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BACKGROUND: Early recognition and timely intervention
significantly reduce sepsis-related mortality.

OBJECTIVE: Describe the development, implementation,
and impact of an early warning and response system
(EWRS) for sepsis.

DESIGN: After tool derivation and validation, a preimple-
mentation/postimplementation study with multivariable
adjustment measured impact.

SETTING: Urban academic healthcare system.

PATIENTS: Adult non-ICU patients admitted to acute inpa-
tient units from October 1, 2011 to October 31, 2011 for tool
derivation, June 6, 2012 to July 5, 2012 for tool validation,
and June 6, 2012 to September 4, 2012 and June 6, 2013 to
September 4, 2013 for the preimplementation/postimple-
mentation analysis.

INTERVENTION: An EWRS in our electronic health record
monitored laboratory values and vital signs in real time. If a
patient had >4 predefined abnormalities at any single time,
the provider, nurse, and rapid response coordinator were

notified and performed an immediate bedside patient
evaluation.

MEASUREMENTS: Screen positive rates, test characteris-
tics, predictive values, and likelihood ratios; system utiliza-
tion; and resulting changes in processes and outcomes.

RESULTS: The tool’s screen positive, sensitivity, specificity,
and positive and negative predictive values and likelihood
ratios for our composite of intensive care unit (ICU) transfer,
rapid response team call, or death in the derivation cohort
was 6%, 16%, 97%, 26%, 94%, 5.3, and 0.9, respectively.
Validation values were similar. The EWRS resulted in a stat-
istically significant increase in early sepsis care, ICU trans-
fer, and sepsis documentation, and decreased sepsis
mortality and increased discharge to home, although neither
of these latter 2 findings reached statistical significance.

CONCLUSIONS: An automated prediction tool identified at-
risk patients and prompted a bedside evaluation resulting in
more timely sepsis care, improved documentation, and a
suggestion of reduced mortality. Journal of Hospital Medicine
2015;10:26-31. © 2014 Society of Hospital Medicine

There are as many as 3 million cases of severe sepsis
and 750,000 resulting deaths in the United States
annually.! Interventions such as goal-directed resusci-
tation and antibiotics can reduce sepsis mortality, but
their effectiveness depends on early administration.
Thus, timely recognition is critical.>™

Despite this, early recognition in hospitalized
patients can be challenging. Using chart documenta-
tion as a surrogate for provider recognition, we
recently found only 20% of patients with severe sepsis
admitted to our hospital from the emergency depart-

*Address for correspondence and reprint requests: Craig A Umscheid,
MD, Assistant Professor of Medicine and Epidemiology, Director, Center
for Evidence-based Practice, Medical Director, Clinical Decision Support,
Penn Medicine, 3535 Market Street, Mezzanine, Suite 50, Philadelphia, PA
19104; Telephone: 215-349-8098; Fax: 215-349-5829;

E-mail: craig.umscheid@uphs.upenn.edu

Additional Supporting Information may be found in the online version of
this article.

Received: February 21, 2014; Revised: August 19, 2014; Accepted:
September 10, 2014

2014 Society of Hospital Medicine DOI 10.1002/jhm.2259
Published online in Wiley Online Library (Wileyonlinelibrary.com).

ment were recognized.® Given these challenges, there
has been increasing interest in developing automated
systems to improve the timeliness of sepsis detec-
tion.”'* Systems described in the literature have var-
ied considerably in triggering criteria, effector
responses, and study settings. Of those examining the
impact of automated surveillance and response in the
non-intensive care unit (ICU) acute inpatient setting,
results suggest an increase in the timeliness of diagnos-
tic and therapeutic interventions,'® but less impact on
patient outcomes.” Whether these results reflect inad-
equacies in the criteria used to identify patients
(parameters or their thresholds) or an ineffective
response to the alert (magnitude or timeliness) is
unclear.

