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Abstract

The 2016 Sepsis-3 guidelines included the Quick Sequential [Sepsis-related] Organ Failure Assessment (QSOFA) tool to
identify patients at risk of sepsis. The objective was to compare the utility of gSOFA to the St. John Sepsis Surveillance
Agent among patients with suspected infection. The primary outcomes were in-hospital mortality or admission
to the intensive care unit. A multiple center observational cohort study design was used. The study population
comprised 17044 hospitalized patients between January and March 2016. For the primary analysis, receiver operator
characteristic curves were constructed for patient outcomes using QSOFA and the St. John Sepsis Surveillance Agent,
and the areas under the curve were compared against a baseline risk model. Time-to-event clinical process modeling
also was applied. The St. John Sepsis Surveillance Agent, when compared to qSOFA, activated earlier and was more

accurate in predicting patient outcomes; in this regard, qSOFA fell far behind on both objectives.
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A spectrum of sepsis exists and mortality risk increases
with severity,"? with approximately 1 in 2 all-cause in-
hospital deaths being associated with sepsis.> Although
patients at risk of sepsis are more likely to be recognized
and admitted to the hospital by emergency medicine pro-
viders, a disproportionate mortality risk exists for
inpatients.* Historic consensus definitions of sepsis
include systemic inflammatory response syndrome
(SIRS) as a causal factor of serious infection.”” Clinical
results derived from routine diagnostics and vital signs
illustrate complexities toward diagnosing sepsis because
nearly half of hospitalized patients experience SIRS at
some point during their hospitalization.® In contrast,
approximately 1 in 8 patients diagnosed with severe sep-
sis in the intensive care unit (ICU) may not have SIRS
indicated (ie, 88% sensitivity).” To alleviate this inherent
tension, deploying reliable sepsis surveillance with inte-
grated clinical decision support (CDS) capabilities may
help improve accuracy and timeliness of detecting
patients at risk of sepsis.'"?

The 2016 consensus guideline on sepsis (Sepsis-3)"
includes a new sepsis surveillance alert definition
termed Quick Sequential [Sepsis-related] Organ Failure

Assessment (QSOFA). The purpose of gSOFA is to iden-
tify non-ICU patients currently under suspicion of infec-
tion who could be deteriorating into a sepsis complication,
and to notify providers of this clinical event. The gSOFA
algorithm differentiates from earlier consensus guide-
lines, such that it incorporates latency and places limita-
tions on the use case by narrowing clinical indications to
tachypnea, hypotension, and altered mentation within the
immediate 24 hours after onset of infection.'®

Critiques of the gSOFA model for sepsis surveillance,
when compared to SIRS, emphasize problems with it
potentially activating later in the disease process, and its
perceived clinimetric performance trade-off being overly
tilted toward increasing specificity at the expense of
degrading sensitivity.'® Findings from a recent study
showed qSOFA, when compared to an alert defined by
only SIRS > 2 criteria, was more predictive of in-hospital
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mortality or ICU admission, but less accurate in predict-
ing these similar patient outcomes when compared to
other more clinically comprehensive early warning tools
such as the Modified Early Warning Score and the
National Early Warning Score (NEWS).'” Because that
particular study did not include the St. John Sepsis
Surveillance Agent, which provides 24/7 monitoring and
CDS to more than 550 hospitals in the United States, the
objectives of the present study were 3-fold: (1) to estab-
lish an incidence rate of gSOFA clinical events and com-
pare it to St. John Sepsis Surveillance Agent activation;
(2) to better understand the temporal relationship between
onset of infection and qSOFA trigger versus the onset of
infection and St. John Sepsis Surveillance Agent activa-
tion; and (3) to estimate the clinimetric performance of
gSOFA and St. John Sepsis Surveillance Agent predictive
models on in-hospital mortality and ICU admission out-
comes, and the potential reclassification benefit these
models may offer.

