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Abstract

Background Multiple organizations have recognized
that handoffs are prone to errors, and there has been an
increase in the use of electronic health records and
computerized tools in health care.

Objective This systematic review evaluates the current
evidence on the effectiveness of electronic solutions
used to support shift-to-shift handoffs.

Methods We searched the English-language literature
for research studies published between January 1, 2008,
and September 19, 2014, using National Library of
Medicine PubMed, EBSCO CINAHL, OvidSP All Journals,
and ProQuest PsycINFO. Included studies focused on the
evaluation of physician shift-to-shift handoffs and an
electronic solution designed to support handoffs. We
assessed articles using a quality scoring system,
conducted a review of barriers and strategies, and
categorized study outcomes into self-report, process, and
outcome measures.

Results Thirty-seven articles met inclusion criteria,
including 20 single group pre- and posttest studies;

8 posttest only or cross-sectional studies; 4 nonrandomized
controlled trials; 1 cohort study; 1 randomized crossover
study; and 3 qualitative studies. Quality scores ranged from
3.5 to 14 of a possible 16. Most articles documented some
positive outcomes, with 2 of the 3 studies evaluating patient
outcomes yielding statistically significant improvements.
The only other study that analyzed patient outcomes
showed that interventions other than the electronic tool
were responsible for most of the significant improvements.

Conclusions The majority of studies supported using an
electronic tool, yet few measured patient outcomes, and
numerous studies suffered from methodology issues.
Future studies should evaluate patient outcomes,
improve study design, assess the role of faculty
oversight, and broaden the focus to recognize the role of
human factors.
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Editor’s Note: The online version of this article contains
tables of research studies of electronic tools supporting
shift-to-shift handoffs (January 2008 to September 2014)
and a list of articles on development, implementation, and
use of electronic tools for shift-to-shift handoffs.

Introduction

According to The Joint Commission, 63.5% of all sentinel
events in 2013, and 62.9% in the first 6 months of 2014,
involved miscommunication between health care provid-
ers.! Communication errors, especially those occurring
during transitions of care from one provider to another,
have been shown to cause preventable adverse events.>* In
the Agency for Health Care Research and Quality’s 2014
Hospital Survey on Patient Safety Culture, 405281 staff
members responded’; of these, 53% endorsed the statement
that “important patient care information is often lost
during shift changes,” and 47% endorsed the statement
that “shift changes are problematic for patients in this
hospital.”’
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Several health care organizations have recognized this
potential for error and the need for standardized handoff
communication, including the Institute of Medicine,® The
Joint Commission,” the World Health Organization,® and
the Accreditation Council for Graduate Medical Education
(ACGME).” Current ACGME Common Program Require-
ments state that residency programs “must ensure and
monitor effective, structured hand-over processes to facil-
itate both continuity of care and patient safety.”” Despite
these calls for standardized, structured handoffs, a sys-
tematic review of resident and attending physician handoffs
published in 2008 concluded that very little quality
research had been done to identify best practices of any
kind for conducting shift-to-shift handoff.'

Since 2008, handoffs have received more attention, and
the use of electronic health records (EHRs) and comput-
erized tools in health care has increased."'~'* One strategy
that has been suggested for improving quality of shift-to-
shift handoff and helping meet standardization require-
ments is the use of electronic handoff tools.® Therefore, we
conducted a systematic review of the research literature
evaluating the effectiveness of electronic solutions used for
physician shift-to-shift handoffs.

Methods

Literature Search

Our team librarian (I.V.) conducted a systematic literature
search of English-language articles published on electronic
handoff solutions between January 1, 2000, and September 19,
2014, using National Library of Medicine PubMed, EBSCO
CINAHL, OvidSP All Journals, and ProQuest PsycINFO. We
chose relevant controlled vocabulary and keywords to capture
the concepts of handoff and electronic solutions.

All titles were independently reviewed for inclusion by a
team of 2 trained reviewers (L.A.R. and J.Da.). If either
reviewer selected a reference, the full text was ordered for
further review. Using this strategy, 349 articles were obtained
for further review. The percentage of agreement on initial
independent selection of articles was 97.8%. Interrater
reliability using Cohen’s k¥ was k = 0.91 (P < .001). The
reference sections of all included articles were checked by 2
independent research assistants for additional potentially
relevant articles, as well as the reference sections of 2
systematic reviews identified during our search process
(FIGURE)."® We also searched PubMed for other publica-
tions written by authors included in this review. We used each
author’s name combined with our handoff search terms.