Given the consequences of severe sepsis in hospi-
talized patients, as well as the introduction of vital
sign (VS) and provider data in our electronic health
record (EHR), we sought to develop and implement
an electronic sepsis detection and response system
to improve patient outcomes. This study describes
the development, validation, and impact of that
system.
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METHODS

Setting and Data Sources

The University of Pennsylvania Health System (UPHS)
includes 3 hospitals with a capacity of over 1500 beds
and 70,000 annual admissions. All hospitals use the
EHR Sunrise Clinical Manager version 5.5 (Allscripts,
Chicago, IL). The study period began in October
2011, when VS and provider contact information
became available electronically. Data were retrieved
from the Penn Data Store, which includes professio-
nally coded data as well as clinical data from our
EHRs. The study received expedited approval and a
Health Insurance Portability and Accountability Act
waiver from our institutional review board.

Development of the Intervention

The early warning and response system (EWRS) for
sepsis was designed to monitor laboratory values and
VSs in real time in our inpatient EHR to detect
patients at risk for clinical deterioration and develop-
ment of severe sepsis. The development team was
multidisciplinary, including informaticians, physicians,
nurses, and data analysts from all 3 hospitals.

To identify at-risk patients, we used established cri-
teria for severe sepsis, including the systemic inflam-
matory response syndrome criteria (temperature
<36°C or >38°C, heart rate >90 bpm, respiratory
rate >20 breaths/min or PaCO, <32 mm Hg, and
total white blood cell count <4000 or >12,000 or
>10% bands) coupled with criteria suggesting organ
dysfunction (cardiovascular dysfunction based on a
systolic blood pressure <100 mm Hg, and hypoperfu-
sion based on a serum lactate measure >2.2 mmol/L
[the threshold for an abnormal result in our lab]).!"!?

To establish a threshold for triggering the system, a
derivation cohort was used and defined as patients
admitted between October 1, 2011 to October 31,
2011 1 to any inpatient acute care service. Those <18
years old or admitted to hospice, research, and obstet-
rics services were excluded. We calculated a risk score
for each patient, defined as the sum of criteria met at
any single time during their visit. At any given point
in time, we used the most recent value for each crite-
ria, with a look-back period of 24 hours for VSs and
48 hours for labs. The minimum and maximum num-
ber of criteria that a patient could achieve at any sin-
gle time was 0 and 6, respectively. We then
categorized patients by the maximum number of crite-
ria achieved and estimated the proportion of patients
in each category who: (1) were transferred to an ICU
during their hospital visit; (2) had a rapid response
team (RRT) called during their visit; (3) died during
their visit; (4) had a composite of 1, 2, or 3; or (5)
were coded as sepsis at discharge (see Supporting
Information in the online version of this article for
further information). Once a threshold was chosen,
we examined the time from first trigger to: (1) any
ICU transfer; (2) any RRT; (3) death; or (4) a com-
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posite of 1, 2, or 3. We then estimated the screen pos-
itive rate, test characteristics, predictive values, and
likelihood ratios of the specified threshold.

The efferent response arm of the EWRS included
the covering provider (usually an intern), the bedside
nurse, and rapid response coordinators, who were
engaged from the outset in developing the operational
response to the alert. This team was required to per-
form a bedside evaluation within 30 minutes of the
alert, and enact changes in management if warranted.
The rapid response coordinator was required to com-
plete a 3-question follow-up assessment in the EHR
asking whether all 3 team members gathered at the
bedside, the most likely condition triggering the
EWRS, and whether management changed (see Sup-
porting Figure 1 in the online version of this article).
To minimize the number of triggers, once a patient
triggered an alert, any additional alert triggers during
the same hospital stay were censored.

Implementation of the EWRS

All inpatients on non-critical care services were
screened continuously. Hospice, research, and obstet-
rics services were excluded. If a patient met the EWRS
criteria threshold, an alert was sent to the covering
provider and rapid response coordinator by text page.
The bedside nurses, who do not carry text-enabled
devices, were alerted by pop-up notification in the
EHR (see Supporting Figure 2 in the online version of
this article). The notification was linked to a task that
required nurses to verify in the EHR the VSs trigger-
ing the EWRS, and adverse trends in VSs or labs (see
Supporting Figure 3 in the online version of this
article).

The Preimplementation (Silent) Period and EWRS
Validation

The EWRS was initially activated for a preimplemen-
tation “silent” period (June 6, 2012-September 4,
2012) to both validate the tool and provide the base-
line data to which the postimplementation period was
compared. During this time, new admissions could
trigger the alert, but notifications were not sent. We
used admissions from the first 30 days of the preim-
plementation period to estimate the tool’s screen posi-
tive rate, test characteristics, predictive values, and
likelihood ratios.

