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Abstract
Processes to ensure world-wide best-practice for critical
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care delivery are likely to minimize preventable death,
disability and costly complications for any healthcare
system’s sickest patients, but no large-scale efforts
have so far been undertaken towards these goals. The
advances in medical informatics and human factors
engineering have provided possibility for novel and
user-friendly clinical decision support tools that can
be applied in a complex and busy hospital setting. To
facilitate timely and accurate best-practice delivery in
critically ill patients international group of intensive
care unit (ICU) physicians and researchers developed
a simple decision support tool: Checklist for Early
Recognition and Treatment of Acute Iliness (CERTAIN).
The tool has been refined and tested in high fidelity
simulated clinical environment and has been shown to
improve performance of clinical providers faced with
simulated emergencies. The aim of this international
educational intervention is to implement CERTAIN
into clinical practice in hospital settings with variable
resources (included those in low income countries) and
evaluate the impact of the tool on the care processes
and patient outcomes. To accomplish our aims,
CERTAIN will be uniformly available on either mobile
or fixed computing devices (as well as a backup paper
version) and applied in a standardized manner in the
ICUs of diverse hospitals. To ensure the effectiveness of
the proposed intervention, access to CERTAIN is coupled
with structured training of bedside ICU providers.

Key words: Decision support systems; Critical care;
Education; Checklists; Medical informatics

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Important barriers including limited access
to educational resources, geographical distance, cost
and lack of efficient global infrastructure greatly limit
the feasibility of on site educational interventions. To
overcome these barriers the international group of

February 4, 2015 | Volume 4 | Issuel |



Vukoja M et al/. Critical care decision support tool

intensive care unit (ICU) physicians and researchers
developed a simple decision support tool: Checklist
for Early Recognition and Treatment of Acute Iliness
(CERTAIN). CERTAIN is a systematic approach to error
prevention with the use of checklists and electronic
decision support algorithms. The effectiveness of
CERTAIN to improve outcomes and reduce costs will be
tested in a stepped wedge cluster before-after trial in
ICUs with variable resources across five continents.

Vukoja M, Kashyap R, Gavrilovic S, Dong Y, Kilickaya O, Gajic
O. Checklist for early recognition and treatment of acute illness:
International collaboration to improve critical care practice.
World J Crit Care Med 2015; 4(1): 55-61 Available from: URL:
http://www.wjgnet.com/2220-3141/full/v4/i1/55.htm DOI: http://
dx.doi.org/10.5492/wjccm.v4.i1.55

INTRODUCTION

Incomplete knowledge of best practices by front-
line health care providers and delayed, error-prone
delivery processes can offset the potential benefits
of critical care support. This is particularly important
early in the course of critical illness, when errors
and delays in appropriate care often lead to costly
complications and poor outcomes, even in advanced
hospitals™?. Three major barriers prevent adequate
delivery of care for critically ill patients: (1) provider
(rather than patient)-oriented care delivery; (2)
lack of access to standardized decision support;
and (3) lack of an efficient global infrastructure.
To overcome these barriers there is a need for
standardized approach to evaluation and treatment
of critically ill patients®®*. The systematic approach
to error prevention with the use of checklists has
been proposed to improve patient safety in surgical
settings and in intensive care units (ICUs) in
developed countries with encouraging results®™,
The expected benefit from a checklist approach to
quality improvement process in various hospital
settings including low-and middle-income countries
is likely to be high. Indeed, the impact of surgical
safety checklist was even more pronounced in
the low-income country hospitals®*®, Our recent
survey on critical care practices in resource limited
settings showed that majority of these ICUs do not
use any kind of checklist for acute resuscitation
or rounding™*. To address the third barrier, there
is a need to establish an efficient interdisciplinary
collaboration and robust infrastructure.

