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Medicine, Los Angeles, CA, USA; 3UCLADivision of InfectiousDiseases, Los Angeles,CA, USA; 4UCLA Fielding School of Public Health, Department of
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BACKGROUND: Sepsis is the leading cause of in-hospital
death. The SEP-1 sepsis bundle is a protocol for early
sepsis care that requires providers to diagnose and treat
sepsis quickly. Limited evidence suggests that adherence
to the sepsis bundle is lower in cases of hospital-onset
sepsis.
OBJECTIVE: To compare sepsis bundle adherence in
hospital-onset vs. community-onset sepsis.
DESIGN: Retrospective cohort study using multivariable
analysis of clinical data.
PARTICIPANTS: A total of 4658 inpatients age 18 or older
were identified by diagnosis codes consistent with sepsis
or disseminated infection.
SETTING: Four university hospitals in California be-
tween 2014 and 2016.
MAIN OUTCOMES AND MEASURES: The primary out-
come was adherence to key components of the sepsis
bundle defined by the Centers for Medicare and Medicaid
Services in their core measure, SEP-1. Covariates includ-
ed clinical characteristics related to the patient, infection,
and pathogen.
KEY RESULTS: Compared with community-onset, cases
of hospital-onset sepsis were less likely to receive SEP-1
adherent care (relative risk 0.33, 95% confidence interval
0.29–0.38, p < 0.001). With the exception of vasopressors
(RR 1.11, p = 0.002), each component of SEP-1
evaluated—blood cultures (RR 0.76, p < 0.001), serum
lactate (RR 0.51, p < 0001), broad-spectrum antibiotics
(RR 0.62, p < 0.001), intravenous fluids (0.47, p < 0.001),
and follow-up lactate (RR 0.71, p < 0.001)—was less likely
to be performed within the recommended time frame in
hospital-onset sepsis. Within the hospital, cases of
hospital-onset sepsis arising on the ward were less likely
to receive SEP-1-adherent care than were cases arising in
the intensive care unit (RR 0.68, p = 0.004).

CONCLUSIONS: Inpatients with hospital-onset sepsis re-
ceive different management than individuals with
community-onset sepsis. It remains to be determined
whether system-level factors, provider-level factors, or
factors related to measurement explain the observed var-
iation in care or whether variation in care affects
outcomes.
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INTRODUCTION

Sepsis is a leading cause of death in the hospital.1, 2 Though
the definition varies, 10–20% of cases can be considered
“hospital-onset,” meaning the signs and symptoms of sepsis
developed after hospital admission.3–5 Hospital-onset is asso-
ciated with a mortality rate that is twice as high as community-
onset.4, 6, 7 It is unknown whether patients with hospital-onset
sepsis receive the same quality of care as do patients with
community-onset.
Protocols for early sepsis care, called “sepsis bundles,” have

been demonstrated to reduce mortality in community-onset
sepsis when implemented in the emergency department
(ED).8, 9 Though sepsis bundles do not have the same basis
in evidence in hospital-onset sepsis, 9–11 the Centers for Medi-
care and Medicaid Services (CMS) and professional societies
recommend their use in all cases of sepsis with organ dysfunc-
tion, including those of hospital-onset.12–14

Overall adherence to the CMS sepsis bundle, known as
SEP-1, is only 30–50%.10, 15–17 We hypothesize that adher-
ence may be lower in hospital-onset sepsis. Inpatient providers
may be more likely to attribute signs of sepsis to other causes,
such as postoperative fever, to remain anchored on admitting
diagnoses, or to decide that a standardized care protocol is not
appropriate for their patient. We sought to determine whether
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adherence to SEP-1 differs between community- and hospital-
onset sepsis, and, by extension, whether the highest risk
patients with sepsis are as likely to receive the standard of care.

MATERIALS AND METHODS

Data Source

We obtained clinical data from the electronic health records of
four University of California hospitals offering diverse clinical
services. All data were collected during routine clinical care.
The UCLA IRB provided approval.

