Improving Unadjusted and Adjusted Mortality
With an Early Warning Sepsis System in the
Emergency Department and Inpatient \Wards

Justin lannello, DO, MBA; and Nicole Maltese, PharmD, BCPS, BCCCP

Background: Mortality reduction has been a major focus of
improvement for health care systems. Although several stud-
ies have noted improved sepsis-related mortality with the use
of electronic health record (EHR) systems, there are no known
published early warning sepsis systems using the Veterans
Health Administration (VHA) EHR system.

Methods: The Malcom Randall Veterans Affairs Medical
Center (MRVAMC), a large academic 1a VHA facility within
the North Florida/South Georgia Veterans Health System
(NF/SGVHS), was identified as having opportunities for im-
provement related to inpatient mortality outcomes. Sepsis
was discovered as the primary contributor to inpatient mor-
tality for MRVAMC's acute level of care (LOC). Education
along with implementation of an early warning sepsis system
(EWSS) was subsequently integrated in the VHA EHR known
as the Veterans Information Systems and Technology Archi-
tecture/Computerized Patient Record System (VistA/CPRS)

at NF/SGVHS, which applied a combination of informatics solu-
tions within a Lean Six Sigma quality improvement framework.
Results: At MRVAMC, there was an observed decrease in
the number of inpatient deaths for the acute LOC from a
high of 48 in fiscal year (FY) 2017, quarter 3 to a low of 27 in
FY 2019, quarter 4. This resulted in as large of an improve-
ment as a 44% reduction in unadjusted mortality with educa-
tion and implementation of an EWSS from FYs 2017 to 2019.
Additionally, the MRVAMC acute LOC risk-adjusted mor-
tality (standardized mortality ratio) improved from > 1.0 to
< 1.0, demonstrating fewer inpatient mortalities than pre-
dicted from FYs 2017 to 2019.

Conclusions: Education along with the possible implemen-
tation of an EWSS within the VHA EHR was associated with
improvement in unadjusted and adjusted inpatient mortality
at MRVAMC. This may be an effective approach for patients
with sepsis.
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n 1997, Elizabeth McGlynn wrote, “Mea-

suring quality is no simple task.”* We are

reminded of this seminal Health Affairs ar-
ticle at a very pertinent point—as health care
practice progresses, measuring the impact of
performance improvement initiatives on clini-
cal care delivery remains integral to monitor-
ing overall effectiveness of quality. Mortality
outcomes are a major focus of quality.

Inpatient mortality within the Veterans
Health Administration (VHA) was measured
as actual number of deaths (unadjusted mor-
tality), and adjusted mortality was calculated
using the standardized mortality ratio (SMR).
SMR included actual number of deaths dur-
ing hospitalization or within 1 day of hospi-
tal discharge divided by predicted number of
deaths using a risk-adjusted formula and was
calculated separately for acute level of care
(LOC) and the intensive care unit (ICU).
Using risk-adjusted SMR, if an observed/ex-
pected ratio was > 1.0, there were more in-
patient deaths than expected; if < 1.0, fewer
inpatient deaths occurred than predicted;
and if 1.0, observed number of inpatient
deaths was equivalent to expected number of
deaths.

Mortality reduction is a complex area of
performance improvement. Health care fa-
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cilities often focus their efforts on the biggest
mortality contributors. According to Dantes
and Epstein, sepsis results in about 265,000
deaths annually in the United States.’> Re-
inhart and colleagues demonstrated that
sepsis is a worldwide issue resulting in ap-
proximately 30 million cases and 6 million
deaths annually.* Furthermore, Kumar and
colleagues have noted that when sepsis pro-
gresses to septic shock, survival decreases by
almost 8% for each hour delay in sepsis iden-
tification and treatment.”

Improvements in sepsis management
have been multifaceted. The Surviving Sepsis
Campaign guidelines created sepsis treatment
bundles to guide early diagnosis/treatment of
sepsis.® In addition to awareness and sepsis
care bundles, a plethora of informatics solu-
tions within electronic health record (EHR)
systems have demonstrated improved sepsis
care.”® Various approaches to early diagno-
sis and management of sepsis have been col-
lectively referred to as an early warning sepsis
system (EWSS).