Inclusion and Exclusion Criteria

Articles meeting the following criteria were eligible for
review: English language; published between January 1,
2000, and September 19, 2014; focused on physician shift-

3342 potentially relevant articles
identified in literature search

» 859 duplicates removed

v

2483 unique articles

2134 articles excluded after
P title review; not relevant to
shift-to-shift handoffs

v
349 full-text articles obtained for
further review

311 articles excluded after article
review; not relevant to electronic
tool for shift-to-shift handoffs or
not research with data

v

L 2

38 articles abstracted

2 articles excluded; duplicate
publication of same study, with
slightly different data that was
deemed not as relevant as the 1
included in this systematic review

1 article found and

abstracted from reference

v

section review

37 relevant articles

e 1 randomized control trial

e 4 nonrandomized control trials

® 20 single group, pre- and posttest
e 1 cohort study

e 8 posttest only and cross-sectional
.

3 qualitative studies

PROCESS USED TO SELECT RESEARCH STUDIES
OF COMPUTERIZED TOOLS SUPPORTING
SHIFT-TO-SHIFT HANDOFF

FIGURE

to-shift handoffs; had either quantitative or qualitative
data; and focused specifically on the evaluation of an
electronic tool. We excluded articles that were not handoff-
specific (ie, discussed duty hours, general communication,
ward rounds); that focused solely on the development,
implementation, or use of a handoff tool; that addressed
inter- or intrahospital transfer; and those with anecdotal or
no data; along with letters to the editor, commentaries,
editorials, and newsletter articles.

In our preliminary review, we noted that the majority
of articles were published in 2008 or later. Considering
advances in technology and the above finding, we decided
to limit the review to articles published from January 1,
2008, forward.

Abstraction Process

Trained reviewers used an iterative process to develop an
abstraction form designed to confirm final eligibility for
full review, assess article characteristics, and extract data
relevant to the study question. Each article was indepen-
dently abstracted by 2 trained reviewers (M.M., B.B., or
M.Y.). The 2 abstractors and an author independent to the
abstraction process (J.Da. or L.A.R.) discussed and
combined the 2 abstractions into a final abstraction. All
abstraction disagreements were minor and were resolved
during discussion.
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BOX 1 CHARACTERISTICS OF ARTICLES IN A SYSTEMATIC REVIEW OF
ELecTRONIC TooLs FOR PHYSICIAN SHIFT-TO-SHIFT HANDOFFS

Year Published

2 (5.4%) in 200834

5 (13.5%) in 200917252649:50

7 (18.9%) in 2010'82223:27314043

7 (18.9%) in 20113239424652754

9 (24'3%) in 2012'9-212930.3437:38.45.48
4 (10.8%) in 201324283530

3 (8.1%) in 20144447

Location of Study

24 (64.8%) in the United States'a1-2426-2830-3537-4144.475153
6 (16.2%) in the United Kingdom?4s4648s0s2

2 (5.4%) in Australia®#

2 (5.4%) in Ireland#es+

3 (8.1%) in Canada™s®4s

Population(s) Studied

® 35 (94.6%) resident physician handoffs (or their equivalents in
other countries)7-1921-3436-4749-54

® 4 (10.8%) nurses'oss4xse

® 8 (21.6%) attending physicians'7272931-333537

e 8 (21.6%) midlevel providers (eg, nurse practitioners, physician
assistants)‘7v‘9v32v35‘37v43v50‘5‘

o 12 (324%) fellows'729:323437.42.43.47.49-5154

Specialties Involved

® 5 (13.5%) surgical specialties/subspecialties'725334554

® 22 (59.4%) medical specialties/subspecialties's2—2+20732353638 4144446485253

® 10 (27.0%) involved both medical and surgical
Specia|tieS18,34,37,39,40,43,47,49751

Study Designs

® 20 (54.1%) pretest/posttest designs'22252931-3436414245-5054
® 8 (21.6%) posttest only or cross-sectional262733739.43.44.51

e 4 (10.8%) nonrandomized controlled trials>283°38

® 3 (81%) qualitative studies'®s

® 1 (2.7%) randomized crossover study*°

® 1 (2.7%) cohort studys3

Q

uality Assessment Scores (range, 3.5-14.0; possible range, 1-16)

® 14 (37.8%) with scores less than 10222729363730.4244-4648-s054
® 13 (35.1%) with scores from 10—11.572125303538.404353
® 10 (27.0%) with scores of 12-14.01%19222426028.41475152

Types of Data Reported

Organizing results according to the type of data reported
can help to summarize what is known and what still needs
to be studied. We categorized data reported into 3 types:
self-report, process measures, and outcome measures.
These were defined as (1) self-report measures, which ask
subjects to report on their attitudes, beliefs, perceptions,
and satisfaction; (2) process measures, which evaluate or
assess activities conducted by health care providers (they
describe actions performed); and (3) outcome measures,
which evaluate or assess actual patient outcomes (they
describe the patient’s condition or response to care).

