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Abstract: In recent years, it has been demonstrated that checklists can improve patient safety signiﬁcantly. To
facilitate the eﬀective use of checklists in daily practice, both the medical community and the informatics community
propose to implement checklists in dynamic checklist applications that can be integrated into the clinical workﬂow
and that is speciﬁc to the patient context. However, it is diﬃcult to develop such applications because they are
tightly intertwined with the content of speciﬁc checklists. We propose a platform that enables access to dynamic
checklist applications by conﬁguring the infrastructures provided in the platform. Then, the applications can be
developed without time-consuming programming work. We deﬁne a number of design criteria regarding point of care
and clinical processes by analyzing the existing checklist applications and the lessons learned from implementations.
Then, by applying rule-based clinical decision support and workﬂow management technologies, we design technical
mechanisms to satisfy the design criteria. A dynamic checklist application platform is designed based on these
mechanisms. Finally, we build a platform in various design cycle iterations, driven by multiple clinical cases. By
applying the platform, we develop nine comprehensive dynamic checklist applications with 242 dynamic checklists.
The results demonstrate both the feasibility and the overall generic nature of the proposed approach. We propose a
novel platform for conﬁguring dynamic checklist applications. This platform satisﬁes the general requirements and
can be easily conﬁgured to satisfy diﬀerent scenarios in which safety checklists are used.
Key words: Checklist; Workﬂow; Clinical decision support; Process management; Patient safety
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1 Introduction
It has been estimated that 50% of hospitalized
patients are threatened by preventable medical errors (Baker et al., 2004). This is because medical
procedures are still largely based on human memory,
‡
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which is error prone (Shillito et al., 2010). Checklist, a cognitive tool to improve short-term memory,
which has been used widely in high-risk industries
such as aviation and nuclear energy, has been introduced to healthcare in recent years (de Vries et al.,
2009; Weiser et al., 2010; Ziewacz et al., 2011; Mullan et al., 2014). Several well-established pilot studies have demonstrated the potential for using safety
checklists to standardize care procedures, prevent
medical errors, and improve quality of care (Wenzel and Edmond, 2006; Haynes et al., 2009; de Vries
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et al., 2010; Arriaga et al., 2013). Subsequent largescale clinical studies indicate that the potential can
be fully exploited only by implementing these checklists eﬀectively (Borchard et al., 2012; Rydenfält
et al., 2014). For example, the traditional checklist forms (i.e., plain paper sheets or rigid web forms
passively waiting for action) are not well-received
by clinical users (Fourcade et al., 2012; Russ et al.,
2015). Thus, researchers in both the healthcare community (de Vries et al., 2009; Hassell et al., 2010; Anthes, 2015; Grigg, 2015) and the clinical informatics
community (Avrunin et al., 2012; Nan et al., 2014)
suggest using computerized smart applications to facilitate the implementation. With the help of these
applications, checklists can be assigned to a speciﬁc
person at the right time and customized to the speciﬁc patient situation. In our study, we call this type
of application a dynamic checklist application to emphasize the dynamic nature of both the workﬂow and
the checklist content.
There has been a considerable amount of eﬀort
in developing dynamic checklist applications, and
various dynamic aspects of the healthcare domain
are covered, ranging from helping doctors to gather
patient information at the point of care to assigning the proper checklist to the right person at the
right time in the care process (Avrunin et al., 2012;
Nan et al., 2014; Pageler et al., 2014; Thongprayoon et al., 2014). These dynamic checklist applications have gained higher user acceptance, more
frequent use, and better results compared with the
same checklists that are implemented in the rigid traditional forms (Idahosa and Kahn, 2012; Garg et al.,
2015). However, the success is diﬃcult to repeat
or transfer to other researchers, because they have
to develop their own dynamic checklist applications
from scratch. Therefore, these kinds of eﬀective implementation are currently available only in a few
hospitals with strong research informatics and development backgrounds.
It would be possible for more healthcare
organizations to beneﬁt from dynamic checklist applications if there were a platform that allows them
to create their own dynamic checklist applications
by conﬁguring software components according to
the requirements of a speciﬁc checklist and the
scenario. However, developing such a platform is
diﬃcult. Such a platform has to fulﬁll the general
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requirements drawn from various dynamic checklist
applications, which may diﬀer signiﬁcantly in their
purpose, format, function, and layout. Moreover,
the platform would need to allow healthcare organizations to develop applications by conﬁguring
software components, rather than programming
directly. Some mechanisms need to be investigated
and applied.
In this study, we aim to design and validate a
platform that allows hospitals to create their own dynamic checklist applications eﬃciently by conﬁguring software components. To reach the goal, two research questions need to be answered: (1) Which features should dynamic checklist applications provide
in general? (2) Which mechanisms can support the
realization of the above-mentioned features through
conﬁguration? We therefore propose an architecture
for the platform that supports general requirements
and the conﬁguration mechanisms. The platform has
been validated against a number of clinical use cases
in a Dutch hospital.

