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Rates of Medical Errors and Preventable Adverse Events
Among Hospitalized Children Following Implementation
of a Resident Handoff Bundle
Amy J. Starmer, MD, MPH; Theodore C. Sectish, MD; Dennis W. Simon, MD; Carol Keohane, RN;
Maireade E. McSweeney, MD, MPH; Erica Y. Chung, MD; Catherine S. Yoon, MS; Stuart R. Lipsitz, PhD;
Ari J. Wassner, MD; Marvin B. Harper, MD; Christopher P. Landrigan, MD, MPH

IMPORTANCE Handoff miscommunications are a leading cause of medical errors. Studies
comprehensively assessing handoff improvement programs are lacking.

OBJECTIVE To determine whether introduction of a multifaceted handoff program was
associated with reduced rates of medical errors and preventable adverse events, fewer
omissions of key data in written handoffs, improved verbal handoffs, and changes in
resident-physician workflow.

DESIGN, SETTING, AND PARTICIPANTS Prospective intervention study of 1255 patient
admissions (642 before and 613 after the intervention) involving 84 resident physicians
(42 before and 42 after the intervention) from July-September 2009 and November
2009-January 2010 on 2 inpatient units at Boston Children’s Hospital.

INTERVENTIONS Resident handoff bundle, consisting of standardized communication and
handoff training, a verbal mnemonic, and a new team handoff structure. On one unit, a
computerized handoff tool linked to the electronic medical record was introduced.

MAIN OUTCOMES AND MEASURES The primary outcomes were the rates of medical errors and
preventable adverse events measured by daily systematic surveillance. The secondary
outcomes were omissions in the printed handoff document and resident time-motion
activity.

RESULTS Medical errors decreased from 33.8 per 100 admissions (95% CI, 27.3-40.3) to 18.3
per 100 admissions (95% CI, 14.7-21.9; P < .001), and preventable adverse events decreased
from 3.3 per 100 admissions (95% CI, 1.7-4.8) to 1.5 (95% CI, 0.51-2.4) per 100 admissions
(P = .04) following the intervention. There were fewer omissions of key handoff elements on
printed handoff documents, especially on the unit that received the computerized handoff
tool (significant reductions of omissions in 11 of 14 categories with computerized tool;
significant reductions in 2 of 14 categories without computerized tool). Physicians spent a
greater percentage of time in a 24-hour period at the patient bedside after the intervention
(8.3%; 95% CI 7.1%-9.8%) vs 10.6% (95% CI, 9.2%-12.2%; P = .03). The average duration of
verbal handoffs per patient did not change. Verbal handoffs were more likely to occur in a
quiet location (33.3%; 95% CI, 14.5%-52.2% vs 67.9%; 95% CI, 50.6%-85.2%; P = .03) and
private location (50.0%; 95% CI, 30%-70% vs 85.7%; 95% CI, 72.8%-98.7%; P = .007) after
the intervention.

CONCLUSIONS AND RELEVANCE Implementation of a handoff bundle was associated with a
significant reduction in medical errors and preventable adverse events among hospitalized
children. Improvements in verbal and written handoff processes occurred, and resident
workflow did not change adversely.
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C ommunication errors are a leading cause of sentinel
events, unexpected occurrences involving death or se-
rious physical injury, or the risk thereof.1 The Agency

for Healthcare Research and Quality (AHRQ) and the Accredi-
tation Council for Graduate Medical Education (ACGME) have
identified improving handoffs as a priority in US nationwide
efforts to improve patient safety.2,3 The ACGME now requires
residency programs to provide formal instruction in handoffs.3

Despite these new requirements and the increasing fre-
quency of handoffs as a result of reductions in resident-
physician work hours, many institutions do not have robust
procedures for training residents or ensuring high-quality
handoffs.4-8

Studies that have evaluated handoffs raise substantial con-
cerns about their process and content.4,7,9 Suggested strate-
gies to improve handoffs and reduce medical errors include
communication training,10,11 the use of mnemonics to stan-
dardize handoffs,12 the restructuring of verbal handoffs by
minimizing interruptions and involving all team members,13

and the use of written or computerized tools.14

We sought to combine these handoff interventions into a
resident handoff bundle, introduced on 2 general pediatrics
services. We assessed the association of this intervention with
changes in medical error rates, miscommunications, and resi-
dent workflow.

