body sites were obtained for culture.

Treated and untreated patients were matched based on Mahalanobis distance between numerical propensity
scores and select covariates (kmatch Stata [StataCorp LLC]). Patients who could not be paired within the
bandwidth of the matching function (typically because of very high or very low probability of receiving
treatment) were excluded.  Pairs were assigned weights based on closeness of the match that were then
used to rebalance the treated and untreated participants within each cohort on observable characteristics.
Covariate distributions within rebalanced samples were evaluated by comparing standardized differences
of the means.  Presence of hypotension or shock was included in the matching function for all
treatments except serum lactate level testing because serum lactate levels can be used to define shock in the
context of a normal blood pressure.

The associations of SEP-1 and its components with outcomes in the rebalanced samples were estimated by
regression adjustment including the propensity score as a covariate (teffects ra in Stata). The 95% CIs for
outcomes were bootstrapped. Analyses were performed using Stata/IC, version 14.1. Statistical
significance was 2-sided and set at P < .05.

On the basis of a predicted ratio of 2:1 between cases of SEP-1 nonadherence and cases of adherence, we
estimated that an overall sample size of 6000 patients would provide more than 80% power to detect an
absolute decrease in mortality of 3% (the difference between 20% and 17%, equivalent to a relative
decrease of 15%). Sensitivity analyses included cohorts who were 65 years or older, pneumonia or no
pneumonia, immunosuppression or no immunosuppression, bacteremia after sepsis onset or no bacteremia
after sepsis onset, fever or no fever, septic shock or no septic shock, malignant tumor or no malignant
tumor, and admission source from home or other than from home.

Results

Among the 6404 sepsis-related encounters in patients meeting the inclusion and exclusion criteria,
inpatient mortality was 19.0% (1216 deaths). In the total sample, the mean (SD) age was 64.0 (18.2) years,
3535 (55.2%) were men, and 2436 (38.0%) met the criteria for septic shock. Patients presenting to the
emergency department spent a median of 7.0 hours there (interquartile range, 4.9-12.6 hours); 1928
patients (30.1%) received SEP-1–adherent care, and 1856 patients (29.0%) received vasopressor
medication within 10 days of sepsis onset. The mean (SD) number of vasopressor days was 2.0 (3.2) days.

A total of 2296 patients (35.9%) first met the clinical criteria for sepsis while admitted to an inpatient unit
(hospital-onset sepsis). Patients with hospital-onset and those with community-onset sepsis (n = 4108) had
similar rates of cultures positive for vancomycin-resistant enterococci (hospital-onset sepsis: 2.6%;
community-onset sepsis: 1.9%) and for multidrug-resistant gram-negative bacteria (hospital-onset sepsis:
4.9%; community-onset sepsis: 4.6%), but cultures positive for methicillin-resistant Staphylococcus aureus
were more common among patients with community-onset sepsis (11.7% vs 8.3%; P < .001). In-hospital
mortality was 20.3% among patients with hospital-onset sepsis and 18.3% among patients with
community-onset sepsis. Mean (SD) vasopressor days were 2.4 (3.3) days among patients with hospital-
onset sepsis and 2.0 (3.2) days among patients with community-onset sepsis.

Cohort With Community-Onset Sepsis

A total of 1654 patients (39.9%) with sepsis on arrival in the emergency department received SEP-1–
adherent care. Within 3 hours of time zero, 3702 patients (90.1%) in this cohort had samples obtained for
blood culture before receiving broad-spectrum intravenous antibiotic treatment, 3516 (85.6%) had
measurement of serum lactate level, and 3210 (78.1%) had initiated broad-spectrum intravenous antibiotic
treatment. Intravenous fluid treatment was administered to 807 of 1173 eligible patients (40.8%). Among
patients for whom care was considered to be SEP-1 nonadherent, 1609 (65.4%) received 5 of the 6
evaluated SEP-1 components (eTable 1 in the Supplement gives pairwise correlations between SEP-1
components).

Patients with community-onset sepsis who received SEP-1–adherent care differed significantly on patient-
level clinical variables (age, hours from arrival to time 0, number of Elixhauser comorbidities, proportion
of patients who were postoperative status, and proportion of patients who had fever, septic shock, and
pneumonia present on admission) from patients with community-onset sepsis who did not receive SEP-1–
adherent care (Table 1). After being rebalanced, recipients and nonrecipients of SEP-1–adherent care from
the cohort with community-onset sepsis had similar observable characteristics except that recipients were
less likely to have an elevated serum lactate level (466 of 1524 [30.6%] untreated vs 701 of 2051 [34.2%]
treated).