An EWSS typically contains automated
decision support tools that are integrated in
the EHR and meant to assist health care pro-
fessionals with clinical workflow decision-
making. Automated decision support tools
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within the EHR have a variety of functions,

such as clinical care reminders and alerts."”
Sepsis screening tools function as a form

of automated decision support and may be

TABLE 1 Mortality on Acute Level of Care at MRVAMC

Fiscal Year 2017

incorporated into the EHR to support the Mortality Quarter 1 Quarter?  Quarters
EWSS. Although sepsis screening tools vary, Deaths, No. 39 43 48
they frequently include a combination of data

involving vital signs, laboratory values and/ Standardized mortality ratio 1.10 1.11 1.20

or physical examination findings, such as  Abbreviation: MRVAMC, Malcom Randall Veterans Affairs Medical Center,

mental status evaluation. The Modified Early
Warning Signs (MEWS) + Sepsis Recognition
Score (SRS) is one example of a sepsis screen-
ing tool."!°

At Malcom Randall Veterans Affairs
Medical Center (MRVAMC) in Gainesville,
Florida, we identified a quality improve-
ment project opportunity to improve sep-
sis care in the emergency department (ED)
and inpatient wards using the VHA EHR
system, the Computerized Patient Record
System (CPRS), which is supported by the
Veterans Information Systems and Technol-
ogy Architecture (VistA).'® A VistA/CPRS
EWSS was developed using Lean Six Sigma
DMAIC (define, measure, analyze, improve,
and control) methodology.!® During the im-
prove stage, informatics solutions were ap-
plied and included a combination of EHR
interventions, such as template design, an
order set, and clinical reminders. Clinical
reminders have a wide variety of use, such
as reminders for clinical tasks and as au-
tomated decision support within clinical
workflows using Boolean logic.

To the best of our knowledge, there has
been no published application of an EWSS
within VistA/CPRS. In this study, we out-
line the strategic development of an EWSS
in VistA/CPRS that assisted clinical staff with
identification and treatment of sepsis; im-
proved documentation of sepsis when pres-
ent; and associated with improvement in
unadjusted and adjusted inpatient mortality.

METHODS

According to policy activities that constitute
research at MRVAMC, no institutional review
board approval was required as this work met
criteria for operational improvement activi-
ties exempt from ethics review.

The North Florida/South Georgia Veter-
ans Health System (NF/SGVHS) includes
MRVAMC, a large academic hospital with
rotating residents/fellows and multiple spe-
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Gainesville, Florida.

cialty care services. MRVAMC comprised
144 beds on the medicine/surgery wards;
48 beds in the psychiatry unit; 18 inter-
mediate LOC beds; and 27 ICU beds. The
MRVAMC SMR was identified as an im-
provement opportunity during fiscal year
(FY) 2017 (Table 1). Its adjusted mortality
for acute LOC demonstrated an observed/
expected ratio of > 1.0 suggesting more
inpatient deaths were observed than ex-
pected. The number of deaths (unadjusted
mortality) on acute LOC at MRVAMC was
noted to be rising during the first 3 quarters
of FY 2017. A deeper examination of data
by Pyramid Analytics (www.pyramidanal
ytics.com) discovered that sepsis was the
primary driver for inpatient mortality on
acute LOC at MRVAMC. Our goal was to
reduce inpatient sepsis-related mortality via
development of an EWSS that leveraged
VistA/CPRS to improve early identification
and treatment of sepsis in the ED and inpa-
tient wards.

Emergency Department

Given the importance of recognizing sep-
sis early, the sepsis team focused on im-
provement opportunities at the initial point
of patient contact: ED triage. The goal was
to incorporate automated VistA/CPRS deci-
sion support to assist clinicians with identify-
ing sepsis in triage using MEWS, which was
chosen to optimize immediate hospital-wide
buy-in. Clinical staff were already familiar
with MEWS, which was in use on the inpa-
tient wards.

