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Abstract

Background: Despite many efforts, long wait times and overcrowding in emergency departments (EDs) have remained a
significant health service issue in Canada. For several years, Canada has had one of the longest wait times among the Organisation
for Economic Co-operation and Development countries. From a patient’s perspective, this challenge has been described as
“patients wait in pain or discomfort for hours before being seen at EDs.” To overcome the challenge of increased wait times, we
developed an innovative ED management platform called SurgeCon that was designed based on continuous quality improvement
principles to maintain patient flow and mitigate the impact of patient surge on ED efficiency. The SurgeCon quality improvement
intervention includes a protocol-driven software platform, restructures ED organization and workflow, and aims to establish a
more patient-centric environment. We piloted SurgeCon at an ED in Carbonear, Newfoundland and Labrador, and found that
there was a 32% reduction in ED wait times.

Objective: The primary objective of this trial is to determine the effects of SurgeCon on ED performance by assessing its impact
on length of stay, the time to a physician’s initial assessment, and the number of patients leaving the ED without being seen by
a physician. The secondary objectives of this study are to evaluate SurgeCon’s effects on patient satisfaction and patient-reported
experiences with ED wait times and its ability to create better-value care by reducing the per-patient cost of delivering ED
services.

Methods: The implementation of the intervention will be assessed using a comparative effectiveness-implementation hybrid
design. This type of hybrid design is known to shorten the amount of time associated with transitioning interventions from being
the focus of research to being used for practice and health care services. All EDs with 24/7 on-site physician support (category
A hospitals) will be enrolled in a 31-month, pragmatic, stepped wedge cluster randomized trial. All clusters (hospitals) will start
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with a baseline period of usual care and will be randomized to determine the order and timing of transitioning to intervention
care until all hospitals are using the intervention to manage and operationalize their EDs.

Results: Data collection for this study is continuing. As of February 2022, a total of 570 randomly selected patients have
participated in telephone interviews concerning patient-reported experiences and patient satisfaction with ED wait times. The
first of the 4 EDs was randomly selected, and it is currently using SurgeCon’s eHealth platform and applying efficiency principles
that have been learned through training since September 2021. The second randomly selected site will begin intervention
implementation in winter 2022.

Conclusions: By assessing the impact of SurgeCon on ED services, we hope to be able to improve wait times and create
better-value ED care in this health care context.

Trial Registration: ClinicalTrials.gov NCT04789902; https://clinicaltrials.gov/ct2/show/NCT04789902

International Registered Report Identifier (IRRID): DERR1-10.2196/30454

(JMIR Res Protoc 2022;11(3):e30454) doi: 10.2196/30454
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Introduction

Background
Long wait times and overcrowding are challenging emergency
departments (EDs) around the world [1-4]. Several other
countries with advanced health care systems cannot keep pace
with patient demand. In particular, Canada ranks among
countries with the longest wait times compared with those of
peer-industrialized countries [5]. The Canadian Institute for
Health Information (CIHI) reported an 11% increase in ED wait
times from 2015-2016 to 2016-2017 [2]. This translates to long
wait times and deters patients from pursuing the necessary care
they need and increases the likelihood of patients leaving the
ED without being seen (LWBS) by a physician [6,7]. In
Newfoundland and Labrador, Canada’s easternmost province,
long wait times are plaguing the province much like the rest of
Canada [8-10].

The Newfoundland and Labrador provincial government and
the province’s 4 regional health authorities (RHAs) have the
option of expanding the health care workforce [11,12] at a time
of historic fiscal restraint or finding effective interventions to
improve the efficiency of their current ED service [13].
Overtime [14-16], expanding the ED [17,18] and redirecting
patients to primary care [19,20] have not been shown to be
effective. According to an October 2020 report from the CIHI,
ED services are making up a larger percentage of total hospital
spending with a 4% annual growth rate, which was observed
between 2005 and 2019 [21]. The same report states that ED
staff are twice as likely to work overtime compared with staff
in other departments [21].