Barriers and Strategies

All barriers and strategies directly related to the electronic
tool were identified by 2 independent reviewers (M.M. and
B.B.). The 2 reviewers then met to compare lists and,
through discussion, agreed on a final combined compre-
hensive list, which was reviewed by 1 author (J.Da.) for
coherence and consistency.
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Quality Scoring
One of the authors of this manuscript (L.A.R.) worked with
a previous team to develop a quality scoring system that
can be used to assess experimental and observational
studies in the same systematic review, described in more
detail in previous publications.!'®°

Quality scores were independently obtained from 2
reviewers (J.Da., M.Y., or L.A.R.). Overall interrater
agreement was 85%, and Cohen’s « for agreement between
the 2 reviewers was k = 0.75 (P < .001). Any disagree-
ments were resolved via discussion.

Results

We identified 37 unique articles with relevant research
related to electronic tools designed to support physician
shift-to-shift handoffs (8o x 1 and provided as online
supplemental material). Of these, 9 (24%) used multiple
outcome types, 7 (19%) used both self-report and process
data,?'*” 1 used process and patient outcomes,*® and 1 used
self-report, process data, and patient outcomes.*’

Self-Reported Measures

In 22% of the included studies, respondents reported
increased or improved handoff content,>**-* and 22% of
studies also reported high provider satisfaction with use of
an electronic handoff system.?>2731:32 However, in 1 of
these studies, 22.6% of respondents reported there was
information they did not receive at handoff that would
have helped them care for patients.>® Other stud-
ieg?223:30:3336:37 pnoted that respondents reported increased
quality of handoffs with an electronic handoff system. In 1
study, residents used 3 different handoff protocols (written,
electronic, and face-to-face), with reports of protocol
deviations lowest in the face-to-face phase (28 %), highest
with written handoffs (67%), and electronic handoffs
falling in the middle (50%).%

In 9 studies (24%), perception of patient safety and/or
quality of care improved?*?731:3¢3; better patient manage-
ment*"* or fewer near misses®® were reported; and there
was a reduction in missed patients.** However, a random-
ized crossover study found no statistically significant
differences in resident-reported unexpected events, medical
errors, or adverse drug events when comparing the
electronic handoff system to the standard systems used (ie,
written lists, card based, or a team-developed spread-
sheet),*® and another study found no difference in reported
unexpected events pre- to postimplementation of a new
electronic handoff system.*' Residents responding to a
postcall survey reported an unexpected patient event that
should have been anticipated during handoff in about one-
third of patients in the old as well as the new system.*!
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Most studies that provided self-reported data on time
devoted to activities related to handoffs showed reductions
in time allocated to handoffs.?327:31:343%42 [n contrast, in 1
study respondents self-reported a decrease in time devoted
to handoff preparation and an increase in the amount of
time needed to update handoff information.>> Another
study found conflicting results, with 37% of respondents
reporting the electronic system was faster, and 57%
reporting the card-based system (control) was faster to
use.”! Yet another study found no significant difference
between the number of patients handed off and the time
spent during handoff; however, the respondents reported
an increase in perceived efficiency and ease of use.”* In
other studies questioning about use of the electronic
system, 82% of respondents in 1 study*” reported using the
electronic system, and 84% of respondents in a second
study®” reported they would use the electronic system over
other systems.

The implementation of a standardized, partially auto-
mated handoff system yielded a decrease in resident reports of
inappropriate tasks being transferred to them at handoff.**Ina
different study, 78 % of respondents reported that an
electronic handoff system improved team communication.*

One study included a survey of faculty physicians who
provided oversight of the electronic resident handoff
content; respondents estimated that corrections were
required in 12% of handoffs, and that about 7% of those
“represent[ed] a serious matter related to patient safety or
quality of care.”?”

