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Abstract

Background: To evaluate the effect of screening for sepsis using an electronic sepsis alert vs. no alert in
hospitalized ward patients on 90-day in-hospital mortality.

Methods: The SCREEN trial is designed as a stepped-wedge cluster randomized controlled trial. Hospital wards
(total of 45 wards, constituting clusters in this design) are randomized to have active alert vs. masked alert, 5 wards
at a time, with each 5 wards constituting a sequence. The study consists of ten 2-month periods with a phased
introduction of the intervention. In the first period, all wards have a masked alert for 2 months. Afterwards the
intervention (alert system) is implemented in a new sequence every 2-month period until the intervention is
implemented in all sequences. The intervention includes the implementation of an electronic alert system
developed in the hospital electronic medical records based on the quick sequential organ failure assessment
(qSOFA). The alert system sends notifications of “possible sepsis alert” to the bedside nurse, charge nurse, and
primary medical team and requires an acknowledgment in the health information system from the bedside nurse
and physician. The calculated sample size is 65,250. The primary endpoint is in-hospital mortality by 90 days.

Discussion: The trial started on October 1, 2019, and is expected to complete patient follow-up by the end
of October 2021.
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Background

Sepsis is a major cause of morbidity and mortality
among hospitalized patients, and the outcome of affected
patients is greatly dependent on the time-sensitive ad-
ministration of appropriate antimicrobials, fluid resusci-
tation, and source control [1, 2]. Using machine learning
analytics, a retrospective multicenter study evaluated the
impact of delaying the implementation of the Surviving
Sepsis Campaign 3-h bundle elements in 5072 adult pa-
tients with severe sepsis or septic shock [3]. The study
found that the time delays significantly associated with
mortality were 20 min for serum lactate, 50 min for
blood culture, 100 min for intravenous crystalloids, and
125min for antibiotic therapy [3]. Unfortunately,
studies have shown that these elements of sepsis
management are often delayed because of delayed
sepsis recognition [4—6].

To facilitate early sepsis recognition, the Surviving
Sepsis Campaign guidelines have recommended that
hospitals have performance improvement programs for
sepsis, including sepsis screening for acutely ill and
high-risk patients [7]. Several observational studies have
demonstrated that screening patients on hospital wards
for sepsis was associated with improved processes of
care and reduced mortality (please see also Supplemenr-
tary Introduction, Supplementary File). More recently, a
randomized controlled trial (RCT) at two medical-
surgical intensive care units (ICUs) compared an elec-
tronic sepsis alert with the same alert combined with a
machine learning algorithm (experimental group) [8].
On receiving an alert, the care team evaluated the pa-
tient and initiated the severe sepsis bundle, if appropri-
ate [8]. The length of stay decreased from 13.0 days in
the control group to 10.3 days in the experimental group
(p = 0.04) and hospital mortality by 12.4% (p = 0.02) [8].
A before-after study evaluated the impact of a multidis-
ciplinary sepsis education program targeting sepsis rec-
ognition by using both the quick sequential organ failure
assessment (GSOFA) and organ dysfunction criteria with
nurse empowerment to activate the rapid response team
(RRT) when sepsis was suspected [9]. The study found
that the time to recognition (QSOFA-to-RRT) improved
from a median of 11.8 h (interquartile range 3.4, 34.3) in
the pre-intervention phase to 1.7 h (interquartile range
0, 11.7) in the post-intervention phase (p = 0.005) [9].
The time from qSOFA to antibiotics improved from 1.4
h (interquartile range:- 2.4, 6.2) to — 4.7 h (interquartile
range - 254, 1.8, p < 0.01) [9]. Using qSOFA, compli-
ance improved for antibiotics administration within 3 h

from 60% to 87% (p = 0.02) [9]. A systematic review of
16 observational studies found that digital alert systems
for sepsis were associated with a reduction in length of
hospital stay [10].