Methods

Patients and Data Collection

This multiple center retrospective cohort study was per-
formed at 8 different medical centers in 2 distinct geo-
graphic regions in the United States (see Supplemental
Tables S1a and S1b, available online with this article). All
facilities had an enterprise electronic health record sys-
tem (Millennium: Cerner Corporation, Kansas City,
Missouri) and cloud-based sepsis surveillance and CDS
(St. John Sepsis Surveillance Agent: Cerner Corporation,
Kansas City, Missouri).'®"” Data were included for adults
(=218 years of age) who were hospitalized between
January 2016 and March 2016 and met the definition of
Sepsis-3 suspected infection.'” The US Department of
Health and Human Services’ Office for Human Research
Protections clarified that quality improvement activities,
described herein, often qualify for institutional review
board exemption and do not require individual informed
consent.”

The hospitals’ sepsis programs were designed to
improve early recognition and early intervention of
patients at risk of sepsis. The sepsis protocol was guided
by the Surviving Sepsis Campaign resuscitation and man-
agement bundles.”’ The St. John Sepsis Surveillance
Agent applied a binary alarm paradigm with 2 alert defi-
nitions: (1) indications of SIRS (proxy for sepsis) and (2)
indications of sepsis (proxy for severe sepsis).'® Unless
suppressed by a localized rule, each alert delivered a real-
time notification to a provider that included specific clini-
cal criteria responsible for activation.'’ Subsequently, the
study team developed the analytic data set with a gSOFA
flag and its trigger time stamp, and a suspected infection

clinical event with its onset time stamp. These 2 events
were joined by examining their respective time stamps to
create a qSOFA clinical event. Consistent with Sepsis-3,
the qSOFA clinical event was suppressed if the gSOFA
triggered before onset of suspected infection, after 24
hours from the onset of suspected infection, or after ICU
admission."” The first alert for each patient was studied
for each of the 2 surveillance models (ie, gSOFA or St.
John Sepsis Surveillance Agent).

Definitions

The primary outcome of the study was in-hospital mortal-
ity, and the secondary outcome was the composite of
death or ICU admission. The composite outcome metric
was established because critical care interventions may
have a moderating influence on patient survival. Time to
clinical event process metrics included onset of suspected
infection to the primary or secondary outcome, alert acti-
vation to onset of suspected infection, onset of suspected
infection to alert activation, and alert activation to the pri-
mary or secondary outcome.

Suspected infection was defined from the original
Sepsis-3 qSOFA study," in which suspicion of infection
was defined as either a microbiology culture drawn time
stamp followed by an intravenous anti-infective antibi-
otic administration time stamp within 72 hours or an
administered intravenous anti-infective antibiotic fol-
lowed by a drawn microbiology culture within 24 hours.
The onset of suspected infection was denoted as the time
stamp of the first clinical event (ie, culture drawn or anti-
biotic given). The onset of suspected infection was
linked to patient location at that time, and categorized as
onset in the emergency department (ED), inpatient care
units, or ICU. Microbiology cultures drawn included
blood, body fluid, bronchial, catheter tip, cerebrospinal
fluid, fungal, ova and parasites, sputum, stool, tissue,
urine, and wound. Anti-infective antibiotics adminis-
tered included ampicillin-sulbactam, azithromycin,
cefepime, ceftriaxone, ciprofloxacin, clindamycin, flu-
conazole, fluticasone-salmetrerol, levofloxacin, merope-
nem, piperacillin-tazobactam, and vancomycin.

