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Abstract—It has recently been demonstrated that checklists
can enable significant improvements to patient safety. However,
their clinical acceptance is significantly lower than expected. This
is due to the lack of good support systems. Specifically, support
systems are too static: this holds for paper-based support as
well as for electronic systems that digitize paper-based support
naively. Both approaches are independent from clinical process
and clinical context. In this paper, we propose a process-oriented
and context-aware dynamic checklist support system: Tracebook.
This system supports the execution of complex clinical processes
and rules involving data from Electronic Medical Record systems.
Workflow activities and forms are specific to individual patients
based on clinical rules and they are dispatched to the right user
automatically based on a process model. Besides describing the
Tracebook functionality in general, this paper demonstrates the
support system specifically on an example application that we are
preparing for a controlled clinical evaluation. At last we discuss
the difference between Tracebook and other support systems
which also rely on a checklist format.

I. INTRODUCTION

Checklists, sometimes referred to as ‘“safety checklists”
or “medical checklists”, have in recent years gained support
as vehicles for disseminating evidence-based best practices in
clinical medicine, with the aim of improving patient safety [1],
[2]. In clinical practice, they are completed by a responsive
team in a well-defined process with the aim of increasing
patient safety. Usually, team members verbally confirm and
discuss all the tasks listed on checklists [3]. Sometimes check-
lists are handed to physicians and support staff working on
support procedures [4].

Although two independent studies have reported how sur-
gical safety checklist enabled significant reduction in mortality
and morbidity [1], [2], practitioners are still reluctant to adopt
these checklist in their daily practice [3]-[8]. The existing
support systems are known to have the following limitations
which cause adoption barrier: the lack of reminder mechanisms
and the excessive length of checklists [4].

In other clinical knowledge related applications, e.g., clini-
cal practice guideline, people have faced similar problems [9].
A number of clinical decision support systems (CDSSs) have
been developed to solve the problems [10]. These systems
present the best practice knowledge to users dynamically
according to specific patient data by sending alerts. However,

studies has found that these alerts did not apply to the patient
due to alert fatigue. The reason is that these alerts are isolated
from the clinical workflow and context [11].

In this paper, we apply the experiences of CDSSs and
propose Tracebook, a dynamic checklist support system aiming
to support the implementation of checklists in a process-
oriented, context-aware way. Tracebook works as an assis-
tant to dispatch checklists to the right person according to
clinical workflow and filter the content of checklists based
on clinical rules. Moreover, Tracebook bridges participants
who work in different phases and have little communication
by presenting history checklists in a comprehensive process
model. Additionally, by the name Tracebook, we stress the idea
of teamwork. Tracebook intends to make clinical processes
more traceable and accountable (e.g., by tracking and showing
who was responsible for already completed activities). Also,
similar to the non-medical social platforms (e.g., Facebook),
Tracebook can make a (care) organization more open to its
clients (as well as to colleagues from another organizational
unit) so that they can know each other, by means of picture
logs.

The remainder of this paper is structured as follows:
Section II reviews current checklist support systems’ functions
and adoption/implementation barriers. Section III describes the
features of a dynamic checklist support system and walks the
reader through these features with an example. Section IV
describes two other digital checklist support systems and
discusses the major differences. Section V discusses the dif-
ference between dynamic checklist support systems, computer-
ized clinical pathway systems and computerized provider order
entry systems. Finally in section VI, we give a conclusion to
this paper.

II. BACKGROUND

Clinical checklists are becoming increasingly popular in
recent years for patient safety in both routine and emergency
situations. Among these checklists, three of them are well
studied and tested, which are the World Health Organization
Surgical Safety Checklist (WHO SSC) [1], the SURgical
PAtient Safety System (SURPASS) [2] and the Surgical-Crisis
Checklist [12]. They have shown their great power in several
well defined clinical trials [1], [2], [12]. Paper-based checklist



support systems and static digital checklist support systems
have been developed for the implementation. However, it has
been reported that practitioners are reluctant to use these
checklists and their variations due to the insufficiencies of
these support systems [4], [5]. In the following subsection,
we make a brief review of these checklist support systems’
functionalities, achievements and limitations. Then, we discuss
the reasons of these limitations.

