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Three-Hour Bundle Compliance and
Outcomes in Patients With Undiagnosed

Severe Sepsis

Amanda S. Deis, BS, MSCR, Bristol B. Whiles, MD, Alexandra R. Brown, MS, Catherine L. Satterwhite, PhD, MSPH, MPH,

and Steven Q. Simpson, MD

BACKGROUND: The aim of this study was to compare completion of the Surviving Sepsis
Campaign 3-hour treatment recommendations and patient-centered outcomes between
patients who received a sepsis-specific diagnosis with those who did not.

METHODS: This was a retrospective cohort analysis of adult patients admitted through an
academic medical center ED who received an antibiotic and met criteria for severe sepsis. We
measured and compared the Surviving Sepsis Campaign 3-hour treatment recommendations
along with patient-centered outcomes in patients who were diagnosed with severe sepsis and
those who were not.

RESULTS: A total of 5,631 patients were identified (60.6 £ 17.2 years of age; 48.9% women).
Less than half (32.8%) received an International Classification of Diseases, ninth revision,
diagnosis code of 995.92. Completion of all four bundle components in < 3 hours was low for
all patients (8.72%). Therapeutic components (a broad-spectrum antibiotic and IV fluids)
were completed more often (31.3%). Those with a diagnosis code received all four bundle
components (10.2% vs 7.9%; P < .005), as well as therapeutic components at a higher
frequency (36.0% vs 29.0%; P < .001). Patients with a diagnosis code had higher mortality
(6.3% vs 2.3%), more frequent ICU admissions (44.7% vs 22.5%), and longer hospitalizations
(9.2 £ 6.9 days vs 6.9 & 6.7 days) than did patients with severe sepsis with no diagnosis code
(all P < .001).

CONCLUSIONS: Severe sepsis continues to be an underdiagnosed and undertreated condition.
Patients who were diagnosed had higher treatment rates yet experienced worse outcomes.
Continued investigation is needed to identify factors contributing to diagnosis, treatment,

and outcomes in patients with severe sepsis. CHEST 2017; m(m):m-m

KEY WORDS: clinical coding; ICD-9; outcomes; severe sepsis; treatment bundles

ABBREVIATIONS: CHEST/SCCM = American College of Chest Phy-
sicians/Society of Critical Care Medicine; HERON = Healthcare En-
terprise Repository for Ontological Narration; ICD-9 = International
Classification of Diseases, ninth revision; SOFA = Sequential Organ
Failure Assessment

AFFILIATIONS: From the University of Kansas School of Medicine
(Ms Deis and Dr Whiles), the Department of Biostatistics (Dr Brown),
the Department of Preventative Medicine and Public Health (Dr Sat-
terwhite), and the Division of Pulmonary and Critical Care (Dr
Simpson), Department of Internal Medicine, University of Kansas,
Kansas City, KS.

FUNDING/SUPPORT: A. D. received support from a CTSA grant from
NCATS awarded to the University of Kansas Medical Center for
Frontiers [The Heartland Institute for Clinical and Translational

chestjournal.org

Research No. TLITR000120]. The contents are solely the responsibility
of the authors and do not necessarily represent the official views of the
NIH or NCATS. B. B. W. received funding support from the Alpha
Omega Alpha Carolyn L. Kuckein Student Research Fellowship
scholarship.

CORRESPONDENCE TO: Steven Q. Simpson, MD, Department of
Pulmonary and Critical Care Medicine, University of Kansas, 3901

Rainbow Blvd, Mail Stop No. 3007, Kansas City, KS 66160; e-mail: Q5

ssimpson3@kumc.edu

Copyright © 2017 American College of Chest Physicians. Published by
Elsevier Inc. All rights reserved.

DOI: https://doi.org/10.1016/j.chest.2017.09.031

FLA 5.5.0 DTD m CHESTI1361_proof m 17 October 2017 ® 10:03 am ® EO: CHEST-17-1123

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110


mailto:ssimpson3@kumc.edu
https://doi.org/10.1016/j.chest.2017.09.031
http://chestjournal.org

111

112

113

114
115

116
117

118
119
120
121

122
123
124
125
126
127
128
129
130
131

132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

152

153

154
155

156
157
158
159
160
161

162
163
164
165

Q7

Q8

Severe sepsis is a syndrome of life-threatening organ
dysfunction due to a dysregulated host response to
infection. It is the leading cause of death among
hospitalized patients with infection."” Despite evidence
that early recognition and interventions decrease
severe sepsis mortality and morbidity, patients meeting
severe sepsis criteria are underdiagnosed. It is
estimated that only one in five patients with severe
sepsis received an International Classification of
Diseases, ninth revision (ICD-9) code of 995.92.°° We
hypothesized that uncoded cases represent an
underdiagnosed and undertreated group of patients
with severe sepsis.