2 Methods
A variety of checklists have already been published and applied to clinical practice with the help of
support systems in paper form or digitalized form.
The paper form checklists are diﬃcult to integrate
in the healthcare process, although they are easy to
design and develop. Digitalized checklists are integrated with healthcare information systems so that
they are more convenient to use. However, it costs
more to design and develop digitalized checklists. In
the following section, we analyze these materials as
a foundation and apply these materials as the basis
for our research.
2.1 Design criteria
A number of safety checklist applications,
in both paper and digitalized forms, have been
deployed and implemented in past years.
In
these implementations, various features facilitating
their adoption had been developed and tested.
Lessons were learned from these implementations. Considerations for both the point of care
and the whole care process were raised in the studies.
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2.1.1 Facilitating adapting checklists at the point of
care
All of the safety checklists, ranging from the
early anesthesia machine checklist (Liu et al., 2010),
the central line checklist (Amarasingham et al.,
2007), to the newly developed SURPASS checklist,
focus on solving speciﬁc safety problems at a certain
point of care. These checklists are implemented at a
speciﬁc point in the care and presented in the form of
a list of items to be checked. Clinical users claim that
checking the form is time-consuming and duplicates
their existing work (Fourcade et al., 2012). However,
making a checklist that is more speciﬁc and targeted
to each patient is believed to be the key to solving the
problem (Thongprayoon et al., 2014). Several strategies can be deduced by analyzing these studies: (1)
A dynamic checklist should have the ability to prioritize items which should receive more (or less) consideration; (2) A dynamic checklist should have the
ability to add/remove items speciﬁc to the patient;
(3) A dynamic checklist should be able to perform
an automatic check for some items whose results can
be deduced by patient data and execution logs.
In addition to reducing workload, some researchers believe that a perception of lack of direct
beneﬁt to clinical users should also be counted as a
barrier to implementation (Grigg, 2015). If clinical
users do not see the direct beneﬁts, e.g., improving
their work eﬃciency, or preventing mistakes from
happening, they are not enthusiastic about using
these checklists. Therefore, some clinical researchers
proposed to provide patient data that relates to the
check items at the point of care. A dynamic checklist
should ensure that the users have access to the most
relevant patient data details and the beneﬁt evidence
related to the checkable items.
2.1.2 Facilitating application of checklists in clinical
processes
Another important aspect in the implementations is the integration of checklists into clinical processes. Forgetfulness is a major problem when using
checklists in healthcare procedures (de Vries et al.,
2009). Therefore, a notiﬁcation and reminder mechanism should be provided to inform the users to
perform timely checks. Furthermore, the reminder
should be speciﬁc to a certain (group of) persons
at an optimal time. Otherwise, it will very likely
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be ignored. Therefore, a dynamic checklist should
have the ability to distribute a speciﬁc checklist to
a speciﬁc role/person at the proper time based on a
predeﬁned model.
To achieve the aforementioned goals, a dynamic
checklist should be adaptive to the actual clinical
workﬂow. Depending on the complexity of the clinical processes and support for branching processes,
synchronization is required to reﬂect the actual clinical workﬂow. Additionally, considering the complexity of some clinical processes, certain clinical workers
are not likely to have a global view of the whole care
process or the participants involved. Thus, a dynamic checklist should have picture logging enabled
for every participant so that participants can recognize each other.