We have created a quality improvement intervention called
SurgeCon. As a pragmatic ED management platform, SurgeCon
includes 3 separate components (described below) that together
act to decrease wait times and improve the sustainability of
Newfoundland and Labrador’s ED services without significant
workforce changes. These interventions include restructuring
the ED organization and workflow, fostering a patient-centric
environment, and quantifying ED demands and available
resources in real time. SurgeCon is designed to enable frontline
health care workers to anticipate and mitigate surges in patient

volume through a series of proactive steps and decision-making
tools. SurgeCon attracted the attention of the Newfoundland
and Labrador Eastern Health (EH) RHA after they missed their
own ED wait time benchmarks in 2016 [22]. The initial
development of the SurgeCon intervention came about after an
external review was completed by an independent third party
to determine which areas of ED operations could be adjusted
to improve wait times and departmental efficiency. The external
review was one of many components included in a provincial
wait time reduction initiative [23].

We piloted SurgeCon at the ED located in Carbonear,
Newfoundland and Labrador, an EH administered hospital, over
45 months from July 1, 2013, to March 31, 2017. Data from the
pilot study were analyzed using an interrupted time series
analysis to assess its effect on ED performance. The resulting
change in indicators was noteworthy, despite a 25.7% increase
in patient volume. Over the course of the 45-month pilot study,
average time to physician’s initial assessment (PIA) decreased
from 104.3 (SD 9.9) minutes to 42.2 (SD 8.1) minutes, length
of stay (LOS) in the ED decreased from 199.4 (SD 16.8) minutes
to 134.4 (SD 14.5) minutes, and the number of patients LWBS
decreased from 12.1% (SD 2.2%) to 4.6% (SD 1.7%). All of
these changes were statistically significant. The marked and
sustained impact of SurgeCon on ED performance in Carbonear
supports the case for its extension to other EDs.

The proposed innovative clinical trial and the implementation
of SurgeCon (see the implementation paper) [24] will generate
practical information on its effectiveness in a range of urban
and rural ED settings and generate data to support its more
comprehensive implementation. Given the successful results
from the pilot study, and if SurgeCon proves to address ED
patient flow issues in this study, the rest of Canada and other
countries could significantly benefit from its implementation.

Given the scope of the SurgeCon research program, a separate
protocol related to evaluating the intervention’s implementation
was published in a separate article [24]. This research protocol
focuses on the innovative clinical trial stepped wedge cluster
randomized trial (SW-CRT) design used to assess the
effectiveness of the intervention. In this protocol paper, we will
provide a brief description of the intervention and associated
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research activities that will be carried out at each of the 4
selected ED sites.

Study Aim and Objectives
In this study, we present the protocol for a 31-month SW-CRT
trial. Our aim is to evaluate the performance of the SurgeCon
platform in improving important patient and service process
outcomes in EDs in an RHA in Newfoundland and Labrador
and develop strategies to promote its scalability, sustainability,
and successful implementation across the Canadian health
system. The primary objective of the trial is to evaluate the
effects of SurgeCon on ED performance by assessing its impact
on LOS, PIA, and LWBS. The secondary objective of the trial
is to assess the intervention’s impact on patient satisfaction and
patient-reported experience with ED wait times and its ability
to create better-value ED services by reducing ED costs.

Methods

Ethics Approval
This study has been approved by the Newfoundland Labrador
Health Research Ethics Board with researcher portal file
20201482.

Study Setting
Newfoundland and Labrador’s health care system is delivered
through four RHAs: EH, Central Health, Western Health, and
Labrador-Grenfell Health. The eastern RHA will be participating
in this research initiative as a collaborative research partner and
will be the only RHA participating in the study. The other 3
health authorities will act as knowledge users and will not be
included in the SurgeCon trial. However, the research team will
provide interim reports to the other health authorities to allow
them to monitor and learn from research findings over the course
of the study period to guide future implementation in their own
centers.

This is a multisite study, including 2 urban and 2 rural EDs with
24/7 on-site physician support in the EH region of
Newfoundland (Figure 1). The remaining 2 EDs with 24/7
on-site physician support within the study area that are not
receiving the intervention are a pediatric ED, which operates
differently and has wait times that differ greatly from adult or
general ED, and the Carbonear General Hospital, which was
chosen for the pilot study. The 4 sites receiving the intervention
include 2 urban sites (Health Sciences Centre and St. Clare’s
Mercy Hospital) and 2 rural sites (Dr. G.B. Cross Memorial
Hospital and Burin Peninsula Health Care Centre).

Figure 1. Emergency department (ED) locations in 4 regional health authorities of Newfoundland and Labrador (NL). iCT: innovative clinical trial.