Definitions

We defined “sepsis” as suspected infection with organ dys-
function, including syndromes previously called severe sepsis
and septic shock, based on Sepsis-3.18 Other definitions were
based on the CMS core measure SEP-1 (National Quality
Forum #0500).14 “Time zero” of sepsis was determined using
an automated algorithm (Appendix 1 in the Electronic
Supplementary Material). To validate this process, time zero
as identified by the automated algorithm was compared
against the “time of presentation date” identified by trained
chart abstracters in the subset of patients who underwent
review for official SEP-1 reporting (Appendix 2 in the
Electronic Supplementary Material). Another validation was
performed comparing time zero from the automated algorithm
against provider notes in a second subset with hospital-onset
sepsis. Community-onset and hospital-onset were defined by
time zero in the ED and on an inpatient unit, respectively.

Variables

The primary outcome was adherence to the SEP-1 sepsis
bundle, an all-or-nothing measure requiring 4 components
within 3 h of time zero and 2 components within 6 h of time
zero. The 3-h components include (1) blood cultures prior to
antibiotics, (2) broad-spectrum antibiotics, (3) a serum lactate,
and, if the lactate is elevated or the blood pressure low, (4)
intravenous crystalloid. Within 1 h of the fluid bolus complet-
ing, the patient’s blood pressure must be checked twice to
evaluate for persistent hypotension. The 6-h components are
(5) a repeat lactate if initially abnormal and (6) vasopressors
for persistent hypotension after intravenous fluids. Re-
assessment of tissue perfusion within 6 h of time zero, a
seventh component, was excluded due to inherent flexibility
and the lack of a pertinent field in the electronic health record.
Rechecking the blood pressure was excluded due to inconsis-
tent charting of fluid infusion rates. Secondary outcomes
included each individual bundle component and the 3-
h components as a block (the 3-h bundle).
Covariates included year of admission, age, gender, base-

line health, pathogen, source of infection, immunosuppres-
sion, postoperative status, and hospital (see Appendix 3 in
the Electronic Supplementary Material for details of variable

construction). Baseline health was represented by count of
conditions from the Elixhauser Comorbidity Index.19, 20 Cat-
egories for source of infection were pneumonia, urinary tract
infection, skin and/or soft tissue infection, and bloodstream
infection (excluding possible skin contaminants, see
Appendix 1 in the Electronic Supplementary Material).

Study Design

We conducted a retrospective study evaluating adherence to the
SEP-1 bundle in community-onset and hospital-onset sepsis.

Inclusion and Exclusion Criteria

All encounters for individuals age 18 or older between Octo-
ber 1, 2014 and October 1, 2016 associated with a diagnosis of
sepsis or disseminated infection were eligible (Appendix 4 in
the Electronic Supplementary Material). Individual patients
were able to contribute multiple encounters. Exclusion criteria
were from SEP-1: hospitalization > 120 days or < 6 h, admis-
sion by acute care transfer, or receipt of intravenous antibiotics
for ≥ 24 h at time zero.
For encounters prior to October 1, 2015, the set of Interna-

tional Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9 CM) diagnosis codes used to identify
sepsis encounters was based on methodology employed by
Martin et al.21 that has since been validated and replicated.22–
24 For hospitalizations beginning October 2015, ICD-10-CM
diagnosis codes provided by CMS in SEP-1 were paired with
diagnosis codes for organ dysfunction in a process analogous
to the Martin methodology (Appendix 4 in the Electronic
Supplementary Material).

Statistical Analysis

Multilevel mixed-effects Poisson regression with robust error
variance was used to evaluate the relative risk of adherence
since relative risk is the parameter of interest.25 Fixed and
random effects were incorporated to account for clustering
by and within hospital units. Survival analysis, including
Kaplan-Meier curves and Cox proportional hazards modeling,
evaluated the association between hospital-onset of sepsis and
time to 3-h bundle components. Analyses were performed
using Stata/IC version 14.1.

