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Abstract

Background High-quality, shift-to-shift handovers by
residents are critical to ensuring to patient safety. The
201 Accreditation Council for Graduate Medical
Education duty hour requirements have increased the
number of handovers occurring daily, necessitating new
approaches to this challenge. Research suggests
standardized approaches, electronic systems, and
education programs can improve the handover process.

Methods We conducted a 2-phase, observational study
comparing an electronic handover system
(experimental) in one clinical setting to a standard card-
based system (control) at a second site. Outcome data
included an objective assessment of the completeness
and accuracy of handovers, and resident assessment of
the handover systems. In phase 1, data were recorded at
both sites and not shared with residents. In phase 2,

data from the experimental system were used to provide
standardized feedback to residents on the quality of
their handovers.

Results A total of 3184 individual patient sign-outs were
evaluated during the 11-month period. Following
introduction of a feedback intervention in the
experimental arm, errors were present in only 5.2% of
handovers, compared with 16.1% of controls (P <.001),
and 67% of the 38 residents responding reported they
perceived the experimental system as facilitating better
patient care.

Conclusion Regular, real-time feedback through an
electronic handover system can improve the accura-
cy and completeness of handovers in patient

care.

Background

High-quality, shift-to-shift handover of patient care re-
sponsibility by residents is critical to ensuring patient safety
in teaching hospitals.'~ The Accreditation Council for
Graduate Medical Education’s (ACGME’s) 2011 work hour
restrictions significantly increase the number of handovers,*
and the need for effective handovers has never been greater.
The ACGME rules mandate that ““institutions and
programs must ensure and monitor effective, structured
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handover processes to facilitate both continuity of care and

»26(p13

patient safety. ) Previous studies suggest various

frameworks for this, including templated handovers,”*

%10 and handover education,'' but

electronic systems,
studies comparing different handover techniques have been
sparse. We report a single program’s experience with
switching to an electronic handover system with education
and real-time feedback interventions and compare the
efficacy of this system with that of a traditional template-

card handover system.

Methods

Objectives

We sought to determine which system would provide the
most complete, accurate, and safe handovers of patient
care. The intervention was designed according to the
Transparent Reporting of Evaluations with Nonrandom-
ized Designs (TREND) statement.'?

Design

We used a nonrandomized, comparative design. Residents
rotated between 2 campuses, and the investigators were
blinded to their assignment. One campus implemented the
electronic handover and educational interventions (exper-
imental system), whereas the other continued to use a
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preexisting card-based system (control system). The sys-
tems were evaluated for completeness, accuracy, and
perceived safety of care. This study was reviewed and
received exempt status from the Institutional Review
Board.

Setting

Aurora Health Care’s internal medicine inpatient service
comprises Aurora Sinai Medical Center (ASMC) and Aurora
St Luke’s Medical Center (ASLMC). The ASMC is a 197-bed
general medical and surgical hospital. The ASLMC is a 730-
bed tertiary referral hospital. Approximately 70% of
residents rotated at both sites during the intervention.

Control System

The preexisting system at ASLMC was a card-based
handover using templated cards. A face-to-face handover
occurred at the end of each workday between interns with
an overview of what events were expected overnight. The
following day, cards were placed in a single location for
pickup, where any events would be recorded. Handover
back to the original team was encouraged to be face-to-
face. On discharge, cards were placed in a collection
receptacle for auditing and data collection.

The investigators were not involved in the design or imple-
mentation of the control system at ASLMC and did not imple-
ment additional education or feedback measures at that site.

Experimental System

The ASMC chose the Reliable Electronic Clinical Signout
system (NextMed Technologies Inc, Boston, MA).'> The
application is a web-based database that can be exported to
a printable file for all patients being covered. Similar to the
card system, residents were expected to make a face-to-face
handover at shift changes.

What was known

Teaching residents how to do high-quality handovers is important to
the quality of care, and required by the ACGME’s 2011 common program
requirements.

What is new

Use of an electronic handover system with real-time feedback resulted
in significantly lower errors in the intervention group (5.2%), compared
to a control group using a standard card-based handover (16.1%).

Limitations

Single specialty (internal medicine), single program sample; lack of
randomization; use of surrogate measures for quality of care.

Bottom line

A simple intervention with real-time feedback through an electronic
system improved objective assessments and resident ratings of the
accuracy and completeness of handovers. Feedback may have had the
largest effect on outcomes.

Quality Audits

The study was conducted in 2 phases. In phase 1, the
electronic handovers were audited and data were not
shared with residents or faculty. In phase 2, the results of
the audits were shared with residents and faculty to provide
standardized, individual feedback. To evaluate accuracy,
we used the data contained in the electronic medical record
(EMR) as a benchmark.

