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Background: Minimizing the interval between diagnosis of sepsis and administration of
antibiotics improves patient outcomes. We hypothesized that a commercially available
bedside clinical surveillance visualization system (BSV) would hasten antibiotic adminis-
tration and decrease length of stay (LOS) in surgical intensive care unit (SICU) patients.
Methods: A BSV, integrated with the electronic medical record and displayed at bedside,
was implemented in our SICU in July 2016. A visual sepsis screen score (SSS) was added in
July 2017. All patients admitted to SICU beds with bedside displays equipped with a BSV
were analyzed to determine mean SSS, maximum SSS, time from positive SSS to antibiotic
administration, SICU LOS, and mortality.
Results: During the study period, 232 patients were admitted to beds equipped with the
clinical surveillance visualization system. Thirty patients demonstrated positive SSS fol-
lowed by confirmed sepsis (23 Pre-SSS versus 7 Post-SSS). Mean and maximum SSS were
similar. Time from positive SSS to antibiotic administration was decreased in patients with
a visual SSS (55.3 £ 15.5 h versus 16.2 + 9.2 h; P < 0.05). ICU and hospital LOS was also
decreased (P < 0.01).
Conclusions: Implementation of a visual SSS into a BSV led to a decreased time interval
between the positive SSS and administration of antibiotics and was associated with shorter
SICU and hospital LOS. Integration of a visual decision support system may help providers
adhere to Surviving Sepsis Guidelines.
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Introduction

Despite advances in modern critical care, sepsis remains a
leading contributor to in-hospital morbidity and mortality. It
is estimated that 750,000 patients are treated for severe sepsis
and septic shock in the United States each year.' Sepsis is a
common diagnosis among intensive care unit admissions,
and mortality rates have been shown to be at least 25%.”*

The Surviving Sepsis Campaign was launched in 2004 and
provided guidelines for the diagnosis and treatment of severe
sepsis and septic shock.* The Third International Consensus
Definitions for Sepsis and Septic Shock defines sepsis as a
serious blood infection and associated acute organ dysfunc-
tion as outlined by the Sequential Organ Failure Assessment
(SOFA) score: vasopressors, mechanical ventilation, elevated
creatinine, elevated total bilirubin, thrombocytopenia, and
elevated lactate.””” The most recent guidelines were published
in 2016 and emphasize early fluid resuscitation, source con-
trol, and administration of intravenous antibiotics.® Previous
studies have shown that optimal outcomes in the treatment of
severe sepsis and septic shock are achieved when treatments
are administered utilizing clinical care bundles.® Unfortu-
nately, widespread implementation and compliance with
trauma clinical practice and sepsis treatment bundles is
inconsistent.’®*? In the treatment of sepsis, Seymour et al.
showed that rapid completion of sepsis treatment bundles
was associated with lower in-hospital mortality.’® Time to
antibiotic administration may be the most crucial variable, as
further studies have demonstrated increases in mortality with
each hour of delay in antibiotic administration.™*

Clinical decision support tools have the potential to
improve treatment of various medical conditions cared for in
the intensive care setting.”>*” Their utility lies in enhancing
awareness of worsening and critical disease states to
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clinicians. Because the treatment of severe sepsis and septic
shock is multidisciplinary, clinical decision support tools
visible to the patient, patient families, and the entire health
care team may augment or expedite the delivery of
appropriate, timely medical care. The effect of a visual clinical
decision support tool on the time to antibiotic administration
in patients with sepsis or potential sepsis is unknown. We
hypothesized that implementation of a commercially avail-
able bedside clinical surveillance visualization system would
be associated with improved patient outcomes, including
earlier antibiotic administration, decreased length of stay
(LOS), and reduced mortality in surgical intensive care unit
(SICU) patients.

Methods
Automated clinical surveillance visualization system

In July 2016, an automated clinical surveillance visualization
system (Decisio Health Inc, Houston, TX; www.decisiohealth.
com) was implemented within the SICU at the University of
Cincinnati Medical Center. This visualization system was in-
tegrated with our electronic medical record (EPIC, Verona, WI)
and displays patient vital signs and laboratory values in real
time on a 42-inch dedicated monitor mounted above the pa-
tient’s hospital bed (Fig. 1). This visualization system has the
ability to integrate with multiple electronic medical records
and was initially used with the Cerner EMR (Kansas City, MO).
The monitor is visible to physicians and nurses, as well as the
patient and family. The patient display is conditionally color-
coded to allow for rapid identification of abnormal vital signs
and laboratory values. Vital signs and laboratory values within
normal clinical ranges are displayed bright green. As the
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Fig. 1 — An example of the real-time automated clinical surveillance visualization system bedside display for a patient
admitted to the surgical intensive care unit. (Color version of figure is available online.)
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values approach the upper or lower limits of normal, the
relevant portion of the display switches to yellow. Bright red
values are displayed when vital signs and laboratory values
are critically abnormal and serve as a visual stimulus for ac-
tion by physicians. The clinical surveillance system auto-
matically collected data via the electronic medical record on
all 34 beds within the SICU, but bedside displays were
installed in 12 of 34 patient beds. Patient displays for all beds
were also viewable from a centrally located computer within
the intensive care unit, as well as on mobile workstations on
wheels.