The advances in medical informatics and human
factors engineering have provided possibility for
novel and user friendly clinical decision support
(CDS) tools that can be applied in a complex and
busy hospital setting™***. To facilitate timely and
improved best-practice delivery and a reduction in
preventable death and complications in critically ill
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patients compared to current practice international
group of ICU physician and researchers developed
a simple electronic decision support tool: Checklist
for Early Recognition and Treatment of Acute Iliness
(CERTAIN)!"**], The central hypothesis is that health
care provider access and training in CERTAIN will
facilitate timely and accurate best-practice delivery
and improve outcomes of critically ill patients.

OVERVIEW OF STUDY DESIGN

The Primary Objectives of the CERTAIN Study are:
(1) to iteratively refine electronic decision support
tool (CERTAIN); and (2) to implement CERTAIN
into clinical practice in variable hospital settings and
evaluate the impact of the tool on the care processes
and patient outcomes.

The Secondary objective is to implement
CERTAIN into educational settings as an interactive
electronic educational tool.

The key outcomes of interest are related to better

care, and better health at a lower cost (see below).

To ensure the effectiveness of the proposed
intervention, access to the easy to use electronic
checklist/decision support (CERTAIN) will be coupled
with structured training of bedside ICU providers.
CERTAIN will be uniformly available on either mobile
or fixed computing devices (as well as a backup
paper version). The proposed project consists of two
phases.

PHASE 1 (TOOL REFINEMENT)

Description of the novel technology

CERTAIN is a web-based decision support tool
displaying relevant clinical information incorporated
with the knowledge about evidence-based best
clinical practices, which are organized according to
a systematic review of end user data needs and
ergonomic workflow™"’,

CERTAIN is a web based application suite hosting
in a secured Platform as a Service (PaaS) environ-
ment with on-demanding scalability up to multiple
Linux servers. Current main version graphical
user interface (GUI) is developed by using Adobe
ActionScript 3 which could be viewed through any
web browser including flash player either from
regular computer (desktop/laptop) or from mobile
devices (tablet pc, smartphone). A mobile app
version which is developed by HTMLS5 is also provided
as a complementary part to extend CERTAIN
availability and better user experience on the mobile
device. A backup paper version is available in a case
of problems with internet connection.

CERTAIN modules

CERTAIN consists of two modules, stabilization
(admission/resuscitation) module [CERTAIN evalua-
tion of life threatening emergencies (ELITE)] and
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Figure 1 CERTAIN-ELITE (Evaluation of Life Threatening Emergencies) admission/resuscitation module. CERTAIN: Checklist for Early Recognition and Treat-
ment of Acute lliness; ELITE: Evaluation of life threatening emergencies.

Intubation

Chest X-Ray

rounding module (CERTAIN Rounds), to help the task specific, concept-oriented views of patient
clinicians with the routine recommended care data -CERTAIN serves to organize appropriate data
processes which need to be assessed daily for every determined by a systematic review of end user data

patient. needs; (2) knowledge translation - evidence based

checklists are incorporated; (3) collaborative workspace
Stabilization (Admission/resuscitation) module - real time plan of care with patient specific tasks,
CERTAIN-ELITE (Figure 1) is designed as an status checks and reminders which provide a location
electronic choreography for evaluation of life-threa- to communicate clearly the goals of care and their

tening emergencies with embedded timer, checklist status to all members of the multidisciplinary team;
and decision support cards to facilitate error-free (4) reports - scheduled and on demand unit/hospital

care of acutely deteriorating patient (ICU admission level reports of quality metrics can be designed for
and subsequent emergencies). local reporting; and (5) user interface - providers will

In CERTAIN data elements are organized by interact with the system through secure fixed and
considering how experts incorporate information mobile computer interfaces.

into decision making mental models. Reading

from up to bottom organizational elements are (1) Supporting evidence base

primary (ABCDE) survey; and (2) secondary patient Components of the evidence-informed ICU care
survey, and from left to right the key organizational practices incorporated in CERTAIN decision support
elements are: (1) clinical context -reason for cards are informed by a systematic, comprehensive
admission/patient problem list; (2) provider actions search for published guidelines, clinical trials and
tracked in the status central panel; and (3) proposed cohort studies in multiple databases such as Medline,

medications and interventions. EMBASE, National Guideline Clearing House, and
Cochrane Library. The guidelines and clinical studies

Optimization (Rounding) module are critically appraised to identify practices with the

CERTAIN Rounding module (Figure 2) is designed best evidence.

as a simple and efficient ICU rounding tool with Utility of CERTAIN has been evaluated in high

embedded checklist and decision support cards to fidelity clinical simulation setting and has been shown

facilitate error-free day-to-day care in the ICU. to improve performance of clinical providers faced

The key characteristics of CERTAIN are: (1) with simulated emergencies. Among 18 providers
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Figure 2 Rounding module with system based plan of care and rounding checklists.