The Postimplementation (Live) Period and
Impact Analysis

The EWRS went “live” September 12, 2012, upon
which new admissions triggering the alert would
result in a notification and response. Unadjusted anal-
yses using the 3> test for dichotomous variables and
the Wilcoxon rank sum test for continuous variables
compared demographics and the proportion of clinical
process and outcome measures for those admitted dur-
ing the silent period (June 6, 2012-September 4,
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2012) and a similar timeframe 1 year later when the
intervention was live (June 6, 2013-September 4,
2013). To be included in either of the time periods,
patients had to trigger the alert during the period and
be discharged within 45 days of the end of the period.
The pre- and post-sepsis mortality index was also
examined (see the Supporting Information in the
online version of this article for a detailed description
of study measures). Multivariable regression models
estimated the impact of the EWRS on the process and
outcome measures, adjusted for differences between
the patients in the preimplementation and postimple-
mentation periods with respect to age, gender, Charl-
son index on admission, admitting service, hospital,
and admission month. Logistic regression models
examined dichotomous variables. Continuous varia-
bles were log transformed and examined using linear
regression models. Cox regression models explored
time to ICU transfer from trigger. Among patients
with sepsis, a logistic regression model was used to
compare the odds of mortality between the silent and
live periods, adjusted for expected mortality, both
within each hospital and across all hospitals.

Because there is a risk of providers becoming overly
reliant on automated systems and overlooking those
not triggering the system, we also examined the dis-
charge disposition and mortality outcomes of those in
both study periods not identified by the EWRS.

The primary analysis examined the impact of the
EWRS across UPHS; we also examined the EWRS
impact at each of our hospitals. Last, we performed
subgroup analyses examining the EWRS impact in
those assigned an International Classification of Dis-
eases, 9th Revision code for sepsis at discharge or
death. All analyses were performed using SAS version
9.3 (SAS Institute Inc., Cary, NC).

RESULTS

In the derivation cohort, 4575 patients met the inclu-
sion criteria. The proportion of those in each category
(0-6) achieving our outcomes of interest are described
in Supporting Table 1 in the online version of this
article. We defined a “positive” trigger as a score >4,
as this threshold identified a limited number of
patients (3.9% [180/4575]) with a high proportion
experiencing our composite outcome (25.6% [46/
180]). The proportion of patients with an EWRS score
>4 and their time to event by hospital and health sys-
tem is described in Supporting Table 2 in the online
version of this article. Those with a score >4 were
almost 4 times as likely to be transferred to the ICU,
almost 7 times as likely to experience an RRT, and
almost 10 times as likely to die. The screen positive,
sensitivity, specificity, and positive and negative pre-
dictive values and likelihood ratios using this thresh-
old and our composite outcome in the derivation
cohort were 6%, 16%, 97%, 26%, 94%, 5.3, and
0.9, respectively, and in our validation cohort were

TABLE 1. Descriptive Statistics of the Study
Population Before and After Implementation of the
Early Warning and Response System

Hospitals A-C
Preimplementation Postimplementation P Value

No. of encounters 15,567 15,526
No. of alerts 595 (4%) 545 (4%) 014
Age, y, median (IOR) 62.0 (48.5-70.5) 59.7 (46.1-69.6) 0.04
Female 298 (50%) 274 (50%) 0.95
Race

White 343 (58%) 312 (57%) 0.14

Black 207 (35%) 171 (31%)

Other 23 (4%) 31(6%)

Unknown 22 (4%) 31(6%)
Admission type

Elective 201 (34%) 167 (31%) 040

ED 300 (50%) 278 (51%)

Transfer 94 (16%) 99 (18%)
BMI, kg/m?, median (QR) 21.0(23.0-32.0) 26.0 (22.0-31.0) 0.24
Previous ICU admission 137 (23%) 127 (23%) 0.91
RRT before alert 27 (5%) 20 (4%) 046
Admission Charlson 20(1.0-4.0) 20(1.0-4.0) 0.04

index, median (IQR)

Admitting service

Medicine 398 (67%) 364 (67%) 0.18

Surgery 173 (29%) 169 (31%)

Other 24 (4%) 12 (2%)
Service where alert fired

Medicine 391 (66%) 365 (67%) 0.18

Surgery 175 (29%) 164 (30%)

Other 29 (5%) 15 (3%)

NOTE: Abbreviations: BMI, body mass index; ED, emergency department; ICU, intensive care unit; IQR,
interquartile range; RRT, rapid response team; Y, years.