Sepsis screen score

In July 2017, an automated sepsis screen score (SSS) was acti-
vated within the clinical surveillance system and made view-
able on the bedside display system. The SSS is a numerical
score based on prior validated definitions and is composed of
heart rate, body temperature, respiratory rate, and white blood
cell count.” Each value is assigned a value, which is then
totaled to provide the SSS (Table 1). A positive SSSis defined as a
score greater than or equal to 4. On identification of a positive
SSS, physicians proceeded to initiate a pre-existing sepsis care
pathway (which included blood cultures, imaging, and addi-
tional laboratory tests) to confirm a diagnosis of sepsis.

Clinical outcomes with an SSS displayed at bedside

From July 2016 to September 2017, patient data were collected
on all patients admitted to the 12 SICU rooms that contained
the automated clinical surveillance visualization system
bedside display (n = 232). Patients who did not receive anti-
biotics for sepsis based on the SSS were excluded (n = 195). Of
the remaining 37 patients screening positive for sepsis and
receiving antibiotics, 30 patients were confirmed to have
sepsis based on positive cultures. These 30 patients were
separated into two groups. The pre-Sepsis Screen Score (Pre-
SSS) group included patients admitted only to SICU beds that
had the clinical surveillance visualization system displayed at
bedside before the implementation of the visible SSS (July
2016-June 2017, n = 23), and the post-Sepsis Screen Score

(Post-SSS) group included patients admitted only to SICU beds
that had the clinical surveillance visualization system dis-
played at bedside after the SSS was made visible to physicians
(July 2017-September 2017, n = 7). Time to antibiotics was
calculated as the length of time from the moment the SSS
turned positive to when the first dose of intravenous antibi-
otics was recorded as administered via barcode scan in the
electronic medical record.

Statistical methods

The primary outcome measured was time to antibiotic
administration after a positive SSS. Secondary outcomes
measured included mean sepsis score, maximum sepsis
score, SICU LOS, hospital LOS, and in-hospital mortality.
Univariate analysis for continuous variables was performed
with a two-tailed Student’s t-test and ANOVA when appro-
priate. Analyses were performed using Stata 13.1 software
(College Station, TX), and significance was defined as P value
less than 0.05. This study was approved by the Institutional
Review Board before data collection.

Results

From July 2016 to September 2017, a total of 232 patients were
admitted to beds with bedside clinical surveillance visualiza-
tion systems in the SICU. Thirty patients (12.9%) demon-
strated a positive SSS and were confirmed to have sepsis
based on positive cultures. Twenty-three of 30 patients were
admitted before the deployment of the SSS on the bedside
display system (Pre-SSS), and seven of 30 patients were
admitted after the SSS was activated on the bedside display
(Post-SSS). Patient demographics are presented in Table 2.
There were no significant differences between age, gender,
comorbidities, or reason for admission to the SICU. The mean
SSS was similar between the two groups (1.6 + 0.1 versus
1.9 + 0.4, P = NS; Fig. 2A), as well as the maximum sepsis score
(6.2 + 0.5 versus 5.7 + 0.5, P = NS; Fig. 2B). Time from positive
SSS to antibiotic administration was significantly shorter after
activation of the SSS on the bedside display (55.3 + 15.5 h

Table 1 — Sepsis score.

Component Points
0 1 2 3 4
HR (bpm) 70-109 55-69 40-54 <39
110-139 140-179 >180
Temp (°C) 36-38.4 34-35.9 32-33.9 30-31.9 <29.9
38.5-38.9 39-40.9 >41
RR (br/m) 12-24 10-11 6-9 35-49 <5
25-34 >50
WBC (kcell/mm?) 3-14.9 15-19.9 1-2.9 <1
20-39.9 >40

HR = heart rate; bpm = beats per minute; temp = temperature; C = Celsius; RR = respirator rate; br/m = breaths per minute; WBC = white blood

cell.
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Table 2 — Patient demographics.