Study Population
All individuals who visited any of the 4 selected EDs during
the study period will be included in the collection of deidentified
health administrative data. We will also collect and monitor
ED-level key performance indicator (KPI) data such as LOS,
PIA, and LWBS because they are impacted by patient volume.
Patients who receive care at these EDs will be randomly selected
for subsequent follow-up after they are discharged to collect

information related to their experience in the ED and to
determine their level of satisfaction with the care that they
received.

Site Randomization
As we will be evaluating the effectiveness of SurgeCon using
an SW-CRT, the 4 different hospitals will be randomized, with
1 ED site starting at the first sequence. The next site will start
6 months later in the second sequence and will continue until
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all EDs are allocated to sequences. A simple random sample
will be performed by the study statistician, who will generate
a randomization list using statistical software that will determine
the order of intervention implementation. The researchers and
participants will not be blinded to whether they are in the
intervention or the control cohort.

Patient Randomization
To assess patient-reported experiences and satisfaction,
discharged patients who are subsequently contacted to complete
satisfaction and patient experience surveys will be randomly
selected using a random time and date generator program.

Study Outcomes
The SurgeCon study aims to measure both ED KPIs (LOS, PIA,
and LWBS) and patient perceptions and satisfaction related to
the care they received in the ED. Patient health outcomes, use
of health care resources, and overall cost will also be assessed
based on a patient’s arrival time. We will also collect
information on the potential adverse effects of the intervention
such as 24-hour readmission and mortality. These data will help
examine trends in mortality and readmissions before and after
intervention implementation.

The study uses a comparative effectiveness-implementation
hybrid design and includes outcomes for effectiveness and
implementation. Two measurement levels will be considered
for the study, ED- or service-level and patient-level outcomes
will be used to determine the effectiveness of SurgeCon. To
guide our choice of outcomes and to determine how best to
evaluate the intervention’s implementation, we applied a
combination of 2 frameworks, that is, RE-AIM (reach,

effectiveness, adoption, implementation, and maintenance) and
Consolidated Framework for Implementation Research [25,26].
To guide our implementation strategy, we will collect data
related to organizational climate, fidelity of staff training,
fidelity of intervention delivery, implementation cost, barriers
and enablers to adoption, implementation, institutionalization,
intervention acceptability, intervention appropriateness,
feasibility of maintaining SurgeCon, sustainability of SurgeCon,
and scalability of the SurgeCon intervention. Detailed
information on implementation assessment and outcomes is
available via our other work [24].

Study Design
The SW-CRT design is a novel, robust, and flexible 1-way
crossover cluster randomized trial design increasingly being
used in trial arms with varying time delays in which all clusters
start from the control condition to the active intervention
condition state. In particular, this longitudinal stepped wedge
study design includes a repeated cross-sectional design, as
illustrated in Figure 2, where each hospital will eventually
receive the intervention. All participating sites will begin the
trial in a control condition where they will continue to use a
usual care model or the model of care provided before the
beginning of the trial. Each site will switch from providing usual
care to providing care using the intervention that will take place
at predetermined time periods during the study. At the end of
the trial experiment, each of the sites will have implemented
all of the intervention’s components. The stepped wedge
randomized trial design used in this study is normally carried
out at the cluster level rather than at the individual level.
Therefore, a clustered randomized stepped wedge design will
be the focus of this protocol.

Figure 2. Schematic representation of a SW-CRT with 4 steps for a 31-month study period. SW-CRT: stepped wedge cluster randomized trial.

The advantages of the SW-CRT include logistical flexibilities,
efficiencies in terms of power, and sample size compared with
traditional (clustered) parallel-group designs. Furthermore, the
ethical advantages in longitudinal and open cohort studies have
also been recognized [27-29]. A simple random sampling
technique will be used to determine the order of intervention
implementation across the 4 selected sites. The assignment of
1 cluster per sequence will maximize statistical power. The
study period can be subdivided by four 6-month steps. Each