In 1 study, 70% of residents reported that the electronic
handoff system helped them adhere to the 80-hour work
week.>* In another, respondents reported an increased ease
in adherence with the 80-hour work week from 28%
preimplementation to 50% postimplementation of an
electronic inpatient handoff system.>' A survey of 39
departments at a pediatric hospital found that only 9
(23.1%) used an electronic handoff system.*

Process Measures

Nineteen of 37 studies (51%) included process data, and of
these, 16 (84%) documented actual increases or improve-
ments in handoff content related to the implementation of
an electronic solution.??2426:2829.3544-52 Qpe study found
that 92% of errors were committed in a core data element
and could have been prevented with auto-population.*
While many studies with process outcomes specifically
showed fewer data omissions,??528:29:34:44-47.49-52 1 fond
that less than 50% included allergies or code status when
using the electronic handoff system.?® An observational
study found that that only 11% included “Do Not
Resuscitate” or advance directive information, and only
50% of successive handoffs were updated daily.”* Another

study found that 96% of electronic handoffs were updated
within 24 hours,’" while a third study found an increase in
the documentation of 12 of 16 specific data elements
studied, a decrease in 3 elements, and no difference in 1
element.*® Three studies noted that an electronic handoff
tool should include free-text options for current anticipa-

tory guidance and comments,>+3*48

and another reported
that users need to be encouraged to be vigilant in revising
and updating free-text sections.?

In a study that used faculty estimates for inaccuracies in
handoffs and data from actual reviews, when attending
physicians provided oversight of the content of residents’
electronic handoffs they reported that 7% contained
inaccuracies.?” A nonrandomized control study found that
by providing ongoing feedback on allergy and code status
errors and omissions, there was a sharp decline in these
errors, with the electronic group outperforming a card-
based handoff system.?!

Patient Outcomes

Three studies assessed patient outcome measures. One
measured general medical emergency team calls and
weekend discharges 12 months prior to and 12 months
after implementation of an electronic handoff system,
finding a decrease in calls (P = .01) and an increase in
weekend discharges (P < .001).%” Another study found a
significant decrease in median length of stay (P = .05)
2 weeks after implementation of an electronic handoff
system.”* Starmer et al*® conducted a large nonrando-
mized control trial investigating the implementation of a
resident handoff bundle (standardized communication,
handoff training, a verbal mnemonic, and a new team
handoff structure). In this study, 1 unit also implemented
a computerized handoff tool integrated into the

EHR.?® Medical errors decreased on both units

studied; however, the decrease was greater on the

unit that did not have an electronic handoff tool,

and the decrease in preventable adverse events was
statistically significant only for the unit that did

not have an electronic handoff tool.?®

Barriers and Strategies

Twenty-one studies (57%) noted barriers to successful
implementation of an electronic handoff system

(Box 2). Sixteen studies (43%) identified strategies
that helped them to successfully implement an
electronic system (BOX 2).

Electronic Handoff Use and Development

We identified 23 articles that reported on the development,
implementation, or use of an electronic handoff tool
(provided as online supplemental material).
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BOX 2 BARRIERS AND STRATEGIES TO IMPLEMENTATION OF ELECTRONIC
PHYSICIAN SHIFT-TO-SHIFT HANDOFF SYSTEM

Barriers

e Tool’s inability to automatically keep up-to-date or requiring
manual updates7293353

e Persistence of inaccurate data'o29333437.44

e Clinician resistance to change447s°

Perception that the handoff tool might interfere with direct

physician communication?®4°4

Duplication of work or more work”3*

Errors created by free-text entrys

Lack of provider training*®

Access issues*®

Computer problems

Cost*

Lack of integration with EHR*

Lack of specialty-specific format®'

Strategies

e Collaborating with key stakeholders during development and
implementation, with continuous feedback and
im provement24v25v2934v3537v43

e Providing adequate training=253¢37425

Integrating into the EHR2®31374044

e Keeping tool simple, reliable, and consistent with existing
software®43

e Having clinician champions®

e Balancing maximum information with the need for readability and
highlighting critical information®

e Providing frequent updates and encouraging users to delete old
entries**¥

e Posting a printed version of the checklist where handoffs occur+”

Communication about handoff changes*

e Specialty-specific templates®”

Abbreviation: EHR, electronic health record.

Discussion

Our systematic review identified 37 articles describing
electronic tools designed to support physician shift-to-shift
handoffs, published between January 1, 2008, and Sep-
tember 19, 2014. All but 2 of the studies (95%)**3° were
conducted to evaluate shift-to-shift handoffs in physicians
in training. Academic medical centers appear to be
conducting the majority of the research on handoffs. This
highlights the importance of graduate medical education in
the development of handoff systems and future research on
this important topic.