The qSOFA flag was defined from the original
Sepsis-3 qSOFA study'® and was indicated when >2 cri-
teria were present: systolic blood pressure <100 mm Hg,
respiratory rate >22 breaths per minute, and Glasgow
Coma Scale score <15 (see Supplemental Table S2,
available online with this article). The qgSOFA clinical
event occurred when the second qSOFA criteria time
stamp was documented within 24 hours from onset of
suspected infection. The gSOFA flag was otherwise sup-
pressed if the second criterion time stamp was docu-
mented either before onset of suspected infection or
after ICU admission.
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The threshold for activating the St. John Sepsis
Surveillance Agent “SIRS alert” was established when >3
of the following 5 criteria were satisfied: (1) temperature
>38.3°C or <36°C; (2) heart rate >90 beats/min; (3) respi-
ratory rate >20 breaths/min; (4) white blood cell count
>12000 cells/mm®, or <4000 cells/mm?, or >10% imma-
ture (band) forms; or (5) glucose 140 to 200 mg/dL (see
Supplemental Table S2, available online with this article).
The threshold for activating the St. John Sepsis
Surveillance Agent “Sepsis alert” was established when
>2 SIRS criteria were present, and >1 of the following 4
organ system dysfunction criteria were satisfied: (1) car-
diovascular system: systolic blood pressure <90 mm Hg
and/or mean arterial pressure <65 mm Hg; (2) tissue per-
fusion: serum lactate >2.0 mmol/L; (3) hepatic system:
total bilirubin: >2.0 mg/dL and <10.0 mg/dL; and (4)
renal system: serum creatinine: AT0.5 mg/dL from base-
line (see Supplemental Table S2, available online with
this article). A look-back period consisted of 12 hours for
serum lactate, 30 hours for the other criteria, and 72 hours
for AT serum creatinine.

Recent discharge was established when a patient was
previously discharged from the same hospital within 30
days of current admission date.

Statistical Analysis

Data were analyzed retrospectively. Patient characteris-
tics were compared between those first meeting the sus-
pected infection definition in the ED, inpatient care
units, or ICU. Unadjusted bivariate analyses applied
Fisher exact test and y” test for dichotomous variables,
respectively. Mann-Whitney U test for independent and
related samples was applied to estimate differences in
medians and distributions. Hierarchical multivariable
logistic regression was used to identify risk factors of
the primary and secondary outcomes. Three predictive
models on the primary and secondary outcomes were
established: first, the baseline risk model included 3
patient variables (block 1: age, male sex, and recent dis-
charge from hospital), and 2 hospital variables (block 2:
onset of infection in the ED and admitting facility); sec-
ond, the qSOFA risk model incorporated the qgSOFA
clinical event into block 1 along with the other 5 vari-
ables included in the base model; and third, the St. John
Sepsis Surveillance Agent risk model incorporated the
first SIRS or first Sepsis alerts into block 1 along with
the other 5 variables that comprised the baseline model.
Accuracy comparisons were performed using the area
under the receiver operating characteristic (AUROC)
curve to discriminate baseline risk, qSOFA, and St. John
Sepsis Surveillance Agent models on the primary and
secondary outcomes. AUROC output tables containing
positive and negative predictive values were analyzed to

potentially reclassify patients when holding specificity
constant. The Hanley-McNeil method for comparing the
area under the curve (AUC) derived from the 3 models’
same cases was applied.”” The Kaplan-Meier survival
model framework (ie, time to event estimator) was
applied to measure the proportion of patients experienc-
ing the composite outcome in one-hour increments after
detection by each alert type (ie, SOFA clinical event,
St. John Sepsis Surveillance Agent “SIRS alert,” or St.
John Sepsis Surveillance Agent “Sepsis alert”). Cases
were censored at 96.0 hours after detection. The log-
rank (Mantel-Cox) statistic reported the differences in
survival distributions between the 3 alert types men-
tioned above. A 2-tailed P value <.05 was considered
statistically significant. All analyses were conducted
using SPSS v23 (IBM Corp., Armonk, New York).

Results

Ofthe 17044 hospitalizations encompassing 68 964 patient
days examined, 5992 (35%) patients met the definition of
suspected infection, corresponding to 87 patients per 1000
patient days [(5992/68964) x 1000]. The patient flow dia-
gram (see Supplemental Figure S1, available online with
this article) illustrates that approximately two thirds (n =3
808, 64%) of patients’ onset of suspected infection occurred
while in the ED, 33% (n =1 967) of patients’ onset of sus-
pected infection occurred after being admitted to inpatient
care, and 4% (n = 217) of patients’ onset of suspected
infection occurred after ICU admission (see Supplemental
Table S3, available online with this article). Characteristics
of the 5992 patients with suspected infection and screened-
in by either the St. John Sepsis Surveillance Agent or
gSOFA are shown in Table 1.