Table 1.

Characteristics of the Cohort With Community-Onset Sepsis Before and After Being
Rebalanced for Treatment and Observable Characteristics

Open in a separate window

Abbreviation: SEP-1, Early Management Bundle for Severe Sepsis/Septic Shock.

SI conversion factor: To convert plasma lactate level to mg/dL, divide by 0.111.

Community-onset sepsis was defined by time 0 in the emergency department.
In the rebalanced cohort, SEP-1 recipients and nonrecipients were matched and reweighted on observable

characteristics using propensity scores and Mahalanobis distance between covariates.
Hours from arrival to the hospital.
Difference was significant at α = .05.
Source of infection present at admission was determined by International Classification of Diseases, Ninth

Revision and International Statistical Classification of Diseases and Related Health Problems, Tenth Revision
diagnosis codes as appropriate per time period.
New bacteremia was defined by positive blood culture results after time 0 of sepsis in a patient who did not have

a positive blood culture result in the preceding week. Possible skin contaminants were excluded.
Elevated serum lactate level was defined as a value of more than 20 mmol/L at onset of sepsis or in the preceding

6 hours. To meet the definition of shock, serum lactate level was 4 mmol/L or greater.
Length of stay was measured from time of onset of sepsis until hospital discharge.

Cohort With Hospital-Onset Sepsis

Overall SEP-1–adherent care among 2296 patients with time 0 of sepsis in an inpatient unit was
administered to 281 patients (12.2%). With regard to individual SEP-1 components, 1405 patients (61.2%)
in the cohort with hospital-onset sepsis had blood cultures performed, 897 (39.1%) had serum lactate levels
measured, and 993 (43.3%) received broad-spectrum intravenous antibiotic treatment. Intravenous fluid
treatment was administered to only 162 of 918 eligible patients (17.7%). Among 2015 patients for whom
care was considered to be nonadherent, 610 (30.3%) received 5 of 6 SEP-1 components.

Completion of SEP-1 in the cohort with hospital-onset sepsis was associated with patient factors (Table 2).
After being rebalanced, recipients and nonrecipients of SEP-1–adherent care who had hospital-onset sepsis
had similar observable characteristics except recipients were more likely to have an elevated serum lactate
level (63 [23.0%] treated vs 167 [9.32%] untreated).

Table 2.

Characteristics of the Cohort With Hospital-Onset Sepsis Before and After Being Rebalanced
for Treatment and Observable Characteristics

Open in a separate window

Abbreviation: SEP-1, Early Management Bundle for Severe Sepsis/Septic Shock.

SI conversion factor: To convert plasma lactate level to mg/dL, divide by 0.111.

Community-onset sepsis was defined by time 0 in the emergency department.
In the rebalanced cohort, SEP-1 recipients and nonrecipients were matched and reweighted on observable

characteristics using propensity scores and Mahalanobis distance between covariates.
Hours from arrival to the hospital.
Difference was significant at α = .05.
Source of infection present at admission was determined by International Classification of Diseases, Ninth

Revision and International Statistical Classification of Diseases and Related Health Problems, Tenth Revision
diagnosis codes as appropriate per time period.
New bacteremia was defined by positive blood culture results after time 0 of sepsis in a patient who did not have

a positive blood culture result in the preceding week. Possible skin contaminants were excluded.
Elevated serum lactate level was defined as a value of more than 20 mmol/L at onset of sepsis or in the preceding

6 hours. To meet the definition of shock, the level serum lactate was 4 mmol/L or greater.
Length of stay was measured from time of onset of sepsis until hospital discharge.

Complete SEP-1

Receipt of the SEP-1 was not associated with reduced mortality or decreased vasopressor days in the
cohort with community-onset sepsis (absolute mortality difference, –0.07%; 95% CI, –3.02% to 2.88%;
absolute difference of 0.31 vasopressor days; 95% CI, 0.11 to 0.51 vasopressor days), the cohort with
hospital-onset sepsis (absolute mortality difference, –0.42%; 95% CI, –6.77% to 5.93%; absolute
difference of 0.40 vasopressor days; 95% CI, –0.04 to 0.85 vasopressor days), or the total overall sample
(absolute mortality difference, 0.10%; 95% CI, –2.41% to 2.61%; absolute difference of 0.26 vasopressor
days; 95% CI, 0.09 to 0.43 vasopressor days) (Table 3 and Table 4).

Table 3.