2.2 Mechanisms available for supporting dynamic checklist applications
In this section, we design a dynamic checklist
application platform to meet the criteria. During
the design process, the hospital information system
infrastructure was checked against the design criteria
to test the feasibility of meeting the design criteria
that were mentioned.
2.2.1 Adapting checklists at the point of care by
making checklists related to the patient context
The requirements of arranging the order of each
item, adding/removing items for speciﬁc patients,
performing automatic checks, and providing ﬁltered,
related information can be fulﬁlled by clinical rules
considering the patient-context and speciﬁc actions.
The patient context can be collected from patient
data stored in hospital information systems, including demographic information, diagnosis, examinations performed, laboratory tests, and prescriptions.
Clinical rules have been well studied in the past
few decades by computerized guideline researchers.
Test network languages (TNL) were developed to
represent the logical relationship between patient
context and predeﬁned tasks (Peleg, 2013). Knowledge acquisition and execution mechanisms and tools
have been developed accordingly. Typically, a clinical rule can be conﬁgured by editing clinical rules
in a ﬂowchart format in the knowledge acquisition
tool. The clinical rules are executed by a guideline
execution engine. The guideline execution engine is
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typically responsible for collecting information from
outside the information system and inferencing with
the information in an embedded rule engine. By
using the knowledge acquisition tool and interfacing
with the guideline execution engine, we can conﬁgure
each item in a patient-context-aware checklist.
2.2.2 Applying checklists in clinical processes by
making checklists process-oriented
For the requirement of integrating safety checklists with the processes, there needs to be a mechanism that could represent, execute, and monitor
the processes and also interact with other applications. Workﬂow management is such a technology
dedicated to solving this problem. In recent years, it
was also used in the healthcare domain as the backbone for clinical pathway management systems and
other workﬂow-related systems.
A workﬂow management system (WfMS) provides users with the ability to model, execute, and
monitor the control ﬂow of clinical processes and enables interoperation between the WfMS and other
information systems (Malhotra et al., 2007; Gooch
and Roudsari, 2011). In contrast to academically
driven clinical decision support systems, WfMSs are
industry-driven. Therefore, a reference model was
developed as the common basis for developing and
deploying such a system. Typically, a workﬂow engine is at the core of a WfMS, and executes the predeﬁned model created by the modeling tools. During execution, the workﬂow engine creates a worklist
handled by the worklist handler. The worklist handler can invoke outside applications as deﬁned.
2.3 Dynamic checklist application platform
In this section, we provide an architectural design for the dynamic checklist application platform
and explain how the dynamic checklist application
platform is designed and conﬁgured.
2.3.1 Architectural design
Since the TNL-based clinical decision support
systems and WfMSs can facilitate the implementation of dynamic checklists, we reused their infrastructures in the dynamic checklist application platform
architecture. In Fig. 1, we demonstrate the technical architecture of the general dynamic checklist
application. In the architecture, we distinguish the
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Editor and the Runtime. The Editor facilitates encoding of checklist-related knowledge in a way that
Runtime can use it. The Editor includes a workﬂow
editor to model the clinical workﬂow, a rule editor
to create clinical rules, and a checklist editor to edit
the linkage between the clinical workﬂow and rules.
The encoded knowledge is stored in three knowledge
bases accordingly.
Client