Inadequate communication during transition of care
from one provider to another has been shown to cause
adverse patient events.>™* Numerous organizations and
accrediting bodies have called for better communication
and improved handoffs. The ultimate goal is to improve
patient outcomes. Unfortunately, only 3 of the identified
studies*®2”** collected patient outcomes data, and these
studies demonstrated conflicting results. Two pre-post

2234 with quality scores less than 10 documented

studies
positive patient outcomes; however, 1 nonrandomized
control study®® with a quality score of 14 failed to
demonstrate improvements in patient outcomes. In addi-
tion to assessing patient outcomes, including multiple types

of outcomes in a study is a way to increase the strength of
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the evidence. Yet, we identified only 9 studies (24%) that
included multiple outcomes.

Only 1 of the 37 studies in our review used a
randomized crossover design,* and 4 (11%) used non-
randomized control groups.?!:2%3%3% A recent editorial notes
that “randomization is not the ‘gold standard’ for medical
education research,”* but it emphasizes that use of ““. . . a
comparison group is essential in education research.”
Future studies should strive to include a comparison group.

Electronic solutions used to support handoffs may be a
way to standardize handoff information. Indicators of
standardization include process measures that evaluate
content, data accuracy, and data omissions. The majority
of studies with process measures (16 of 19, 84%) support
the assertion that the use of an electronic handoff tool can
result in improved content quality. However, studies that
have evaluated both content quality and patient outcomes
have shown conflicting results on whether information
transfer correlates with improved patient outcomes.?®*’
One reason could be that an information-centric view
focused on information completeness, accuracy, and the
transfer of information may fail to consider other
important factors.*® Some of these factors include culture,
environment, effective teamwork, leadership skills,
situational awareness, task management, relationships,
and human interactions with the environment and
equipment.***” Future research on the utility of
electronic handoff tools should consider factors
other than information completeness and accuracy.

Relying on humans to copy information is fraught with
opportunities for errors, and 49% of the studies in this
review pulled at least some data for the electronic handoff
tool from the EHR (provided as online supplemental
material). However, it was not always clear how much data
came directly from the EHR and how much was input by
users; it is also possible that the remaining studies include
some data that had been pulled from the EHR.

Data supporting best practices on handoffs remain
lacking. Based on the results of our review, we encourage
those designing electronic handoff tools to optimize the
amount of data pulled from existing records, eliminating
error introduced by humans retyping information; include
key stakeholders in design efforts; provide plenty of
opportunity for user feedback and status updates; and
include adequate training. In addition, the handoff tool
should include free-text options for current anticipatory
guidance and comments, and a system to ensure these
sections are regularly updated.

Faculty oversight, review of handoff content, and
feedback resulted in statistically significant content error
reductions and correction of content that could have led to
a serious patient safety issue; therefore, we recommend the
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use of faculty oversight and real-time feedback of resident
handoffs in medical education.

The current study is limited by the search strategy used.
Specifically, the selected search terms may not have
included all relevant terms. However, we strengthened the
quality of our systematic review by developing a study
protocol at the outset, with an explicit search strategy and
clear inclusion/exclusion criteria. Although our strategy
minimizes the risk of missing germane articles, it does not
eliminate the possibility.

Several studies used multiple interventions in addition
to implementing an electronic tool, and most included
some form of education/training on handoffs and/or the
electronic tool. In addition, 2 studies used oversight or
feedback, 1 facilitated face-to-face handoffs, and another
implemented a new handoff process along with the
electronic tool. The simultaneous implementation con-
founds the results, making it difficult to attribute changes
to the electronic handoff system alone.

Another limitation is the potential for publication bias,
resulting from the possibility that high-quality studies with
negative results may not have been published and that
many quality improvement projects are not published in
peer-reviewed journals.®

Conclusion

Our systematic review identified 37 peer-reviewed studies
of electronic handoff tools. Most studies used self-report
and process outcome measures, which are surrogates for
actual patient outcomes. The majority of studies had
results supporting electronic handoff tools, including 2 of
the studies with patient outcomes. A third study that
analyzed patient outcomes showed that interventions
other than the electronic tool were responsible for most of
the significant improvements. Overall, there remains a
paucity of evidence supporting best practices for electronic
handoff tools designed to support physician shift-to-shift
handoffs.

Future research should (1) utilize high-quality study
designs, including a comparison or control group whenever
possible; (2) evaluate patient outcomes and, if that is not
possible, include a combination of both self-reported and
process measures; (3) investigate further the role of faculty
oversight in resident handoff improvement; and (4) include
measures of the sociocultural aspects of handoffs when
using an electronic handoff tool.

References

1 The Joint Commission. Sentinel event data: root causes by event type.
2014. http://www.jointcommission.org/assets/1/18/Root_Causes_by
Event_Type_2004-2Q_2014.pdf. Accessed October 10, 2014.