6%, 17%, 97%, 28%, 95%, 5.7, and 0.9,
respectively.

In the preimplementation period, 3.8% of admis-
sions (595/15,567) triggered the alert, as compared to
3.5% (545/15,526) in the postimplementation period.
Demographics were similar across periods, except that
in the postimplementation period patients were
slightly younger and had a lower Charlson Comorbid-
ity Index at admission (Table 1). The distribution of
alerts across medicine and surgery services were simi-
lar (Table 1).

In our postimplementation period, 99% of coordi-
nator pages and over three-fourths of provider notifi-
cations were sent successfully. Almost three-fourths of
nurses reviewed the initial alert notification, and over
99% completed the electronic data verification and
adverse trend review, with over half documenting
adverse trends. Ninety-five percent of the time the
coordinators completed the follow-up assessment.
Over 90% of the time, the entire team evaluated the
patient at bedside within 30 minutes. Almost half of
the time, the team thought the patient had no critical
illness. Over a third of the time, they thought the
patient had sepsis, but reported over 90% of the time
that they were aware of the diagnosis prior to the
alert. (Supporting Table 3 in the online version of this
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article includes more details about the responses to
the  electronic  notifications  and  follow-up
assessments.)

In unadjusted and adjusted analyses, ordering of
antibiotics, intravenous fluid boluses, and lactate and
blood cultures within 3 hours of the trigger increased

TABLE 2. Clinical Process Measures Before and
After Implementation of the Early Warning and
Response System

Hospitals A-C

Preimplementation Postimplementation P Value

No. of alerts 595 545

>500 mL IV bolus order 92 (15%) 142 (26%) <0.01
<3 hafter alert

V/PO antibiotic order <3 h after alert 75 (13%) 123 (23%) <0.01

V/PQ sepsis antibiotic 61 (10%) 85 (16%) <0.01
order <3 h after alert

Lactic acid order <3 h after alert 57 (10%) 128 (23%) <001

Blood culture order <3 h after alert 68 (11%) 99 (18%) <0.01

Blood gas order <6 h after alert 53 (9%) 59 (11%) 0.28

CBC or BMP <6 h after alert 247 (42%) 219 (40%) 0.65

Viasopressor <6 h after alert 17 (3%) 21 (4%) 0.35

Bronchodilator administration 71(12%) 64 (12%) 092

<6 h after alert

RBC, plasma, or platelet 31(5%) 52 (10%) <001
transfusion order <6 h after alert

Naloxone order <6 h after alert 0(0%) 1(0%) 0.30

AV node blocker order <6 h after alert 35 (6%) 35 (6%) 0.70

Loop diuretic order <6 h after alert 35 (6%) 28 (5%) 058

CXR <6 h after alert 92 (15%) 113 (21%) 0.02

CT head, chest, or ABD 29 (5%) 34 (6%) 0.31

<6 hafter alert
Cardiac monitoring (ECG or 70 (12%) 90 (17%) 0.02

telemetry) <6 h after alert

NOTE: Abbreviations: ABD, abdomen; AV, atrioventricular; BMP, basic metabolic panel; CBC, complete
blood count; CT, computed tomography; CXR, chest radiograph; ECG, electrocardiogram; H, hours;
1V, intravenous; PO, oral; RBC, red blood cell.
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significantly, as did ordering of blood products, chest
radiographs, and cardiac monitoring within 6 hours
of the trigger (Tables 2 and 3).

Hospital and ICU length of stay were similar in the
preimplementation and postimplementation periods.
There was no difference in the proportion of patients
transferred to the ICU following the alert; however,
the proportion transferred within 6 hours of the alert
increased, and the time to ICU transfer was halved
(see Supporting Figure 4 in the online version of this
article), but neither change was statistically significant
in unadjusted analyses. Transfer to the ICU within 6
hours became statistically significant after adjustment.
All mortality measures were lower in the postimple-
mentation period, but none reached statistical signifi-
cance. Discharge to home and sepsis documentation
were both statistically higher in the postimplementa-
tion period, but discharge to home lost statistical sig-
nificance after adjustment (Tables 4 and 5) (see
Supporting Table 4 in the online version of this
article).