A. Functionalities of checklist support systems

In 2007, the World Health Organization (WHO) launched
the Safe Surgery Saves Lives Initiative, aiming at improving
surgical safety by defining a core set of safety standards. The
checklist mechanism was selected as the appropriate form to
represent these standards because of its success in the aviation
industry. This resulted in the WHO SCC, which has in the
meanwhile been tested in a prospective pilot study in eight
hospitals located in both developed and developing countries.

WHO SSC has three stages, the stage before induction of
anesthesia, the stage before skin incision and the stage before
the patient leaves the operating room (OR). In each stage, there
is a collection of predefined patient safety related checks (e.g.,
is this the correct patient, the correct operation site/side, etc.).
A team including an anesthesiologist, a surgeon and a nurse
is required to preform those checks.

Paper-based systems are available to support the implemen-
tation of WHO SSC and its variations. They usually consist of
one piece of paper with three blocks. In each block, checkable
items that belong to one stage are listed. In each stage, a nurse,
an anesthesiologist and a surgeon should stand together to
confirm verbally whether the listed tasks have been performed
and to document the checked results. The surgical process can
only proceed after every item has been checked.

SURPASS was initially developed as early as 2004 in
the Academic Medical Center (AMC) in Amsterdam, The
Netherlands. It aims to improve surgical patient safety by
providing a frame for the surgical pathway and promoting
interdisciplinary communication.

Different from WHO SSC which is only used in the OR by
a nurse, an anesthesiologist and a surgeon, SURPASS extends
the use of the checklist to the ward, the OR, the recovery
unit and the intensive care unit (ICU), for ward doctors,
nurses, surgeons, anesthesiologists, intensivists and operating
assistants. SURPASS spans a comprehensive peri-operative
process including pre-operative activities on the ward, a time-
out in the OR, activities in the recovery unit or ICU, post-
operative ward activities and discharge related activities for a
multidisciplinary team.

A paper-based support system for SURPASS was firstly
introduced in 2008. 18 pages of checkable items are organized
per process step. Some of them are optional based on whether
or not the patient will receive local anesthesia. Some items are
optional based on specific patient conditions. There are also
areas to make notes or remarks related to the checks.

To improve the usage of the checklist and streamline
the checklist process, in 2011, AMC rolled out SURPASS
Digital, a web-based checklist support system integrated into
the AMC’s hospital information systems. SURPASS Digital

provides static web pages of checkable items. The 18 pages of
checklist are presented in a sequential order in the system to
illustrate the peri-operative process. Users can review history
checks in the system [13].

The purpose of the above two checklist support systems
is to give standardized care to patients in routine situations.
However, emergencies (e.g., cardiac arrest and massive hem-
orrhage) happen in critical clinical settings. The Surgical
Crisis Checklist has been developed to improve adherence to
evidence-based best practices during these emergencies [12].
It has been evaluated in a simulation-based trial.

The Surgical Crisis Checklist is a complementary to the
WHO SSC as it provides a step-by-step guidance to rare but
serious scenarios which are not included in the WHO SSC.
The OR staff can pick up these checklists when certain kinds
of emergencies happen.

A paper-based support system is available for the Surgical
Crisis Checklist. The system relies on color coding and num-
bering for organizing the checkable items of 12 anticipated
emergency situations. When a crisis happens, the OR staff can
find the correct checklist more conveniently than without this
organization technique. The checklists essentially have turned
evidence-based best practices into actionable steps for dealing
with critical scenarios. People are encouraged to confirm and
discuss each step verbally. While WHO SSC and SURPASS
require signatures of the participants, this is not the case for
the Surgical Crisis Checklist.

To summarize, the functionalities of these checklist support
systems are compared in TABLE 1.

B. Achievements and Insufficiencies

WHO SSC reduced the overall mortality rate from 1.5%
to 0.8% and the complication rate decreased from 11% to 7%.
The success encouraged WHO to release this checklist glob-
ally. More than 1800 hospitals had already used it routinely in
2009 [1].