step starts with the implementation of the intervention at one
of the 4 selected sites. Observations are collected repeatedly
from each cluster in multiple periods. The key parameters such
as the number of clusters or clusters per sequence, steps, and
measurement periods (both control and intervention conditions),
intracluster correlation coefficient (ICC), and effect size are
required for sample size calculation for the SW-CRT design.
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The total study period available for the intervention to remain
active is 31 months, and it is expected that at least one month
will be needed for training and implementation at each ED site.
A 1-month intervention adoption period was considered to be
sufficient for the intervention to be fully operationalized for a
single cluster. During the first 6 months of the baseline period,
all patients who visit any of the 4 hospitals will receive usual
care. After the baseline period, a randomly allocated hospital
will begin SurgeCon intervention implementation every 6
months and will continue to use the intervention for operations
and management until the end of the study. Staff at each of the
randomly selected hospitals will undergo training, establish
processes and guidelines that are consistent with efficiency
principles covered during training, and begin routine data entry.
During the last 6 months of the study period, all 4 hospitals will
be operating using the SurgeCon ED management platform
exclusively. We will be monitoring the characteristics of each
hospital and the composition of their associated frontline teams
to determine if significant changes have occurred since the
control period and whether an adjustment to our analysis plan
is required.

Sample Size
On the basis of the results of a pilot study conducted at a rural
ED site in EH’s jurisdiction, we established a common
framework for optimal sample size calculations when the
number of clusters available for randomization is limited to 4
sites for the SW-CRT design. We chose 1 cluster, which will
cross over to an intervention state at a randomly assigned step.
To keep things relatively simple, we assume that an equal
number of observations is sampled in each cross section of each
cluster. Alternatively, we expect an equal amount of
observations per period per cluster. Results from our pilot study
show a 15% to 30% decrease in the LOS or wait times between
6 and 30 months after SurgeCon implementation [30-32]. This
trial is powered to detect a 15% change in LOS at 5% of type
I error and 80% power with an ICC [33] of 0.1 for repeated
measures (6 measures per step). A 10% reduction in ED wait
time in the study sites could result in 10-minute reduction in
LOS. To detect this change, a minimum sample size of
N=20,280 (169/month/hospital for 30 months and 4 hospitals)
is required. To be able to conduct age, sex, and patient acuity
subgroup analyses for all ED visits across the 4 intervention
sites, we will include all ED visits for this portion of the analysis
as there is a low cost associated with extracting data from
existing ED repositories, which routinely capture patient
record-level information. For patient satisfaction, the study is
powered to detect a 30% change in patient-reported experience
measures or patient satisfaction [34-37] at a 5% of type I error
and 80% power with an ICC of 0.1. Therefore, a sample size
of 1320 (11/month/hospital for 30 months and 4 hospitals) would
be sufficient for this study. Considering a 50% response rate,
we will conduct 25 surveys per month per hospital. In particular,
we demonstrated the required sample size and power calculation
procedure with illustration for different combinations of the
ICC to detect the standard effect size. For this illustrative
purpose, we consider a clinical trial powered to detect a 10%
to 30% reduction in wait times on a continuous scale at the 4
different EDs with 5% of type I error rate and 80% power.

Data Collection and Monitoring
Aggregate- and individual record-level data will be analyzed
over the course of the study period to assess the effect of the
intervention on patient outcomes, health service efficiency, and
the cost of providing emergency care. Our analysis will include
aggregate KPI data, record-level health administrative data, and
aggregate financial data and will be provided to the research
team by the Newfoundland and Labrador Centre for Health
Information. The ED KPIs (ie, LOS, PIA, and LWBS) used as
the primary outcomes for this study are further described in
Table S1 in Multimedia Appendix 1 alongside other variables
that will be used for statistical modeling. Each of the primary
outcomes will be calculated and assessed monthly over the
course of the study period. The total number of monthly ED
visits will be used as the denominator for our cluster-level
summaries.

Individual record-level health administrative data will include
demographic variables (eg, sex, date of birth, and postal code),
mortality data, wait times data, diagnosis data, and triage acuity
scores, among other variables. These data will be used to create
aggregate KPI and financial data provided by Newfoundland
and Labrador Centre for Health Information and to assess the
intervention’s impact on the type and volume of patients who
visit one of the 4 selected ED sites during the study period.
Financial data will capture expenditures for staff, supplies, and
procedures originating from the ED and will include data related
to pharmacy, diagnostic imaging, laboratory testing, surgical
day care, operating room procedures, physician salaries,
physician fees for service claims, nurse salaries, administrative
staff salaries, ambulance services, and other related ED costs.