Intubation

Chest X-Ray

there was 14% absolute reduction in omissions of will be tested in a stepped wedge cluster before-

critical tasks with CERTAIN. Most providers (72%) after trial of a total of 25-40 ICUs in hospitals with

felt better prepared during an emergency scenario variable resources from five continents (Asia, Africa,

when using the CERTAIN model™®, Europe, America, Australia) (Figure 3). Total of
Following initial development and alpha testing 12000-15000 patients will be included in the study

at Mayo Clinic simulation center the tool has been (Figure 4).

further refined by: (1) web-based survey of decision

support needs in an international convenience sample Study subjects: All adult (= 18 years) patients

of critical care practitioners from various backgrounds admitted for the first time to the participating ICUs

and settings. By directly requesting acute care will be included.

providers to rank the importance of guidelines and Not critically Ill, admitted for low risk monitoring,
information detailed in literature (from high to low planned ICU admissions for routine postoperative
priority), we defined and developed a card template. surveillance for less than 24 h after uncomplicated

The detailed description of the development of surgery, readmission and transferred from outside
card template can be found elsewhere™; and (2)  ICU.

a decision support card was made for each clinical

problem, medication or intervention and was then Data collection for outcome assessment: The
validated through a modified Delphi process by pre-implementation phase consists of 3 mo full
multidisciplinary, international European Society of dataset, prospectively and 9 previous months of
Critical Care Medicine/American Thoracic Society/ minimal outcome data, retrospectively baseline
The United States Critical Illness and Injury Trials data collection (up to 250 patients per ICU). Data
Group (ESICM/ATS/USCIITG) (ESICM/ATS/USCIITG) collection will include epidemiological data and daily
expert panel. Once the card was validated, each card assessment of processes of care, organ function
is assigned expiration date for ensuring up to date and support. Length of ICU and hospital stay
medical knowledge. and outcome will be collected. The site research
coordinators are instructed in the study protocol,
outcome measures, and data collection process as
PHASE 2 IMPLEMENTATION OF CERTAIN soon as IRB approval is obtained.

Participant recruitment and enrollment Following pre-implementation phase and prior
Settings: Following IRB approval the effectiveness to the clinical implementation and testing, local
of CERTAIN to improve outcomes and reduce costs champions resuscitation skills will be evaluated by
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Figure 3 CERTAIN remote simulation training flow. CERTAIN: Checklist for Early Recognition and Treatment of Acute lliness.

remote online video simulation assessment (in a
simulated acute care environment of all participating
centers) (Figure 3). Each center has a baseline
assesment with three physicians (Implementation
team) who are given three admission and one
rounding scenarios. Following baseline session, the
participating centers will be given access to online
CERTAIN tool and training materials. After 2-4 wk
a follow up training session is performed during
which we will test competency of the participants
to use the CERTAIN tool. Again, the physicians
are given 3 admission and one rounding scenario
similar to the baseline session, but this time the
physicians will use CERTAIN during all scenarios.
These practice scenarios will be followed with remote
debriefing to provide structured feedback to enhance
learning experience. Following successful second
skill assessment, the Implementation team will be
certified and use the similar simulation procedure on
site to train local staff with local languages. Once local
physicians and nurses complete the training program
the participating center will have a permission to
proceed to clinical implementation and testing.