Though it is wide-spread, the adherence to WHO SSC is
reported low. Based on different statistical methods, the com-
pletion and compliance of WHO SSC are reported differently.
A multi-center study [5] indicates that the completion rate
and compliance rate are 61% and 90.2% respectively. Another
single-site study [8] shows that the completion rate is 85% and
the compliance rate is 69%. Both of these studies expected a
100% completion and compliance. Barriers are identified in
these studies, which are redundancy in the checkable items,
poor communication, time consumption, inappropriate timing,
identification of the role and responsibility of staff as well as
users’ attitude [5].

A prospective evaluation result shows that SURPASS re-
duced the mortality rate from 1.5% to 0.8% and the complica-
tion rate from 27.3% to 16.7% [2]. This checklist is routinely
used in AMC and 5 other hospitals in the Netherlands.

The completion rate of SURPASS is less than expected.
65% of the surgeons completed checklist almost always, and
only 35% of the anesthesiologists did so. Surgical staff was
interviewed to find out the reasons. The most frequent reasons
were “forgotten” with 66%, “logistics” with 45%, “lack of



TABLE I: Functionalities and acceptance of checklist support systems

Checklist Support System Functions Barriers
Duplication with existing checks
Poor communication
WHO SSC Paper-based system Essf%nFlal items c_onﬁrmauon Time consuming
Decisions recording Inappropriate timing
Identification of the role and responsibility of staff
Users’ attitude
Explicit process map Forget now and then
Role based task assignment Logistics
SURPASS PapAerfbAasAed system from 2008 to 2011 ProcesAs lqgglng . Lack of time
static digitalized system after 2011 Essential items confirmation S
. . Motivation
Decisions recording Other
Remarks on problems
CRISIS Paper-based system Emergency in process N/A (Not implemented)

Step-by-step guidance

time” with 34% as well as “motivation” and “others” with
11%. Integration into hospital information system, providing
electronic checklist and making checklist shorter were sug-
gested to improve the compliance of SURPASS [4].

The Surgical Crisis Checklist has been evaluated in a
simulation-based study. Non-adherence to critical procedures
decreased from 23% to 6% [12]. Participants of the evaluation
claim that they would like to use this checklist in their work.
However, the implementation in real clinical situations has not
been reported yet. A summary of the barriers reported in the
literature is given in TABLE L.

C. Static nature of existing checklist support systems

Current checklist support systems are “too static” in two
respects.

1. Checklist support systems are static in terms of the process.
Here, the process refers to the collection of checklist-related
activities and the order between them. Currently, checklist
support systems have a poor division of responsibilities
of the people involved. Thus, users may forget or feel
unclear about their roles and fail to perform checks at the
appropriate time.

2. Checklist support systems are static in terms of the context.
Here, the context refers to the data related to the condition
of the patient (e.g., diagnosis, co-morbidities, laboratory
tests, prescription, demographic information, etc.). In cur-
rent checklist support systems, items in the checklist are
the same for every patient, regardless whether they may
need significantly different concerns. Thus, checklists are
excessively long. Based on the aforementioned studies on
alert fatigue, it is clear that a lack of prioritization support
can drain users’ motivation.

As a result, solving the “static” problems is the key to de-
veloping a well-accepted checklist support system. Comparing
with current checklist support systems, we characterized such
a system as a dynamic checklist support system, which should
be process-oriented and context-aware.

III. TRACEBOOK: A DYNAMIC CHECKLIST PROTOTYPE

In this section, we describe a dynamic checklist support
system, Tracebook, which supports all the checklist functional-
ities stated in the above section and provides dynamic features
which are process-oriented and context-aware. An additional

benefit of Tracebook is that it can make clinical processes more
transparent, traceable and accountable by tracking and showing
the responsible persons of already completed activities. In
this way, it forms a bridge amongst participants who work
in different phases, time and places.

A. Features

Characterized as process-oriented, Tracebook has the fol-
lowing features.

Tracebook supports both predefined processes and ad-
hoc processes. Both predefined processes like the process
in SURPASS and ad-hoc processes like the process in the
Surgical Crisis Checklist are supported. Moreover, these two
kinds of processes can work simultaneously.