On the other hand, some data questioned the benefit
of sepsis screening among hospitalized patients. A sys-
tematic review of six studies of electronic and paper-
based sepsis screening suggested improvement in pro-
cesses of care including the use of diagnostics [11].
However, the effect on treatment (fluid resuscitation and
antibiotic administration) and outcome measures was
less consistent [11]. Most existing studies are pre-post
intervention studies [6, 12—-20], and showed large reduc-
tions in mortality even with modest improvement in the
compliance with the bundle. One of the potential expla-
nations is that early detection leads to the inclusion of
mild cases (ascertainment bias) and therefore artificially
improving mortality rates. Therefore, the observed effect
may be exaggerated or even maybe solely related to this
phenomenon. Two RCT's showed no benefit of screening
for sepsis in the ICU setting. A trial in a medical ICU (n
= 442) showed that electronic screening using modified
systemic inflammatory response syndrome vs. usual care
was not associated with a difference in time to new anti-
biotics, amount of fluid administered, ICU length of stay,
hospital length of stay, and mortality [21]. Another trial
in medical-surgical ICU patients (n = 417) found no dif-
ference between the electronic tool and usual care in the
primary outcome of time to completion of all indicated
Surviving Sepsis Campaign 6-h Sepsis Resuscitation
Bundle elements, ICU mortality, ICU-free days, and
ventilator-free days [22]. Besides, RCTSs that tested real-
time electronic alerts for clinical deterioration, which
included sepsis in ward patients, found no significant
difference in outcomes [23, 24]. Finally, screening for
sepsis may lead to unintended consequences, such as
overtreatment. One study found that the implementa-
tion of an electronic sepsis alert was associated with
increase in antibiotic use and healthcare facility—on-
set Clostridium difficile infection [25]. Therefore, it is
unclear whether screening for sepsis using an elec-
tronic alert in hospitalized patients improves out-
comes, and an RCT is needed. The objective of the
Stepped-wedge Cluster Randomized Controlled Trial
of Electronic Early Notification of Sepsis in Hospital-
ized Ward Patients (SCREEN Trial) is to evaluate the
effect of electronic screening for sepsis compared to
no screening among hospitalized ward patients on
all-cause 90-day in-hospital mortality. Our hypothesis
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is that screening for sepsis reduces all-cause 90-day
in-hospital mortality.

Methods

Settings

The study is conducted in the 5 Ministry of National
Guard Health Affairs (MNGHA) hospitals (King
Abdulaziz Medical City - Riyadh, King Abdulaziz
Medical City - Jeddah, and Prince Mohammed Bin
Abdul Aziz Hospital - Al Madinah, King Abdulaziz
Hospital - Al Ahsa, and Imam Abdulrahman Al Faisal
Hospital - Dammam) (Supplementary file Table S1).
The MNGHA hospitals share an integrated electronic
medical record (EMR) system, BESTCare, which has
been implemented as a joint venture with the Seoul
National University Bundang Hospital, South Korea.
Its critical applications include clinical documentation,
computerized physician order entry, clinical decision
support system, and clinical data warehouse. The
system is also interfaced with the hospital’s vital signs
measurement devices.

Study design

The SCREEN trial is designed as a stepped-wedge clus-
ter RCT. Hospital wards (total of 45 wards, constituting
clusters in this design) are randomized to have active
alert vs. masked alert, 5 wards at a time, with every 5
wards constituting a sequence. The study consists of ten
2-month periods with a phased introduction of the inter-
vention. In the first period, all wards had a masked alert
for 2 months (see the “Sample size” section). After the
baseline period, the intervention (alert system) is imple-
mented in a new sequence every 2 months until the
intervention is implemented in all sequences (Fig. 1).
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This design is suitable for quality improvement pro-
jects and incorporates the comparison between the
intervention group and the control group, both hori-
zontally (intervention clusters and control clusters at
the same time) and vertically over time (the same
cluster before and after the intervention). In addition,
by having the masked alert, an additional comparison
between patients with masked and active alerts will
be performed. A SPIRIT figure is included in Fig. 2,
with a checklist included as a Additional file 1.

This study was approved by the MNGHA Institutional
Review Board (IRB). The study has been registered in
ClinicalTrials.gov (NCT04078594).

Inclusion and exclusion criteria
Ward level inclusion and exclusion criteria
Inclusion criterion

1. Inpatient wards, defined as wards used to manage
inpatients, in the five MNGHA hospitals

Exclusion criteria

Cardiology, transplant, pediatric, and obstetric wards
ICUs and emergency departments

Operating rooms

Outpatient clinics

Daycare wards, endoscopy, outpatient procedure
areas, and hemodialysis units

SRS

Patient-level inclusion and exclusion criteria
Inclusion criteria

1. Aged 14 years or older

Control Group

Sequences (5 wards each)