Methods
Following approval by the Boston Children’s Hospital insti-
tutional review board, we conducted a prospective interven-
tion study on 2 general inpatient pediatric units. Preinter-
vention data were collected from July through September
2009. All components of the resident handoff bundle were
implemented during October 2009, and postintervention
data were collected from November 2009 through January
2010. Resident participants included interns (postgraduate
year 1 residents) and senior residents (postgraduate year 3
residents). All residents, regardless of study participation or
year of training, received training in handoff practices and
were asked to use the new handoff structures and resident
handoff bundle components when working on the study
units. Direct observational and survey data were collected
from those who provided written informed consent; resi-
dents were provided small incentives (cookies, gift cards) for
providing data.

Study Unit Descriptions
The 2 study units were staffed by day and night teams work-
ing shifts of 12 to 14 hours. Three interns and 1 senior resident
covered each unit during the day; at night, 1 intern covered each
unit, supervised by a senior resident who covered both units.
All day interns rotated for 1 week (Sunday through Thursday)
during their month-long ward rotation as part of the night team.
Work schedules were the same in the before and after inter-
vention periods. Admissions on unit 1 included general
pediatric and subspecialty patients; unit 2 included general pe-
diatric and complex care service patients.

Preintervention Period
During the baseline period, interns and residents completed
verbal handoffs separately (ie, intern to intern and resident to
resident); residents were not routinely present for intern hand-
offs, nor were interns present for senior resident handoffs.
There was no team-based approach, standardized structure,
or dedicated physical environment for handoffs. A printed
handoff document created using a word-processing program
was exchanged during handoffs. The document template in-
cluded patient name, medical record number, admission date,
weight, allergies, synopsis of the admission history, and plan
with “to do” tasks listed according to organ system. This docu-
ment was not integrated with the electronic medical record
(Cerner Powerchart).

Intervention
The resident handoff bundle intervention was an educa-
tional and systems-based handoff intervention that was in-
troduced to interns and to senior residents. The intervention
consisted of the following components: (1) a 2-hour commu-
nication training session that introduced elements of a pro-
gram developed by AHRQ and the US Department of Defense
(TeamSTEPPS, Team Strategies, and Tools to Enhance Perfor-
mance and Patient Safety)11 and included interactive discus-
sion regarding best practices for verbal and written
handoffs15,16; (2) the introduction of the SIGNOUT? mnemonic16

to standardize verbal handoffs; and (3) the restructuring of ver-
bal handoffs to include integration of interns’ and senior resi-
dents’ separate handoffs into a unified team handoff; reloca-
tion of handoff to a private and quiet space; and introduction
of periodic handoff oversight by a chief resident or attending
physician (minimum of 1 observation per resident per month).
In addition, for unit 1 only, a computerized handoff tool was
created that was integrated into the electronic medical rec-
ord. The computerized tool automatically imported patient
name, sex, age, weight, medical record number, location, ad-
mission date, diagnosis, allergies, medications, intravenous ac-
cess, code status, laboratories, vital signs, and problem list, with
the goal of reducing inaccurate and out-of-date information.17

It also contained structured fields entitled “Patient Sum-
mary, “To Do List,” and “Contingency Planning” to prompt en-
try of key handoff information in a free-text format. During the
postintervention period, unit 2 continued to use the baseline
word processing handoff tool.

Main Outcome Measures
Medical Errors and Adverse Events
We applied standard definitions of medical errors as prevent-
able failures in processes of care and adverse events as pre-
ventable and nonpreventable unintended consequences of
medical care that lead to patient harm, using a well-
established surveillance process.18-22 Two research nurses re-
viewed all medical records and orders on the study units, 5 days
a week, with Monday reviews including a review of the week-
ends; collected solicited daily error reports from clinicians, in-
cluding a daily survey of overnight residents in this study; and
reviewed formal incident reports. Each suspected incident
was reviewed by 2 physician investigators blinded to the unit
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and time period (before vs after intervention) in which the in-
cident occurred. Investigators independently classified each
incident as an adverse event, nonintercepted potential ad-
verse event (nonintercepted near miss), intercepted poten-
tial adverse event (intercepted near-miss), error with little po-
tential for harm, or exclusion (suspected incident reported by
research nurse that physician reviewers believed did not meet
medical error or adverse event criteria).20,21 Definitions of er-
ror and adverse event subtypes and representative examples
are provided in eAppendix A (in the Supplement). Severity was
rated using the modified National Coordinating Council for
Medication Error Reporting and Prevention (NCC MERP) In-
dex for Categorizing Errors23 (eAppendix B in the Supple-
ment). The preventability of adverse events was rated using a
4-point Likert scale (definitely preventable, probably prevent-
able, probably not preventable, or definitely not prevent-
able), which was dichotomized into preventable vs nonpre-
ventable before analysis. Any disagreements in ratings were
resolved by discussion between the reviewers. Prediscussion
interrater agreement and κ scores were calculated. The pri-
mary outcome was a comparison of the rate of medical errors
per 100 admissions before vs after the intervention. Rates of
preventable adverse events and unit-specific changes in rates
of medical errors were also determined.20,24