Associations of SEP-1 and Components With Risk of Mortality and Vasopressor Days in
Rebalanced Cohorts With Community-Onset and Hospital-Onset Sepsis

Component Sepsis

Community-onset Hospital-onset

Risk of mortality difference, percentage points (95% CI)

SEP-1 bundle −0.07 (−3.02 to 2.88) −0.42 (−6.77 to 5.93)

Blood cultures −6.37 (−15.70 to 2.96) −2.30 (−8.33 to 3.74)

Serum lactate level testing −7.61 (−14.70 to −0.54) −1.43 (−6.30 to 3.43)

Broad-spectrum intravenous antibiotic treatment −3.50 (−8.58 to 1.59) −5.20 (−9.84 to −0.56)

Intravenous fluid treatment −0.35 (−7.29 to 6.59) −6.10 (−17.20 to 4.96)

Vasopressor days, mean absolute difference (95% CI)

SEP-1 bundle 0.31 (0.11 to 0.51) 0.40 (−0.04 to 0.85)

Blood cultures −1.10 (−1.85 to −0.34) −0.07 (−0.52 to 0.38)

Serum lactate level testing −0.49 (−1.01 to 0.04) 0.26 (−0.15 to 0.67)

Broad-spectrum intravenous antibiotic treatment −0.62 (−1.02 to −0.22) −0.02 (−0.35 to 0.32)

Intravenous fluid treatment −0.57 (−1.19 to 0.05) 0.33 (−0.45 to 1.11)

Abbreviation: SEP-1, Early Management Bundle for Severe Sepsis/Septic Shock.

Outcomes are reported as the differences between treated and untreated. Risk of mortality difference is expressed
in terms of percentage points.
Statistical significance defined as 2-sided P < .05.

Table 4.

Treatment Association of the SEP-1 Bundle and Components With Mortality and Vasopressor
Days in the Rebalanced Total Sample

Treatment Mortality difference (95%
CI)

Vasopressor days (95%
CI)

SEP-1 bundle 0.10 (−2.41 to 2.61) 0.26 (0.09 to 0.43)

Blood cultures −5.01 (−10.9 to 0.91) −0.44 (−0.65 to −0.02)

Serum lactate level testing −2.68 (−6.46 to 1.09) −0.004 (−0.31 to 0.30)

Broad-spectrum intravenous antibiotic
treatment

−3.83 (−7.62 to −0.04) −0.45 (−0.78 to −0.12)

Intravenous fluid treatment −0.57 (−6.10 to 4.95) −0.23 (−0.71 to 0.24)

Abbreviation: SEP-1, Early Management Bundle for Severe Sepsis/Septic Shock.

Outcomes are reported as the differences between treated and untreated. Risk of mortality difference is expressed
in terms of percentage points.
Statistical significance defined as 2-sided P < .05.

SEP-1 Components and Community-Onset Sepsis

In the rebalanced cohort with community-onset sepsis, multiple SEP-1 components were associated with
improved outcomes (Table 3 and Figure). Measurement of serum lactate level was associated with a
reduction in risk of mortality (absolute difference, –7.61%; 95% CI, –14.70% to –0.54%). Blood cultures
and broad-spectrum intravenous antibiotic treatment were associated with fewer vasopressor days.

Figure.
Associations of Early Management Bundle for Severe Sepsis/Septic Shock (SEP-1) and Components With
Risk of Mortality and Vasopressor Days in Cohorts With Community-Onset and Hospital-Onset Sepsis

Community-onset sepsis was defined by occurrence of time 0 of sepsis in the emergency department; hospital-
onset, time 0 in an inpatient unit. Patients with signs of infection or clinical instability in the emergency
department who did not meet the criteria for sepsis until arrival in an inpatient unit were counted as having
hospital-onset sepsis. Vasopressor days indicates the requirement of blood pressure support with a vasopressor
medication in the 10 days after time 0.

SEP-1 Components and Hospital-Onset Sepsis

In the rebalanced cohort with hospital-onset sepsis, use of broad-spectrum intravenous antibiotic treatment
was associated with a reduction in risk of mortality (absolute difference, –5.20%; 95% CI, –9.84% to –
0.56%) (Figure). No other SEP-1 component showed an association with outcomes.

SEP-1 Components Overall

In the rebalanced total sample, broad-spectrum intravenous antibiotic treatment was associated with a
reduction in risk of mortality (absolute difference, –3.83%; 95% CI, –7.62% to –0.04%) and fewer
vasopressor days (Table 4). Collection of blood cultures was also associated with decreased vasopressor
days (absolute difference, –0.44; 95% CI, –0.65 to –0.02). Serum lactate level testing and intravenous fluid
treatment were not associated with either outcome.