In a subanalysis of EWRS impact on patients docu-
mented with sepsis at discharge, unadjusted and
adjusted changes in clinical process and outcome
measures across the time periods were similar to that
of the total population (see Supporting Tables 5 and 6
and Supporting Figure 5 in the online version of this
article). The unadjusted composite outcome of mortal-
ity or inpatient hospice was statistically lower in the
postimplementation period, but lost statistical signifi-
cance after adjustment.

The disposition and mortality outcomes of those
not triggering the alert were unchanged across the 2
periods (see Supporting Tables 7, 8, and 9 in the
online version of this article).

TABLE 3. Adjusted Analysis for Clinical Process Measures for All Patients and Those Discharged With a Sepsis

Diagnosis
All Alerted Patients Discharged With Sepsis Code*
Unadjusted Odds Ratio Adjusted Odds Ratio® Unadjusted Odds Ratio Adjusted Odds Ratio'

>500 mL IV bolus order <3 h after alert 1.93 (1.44-2.58) 1.93 (1.43-2.61) 64 (1.11-2.43) 1,65 (1.10-2.47)
IV/PO antibiotic order <3 h after alert 202( A8-2.17) 2.02 (1.46-2.78) 199 (1.32-3.00) 2.02 (1.32-3.09)
V/PO sepsis antibiotic order <3 h after alert 1.62 (1.14-2.30) 57( 10-2.25) 63 (1.05-2.53) 1.65 (1.05-2.58)
Lactic acid order <3 h after alert 2.90 (2.07-4.06) 11(2.19-441) 241 (1.58-3.67) 2.79(1.79-4.34)
Blood culture <3 h after alert 1.72 (1.23-2.40) 76 (1.25-2.47) 1.36 (0.87-2.10) 1.40(0.90-2.20)
Blood gas order <6 h after alert 1.24(0.84-1.83) 1.32(0.89-1 97) 1.06 (0.63-1.77) 1.13(067-1.92)
BMP or CBC order <6 h after alert 0.95(0.75-1.20) 0.96 (0.75-1.21) 1.00 (0.70-1.44) 1,04 (0.72-1.50)
Viasopressor order <6 h after alert 1.36 (0.71-2.61) 1.47(0.76- 283) 1.32(0.58- 304) 1.38 (0.59-3.25)
Bronchodilator administration <6 h after alert 0.98 (0. 69— 1) 1.02 (0.70-1.47) 1.13(0.64-1.99) 1.17(0.65-2.10)
Transfusion order <6 h after alert 92( 1-3.04) 1.95(1.23-3.11) 1.65(0.91-3.01) 1,68 (0.91-3.10)
AV node blocker order <6 h after alert 1.10(0.68-1 78) 1.20 (0.72- 200) 0.38 (0.13-1.08) 0.39(0.12-1.20)
Loop diuretic order <6 h after alert 0.87(0.52-1.44) 0.93(0.56-1.57) 163 (0 63412 ) 1.87(0.70-5.00)
CXR <6 h after alert 1.43 (1.06-1 94) 1.47 (1.08-1.99) 45 (0.94- 224) 1.56 (1.00-2.43)
CT <6 h after alert 1.30(0.78-2.16) 1.30(0.78- 2 9 097 (0.52-1.82) 0.94(0.49-1.79
Cardiac monitoring <6 h after alert 1.48 (1.06-2.08) 1.54 (1.09-2.16) 32 (0.79- 2 8) 1.44(0.86-2.41)

NOTE: Odds ratios compare the odds of the outcome after versus before implementation of the early waming system. Abbreviations: AV, atrioventricular; BMP, basic metabolic panel; CBC, complete blood count, CT, computed
tomography; CXR, chest radiograph; H, hours; IV, intravenous; PO, oral. *Sepsis definition based on International Classification of Diseases, 9th Revision diagnosis at discharge (790.7, 995.94, 995.92, 995.90, 995.91, 995.93,
785.52). "Adusted for log-transformed age, gender, log-transformed Charlson index at admission, admitting service, hospital, and admission month.
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DISCUSSION

