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Three-Hour Bundle Compliance and
Outcomes in Patients With Undiagnosed
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BACKGROUND: The aim of this study was to compare completion of the Surviving Sepsis
Campaign 3-hour treatment recommendations and patient-centered outcomes between pa-
tients with severe sepsis who received a sepsis-specific diagnosis code 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 2018; 153(1):39-45
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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.1,2 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 995.92.3-5 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
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to date has compared outcomes between patients with
severe sepsis who received codes for sepsis and those
who did not. Whittaker et al5 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 definitions.6,7 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.8 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.8 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
21/2 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 c2 test, and continuous data were evaluated
using the Student t 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.9 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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Results
A total of 14,863 patients were identified, 9,232 of whom
were excluded for not meeting severe sepsis criteria or
for having septic shock. A total of 5,631 patients with
severe sepsis were included in the final analysis (Fig 1).
The mean age was 60.6 � 17.2 years, and
48.9% (n ¼ 2,759) were women. The presence of an
appropriate 995.92 diagnosis code was found for
32.8% of patients (n ¼ 1,847).

Patients with severe sepsis with a diagnosis code of
995.92 had a higher number of total documented
infections (2.3 vs 1.8) and were more likely to receive a
diagnosis of septicemia (97.8% vs 64.0%) or a diagnosis
of a respiratory infection (51.8% vs 41.2%) when
compared with patients with severe sepsis without a
diagnosis code (all P < .01) (Table 1). When comparing
baseline acute organ dysfunction, no clinically apparent
differences were seen based on the first SOFA scores,
first lactate measurements, or total number of involved
organ dysfunction sites. Patients with a diagnosis code
were more likely to have respiratory organ dysfunction
(48.3% vs 34.9%; P < .001). No significant differences
were found when comparing Charlson Comorbidity
Index scores.

Treatment Differences

Receipt of all four Surviving Sepsis Campaign
components in < 3 hours was low for all patients
(8.7%), but those with a diagnosis code of 995.92 had
higher completion rates than did patients without a
diagnosis code (10.2% vs 7.9%, respectively; P < .005)
(Fig 2). Therapeutic component completion, both a
ICD-9 (–) Patients
n = 3,784
(67.2%)

Patients Excluded:
Under 18, n = 24

Septic/Cardiogenic Shock
criteria, n = 1,363

Did not meet sepsis
definitions, n = 7,845

Patients Meeting
Inclusion Criteria

N = 14,863

Patients Meeting
Severe Sepsis Criteria

n = 5,631

ICD-9 (+) Patients
n = 1,847
(32.8%)

Figure 1 – Cohort organization.
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broad-spectrum antibiotic and appropriate fluid, was
higher than total bundle protocol completion for the
whole cohort (31.3% vs 8.7%) and was also higher for
those with a diagnosis code compared with those
without a diagnosis code (36.0% vs 29.0%; P < .001).
The frequency of all individual protocol component
completion was higher in those with a diagnosis code. A
blood culture was the most common of all four
components completed in all patients (n ¼ 3,483
[61.9%]), and serum lactate measurement was
completed least often (n ¼ 1,589 [28.2%]). Only
46.1% of patients received an antibiotic within 3 hours
of triage, as recommended, but 75.8% of patients
appropriately received a broad-spectrum antibiotic as
their first dose. The mean time to first antibiotic
administration was 3.7 � 1.9 hours for the whole
cohort. Patients with a diagnosis code were given
antibiotics sooner than were patients without a
diagnosis code (3.2 � 1.9 hours vs 3.9 � 2.0 hours;
P < .001). Few patients, (16.5% [n ¼ 928]) had a
requirement for fluid resuscitation by lactate or BP
criteria, as patients with septic shock were excluded
from the analysis. Patients with a diagnosis code of
995.92 were more likely to require fluid resuscitation
(20.1% vs 14.8%; P < .001) and to receive 30 mL/kg of
crystalloid than were patients without a code
(19.6% vs 10.6%; P < .001) (e-Table 3).