Assessment of Written Handoffs
We compared rates of omissions in a random sample of writ-
ten handoffs. Each patient entry within the handoff docu-
ment was reviewed by a single physician investigator (A.J.S.)
for the presence or absence of 14 data elements identified
through consensus of study coinvestigators and a review of the
handoff literature.

Observation of Resident Workflow Patterns and Verbal Handoffs
We conducted time-motion observation sessions in 8- to
12-hour blocks to assess the verbal handoff environment and
to quantify time spent by residents in handoff, direct patient
care, and all other activities. Research assistants were sched-
uled to collect a representative ratio of hours from all 24
hours of the day and from weekday vs weekend hours. Dur-
ing scheduled observations, research assistants followed a
single intern or resident and recorded start and stop times
for activities using a time-motion database on a tablet–based
Microsoft Access database. Activities were categorized
according to a previously described physician task list25 that
was modified for the pediatric inpatient setting. During eve-
ning verbal handoffs, additional situational data were col-
lected, including handoff duration, number of interruptions,
privacy, and ambient noise.

Statistical Analysis
Patient, intern, and senior resident participant demographic
characteristics were described using proportions for dichoto-
mous variables and means for continuous variables. Within
each study unit, demographic characteristics were compared
before and after the intervention using Pearson χ2 for dichoto-
mous variables and the Wilcoxon rank sum (2 sample) test for
continuous variables. For both units combined, demographic

characteristics for patients were compared using the Cochran
Mantel-Haenszel test for dichotomous variables and a strati-
fied Wilcoxon test for continuous variables.

Error rates (per 100 admissions) were compared using Pois-
son regression, with a dichotomous covariate for before vs af-
ter the intervention period. No other covariates were in-
cluded because patient demographic characteristics were
comparable for both study periods. Within each unit, we fit a
Poisson regression model with a dichotomous covariate for be-
fore vs after the intervention period. To compare the percent-
age of written handoff documents with inclusion of a key data
element, a generalized estimating equation z test was used, ac-
counting for clustering by the date the handoff document was
created.26,27

To compare the percentage of time spent in a given activ-
ity, a generalized estimating equation z test was used, account-
ing for clustering by observation session. This estimating equa-
tion was based on a Dirichlet distribution, a distribution for the
percentage of time a continuous variable (in this case time) is
in each category.

Verbal handoff characteristics were compared in a man-
ner analogous to that for the comparison of demographic vari-
ables.

Two-sided P values <.05 were considered statistically sig-
nificant. All analysis was completed using SAS/STAT version
9.2 (SAS Institute Inc).

Power
The study was powered to address the primary outcome of rates
of medical errors. Prior studies using the same surveillance
methods detected approximately 55 errors (including serious
and minor errors) per 100 admissions.20 We therefore antici-
pated that a sample size of 648 admissions (324 before and 324
after the intervention) would be required to have 80% power
to detect a 20% reduction in the rate of total medical errors,
assuming a 2-sided α error of .05. We therefore expected 3
months of data collection on each unit would be sufficient to
see a change in medical error rates on each team.

Results
Resident Participants
Eighty-four residents (95.5%, 21 first-year interns, 21 third-
year residents) provided written informed consent to partici-
pate before the intervention vs 97.7% (20 first-year interns,
22 third-year residents) after the intervention (P = .88).
There were no significant differences in the demographic
variables of residents participating in the study before vs
after the intervention.