Component Pre-SSS Post-SSS P value
(n=23) n=7)

Gender, n (%) NS

Male 12 (52.2) 3 (42.9)

Female 11 (47.8) 4 (57.1)
Age in'y, mean + STD 54.7 £18.1 50.6 +£22.1 NS
CAD, n (%) 3 (13.0) 1(14.3) NS
CKD, n (%) 4(17.4) 0 (0) NS
DM, n (%) 9 (39.1) 2(28.5) NS
Tobacco, n (%) 10 (43.5) 4(57.1) NS
Reason for admission, NS

n (%)

Emergency surgery 3(13.0) 3(42.9)

Elective surgery 4 (17.4) 0 (0)

Trauma 10 (43.5) 2 (28.5)

Other 6 (26.1) 2 (28.5)

y = year; CAD = coronary artery disease; CKD = chronic kidney
disease; DM = diabetes mellitus.

versus 16.2 + 9.2 h, P < 0.05; Fig. 3). SICU LOS was significantly
shorter in the Post-SSS group (19.1 + 3.3 d versus 7.6 + 2.5 d,
P < 0.01; Fig. 4A) as was the total hospital LOS (29.6 + 4.3 d
versus 10.8 + 3.1 d, P < 0.01; Fig. 4B). There was no significant
difference in mortality between the two patient cohorts.

Discussion

The present study examined the effect of implementation of
an SSS within an automated visual clinical surveillance sys-
tem in the SICU at a single center, large-volume, academic
institution. The visible SSS was implemented into the bedside
clinical surveillance system in July 2017. When comparing
patients admitted to SICU beds with a bedside display only
installed, the inclusion of the visible SSS was associated with a

significant reduction in the time to antibiotic administration
and decreased ICU and overall hospital LOS.

Clinical variables used in the calculation of the SSS overlap
with traditional definitions of systemic inflammatory
response syndrome.'® Many patients presenting to the SICU,
either from the operating room or the trauma bay, exhibit the
signs and symptoms of a systemic, noninfectious inflamma-
tory response. This can potentially lead to a higher number of
SICU patients with a false positive SSS. Therefore, once a pa-
tient had a positive SSS, the clinicians collected further data
(e.g., physical examination, blood cultures, urine cultures,
chest radiographs, computed tomography scans) to make a
diagnosis of sepsis or septic shock. Although this study lacks
the sample size to calculate an accurate sensitivity and
specificity for the SSS in SICU patients, the sepsis screening
score had a sensitivity of 96.5%, specificity of 96.7%, a positive
predictive value of 80.2%, and a negative predictive value of
99.5% in a previous study.’® Therefore, we are confident that
the accuracy of the SSS is valid in our patient population.

The Surviving Sepsis Campaign was developed in 2002
with a primary goal to reduce sepsis-related mortality by 25%
in 5 y by improving clinician diagnosis and developing stan-
dardized guidelines for appropriate treatment of sepsis and
septic shock.’’ Initial definitions of sepsis were published in
2004, and its specifics were refined over the following decade.*
Most recently, the fourth edition of the Surviving Sepsis
Campaign International Guidelines for Management of Sepsis
and Septic Shock was published in 2016 and focused on early
sepsis screening and if positive, resuscitation guided by
lactate levels, early source control, and early administration of
intravenous antibiotics.? Although these standardized guide-
lines have led to improvements in diagnosis and treatment of
sepsis and septic shock, compliance remains an ongoing
issue. Rhodes et al.”? looked at global compliance of 3- and 6-h
Surviving Sepsis Campaign bundles and found that compli-
ance rates were low. Overall compliance with the 3-h bundle
was only 19% (340 patients), and little improvement was seen
in compliance with the 6-h bundle (35.5%, 637 patients). Sur-
veys of critical care and internal medicine physicians
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Fig. 2 — (A) Mean sepsis score of all patients admitted to a bed with a real-time automated clinical surveillance visualization
system before the display of the sepsis score (Pre-SSS) and after the display of the sepsis score (Post-SSS). Values displayed
as mean = standard error of the mean, and significance determined using two-tailed Student’s t-test. 1.6 + 0.1 versus

1.9 + 0.4, P = NS. (B) Max sepsis score of all patients admitted to a bed with a real-time automated clinical surveillance
visualization system before the display of the sepsis score (Pre-SSS) and after the display of the sepsis score (Post-SSS).
Values displayed as mean + standard error of the mean, and significance determined using two-tailed Student’s t-test.