Multivariate logistic regression did not result in a good
overall model fit that could predict receiving all four
components of the 3-hour bundle. The most significant
predictors of receiving the therapeutic components of
the bundle were having a respiratory infection (OR, 1.56;
95% CI, 1.43-1.78), receiving a sepsis-specific ICD-9
diagnosis code (OR, 1.24; 95% CI, 1.10-1.36), presence
of respiratory dysfunction (OR, 1.25; 95% CI, 1.12-1.40),
and age (OR, 1.006; 95% CI, 1.00-1.01). Sex, race,
number of comorbidities, and markers of acute organ
dysfunction including SOFA scores, first lactate
measurements, and total number of dysfunctional organ
sites were not found to be predictive. Components of the
final model can be found in e-Table 4.

Due to a higher prevalence of respiratory infection in
patients with a diagnosis code (51.8% vs 41.2%)
(Table 1) and because respiratory infection was
independently predictive of patients receiving treatment
in multivariate analysis, a subanalysis of treatment
completion for patients with and those without
diagnosis codes was performed while controlling for
respiratory infections. Differences in overall bundle
treatment and therapeutic component treatment
41
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TABLE 1 ] Cohort Characteristics for Patients With Severe Sepsis

Variable

All Patients With
Severe Sepsis

Patients With
995.92 Code

Patients Without
995.92 Code

P ValueaN ¼ 5,631 n ¼ 1,847 (32.8%) n ¼ 3,784 (67.2%)

Age, mean � SD, y 60.6 � 17.2 61.2 � 16.7 59.5 � 18.0 < .001

Sex, female, No. (%) 2,759 (48.9%) 914 (49.4%) 1,845 (48.7%) .61

Race, No. (%)

White 3,710 (65.9) 1,198 (64.9) 2,512 (66.4)

Black 1,339 (23.8) 436 (23.6) 903 (23.9)

Other 576 (10.2) 210 (11.4) 366 (9.67)

Charlson Comorbidity Index
score (of 21 � SD)

6.03 � 3.59 5.64 � 5.48 6.22 � 6.11 .32

Measures of infection

Sites of infection, mean � SD 1.95 � 0.88 2.31 � 0.82 1.78 � 0.84 < .001

Bacteremia/septicemia, No. (%) 4,229 (75.1) 1,806 (97.8) 2,423 (64.0) .001

Respiratory 2,516 (44.7) 957 (51.8) 1,559 (41.2) .001

Urinary 2,176 (38.6) 741 (40.1) 1,435 (37.9) .11

Soft tissue 986 (17.5) 336 (18.2) 650 (17.2) .35

Abdomen 523 (9.29) 194 (10.5) 329 (8.69) .03

Measures of acute organ
dysfunctionb

First serum lactate level,
mean � SD

2.21 � 1.61 2.33 � 1.73 2.13 � 1.53 < .001

Average SOFA score, mean of
24 � SD

3.02 � 2.08 2.89 � 2.17 3.07 � 2.03 < .001

First MAP, mean � SD 92.3 � 20.3 91.8 � 20.6 92.5 � 20.2 .23

Organ dysfunction sites, mean
of 7 � SD, No. (%)

2.58 � 0.99 2.62 � 1.29 2.56 � 0.82 .06

Renal 3,145 (56.8) 1,024 (58.3) 2,121 (56.1) .12

Hematologic 2,922 (52.7) 821 (46.7) 2,101 (55.5) < .001

Respiratory 2,170 (39.2) 849 (48.3) 1,321 (34.9) < .001

Cardiovascular 1,444 (26.1) 437 (24.9) 1,007 (26.6) .17

CNS 1,665 (30.0) 529 (30.0) 1,136 (30.0) .97

MAP ¼ mean arterial pressure; SOFA ¼ Sequential Organ Failure Assessment.
aAll P values < .001 were rounded and reported as P < .001.
bTwo thousand two hundred thirty-six patients (39.7%) never had a serum lactate measurement, 105 patients (1.9%) had one or more components
missing that are necessary to calculate a complete SOFA score, and 51 patients (0.9%) had an unattainable MAP. They were excluded from the respective
calculation.
completion no longer differed, and completion of
individual components continued to be higher in
patients with a diagnosis code (e-Fig 1).