Patient Population
A total of 1255 patient admissions (n = 642 preintervention;
n = 613 postintervention) were reviewed for the presence of
medical errors. On the 2 study units combined, as well as on
each individual unit, patient demographics were similar be-
fore vs after the intervention, as were length of stay and se-
verity of illness. There were statistically significant differ-
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ences in patient age, illness severity, and length of stay between
unit 1 and unit 2 (Table 1).

Medical Errors and Adverse Events
Comparing preintervention and postintervention periods,
implementation of the resident handoff bundle was associ-
ated with a reduction in overall medical error rates from 33.8
(95% CI, 27.3-40.3) to 18.3 (95% CI, 14.7-21.9) per 100 admis-
sions (P < .001) on both units combined. Preventable adverse
events decreased from 3.3 (95% CI, 1.7-4.8) to 1.5 (95% CI, 0.51-
2.4) per 100 admissions (P = .04), nonintercepted potential ad-
verse events decreased from 7.3 (95% CI, 5.0-9.6) to 3.3 (95%
CI, 1.85-4.7) per 100 admissions (P = .002), intercepted poten-
tial adverse events decreased from 15.0 (95% CI, 11.2,18.7) to
8.3 (95% CI, 6.0-10.7) per 100 admissions (P < .001), and er-
rors with little or no potential for harm decreased from 8.3 (95%
CI, 5.4-11.1) to 5.2 (95% CI, 3.3-7.2) per 100 admissions (P = .04)

(Table 2). There was no significant change in rates of nonpre-
ventable adverse events (11 nonpreventable adverse events in
the preintervention group and 10 in the postintervention group,
or 1.7 [95% CI, 0.7-2.7] vs 1.6 [95% CI, 0.5-2.7] per 100 admis-
sions, P = .91). The 350 errors and adverse events observed rep-
resented incidents related to medications (77%), procedures
(8.3%), tests (4.3%), other therapies (3.4%), falls (3.7%), and
other incidents (3.2%).

In categorizing detected incidents, physician reviewers had
moderate preconsensus agreement regarding categorization
of incidents as adverse events, intercepted potential adverse
events, nonintercepted potential adverse events, medical er-
rors with little potential for harm, or exclusions (65.2% agree-
ment, κ = 0.53). Categorizations of incidents as harmful or not
harmful were highly reliable (97.9% agreement, κ = 0.91). Rat-
ers had moderate preconsensus agreement regarding ad-
verse event preventability (71.9% agreement, κ = 0.40).

Table 2. Incidence of Harmful and Nonharmful Medical Errors

Error Type

Total No. of Errors (Rate per 100 Admissions) [95% CI]

Before vs After Intervention, Both Units Before vs After Intervention, Unit 1a Before vs After Intervention, Unit 2b

Before
(n = 642

Admissions)

After
(n = 613

Admissions)
P

Value

Before
(n = 363

Admissions)
After (n = 357

Admissions)
P

Value

Before
(n = 279

Admissions)
After (n = 256

Admissions)
P

Value
Total errors 217 (33.8)

[27.3-40.3]
112 (18.3)

[14.7-21.9]
<.001 100 (27.5)

[19.0-36.1]
59 (16.5)

[12.1-20.9]
.002 117 (41.2)

[31.7-52.1]
53 (21.5)

[14.5-26.9]
<.001

Preventable
adverse events

21 (3.3)
[1.7-4.8]

9 (1.5)
[0.5-2.4]

.04 9 (2.5)
[0.5-4.4]

7 (2.0)
[0.5-3.4]

.64 12 (4.3)
[1.7-6.9]

2 (0.8)
[0.00-1.9]

.008

Nonintercepted
potential ad-
verse events

47 (7.3)
[5.0-9.6]

20 (3.3)
[1.9-4.7]

.002 23 (6.3)
[3.2-9.5]

11 (3.1)
[1.3-4.9]

.04 24 (8.6)
[5.1-12.1]

9 (3.5)
[1.2-5.8]

.02

Intercepted po-
tential adverse
events

96 (15.0)
[11.2-18.7]

51 (8.3)
[6.0-10.7]

<.001 43 (11.8)
[7.3-16.4]

23 (6.4)
[3.6-9.3]

.02 53 (19.0)
[12.8-25.2]

28 (10.5)
[6.9-14.9]

.02

Errors with little
or no potential
for harm

53 (8.3)
[5.4-11.1]

32 (5.2)
[3.3-7.2]

.04 25 (6.9)
[3.8-10.0]

18 (5.0)
[2.6-7.5]

.61 28 (10.0)
[4.8-15.3]

14 (5.5)
[2.3-8.7]

.06

a The unit 1 intervention consisted of a resident handoff bundle that included a
computerized handoff tool.

b The unit 2 intervention consisted of a resident handoff bundle that did not
include a computerized handoff tool.