Mobile client

PC client

User interface service
Notification service

Checklist renderer

Process view renderer

Checklist core service
Checklist execution engine
EMR
interface

Runtime
storage

Tracebook runtime

Workflow engine adaptor Rule engine adaptor
Workflow
management Workflow
engine
system

Rule-based Rule
engine
CDSS

Tracebook editor
Checklist
editor

Checklist
KB

Workflow Process
editor
KB

Rule
editor

Rule
KB

Fig. 1 Technical architecture of the platform

Once the knowledge is acquired by the Editor,
the Runtime can execute checklists in clinical settings in a process-oriented and context-aware way.
There are four distinct functional components in
the Runtime. The workﬂow engine is used to provide workﬂow related features, e.g., to disseminate
a checklist to a speciﬁc role/person or query the
state of a checklist (not-handled, open, handledincomplete, and handled-complete). The rule engine is used to provide patient-context-related features, e.g., create patient-speciﬁc checkable items,
ﬁlter patient data for a speciﬁc scenario, and perform automatic checks. The Checklist Core Service
makes checklists process-oriented and context-aware
by integrating patient data with the workﬂow engine
and the rule engine. The workﬂow engine adaptor
and the rule engine adaptor are used to interface
with the engines. The EMR Interface queries data
and catches events from the EMR systems. The
Checklist Execution Engine coordinates these services to create dynamic checklists. Checked results
are stored by the Runtime Storage in a database for
further use. Finally, the User Interface Service acts
as an interface to the client. Reminders are sent to
speciﬁc users by the Notiﬁcation Service. Checklist content and process are rendered here to provide
better user experience.
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2.3.2 Conﬁguring the platform for dynamic checklist
applications
We reuse the knowledge acquisition tools and
knowledge base in these systems (dashed rectangles
in Fig. 1). The workﬂow engine adapter and rule
engine adapter are designed as plugins. As a result,
developers can conveniently interface the platform
with various WfMSs and CDSSs by wrapping APIs
provided by those systems as plugins.

3 Results
By using the platform, we have conﬁgured various dynamic checklist applications for distinct departments and scenarios. In particular, we interfaced
the workﬂow engine adapter with the business management system APIs from BizAgi Express. BizAgi
is a popular commercial business process management system used in various industries. For the rule
engine, we chose Gaston, which is a GLIF 2.0 based
clinical decision support system implemented in our
collaborating hospital.
In this section, we ﬁrst chose the most illustrative application, a coronary artery bypass
graft (CABG) peri-operative checklist application,
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to demonstrate the feasibility of the platform. Then,
we show various dynamic checklist applications that
we have conﬁgured with the platform.
Result 1 It is feasible to conﬁgure a model-based
dynamic checklist application to such a degree that
detailed constraints are considered.
We ﬁrst modeled the peri-operative care workﬂow (Fig. 2) with BizAgi. Each task was assigned to
a speciﬁc role.
When the operation is planned, the application
starts a new CABG peri-operative checklist process
instance. Based on the predeﬁned workﬂow model,
it sends a notiﬁcation to the corresponding person
(Fig. 3). The application detects an abnormal situation and therefore goes to the branch where the
anesthesiologist should have an additional checklist.
In every step of the check, the picture log of the
responsive person is automatically extended. As a
result, everyone in the care path can ﬁnd a picture
log of who did what and the details (Fig. 4).
We implemented each fragment of a checklist
as a guideline in Gaston (Fig. 5). For each checkable item in the fragment of the checklist, we implemented it as a task. In each task, we deﬁned the
content of the checkable item (including links to patient data) and an explanation of the item if needed.
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Fig. 2 The coronary artery bypass graft peri-operative pathway
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was less than 4, there will be no checkable item regarding analgesia for this patient, whereas if the pain
score was equal to or greater than 4, a warning item
mentioning that analgesia should be prescribed was
provided.