Figure 1 illustrates the number of hours before or after
sepsis surveillance detection to the onset of suspected
infection by alert type. Exactly 1 in 10 (n = 591 of 5992,
10%) patients activated the St. John Sepsis Surveillance
Agent before onset of suspected infection, median 1.13
(interquartile range [IQR] = 0.43 to 4.00) hours. In con-
trast, about 1 in 4 (n = 1637, 27%) patients with suspected
infection activated the St. John Sepsis Surveillance Agent
after onset, median 0.97 (IQR = 0.55 to 3.63) hours, com-
pared to 1 in 9 (n = 649, 11%) patients who experienced
a qSOFA clinical event after onset, median 4.82 (IQR =
1.98 to 11.15) hours (P <.001).

As a proportion of patients with suspected infection (n
=5992), a factor of 3 to 4 times more patients (P <.001)
activated a St. John Sepsis Surveillance Agent and expe-
rienced in-hospital mortality (n = 144, 2.4%) or the com-
posite outcome (n = 598, 9.8%), when compared to
gSOFA clinical event in-hospital mortality (n = 55,
0.9%) or composite outcome (n = 163, 2.7%). Figure 2
illustrates the predictive characteristics of the 3 different
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Table I. Alert Type by Patient Characteristics.”
Characteristic No SJSA Alert SJSA Alert No qSOFA qSOFA
Patients with suspected infection (N = 5992), n (%) 3764 (63) 2228 (37) 5343 (89) 649 (11)
Demographics
Age, median (IQR), years 65 (51-77) 64 (51-75) 65 (51-76) 66 (53-77)
Female sex, n (%) 2046 (54) 1068 (48) 2797 (52) 317 (49)
Emergency admit, n (%) 2657 (71) 1940 (87) 4059 (76) 538 (83)
Readmission (<30 days), n (%) 438 (12) 197 (9) 555 (10) 80 (12)
Patient location at onset of infection
Emergency department, n (%) 2131 (57) 1677 (75) 3319 (62) 489 (75)
Inpatient unit, n (%) 1471 (39) 496 (22) 1807 (34) 160 (25)
ICU, n (%) 162 (4) 55 (3) 217 (4) 0 (0)
Clinical outcomes
Transferred to ICU, n (%) 469 (13) 536 (24) 874 (16) 131 (20)
In-hospital mortality, n (%) 81 (2) 144 (7) 170 (3) 55 (9)
Composite outcome, n (%) 502 (13) 598 (27) 937 (18) 163 (25)
LOS, median (IQR), days 4 (2-7) 4 (3-7) 4 (2-7) 5(3-8)

Abbreviations: ICU, intensive care unit; IQR, interquartile range; LOS, length of stay; qSOFA, Quick Sequential [Sepsis-related] Organ Failure

Assessment; SJSA, St. John Sepsis Surveillance Agent.

*Emergency admit indicates patient admission source was the emergency department. Readmission (<30 days) indicates patient was discharged

within previous 30 days and now admitted to the same hospital.
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Figure I. Incidence and timing of alert activation.
Abbreviation: qSOFA, Quick Sequential [Sepsis-related] Organ Failure
Assessment.

models (ie, baseline risk, gSOFA + baseline, and St. John
Sepsis Surveillance Agent + baseline) on in-hospital mor-
tality and the composite outcome. Presented on the left

Mortality Outcome Mertality or ICU Admissicn

Area Under the Curve

Baseline risk  @SOFA+ 5. John Baselmerisk  @SOFA+ St lohn
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Figure 2. Overall test performance on patient outcomes.
Abbreviation: gSOFA, Quick Sequential [Sepsis-related] Organ Failure
Assessment.

