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Abstract

delivery of care, which reduces variability and improves
performance. The science of developing checklists in health
care is new. In an informal review of the literature, we did not
find any standardized methodology to develop and design
checklists in medicine [2]. Based on a review of checklist
development in aviation and our own research and experience, we propose a process for creating checklists. If
medical checklist elements are wise and based on best
practices, they can help translate evidence into practice.

Checklists are common tools used in many industries. Unfortunately, their adoption in the field of medicine has been limited
to equipment operations or part of specific algorithms. Yet they
have tremendous potential to improve patient outcomes by
democratizing knowledge and helping ensure that all patients
receive evidence-based best practices and safe high-quality care.
Checklist adoption has been slowed by a variety of factors,
including provider resistance, delays in knowledge dissemination
and integration, limited methodology to guide development and
maintenance, and lack of effective technical strategies to make
them available and easy to use. In this article, we explore some of
the principles and possible strategies to further develop and
encourage the implementation of checklists into medical practice.
We describe different types of checklists using examples and
explore the benefits they offer to improve care. We suggest
methods to create checklists and offer suggestions for how we
might apply them, using some examples from our own experience,
and finally, offer some possible directions for future research.

Introduction
Checklists are common cognitive tools that can help
complete a task as simple as shopping or as complex as
flying a Boeing 737. The complexity and the time required for
completing tasks and the context in which the work occurs
vary widely. Yet all tasks are prone to human error given the
natural limitations of our memory and attention span and our
ability to cope with stress, fatigue, illness, interruptions, new
situations, and production pressures. Intensive care units
(ICUs) are complex and time-sensitive. On any given day in
the ICU, the typical patient will require 178 interactions in
their care [1]. A checklist standardizes the process to ensure
that all elements or actions are addressed. The structure and
predictability of checklists facilitate the careful and systematic

One great advantage of a checklist is the ability to democratize knowledge. Medicine, like many fields, is infused with
jargon; physicians, nurses, and patients have distinct ways of
describing the same thing. As such, translation errors are
imminent when one member of the care team talks to another.
Given that each caregiver has a unique perspective and
professional culture and that clinical disciplines train separately, it is understandable why miscommunication is common
and a major contributor of medical errors [3-6]. Checklists
reduce these risks. They standardize and improve the reliable
translation of information so the same knowledge is available
to doctors, nurses, and patients.
Although checklists have tremendous potential to improve
safety and quality and reduce the costs of health care, they
are underused. Because we lack a clear definition for a
medical checklist, it is difficult to know how widely they are
used in health care. To be certain, other efforts to standardize
work and create independent checks, such as protocols,
critical pathways, and order sets, exist in health care. Yet they
differ in significant ways from the quality/safety checklists we
describe. Order sets are pre-printed instructions that attempt

CLABSI = central line-associated bloodstream infection; CPOE = computerized provider order entry; HCAP = health care-associated pneumonia;
ICU = intensive care unit; OR = operating room; VAP = ventilator-associated pneumonia.
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to include everything that a clinician may want to consider
ordering for a particular group of patients (for example, those
on anticoagulation therapy). Many things on this order set will
not be checked. Conversely, quality/safety checklists include
only the things that should be addressed. Clinical/critical
pathways are time-continuum tools that support clinical
decision-making and function primarily to improve work flow
for a specific diagnosis. Pathways have nodes with dropdown checklists of tasks along their continuum. However,
many pathways do not include explicit details regarding
patient-level interventions. Rather, they generally present
expected milestones along a patient care trajectory. Nevertheless, both order sets and pathways can be viewed as a
type of checklist.
The underuse of quality/safety checklists is partly due to the
paucity of scholarly research to identify where to use
checklists, how to build and implement them and assess their
effectiveness at improving patient outcomes, and whether or
how checklist use is sustained over time [2,7]. In this review,
we explore some of the principles and possible strategies to
develop and encourage the implementation of checklists in
medical practice.