Sensitivity Analyses

Multiple sensitivity analyses were performed, including evaluations of the association of SEP-1 and
components with hospital length of stay, death or discharge to hospice, and 30-day in-hospital mortality, as
well as analyses stratified by other risk factors (eTables 2-13 in the Supplement).

Discussion

In this retrospective propensity score–matched cohort study, the CMS core quality measure (SEP-1) for
early sepsis care was not associated with a reduction in mortality or a decreased requirement for
vasopressor treatment among eligible patients. This work is in line with other studies  which have
suggested that SEP-1–adherent care may not be associated with improved outcomes, although we observed
associations between multiple individual components of SEP-1 and reduced mortality or decreased need
for organ support among patients with community-onset sepsis. These findings suggest a path forward in
which SEP-1 could be reconstructed to reflect quality more accurately in early sepsis care.

To our knowledge, this is the first study to estimate the association of SEP-1–adherent care with outcomes
in a large cohort with hospital-onset sepsis. Previous studies,  including the landmark
observational study of the New York state sepsis mandate  and randomized clinical trials of early, goal-
directed therapy,  involved only the emergency department. Of note, in this study, hospital-onset
was defined based on whether time 0 occurred after admission to an inpatient unit instead of at a time
cutoff (ie, 48 hours after arrival) or by a diagnosis code indicating presence at admission. We chose this
definition to isolate differences in systems and processes of care for ambulatory and hospitalized patients.
For instance, serum lactate level measurement has prognostic value that may guide admission to the
intensive care unit from the emergency department.  Observational data suggest that delayed
transfer to the intensive care unit may be associated with increased sepsis-related mortality.  Among
patients who have already been triaged to an inpatient unit (either the general ward or the intensive care
unit), serum lactate level may have prognostic value, but it can no longer serve the same function in early
triage.

Among patients meeting our definition for hospital-onset sepsis, completion of the SEP-1 protocol was not
associated with improved outcomes compared with routine care. The 2 potential reasons for this finding are
that SEP-1 is a poor metric for use with hospital-onset sepsis or that routine care is adequate. In the present
sample, only 43.3% of patients with hospital-onset sepsis received early broad-spectrum intravenous
antibiotic treatment, suggesting the presence of a quality gap. However, SEP-1 may not be the best metric
to represent that gap.

We suspect that SEP-1–adherent care is less valid and less effective in hospital-onset sepsis because of
discrepancies related to the ascertainment of time 0, which has not been validated in this population, and
because context is not considered in the protocol. For ambulatory patients, SEP-1 may alter the subsequent
hospital course by guiding the initial workup. For instance, for an undifferentiated patient, emergency and
outpatient clinicians may not otherwise routinely order blood cultures or commit to broad-spectrum
intravenous antibiotic treatment. However, among hospital inpatients, sepsis management should consider
context. At time 0, results from an admission workup may already be available and intravenous treatments
may have already started. Measuring a lactate level is still important, but it may be less important than
responding to other problems that have arisen since the patient arrived in the unit.

SEP-1 may also be less beneficial for patients with hospital-onset sepsis because of the characteristics of
that patient population. A large proportion of sepsis-related mortality may not be preventable,  and
more patients with hospital-onset sepsis may have underlying terminal illness. In those cases, care bundles
may not be expected to provide benefit and may encourage inappropriate care.

In our analysis, multiple components of SEP-1 were associated with improved outcomes in patients with
community-onset sepsis. Although these findings suggest that SEP-1–adherent care is associated with
improved outcomes in patients with community-onset sepsis, it is also possible that SEP-1–adherent care
among ambulatory patients may be associated with earlier recognition of sepsis. Among patients with
septic shock, infectious symptoms at the time of presentation have been associated with lower mortality.
We attempted to control for localizing infectious symptoms by including site-specific cultures in our
propensity model (ie, cerebrospinal fluid cultures, synovial fluid cultures), but symptoms were otherwise
unobservable in the data. Regardless, the association between better outcomes and adherence to
components of SEP-1 appears to support the use of these components in a measure of quality for treatment
of community-onset sepsis.