Flow through the ED and availability of
resources differed from the wards. Hence,
modification to MEWS on the wards was
necessary to fit clinical workflow in the ED.
Temperature, heart rate (HR), respiratory rate
(RR), systolic blood pressure (SBP), men-
tal status, and white blood cell count (WBC)
factored into a MEWS + SRS score on the
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TABLE 2 Modified Early Warning Signs and Sepsis Recognition Score Example

Score
Criteria 2 1 0 1 2
Temperature, °F <95 95-101.1 >101.1
Heart rate, 40-44 45-50 51-100 101-110 111-129
beats per min
RR, breaths 8 9 10-14 15-20 21-29
per min
SBP, mm Hg 71-80 81-100 101-160 161-180 181-199
Mental status Responds to Responds Alert Mildly agitated Very
change pain to voice or confused agitated
Latest WBC, mcL 1-2.9 3-14.9 15-19.9 20-39.9

Abbreviations: RR, respiratory rate; SBP, systolic blood pressure; WBC, white blood count.

wards (Table 2). For the ED, MEWS in-
cluded temperature, HR, RR and SBP, but ex-
cluded mental status and WBC. Mental status
assessment was excluded due to technical in-
feasibility (while vital signs could be auto-
matically calculated in real time for a MEWS
score, that was not possible for mental status
changes). WBC was excluded from the ED as
laboratory test results would not be available
in triage.

MEWS + SRS scores were calculated in
VistA by using clinical reminders. Clinical
reminder logic included a series of condi-
tional statements based on various combina-
tions of MEWS + SRS clinical data entered
in the EHR. When ED triage vital signs data
were entered in CPRS, clinical data were
stored and processed according to clin-
ical reminder logic in VistA and displayed
to the user in CPRS. While MEWS of
> 5 triggered a sepsis alert on the wards, the
> 4 threshold was used in the ED given men-
tal status and WBC were excluded from cal-
culations in triage (eAppendix 1 available at
doi:10.12788/fp.0194).

Once a sepsis alert was triggered in triage
for MEWS = 4, ED nursing staff prioritized
bed location and expedited staffing with an
ED attending physician for early assessment.
The ED attending then performed an assess-
ment to confirm whether sepsis was present
and direct early treatment. Although every
patient who triggered a sepsis alert in triage
did not meet clinical findings of sepsis, pa-
tients with MEWS > 4 were frequently ill and
required timely intervention.

If an ED attending physician agreed
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with a sepsis diagnosis, the physician had
access to a sepsis workup and treatment
order set in CPRS (eAppendix 2 available
at doi:10.12788/fp.0194). The sepsis order
set incorporated recommendations from
the Surviving Sepsis Campaign guidelines
and included orders for 2 large-bore periph-
eral IV lines; aggressive fluid resuscitation
(30 mL/kg) for patients with clinical find-
ings of hypoperfusion; broad-spectrum
antibiotics; and frequent ordering of labora-
tory tests and imaging during initial sepsis
workup.® Vancomycin and cefepime were se-
lected as routine broad-spectrum antibiotics
in the order set when sepsis was suspected
based on local antimicrobial stewardship and
safety-efficacy profiles. For example, Luther
and colleagues demonstrated that cefepime
has lower rates of acute kidney injury when
combined with vancomycin vs vancomycin
+ piperacillin-tazobactam.” If a 3-lactam an-
tibiotic could not be used due to a patient’s
drug allergy history, aztreonam was available
as an alternative option.

The design of the order set also func-
tioned as a communication interface with
clinical pharmacists. Given the large vol-
ume of antibiotics ordered in the ED, it was
difficult for pharmacists to prioritize anti-
biotic order verification. While stat orders
convey high priority, they often lack speci-
ficity. When antibiotic orders were selected
from the sepsis order set, comments were
already included that stated: “STAT. First
dose for sepsis protocol” (eAppendix 3 avail-
able at doi:10.12788/fp.0194). This stan-
dardized communication conveyed a sense
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of urgency and a collective understanding
that patients with suspected sepsis required
timely order verification and administration
of antibiotics.