6.2 + 0.5 versus 5.7 + 0.5, P = NS.
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Fig. 3 — Average time from a positive sepsis score to
administration of antibiotics in all patients admitted to a
bed with a real-time automated clinical surveillance
visualization system before the display of the sepsis score
(Pre-SSS) and after the display of the sepsis score (Post-
SSS). Value displayed as mean =+ standard error of the
mean, and significance determined using two-tailed
Student’s t-test. 55.3 + 15.5 h versus 16.2 + 9.2, *P < 0.05.

regarding sepsis guideline adherence demonstrated similar
results of poor compliance.””’ Despite awareness efforts and
standard treatment protocols, there are ongoing areas of
improvement that need to be addressed.

Initiatives have been put in place in an attempt to improve
compliance, including educational programs and dedicated
medical staff for care of septic patients.’*”** One potential
method to improve guideline compliance is with the use of
clinical decision tools for patient care, and early studies have
shown promising results in compliance with antibiotic
administration.?® Barriers to full compliance arise given the
multidisciplinary and time-sensitive approach to sepsis treat-
ment, and clinical decision support tools may assist in guide-
line adherence.’®"* Although all aspects of the Surviving Sepsis
Guidelines are imperative for effective treatment of sepsis and
septic shock, time to antibiotic administration may be the most
crucial. Kumar et al.'* found that when administering

antibiotics, each hour of delay from onset of hypotension was
associated with a 7.6% decrease in hospital survival. Another
study demonstrated that decreased time to antibiotic admin-
istration was associated with decreased in-hospital mortality.*?
However, in the latter study, adherence to the 3-h bundle
ranged from 60% to 90%; and while the study did not postulate
on reasons for noncompliance, the highest compliance was at
small nonteaching hospitals with a low patient census
compared with large referral centers. The fewer the distrac-
tions, the faster the care team is able to identify a patient in
sepsis. Large academic centers may provide more opportunity
for uncoordinated process of care. At these institutions, the
implementation of bedside display systems and clinical deci-
sion support tools can assist in early diagnosis of sepsis and
septic shock. Thus, antibiotics can be administered sooner, and
in-hospital survival can improve. A recent meta-analysis
demonstrated that programs aimed at improving education,
diagnosis, and treatment of sepsis and septic shock were
associated with increased compliance with Surviving Sepsis
Campaign Guidelines.”” The novelty of the technology used in
our study is the combination of the bedside screen with easy to
interpret labels in addition to the implementation of a sepsis
screening score to prompt clinician response. Some electronic
medical records already have notification capabilities but
require accessing a patient’s chart via a computer. The tech-
nology presented in our article provides real-time alerts that
only require easy to interpret visual cues about a patient’s
status displayed on a large screen visual to all team members
involved in the patient’s care. In addition, the bedside surveil-
lance system has the ability to send text alerts to mobile
phones, but this specific aspect was not implemented in our
present study. Future utilization of a remote alert system may
improve guideline compliance with antibiotic administration. It
is an area of ongoing investigation.

Our study found that the bedside display system in
conjunction with the SSS bundle was associated with
improved time to antibiotic administration. Although the 11-h
time to antibiotic administration is longer than the 3-h win-
dow suggested in the Surviving Sepsis Campaign, the benefits
of shortened ICU and overall hospital stay were nevertheless

A ICU Length of Stay B Hospital Length of Stay
254 40 -
204 30-

o 157 »

s * 20

O 10 o *

1 —1—
5 10
0' T 0 T
Pre-SSS Post-SSS Pre-SSS Post-SSS

Fig. 4 — (A) Average intensive care unit days for all patients admitted to a bed with a real-time automated clinical