Patient-reported experiences and patient satisfaction survey data
will be collected 3 to 5 days after ED discharge via a telephone
interview conducted by a research assistant who is also an EH
employee. No identifiable information related to their ED visit
will be collected during the survey, and patient consent will be
obtained before the interview through an implied consent
process that does not require a signed consent form. We provide
all study participants with the opportunity to request an informed
consent document that can be provided by email or post mail
and contains contact information for the principal investigator
and project manager. To minimize the loss to follow-up, the
research assistant will attempt to reach patients up to 3 times
within 2 weeks of the initial attempt. The interview will take
<30 minutes, using a questionnaire we created based on CIHI’s
patient-reported experiences [38] and patient satisfaction surveys
for EDs [39]. Although most of Newfoundland and Labrador’s
population is English speaking (97%) [40], language was not
considered an exclusion criterion. Patient interview responses
will be stored via Qualtrics (a web-based survey program),
where research team members will be able to analyze the data
while maintaining patient anonymity. An important
consideration for this approach is that the only ethically
approved means of contacting patients is by telephone using
patient contact information at EH. Other options were explored
such as surveying patients directly in the ED, but it was deemed
unsuitable, as many patients are not likely to be in a physical
or mental state conducive to participating in a study.
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Beyond the data provided by traditional provincial data
custodians, we will also consider the SurgeCon platform’s
routinely collected aggregate data. These data include calculated
SurgeCon levels, ED beds, bed availability, patient acuity, and
patient process tracking. The SurgeCon action-based protocol
is subdivided into 5 levels of escalation and is used to indicate
the level of demand, availability of resources, and capacity in
the ED. The levels range from 1 (optimal operating conditions)
to 5 (very busy or patient surge). They are calculated using
several variables such as ED and inpatient unit bed availability,
resource shortages, and number of patients in the waiting room
left to be triaged or seen by a physician, among many other
options. A charge nurse or other frontline staff manually enter
variables used by SurgeCon’s algorithm to determine SurgeCon
levels via a data entry portal. Any data entered into the data
entry portal will be made accessible to the research team through
the creation of a special user role that provides access to all
site-specific information and the ability to export collected data.

Our implementation strategy includes the operationalization of
routine data capturing by charge nurses. The research team will
regularly monitor data quality and completeness across all study
sites. We will be working with frontline health care staff at each
of the sites to find solutions when sites are found to be missing
data entry intervals or if data quality is low. We are exploring
opportunities to automate data collection for certain variables
if they are found to be feasible and appropriate.

Statistical Analysis

Analyses
The characteristics of hospitals and patients will be recorded.
We will describe the clinical and demographic characteristics
of hospitals and patients for each period. We will report the
response for patient satisfaction surveys and report the duration
of intervention adherence at each study site and, if applicable,
the reasons for noncompliance. For each outcome, we will report
the results for each period, including the effect size and its
precision. The 30 months of cumulatively collected data from
EH and provincial health administrative databases in both the
intervention and usual care periods will be modeled as a linear
mixed model. We plan to analyze research data using a
generalized linear mixed model (GLMM) [41] or generalized
estimating equation [42]. Hussey and Hughes [43] have
suggested a model-based approach for analyzing data using a
repeated cross-sectional design where outcome measurements
will be measured from different individuals at each measurement
interval. This approach was proposed for continuous outcome
variables and has been commonly used at the design stage of
these studies [44]. Individuals within the same cluster are likely
to be positively correlated, and the strength of the correlation
can be measured by the ICC under this model and is assumed
to be constant over time. However, the model suggested by
Hussey and Hughes [43] has been extended to allow a more
general correlation structure between individuals within the
same cluster [45-47]. We will adhere to the intention-to-treat
analysis; however, sensitivity analyses for comparing the results
under the intention-to-treat assumption with the complier and
per protocol will be conducted. Moreover, interim analyses will
be conducted on a monthly basis to inform us about the findings

in a timely manner and allow us to make any modifications if
required [48].

The primary method of analysis used in this study is GLMM,
which will consider monthly cluster-level summary measures
such as means of LOS, PIA, or proportion of LWBS. Our
GLMM models will include fixed effects for time, intervention
effects, random effects, and random time effects for each cluster.
In addition, ED setting (rural or urban), ED volume, and size
of ED administrative resource will be added as cluster-level
covariates. For secondary outcomes such as patient-reported
experience and satisfaction, our individual-level GLMM models
will include fixed effects for time, intervention effect, and
random effects and random time effects for each cluster, with
the covariates consisting of age, gender, the reason for ED visit,
and cluster-level LOS, PIA, and proportion of LWBS.