side of Figure 2 is the baseline risk model on mortality
(AUC = .67, 95% confidence interval [CI] = .63 to .70),
the gSOFA model (AUC = .69, 95% CI = .66 to .73), and
the St. John Sepsis Surveillance Agent model (AUC =
74, 95% CI = .71 to .77) (P < .001). In analysis of each
model’s positive and negative predictive values derived
from the AUROC result output tables, holding specificity
constant, the St. John Sepsis Surveillance Agent and
qSOFA correctly reclassified, in absolute terms, 13% and
5% of patients, respectively, from the baseline risk model.
This reclassification translates to a relative improvement
in sensitivity of AT 23% for St. John Sepsis Surveillance
Agent and AT 9% for gSOFA clinical event from the esti-
mated baseline risk.
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In contrast to the predictive mortality model, the right
side of Figure 2 illustrates the 3 predictive models on the
composite outcome (P < .001). The baseline risk model
(AUC = .65, 95% CI = .64 to .67), the qSOFA model
(AUC=.67,95% CI =.65 to .68), and the St. John Sepsis
Surveillance Agent model (AUC = .72, 95% CI = .71 to
.74). In analysis of positive and negative predictive val-
ues for each model derived from the AUROC result
tables, holding specificity constant, the St. John Sepsis
Surveillance Agent and gSOFA correctly reclassified, in
absolute terms, 15% and 2% patients, respectively, from
the baseline risk model. This reclassification translates
into a relative improvement in sensitivity of AT 31% for
St. John Sepsis Surveillance Agent and AT 4% for gSOFA
from the estimated baseline risk.

The increased sensitivity corresponds to the St. John
Sepsis Surveillance Agent having screened-in an addi-
tional 22.9 patients per 1000 patient days, where the
screen-in rate for St. John Sepsis Surveillance Agent
compared to gSOFA was 32.3 patients per 1000 patient
days = [(2228/68964 days) x 1000] for the former, and
9.4 patients per 1000 patient days = [(649/68 964 days) x
1000] for the latter, respectively.

Four separate hierarchical multivariable logistic
regression models were applied to predict the effects of
gSOFA and St. John Sepsis Surveillance Agent on mor-
tality and composite outcomes, after controlling for other
risk factors (Table 2). The first 2 models incorporated
gSOFA and St. John Sepsis Surveillance Agent on mor-
tality, while the latter 2 models targeted the composite
outcome. Each model demonstrates increased odds of
experiencing an adverse outcome associated with gSOFA
and St. John Sepsis Surveillance Agent. Essentially, the 4
models illustrate that patients with suspected infection
who activated either the qSOFA or St. John Sepsis
Surveillance Agent “SIRS alert” were similar in their
likelihood of experiencing an adverse outcome of in-hos-
pital mortality and composite outcome (Table 2). In con-
trast, patients who activated the St. John Sepsis
Surveillance Agent “Sepsis alert” compared to gSOFA
were 87% more likely to experience in-hospital mortality
and 66% more likely to experience the composite out-
come (Table 2).

Applying the Kaplan-Meier survival framework,
Figure 3 illustrates the number of hours elapsed after
triggering the St. John Sepsis Surveillance Agent or a
gSOFA clinical event to the cumulative composite out-
come, trimmed at 96 hours after the alert. A difference in
estimated survival curves existed between the 3 patient
cohorts (P = .026). Time-to-event measures with cases
censored at 96 hours after detection showed the cohort
with the St. John Sepsis Surveillance Agent “Sepsis
alert” (n =306 0of 930, 33%) median 5.73 (IQR = 4.88 to