This study demonstrated that a predictive tool can
accurately identify non-ICU inpatients at increased

TABLE 4. Clinical Outcome Measures Before and
After Implementation of the Early Warning and
Response System

Hospitals A-C

Preimplementation ~ Postimplementation P Value

No. of alerts 595 545

Hospital LOS, d, median (IOR) 10.1 (5.1-19.1) 94(5.2-18.9) 0.92
ICU LOS after alert, d, 34(1.7-14) 36(1.9-6.8) 0.72
median (IQR)
|CU transfer <6 h 40 (7%) 53 (10%) 0.06
after alert
ICU transfer <24 h 1 (12%) 79 (14%) 0.20
after alert
|CU transfer any time 134 (23%) 124 (23%) 093
after alert
Time to first ICU after alert, 21.3 (4.4-63.9) 11.0(2.3-58.7) 0.2
h, median (1QR)
RRT <6 h after alert 13 (2%) 9(2%) 0.51
Mortality of all patients 52 (9%) 41(8%) 045
Mortality <30 days after alert 48 (8%) 33 (6%) 019
Mortality of those 40 (30%) 32 (26%) 047
transferred to ICU
Deceased or IP hospice 94 (16%) 72 (13%) 022
Discharge to home 347 (58%) 351 (64%) 0.04
Disposition location
Home 347 (58%) 351 (64%) 0.25
SNF 89 (15%) 65 (12%)
Rehab 24 (4%) 20 (4%)
LTC 8 (1%) 9(2%)
Other hospital 16 (3%) 6(1%)
Expired 52 (9%) 41(8%)
Hospice IP 42 (7%) 31(6%)
Hospice other 11(2%) 14 (3%)
Other location 6 (1%) 8 (1%)
Sepsis discharge diagnosis 230 (39%) 247 (45%) 0.02
Sepsis 0/E 1.37 1.06 0.18

NOTE: Abbreviations: H, hours; ICU, intensive care unit; IP, inpatient; IQR, interquartile range; LOS, length
of stay; LTC, long-term care; O/E, observed to expected; Rehab, rehabilitation; RRT, rapid response team;
SNF, skilled nursing facility.

risk for deterioration and death. In addition, we
demonstrated the feasibility of deploying our EHR
to screen patients in real time for deterioration
and to trigger electronically a timely, robust, mul-
tidisciplinary bedside clinical evaluation. Compared
to the control (silent) period, the EWRS resulted
in a marked increase in early sepsis care, transfer
to the ICU, and sepsis documentation, and an
indication of a decreased sepsis mortality index
and mortality, and increased discharge to home,
although none of these latter 3 findings reached
statistical significance.

Our study is unique in that it was implemented
across a multihospital health system, which has identi-
cal EHRs, but diverse cultures, populations, staffing,
and practice models. In addition, our study includes a
preimplementation population similar to the postim-
plementation population (in terms of setting, month
of admission, and adjustment for potential
confounders).

Interestingly, patients identified by the EWRS who
were subsequently transferred to an ICU had higher
mortality rates (30% and 26% in the preimplementa-
tion and postimplementation periods, respectively,
across UPHS) than those transferred to an ICU who
were not identified by the EWRS (7% and 6% in the
preimplementation and postimplementation periods,
respectively, across UPHS) (Table 4) (see Supporting
Table 7 in the online version of this article). This find-
ing was robust to the study period, so is likely not
related to the bedside evaluation prompted by the
EWRS. It suggests the EWRS could help triage
patients for appropriateness of ICU transfer, a particu-
larly valuable role that should be explored further
given the typical strains on ICU capacity,"® and the
mortality resulting from delays in patient transfers
into ICUs.'*"

Although we did not find a statistically significant
mortality reduction, our study may have been under-
powered to detect this outcome. Our study has other

TABLE 5. Adjusted Analysis for Clinical Outcome Measures for All Patients and Those Discharged With a Sepsis

Diagnosis
All Alerted Patients Discharged With Sepsis Code*
Unadjusted Estimate Adjusted Estimate Unadjusted Estimate Adjusted Estimate’