RESULTS

A total of 4658 patient encounters were analyzed (Fig. 1).
Characteristics of the sample are described in Table 1 (see
Supplemental Table 4 for differences by hospital). The average
age was 63, 44% were female, and the median number of
Elixhauser comorbidities was 5. A total of 1437 individuals
(30.9%) received the SEP-1 bundle within the recommended
time frame. Patients with hospital-onset were younger (aver-
age age 60.9 v. 64.4 years), more immunosuppressed (37.6%
v. 26.4%), and more often postoperative (15.9% vs. 2.5%).
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Community-onset sepsis was more commonly associated with
bacteremia (33.2% vs. 22.0%) or MRSA (10.8% v. 8.7%).
Multivariable regression demonstrated factors associated

with timely administration of SEP-1 (Table 2). Cases of
hospital-onset sepsis were less likely to receive SEP-1-
adherent care (39.9% probability for community-onset,
13.0% for hospital-onset; RR 0.33, p < 0.001). SEP-1 non-
adherence was also associated with postoperative status (RR
0.59, p < 0.001) and increased number of Elixhauser comor-
bidities (RR 0.98 for each additional comorbidity, p < 0.001).
The presence of fever (RR 1.37, p < 0.001) or bacteremia (RR
1.20, p < 0.001) were associated with SEP-1 adherence. These
associations held when excluding the SEP-1 requirement for
intravenous fluids. On stratified analyses, hospital-onset was a
significant predictor of non-adherence at all four hospitals and
regardless of admitting provider specialty (Supplemental
Tables 5 and 6). In a sensitivity analysis, time zero > 48 h after
arrival was evaluated as an alternative definition of hospital-
onset and demonstrated a similar relationship with likelihood
of adherence as the definition used elsewhere in this study (RR
0.28, p < 0.001).
Adherence to SEP-1 differed across inpatient areas

(Table 3). Compared with the ward, cases of sepsis arising in
the intensive care unit (ICU) were more likely to receive the
complete SEP-1 bundle (RR 1.48, p = 0.004) and more likely
to have a serum lactate checked (RR 1.42, p < 0.001). When
indicated, cases in the ICU were less likely to receive intrave-
nous fluids (RR 0.69, p = 0.013) but more likely to be started
on vasopressors (RR 1.66, p < 0.001). Cases arising in the
perioperative area were less likely than those on the ward to
have timely blood cultures (RR 0.75, p = 0.002).

Time-to-event analysis was performed for the 3-h bundle
components (Fig. 2A–D). The median time from onset of
sepsis to completion of the 3-h bundle was 3.0 h (95% confi-
dence interval, 2.5–3.7) in community-onset and 79.6 h (95%
confidence interval, 67.5–96.8) in hospital-onset. Median time
to serum lactate (0.0 h in community-onset, 5.9 h in hospital-
onset) and intravenous fluids (1.8 h in community-onset,
19.3 h in hospital-onset) were significantly longer in
hospital-onset (p < 0.001 by log-rank test comparing survival
curves). On the other hand, median time of blood cultures and
broad-spectrum antibiotics coincided with or preceded time
zero in both community-onset and hospital-onset. Cox pro-
portional hazards models identified that patients with hospital-
onset sepsis were less likely to have timely blood cultures (HR
0.66, p < 0.001), serum lactate (0.47, p < 0.001), broad-
spectrum antibiotics (HR 0.65, p < 0.001), intravenous fluids
(HR 0.60, p < 0.001), or the 3-h bundle (HR 0.43, p < 0.001).

DISCUSSION

The SEP-1 bundle, which is embodied in professional society
guidelines and has been adopted by CMS as a core measure,
recommends that all cases of sepsis be managed the sameway.
However, in this multicenter cohort study, providers appeared
to approach hospital-onset and community-onset sepsis differ-
ently. In our sample, only 12.7% of hospital-onset cases re-
ceived SEP-1-adherent care, compared with 45.9% of
community-onset cases. Given that the attributable mortality
is higher in hospital-onset sepsis than community-onset, less