Table 2. Odds Ratios for Mortality and Composite
Outcomes by Risk Factor.*

Adjusted Odds

Patients With Suspected Unadjusted Ratio (95%
Infection (N = 5992) Odds Ratio Confidence Interval)
Model |: Mortality outcome
Age 1.02 1.03 (1.02-1.04)
Male sex 1.69 1.73 (1.31-2.28)
Readmission (<30 days) 1.88 1.81 (1.26-2.59)
qSOFA 2.82 2.49 (1.79-3.45)
Model 2: Mortality outcome
Age 1.02 1.03 (1.02-1.04)
Male sex 1.69 1.65 (1.25-2.18)
Readmission (<30 days) 1.88 1.99 (1.38-2.86)
SJSA “Sepsis alert” 3.40 4.65 (3.35-6.46)
SJSA “SIRS alert” 1.36 2.36 (1.67-3.35)
Model 3: Composite outcome
Age 1.01 1.01 (1.00-1.01)
Male sex 1.26 1.27 (1.11-1.46)
Readmission (<30 days) 1.31 1.24 (1.01-1.53)
qSOFA 1.58 2.10 (1.70-2.58)
Model 4: Composite outcome
Age 1.01 1.01 (1.00-1.01)
Male sex 1.26 1.21 (1.05-1.39)
Readmission (<30 days) 1.31 1.32 (1.07-1.63)
SJSA “Sepsis alert” 2.64 3.49 (2.93-4.16)
SJSA “SIRS alert” 1.40 2.19 (1.85-2.59)

Abbreviations: Cl, confidence interval; gSOFA, Quick Sequential [Sepsis-related]
Organ Failure Assessment; SIRS, systemic inflammatory response syndrome;
SJSA, St. John Sepsis Surveillance Agent.

*Model performance:

Model I: C-statistic = 0.69, 95% Cl (0.66 to 0.73).

Model 2: C-statistic = 0.74, 95% CI (0.7 to 0.77).

Model 3: C-statistic = 0.65, 95% Cl (0.64 to 0.67).

Model 4: C-statistic = 0.72, 95% CI (0.71 to 0.74).

®Age in one-year increments. Readmission (<30 days) indicates patient was
discharged within previous 30 days and now admitted to the same hospital.

6.58) hours after detection, and approximately 1 in 17 (n
= 17 of 306, 6%) patients were censored; compared to
the cohort with a qSOFA clinical event (n = 163 of 649,
25%) median 5.30 (IQR =3.46 to 7.14) hours after detec-
tion, and there were twice the rate of censored cases (n =
19 of 163, 12%); and last, the cohort with a St. John
Sepsis Surveillance Agent “SIRS alert” (n = 292 of 1
298, 23%) median 6.35 (IQR = 4.68 to 8.02) hours after
detection, and there was a similar rate of censored cases
(n=37 0f 292, 13%) as qSOFA.

Discussion

This multiple center study of patients with suspected
infection found the incidence of St. John Sepsis
Surveillance Agent, when compared to qSOFA, to be
3-fold higher for the same patient cohort. Not only was
the qSOFA rate substantially lower, but the elapsed time
after onset of suspected infection took the majority of
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Figure 3. Time after alert to composite outcome.
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Assessment; SIRS, systemic inflammatory response syndrome.

patients beyond the immediate 3-hour opportunity-risk
window. In contrast, patients who activated the St. John
Sepsis Surveillance Agent after onset of suspected
infection, when compared to qSOFA, did so much ear-
lier, and a sizable proportion of patients actually trig-
gered the St. John Sepsis Surveillance Agent prior to the
onset of suspected infection. Furthermore, 1 in 2 patients
who experienced the composite outcome (ie, death or
ICU admission) had previously activated the St. John
Sepsis Surveillance Agent, whereas only 1 in 7 patients
had a qSOFA clinical event. In addition, the St. John
Sepsis Surveillance Agent model, when compared to the
qSOFA model, was more accurate in predicting mortal-
ity and ICU admission outcomes, resulting in greater
reclassification benefit from baseline risk. Last, the
time-to-event analysis showed patients with a St. John
Sepsis Surveillance Agent “Sepsis alert” were more
likely to experience an accelerated composite outcome,
when compared to qSOFA or the St. John Sepsis
Surveillance Agent “SIRS alert.”