Analytical Considerations
In the basic model suggested by Hussey and Hughes [43], a
homogeneous secular trend is assumed across all clusters.
However, this SW-CRT has numerous methodological
difficulties such as confounding with time, time-varying
correlation structure, change in treatment effect over time,
within-cluster contamination, and change in design variation.
These complexities differ according to the way SW-CRTs are
designed. A summary of key methodological issues that need
extra consideration when reporting SW-CRT is presented in
Table S2 in Multimedia Appendix 1. We will be continuously
monitoring and intervening when necessary to manage analytical
challenges associated with this kind of design. Any unexpected
event during the study period will be recorded, and
methodological approaches to overcome the issue will be
described in the reports.

Patient Engagement
As a patient-oriented study, the inclusion of patients in the
research team is critical. An example of this is our lead patient
research partner who has been advising the research team since
the pilot study. The research team is also advised by the patient
engagement working group, which comprises the lead patient
partner, scientific patient engagement lead, clinicians,
researchers, and students. We designed the protocol to give
patients a variety of opportunities to participate in research
activities. Applicable research activities vary in terms of the
level of engagement required (eg, surveys vs full-team
membership). We are currently recruiting additional patient
research partners for the study’s patient engagement working
group, but patients can also be involved in other committees
and working groups suited to their interests and needs. Overall,
the level of engagement will vary from receiving information
to consultation to full collaboration with patient partners to
inform all project activities. We used 4 essential pillars, as
suggested by Shippee et al [49], to inform our patient
engagement strategy, which is further described in our
implementation protocol [24]. We are committed to upholding
the guiding principles of inclusiveness, support, mutual respect,
and cobuilding inherent in these pillars.
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Impact of COVID-19
The impact of the COVID-19 pandemic on the study and its
protocol is ongoing. Public health care measures such as
stay-at-home orders, handwashing, and physical and social
distancing compounded with COVID-19 concerns have caused
rapid disruptions in daily life and a delay in the implementation
of the intervention. A notable effect may be a significant change
in the number of patients visiting EDs. The fear that the public
is experiencing because of COVID-19 is likely exacerbated by
measures related to stay-at-home orders, self-isolation protocols,
including quarantines, travel restrictions, and closures of
nonessential businesses. With most of Newfoundland and
Labrador’s residents practicing social distancing and
self-isolating and an increase in the number of workers who are
now working remotely, the potential for injuries such as trauma
due to motor vehicle collisions may decline considerably [50].
Given the potential reduction in injury and the climate of fear
at the beginning of the COVID-19 pandemic, patients were
found to be less likely to use hospital ED services [51]. Another
impact of the pandemic is the temporary suspension of essential
and nonessential medical procedures. The suspension of certain
health care services may have downstream effects on wait times
because delays in surgeries and other important medical
procedures could increase the number of higher acuity patients
who develop complications because of the delay. These higher
acuity patients require additional resources and time and can
have a significant impact on patient flow and wait times. Other
pandemic-related considerations include added wait times
because of public health measures such as increased
handwashing, social distancing, donning and doffing of personal
protective equipment, and sanitizing high-touch surfaces. More

recently, a transition from in-person to web-based or telephone
family physician consultations may be increasing ED patient
volumes [52,53]. The pandemic has also exacerbated issues
related to physician and nursing shortages in the province
[54-56]. As a result, achieving optimal sample size from each
of the ED sites might be compromised because of
pandemic-related ED service use trends. The research team will
look to explore the effects of the COVID-19 pandemic on patient
flow and wait times in EDs.