2 Horwitz LI, Moin T, Krumholz HM, Wang L, Bradley EH. Consequences
of inadequate sign-out for patient care. Arch Intern Med.
2008;168(16):1755-1760.

3 Arora V, Johnson J, Lovinger D, Humphrey HJ, Meltzer DO. Communication
failures in patient sign-out and suggestions for improvement: a critical
incident analysis. Qual Saf Health Care. 2005;14(6):401-407.

4 Arora V, Kao J, Lovinger D, Seiden SC, Meltzer D. Medication discrepancies
in resident sign-outs and their potential to harm. J Gen Intern Med.
2007;22(12):1751-1755.

5 Agency for Healthcare Research and Quality. Hospital survey on patient
safety culture: 2014 user comparative database report. http://www.ahrq.
gov/professionals/quality-patient-safety/patientsafetyculture/hospital/
2014/index.html. Accessed October 10, 2014.

6 Institute of Medicine; National Research Council. Resident Duty Hours:
Enhancing Sleep, Supervision, and Safety. Washington, DC: The National
Academies Press; 2009:263—-294. http://www.nap.edu/openbook.
php?record_id=12508&page=R1. Accessed January 20, 2014.

7 The Joint Commission. Hospital national patient safety goals. 2009. http://
www.unchealthcare.org/site/Nursing/servicelines/aircare/
additionaldocuments/2009npsg. Accessed October 8, 2014.

8 World Health Organization. The WHO Collaborating Centre on Patient
Safety (Solutions), the World Alliance for Patient Safety and the
Commonwealth Fund announce action on patient safety (High s5s)
initiative. http://wwwwho.int/patientsafety/news/High_s5_Release.pdf.
Accessed October 8, 2014.

9 Accreditation Council for Graduate Medical Education. Common Program
Requirements. http://www.acgme.org/acgmeweb/Portals/o/PFAssets/
ProgramRequirements/CPRs2013.pdf. Accessed October 8, 2014.

10 Riesenberg L, Leitzsch J, Massucci JL, Jaeger J, Rosenfeld JC, Patow C, et al.
Residents’ and attending physicians’ handoffs: a systematic review of the
literature. Acad Med. 2009;84(12):1775-1787.

1 Centers for Medicare and Medicaid Services. EHR incentive programs.
http://www.cms.gov/Regulations-and Guidance/Legislation/
EHRIncentivePrograms/index.html?redirect=/ehrincentiveprograms/.
Accessed October 8, 2014.

12 Jamoom E, Beatty P, Bercovitz A, Woodwell D, Palso K, Rechtsteiner E.
Physician adoption of electronic health record systems: United States, 2011.
NCHS data brief, No. 98. Hyattsville, MD: National Center for Health
Statistics; 2012. http://www.cdc.gov/nchs/data/databriefs/dbg8.htm.
Accessed October 8, 2014.

13 Jha AK, DesRoches CM, Campbell EG, Donelan K, Rao SR, Ferris TG, et al.
Use of electronic health records in US hospitals. New Engl J Med.
2009;360(16):1628-1638.

14 DesRoches CM, Campbell EG, Rao SR, Donelan K, Ferris TG, Jha A, et al.
Electronic health records in ambulatory care—a national survey of
physicians. N Engl J Med. 2008;359(1):50-60.

15 Flemming D, Hubner U. How to improve change of shift handovers and
collaborative grounding and what role does the electronic patient record
system play: results of a systematic literature review. Int J Med Inform.
2013;82(7):580-592.

16 Li P, Ali S, Tang C, Ghali WA, Stelfox HT. Review of computerized physician
handoff tools for improving the quality of patient care. J Hosp Med.
2013;8(8):456-463.

17 Rabinovitch DL, Hamill M, Zanchetta C, Bernstein M. Nurse practitioner-
based sign-out system to facilitate patient communication on a
neurological service: a pilot study with recommendations. J Neurosci Nurs.
2009;41(6):329-335.

18 Campion TR, Weinberg ST, Lorenzi NM, Waitman LR. Evaluation of
computerized free text sign-out notes: baseline understanding and
recommendations. Appl Clin Inform. 2010;1(3):304-317.

19 Collins SA, Mamykina L, Jordan D, Stein DM, Shine A, Reyfman P, et al. In
search of common ground in handoff documentation in an intensive care
unit. J Biomed Inform. 2012;45(2):307-315.