The study team sought balance between clinical
precision of detection and timing of alert activation. The
St. John Sepsis Surveillance Agent is perhaps unique
in striking this balance. Despite the initial focus on early
recognition of sepsis, from the very onset of this work
one of the most important factors has been to identify
patients at risk of death, irrespective of the final

diagnosis of sepsis. The team aimed to bring appropriate
clinical attention to these vulnerable patients, and
believe the St. John Sepsis Surveillance Agent met these
objective criteria. To place the present study in proper
context, the study team reviewed the original gSOFA
study conducted at the University of Pittsburgh Medical
Center (UPMC)" and a similar, but independent, study
conducted at the University of Chicago Medical Center
(UCMC)."” All 3 studies applied a retrospective obser-
vational cohort study design to examine the validity of
gSOFA on detecting patients at risk of sepsis, and ana-
lyzed the qSOFA model’s clinimetric performance on
patient outcomes. The UPMC observation period
encompassed 2010 through 2012, nested within the
UCMC observation period spanning late 2008 through
January 2016. On the other hand, the present study’s
observation period was more recent and applied a tighter
time horizon (January 2016 through March 2016). Thus,
the study team anticipated differences in clinical pro-
cess and outcomes metrics between these 3 studies,
notably because awareness of sepsis is increasing lead-
ing to earlier treatment,” surveillance strategies as a
component of sepsis performance improvement initia-
tives are being adopted,”* and evidence-based sepsis
management programs are being disseminated.”’ Indeed,
the team found a 3-fold difference in prevalence of sus-
pected infection between UPMC (10%), UCMC (20%),
and the present study (34%), with a bimodal incidence
of qSOFA among them: UPMC (17%) versus UCMC
(9%) and the present study (11%); a noteworthy differ-
ence is the concentration of high-risk patients among
these 3 studies. Interestingly, discrimination character-
istics of qSOFA on in-hospital mortality showed the fol-
lowing: UPMC (AUC = .81, 95% CI = .80 to .82) versus
UCMC (AUC =.69, 95% CI = .67 to .70), mirroring the
present study (AUC = .69, 95% CI = .66 to .73). Last,
although UPMC did not include a composite outcome
measure similar to UCMC and the present study, the
UCMC reported clinimetric characteristic of the NEWS
on the composite outcome was similar to the present
study’s reported St. John Sepsis Surveillance Agent,
with NEWS (AUC = .73, 95% CI = .70 to .75) and the
St. John Sepsis Surveillance Agent (AUC =.72, 95% CI
=.71 to .74), respectively.

There are some limitations to this study to consider.
First, although this was a multiple center observational
cohort study involving 8 hospitals located across 2 differ-
ent geographic regions in the United States, the results
may not be generalizable to other clinical settings.
Second, despite the lack of a gold standard for the defini-
tion of suspected infection, the study team followed the
original qSOFA study definition’ to reduce potential
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selection bias while establishing the target patient cohort.
Third, the study design incorporated a retrospective anal-
ysis of cohort data beginning almost 5 months after
launch of the hospitals’ sepsis management programs,
which may have introduced some selection bias associ-
ated with real-world clinical practice and processes.

An area of future research includes examining the
utility of a multitiered surveillance system, which cou-
ples additional detection systems to the St. John Sepsis
Surveillance Agent. The study team is particularly inter-
ested in prospectively testing a NEWS alert with the St.
John Sepsis Surveillance Agent, particularly among
identified patients but not screened-in at that specific
time by a provider at bedside. Moreover, the team would
like to gain insights into the incidence of a NEWS in the
absence of St. John Sepsis Surveillance Agent activa-
tion, and the associated clinical process and impact
outcomes.

In comparing earlier consensus definitions of sepsis
with the 2016 Sepsis-3 qSOFA, this study found the ear-
lier definitions more robust for surveillance systems. The
St. John Sepsis Surveillance Agent, when compared to
qSOFA, detected more high-risk patients with suspected
infection; activated much earlier in their infectious pro-
cess; and was more accurate in predicting mortality and
ICU admission outcomes. Considering the consequences
of missing patients or inadvertent delay, qSOFA fell far
behind on these objectives while the St. John Sepsis
Surveillance Agent was promising.
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