Types of checklists
There are four principal types of checklists: static parallel,
static sequential with verification, static sequential with verification and confirmation, and dynamic [8]. The differences
among these checklists are the number of operators involved
and the extent to which the correct action is verified. Static
parallel checklists are completed by one operator (person)
and executed as a series of read-and-do tasks. The
anesthesia machine checklist (Figure 1) is an example of this
format [9].
The static sequential with verification checklist involves a
challenge and response. An operator reads a series of items
and a second person verifies that each item has been
completed or is within parameters. A checklist to ensure
appropriate insertion of central lines is an example of this
format [10,11]. As the physician performs the insertion, a
nurse challenges the completion of each behavior/task and
the physician responds to confirm whether the behavior/task
has been accomplished.
Static sequential with verification and confirmation checklists
are used more often in team-based settings where a set of
items/tasks are done by varying team members. A designated
person reads the items (challenge) and each responsible
party verifies the completion of their specific task. Time-outs
and briefings in the operating room (OR) use this format [12].
For example, the surgeon will state the patient’s name, procedure, and surgical site and ask about availability of equipment
(to which the nurse would confirm the information) and then
ask about the patient’s medical condition and availability of
blood (to which the anesthesiologist would respond).
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Finally, a dynamic checklist uses a flowchart to guide complex
decision-making. Typically, there are multiple options to
choose from and the care team must decide the optimal
course (an algorithm). An example of a dynamic checklist is
the American Society of Anesthesiologists difficult airway
algorithm [13], which provides guidance on the intubation of
a difficult airway. The team leader would use this algorithm
checklist to develop a plan and then discuss it with other
members of the team.
Checklists may be further categorized by their application to
high-risk or normal operations. High-risk checklists are useful
back-up plans to fix or mitigate harm when single or multiple
failures of redundant systems occur [14]. High-risk checklists
can be used during a crisis to prevent further mistakes and to
ensure reliable communication and operations. For example,
their use during disaster relief efforts would standardize tasks
and processes, thereby organizing different groups. Preoperative preparation of patients is an example of a normal
operations checklist.

Structure of checklists
The structure of a checklist may or may not be important,
depending on the context in which they are used. For some
checklists, the sequential execution of each item is critical.
For others, the focus is solely on executing or considering the
items. When sequential action is required, an independent
check is crucial to ensure that each task is completed prior to
executing the next task. A static checklist would be risky here,
particularly in high-risk situations given our natural cognitive
and stress-induced limitations [15].
Failure to properly follow checklists (sequential or not) can
have disastrous consequences [16]. For example, if the
proper checklist procedure for identifying and verifying a
patient and their blood type is not followed, the unit of blood
transfused may be incompatible and lead to a potentially
lethal hemolytic transfusion reaction.