Tracebook supports complex flows. Complex flows which
have events, conditional branches, gateways, timers, etc. can be
executed in Tracebook. This feature guarantees that individual
users can work on the same process concurrently. Also, it
ensures that the system distributes checkable items at the most
appropriate time.

Tracebook gives an overview of clinical processes.
Tracebook logs each user’s choices for a patient as well as
the context when they made the decision. Users can inspect
what the others have checked for a patient and why which
decisions were taken by whom. This gives a transparent view to
the process and can improve the accountability of the medical
staff.

Tracebook is event driven. Event driven means that
certain activities can be triggered by clinical events automati-
cally. These events can be manual operations, messages from
outside clinical systems, or timer events. It gives Tracebook
the interoperability with clinical information systems so that
the tasks can be executed at the right time.

Tracebook can assign checklists to both a group of
users with the same role and a specific user automatically.
Tracebook can distribute tasks to a certain group of user by
their role or a particular user based on rules (e.g., a pre-
operative checklist is distributed to a group of surgeons. A
surgeon picks up this pre-operative checklist. Then the post-
operative checklist will be sent to this surgeon instead of all
the surgeons).

Characterized as context-aware, Tracebook has the follow-
ing features.



Context-based task filtering and assignment. Tasks for
a certain scenario can be filtered and assigned to the user
according to patient data. It can perform automatic checks to
reduce the workload, or perform double checks to increase the
safety. It can also remove the irrelevant tasks in order to help
the users to be more concentrated. Patient-based warnings or
alerts can be presented as items in a checklist by this feature.

Context-based data and information supplementary. For
each task, based on particular rules, patient data or additional
information related to the task can be acquired by users at
the time they need it. (i.e., via a contextualized pop-up over
a checkable item). Thus they do not need to check patient
information in different clinical information systems.

Triggering other tasks automatically. With the context
and/or decisions users make, Tracebook can check whether
preconditions of a task are met or successor actions should
be started. Events and data in Tracebook can be sent to other
information systems automatically as well.

Note and remark on each item. Tracebook allows a user
to make a note and/or a remark on each item. These notes
and remarks can be read by the other users. Highlights are
provided in the process history view to help users in seeing at
a glance all comments from human colleagues.

B. Walk-through of an OR-ICU checklist

We use an OR-ICU checklist, which is adopted from
SURPASS and contains ad-hoc checkable items like Crisis
Checklist, and an imaginary patient, John Doe, to walk through
the features of Tracebook.

The OR-ICU checklist has three stages, pre-operative
check, time-out in OR and admission to the ICU. When
the operation is planned, the pre-operation checklist should
be checked by a surgeon, a nurse and an anesthesiologist
respectively in their offices. When the patient is sent to the
OR, an anesthesiologist, a surgeon and a nurse work together
to perform a verbal confirmation. Further, when the patient
is admitted to the ICU, an ICU nurse and a doctor need to
check the admission to the ICU checklist. The whole process
is illustrated in Fig. 1. Besides the scheduled checks, ad-hoc
checklists for unscheduled events are also provided.

OR-ICU

Fig. 1: OR-ICU checklist process.

Patient John Doe is planned for a coronary artery bypass
graft (CABG) surgery. He is on anticoagulation, which may
lead to excessive bleeding during the surgery. So the interna-
tional normalized ratio (INR) should be checked in this specific

case. He has an impaired renal function, which should be
known to the doctors while prescribing drugs. Due to alert
fatigue, these two points are very likely to be overlooked in
the EMR. He might carry vancomycin-resistant enteroccoccus
(VRE) bacteria. And this bacteria might spread to the other
sicker patients. In that case, he should be isolated by a
standardized protocol.

With all the foreseeable and unforeseeable risks, the OR-
ICU checklist is applied to John’s care journey supported by
Tracebook. When the operation is planned, the EMR system
sends an event to Tracebook. The workflow engine inside
of Tracebook catches this event and starts a new OR-ICU
checklist process. Activities in the process are assigned to the
predefined roles by the workflow engine. The users can see
the checklist immediately (e.g., emails are sent to participants’
mailboxes). Also, they can login to Tracebook later to find a
list of checklists that they can check (Fig. 2).