Hospital Ward

Mental status and WBC were included on
the wards to monitor for possible signs of
sepsis, using MEWS + SRS, which was rou-
tinely monitored by nursing every 4 to 8
hours. When MEWS + SRS was > 5 points,
ward nursing staff called a sepsis alert.”!°
Early response team (ERT) members re-
ceived telephone notifications of the alert.
ERT staff proceeded with immediate eval-
uation and treatment at the bedside along
with determination for most appropriate
LOC. The ERT members included an ICU
physician and nurse; respiratory therapist;
and nursing supervisor/bed flow coordi-
nator. During bedside evaluation, if the
ERT or primary team agreed with a sepsis
diagnosis, the ERT or primary team used
the sepsis order set to ensure standardized
procedures. Stat orders generated through
the sepsis order set pathway conveyed a
sense of urgency and need for immediate
order verification and administration of
antibiotics.

In addition to clinical care process im-
provement, accurate documentation also
was emphasized in the EWSS. When a sep-
sis alert was called, a clinician from the
primary team was expected to complete a
standardized progress note, which commu-
nicated clinical findings, a treatment plan,
and captured severity of illness (eAppen-
dix 4 available at doi:10.12788/fp.0194). It
included sections for subjective, objective,
assessment, and plan. In addition, data ob-
jects were created for vital signs and com-
mon laboratory findings that retrieved
important clinical data from VistA and in-
serted it into the CPRS note.”!

Nursing staff on the wards were ex-
pected to communicate results with the
primary team for clinical decision making
when a patient had a MEWS + SRS of 3 to
4. A sepsis alert may have been called at the
discretion of clinical team members but was
not required if the score was < 5. Addition-
ally, vital signs were expected to be checked
by the nursing staff on the wards at least
every 4 hours for closer monitoring.
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TABLE 3 Nonspecific Inpatient Ward ERT

and Sepsis Alerts?

Sepsis Mortality

Fiscal Years ERT Alerts, No. Sepsis Alerts, No. Total, No.
2017
Quarter 1 100 N/A N/A
Quarter 2 90 N/A N/A
Quarter 3 87 N/A N/A
Quarter 4 75 N/A N/A
2018
Quarter 1 88 4b 92
Quarter 2 106 16 122
Quarter 3 106 10 116
Quarter 4 119 18 137
2019
Quarter 1 131 9 140
Quarter 2 135 8 143
Quarter 3 142 15 157
Quarter 4 164 6 170

Abbreviations: ERT, early response team; MEWS, modified early-warning system;
SRS, Social Responsiveness Scale; STEMI, ST-segment elevation myocardial

infarction.

ancludes inpatient medicine, surgery, and psychiatry acute and intermediate level
of care wards; excludes outpatients, intensive care units, stroke alerts, and STEMI

alerts.

bInitial implementation of sepsis alerts using MEWS + SRS screening tool started
during the last month of FY 2018, quarter 1 (December 2017). FY 2018, quarter 1

runs from October 2017 through December 2017.

Sepsis Review Meetings

Weekly meetings were scheduled to review
sepsis cases to assess diagnosis, treatment,
and documentation entered in the patient
record. The team conducting sepsis reviews
comprised the chief of staff, chief of qual-
ity management, director of patient safety,
physician utilization management advisor,
chief resident in quality and patient safety
(CRQS), and inpatient pharmacy super-
visor. In addition, ad hoc physicians and
nurses from different specialty areas, such
as infectious diseases, hospitalist section,
ICU, and the ED participated on request for
subject matter expertise when needed. At
the conclusion of weekly sepsis meetings,
sepsis team members provided feedback to
the clinical staff for continuous improve-
ment purposes.