Fig. 5 Implementation of the ICU round checklist
Fig. 3 A notification in the email form

Additionally, decision logic was used to highlight
items, provide personalized items, and pre-check
items for a double-check. We took the analgesiarelated items as an example. The checkable items
were provided based on whether the patient was prescribed with analgesia and based on the patient’s
pain score. If analgesia was not prescribed, the patient’s pain score should be checked. If the pain
score was not evaluated either, a pre-checked checklist for double-checking will be provided to the intensivists to conﬁrm it. Otherwise, if the pain score

The content of the ICU round checklist is in
Fig. 6. Checkable items are grouped by their target clinical problems. In such a way, the analgesiarelated checkable items are fully personalized based
on the patient’s context.
Result 2 The dynamic checklist application platform is generic to implement.
The generic nature of the dynamic checklist application platform has been validated through implementation and testing of various checklists, all
of which have quite diﬀerent natures. Furthermore, the validation consisted of letting diﬀerent

Fig. 4 Peri-operative care use case implementation
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Fig. 6 ICU daily round checklist

individuals engineer the conﬁguration models. Up
to now, a team of three engineers has implemented
and tested eight dynamic checklist sets including
242 dynamic checklists. These checklists include a
bariatric surgery checklist set, a resuscitation checklist set, and a breast cancer checklist set by various
researchers in our collaborating hospital. The full
list of these checklists can be found in Table 1. Most
of these checklists have been validated against retrospective patient data. The ICU round checklist
has been implemented in the ICU and evaluated by
a simulation-based experiment, which was reported
elsewhere (de Bie et al., 2017).
The results show that the dynamic checklist application platform ﬁts the requirements arising from
the diﬀerent types of checklists used in diﬀerent clinical scenarios by diﬀerent clinical roles. These checklists were developed for various scenarios from routine jobs such as the daily rounds in the ICU to
emergency jobs like resuscitation. The conﬁguration
models are based on various sources, ranging from
observational studies in a Dutch hospital to Chinese
clinical pathway publications. These results prove
the generic nature of the proposed dynamic checklist
application platform.

4 Discussion
The goal of the research is to provide a platform,
by which developers can easily conﬁgure dynamic
checklist applications for various purposes and scenarios. We formulated two aspects in our eﬀorts
while developing the platform. The ﬁrst is our aim
to make the platform general so that it can be used
for various application scenarios. To do so, we conducted a literature review to understand what the
design criteria were for designing dynamic checklist
applications. The other aspect is to make the platform conﬁgurable. Once the platform is deployed in
a clinical setting, knowledge engineers and trained
clinical experts who have little knowledge of programming could conﬁgure various applications by
themselves. This is particularly helpful considering the growing demand for dynamic checklists. To
meet this requirement, we made the platform modelbased, such that everything else besides the models constitutes the infrastructure that developers can
reuse. Additionally, the workﬂow engine and rule engine used in the platform can be reused from existing
hospital information systems. This would not only
reduce the cost of software development and train-
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Table 1 Dynamic checklist applications developed with the platform
Name

Number of checklists

Peri-operative checklist set

17

Unstable angina care pathway checklist set

7

ICU daily round checklist

1

Antibiotic checklist

1

Resuscitation protocol
checklist set

6

Bariatric surgery checklist
set

23

Lung cancer surgery checklist set

15

Breast cancer diagnosis
and treatment pathway
checklist set

172

Description
Used for peri-operative care for general surgery by ward doctors, nurses,
anesthesiologists, and surgeons. These checklists are based on published
SURPASS checklists and localized to the target hospital. Developed by
an engineer under the supervision of a surgery nurse practitioner.
A set of checklists supporting the standardized diagnosis and treatment of
unstable angina based on the localized unstable angina care pathway.
These checklists are developed primarily based on observational study
and interviews with cardiologists, nurses, and nurse practitioners. Developed by a master student under the supervision of two surgery nurse
practitioners.
A daily round checklist in ICU with the purpose of providing essential
concerns to the patient and gathering patient information related to the
concerns. This checklist is based on the hospital-localized version of
the FAST HUGS checklist and combined with clinical rules proposed by
intensivists. Developed by two engineers and two intensivists. Tested in
a simulation-based environment.
Checking the correctness of antibiotic prescriptions and raising concerns
based on antibiotic protocols used in the hospital. This checklist is developed from protocols for antibiotic choices for speciﬁc diseases and dosage
adjustment for speciﬁc kinds of patients. Developed by an intensivist.
A checklist for the standardized steps in advanced life support. Helps
participants to know each other, to count the rounds, and to list critical
steps based on rounds. These checklists are developed based on a hospitallocalized version of an advanced life support protocol. Developed by two
engineers and an internist.
Used for the longitudinal care process for bariatric surgery ranging from
pre-operative care to follow-up after ﬁve years. These checklists are
developed from clinical guidelines and reﬁned with surgeons. Developed
by a bachelor student under the supervision of a gastric surgeon.
A set of peri-operative checklists for lung cancer surgery based on the lung
cancer surgery clinical pathway published by the Ministry of Health of
the People’s Republic of China. Developed by a master student under
the supervision of a surgeon.
A group of checklists for the comprehensive process of breast cancer from
screening to diagnosis and treatment. The process is divided into 12
processes including screening, diagnosis, second opinion, hormone therapy, chemo therapy, debulking surgery, and their combinations. These
checklists are developed based on guidelines, observational studies, and
interviews with all stakeholders involved in the process. Developed by a
post-master researcher.