Fig. 1 SCREEN trial design as a stepped-wedge cluster randomized trial

6 7 8 9 10
Periods (2 months each)
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p
Periods (2 months each) Egl(l)o;va-;s
1 2 3 4 5 6 7 8 9 10
1% sequence (5 wards) X X X X X X X X X
2" sequence (5 wards) X X X X X X X X
3 sequence (5 wards) X X X X X X X
4™ sequence (5 wards) X X X X X X
5" sequence (5 wards) X X X X X
6" sequence (5 wards) X X X X
7" sequence (5 wards) X X X
8™ sequence (5 wards) X X
9" sequence (5 wards) X
OUTCOMES
Data extraction X
Analysis X
X refers to the implementation of the intervention
Fig. 2 SPIRIT figure for the SCREEN trial
2. Checked in as inpatient status to one of the study patient condition and document whether the
wards clinical condition is consistent with sepsis or
not. Other options include “remind me later”
Exclusion criteria and “I am not from the primary team.” By
responding “yes,” the sepsis alert is closed and
1. No commitment for full life support at the time of the system is deactivated for 24 h. By respond-
arrival to the study ward (designated as do-not- ing “no,” the system is deactivated for 12 h only.
resuscitate status) By responding “remind me later” or “I am not
from the primary team,” the pop-up message
Interventions appears on each subsequent physician access of
The sepsis alert the file (Fig. 3).
In the study wards, vital signs are logged into the elec- (c) The ward charge nurse gets a notification on a

tronic medical record (BESTCare system) every 4h and
the Glasgow Coma Scale (GCS) every 12h. We devel-
oped a sepsis alert in the hospital information system
based on qSOFA. The alert works as follows (Fig. 3 and
Tables S2-S3, Supplementary File):

1. The screening tool automatically scans the
documented vital signs and GCS and assigns one
point for low blood pressure (systolic blood
pressure < 100 mmHg), increased respiratory rate
(= 22 breaths/min), or altered mentation (Glasgow
Coma Scale < 15).

2. [If the total score is 2 or more based on the above
criteria documented within 12 h, the system
generates an electronic alert.

3. This alert results in the following:

(a) In the bedside nurse workflow: The alert
appears in the nurse worklist as “possible sepsis
alert,” and a pop-up message appears requesting
the nurse to notify the primary medical team
and to document that a physician has received
the message.

(b) In the treating physician workflow: A pop-up
message appears on the physician screen when
the patient’s file is accessed as “possible sepsis
alert.” The physician is requested to assess the

mobile device (iPod) that has a custom-built
application for an immediate alert with visual
and sound notification.

(d) If the goals of care for a given patient are
modified to do-not-resuscitate, the system is
deactivated for that patient.

4. Data are also used to create a dashboard for each
ward with the following indicators:

(a) Number of alerts.

(b) Percent of alerts with documented notification
by the nurse to the primary medical team and
time to notification.

(c) Percent of alerts with documented assessment
by the physician and time to assessment.

(d) Access to the dashboard is provided to all
nursing and physician managers. Reports
and feedback are provided every 2 weeks,
with frequent meetings to review the results
and discuss the approaches for
improvement in the involved wards.

Intervention group (active alert)

In this group of wards, the alert system is active, which
means that the alerts are visible to the treating team as
described above. The alert prompts a nurse-to-physician
communication and a physician assessment of patients.
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2. Pop-up message: “Call MD for possible Sepsis 2. Pop-up message Alert” in (rjesphc:)nsed
Alert” mobile 26?\1 oarf
device résplg::e
Physician selects ¢ . Physician
“Remind me later” OR PS(?;s;ibsle selects “No dashboard
Notify the The primary “l am not the primary Alert” sepsis”
primary team not team” OR “Close the
team notified alert window”
1. The Alert is
deactivated for
1. Alert remains 12 hours
f in patient list 2. The Alert
.Yes, the No ™ 2. Pop-up disappears from
primary team response € pop- message keeps patient list
responds T up displaying 3. No more pop-
| message Physician up messages
7 keeps selects “Yes appear
l : displaying sepsis” .
Document I v
> Team [ 1 l “Possible Sepsis
notification : Alert” with physician
| . . response “No sepsis”
: 1. The Alert |shdeact|vated for 24 twice within the 24
| . “ours . . hours
i__,| Followthe 2. Gra”y icon qusmlg Sepms
escalation Alert” appears in patient list
process 3. No more pop-up messages 1. The Alett is
appear deactivated for 72
hours
2. It disappears from
atient list
i Charge
Bedside Nurse Physician Nurse Dash-board
Fig. 3 Workflow of the electronic alert
J

Control group (masked alert)

In this group of wards, the alert system will be inactive
in the EMR frontend for the treating team and will re-
main active in the backend of the EMR. Sepsis recogni-
tion is according to the existing practice. This enables
collecting data on the sepsis alert patients whether they
are on active or masked control wards.