Table 1. Demographic Characteristics of Patient Admissions Reviewed for Study

Before vs After Intervention,
Both Units

Before vs After Intervention,
Unit 1a

Before vs After Intervention,
Unit 2b

Unit 1 vs Unit 2, Both
Periods

P
Value

Before
(n = 642)

After
(n = 613)

P
Value

Before
(n = 363)

After
(n = 357)

P
Value

Before
(n = 279)

After
(n = 256)

P
Value

Unit 1
(n = 720)

Unit 2
(n = 535)

Length of stay,
mean
(95% CI), d

5.5
(4.6-6.5)

4.9
(4.3-5.3)

.41 4.5
(3.3-5.7)

3.9
(3.3-4.5)

.74 6.8
(5.3-8.3)

6.3
(5.1-7.5)

.37 4.2
(3.5-4.9)

6.6
(5.6-7.5)

<.001

APR-DRG
weight, mean
(95% CI)c

1.2
(1.1-1.4)

1.2
(1.0-1.4)

.60 1.0
(0.9-1.2)

1.0
(0.8-1.2)

.82 1.5
(1.2-1.7)

1.5
(1.2-1.8)

.61 1.0
(0.9-1.1)

1.5
(1.3-1.7)

<.001

Female,
No. (%)

316
(49.2)

320
(52.2)

.29 180
(49.6)

187
(52.4)

.45 136
(48.8)

133
(52.0)

.46 367
(51.0)

269
(50.3)

.81

Age, mean
(95% CI), y

8.6
(8.0-9.2)

8.7
(8.1-9.3)

.41 9.4
(8.6-10.2)

9.7
(8.9-10.5)

.51 7.4
(6.5-8.3)

7.3
(6.5-8.2)

.63 9.5
(9.0-10.1)

7.5
(6.8-8.0)

<.001

Insurance
(public), No. (%)

273
(42.5)

259
(42.3)

.94 153
(42.2)

144
(40.3)

.62 120
(43.0)

115
(44.9)

.66 297
(41.3)

235
(43.9)

.34

a The unit 1 intervention consisted of a resident handoff bundle that included a
computerized handoff tool.

b The unit 2 intervention consisted of a resident handoff bundle that did not
include a computerized handoff tool.

c All Patient Refined Diagnosis Related Groups (APR-DRG) is a system for

classifying patient severity of illness and risk of mortality based on principal
and secondary diagnoses, demographic variables, hospital procedures
performed, and the interaction of these factors. The range of possible values
for APR-DRG weight is 0.1442 to 47.7873.

Preventing Medical Errors During Handoffs Original Investigation Research

jama.com JAMA December 4, 2013 Volume 310, Number 21 2265

Copyright 2013 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ on 12/04/2013



Copyright 2013 American Medical Association. All rights reserved.

Improvements in medical error rates in the postinterven-
tion period occurred in both unit 1, which received the com-
puterized tool in addition to the resident handoff bundle (27.5
[95% CI, 19.0-36.1] vs 16.5 [95% CI, 12.1-20.9] per 100 admis-
sions, P = .002) and unit 2 (41.2 [95% CI, 31.7-52.1] vs 21.5 [95%
CI, 14.5-26.9] per 100 admissions, P < .001; Table 2).

Written Handoff Documentation
Forty written handoff documents representing 729 unique pa-
tient entries were reviewed for the presence of 14 data ele-
ments (Figure). For both units combined, implementation of
the resident handoff bundle was associated with significant
reductions in omissions of key data. More improvements were
seen on unit 1, for which group the intervention included imple-
mentation of the computerized handoff tool (significant re-
ductions in omissions in 11 categories) than on unit 2, for which
group the residents continued using the word processor hand-
off tool used during the preintervention period (significant re-
ductions in 2 categories).