Based on previous research, code status and allergies were
selected as endpoints to evaluate sign-out quality in phase 1.
Daily audits were performed from July 2010 through October
2010 on both systems (T A B L E ). Auditors were not blinded as
to which system the handover originated. Data from this
phase were not disclosed to the residents during this time,

TABLE VARIABLES AND INTERVENTIONS USED IN EACH PHASE OF THE STUDY
Phase Variables Audited Interventions
Phase 1 = Allergies omissions = Control site: none
= Allergy errors = Experimental site: implementation of electronic
= Code status omissions sign-out system
= Code status errors
Phase 2 = Allergies omissions = Control site: none

= Allergy errors

= Code status errors

= Code status omissions

= |dentification statement omissions

= Anticipatory guidance omissions

= Experimental site: continued electronic system,
implemented real-time feedback on weekly basis
to individual residents
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although they were aware of the intervention. At the end of
phase 1, the experimental system was consistently under-
performing relative to the card system.

We conducted feedback sessions with residents, and
these discussions revealed the sections being audited were
not the fields considered most important because of their
redundancy with EMR data. Residents were most con-
cerned about having accurate identifying information on
patients, including a chief complaint (identification state-
ment), location, and the inclusion of anticipatory guidance
(if-then statements).

Several endpoints and the methods for evaluating
handovers were altered in November 2010 for phase 2
(TABLE). Audit frequency with the electronic system was
reduced to a weekly cross-section of active handovers because
of time considerations. Mean length of stay for patients on
teaching teams at ASMC for all diagnostic related groups is
less than 1 week; thus, the number of handovers audited more
than once during a hospitalization was minimal.

Group and individual education interventions were
introduced in phase 2. Educational sessions on using the

electronic sign out and the importance of quality handovers
were performed each month. Also, weekly audits were used
to generate a standard feedback report for each resident.

Survey

At the end of phase 2, we sent an anonymous survey to all
residents asking about their confidence in their handover,
system ease of use, and perceived safety. Results were
reported as either yes/no preference questions or on a
7-point Likert scale. The survey was administered
anonymously using a web-based application.

Statistical Methods

Data were de-identified and aggregated into 1-month
segments for analysis. Error and accuracy data were analyzed
using the standard error of proportion and relative risk and
x” analysis in a Mantel-Haenszel model. Survey data were
analyzed using descriptive statistics for normal data.

Results

In phase 1, the 627 experimental and 502 control
handovers were audited. In phase 2, the 726 experimental

50%
45% B Electronic- Without Feedback
40% Electronic- With Feedback
m Cards
35%
30%
25%
20%
15%
10%
50 L ' I
m - =
0%
Allergy Error Allergy Omitted Code Error Code Omitted
FIGURE 1 ALLERGY AND CODE ERRORS AND OMISSIONS—ERRORS AND OMMISIONS FOR BOTH PHASES IN THE STUDY ARE
SHOWN. ERROR BARS REPRESENT STANDARD ERROR OF THE MEAN; ALLERGIES WITH ERRORS WERE PRESENT IN
2.7% OF ELECTRONIC HANDOVERS BEFORE FEEDBACK, 1.4% AFTER FEEDBACK, AND 4.4% OF CARDS; ALLERGIES
WERE OMITTED IN 44% OF ELECTRONIC HANDOVERS BEFORE FEEDBACK, 5.8% AFTER FEEDBACK, AND 7.1% OF
CARDS; CODE ERRORS WERE PRESENT IN 2.1% OF ELECTRONIC HANDOVERS BEFORE FEEDBACK, 1.4% AFTER
FEEDBACK AND 0.3% OF CARDS; AND CODE STATUS WAS OMITTED IN 24% OF ELECTRONIC HANDOVERS BEFORE
FEEDBACK, 4.3% AFTER FEEDBACK AND 3.7% OF CARDS
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PHASE 2 OUTCOMES. ERROR BARS REPRESENT STANDARD ERROR OF THE MEAN; LOCATION ERRORS WERE PRESENT

IN 6.3% OF ELECTRONIC HANDOVERS RECEIVING FEEDBACK AND 8.1% OF CARDS; LOCATION DATA WERE OMITTED
IN 5.2% OF ELECTRONIC HANDOVERS RECEIVING FEEDBACK AND 14.3% OF CARDS; COMPLETE IDENTIFICATION DATA
WERE OMITTED IN NO ELECTRONIC HANDOVERS RECEIVING FEEDBACK AND 7.2% OF CARDS; ANTICIPATORY
GUIDANCE WAS OMITTED FROM 5.0% OF ELECTRONIC SIGN-OUTS RECEIVING FEEDBACK AND 37.3% OF CARDS

and 1329 control handovers were evaluated. Chi-squared
analysis did not yield any difference in the number of card
errors between phases 1 and 2 (P = .44). The experimental
handover showed no significant trends except at the
transition between phases (P < .001).