Co-interventions

A hospital-wide sepsis awareness campaign in all 5 hos-
pitals was started at the beginning of the study with
training sessions open to all staff on the importance of
timely interventions for sepsis. Project in-service training
sessions are provided to the involved medical and nurs-
ing departments at the beginning of each period.
Monthly webinars are conducted with active ward
leaders. An intranet page has been developed with edu-
cational resources (videos, presentations, documents,
posters, and related links) that explain this project and
provide guidance. The medical management and assess-
ment are at the discretion of the treating team. However,
this project adopts the 2016 Surviving Sepsis Campaign
guidelines and the hour 1 bundle, but without any spe-
cific monitoring of bundle compliance [7, 26, 27].

Randomization

The five hospitals have collectively 46 eligible wards; two
wards were merged due to similarities in order to create
9 sequences of 5 wards each. Wards are randomized to
receive the intervention as a 5-ward sequence each 2-
month period according to a computer-generated non-
stratified concealed list. The randomization list was
maintained with a research coordinator who was not in-
volved in this trial, and the ward allocation remained
concealed from the research and clinical teams through-
out the study and was revealed for a given sequence only
1 month before the implementation of the intervention
to allow training (Fig. 1).

Data

Data extraction

All data will be extracted from the EMR. Data will be ex-
tracted as per the definitions in Table 1 and Supplemen-
tary file Tables S4-S10.

Baseline data, physiological parameters and treatments at
baseline, and processes measures

These variables are listed in the Supplementary Methods
and Tables S8 and S9.
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Outcomes
Primary outcome (Supplementary file Table S10)

e All-cause in-hospital mortality within 90 days

Secondary outcomes
Outcome measures

e Hospital length of stay (LOS), censored at 90 days

e Transfer to ICU within 90 days (ITT cohort) and 14
days of alert (alert cohort)

e ICU-free days in the first 90 days (ITT cohort and
alert cohort)

e Critical Care Response Team (CCRT) activation
within 90 days (ITT cohort) and 14 days of alert
(alert cohort)

e Cardiac arrest within 90 days (ITT cohort) and 14
days of alert (alert cohort)

e The need for mechanical ventilation, vasopressor
therapy, and incident renal replacement therapy
within 90 days (ITT cohort) and 14 days of alert
(alert cohort)

Balancing measures/safety outcomes

e Antibiotic-free days within 90 days (ITT cohort and
alert cohort)

e The acquisition of multidrug-resistant organisms
within 90 days (ITT cohort and alert cohort)

e Clostridium difficile infection within 90 days (ITT
cohort and alert cohort)

Sample size

The sample size for this stepped-wedge cluster-
randomized design was calculated for 45 clusters, each 5
clusters constitute a sequence with 10 periods (including
one baseline period) using the Power Analysis and Sam-
ple Size (PASS) software (PASS 15 Power Analysis and
Sample Size Software (2017), NCSS, LLC. Kaysville, UT,
USA, ncss.com/software/pass). After a baseline period, a
new sequence of 5 clusters (wards) switch from the con-
trol group to the intervention group at the beginning of
each subsequent period. Using historical data obtained
from the development domain of the EMR for ward pa-
tients admitted from 01 July 2018 to 30 June 2019, we
calculated a baseline in-hospital mortality rate by day 90
of 3.13%. Based on the same dataset, 18.3% of eligible
ward patients had an alert based on the qSOFA criteria
[28] with an in-hospital mortality of 8.16% compared to
2% in the patients with no qSOFA. For sample size calcu-
lations, we made the following assumptions: (A) the im-
pact of the intervention on mortality occurs only in
patients who have the alert, (B) only half of the patients
with the alert have sepsis, (C) 90% of deaths among the
patients with the alert occurred among septic patients, (D)
early intervention resulting from the alert will reduce the
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in-hospital mortality by 50%, i.e., from 8.16 to 4.08% in pa-
tients with sepsis and would lead to an overall change in
in-hospital mortality for the whole cohort from 3.13 to
2.46%, (E) 80% power using two-sided Wald Z-test and
significance level of 5%, and (F) an intra-cluster correl-
ation (ICC, a measure of the relatedness of cluster) of 0.22
as estimated from the same retrospective electronic data-
base. As the primary analysis would be adjusted for the
random effect to account for the correlation between pa-
tients within the same cluster, we used the estimation
variance (¢%), which was calculated from responses (P1,
P2), as the within-cluster variance (ow?”) as suggested by
Hussey and Hughes (2007) and Hemming and Girling
(2014) [29, 30]. As such, a reduction of in-mortality in
hospital by 90 days by 0.67% (from 3.13 to 2.46%) requires
a total sample size of 65,250 subjects (average of 1450 sub-
jects per cluster with an average of 145 subjects per cluster
per period). With all five hospitals combined, this is ex-
pected to require 20 months (2 months per period).