Subject: [Tracebook] New “Pre-operation_ANE™ Checklist for Patient 1101

Email notification

Dear Anesthesiologist,

You have a new "Pre-operation_ ANE" checklist for patient 1101:
http://145.120.11.239/ChecklistSolution/ChecklistSheetFrame ashx?
ChecklistID=1101SimpleSURPASS5202413

Tracebook

Current checklists

Staff ID: ANEEKN Search
Role ID:Assigned

Please check Pre-operation_ANE for patient: 1101.
Role ID:ORTEAM

Role ID:ANE
Role IDINT

Login portal

Fig. 2: Picking up a checklist in the process.

When a user chooses a checklist, he or she will confirm
the listed items and mark them. Instead of giving a long
list that contains irrelevant items for the specific patient, in
Tracebook, contextual clinical rules are used to filter existing
items based on specific patient data in the EMR. Only patient-
specific checks are displayed. Here for example (in Fig. 3, red
font), two clinical rules “/F Warfarin Prescribed=true AND
INR>4.0 THEN return ‘Patient INR too high (INR value)
noticed”” and “IF Renal Insufficientcy=true THEN return ‘Re-
nal insufficiency noticed” are predefined in Tracebook. The
rule engine in Tracebook acquires patient data from the EMR
and executes these rules. As a result, two more check items,
“Patient INR too high (4.1) noticed” and “Renal insufficiency
noticed” are provided by Tracebook. Another added value to
the checklist provided by Tracebook is the quick access to
patient data and multimedia resources. As illustrated in Fig. 3,
when the user clicks on the underscored text, Tracebook will
display an information pop-up to show the most recent data
or lead to additional resources like clinical guidelines. A note
or remark can be attached to each check. After checking and



remarking, the checklist is submitted.

Pre-operation ANE

PatientID: 1101

ScenarioName:  Pre-operation_ANE

PatientName: John,Doe

Remark
Ttem [Check’ Nofe
(Correct patient (John,Doe,Male ) ang correct procedure (CABG ) verified
(Current condition assessed (includingsigway)
edical data seen (defals of procedure, patfeay notes, leters Electronic Health Record, pre-assessment)| ¥

|Allergies and ity registered in patient résgrds
Current laboratory i ion assessed

lahoratory information | * I

Lab NameLab Value Patient data I

ASAT 34

Contextual items Ly

reum 15
Glucose 16
INR 42

Fig. 3: Performing checks in a context-aware checklist.

When the operation is started, the medical team is as-
sembled together in the OR to discuss the patient situation.
The time-out checklist is assigned to the users who did the
check in the previous stage by the workflow engine. After
the operation, John is sent to the ICU. There, an intensivist
and a nurse need to know his conditions, including the op-
eration details. In Tracebook, there is a comprehensive view
in Business Process Modeling and Notation (BPMN) format
customized with participants’ photos. Tracebook queries from
the workflow engine that which tasks will be performed,
which tasks should be performed at this moment and which
tasks have been performed. Tasks that should be performed
at this moment are highlighted with a red rectangular. Tasks
that have been performed are marked with the performers’
photos. Clicking on each photo, the current user can see
what the others have checked and remarked (Fig. 4). Those
patient data and additional resources are kept together with
the history checklist. In this way, warnings and important
remarks which are easily ignored in the EMR and the other
information systems are kept together. Successor users can
know from that why previous users made a particular decision.
Another important feature is that the responsible person’s
contact information is placed together with their checks. When
users have any doubt, they can directly call the one who made
the check.

Unfortunately, John is infected with VRE. This is an
unexpected situation that can not be planned. There is an “Ad-
hoc checklist” page in Tracebook. Users can see the completed
ad-hoc checklists which have been performed in previous
stages for this patient. By typing keywords, users can find
the VRE checklist very easily and perform their own checks
(Fig. 5).