Observation of Resident Workflow
and Verbal Handoff Communications
A total of 795 hours of time-motion data were collected (322
hours in the preintervention group; 473 hours in the post-
intervention group, Table 3). For both units combined, the

percentage of time in a 24-hour period spent in contact with
patients and families significantly increased in the post-
intervention group (8.3% [95% CI, 7.1%-9.8%] vs 10.6% [95%
CI, 9.2%-12.2%], P = .03). There was no significant change in
overall time spent at the computer (24.2% [95% CI, 21.3%-
27.35%] vs 23.2% [95% CI, 20.3%-26.3%], P = .64) or in time
spent creating or editing the computerized handoff docu-
ment (2.7% [95% CI, 1.6%-4.4%] vs 2.3% [95% CI, 1.6%-
3.2%], P = .64), but the amount of time writing on printed
copies of the handoff document decreased significantly
(1.4% [95% CI, 1.1%-1.8%] vs 0.7% [95% CI, 0.6%-1.0%],
P = .002).

The mean number of minutes spent on verbal handoff ses-
sions did not change significantly following implementation
(32.3 [95% CI, 25.3-39.3] vs 33.2 [95% CI, 28.5-37.9], P = .42).
There was no significant change in the mean number of inter-
ruptions per handoff session, (3.2 [95% CI, 2.1-4.3] vs 2.1 [95%
CI, 1.4-2.7], P = .22), although the mean number of interrup-
tions per patient decreased during the postintervention pe-
riod (0.25 [95% CI, 0.15-0.36] vs 0.13 [95% CI, 0.08-0.18] inter-
ruptions per patient, P = .02), and verbal handoffs were more
likely to occur in a quiet location (33.3% [95% CI, 14.5%-
52.2%] vs 67.9% [95% CI, 50.6%-85.2%], P = .02) and private
location (50.0% [95% CI, 30%-70%] vs 85.7% [95% CI, 72.8%-
98.7%], P = .004; Table 4).

Figure. Percentage of Written Handoff Documents That Included Key Data Elements

Units 1 and 2 combineda,bA

0 40 8060 100

P Value

Percentage
20

To do list <.001

Dated physical examination findings .03

Contingency plans .001

Intravenous access <.001

Dated vital signs <.001

Medication list <.001

Code status <.001

Dated lab results <.001

Allergies .42

Weight .02

Reason for admission .30

Name and medical record number .30

Past medical history .002

Patient summary .004

Unit 1aB

0 40 8060 100

P Value

Percentage
20

<.001

.02

<.001

<.001

<.001

<.001

<.001

<.001

.11

.02

NA

NA

.01

.009

Unit 2bC

0 40 8060 100

P Value

Percentage
20

.13

.86

.005

.52

.11

.77

.83

.24

.81

.47

.30

.30

.04

.18

Before

After

Intervention

a The unit 1 intervention consisted of a resident handoff bundle that included a
computerized handoff tool.

b The unit 2 intervention consisted of a resident handoff bundle that did not
include a computerized handoff tool.
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Table 4. Characteristics of Verbal Handoff Communications

Handoff
Characteristic

Before vs After Intervention Both Units Before vs After Intervention, Unit 1a Before vs After Intervention, Unit 2b

Before After
P

Value Before After
P

Value Before After
P

Value
No. of
handoffs

24 28 12 13 12 15

No. of
patients

341 489 183 238 158 251

Patients per
handoff ses-
sion, mean
(95% CI)

14.2
(12.6-15.9)

17.5
(16.0-18.9)

.008 15.3
(13.1-17.4)

18.3
(16.1-20.6)

.06 13.2
(10.5-15.8)

16.7
(14.7-18.8)

.07

Duration of
handoff,
mean
(95% CI), min

32.3
(25.3-39.4)

33.2
(28.5-37.9)

.42 31.9
(19.7-44.1)

31.7
(25.1-38.3)

.61 32.8
(23.6-42.0)

34.5
(27.0-41.9)

.57

Duration of
handoff per
patient, mean
(95% CI), min

2.6
(1.8-3.3)

2.0
(1.6-2.4)

.23 2.2
(1.3-3.0)

1.8
(1.3-2.3)

.37 2.9
(1.6-4.3)

2.2
(1.6-2.8)

.42

Quiet loca-
tion, %
(95% CI)

33.3
(14.5-52.2)