ing, but also enable reuse of clinical pathways and
clinical rules that have already been modeled in existing systems.
Using this platform, dynamic checklist applications have been developed and tested in both a Dutch
hospital and a Chinese hospital. An ICU round
checklist has been tested in Catharina Hospital in
Eindhoven, the Netherlands (de Bie et al., 2017).
Intensivists use the checklist to check patients’ general condition and medication usage in the morning
round. A simulation-based experiment revealed that
this application increases adherence to best practice
guideline from 73.6% to 100%, and reduces inap-

propriate prescription from 80% to 3.6%. Users of
the application reported high acceptance (4.13 out of
5). In China, a percutaneous coronary intervention
(PCI) peri-operative checklist has been implemented
in People’s Liberation Army General Hospital (Nan
et al., 2017). Cardiologists use this application on a
daily basis. Users’ feedback shows that it can help
improve their work eﬃciency and discover patient
abnormalities more eﬀectively.
Limitations concerning usability are identiﬁed
in our research. We have currently implemented
email as a reminder mechanism in the hospital because of our limited access to the hospital IT infras-
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tructure. However, in daily practice, clinicians are
too busy with their work, and email may not be the
most eﬃcient notiﬁcation method. However, we argue that our architecture supports general messaging
APIs, so we can shift to other reminder methods very
easily once we have access to more IT resources.