At present, SEP-1 is an “all-or-nothing” measure in which each component is given equal weight. Our
analysis suggests that this approach may be misguided. In the total sample, the cohort with community-
onset sepsis and the cohort with hospital-onset sepsis, early administration of broad-spectrum intravenous
antibiotic treatment was associated with improved outcomes. Thus, if SEP-1 is to be reconstructed to
reflect quality more accurately, consideration should be given to prioritizing antibiotics. The other
components of SEP-1 (serum lactate level testing, blood culture, intravenous fluid treatment, and
vasopressor medication) are important in the management of early sepsis; however, we believe that a case
in which broad-spectrum intravenous antibiotic treatment is delayed or not administered should not be
considered the same as a case in which a second serum lactate level measurement is not taken.

Limitations

This study has limitations. Historically, observational studies using propensity scores to balance routinely
collected data may estimate the association of treatment with outcomes inaccurately.  Although we
collected substantial amounts of clinical data, we were nonetheless unable to control completely for
confounding from unobservable variables related to severity of illness, likelihood of treatment, and
mortality. Prospective studies are needed to assess the association between SEP-1 and outcomes.

This study was also limited by the relative insensitivity of mortality as an outcome. As a secondary
outcome, we used days of vasopressor treatment, which have been proposed as an alternative to mortality
when studying septic shock.  Because initiation of vasopressor treatment for persistent hypotension is a
component of SEP-1, increased vasopressor days among SEP-1 recipients may reflect adherent care rather
than increased organ dysfunction. Other outcomes related to organ support, such as days requiring
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Characteristic Before rebalance After rebalance

SEP-1 Standardized
difference

SEP-1 Standardized
differenceReceived

(n = 1647)
Did not
receive (n = 
2461)

Received
(n = 1524)

Did not
receive (n = 
2051)

Time 0 of sepsis,
mean (SD), h

1.8 (1.9) 2.8 (4.6) −0.27 1.7 (1.7) 1.7 (1.6) 0.01

Age, mean (SD). y 66.2
(18.0)

64.6 (18.2) 0.09 67.2
(17.6)

67.5 (16.8) −0.02

Male sex, No. (%) 923 (56.0) 1333 (54.2) −0.04 852 (55.9) 1106 (53.9) −0.04

Elixhauser
comorbidities, mean
(SD), No.

4.9 (3.0) 5.2 (3.0) −0.11 4.7 (2.7) 4.8 (2.5) −0.01

Postoperative status,
No. (%)

28 (1.7) 70 (2.8) −0.08 7 (0.5) 9 (0.5) 0

Present at admission,
No. (%)

Pneumonia 582 (35.3) 736 (29.9) 0.12 517 (33.9) 696 (33.9) 0

Urinary tract infection 434 (26.4) 617 (25.1) 0.03 411 (27.0) 558 (27.2) −0.01

Skin or soft-tissue
infection

131 (8.0) 163 (6.6) 0.05 118 (7.7) 131 (6.4) 0.05

New bacteremia, No.
(%)

256 (15.5) 413 (16.8) −0.03 240 (15.7) 344 (16.8) −0.03

Immunosuppression,
No. (%)

305 (18.5) 486 (19.7) −0.03 244 (16.0) 328 (16.0) 0

Fever, No. (%) 615 (37.3) 661 (26.9) 0.23 552 (36.2) 743 (36.2) 0

Septic shock, No. (%) 436 (26.5) 1147 (46.6) −0.43 402 (26.4) 541 (26.4) 0

Hypotension, No. (%) 578 (35.1) 1295 (52.6) −0.36 530 (34.8) 713 (34.8) 0

Elevated serum lactate
level, No. (%)

491 (29.8) 633 (25.7) 0.09 467 (30.6) 702 (34.2) −0.08

Hospital, No. (%)

1 163 (9.9) 264 (10.7) −0.03 137 (9.0) 184 (9.0) 0

2 193 (11.7) 363 (14.8) −0.09 162 (10.6) 218 (10.6) 0

3 547 (33.2) 1003 (40.8) −0.16 511 (33.5) 688 (33.5) 0

4 744 (45.2) 831 (33.8) 0.23 714 (46.9) 961 (46.9) 0

Outcomes

In-hospital mortality,
No. (%)

267 (16.2) 484 (19.7) −0.09 240 (15.7) 343 (16.7) −0.02

Vasopressor days, 1.64 (3.0) 2.3 (3.3) −0.21 1.6 (2.9) 1.5 (2.8) 0.03

Characteristic Before rebalancing After rebalancing

SEP-1 Standardized
difference

SEP-1 Standardized
differenceReceived

(n = 281)
Did not
receive (n = 
2015)

Received
(n = 274)

Did not
receive (n = 
1790)

Time 0 of sepsis, mean
(SD), h

51.0
(105.2)

73.3 (137.2) −0.18 52.0
(106.4)

51.2 (91.4) 0.01

Age, mean (SD), y 61.9
(17.4)

61.7 (18.1) 0.01 62.1
(17.2)

62.7 (16.7) −0.03

Male sex, No. (%) 163
(58.0)

1116 (55.4) −0.05 159
(58.0)

1035 (57.8) −0.004

Elixhauser
comorbidities, mean
(SD), No.