There are limited data regarding treatment rates and
outcomes of patients with severe sepsis who are not
specifically diagnosed as having sepsis. Only one study

to date has compared outcomes between patients with
severe sepsis who received codes for sepsis and those
who did not. Whittaker et al’ found that patients with a
code of 995.92 had higher mortality rates, longer
hospitalizations, and higher measures of organ
dysfunction when compared with patients with severe
sepsis who received a code. To our knowledge, these
findings have not been replicated, and treatment
differences between patients who were or were not
diagnosed and given a code to indicate they had the
condition have not been compared. The primary
objective of this study was to compare both treatments
and patient-centered outcomes among patients who
were diagnosed with severe sepsis and patients who met
clinical criteria for severe sepsis but who were not
specifically diagnosed with severe sepsis.

Methods

All patients admitted through the University of Kansas Hospital ED
from November 1, 2007 (inception of the institution’s electronic
medical record) through September 30, 2015 (last date before
conversion to the ICD-10 diagnosis codes) were eligible for study
inclusion. Study inclusion required that patients were = 18 years
of age, received an ICD-9 diagnosis code for acute infection, were
given an antibiotic within 8 hours of ED triage defined as an
initial nursing evaluation, and had discharge disposition codes
available for the encounter. We required an antibiotic to be given
within 8 hours of triage to better identify those presenting with
the condition rather than acquiring sepsis during the
hospitalization. After meeting these inclusion criteria, patients
were retained for analysis if they met case definitions for severe
sepsis: (1) a 995.92 ICD-9 diagnosis code for severe sepsis or (2)
documented presence of an infection plus two or more sites of
organ dysfunction. Acute organ dysfunction was defined either by
using specific ICD-9 diagnosis codes or by the presence of an
abnormal first laboratory or physiological marker of acute organ
dysfunction (e-Tables 1, 2). Laboratory threshold values followed
those proposed by the American College of Chest Physicians/
Society of Critical Care Medicine (CHEST/SCCM) definitions.”’
Any patient who had criteria for shock who did not meet criteria
for severe sepsis or who was not given an antibiotic within 8
hours of triage was excluded from subsequent analysis. We
required that patients have organ dysfunction at two or more
sites to increase the likelihood that patients had severe sepsis and
not isolated organ dysfunction associated with the same site of
infection.

The primary outcome measure was completion of the Surviving Sepsis
Campaign 3-hour treatment bundle.® Each component of the protocol
(blood culture ordered, serum lactate levels ordered, broad spectrum-
antibiotics administered, and appropriate IV fluids administered) was
analyzed independently for frequency of completion within 3 hours.
If all four components were completed within 3 hours, the patient
was considered to have had successful bundle completion.
Appropriate fluid was defined as either IV fluids given at 30 mL/kg

if the patient was hypotensive or had a lactate level > 4 mmol/L or
no IV fluids if the patient was normotensive and lactate levels
were < 4 mmol/L° Additionally, completion of the therapeutic
components (defined as both a broad-spectrum antibiotic and
appropriate fluids given within 3 hours of triage) was analyzed
separately, as these two components have been shown to individually
improve mortality. Fluid times were limited to those initiated within
2'/, hours of triage time to prevent overestimating the actual fluid
received by a patient, as fluids could have been initiated, but not
completed, by the 3-hour mark.

The second study goal was to compare patient-centered outcomes,
including hospital mortality, 30-day readmission, and length of stay,
between patients with and those without an ICD-9 code specific to
severe sepsis (code 995.92). To evaluate for differences in illness at
presentation and baseline medical status, Sequential Organ Failure
Assessment (SOFA) scores and Charlson Comorbidity Index scores
were calculated and compared. SOFA scores were calculated using
the first laboratory and physiological values recorded to capture
illness status at ED triage.

Data cleaning and sensitivity analysis were performed using SAS
software, version 9.4 (SAS Institute Inc.). All binary outcomes were
analyzed using the % test, and continuous data were evaluated
using the Student ¢ test. Multivariable logistic regression analysis
was performed to identify independent predictors of patients
receiving complete treatment within the first 3 hours of admission
and factors associated with receiving an ICD-9 diagnosis code of
995.92. Overall model fit was assessed using the Hosmer and
Lemeshow goodness of fit test, in which a higher P value signifies
a better overall fit.

The university’s institutional review board approved this study with a
waiver of informed consent (study No. 00001753). Data were collected
from the electronic medical record using the i2b2-based interface query
tool HERON.” Flowsheet data not captured by the HERON interface
were electronically obtained from the hospital's SQL database by
matching medical record numbers and triage dates with the query
software Crystal Reports (SAP Software Solutions).
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