20 Padmore JS, Jaeger J, Riesenberg L, Karpovich KP, Rosenfeld JC, Patow CA.
“Renters” or “owners”: residents’ perceptions and behaviors regarding
error reduction in teaching hospitals: a literature review. Acad Med.
2000;84(12):17765-1774.

21 O’'Horo JC, Omballi M, Tran TK, Jordan JP, Baumgardner DJ, Gennis MA.
Effect of audit and feedback on improving handovers: a nonrandomized
comparative study. J Grad Med Educ. 2012;4(1):42-46.

22 Anderson J, Shroff D, Curtis A, Eldridge N, Cannon K, Karnani R, et al. The
Veterans Affairs shift change physician-to-physician handoff project.

Jt Comm J Qual Patient Saf. 2010;36(2):62-71.

23 Bernstein JA, Imler DL, Sharek P, Longhurst CA. Improved physician work
flow after integrating sign-out notes into the electronic medical record.
Jt Comm J Qual Patient Saf. 2010;36(2):72-78.

Journal of Graduate Medical Education, June 2015 179

$S9008 981] BIA /Z-01-GZ0Z 18 /woo Aiojoeignd-poid-swid-yewlsiem-ipd-swiid)/:sdny wolj) papeojumo(



REVIEWS

24 Graham KL, Marcantonio ER, Huang GC, Yang J, Davis RB, Smith CC. Effect
of a systems intervention on the quality and safety of patient handoffs
in an internal medicine residency program. J Gen Intern Med.
2013;28(8):986—993.

25 Patel VP, Raptis D, Christofi T, Mathew R, Horwitz MD, Eleftheriou K, et al.
Development of electronic software for the management of trauma
patients on the orthopaedic unit. Injury. 2009;40(4):388-396.

26 Flanagan ME, Patterson ES, Franekl RM, Doebbeling BN. Evaluation of a
physician informatics tool to improve patient handoffs. J Am Med Inform
Assoc. 2009;16(4):509-515.

27 Nabors C, Peterson SJ, Lee WN, Mumtaz A, Shah T, Sule S, et al. Experience
with faculty supervision of an electronic resident sign-out system. Am J
Med. 2010;123(4):376—381.

28 Starmer AJ, Sectish TC, Simon DW, Keohane C, McSweeney ME, Chung EY,
et al. Rates of medical errors and preventable adverse events among
hospitalized children following implementation of a resident handoff
bundle. JAMA. 2013;310(21):2262-2270.

29 Rao BS. Lowe GO, Hughes Al. Reduced emergency calls and improved
weekend discharge after introduction of a new electronic handover
system. Med J Aust. 2012;197(10):569-573.

30 Payne CE, Stein JM, Leong T, Dressler DD. Avoiding handover fumbles: a
controlled trial of a structured handover tool versus traditional handover
methods. BMJ Qual Saf. 2012;21(11):925-932.

31 Kochendorfer KM, Morris LE, Kruse RL, Ge B, Mehr DR. Attending and
resident physician perceptions of an EMR-generated rounding report for
adult inpatient services. Fam Med. 2010;42(5):343-349.

32 Palma JP, Sharek PJ, Longhurst CA. Impact of electronic medical record
integration of a handoff tool on sign-out in a newborn intensive care unit.
J Perinatol. 2011;31(5):311—317.

33 Wayne JD, Tyagi R, Reinhardt G, Rooney D, Makoul G, Chopra S, et al. Simple
standardized patient handoff system that increases accuracy and
completeness. J Surg Educ. 2008;65(6):476—4385.

34 Wohlauer MV, Rove KO, Pshak TJ, Raeburn CD, Moore EE, Chenoweth C, et
al. The computerized rounding report: implementation of a model system
to support transitions of care. J Surg Res. 2012;172(1):11-17.

35 Fogerty RL, Schoenfeld A, Salim Al-Damluji M, Horwitz LI. Effectiveness of
written hospitalist sign-outs in answering overnight inquiries. J Hosp Med.
2013;8(11):609-614.

36 Fabreau G, Elliott M, Khanna S, Minty E, Wallace JE, de Grood J, et al.
Shifting perceptions: a pre-post study to assess the impact of a senior
resident rotation bundle. BMIC Med Educ. 2013;13:115.

37 Horwitz LI, Schuster KM, Thung SF, Hersh DC, Fisher RL, Shah N, et al. An
institution-wide handoff task force to standardize and improve physician
handoffs. BMJ Qual Saf. 2012;21(10):863-871.

38 Craig SR, Smith HL, Downen AM, Yost WJ. Evaluation of patient handoff
methods on an inpatient teaching service. Ochsner J. 2012;12(4):331-337.