In phase 1, differences in allergy error rates between the
systems did not reach statistical significance. With phase 2
interventions, allergy errors were reduced relative to
control (FIGURES 1 and 2).

In phase 1, omissions of allergy and code status were
both significantly more common with the experimental
system. Neither differences in allergy omissions nor code
omissions reached statistical significance in phase 2
(FIGURE 2).

Phase 2 outcomes are reported in FIGURE 2. Location
errors and omissions were both significantly less common
with the experimental system. Anticipatory guidance was
significantly better with the experimental system with far
fewer electronic handovers omitting this information
compared with controls.

A notable result of the study was the effect of feedback.
The experimental system was inferior to cards until the
experimental handover system was used to provide
residents and faculty with individualized reports on the

quality of handovers. The improvement in the quality of the
handover was immediate and sustained throughout the
intervention. The amount of time required for this
intervention was minimal (45 min/wk).

Survey Data

Our survey response rate was 59% (30 of 51). On a 7-point
Likert scale with 1 being not at all comfortable and 7 being
very comfortable, residents reported their confidence in
their own handover at 6.17 (95% confidence interval [CI],
5.92-6.42). Confidence in handover received with the
experimental system was 5.63 (95% CI, 5.3-5.97) and 5.1
(95% CI, 4.71-5.49) with the control system. Face-to-face
sign-out occurred more consistently at the experimental site
when measured during phase 1 (85%, 34 of 40 versus 46 %,
13 of 28). Sixty-seven percent (20 of 30) of residents
reported they preferred the experimental system, and the
experimental system was perceived as being better for
patient care; 27% (8 of 30) reported the 2 systems to be
comparable. The remaining 7% (2 of 30) preferred the
control system; 57% (17 of 30) reported that the control
system was faster to use, 37% found the experimental
system was quicker (11 of 30), and 7% (2 of 30) perceived
no difference. In addition, several residents commented that
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they preferred to give sign-out with the control system
because of its ease of use but preferred to receive the
experimental sign-out because of patient safety.

Discussion

Once feedback was included, the experimental system was
significantly better in the accuracy of handovers and the
inclusion of anticipatory guidance.

Code status and allergy data, the original endpoints of
the study, were not strikingly different between the
experimental and control results in phase 2. One possible
reason for this is that these data were easily obtained in the
EMR and were excluded because of the redundancy of
these data. Residents did not prioritize these data during
focus groups, supporting this conclusion. The aversion to
duplicating information may suggest a role for integrated
EMR/handover systems.

It is somewhat surprising that there were no significant
trends noted outside of the transition period. We expected a
gradual improvement in the handover quality over time
after the feedback intervention but, instead, saw an
immediate improvement that reached a plateau within the
first month. This may be due to our residents rotating on
monthly blocks, and thus, each new month represented a
largely new group of residents.

Residents placed a high value on anticipatory guidance
inclusion. Sixty-three percent (833 of 1329) of control
handovers included this vital information, compared with
95% (690 of 726) during phase 2 experimental handovers.
The superiority of the experimental system in this area
correlates with the resident perception of the experimental
system as better for patient care.

Our study has several limitations. First, we used process
compliance as a surrogate marker for adverse patient
outcomes. Second, we limited our process variables to
written communication only. Third, the data-collection
methods at the 2 sites varied slightly, using a cross-section of
active handovers at ASMC and an audit of discharged
patients at SLMC. Fourth, we evaluated only whether
anticipatory guidance was present on handovers, but not the
quality of that guidance. It is possible that several handovers
had anticipatory guidance entered once, and then were never
updated to reflect changes in the clinical situation. Finally,
computerized physician order entry was implemented during
the intervention at both sites between August and October.
This may have confounded the results of the study during
phase 1, but by phase 2, these changes had been well
established and should not have affected the results.

Resident perception was that the phase 2 electronic
system, although slightly more time consuming, was signif-
icantly safer for patient care. This correlated with improved
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inclusion of anticipatory guidance statements in the electronic
system. Our institution is currently implementing the
electronic system at both campuses. Chief residents will
continue to perform weekly audits and provide individual
feedback. Faculty will incorporate data from these audits into
the end-of-month evaluations of resident performance.

Conclusion

Overall, our findings support the use of a regular feedback
handover system to improve handovers and the use of an
electronic product to facilitate that process. This is
consistent with prior studies.”” A previous study'’ used
recordings of the handover process to assess the quality of
handovers, and the verbal and interactive aspects of sign-
out are important aspects of the process for future studies.
Integration of handover instruction and evaluation into a
graduate medical education program is critical to address-
ing the gaps in care.
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