67.9
(50.6-85.2)

.02 41.7
(13.8-69.6)

61.5
(35.1-88.0)

.43 25.0
(0.5-49.5)

73.3
(51.0-95.7)

.02

Private loca-
tion, %
(95% CI)

50.0
(30.0-70.0)

85.7
(72.8-98.7)

.004 66.7
(40.0-93.3)

92.3
(77.8-100)

.16 33.3
(6.7-60.0)

80.0
(59.8-100)

.02

Interruptions
per handoff
session, mean
(95% CI)

3.2
(2.1-4.3)

2.1
(1.4-2.7)

.22 3.4
(1.6-5.2)

1.7
(0.7-2.7)

.17 3.0
(1.4-4.6)

2.4
(1.5-3.4)

.73

Interruptions
per patient,
mean
(95% CI)

0.25
(0.15-0.36)

0.13
(0.08-0.18)

.02 0.23
(0.10-0.35)

0.11
(0.01-0.21)

.04 0.28
(0.10-0.47)

0.14
(0.09-0.20)

.20

a The unit 1 intervention consisted of a resident handoff bundle that included a
computerized handoff tool.

b The unit 2 intervention consisted of a resident handoff bundle that did not
include a computerized handoff tool.

Table 3. Time Spent by Interns and Senior Residents Working on Study Units, Assessed Through Time Motion Studies

Activity

Percentage of Overall Time (95% CI) [Minutes per 24 h]
Before vs After Intervention,

Both Units of Interns
and Senior Residentsa

Before vs After Intervention,
Unit 1, Internsb

Before vs After Intervention,
Unit 2, Internsc

Before vs After Intervention,
Both Units, Senior Residents

Before After
P

Value Before After
P

Value Before After
P

Value Before After
P

Value

No. of hours 322 473 92 140 114 119 116 214
No. of
participants

29 35 9 10 8 11 13 16

Total
computer
time

24.2
(21.3-27.4)

[348]

23.2
(20.3-26.3)

[334]

.64 28.3
(21.7-36.1)

[408]

25.5
(20.8-30.9)

[367]

.53 27.5
(23.2-32.3)

[397]

27.0
(21.2-33.6)

[388]

.89 19.4
(16.5-22.8)

[280]

19.6
(15.7-24.1)

[281]

.96

Patient/
family
contact

8.3
(7.1-9.8)

[120]

10.6
(9.2-12.2)

[153]

.03 10.1
(7.9-12.8)

[145]

14.5
(11.8-17.5)

[208]

.02 9.0
(6.6-12.4)

[131]

11.6
(9.25-14.38)

[167]

.21 6.8
(5.5-8.4)

[98]

7.6
(6.0-9.6)

[109]

.49

Typing into
computer
handoff
document

2.7
(1.6-4.4)

[38]

2.3
(1.6-3.2)

[32]

.64 0.03
(0.01-0.13)

(0.6]

0
(0-0)

[0]

.20 0.02
(0-0.07)

[0]

0.0
(0-0)

[0]

.17 6.0
(4.0-9.0)

[87]

5.0
(4.1-6.1)

[72]

.98

Writing
handwrit-
ten notes
on printed
handoff
document

1.4
(1.1-1.8)

[20]

0.7
(0.6-1.0)

[11]

.002 2.1
(1.4-3.1)

[29]

1.0
(0.6-1.6)

[14]

.03 1.8
(1.3-2.5)

[26]

0.86
(0.6-1.2)

[13]

.003 0.7
(0.4-1.0)

[10]

0.5
(0.3-0.8)

[8]

.08

a Separate senior residents covered each study unit during the day, but one
senior resident covered both study units at night; separate interns covered
each study unit around the clock. Because of different workflow patterns of
intern vs senior residents, subgroup comparisons were examined separately
for interns on unit 1, interns on unit 2, and senior residents for both units
combined. Due to role delegation on the study units, the senior resident was
typically the one who was responsible for updating the written handoff

document which explains why interns did not spend a significant amount of
time typing into the computer handoff document.

b The unit 1 intervention consisted of a resident handoff bundle that included a
computerized handoff tool.

c The unit 2 intervention consisted of a resident handoff bundle that did not
include a computerized handoff tool
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Discussion

We found that implementation of a resident handoff bundle
was associated with a significant reduction in medical errors
and preventable adverse events. Written handoffs were more
comprehensive after the intervention, and verbal handoffs
were more likely to occur in a quiet, private location. Imple-
mentation of the intervention was not associated with ad-
verse effects on resident workflow: time spent on verbal hand-
offs did not change, and time spent at the computer did not
increase; residents spent more time in the postintervention pe-
riod in direct contact with patients. As expected, rates of non-
preventable adverse events did not change.