5.0 (2.9) 5.0 (3.1) −0.01 5.0 (2.8) 4.8 (2.5) 0.04

Postoperative status,
No. (%)

30 (10.6) 363 (18.1) −0.21 30 (10.9) 231 (12.9) −0.06

Present at admission,
No. (%)

Pneumonia 74 (26.3) 394 (19.5) 0.16 72 (26.2) 470 (26.3) 0

Urinary tract infection 55 (19.6) 330 (16.3) 0.08 54 (19.7) 353 (19.7) 0

Skin or soft-tissue
infection

23 (8.2) 109 (5.3) 0.12 22 (8.0) 110 (6.1) 0.08

New bacteremia, No.
(%)

26 (9.3) 233 (11.7) −0.08 26 (9.5) 200 (11.2) −0.06

Immunosuppression,
No. (%)

66 (23.5) 618 (30.7) −0.16 66 (24.1) 618 (27.0) −0.07

Fever, No. (%) 95 (33.8) 351 (17.6) 0.38 90 (32.8) 588 (32.8) 0

Septic shock, No. (%) 94 (33.5) 759 (37.9) −0.09 91 (33.2) 584 (32.6) 0.01

Hypotension, No. (%) 106
(37.7)

1169 (57.9) −0.41 102
(37.2)

703 (39.3) −0.04

Elevated serum lactate
level, No. (%)

63 (22.4) 135 (6.7) 0.45 63 (23.0) 167 (9.3) 0.40

Hospital, No. (%)

1 27 (9.6) 251 (12.6) −0.09 24 (8.8) 157 (8.8) 0

2 67 (23.8) 412 (20.4) 0.08 67 (24.5) 372 (20.8) 0.09

3 84 (29.9) 848 (42.0) −0.25 83 (30.3) 608 (33.9) −0.08

4 103
(36.7)

504 (25.1) 0.25 100
(36.5)

653 (36.5) 0

Outcomes
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mechanical ventilation or renal replacement therapy, would likely have been preferable for the evaluation
of SEP-1 but were not available.

We were unable to obtain postdischarge follow-up data. To account for this, we shortened the period in
which we evaluated patients for vasopressor treatment from 4 weeks, which is commonly used, to 10
days.  Nonetheless, our estimates of vasopressor days may be biased by patients who were discharged
from the hospital and died within 10 days of time 0.

We did not perform a medical record review. Administration of SEP-1 components was determined using
structured data from the electronic medical record. Thus, we were unable to account for cases with an
administrative contraindication to treatment, such as patient refusal. However, this limitation should not
interfere with interpretation of our results because we explicitly planned to estimate the association
between treatment and outcomes rather than the intention to treat.

Our results may not be generalizable. Our sample was identified using diagnosis codes and therefore did
not capture individuals in whom sepsis was missed or whose diagnosis was never coded. Because we
identified patients in this manner, our results may be sensitive to specific coding practices at the
participating hospitals and may be susceptible to bias from changes in coding practices over time.

Furthermore, we compared associations between treatment and outcomes in different cohorts qualitatively
instead of using interaction terms, and we performed multiple comparisons without statistical correction.
The relatively small counts of patients in the cohort with hospital-onset sepsis who received the complete
SEP-1 (n = 281) or intravenous fluid treatment when indicated (n = 162) likely decreased the power of this
study to detect an association between those interventions and outcomes. However, the point estimate for
the association of SEP-1 with mortality in cases of hospital-onset sepsis did not suggest a benefit of
treatment. The results from sensitivity analyses were exploratory.

Conclusions

The use of SEP-1–adherent care was not associated with improved outcomes of sepsis in patients with
hospital-onset or community-onset sepsis. Although multiple components of SEP-1 were associated with
reduced mortality or decreased vasopressor days for patients who presented with sepsis in the emergency
department, only broad-spectrum intravenous antibiotic treatment was associated with reduced mortality
when time 0 occurred in an inpatient unit. Current sepsis quality metrics may need refinement.

Notes

Supplement.
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