Hospital LOS, ¢* 1.01(0.92-1.11) 1.02(0.93-1.12) 0 99 (0.85-1.15) 1.00 (0.87-1.16)
ICU transfer* 1.49(0.97-2.29) 1.65 (1.07-2.55) 61(0.92-2.84) 1.82 (1.02-3. 25)
Time to first ICU transfer after alert, b 1.17(0.87-1.57) 1.23(0.92-1.66) 21(0.83-1.75) 1.31(0.90-1.90)
ICU L0, d* 1.01(0.77-1.31) 0.99(0.76-1.28) 0 87 (0.62-1.21) 0.88 (0.64-1.21)
RRTY 0.75(0.32-1.77) 0.84(0.35-2.02) 81(0.29-2.27) 0.82(0.27- 243)
Mortality® 0.85 (0.55-1.30) 0.98 (0.63-1.53) 0 85(0.55-1.30) 0.98 (0.63-1.53)
Mortaliy within 30 days of alert® 0.73 (0.46-1.16) 0.87 (0.54-1.40) 0.59 (0.34-1.04) 0.69(0.38- 1 26)
Mortality or inpatient hospice transfer’ 0.82 (0.47-1.41) 0.78 (0.44-1.41) 0 67 (0.36-1.25) 0.65(0.33-1.29)
Discharge to home® 1.29 (1.02-1.64) 1.18(091-152) 36(0.95-1.95) 1.22(0.81-1.84)
Sepsis discharge diagnosis’® 1.32 (1.04-1.67) 1.43(1.10-1.85) NA NA

NOTE: Estimates compare the mean, odds, or hazard of the outcome after versus before implementation of the early warning system. Abbreviations: H, hours; ICU, intensive care unit; LOS, length of stay; NA, not applicable;
RRT, rapid response team. *Sepsis definition based on International Classification of Diseases, 9th Revision diagnosis at d|scharge (790.7, 995.94, 995.92, 995.90, 995.91, 995.93, 85.52). TAd]usted for gender, age, present on
admission Charlson comorbidity score, admit service, hospital, and admission month (June + July or August + Sep). *Coefficient. *Odds ratio. ‘Hazard ratio.
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limitations. First, our preimplementation/postimple-
mentation design may not fully account for secular
changes in sepsis mortality. However, our comparison
of similar time periods and our adjustment for
observed demographic differences allow us to estimate
with more certainty the change in sepsis care and
mortality attributable to the intervention. Second, our
study did not examine the effect of the EWRS on
mortality after hospital discharge, where many such
events occur. However, our capture of at least 45 hos-
pital days on all study patients, as well as our inclu-
sion of only those who died or were discharged
during our study period, and our assessment of dis-
charge disposition such as hospice, increase the chance
that mortality reductions directly attributable to the
EWRS were captured. Third, although the EWRS
changed patient management, we did not assess the
appropriateness of management changes. However,
the impact of care changes was captured crudely by
examining mortality rates and discharge disposition.
Fourth, our study was limited to a single academic
healthcare system, and our experience may not be
generalizable to other healthcare systems with differ-
ent EHRs and staff. However, the integration of our
automated alert into a commercial EHR serving a
diverse array of patient populations, clinical services,
and service models throughout our healthcare system
may improve the generalizability of our experience to
other settings.

CONCLUSION

By leveraging readily available electronic data, an
automated prediction tool identified at-risk patients
and mobilized care teams, resulting in more timely
sepsis care, improved sepsis documentation, and a
suggestion of reduced mortality. This alert may be
scalable to other healthcare systems.

Acknowledgements

The authors thank Jennifer Barger, MS, BSN, RN; Patty Baroni, MSN,
RN; Patrick J. Donnelly, MS, RN, CCRN; Mika Epps, MSN, RN; Allen
L. Fasnacht, MSN, RN; Neil O. Fishman, MD; Kevin M. Fosnocht,
MD; David F. Gaieski, MD; Tonya Johnson, MSN, RN, CCRN; Craig
R. Kean, MS; Arash Kia, MD, MS; Matthew D. Mitchell, PhD; Stacie
Neefe, BSN, RN; Nina J. Renzi, BSN, RN, CCRN; Alexander Roederer,
Jean C. Romano, MSN, RN, NE-BC; Heather Ross, BSN, RN, CCRN;
William D. Schweickert, MD; Esme Singer, MD; and Kendal Williams,

EWRS for Sepsis | Umscheid et al

MD, MPH for their help in developing, testing and operationalizing the
EWRS examined in this study; their assistance in data acquisition; and
for advice regarding data analysis. This study was previously presented
as an oral abstract at the 2013 American Medical Informatics Associa-
tion Meeting, November 16-20, 2013, Washington, DC.