This prototype makes the whole process transparent and
traceable. This guarantees a better team communication and
promotes team building. Also, for each specific role involved

Ancsthesiologst

Admission_in_JCU_NUR

NUR_2

i

ORTam

? Name:  Esik Korsten
" Department: Anesthesiology/ICU

Telephone: 1234
[y lep

Ttem [Check Note
Correct patient (John,Doe,Male ) and correct procedure (CABG ) verified
Cuirent condition assessed (including airway)
edical data seen (details of procedure, patient notes, letters Electronic Health Record, pre-assessment)
Allergies and ity registered in patient records
‘urrent laboratory i on assessed
) noticed! May cause bleeding!

Blood samples for crosss-typing have been taken

Fig. 4: Reviewing the process and completed checklists.

Current checklists

Available Checldist: [ire
VRE1 Start isolation
VRE2 Transfer to another department
VRE3 End isolation
VRE4 Redevelopment
VRES MAD

GO to Check!

Fig. 5: Selecting an ad-hoc checklist.

in the process, they have a well defined, highly patient-specific
checklist to confirm at the right time.

IV. RELATED WORK

SURPASS Digital, as we described in Section II, made
impressive progress in usability and integration with the
EMR [13]. However, there are several major differences be-
tween SURPASS Digital and Tracebook.

1. SURPASS Digital allows users to pick up a checklist in
a list while Tracebook can send a checklist to a specific
group of users at the right time. When users try to find a
checklist for the patient, in SURPASS Digital, they go to
the checklist function in the EMR and select a checklist
they want. In Tracebook, a checklist is presented (e.g., by
email) to users automatically based on a predefined model.

2. In SURPASS Digital, items in each checklist are unchange-
able in the runtime while Tracebook provides personalized
items for each patient. Check boxes marked “n/a” are used
in SURPASS Digital to deal with the unrelated items. In
Tracebook, items are filtered and highlighted by clinical
rules according to patient data.

3. SURPASS Digital provides a sequential view of the com-
pleted tasks while Tracebook has a comprehensive and
straightforward view in BPMN format. In SURPASS Dig-



ital, an ignored checklist is marked with a red cross, and
an incompleted checklist is marked with a red exclamation
mark. Tracebook uses a similar mechanism in BPMN
format customized with the participants’ photos.

In 2012, Avrunin et al. [14] proposed the smart checklists
for human-intensive medical systems. Their system can guide
process actors in identifying and responding to exceptional
or hectic circumstances, help with process deviations and
help assure deadlines are met. Checkable items can change
dynamically taking into account the history of the process
execution, summaries of past execution, and projections of
possible future execution of the current process. The smart
checklist system focuses on process execution and changes
the checklist items dynamically, based on the process context.
However, Tracebook dynamically changes the items by the
context regarding to patient state.

V. DISCUSSION

Besides the safety checklist, clinical pathways and order
sets can also be represented in the checklist format [15].
Accordingly, there are computerized clinical pathway systems
that can execute pre-scheduled care plans which are localized
from clinical pathways [16] and computerized provider order
entry (CPOE) systems that are used to give practitioners a
package of best practices to a particular group of patients at
the point of care [17].

These three types of systems are designed for different
purposes. A checklist support system is designed to help the
confirmation of critical steps and facilitate the communica-
tion among the clinical stakeholders. A computerized clinical
pathway system aims to reduce the (undesired) variability in
clinical practice, including the standardized order prescription
etc. A CPOE system aims to enable fast, convenient ordering
and generation of orders that are accurate, complete, and free
of errors. As a result, they focus on different functionalities.
Particularly, the checklist support system stresses on commu-
nication and need to track participants’ decisions and provide
a global view of the process for each participant.

VI. CONCLUSIONS

In this paper, we discuss the advantages and limitations
of current checklist support systems and present an innova-
tive dynamic checklist support system: Tracebook. Although
checklists show their unique power in promoting patient safety
by providing users a clear view of critical tasks and helping
with the multidisciplinary communication, they are not imple-
mented successfully due to their static supporting systems. We
propose a dynamic checklist support system which is process-
oriented and context-aware to improve this. General features
of such a system are discussed. And a prototype of an OR-ICU
checklist has demonstrated the feasibility of our approach.

Future work will focus on the deployment, implementation
and evaluation of this system. We are planning to implement
it in a controlled OR-ICU setting and measure its impact on
the checklist acceptance.
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