5 Conclusions
In this study, we discuss the scalability issues of
state-of-the-art dynamic checklist applications and
present a novel solution that overcomes those issues
via conﬁgurable models. Although checklists have
already shown their unique power in promoting patient safety by providing users with a clear view of
critical tasks and helping with multidisciplinary communication, overly rigid implementations have still
hindered the eﬀective and systematic use of these
promising checklists. While dynamic checklist applications have been emerging, the cost of developing dedicated applications is too high when handling
checklists for more than a handful of clinical domains. In this study, we have demonstrated that
the use of a model-based approach does not lead to
compromises regarding the dynamics or level of details. We have also demonstrated that a model-based
approach enables us to keep the infrastructure stable while expanding the number of models on top of
it. In particular, we have covered one case in depth
to demonstrate the support for details while we discussed eight other comprehensive checklist sets as
proof of the generic nature of the system. In conclusion, both the feasibility and the overall generic
nature of the platform were demonstrated.
Future work will focus on using the platform
to validate various applications in larger-scale clinical studies. Such studies would no longer focus on
the feasibility and generic nature of the platform but
rather on the quality of speciﬁc conﬁguration models.
Additionally, technical foundations will be strengthened to enable safe and reliable dynamic checklist
applications across hospital boundaries. To improve
the usability of the applications conﬁgured by the
platform, in our future work, we will evaluate the
pros and cons of aligning the messaging schedule
with working schedules. We are building dynamic
checklist models step by step, so we do not yet claim
that the system framework overcomes the barriers to
checklist adoption for all domains today. However,
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we are working on the sharing of dynamic checklist
models, such that they can be used as online supplements to enriched medical publications. This requires separating the checklist conﬁguration models
from the underlying infrastructure.
References
Amarasingham R, Pronovost PJ, Diener-West M, et al., 2007.
Measuring clinical information technology in the ICU
setting: application in a quality improvement collaborative. J Am Med Inform Assoc, 14(3):288-294.
https://doi.org/10.1197/jamia.M2262
Anthes E, 2015. Hospital checklists are meant to save lives—
so why do they often fail? Nature, 523(7562):516-518.
https://doi.org/10.1038/523516a
Arriaga AF, Bader AM, Wong JM, et al., 2013. Simulationbased trial of surgical-crisis checklists. N Engl J Med,
368(3):246-253.
https://doi.org/10.1056/NEJMsa1204720
Avrunin GS, Clarke LA, Osterweil LJ, et al., 2012.
Smart checklists for human-intensive medical systems.
IEEE/IFIP Int Conf on Dependable Systems and Networks Workshops, p.1-6.
https://doi.org/10.1109/DSNW.2012.6264661
Baker GR, Norton PG, Flintoft V, et al., 2004. The Canadian adverse events study: the incidence of adverse
events among hospital patients in Canada.
CMAJ,
170(11):1678-1686.
https://doi.org/10.1503/cmaj.1040498
Borchard A, Schwappach DLB, Barbir A, et al., 2012. A
systematic review of the eﬀectiveness, compliance, and
critical factors for implementation of safety checklists
in surgery. Ann Surg, 256(6):925-933.
https://doi.org/10.1097/SLA.0b013e3182682f27
de Bie AJR, Nan S, Vermeulen LRE, et al., 2017.
Intelligent dynamic clinical checklists improved checklist
compliance in the intensive care unit. Br J Anaesth,
119(2):231-238. https://doi.org/10.1093/bja/aex129
de Vries EN, Hollmann MW, Smorenburg SM, et al., 2009.
Development and validation of the SURgical PAtient
Safety System (SURPASS) checklist. Qual Saf Health
Care, 18(2):121-126.
https://doi.org/10.1136/qshc.2008.027524
de Vries EN, Prins HA, Crolla RMPH, et al., 2010. Eﬀect
of a comprehensive surgical safety system on patient
outcomes. N Engl J Med, 363(20):1928-1937.
https://doi.org/10.1056/NEJMsa0911535
Fourcade A, Blache JL, Grenier C, et al., 2012. Barriers to
staﬀ adoption of a surgical safety checklist. BMJ Qual
Saf, 21(3):191-197.
https://doi.org/10.1136/bmjqs-2011-000094
Garg T, Lee JY, Evans KH, et al., 2015. Development and
evaluation of an electronic health record-based bestpractice discharge checklist for hospital patients. Jt
Commiss J Qual Patient Saf, 41(3):126-131.
https://doi.org/10.1016/S1553-7250(15)41017-7
Gooch P, Roudsari A, 2011. Computerization of workﬂows,
guidelines, and care pathways: a review of implementation challenges for process-oriented health information
systems. J Am Med Inform Assoc, 18(6):738-748.
https://doi.org/10.1136/amiajnl-2010-000033