Figure 1 Patient flow diagram. Legend: CMS, The Centers for Medicare & Medicaid Services. SEP-1, Early Management Bundle, Severe
Sepsis / Septic Shock.
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frequent guideline adherence in this population requires fur-
ther exploration.
EDs are designed to triage and deliver rapid care for con-

ditions in which every minute counts, such as myocardial
infarction or stroke. Thus, it is perhaps unsurprising that
SEP-1 adherence was higher in the ED than in the hospital, a
monitored setting. Independent of patient characteristics, cases
of hospital-onset sepsis were 3-times less likely (risk ratio
0.33, risk difference 0.27) to receive guideline-adherent care.
This association was observed at every study site and has been
reported by others, suggesting a relationship that is systematic
to inpatient care (though notably, only delayed antibiotics have
been associated with increased mortality in hospital-onset
sepsis).10, 26

The hospital is a complex system,27, 28 and differences in
systems of care delivery between the ED and inpatient areas
likely contribute to the observed variation in sepsis manage-
ment. The relevant factors are structural (patient-to-staff ratios,
colocation of providers and patients), functional (rounding
schedules, team size, frequency of communication), and relat-
ed to hospital policy (where vasopressors can be administered,
whether “code sepsis” can be called). Though similar, even the
ICU and ED differ in ways that may affect their ability to
mount a rapid response, such as the presence of an attending
overnight or whether an elevator ride is required when travel-
ing to the computed tomography scanner. Each area has
evolved to match the expected length of stay: hours in the
ED vs. days in the inpatient areas. The timescale in the ED is a
better fit for SEP-1.

Provider-level differences between the ED and inpatient
areas likely also contribute to the observed variation in
sepsis care. Context affects clinical reasoning,29, 30 and
the additional information available to inpatient providers
may make them more susceptible to cognitive biases such
as anchoring. To illustrate this point, consider the steps
required for early sepsis care. Emergency providers assess
an undifferentiated patient and, if sepsis is recognized,
respond accordingly. For inpatient providers, onset of
sepsis is more likely to represent a change. The inpatient
provider must make an assessment, filter new information,
and integrate it with what is already known. If sepsis is
recognized, the physician must pivot from the admitting
diagnosis to enact a new plan of care. The question is not
whether providers can respond, but whether they are as
likely to respond within 3 h. Communication is critical,
and delays may be amplified if coordination is required
among multiple providers, such as consultants or
trainees.31

Alternatively, because more information about the patient is
available in hospital-onset sepsis, inpatient providers may feel
more confident observing while withholding components of
SEP-1. To determine whether providers were selecting among
bundle components, we evaluated reconfigured bundles that
omitted intravenous fluids and serum lactate (Table 2). Re-
gardless of bundle configuration, individuals with hospital-
onset sepsis were less likely to receive timely care. Thus, low
SEP-1 adherence in hospital-onset sepsis appears unrelated to
providers’ doubts regarding the hemodynamic components.32

Table 1 Characteristics of Patients with Community-Onset v. Hospital-Onset Sepsis

Community-onset (n = 2952) Hospital-onset (n = 1706) p value*

Age—mean (sd) 64.4 (17.9) 60.9 (17.8) < 0.001†
Female, n (%) 1307 (44.3) 755 (44.3) 0.99
ECI—median (IQR) 5 (3–7) 5 (3–7) 0.11‡
Immunosuppressed, n (%) 780 (26.4) 641 (37.6) < 0.001
Postoperative, n (%) 73 (2.47) 271 (15.9) < 0.001
Infection site
Pneumonia, n (%) 1410 (47.8) 813 (47.7) 0.94
UTI, n (%) 1055 (35.7) 555 (32.5) 0.027
SSTI, n (%) 327 (11.1) 195 (11.4) 0.71
BSI, n (%) 979 (33.2) 375 (22.0) < 0.001
Multiple, n (%) 1069 (36.2) 481 (28.2) < 0.001

Pathogen
MSSA, n (%) 183 (6.20) 115 (6.74) 0.47
MRSA, n (%) 318 (10.8) 149 (8.73) 0.026
MDR Gram-negative, n (%) 151 (5.12) 100 (5.86) 0.28
VRE, n (%) 58 (1.96) 40 (2.34) 0.38