Adoption and benefits of checklists
In medicine, physicians have largely resisted using checklists.
Some feel that relying on a checklist insults their intelligence,
whereas others doubt that a document with check boxes will
prevent a medical mistake [1]. Physicians believe they know
their job and do not need a prompter to guide or remind them
[17]. However, modern medicine has become exceedingly
complex, specialized, and interdisciplinary, offering hope for
fantastic cures, but also inadvertently introducing potentially
devastating risks.
Well-designed checklists standardize what, when, how, and
by whom interventions are done and can reduce errors in
routine and emergency situations. In addition, they provide a
public framework to ensure adherence to clinical or procedural requirements. The shared knowledge of checklist
content also allows caregivers to mutually support each other
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Figure 1
NAME:
GRADE:
DATE:
TIME STARTED:
TIME COMPLETED:
THEATER:
ANESTHETIC MACHINE: Anesthetic room/Theater
A.
ANESTHETIC MACHINE
Note any labelling or service information attached to machine. Switch on electrical supply (if appropriate).
B.
OXYGEN ANALYZER
Switch on.
1. Is analyzer calibrated?
2. Is analyzer functioning correctly?
Attach to common gas outlet.
C.
MEDICAL GAS SUPPLIES
Identify gases supplied by pipeline and confirm correct connections with ‘tug-test’.
1. Is machine connected to an O2 supply?
Switch on spare O2 cylinder.
2. Are cylinder contents adequate?
3. Is machine connected to N2O supply (if intended for use)?
4. Are contents of spare N2O cylinder adequate?
5. Is machine connected to compressed air supply (if intended for use)?
6. Are contents of spare air cylinder adequate?
7. Is CO2 cylinder attached to machine?
8. If yes, have you removed it?
9. Are blanking plugs fitted to all empty cylinder yokes?
D.
FLOWMETERS
1. Do all flowmeter bobbins move freely throughout their range?
2. With O2 flowing at 5 L/min, does O2 analyzer approach 100%?
Turn off all flowmeters.
E.
EMERGENCY OXYGEN BYPASS CONTROL
1. When the O2 bypass control is operated, does flow occur without significant drop in pipeline pressure?
2. Does O2 analyzer approach 100%?
3. Does flow cease when control is released?
F.
VAPORIZERS
1. Are vaporizers for the required volatile agents present, correctly seated, and locked to the back-bar?
2. Are the vaporizers adequately filled?
3. Are the filling ports tightly closed?
4. Does the control knob for each vaporizer move through the full range?
Only perform the following tests where the back-bar is protected by a pressure relief valve:
With O2 flow of 5 L/min, occlude common gas outlet.
5. Does flowmeter bobbin dip?
Turn on each vaporizer in turn and briefly occlude the common gas outlet.
6. Do any leaks occur from the filling ports of the vaporizers?
Turn off all vaporizers.
G.
BREATHING SYSTEM
1. Is breathing system correctly assembled, with all connections tight?
2. Do any leaks occur when the system is pressurized?
3. Does the adjustable pressure relief valve open and close fully?
4. In a circle system, do the unidirectional valves move correctly?
H.
VENTILATOR
1. Is ventilator correctly assembled with all connections tight?
Set the controls for use and switch on.
2. Is adequate pressure generated during the inspiratory phase?
3. Does the pressure relief valve operate correctly when the patient port is occluded?
4. Is the disconnection alarm present and operating correctly?
5. Is alternative means of ventilation available?
I.
SCAVENGING
1. Is scavenging system correctly attached and functioning?
J.
ANCILLARY EQUIPMENT
Confirm presence, size range, and function of all ancillary equipment that may be needed.
1. Are all laryngoscopes in working order?
2. Is suction apparatus present and able to generate adequate negative pressure rapidly?
3. Does patient trolley tip head-down?
K.
MONITORING EQUIPMENT
Check that appropriate monitoring equipment is present, switched on, and calibrated.
Set alarm limits as appropriate.

Yes/No
Yes/No

Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No

Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No

Yes/No
Yes/No

Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No

Yes/No
Yes/No
Yes/No

Checklist for anesthetic machines [9].
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by cross-checking what is being done and in what order.
These assurances are important when time is short, the
pressure is on, and competing priorities distract our attention.
Checklists have been implemented in isolated clinical settings
to improve processes of care [11,18-25] and in the ICU to
facilitate bedside teaching and assessment of resident
performance [26]. Checklists can be implemented as a standalone intervention [22], but in most cases they are part of an
intervention bundle with several other components to improve
quality and safety of care [11,27]. Studies to improve care
using checklists have reduced uncertainty over the correct
surgical site [20] and problems with laparoscopic equipment in
the OR [21], clarified [22] or changed patient care plans [23]
to mitigate or prevent medical errors, dramatically reduced
central line-associated bloodstream infections (CLABSIs) [11],
and helped diagnose communication deficiencies and depression in adults with intellectual disabilities [24,25]. Despite the
corpus of evidence regarding the benefits of checklists,
medicine remains slow in broadly adopting them into practice.
Seminal work in the psychology of memory found that we can
retrieve seven (plus or minus two) pieces of information from
our memory with relative accuracy [28]. When complex
procedures, stress, and fatigue are introduced, our memory
becomes increasingly unreliable [29]. And as the number of
tasks/problems we simultaneously manage exceeds three, we
show significant decline in the accuracy and speed of
handling these tasks/problems [30]. A checklist can compensate for these fallibilities. The mandatory use of checklists can
empower nurses and junior-level physicians to insist that
those higher in the traditional hierarchy adhere to approved
and safe procedures.
Although there is no published evidence indicating a negative
impact by using checklists, they could pose risks. Any time
that we change the system to improve safety, we may defend
against some risks but invariably will introduce new risks.
Checklists are not immune to this tendency. Poorly designed
checklists or excessive use of checklists could overburden
clinicians, complicate tasks, and reduce efficiency. If emerging evidence is not incorporated into checklists, they could
hinder patients from getting state-of-the-art care. Another
potentially negative effect could occur if clinicians strictly
adhere to a checklist rather than exercise critical thinking
when evidence is incomplete, when an individual patient’s
risk-benefit analysis favors not using the checklist, or when an
unforeseen event that requires different interventions occurs.
A recent example of this last point is the pilot who landed the
Airbus A320 plane on the Hudson River without fatalities.
Hence, it is imperative to be cautious when deciding when to
use checklists and to be mindful of potential negative effects.