Statistical analysis

For the SCREEN trial, the analysis will be implemented
under the guiding principles of the ICH E9 for the ana-
lysis of randomized controlled trials [31]. The stepped-
wedge design is essentially a matched design with before
and after comparisons for each unit of randomization
(or cluster), which is the ward in this study (additional
information is in the Supplementary Methods)

Study cohorts

Intention-to-treat cohort

We will report patient flow according to the CONSORT
flowchart for the stepped-wedge cluster-randomized trial
by allocated sequence and period. The intention-to-treat
(ITT) cohort includes all eligible patients admitted to
the eligible wards. The ITT analysis also implies that pa-
tients in the ITT cohort in the wards belonging to a par-
ticular period will be analyzed in accordance with their
planned randomization regardless of what happens dur-
ing the trial. For example, if a ward was planned to have
the intervention during a given period and for technical
reasons that alert system was not operational, patients in
that ward during that period will be analyzed as receiv-
ing an active alert. Although it is not anticipated that
there will be wards that cross over their study cohort
(ie, change from alert to non-alert or vice versa), any
such instances will be documented. Patients who are
transferred from one ward to another will be counted as
part of the first ward. The primary analysis will be based
on this population.

The study was launched in October 2019. During the
study period in 2020-2021, and in response to the surge
in the number of hospitalized patients with coronavirus
disease 2019 (COVID-19) [32], some of the wards had to
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Table 1 Time windows for data extraction. All data points within the time window will be extracted
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Variables Attribute Type of ITT cohort Alert cohort
variable

Age (years)

Sex

Location before ward check-in All values

Service All values

Admission diagnoses, main and All ICD-10-AM?

secondary

Problem list All ICD-10-AM?

Discharge diagnosis All ICD-10-AM?

Alert criteria

Alert count

Time to acknowledgment by nurse and
physician

Vital signs (heart rate (HR), systolic blood
pressure (SBP), diastolic blood pressure
(DBP), respiratory rate (RR), temperature)

The same vital signs except for
temperature

Lactate

Lactate

Other blood tests results (white blood
cell count, bilirubin, creatinine)

Cultures obtained (blood, respiratory,
urine, body fluid ((pleural, ascitic, CSF,
joint))

Cultures obtained (blood, respiratory,
urine, body fluid ((pleural, ascitic, CSF,
joint))

Intravenous fluids administration
prescribed

Hemodialysis

Continuous renal replacement therapy
(CRRT)

Vasopressors (norepinephrine, dopamine,
epinephrine, dobutamine,
phenylephrine, vasopressin)

Mechanical ventilation (except operation

All alert dates and
times

First alert: time to
acknowledgment by
nurse and by
physician

All values, dates and
times

All values, dates and
times

All values, dates and
times

All values, dates and
times

All values, dates and
times

Yes vs. no, dates and
times, results

Yes vs. no, dates and
times, results

Yes vs. no, date and
time

Yes vs. no, date and
times

Yes vs. no

Yes vs. no, first date
and time only

Yes vs. no, first date
and time only

Yes vs. no, date and
time of initiation

Yes vs. no, date and

Baseline data

Baseline data

Process
measure

Baseline data

Physiologic
outcome
Baseline data

Process
measure,
physiologic
outcome
Baseline data

Baseline data
Process
measure

Baseline data

Process
measure

Baseline data

Outcome

Outcome

Outcome

Outcome

Check-into +12h

—-12to+12h

—-12to+12h

—-12to+12h

—-12to+12h

Dialysis (hemodialysis) before
check-in as outpatient or as in pa-
tient in the week preceding

check-in

Hemodialysis post check-in dur-
ing this hospital stay (including

during ICU stay)