RESULTS

Before implementation of an EWSS at NF/
SGVHS, a plan was devised to increase
awareness and educate staff on sepsis-
related mortality in late FY 2017. Awareness
and education about sepsis-related mortal-
ity was organized at physician, nursing, and
pharmacy leadership clinical staff meetings.
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FIGURE 1 Inpatient Deaths on Acute Level of Care
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Posters about early warning signs of sepsis
also were displayed on the nursing units for
educational purposes and to convey the im-
portance of early recognition/treatment of
sepsis. In addition, the CRQS was the qual-
ity leader for house staff and led sepsis cam-
paign change efforts for residents/fellows.
An immediate improvement in unadjusted
mortality at MRVAMC was noted with ini-
tial sepsis awareness and education. From
FY 2017, quarter 3 to FY 2018, quarter 1,
the number of acute LOC inpatient deaths
decreased from 48 to 28, a 42% reduction
in unadjusted mortality at MRVAMC (Fig-
ure 1). Additionally, the acute LOC SMR im-
proved from 1.20 during FY 2017, quarter
3 down to as low as 0.71 during FY 2018,
quarter 1 (Figure 2).

The number of MRVAMC inpatient
deaths increased from 28 in FY 2018, quar-
ter 1 to 45 in FY 2018, quarter 3. While
acute LOC showed improvement in un-
adjusted mortality after sepsis education/
awareness, it was felt continuous improve-
ment could not be sustained with educa-
tion alone. An EWSS was designed and
implemented within the EHR system in FY
2018. Following implementation of EWSS
and reeducating staff on early recognition
and treatment of sepsis, acute LOC inpa-
tient deaths decreased from 45 in FY 2018,
quarter 3 through FY 2019 where unad-
justed mortality was as low as 27 during
FY 2019, quarter 4. The MRVAMC acute
LOC SMR was consistently < 1.0 from FY
2018, quarter 4 through FY 2019, quar-
ter 4.

In addition to the observed decrease in
acute LOC inpatient deaths and improved
SMR, the number of ERT alerts and sep-
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sis alerts on the inpatient wards were moni-
tored from FY 2017 through FY 2019. ERT
alerts listed in Table 3 were nonspecific
and initiated by nursing staff on the wards
where a patient’s clinical status was identi-
fied as worsening while sepsis alerts were
specific ERT alerts called by the ward nurs-
ing staff due to concerns for sepsis. The in-
patient wards included inpatient medicine,
surgery, and psychiatry acute care and the
intermediate level of care unit while outpa-
tient clinical areas of treatment, intensive care
units, stroke alerts, and STEMI alerts were
excluded.

From FY 2017 to FY 2018, quarter 1, the
number of nonspecific ERT alerts varied be-
tween 75 to 100. Sepsis alerts were not avail-
able until December 2017 while the EWSS
was in development. Afterward, nonspe-
cific ERT alerts and sepsis alerts were moni-
tored each quarter. Sepsis alerts ranged from
4 to 18. Nonspecific ERT alerts + sepsis alerts
continued to increase from FY 2018, quarter
3 through FY 2019, quarter 4.

DISCUSSION
Implementation of the EWSS was associated
with improved unadjusted mortality and ad-
justed mortality for acute LOC at MRVAMC.
Although variation exists with application
of EWSS at other medical centers, there was
similarity with improved sepsis outcomes
reported at other health care systems after
EWSS implementation.”!®

Improved unadjusted mortality and ad-
justed mortality for acute LOC at MRVAMC
was likely due to multiple contributing fac-
tors. First, during design and implemen-
tation of the EWSS, project work was
interdisciplinary with input from physi-
cians, nurses, and pharmacists from mul-
tiple specialties (ie, ED, ICU, and the
medicine service); quality management
and data analysis specialists; and clinical
informatics. Second, facility commitment
to improving early recognition and treat-
ment of sepsis from leadership level down
to front-line staff was evident. Weekly sep-
sis meetings with the NF/SGVHS chief of
staff helped to sustain EWSS efforts and to
identify additional improvement opportu-
nities. Third, integrated informatics solu-
tions within the EHR helped identify early
sepsis and minimized human error as well
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as assisted with coordination of sepsis care
across services. Fourth, the focus was on
both early identification and treatment of
sepsis in the ED and hospital wards. Al-
though it cannot be deduced whether there
was causation between reduced inpatient
mortality and an increased number of non-
specific ERT alerts+ sepsis alerts on the in-
patient wards after EWSS implementation,
inpatient deaths decreased and SMR im-
proved. Finally, the EWSS emphasized both
the importance of evidence-based clinical
care of sepsis and standardized documenta-
tion to appropriately capture clinical sever-
ity of illness.