no standardized methodologies. Ideally, the process would
incorporate diverse input (for example, empiric evidence, tacit
experience, local input, regulatory input, and community
input). Unfortunately, the process is often delegated to
committees with homogeneous members, who may lack the
experience and knowledge to explore appropriate items for
checklists and the potential risks of these items. Checklists
with elements that pose risks or those that exclude important
elements may be neither effective nor efficient at improving
patient care. While we need investment in the ‘basic science’
of checklist development, the human factors engineering
literature describes how to design information tools, which
can be applied in quality and safety. Briefly, the recommended steps to develop checklists include the following:
review the existing literature, understand the needs and workplace of the users, include a multidisciplinary group in the
design, and use an iterative approach for rigorous pilot
testing and validation of your tool [31-33]. We recently
published an approach to develop checklists which adds
simulation to the above steps [34]. Below, we provide more
detailed guidance to develop checklists.
First, we must pick a patient population, procedure, and/or
outcome. For example, we sought to reduce infections from
central lines in ICU patients [10]. This could include checklists
for diagnosing, treating, or monitoring patients. Then, we need
to assemble an interdisciplinary team to lead the development.
This team should review and identify empiric evidence from
published literature and tacit evidence from experience to
decide on the content of the checklist (Figure 2).
In identifying evidence, the team could start by looking for
evidence summaries (for example, systematic reviews or
practice guidelines). For most items, however, empiric
evidence will be either absent or incomplete. As such, teams
should tap into the ‘wisdom of crowds’ by getting broad input
regarding checklist items from diverse sources [35]. In
addition to literature database sources such as PubMed,
Embase, and Cochrane reviews, teams should consider
knowledge banks, expert and social networking, and focus
groups with frontline practitioners. Once a list of potential
interventions is compiled, the team should consider those
with the strongest impact and the lowest barriers to use in
clinical practice. Because role and/or task ambiguity is
associated with failure to use the checklist as intended [36],
each intervention should be translated into an explicit,
concise, and unambiguous behavior. This culling process is
critical to make the checklist cognitively and logistically
functional. In the case of health care-associated pneumonia
(HCAP), there are over a hundred potential steps to prevent
this complication, with multiple tasks for each step. Without
discipline and data reduction, developing an HCAP
prevention or similar checklist could become unwieldy.