Organ dysfunction at time 0
Low blood pressure, n (%) 1398 (47.4) 965 (56.6) < 0.001
Respiratory failure, n (%) 250 (8.47) 225 (13.2) < 0.001
Elevated creatinine, n (%) 359 (12.2) 186 (10.9) 0.20
Elevated bilirubin, n (%) 189 (6.40) 143 (8.38) 0.011
Thrombocytopenia, n (%) 300 (10.2) 200 (11.7) 0.097
Coagulopathy, n (%) 276 (9.35) 248 (14.5) < 0.001
Elevated serum lactate, n (%) 694 (23.5) 118 (6.92) < 0.001
Multiple, n (%) 368 (12.5) 264 (15.5) 0.003

Outcome
LOS—median (IQR) 8 (4.3–15.5) 15.5 (8–27.5) < 0.001‡
Mortality, n (%) 553 (18.7) 368 (21.6) 0.019

ECI, Elixhauser Comorbidity Index; UTI, urinary tract infection; SSTI, skin/soft tissue infection; BSI, bloodstream infection; MSSA, Methicillin-sensitive
Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus; MDR, multi-drug resistant; VRE, vancomycin-resistant enterococci; LOS,
overall length of stay for admission. *All p values from chi-square test of proportions unless otherwise specified; †Student’s t test; ‡Rank sum test
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However, providers may have other reasons for withholding
treatment bundles in hospital-onset sepsis, such as terminal
illness.33–37

Finally, lower adherence to SEP-1 in hospital-onset sepsis
may be related to less precision when identifying time zero in
this population. Based on the validation of time zero in our
data set (see Appendix 2 in the Electronic Supplementary
Material), we suspect that time zero can be ascertained more
precisely in community-onset sepsis, when there are fewer
laboratory values and vital signs obtained before sepsis man-
ifests, than in hospital-onset sepsis, when days may pass
before labs, vital signs, and clinical documentation meet the
criteria. If estimation of time zero has higher variance in
hospital-onset than in community-onset sepsis (as may occur
if labs are being checked less frequently in the hospital than in
the ED), then more hospital-onset cases may be misclassified
as non-adherent or meeting the measure’s exclusion criteria.
Moreover, if the confidence intervals surrounding time zero in
hospital-onset sepsis exceed 3 h, then whether bundle compo-
nents were performed within 3 h cannot be determined at all.
The precision of time zero measurement in hospital-onset
sepsis must be characterized to determine the validity of
SEP-1 in this population.
Beyond issues related to measurement, our findings illus-

trate issues with SEP-1 as a performance measure. SEP-1
adherence varies dramatically based on patient-level charac-
teristics. If the intended purpose of SEP-1 is hospital compar-
ison, adjustment will be needed to account for hospital-level
differences in the patient populations served. Otherwise, facil-
ities that cater to groups in whom the likelihood of adherence
is low, such as postoperative patients, will be systematically
underrated.
It remains to be determined if better adherence to SEP-1

would improve outcomes from hospital-onset sepsis. In a
previous study, adherence was not found to be associated with
a mortality benefit.10 However, sepsis is a heterogeneous

syndrome,38, 39 and subtypes of sepsis may respond differently
to treatment.26 In our sample, fever was a strong predictor of
SEP-1 adherence, even in patients in whom fever may be
considered an unreliable indicator of infection, such as those
who were postoperative (RR 2.11, 95% CI 1.13–3.91) or
immunosuppressed (RR 1.47, 95% CI 1.26–1.72). Future
research into the impact of sepsis bundles should consider
their effectiveness in the subgroups who are most likely to
receive them, such as patients with fever, compared with
patients who are more likely to present with atypical signs
and symptoms of infection.