Limitations

This program has limitations. The EWSS
was studied at a single VHA facility. Vet-
eran demographics and local epidemiology
may limit conclusion of outcomes to an in-
dividual VHA facility located in a specific
geographical region. Additional research is
necessary to demonstrate reproducibility
and determine whether applicable to other
VHA facilities and community care settings.

SMR is a risk-adjusted formula devel-
oped by the VHA Inpatient Evaluation Cen-
ter, which included numerous factors such
as diagnosis, comorbid conditions, age,
marital status, procedures, source of admis-
sion, specific laboratory values, medical or
surgical diagnosis-related group, ICU stays,
immunosuppressive status, and a COVID-
19 positive indicator (added after this
study). Further research is needed to evalu-
ate sepsis-related outcomes using the EWSS
during the COVID-19 pandemic.

EWSS in the literature have demon-
strated various approaches to early identi-
fication and treatment of sepsis and have
used different sepsis screening tools.?* Evi-
dence suggests that the MEWS + SRS sepsis
screening tool may result in false-positive
screenings.”*" Additional research into the
specificity of this sepsis screening tool is
needed. Ward nursing staff were encour-
aged to initiate automatic sepsis alerts when
MEWS + SRS was > 5; however, this still de-
pended on human factors. Because sepsis
alerts are software-specific and others were
incompatible with the VHA EHR, it was
necessary to design our own EWSS.

Despite improvement with MRVAMC
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FIGURE 2 Standardized Mortality Ratio for Acute
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acute LOC unadjusted and adjusted mor-
tality with our EWSS, we did not identify
any actual improvement in earlier antibi-
otic administration times once sepsis was
recognized. While accurate documenta-
tion regarding degree of sepsis improved, a
MRVAMC clinical documentation improve-
ment program was expanded in FY 2018.
Therefore, it is difficult to demonstrate cau-
sation related to improved sepsis documen-
tation with template changes alone. While
sepsis alerts on the inpatient wards were
variable since EWSS implementation, non-
specific ERT alerts increased. It is unclear
whether some sepsis alerts were called as
nonspecific ERT alerts, making it impos-
sible to know the true number of sepsis
alerts.

MRVAMC experienced an increase in
nurse turnover during FY 2018 and as a
teaching hospital had frequent rotating res-
idents and fellows new to processes/proto-
cols. These factors may have contributed to
variations in unadjusted mortality. Also the
decrease in inpatient mortality and improve-
ment in SMR on acute LOC could have been
the result of factors other than the EWSS
and the effect of education alone may have
been at least as good as that of the EWSS
intervention.

CONCLUSIONS

Education along with the possible imple-
mentation of an EWSS at NF/SGVHS was as-
sociated with a decrease in the number of
inpatient deaths on MRVAMC's acute LOC
wards from as high as 48 in FY 2017, quar-
ter 3 to as low as 27 in FY 2019, quarter
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4 resulting in as large of an improvement as a
44% reduction in unadjusted mortality from
FY 2017 to FY 2019. In addition, MRVAMC's
acute LOC SMR improved from > 1.0 to
< 1.0, demonstrating fewer inpatient mortali-
ties than predicted from FY 2017 to FY 2019.

This multifaceted interventional strat-
egy may be effectively applied at other
VHA health care facilities that use the same
EHR system. Next steps may include deter-
mining the specificity of MEWS + SRS as a
sepsis screening tool; studying outcomes
of MRVAMC’s EWSS during the COVID-
19 era; and conducting a multicentered
study on this EWSS across multiple VHA
facilities.
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Sepsis

eAPPENDIX 1 Modified Early Warning Score
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Score was integrated into emergency department triage to identify early sepsis and trigger
automated alerts.
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Sepsis

eAPPENDIX 3 Standardized Communication Process for STAT Antibiotic Orders

50 Clinic Medicatining
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eAPPENDIX 4 Sepsis Initial Progress Note
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Note captures severity of illness and standardizes documentation.
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