Description of Intervention
Our intervention comprises several components that will be
implemented sequentially. The SurgeCon intervention is a
pragmatic ED management platform that includes 3 distinct
intervention components that together act to improve ED
efficiency, patient satisfaction, and the value of emergency
service costs (Table 1). SurgeCon’s intervention process starts
with a site assessment during the transition period that aims to
clarify key performance issues, collect information related to
the ED’s organizational and workflow structures, and prepare
ED staff and management for upcoming operational changes,
while also establishing a patient-centered ED environment and
action-based ED management (Figure 3). Due to the high degree
of variability that exists between EDs, the information collected
during the site assessment allows for the customization of
SurgeCon’s underlying protocols and determines whether certain
components of the intervention are appropriate or applicable
for implementation. A site assessment will be conducted by
members of our working group who developed SurgeCon in
Carbonear. The implementation working group will follow a
4-step protocol for these site assessment visits; for further details
please see the implementation protocol [24].

Figure 3. The SurgeCon intervention logic model. ED: emergency department; LOS: length of stay; LWBS: leaving the emergency department without
being seen; PIA: physician’s initial assessment; PREM: patient-reported experience measure.
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Table 1. Intervention components and their associated action plans.

Description and strategyIntervention components and action
plans

Restructure EDa organization and workflow

Canadian EDs have been using the CTASb since 1999 [57]. What the SurgeCon intervention proposes is
to augment CTAS by combining CTAS scores and waiting times to best meet the suggested time frame set

Stable patient priority setting

out by the CTAS organization. Patients who are CTAS level 1 (resuscitation) or 2 (emergent) who are not
stable will still be treated immediately in this model, but individuals who are less urgent (CTAS 3-5) will
be treated when the CTAS 1-2 individuals become more stable, but before they are discharged. This allows
the physician to quickly treat and discharge less urgent individuals before returning to spend more time
with the urgent cases. This prioritization method can significantly improve patient flow without having to
compromise patient safety.

A number of studies have found a strong correlation between patient satisfaction and PIAc; the shorter the
PIA, the more satisfied the patient [58,59]. To reduce the time to PIA, we will use the following strategies:

Door-to-door focus

1. ED physicians and frontline providers will triage with nursing staff with the goal of increased patient
discharge from the fast-track area or triage room without waiting.

2. Triage nurse–driven orders (eg, symptom management, laboratory testing, and diagnostic imaging)
will only be applied on patients who would be waiting longer than 1 hour to see a physician. If the
patient can be seen by a physician within an hour, waiting for potentially unnecessary test results could
delay the PIA.

ED physicians will review patients arriving on ambulance stretchers in the hallway if there are no available
beds instead of waiting for a bed to be free.

SurgeCon reorganizes the traditional Canadian ED communication structure by promoting communication

between NPsd, ERPse, and RNsf to work collaboratively to improve patient flow through appropriate allo-

Nurse practitioner–physician com-
munication

cation of patients. By opening lines of communication between NPs, ERPs, and RNs, the entire ED can
work in unison to move patients further along their path to being discharged.

Establish a patient-centered ED environment

This will be conducted in collaboration with Eastern Health. In consultation with our local patient partners,
we will renovate, redecorate, and declutter ED spaces, removing outdated or irrelevant wall postings. All
subsequent wall postings will require departmental approval and will be placed in a central location.

Improve the overall appearance of
physical spaces in the ED (eg, wait-
ing room, fast-track zone, examina-
tion rooms, and treatment space) to
improve patient satisfaction

eHealth action–based ED management

Using automated extraction of data from HISsg where possible and manual entry otherwise, SurgeCon’s
digital component will be able to perform real time analysis on extracted data in a routine and timely manner

eHealth ED management solution

to give ED staff a sense of overall demand and available resources at any given time. SurgeCon’s eHealth
component will be installed and tested in each hospital during the adoption phase of the study. In situations
where data elements might not be captured by existing ED repositories, an ED staff member will address
this issue by manually entering specific variables (eg, number of ambulances waiting to be off-loaded) as
part of their regular duties. Manual entry occurs via a web-based SurgeCon portal and is subsequently re-
ported at a frequency that is determined by ED staff and management. SurgeCon’s eHealth component is
currently available on desktops and mobile devices and has been deployed in Eastern Health’s secure network
with the assistance of the Newfoundland and Labrador Centre for Health Information. The data entry portal
and dashboard that provides real time data is normally displayed on a large digital whiteboard in close
proximity to the nursing station. This allows all team members to have a clear understanding of the level
of demand, current capacity, and available resources. The Carbonear pilot site has since operationalized
the task of a 2-hour data entry interval and have done so without a significant workforce change. We have
found that a 2-hour interval for data entry is a feasible target and can be quickly performed once certain
reporting processes have been established [30,31]. We have further developed and tested the digital appli-
cation at our pilot site. The development of the application will continue throughout the study to ensure
feedback and information are incorporated into iterative software updates.
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Description and strategyIntervention components and action
plans