Creating checklists
The literature review of medical checklists by Hales and
colleagues [2] found few strategies to develop checklists and
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In our experience, long unorganized checklists are often not
useful or used. As previously mentioned, our ability to manage
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Figure 2

Elements of creating a wise checklist.

information deteriorates as the number of items increases
[28,30,37]. Memory checklists should especially adhere to
this principle. If a checklist requires a large number of items, it
is better to separate the process into substeps and create a
checklist for each substep. In the OR, for example, there are
critical steps that could be broken down into individual
checklists, such as preventing wrong-sided surgery and
surgical site infection. Each of these is part of the preinduction/incision process but involves distinct tasks and
behaviors. The creation process should be iterative and
undergo as many revisions as necessary to achieve consensus on the checklist before attempting any pilot testing.
The checklist should provide unambiguous guidance on what,
when, how, and who should do a particular intervention and
should be logistically efficient and easily performed. The
aviation industry offers guidance. Figure 3 shows a standard
aviation procedure checklist for landing a Boeing 737-800
aircraft. This checklist uses the challenge/response format
with simple, direct, and unambiguous language. Health care
checklists should seek to emulate this model. The anesthesia
machine static ‘read-and-do’ checklist (Figure 1) [9] is a close
example of the aviation model with concise questions.
Once a beta-version of a checklist is completed, it should be
pilot-tested by potential users and revised according to their
findings. This testing could be done on the clinical units
where it will be used and/or in a simulation setting. Usability
and potential risks of a checklist can be assessed by (a)
testing different real-life scenarios in a simulated environment,
(b) heuristic evaluation by a human factors/usability testing
expert, and (c) subjective evaluation by potential users
through interviews, focus groups, and surveys [38]. Validity,
reliability, and potential harms of a checklist should be
assessed before it is broadly implemented. Face validity can
be accomplished by asking potential users to review the tool
for relevance and completeness and to suggest how it can be
improved. Theoretical saturation (collecting data from

additional people until no new information emergences) [39]
can be used to determine the number of people needed to
pilot-test a checklist. Reliability of a checklist can be
assessed using inter-rater and intra-rater reliability methods.
Finally, checklists must remain wise. To accomplish this,
checklists must be dynamic and evolve, and empiric and tacit
evidence must be continually evaluated to support each
checklist item and to explore unintended consequences that
are the norm rather than the exception. If this is
accomplished, checklists can be efficient and effective.
When creating checklists, developers could use the following
principles applied in human factors engineering [7]:
1. Design checklists based on caregivers’ needs and the
realities of their work by doing ethnographic studies of the
clinical work and involvement of potential users.
2. List the most critical items at the beginning of the
checklist whenever possible.
3. Avoid long checklists if possible. Subdivide long checklists into small meaningful sections or group checklists in
time and space (for example, one checklist for this
moment in time).
4. Pay close attention to usability, including the time it takes
to complete the checklist, potential negative effects on
caregivers’ work and patient safety, and feedback from
potential users.
5. Perform rigorous pilot testing and validation of the
checklist before full-scale implementation.
6. Include potential users, content experts, and human factors/
usability experts on the design team.
7. Re-evaluate and update checklists periodically based on
new literature and organizational experiences.

Applying checklists
First, we will consider several widely used checklists in health
care. The anesthesia machine checklist is universally accepted by anesthesiologists [40,41] and, over the course of
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several decades of use, has undergone modifications to keep
pace with new technology. This checklist helps to ensure that
every practitioner’s equipment has undergone the same
standardized assessment (although machines of individual
manufacturers may vary somewhat) before transporting the
patient to the OR. Like many aviation checklists, this one
focuses on a particular piece of equipment. One practitioner
completes the checklist and the effectiveness depends on
strict adherence to its completion [16].
We developed the catheter insertion checklist to address the
problem of CLABSIs in the ICU [10]. It was informed by a
detailed practice guideline developed by the Centers for
Disease Control and Prevention (Atlanta, GA, USA) [42].
From this guideline, the team selected five practices that had
the strongest evidence and lowest barriers to use. Each of
the interventions was worded as a behavior, and we pilottested the checklist in our ICUs at the Johns Hopkins
Hospital. This checklist uses the static sequential with
verification format. The ‘challenger’ (nurse) is empowered to
prevent the procedure from proceeding until the physician
inserting the catheter confirms that the checklist item was
completed. This empowerment of the nurse to halt the
process makes the checklist particularly robust. Nevertheless,
it requires a culture in which nurses are comfortable
questioning physicians and in which physicians are willing to
accept and modify their behavior. The successful use of
interdisciplinary checklists such as this one often requires
efforts to improve the culture of safety [43].
Another checklist we developed was a daily goals sheet
(Figure 4) [22]. This checklist was built after residents and
nurses on the ICU health care team stated that communication errors posed substantial risks to patients. It clarifies
the patient’s daily care plan, helps ensure delivery of
evidence-based interventions, and plans for potential safety
risks. It follows a static sequential with verification format. At
the end of rounds on a patient, a member of the team reads
off the items and team members (including the nurse) respond
with the status of those items and discuss the patient’s goals.
Items that need to be changed, deleted, or added become
the tasks for the day. The checklist is completed for every
patient to ensure uniformity of care delivery and to ensure that
all care team members understand the patient’s status and
care plan prior to moving to the next patient.
The daily goals checklist is fairly complex and has many items.
To reduce the burden on clinicians, items are grouped into
categories consistent with how ICU clinicians think. Each
category contains a limited number of items. It was decided
to keep this list intact since the checklist is kept by the
bedside and revisited throughout the day.
In addition to addressing specific problems and goals,
checklists may be applied to the whole spectrum of the care
process. While acknowledging the complexity of this
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Figure 3