Bedside ICU providers (physicians and nurses)
will be given access to and training in CERTAIN
starting with the single ICU bed in a PILOT ICU with
subsequent expansion to the whole unit followed by
the step-wedge implementation in a similar manner
across international ICUs. The participating site
clinicians will be trained in the use of CERTAIN by
the local Implementation teams. During the process,
adoption feedback and suggestion will be collected
by design team and make necessary customization
for local hospitals. The local implementation
experience will also be shared with whole CERTAIN
investigators to facilitate subsequent implementation
efforts in other centers.

Data collection on outcomes measures and
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compliance with each element of best practices will
be done daily during the control period by trained
research coordinators. It consists of 6 mo full dataset,
and 6 more months of minimal outcome data; up
to 250 patients per ICU. After implementation of
CERTAIN during the post-intervention period, enroll-
ment tracking, data cleaning, outcome assignment,
outcome validation, and outcome tracking will
be performed electronically. The site research
coordinators will be trained in the study protocol,
outcome measures, and data collection process via
webinars conducted by the Outcomes group.

OUTCOME ASSESSMENT

We will track relevant outcomes to demonstrate
better care, better health and lower costs in the
objectives as outlined below: (1) with regards to
better care: we expect to see an improvement in
the processes of care, safety culture and patient
and family satisfaction. Specifically we will measure:
Compliance with timely and adequate antimicrobial
therapy; Compliance with ventilator bundle (DVT
prophylaxis, GI prophylaxis, sedation holidays,
assessment of readiness to extubate); Compliance
with lung-protective mechanical ventilation; Conser-
vative blood product usage; (2) better health: we
will examine the health outcomes of patients in a
number of ways. Measures include: ICU, hospital
and 28 d mortality, and discharge disposition (home
vs other institution); and (3) lower costs - Resource
utilization: ICU and hospital length of stay.

CONFIDENTIALITY OF SUBJECTS' DATA
AND DATA SECURITY

All the cloud servers and database services used in
CERTAIN project are secured by adopting Server
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Figure 4 Overview of the proposed intervention. CERTAIN: Checklist for
Early Recognition and Treatment of Acute lliness.

Name Indication (SNI) based Secure Sockets Layer
(SSL) protocol. Every request to the server required
to be authenticated by our SSL certificate. The data
stored in the Database are encrypted based on
security requirements and every hospital has its own
separated logical space. Data backup is also planned
and implemented by setting up scheduled jobs in
the server side.

Each study subject will be assigned a unique
study identification number linked to his or her
medical record number at the respective home
site. We will use existing procedures to ensure
that individual patient identifiers are kept separate
from analysis files and are available only to project
personnel on a need-to-know basis. All identified
patient data necessary to complete this research will
be created and stored in secure computers to which
only project team members will have access. Only
project personnel directly involved in the study will
have access to identified patient data and medical
charts at their respective site. All project personnel
with access to patient data will be trained in the
proper handling of such data.

LIMITATIONS

Restricted availability of some medications and
equipment in resource-limited settings may pre-
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clude delivery of best care practices and limit
generalizibility of the study results. Nevertheless,
we expect to see improvement in all proposed
outcomes with the implementation of the CERTAIN
tool. We overcame possible lack of internet access by
providing paper version of the tool.

CONCLUSION

CERTAIN initiative directly addresses the major
barriers to the consistent and timely delivery of
error-free, evidence-informed clinical care to critically
ill patients by: (1) organizing clinical information into
vital components specific to the patient’s condition
and task at hand; (2) incorporating centralized CDS
tools informed by evidence-based guidelines that
are both patient and context appropriate to ensure
that interventions are implemented at the right
time for the right patients for the right conditions;
(3) coupling the intervention with an interactive
educational initiative to decrease the gap between
knowledge and translation to clinical practice;
and (4) providing centralized, timely and regular
compliance and quality metrics feedback and
auditing to empower institutions to implement and
enact change. By providing ready solutions for major
barriers - lack of collaboration, early recognition,
prompting and support tools - we propose to be able
to increase access to critical care knowledge at the
point of care thereby minimizing diagnostic error,
therapeutic harm and resulting preventable death,
disability and cost.
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