Patient-Centered Outcomes

Overall severe sepsis mortality was 3.6% (Table 2).
Mortality was significantly higher among those
patients with a diagnosis code of 995.92 compared
with patients without (6.3% vs 2.3%; P < .001).
Patients with a diagnosis code also had more frequent
ICU admissions (44.7% vs 22.5%), longer hospital
length of stay (9.2 � 9.4 vs 6.9 � 6.7 days), and were
42 Original Research
more frequently discharged with home health-care
services (22.4% vs 19.5%) (all P < .01). Patients who
were given codes were also less likely to be discharged
home (43.6% vs 52.0%; P < .001) and were more likely
to be discharged with hospice care (6.1% vs 4.4%;
P < .001) or to a long-term care facility (2.5% vs 1.7%;
P ¼ .04). Patients without a diagnosis code, however,
had higher (30-day) readmission rates
(25.2% vs 21.5%; P ¼ .02).

Multivariate logistic regression analysis was performed
to identify the role of case documentation (ICD-9
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Figure 2 – Three-hour Surviving Sepsis Campaign treatment rates by presence or absence of International Classification of Diseases, ninth revision
diagnosis code specific to severe sepsis. Therapeutic components were defined as both a broad-spectrum antibiotic and appropriate IV fluids
administered within 3 hours of triage. Appropriate fluid was defined as crystalloid IV fluids given at a rate of 30 mL/kg within 2.5 hours of triage if the
patient was hypotensive or had a lactate level > 4 mmol/L or were appropriately not given IV fluids if the patient had no need for fluids based on mean
arterial pressure (MAP) and lactate values. Following the Society of Critical Care Medicine definitions, a need for fluids was met if the first MAP
was < 70 mm Hg or the first serum lactate level was $ 4 mmol/L.
presence or absence), acuteness of cases (organ
dysfunction), and treatment intervention on 30-day
mortality. We found that the odds of death were
TABLE 2 ] Discharge Outcomes of Patients With Severe Se

Outcome Measures

All Patients With Severe
Sepsis Criteria

N ¼ 5,631

Mortality, % 204 (3.62)

Hospital length of stay,
mean � SD, d

7.63 � 7.76

7.63 � 7.77b

ICU length of stay, mean � SD, d 3.71 � 4.07

3.73 � 4.15b

ICU admission rate, No. (%) 1,679 (29.8)

30-d readmission rate, No. (%) 1,352 (24.0)

Discharge location, No. (%)

Home 2,771 (49.2)

Home, with home health
services

1,151 (20.4)

Rehabilitation facility 129 (2.29)

Acute nursing care 855 (15.2)

Long-term care 109 (1.94)

Hospice 281 (5.00)

aAll P values < .001 were rounded and reported as P < .001.
bValues account for those who died during hospitalization by removing them f
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independently predicted by the presence of ICD-9
status (OR, 2.53; 95% CI, 1.89-3.39), number of organ
dysfunctions on presentation to the ED (OR, 1.85; 95%CI,
psis

Patients With 995.92 Code
Patients Without
995.92 Code

P Valuean ¼ 1,847 (32.8%) n ¼ 3,784 (67.2%)