We have created a unique frontline, action-based protocol that helps ED staff (paramedics, nurses, and
physicians) manage their actions to actively reduce patient surges and wait times and increase patients’
access to emergency medical care. The protocol is delivered via a digital whiteboard app, which will be
installed in the nursing station in the ED. The app uses algorithms (adjusted to meet the needs of each
hospital) to advise when to use volume-based staffing (shifting staff between areas of the hospital based
on workload), appropriate and timely involvement of hospital management, and overcapacity protocols,
which may otherwise be overlooked by distracted frontline ED staff. All intervention sites will be routinely
collecting data related to staff availability, ED and inpatient bed availability, aggregate patient acuity, and
process tracking, among other important variables through SurgeCon’s eHealth component. A SurgeCon
level is calculated via an algorithm that uses variable data to determine the level of demand in the department
and resource availability to meet the demand. The action-based protocol included in SurgeCon’s eHealth
platform assigns actions based on the SurgeCon level calculated.

The following list includes examples of actions that may be assigned once a threshold for a specific variable
has been exceeded:

• Observation: Patients admitted in ED
• Action: Notify charge nurse on accepting unit to create a plan for timely transfer of admissions

• Observation: Critical patients (1:1 nursing care)
• Action: Notify ICUh to plan for help

• Observation: Pending transfer out
• Action: If the flight team requires it, make appropriate arrangements

eHealth action–based protocol

aED: emergency department.
bCTAS: Canadian Triage and Acuity Scale.
cPIA: physician’s initial assessment.
dNP: nurse practitioner.
eERP: emergency room physician.
fRN: registered nurse.
gHIS: hospital information system.
hICU: intensive care unit.

Intervention Components
The SurgeCon intervention is guided by continuous process
improvement principles that look to ultimately improve quality
of services, reduce waste (low-value care), reduce time (ED
wait times), and reduce cost (eg, cost per patient, cost of
overtime, and cost to patients) [60-63]. The following
components of the SurgeCon intervention will follow these
principles closely and will be implemented using other
continuous improvement methods such as Kaizen events [64].
The SurgeCon intervention includes 3 components (Figure 3).

The major intervention components and their action plans with
description and strategy are given in Table 1.

Results

This study was funded in April 2019, was approved by the
Newfoundland and Labrador Health Research Ethics Board on
March 19, 2020, and is now registered with ClinicalTrials.gov.
Data collection for this study is ongoing. As of February 2022,
a total of 570 randomly selected patients have participated in
telephone interviews focusing on patient-reported experiences
and patient satisfaction with ED wait times. The first
intervention site was randomly selected and began intervention
implementation in September 2021. Since that time, SurgeCon’s

eHealth component has been configured, and deployed and
health care staff have received ED patient flow training. The
second intervention site is scheduled to be randomly selected
and begin intervention implementation during the winter of
2022.

Discussion

Principal Findings
The SurgeCon intervention has the potential to be a scalable
solution that can address ED wait times. In this paper, we have
described the protocol for a stepped wedge design, which is a
relatively new type of study design that is progressively being
used to evaluate the efficiency of public health services. This
study design is known for its application in assessing the
implementation of evidence-based quality improvement
initiatives in health care settings. We chose the stepped wedge
design as an informative, efficient, and valid design to examine
the SurgeCon platform’s effectiveness in improving important
patient and health service processes and outcomes in EDs
located in a single region of Newfoundland and Labrador.

Conclusions
By assessing the impact of the SurgeCon intervention on the
efficiency of ED services, we hope to be able to improve wait
times and patient experiences and produce better-value care.
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Abbreviations
CIHI: Canadian Institute for Health Information
ED: emergency department
EH: Eastern Health
GLMM: generalized linear mixed model
ICC: intracluster correlation coefficient
KPI: key performance indicator
LOS: length of stay
LWBS: leaving the emergency department without being seen
PIA: physician’s initial assessment
RE-AIM: reach, effectiveness, adoption, implementation, and maintenance
RHA: regional health authority
SW-CRT: stepped wedge cluster randomized trial
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