Landing gear

❑

Check down

Autopilot

❑

Off

Landing speed

❑

140 KIAS

After touchdown

❑

Apply reverse thrust

❑

60 KIAS: cancel reverse thrust

Spoilers

❑

Verify extended

Brakes

❑

As required

Landing procedure checklist for a Boeing 737-800 aircraft. Adapted
from the Atlantic Sun Airways CAT B pilot procedures and checklists
series [52]. KIAS, knots indicated airspeed.

undertaking, the process of medicine can be divided into
three major phases: diagnosing, treating, and monitoring.
Each phase can be broken down into three elements:
decision (whether and what to do), execution (carrying the
process out), and interpretation (what is the result and what
does it mean). Medical errors may occur anywhere along this
hypothetical spectrum of patient care. As such, checklists
can help improve care anywhere along this spectrum. For
example, we are developing checklists (from the patient’s
perspective) for diagnosing, treating, and monitoring lung
cancer. The use of these checklists should help to reduce
variability and errors in patient care.
Ventilator-associated pneumonia (VAP) is a useful model to
examine how checklists can improve a spectrum of care. The
diagnostic criteria and the recommended therapies for
preventing and treating VAP are well established. A section
on our daily goals form includes a checklist of evidencebased prevention interventions. The weaning item on the
checklist prompts clinicians to monitor and wean the patient
as soon as safely possible. This is followed by a separate
checklist to evaluate the patient’s readiness for extubation.
This approach has shortened the average duration of
mechanical ventilation and reduced ventilator days, failed
extubations, and VAP rates [44].
The diagnosis phase checklist would cognitively prompt us to
recognize the possibility of a VAP and then execute the entire
process to interpret whether the patient meets the criteria for
VAP. It would also assist in deciding whether to treat the
patient. A treatment phase checklist would include therapies
based on evidence-based medicine guidelines, local knowledge of probable pathogens, and anti-microbial sensitivity
patterns. In addition, there may be a policy or structural-level
checklist for preventing VAP (such as not routinely changing
ventilator circuits). A monitoring checklist can help to
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Figure 4