Limitations

We did not examine outcomes such as mortality, morbidity, or
length of stay. Instead, the primary outcome was adherence to
SEP-1, the current standard of care.40 We acknowledge that
the quality of evidence supporting SEP-1 in hospital-onset
sepsis is poor, that SEP-1 encourages liberal antibiotic use,
and that a proportion of sepsis mortality may not be prevent-
able.32, 41 As the consensus regarding optimal management of
sepsis evolves, measures that better reflect quality may
emerge. Further, we caution that implementation of SEP-1
must be balanced against policies and procedures for antimi-
crobial stewardship. Future studies evaluating the clinical
impact of SEP-1 should incorporate antibiotic use as a balanc-
ing measure.
Our sample may not generalize to patients with sepsis in

other hospitals and regions. Because we identified patients
using diagnosis codes, we were unable to capture individuals
in whom sepsis and organ dysfunction were never diagnosed
or documented/coded in the electronic health record. This
methodology has been validated and mirrors the process used
with SEP-1. However, because of limitations of the sample,
our conclusions should only apply to the individuals covered
by SEP-1, rather than the broader population with sepsis.

Table 2 Association Between Sepsis Bundle and Patient Factors in Terms of Relative Risk

Sepsis bundle Sepsis bundle without IV fluids Blood cultures and antibiotics only

Age (in 10-year increments) 1.02 (p = 0.10) 1.03 (p = 0.003) 1.00 (p = 0.22)
Female 1.00 (p = 0.95) 0.99 (p = 0.85) 1.01 (p = 0.72)
ECI 0.98 (p < 0.001) 0.98 (p = 0.002) 1.00 (p = 0.27)
Immunosuppressed 0.97 (p = 0.55) 1.03 (p = 0.39) 1.04 (p = 0.11)
Postoperative 0.59 (p < 0.001) 0.66 (p < 0.001) 0.63 (p < 0.001)
Fever 1.37 (p < 0.001) 1.34 (p < 0.001) 1.31 (p < 0.001)
Hospital-onset of sepsis 0.33 (p < 0.001) 0.37 (p < 0.001) 0.61 (p < 0.001)
Infection site
Pneumonia 1.04 (p = 0.38) 1.03 (p = 0.44) 1.06 (p = 0.002)
UTI 0.99 (p = 0.74) 0.98 (p = 0.49) 0.99 (p = 0.73)
SSTI 1.10 (p = 0.13) 1.14 (p = 0.007) 1.06 (p = 0.060)
BSI 1.22 (p < 0.001) 1.15 (p < 0.001) 1.11 (p < 0.001)

Pathogen
MSSA 0.97 (p = 0.71) 0.97 (p = 0.57) 0.93 (p = 0.048)
MRSA 1.05 (p = 0.45) 1.06 (p = 0.23) 1.05 (p = 0.074)
MDR Gram-negative 1.00 (p = 0.96) 1.01 (p = 0.93) 1.08 (p = 0.052)

VRE 0.98 (p = 0.87) 0.94 (p = 0.63) 1.02 (p = 0.78)

Italics indicate significance at the level of α<0.05.
ECI, Elixhauser Comorbidity Index; UTI, urinary tract infection; SSTI, skin/soft tissue infection; BSI, bloodstream infection; MSSA, methicillin-sensitive
Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus; MDR, multi-drug resistant; VRE, vancomycin-resistant enterococci
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Temporal trends in the incidence of sepsis suggest that
coding practices have changed.4, 6 Consequently, our results
may be susceptible to bias from local interventions to change
coding over time. Comparability between the community-
onset and hospital-onset cohorts may be affected by differ-
ences in coding between the emergency and inpatient areas
(i.e., coding in the inpatient area depends on problem lists
generated by house staff without training in medical billing).
Confounding may occur if entry of a diagnosis code is linked
to treatment (i.e., ED staff only code “sepsis” if the sepsis
protocol was initiated).