Disclosures: Dr. Umscheid’s contribution to this project was supported
in part by the National Center for Research Resources, grant
UL1RR024134, which is now at the National Center for Advancing
Translational Sciences, grant UL1TR000003. The content of this article
is solely the responsibility of the authors and does not necessarily repre-
sent the official views of the National Institutes of Health. The authors
report no potential financial conflicts of interest relevant to this article.

References

1. Gaieski DF, Edwards JM, Kallan M]J, Carr BG. Benchmarking the
incidence and mortality of severe sepsis in the United States. Crit Care
Med. 2013;41(5):1167-1174.

2. Dellinger RP, Levy MM, Rhodes A, et al. Surviving sepsis campaign:
international guidelines for management of severe sepsis and septic
shock: 2012. Crit Care Med. 2013;41(2):580-637.

3. Levy MM, Dellinger RP, Townsend SR, et al. The Surviving Sepsis
Campaign: results of an international guideline-based performance
improvement program targeting severe sepsis. Crit Care Med. 2010;
38(2):367-374.

4. Otero RM, Nguyen HB, Huang DT, et al. Early goal-directed therapy
in severe sepsis and septic shock revisited: concepts, controversies, and
contemporary findings. Chest. 2006;130(5):1579-1595.

5. Rivers E, Nguyen B, Havstad S, et al. Early goal-directed therapy in
the treatment of severe sepsis and septic shock. N Engl ] Med. 2001;
345(19):1368-1377.

6. Whittaker SA, Mikkelsen ME, Gaieski DF, Koshy S, Kean C, Fuchs
BD. Severe sepsis cohorts derived from claims-based strategies appear
to be biased toward a more severely ill patient population. Crit Care
Med. 2013;41(4):945-953.

7. Bailey TC, Chen Y, Mao Y, et al. A trial of a real-time alert for clinical
deterioration in patients hospitalized on general medical wards.
J Hosp Med. 2013;8(5):236-242.

8. Jones S, Mullally M, Ingleby S, Buist M, Bailey M, Eddleston JM. Bed-
side electronic capture of clinical observations and automated clinical
alerts to improve compliance with an Early Warning Score protocol.
Crit Care Resusc. 2011;13(2):83-88.

9. Nelson JL, Smith BL, Jared JD, Younger JG. Prospective trial of real-
time electronic surveillance to expedite early care of severe sepsis. Ann
Emerg Med. 2011;57(5):500-504.

10. Sawyer AM, Deal EN, Labelle AJ, et al. Implementation of a real-time
computerized sepsis alert in nonintensive care unit patients. Crit Care
Med. 2011;39(3):469-473.

11. Bone RC, Balk RA, Cerra FB, et al. Definitions for sepsis and organ
failure and guidelines for the use of innovative therapies in sepsis. The
ACCP/SCCM Consensus Conference Committee. American College
of Chest Physicians/Society of Critical Care Medicine. Chest. 1992;
101(6):1644-1655.

12. Levy MM, Fink MP, Marshall JC, et al. 2001 SCCM/ESICM/ACCP/
ATS/SIS International Sepsis Definitions Conference. Crit Care Med.
2003;31(4):1250-1256.

13. Sinuff T, Kahnamoui K, Cook DJ, Luce JM, Levy MM. Rationing
critical care beds: a systematic review. Crit Care Med. 2004;32(7):
1588-1597.

14. Bing-Hua YU. Delayed admission to intensive care unit for critically
surgical patients is associated with increased mortality. Am | Surg.
2014;208:268-274.

15. Cardoso LT, Grion CM, Matsuo T, et al. Impact of delayed admission
to intensive care units on mortality of critically ill patients: a cohort
study. Crit Care. 2011;15(1):R28.

An Official Publication of the Society of Hospital Medicine

Journal of Hospital Medicine Vol 10 | No 1 | January 2015 31