39 Baba J, Thompson MR, Berger RG. Rounds reports: early experiences of
using printed summaries of electronic medical records in a large teaching
medical hospital. Health Info J. 2011;17(1):15-23.

40 Van Eaton EG, McDonough K, Lober WB, Johnson EA, Pellegrini CA, Horvath
KD. Safety of using a computerized rounding and sign-out system to
reduce resident duty hours. Acad Med. 2010;85(7):1189—1195.

180 Journal of Graduate Medical Education, June 2015

41 Borowitz SM, Waggoner-Fountain LA, Bass EJ, DeVoge JM. Resident Sign-
Out: A Precarious Exchange of Critical Information in a Fast-Paced World
Advances in Patient Safety: New Directions and Alternative Approaches.
Vol. 2: Culture and Redesign. Rockville, MD: Agency for Healthcare Research
and Quality; 2008.

42 Barnes SL, Campbell DA, Stockman KA, Wunderlink D. From theory to
practice of electronic handover. Aust Health Rev. 2011;35(3):384-391.

43 Mistry N, Toulany A, Edmonds JF, Matlow A. Optimizing physician
handover through the creation of a comprehensive minimum data set.
Healthc Q. 2010;13(spec No.):102-109.

44 DeRienzo C, Lenfestey R, Horvath M, Goldberg R, Ferranti J. Neonatal
intensive care unit handoffs: a pilot study on core elements and
epidemiology of errors. J Perinatol. 2014;34(2):149—152.

45 Ahmed J, Mehmood S, Rehman S, llyas C, Khan LUR. Impact of a structured
template and staff training on compliance and quality of clinical handover.
Int J Surg. 2012;10(9):571-574.

46 Brebner J, Sandhu K, Addison C, Kapadia S. Implementing electronic
patient handover in a district general hospital. Clin Risk. 2011;,17(3):92—96.

47 Dubosh NM, Carney D, Fisher J, Tibbles CD. Implementation of an
emergency department sign-out checklist improves transfer of
information at shift change. J Emerg Med. 2014;47(5):580-58s.

48 Govier M, Medcalf P. Living for the weekend: electronic documentation
improves patient handover. Clin Med. 2012;12(2):124-127.

49 Pickering BW, Hurley K, Marsh B. Identification of patient information
corruption in the intensive care unit: using a scoring tool to direct quality
improvements in handover. Crit Care Med. 2009;37(11):2905-2912.

50 Raptis DA, Fernandes C, Chua W, Boulos PB. Electronic software
significantly improves quality of handover in a London teaching hospital.
Health Informatics J. 2009;15(3):191-198.

51 Schoenfeld AR, Salim Al-Damluji M, Horwitz L. Sign-out snapshot: cross-
sectional evaluation of written sign-outs among specialties. BMJ Qual Saf.
2014;23(1):66-72.

52 Pfeffer PE, Nazareth D, Main N, Hardoon S, Choudhury AB. Are weekend
handovers of adequate quality for the on-call general medical team? Clin
Med. 2011;11(6):536—540.

53 Bump GM, Jovin F, Destefano L, Kirlin A, Moul A, Murray K, et al. Resident
sign-out and patient hand-offs: opportunities for improvement. Teach
Learn Med. 2011;23(2):105=111.

54 Ryan S, O'Riordan JM, Tierney S, Conlon KC, Ridgway PF. Impact of a new
electronic handover system in surgery. Int J Surg. 2011;9(3):217-220.

55 Sullivan GM. Getting off the “gold standard”: randomized controlled trials
and education research. J Grad Med Educ. 2011;3(3):285—289.

56 Balka E, Tolar M, Coates S, Whitehouse S. Socio-technical issues and
challenges in implementing safe patient handovers: insights from
ethnographic case studies. Int J Med Inform. 2013;82(12):e345-€357.

57 Pezzolesi C, Manser T, Schifano F, Kostrzewski A, Pickles J, Harriet N, et al.
Human factors in clinical handover: development and testing of a
‘handover performance tool’ for doctors’ shift handovers. Int J Qual Health
Care. 2013;25(1):58—65.

58 Davidoff F, Batalden P. Toward stronger evidence on quality improvement:
draft publication guidelines: the beginning of a consensus project. Qual
Saf Health Care. 2005;14(5):319-325.

$S9008 981] BIA /Z-01-GZ0Z 18 /woo Aiojoeignd-poid-swid-yewlsiem-ipd-swiid)/:sdny wolj) papeojumo(




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [630.000 810.000]
>> setpagedevice