CRRT post-check-in during this
hospital stay (including during

ICU stay)

Check-in to 90 days

Check-in to 90 days

—12h to alert time

Alert time to +12h

—12h to alert time

Alert time to + 12 h

—12h to alert time

—12h to alert time

Alert time to + 12 h

—12h to alert time

Alert to +12h

Dialysis (hemodialysis) before
alert as outpatient or as in
patient in the week preceding
check-in

Dialysis within 14 days from the
alert (including during ICU stay)

CRRT within 14 days from the
alert (including during ICU stay)

Alert to 14 days

Alert to 14 days
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Table 1 Time windows for data extraction. All data points within the time window will be extracted (Continued)
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Variables Attribute Type of ITT cohort Alert cohort
variable

room) time of initiation

ICU admission Yes vs. no, date and  Outcome Check-in to 90 days Alert to 14 days
time of initiation,
number of days in
ICU

Critical care rapid response team (CCRT) ~ Yes vs. no, date and ~ Outcome Check-in to 90 days Alert to 14 days

activation time

Code blue Yes vs. no, date and  Outcome Check-in to 90 days Alert to 14 days
time

Hospital discharge Date and time, status Outcome

—12to+12h

Check-in to 90 days

—12h to alert time

Alert to + 12 h

Alert to 14 days

Antibiotics Yes vs. No, date and  Baseline data
time®
Process
measure
Yes vs. no, number  Outcome
of days on
antibiotics
Multidrug-resistant organism (MDROs) Yes vs. no, type, date  Outcome
and time
Clostridium difficile (C-diff) Yes vs. no, date and  Outcome

time

Check-in to 90 days Alert to 90 days

Check-in to 90 days Alert to 90 days

2ICD-10-AM: diagnosis codes used for comorbidity and for infections are referenced in the supplementary file (Table 54 & S5)

PAntibiotics list is referenced in the supplementary file (Table S6)

be converted to ICUs, making them ineligible for the
study intervention. These wards will be excluded from
the ITT cohort while used as ICUs. During the peak of
COVID-19 cases, total admissions to the wards declined
substantially to less than 50%; therefore, 2 consecutive
periods (starting June 2019) were extended from 2 to 3
months each to account for the decline in cluster size.
In addition, some wards were designated for admission
of suspected or confirmed COVID-19 cases. Given the
higher mortality associated with such designation, and
because such designation would likely be over-
represented in the intervention group, data on a ward
designated as a COVID-19 ward will be documented as
a ward-level variable for inclusion as an adjustment in
the primary model (as discussed below). Additionally,
patient-level data on COVID-19 diagnosis will be also
obtained.

Alert cohort

This cohort represents the subset of ITT patients who
have the alert whether in the intervention wards or the
control wards.

Analysis of the primary endpoint

The analysis for the primary outcome will be conducted
on the ITT cohort. The all-cause in-hospital mortality
by day 90 will be compared between the intervention
group and the control group at the individual level with

the use of a mixed-effect logistic regression model with
the jack-knife method to estimate standard errors to
account for grouping within clusters [29, 33]. We will
use a generalized linear mixed model with a binary dis-
tribution and a log-link function to estimate the relative
risk as a measure of effect. We will include two levels of
random effects to account for nested clustering within
wards and periods and two levels of fixed effects: hospi-
tals and COVID-19 ward status. The model will be se-
lected as the best model with a unique covariance
structure that produces the lowest Bayesian Information
Criterion (BIC) value. The covariance structures that will
be considered in the model are the first order of
autocorrelation covariance structure, unstructured
covariance structure, Toeplitz covariance structure, and
variance component structure (VC). The random coeffi-
cients will be modeled using G-side random effects and
the subject-specific estimates will be obtained by defin-
ing the appropriate variance-covariance structure.

Analysis of other outcomes

The categorical outcomes will be summarized between
the intervention and control groups using number and
percentages and analyzed in a similar manner as done
for the primary outcome. The continuous outcomes will
be summarized using mean and standard deviation
or median and inter-quartile ranges (IQR) and will be
analyzed using the mixed-effect Poisson model. We will



Arabi et al. Trials (2021) 22:695

include two levels of random effects to account for
nested clustering within wards and periods and two
levels of fixed effects: hospitals and COVID-19 ward
status.