946

Nan et al. / Front Inform Technol Electron Eng

Grigg E, 2015. Smarter clinical checklists: how to minimize
checklist fatigue and maximize clinician performance.
Anesth Analg, 121(2):570-573.
https://doi.org/10.1213/ANE.0000000000000352
Hassell LA, Parwani AV, Weiss L, et al., 2010. Challenges
and opportunities in the adoption of College of
American Pathologists checklists in electronic format:
perspectives and experience of Reporting Pathology
Protocols Project (RPP2) participant laboratories.
Arch Pathol Lab Med, 134(8):1152-1159.
http://www.archivesofpathology.org/doi/10.1043/20090386-OA.1
Haynes AB, Weiser TG, Berry WR, et al., 2009. A surgical
safety checklist to reduce morbidity and mortality in a
global population. N Engl J Med, 360(5):491-499.
https://doi.org/10.1056/NEJMsa0810119
Idahosa O, Kahn JM, 2012. Beyond checklists: using clinician prompts to achieve meaningful ICU quality improvement. Crit Care, 16(1), Article 305.
https://doi.org/10.1186/cc11199
Liu SS, Togioka BM, Hurley RW, et al., 2010. Methodological
quality of randomized controlled trials of postoperative
epidural analgesia: validation of the epidural analgesia trial checklist as a speciﬁc instrument to evaluate
methodology. Reg Anesth Pain Med, 35(6):549-555.
https://doi.org/10.1097/AAP.0b013e3181fa114e
Malhotra S, Jordan D, Shortliﬀe E, et al., 2007. Workﬂow
modeling in critical care: piecing together your own
puzzle. J Biomed Inform, 40(2):81-92.
https://doi.org/10.1016/j.jbi.2006.06.002
Mullan PC, Macias CG, Hsu D, et al., 2014. A novel brieﬁng
checklist at shift handoﬀ in an emergency department
improves situational awareness and safety event identiﬁcation. Pediatr Emerg Care, 31(4):231-238.
https://doi.org/10.1097/PEC.0000000000000194
Nan S, van Gorp P, Korsten HHM, et al., 2014. Tracebook:
a dynamic checklist support system. IEEE 27th Int
Symp on Computer-Based Medical Systems, p.48-51.
https://doi.org/10.1109/CBMS.2014.33
Nan S, Lu X, Yang Z, et al., 2017. An intelligent support
system for patient safety checklists. Chin J Biomed

2018 19(7):937-946

Eng, 36(3):329-335 (in Chinese).
https://doi.org/10.3969/j.issn.0258-8021.2017.03.010
Pageler NM, Longhurst CA, Wood M, et al., 2014. Use of
electronic medical record-enhanced checklist and electronic dashboard to decrease CLABSIs.
Pediatrics,
133(3):738-746.
https://doi.org/10.1542/peds.2013-2249
Peleg M, 2013. Computer-interpretable clinical guidelines:
a methodological review. J Biomed Inform, 46(4):744763. https://doi.org/10.1016/j.jbi.2013.06.009
Russ SJ, Sevdalis N, Moorthy K, et al., 2015. A qualitative
evaluation of the barriers and facilitators toward implementation of the WHO surgical safety checklist across
hospitals in England: lessons from the “Surgical Checklist Implementation Project”. Ann Surg, 261(1):81-91.
https://doi.org/10.1097/SLA.0000000000000793
Rydenfält C, Ek Å, Larsson PA, 2014.
Safety checklist
compliance and a false sense of safety: new directions
for research. BMJ Qual Saf, 23(3):183-186.
https://doi.org/10.1136/bmjqs-2013-002168
Shillito J, Arfanis K, Smith A, 2010. Checking in healthcare
safety: theoretical basis and practical application. Int
J Health Care Qual Assur, 23(8):699-707.
https://doi.org/10.1108/09526861011081831
Thongprayoon C, Harrison AM, O’Horo JC, et al., 2014. The
eﬀect of an electronic checklist on critical care provider
workload, errors, and performance. J Intens Care Med,
31(3):205-212.
https://doi.org/10.1177/0885066614558015
Weiser TG, Haynes AB, Lashoher A, et al., 2010. Perspectives in quality: designing the WHO surgical safety
checklist. Int J Qual Health Care, 22(5):365-370.
https://doi.org/10.1093/intqhc/mzq039
Wenzel RP, Edmond MB, 2006. Team-based prevention of
catheter-related infections. N Engl J Med, 355(26):
2781-2783. https://doi.org/10.1056/NEJMe068230
Ziewacz JE, Arriaga AF, Bader AM, et al., 2011. Crisis
checklists for the operating room: development and
pilot testing. J Am Coll Surg, 213(2):212-217.e10
https://doi.org/10.1016/j.jamcollsurg.2011.04.031