Daily goals checklist. ABG, arterial blood gas; ABx, antibiotics; AG, aminoglycoside; Bld, blood; BMP, basic metabolic panel; bpm, beats per
minute; Card, cardiology; CMP, comprehensive metabolic profile; CXR, chest x-ray; D/C, discontinue; DVT, deep venous thrombosis; EKG,
electrocardiogram; eval, evaluation; FIO2, fraction of inspired oxygen; Fluc, fluconazole; GI, gastrointestinal; gtt, drops; GU, genitourinary; Hep,
heparin; HOB, head of bed; HR, heart rate; ICU, intensive care unit; ID, infectious disease; KCI SS, potassium chloride sliding scale; LMWH, lowmolecular-weight heparin; LOS, length of stay; mgt, management; NDT, nasoduodenal tube; Neuro, neurology; NPO, nil per os (nothing by mouth);
OOB, out of bed; OR, operating room; OT, occupational therapy; PaCO2, arterial partial pressure of carbon dioxide; PAN Cx, pan-culture; PEEP,
positive end-expiratory pressure; PEG, percutaneous endoscopic gastronomy; PO, per os (by mouth); PPI, proton pump inhibitor; Prealb,
prealbumin; PS, pressure support; PSN, patient safety network; Pt, patient; PT, physical therapy; PUD, peptic ulcer disease; pulm, pulmonary; q,
every; Resp, respiratory; ROM, range of motion; RR, respiratory rate; RTW, ready to wean; SCD, sequential compression device; SIRS, systemic
inflammatory response syndrome; SSI, sliding scale insulin; TEDS, thromboembolic deterrent stockings; TF, tube feeding; TGC, tight glucose
control; tol, tolerated; TPN, total parenteral nutrition; WBC, white blood cells.
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determine whether the patient requires continued ICU care,
monitoring of oxygen saturation, or additional respiratory care.
This seems like a lot of checklists. Yet each step in the
diagnosis, treatment, and monitoring process poses risks for
error that we need to defend against. We do not know how
many checklists are too many, when they are most useful, and
when we have overloaded the checklist users. However, we
do know that checklists should be short and simple, and the
benefits demonstrated rather than assumed. In aviation,
processes are broken down into manageable segments, each
with an assigned checklist. This model has been successful
in preventing errors. Although there may be some redundancy
from this design, redundancy is a crucial element of safe and
reliable systems [45].
One final example of a medical checklist that underscores
this redundancy is decision support tools built into computerized provider order entry (CPOE) systems. While implementation of CPOE may have difficulties and unintended
consequences [46,47], smooth and effective implementation
of these systems can be enhanced by building a large
number of order sets (checklists) for therapies and management. The more order sets created, the more efficient and
effective the CPOE system [48,49]. Information technology
will likely be the best mechanism to manage a large number
of checklists. As such, we look forward to the day when our
checklists are all automated and the required checklist can
be selected electronically.

Future directions: create a more efficient
health care knowledge market
While the science of checklists, much like the science of
safety and quality, is immature, many believe that medical
checklists can help prevent errors, mitigate harm, and reduce
the costs associated with them. Yet using the process we
describe to develop checklists for the multitude of diagnoses
and procedures is a daunting and likely slow process. When
we reflect on the underlying problem in translating evidence
into practice, like many health care quality and safety
shortcomings, it is clearly impaired by an inefficient knowledge market, much like the subprime credit crisis. Lack of
diverse input and timely access to such information contributes to this inefficiency.

learning communities to continually create and update
checklists. Clinicians organized around a particular diagnosis
or procedure can create checklists for a particular disease or
process. These checklists would be informed by empiric and
tacit evidence and revisited often to incorporate new
evidence. If we believe in the ‘wisdom of crowds’, in which
the broader community has tremendous knowledge and
collectively will get it right, then this learning community can
effectively codify this wisdom into checklists that can improve
patient care.

Conclusions
Checklists are powerful tools to standardize work processes
and create independent checks for key processes. Although
they can have wide application in medicine, they are relatively
underused. Checklists could create a more efficient and
effective knowledge market by summarizing evidence into
explicit behaviors, incorporating empiric and tacit evidence,
and being continually updated by the health care community.
Further research is needed to advance the science for
developing, implementing, and evaluating checklists.
Although their format and content may vary, simple steps to
identify, check, and verify what you have done or are about to
do can determine whether you succeed or fail. They should
be succinct, unambiguous, focused, and ultimately effective
and efficient. When faced with a crisis, we can react quickly
and decisively, knowing that the items we act out from the
checklist are well thought out, tested, and will provide us with
the results we want. We hope the science advances to help
us build, refine, and use checklists wisely.
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