We determined adherence using laboratory, vital sign, and
medication data extracted from the electronic health record,
rather than manual chart review. Thus, we likely ascertained
adherence incorrectly in cases with an administrative contrain-
dication (i.e., provider documented patient refusal) or when
time zero might hinge on documentation (i.e., labs and vitals
meet the criteria but provider documents “this is not sepsis”).
Given that chart review for SEP-1 is known to be an imperfect
process with poor interobserver reliability, use of non-standard
methodology was considered acceptable to allow evaluation of

Table 3 Relative Risk of SEP-1 Sepsis Bundle Components in Hospital-Onset Compared to Community-Onset Sepsis

Hospital-onset ICU-onset† Ward-onset† Perioperative †

Blood cultures 0.76 (p < 0.001) 0.78 (p < 0.001) 0.77 (p < 0.001) 0.58 (p < 0.001)
Serum lactate 0.51 (p < 0.001) 0.61 (p < 0.001) 0.43 (p < 0.001) 0.39 (p < 0.001)
Broad antibiotics 0.62 (p < 0.001) 0.66 (p < 0.001) 0.60 (p < 0.001) 0.49 (p < 0.001)
IV fluids* 0.47 (p < 0.001) 0.41 (p < 0.001) 0.59 (p < 0.001) 0.44 (p = 0.001)
Follow-up lactate* 0.71 (p < 0.001) 0.76 (p = 0.005) 0.66 (p < 0.001) 0.77 (p = 0.22)
Vasopressors* 1.11 (p = 0.002) 1.26 (p < 0.001) 0.76 (p = 0.001) 0.95 (p = 0.65)
3-hour block 0.31 (p < 0.001) 0.35 (p < 0.001) 0.29 (p < 0.001) 0.23 (p < 0.001)
6-hour block* 0.97 (p = 0.39) 1.17 (p < 0.001) 0.66 (p < 0.001) 0.83 (p = 0.17)
Complete bundle 0.33 (p < 0.001) 0.41 (p < 0.001) 0.28 (p < 0.001) 0.21 (p < 0.001)

*If required. †Relative to the Emergency Department. ICU, intensive care unit

Figure 2 Parts A–D. Time to 3-hour sepsis bundle and components. Legend: Curves have been truncated at 7 days. ED, emergency department.
ICU, intensive care unit. Peri-op, perioperative area. IV, intravenous.

Baghdadi et al.: Guideline Adherence in Hospital-Onset Sepsis JGIM1158



a larger sample.42–44 The omission of re-evaluation of tissue
perfusion, one of the seven components of SEP-1, may bias
estimates of overall SEP-1 adherence but should not affect the
relationships between predictors and timely administration of
core bundle components.
To isolate inpatient processes of care, we defined hospital-

onset of sepsis by time zero after arrival on an inpatient unit.
This definition may limit comparability of this study to others
that defined hospital-onset differently.5, 10, 44 However, a
sensitivity analysis in which hospital-onset was defined by
time zero > 48 h after admission did not change our findings.
During the study period, two of the four participating hos-

pitals introduced nurse-initiated sepsis screening. Nurse-
initiated sepsis screening has been associated with guideline
adherence in sepsis, particularly in the ED.34, 35 However,
hospital staff have reported to us that implementation of
screening was inconsistent. Thus, the impact of these initia-
tives on our results is not clear. If nurse-initiated sepsis screen-
ing affected SEP-1 adherence, we suspect it most likely oc-
curred in the ICU, where patient-to-nurse ratios are low, or in
the ED, where evidence supports nurse-initiated screening.

CONCLUSIONS

Though CMS applies the SEP-1 core measure uniformly to all
patients with sepsis, providers appear to manage patients with
hospital-onset and community-onset sepsis differently. While
lower levels of adherence to SEP-1 in cases of hospital-onset
sepsis may represent a quality gap, there are alternative rea-
sons for the observed differences in care, including potential
measurement error. Further, it remains to be determined how
adherence to the SEP-1 bundle affects outcomes from
hospital-onset sepsis. Consistent and adequate sepsis care will
not be possible until the unique challenges related to hospital-
onset sepsis, including issues in measurement of time zero, are
better understood. Then, consideration should be given to
whether systems of care delivery and protocols for early sepsis
care can be redesigned to better suit this high-risk patient
population.
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