Subgroups analysis

To address the concern about contamination, we will
conduct a sensitivity analysis excluding all patients in
the control group in the 90 days before crossing over
to the intervention group. Because there are fewer
than 50 clusters, we will conduct a sensitivity analysis
using a small sample correction with a Kenward-
Roger method [34]. We will conduct a sensitivity
analysis adjusting for the following covariates: type of
wards (medical, surgical, oncology, and mixed), age,
baseline systolic blood pressure, baseline respiratory rate,
GCS, Charlson comorbidity index, and COVID-19 status.
For the latter analysis, we will use imputation for missing
variables. In addition, we will conduct also a complete case
sensitivity analysis. We will conduct a sensitivity analysis
excluding the periods in which wards were assigned as
COVID-19 ward.

We will analyze the primary outcome of all-cause hos-
pital mortality by day 90 across predefined subgroups
using the same model of the primary analysis. The pre-
defined subgroups include age < 65 years and > 65 years;
patients with documented infection source (including
ICD-10 AM for pneumonia, urinary tract infection, skin
and soft tissue infection, intra-abdominal infection, or
other infections); patients with no documented infection
or infection source; patients admitted to medical, surgi-
cal, oncology, and mixed wards; alert within 48 h of ad-
mission and after 48 h of admission; and patients
admitted to COVID-19 and non-COVID-19 wards
(Table S6). The results of the test of interaction will be
reported.

All analyses will be conducted with SAS version 9.4.
There will be no interim analysis due to the nature of
implementation.

Discussion

This trial evaluates the value of electronic screening for
sepsis in patients hospitalized in the wards. Screening
for sepsis could be of substantial benefit as sepsis is fre-
quent in hospitalized patients, is often under-recognized,
and is a common cause of organ dysfunction and death,
and earlier appropriate management is associated with
improved outcomes [3-6]. It is estimated that 32% of
sepsis cases are identified in hospital wards [35], such
that hospital-onset sepsis complicates 1 in 200 hospitali-
zations with an associated mortality of >30% [36, 37].
Sepsis management is often delayed among patients hos-
pitalized in the ward [38, 39]. A study found that lactate
levels were measured within the mandated window in
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only 32% of patients with severe sepsis in the ward com-
pared with 55% in the ICU and 79% in the ED [39]. De-
layed lactate level measurement was associated with
longer time to antibiotic administration [39]. The evi-
dence for electronic alerts to recognize sepsis early and
improve care processes and outcomes in general ward
patients is modest [40], which affirms the need for an
RCT. The stepped-wedge approach to include wards in
this trial avoids several pitfalls and retains controlled
data elements and randomization.

Real-time electronic screening for sepsis using the
EMR provides multiple advantages over other
methods, as it is considered a low-cost solution for
more reliable, reproducible, unbiased, and sustainable
screening in large hospitals [41]. However, the
challenges encountered with our electronic alert
development and implementation included resource
allocation, changing and wunagreed-upon sepsis
screening tools (qSOFA and SIRS), charting behav-
iors, alert fatigue (false positive), inappropriate
response (false negative), and differences in health
care delivery models [42, 43]. We have conducted
multiple presentations to ward medical and nursing
staff and provided online materials on the alert
system and sepsis management in line with the
Surviving Sepsis Campaign guidelines [7, 26]. The
actual management of patients with positive sepsis
alert was left to the discretion of the treating team.
We also utilized dashboards during the study to
provide opportunities for ward medical and nursing
leaders to review and improve provided care.

The SCREEN trial provides an opportunity for a novel
trial design and analysis of routinely collected and en-
tered data to evaluate the effectiveness of an intervention
(sepsis alert) for a common medical problem (sepsis in
ward patients). Its results may open the door for other
trials on other interventions in other conditions.

Trial status

The trial started on October 1, 2019, and is expected to
complete patient follow-up by the end of October 2021.
The study was conducted according to the protocol in
its 3rd version dated September 15, 2019. There have
been minor protocol modifications after starting the
trial. The first was extending two periods because of the
COVID-19 pandemic as described above, which was
communicated at the time with involved wards. An add-
itional amendment was made in August 2021 in re-
sponse to the peer-review process of the statistical
analysis plan. The amendment included a few clarifica-
tions on the study outcomes and a change in the ap-
proach to calculate the sample size resulting in the
change in the sample size from 62,550 to 65,250. These
changes have no impact on the study conduct.
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