surveillance visualization system before the display of the sepsis score (Pre-SSS) and after the display of the sepsis score
(Post-SSS). Values displayed as mean + standard error of the mean, and significance determined using two-tailed Student’s
t-test. 19.1 + 3.3 d versus 7.6 = 2.5, *P < 0.01. (B) Average hospital LOS for all patients admitted to a bed with a real-time
automated clinical surveillance visualization system before the display of the sepsis score (Pre-SSS) and after the display of
the sepsis score (Post-SSS). Values displayed as mean * standard error of the mean, and significance determined using two-
tailed Student’s t-test. 29.6 + 4.3 d versus 10.8 + 3.1 d, *P < 0.01.
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achieved. Given the limited number of ICU beds with a clinical
visualization surveillance system installed at the bedside, our
study is underpowered to show a difference in in-hospital
mortality when comparing patients admitted only to beds
equipped with the bedside display. The reduction in time to
antibiotic administration is likely due to earlier identification
of patients who are exhibiting signs and symptoms of sepsis,
promptinitiation of a confirmatory sepsis work-up, and thus a
more timely diagnosis of sepsis. Surviving Sepsis provides
hospitals with sepsis bundles for streamlined treatment of
severe sepsis, but timing is crucial. The bedside display sys-
tem can quickly notify physicians of a possible septic patient
and lead to more efficient initiation of a predesigned sepsis
bundle. Discordance between antibiotic administration times
likely lies within the patient population. Many of the studies
looking at antibiotic administration involve patients present-
ing to the emergency department, not patients within an
SICU. The clinical picture of sepsis is also complicated by a
systemic inflammatory response that is not related to an in-
fections process in patients in the SICU, and further investi-
gative studies are performed to confirm sepsis before
initiating antibiotics; and finally, the time span was calculated
from the moment the SSS turned positive to the time that
antibiotic were administered, not the time from actual diag-
nosis of sepsis and antibiotic order placement to administra-
tion. Because the SSS does not diagnose sepsis but rather
assists in the identification of patients who show signs and
symptoms of sepsis, additional diagnostic measures were
taken before antibiotic administration, to minimize overuse of
antibiotics. Surveys of physicians have demonstrated wide
variation in their knowledge and application of sepsis defini-
tions, leading to underrecognition.’®?° Unfortunately, these
additional steps inherently prolong the time to antibiotics, but
with the use of the visual SSS, the duration can be optimized.

Historically, patients who developed severe sepsis had a
mortality ranging from 20% to 50%.%° As advances in medical
care improve sepsis treatment, the in-hospital mortality rate
has been decreasing by 3.3% per year.’! Unfortunately, the
improvement in mortality is negated by the rising incidence of
sepsis.>*? Current literature estimates sepsis-specific in-hos-
pital mortality at 15.0%.%" In this study, there was no mortality
benefit for inclusion of a sepsis score on the bedside display
when specifically analyzing patients admitted only to ICU
beds with the automated clinical surveillance visualization
system displayed at bedside. This is likely due to a small
sample size (n = 30), as there were only a total of six deaths.
Monitoring of this patient population is ongoing, and we
anticipate analysis of data every 6 mo to proactively follow the
effects of bedside display system implementation.

There are several limitations to the study. First, patient
data at a single large academic center were analyzed. This
limits our conclusions about the benefit of widespread appli-
cation of the clinical display system to similar hospitals. Un-
fortunately our data are underpowered to reveal a mortality
benefit for rooms that display the bedside clinical surveillance
visualization decision support system. Second, the bedside
display system uses a sepsis screening score that focuses on
temperature, white blood cell count, blood pressure, and heart
rate. Current Sepsis-3 guidelines emphasize the use of SOFA
or Quick SOFA (qSOFA). However, Sepsis-3 states that SOFA

and qSOFA are not the “stand-alone definitions for sepsis,”
and that SIRS criteria can “still be useful in identification of
infection.” SOFA and qSOFA use subjective data that require
manual input into the electronic medical record. This manual
input can be a source of delay in alert notification and iden-
tification of sepsis. Thus, the authors decided to incorporate
the SSS, which is calculated based on automatically populated
objective data, into the surveillance system. Nevertheless,
physical examination and patient evaluation remain of
utmost importance, and the authors stress that this alert
system is a screening tool and does not replace bedside eval-
uation and sound clinical judgment. In addition, the analysis
is between a historical cohort (Pre-SSS) instead of a contem-
porary cohort. While patient demographics and indications
for admission are similar, a seasonal bias may have been
introduced into the data. Fourth, although the display system
is visible in patient rooms and on computers within the ICU,
there was no standardized response system in place for
appropriate nurse and physician response to a positive SSS.
This is a future area of study. Fifth, four of the 11 patients who
were given antibiotics in the Post-SSS group later had their
antibiotics stopped, compared with three of the 26 patients in
the Pre-SSS group. The concern for overuse of antibiotics is
legitimate, and further ongoing analysis is needed to identify
if a significant overuse of antibiotics will result from this
visual SSS.

Conclusion

Implementation of an SSS for a bedside clinical surveillance
visualization decision support system was associated with a
decreased time interval between the diagnosis of sepsis or
septic shock and administration of antibiotics, resulting in
decreased ICU and hospital LOS. Integration of clinical deci-
sion support systems in the ICU setting may help providers to
adhere to Surviving Sepsis Guidelines for identification and
treatment of surgical patients with infections and improve
quality of care.
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