117 (6.33) 87 (2.30) < .001

9.14 � 9.35 6.89 � 6.73 < .001

9.21 � 9.42b 6.89 � 6.73b

3.92 � 4.32 3.50 � 3.80 .04

3.97 � 4.45b 3.50 � 3.85b .02

826 (44.7) 853 (22.5) < .001

397 (21.5) 955 (25.2) .02

805 (43.6) 1,966 (52.0) < .001

414 (22.4) 737 (19.5) .01

42 (2.27) 87 (2.30) 1.00

269 (14.6) 586 (15.5) .38

46 (2.49) 63 (1.66) .04

113 (6.12) 168 (4.44) < .001

rom this analysis.
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1.66-2.08), and receipt of all four components of the
bundle protocol (OR, 0.42; 95%CI, 0.22-0.80) (e-Table 5).
Discussion
We have presented a retrospective study of 5,631
patients with severe sepsis admitted through the ED at a
single urban medical center. It is the largest study to date
investigating treatment and outcome differences
between patients with and those without a sepsis-specific
ICD-9 diagnosis code. Consistent with previous studies,
we found that patients meeting clinical criteria for severe
sepsis continue to be underdiagnosed, as evidenced by
more than half of the cohort lacking a sepsis-specific
ICD-9 diagnosis code (67.2%).1,4,10 The ICD-9 code
(and now the ICD-10 code) is applied only when
providers have recorded the specific diagnosis of severe
sepsis in the medical record, being both sensitive when
documentation is present and 99.5% specific when
validated by chart adjudication.11 These features make
the 995.92 code an excellent marker for whether
physicians have specifically diagnosed severe sepsis
during their treatment.

We demonstrated that all patients, with or without
sepsis-specific ICD-9 diagnosis codes, are relatively
unlikely to receive treatment according to the 3-hour
bundle guidelines. However, those with an ICD-9
diagnosis code received individual bundle components
and the complete bundle protocol more often than did
those without a code. Having a diagnosis code was also
independently associated with receiving treatment after
adjusting for other possible factors in multivariate
analysis. We believe this signifies that patients without a
diagnosis code are not simply patients who have not
received a diagnosis code but are a group of patients who
go underrecognized and undertreated.

We also hypothesized that patients without an ICD-9
diagnosis would experience worse outcomes. However,
similar to Whittaker et al,5 we found that patients with a
severe sepsis diagnosis code of 995.92 had worse clinical
outcomes compared with patients without a code. All
patients given a 995.92 code had a higher number of
infections, were more frequently diagnosed with
septicemia, and had a higher number of total organ
dysfunction sites.4,5 It is possible that patients with
severe sepsis who are not formally diagnosed are a less
acutely ill population and, despite being less aggressively
treated, experience better outcomes.5 However, unlike
previous studies, we demonstrated that patients with
and those without ICD-9 diagnosis codes had similar
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baseline measures of acute organ dysfunction at
presentation in the ED. Nationwide surveys of ED
providers reported that identification of patients
meeting severe sepsis criteria was the greatest barrier to
early initiation of treatment bundles.12-14 This study
might suggest that despite similar presentation severity,
some patients with severe sepsis will progress more
rapidly than others, adding to the challenging aspect of
identifying this population.

Our study has several limitations. The data in this study
were collected and analyzed before the publication of the
Sepsis-3 definitions, which might have increased the
specificity of our cohort for mortality or prolonged ICU
stay. However, because this study focused on physician
identification and treatment of patients with severe
sepsis during the time of Sepsis-2 consensus definitions,
the selection criteria we chose were appropriate. Our
study used patients admitted through a single center’s
ED, limiting generalizability to other institutions and
hospital settings. Our retrospective design also limits our
ability to determine when, or by whom, patients were
diagnosed. It is possible that not all patients who
received codes presented to the ED with criteria for
severe sepsis at the initial triage time, and some acquired
the condition later during hospitalization. We do believe
that requiring patients to have had an antibiotic within 8
hours and two sites or more of organ dysfunction helps
increase the likelihood of acute infection and organ
dysfunction on presentation. Finally, due to the large
size of our cohort, interpretation of statistically
significant findings requires clinical judgment when
analyzing the effect size of the differences between
groups.

This study generates several questions that could
amplify its findings. Although educational and quality
improvement interventions improve bundle
performance and outcomes, it would be of interest to
know whether they also alter the assignment of specific
ICD diagnoses.15 It would be useful to survey physicians
regarding what factors determine whether patients are
assigned a diagnosis leading to an ICD code specific to
sepsis.
Conclusions
This study highlights a concerning finding that patients
with severe sepsis are both underdiagnosed and
undertreated. It appears that the diagnosis of severe
sepsis was most commonly used to describe patients
with more severe illness. Early adverse outcomes, such
[ 1 5 3 # 1 CHES T J A N U A R Y 2 0 1 8 ]



as mortality, were not affected by a specific diagnosis of
severe sepsis, but longer-term outcomes, including
hospital readmission, were increased in patients who
chestjournal.org
did not receive the specific diagnosis. Studies of this
nature should be repeated as definitions of sepsis
evolve.
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