Although medical errors occurred frequently, these rates
include very minor as well as serious errors and are commen-
surate with the rates found in numerous other studies using
the same intensive surveillance methods. 17,20,21,28,29 Prior re-
search on the relationship between handoffs and patient safety
has been limited. Although studies have found poor handoffs
to be associated with higher rates of self-reported medical er-
rors and adverse events, these data have not been substanti-
ated objectively. A survey by Horwitz et al30 found that 29%
of emergency medicine physicians and internists reported an
adverse event or near-miss as a result of a poor handoff. A simi-
lar survey by Kitch et al31 found that 59% of medicine and sur-
gery residents reported a patient being harmed as a result of a
poor handoff. Petersen et al32 found that a disproportionate
number of adverse events were reported through a voluntary
incident report system when patients were cross-covered by
a resident from outside of the primary team. Our study, which
used an objective, comprehensive surveillance method, builds
on this work, demonstrating an objective relationship be-
tween poor handoffs, errors, and preventable adverse events.

Studies reporting the effects of handoff interventions on
patient safety are also quite limited. In a review, Cohen et al4

noted that although the published literature has shown that
handoff interventions can improve care processes, it has yet
to establish that attempts at handoff standardization are as-
sociated with improvements in measured patient outcomes.
For example, Van Eaton et al33 found that improved clinician
workflow patterns followed introduction of a computerized
handoff tool, but the study was not designed to evaluate the
effect on patient outcomes.

To maximize the chance that the handoff intervention
would lead to measurable improvements in care, we chose to
bundle together several evidence-based interventions. The
bundling of multiple interventions has been an effective means
of reducing surgical complications,34 catheter-related blood-
stream infections,35 and ventilator-associated pneumonias.36

We found that error rates, care processes, and work flow were
improved following introduction of the resident handoff
bundle. A limitation of this approach, however, is that it pre-
vents us from directly associating most observed changes with
particular elements of the bundle so that it remains unclear
which elements of the bundle are most important or whether
all elements are needed together. Additionally, because there
were multiple interrelated aspects of the bundled interven-

tion, comparisons of written and oral process measures in ad-
dition to medical error rates were believed to be important. To
avoid obscuring potential relationships between these pro-
cess measures and the primary outcome (type 2 error), we con-
sidered P < .05 significant for both the main outcome and these
multiple process measures. However, evaluations of the rela-
tionships between these processes and outcomes should be
considered exploratory.

Our study has several additional limitations. First, we stud-
ied 2 inpatient units in a single pediatric hospital. Although the
resident schedules and baseline handoff practices we evalu-
ated are common, it is unclear how generalizable our find-
ings may be to other settings. Second, because of the obser-
vational design, causality cannot be established. In particular,
our study design has the potential for confounding because the
preintervention data were collected during the summer and
fall, and postintervention data were collected during the sub-
sequent winter. Therefore, increased resident experience over
time, differences in patient populations, or other ongoing pa-
tient safety interventions might have contributed to reduc-
tions in overall error rates.

However, most studies of what is sometimes termed the
July effect have either found that it does not exist or that it is
small in magnitude. In a systematic review of prior studies of
the July effect, Young et al37 found that 55% of higher-quality
studies showed no effect; of the 45% of higher-quality stud-
ies that showed a relationship between mortality and the July
effect, effect size ranged from an increase of 4.3% to 12%. Like-
wise, 17 of 23 studies of morbidity or medical errors and a pos-
sible July effect found no effect. Additionally, a study by Lan-
drigan et al28 using systematic error surveillance methods over
a 6-year period in 10 hospitals demonstrated stable temporal
trends in rates of patient harm over time.28 Therefore, we be-
lieve it likely that our intervention played a significant role in
the safety improvements observed. Larger-scale, multi-
center studies will be needed to investigate these findings more
thoroughly and quantify the degree of change attributable to
handoff interventions.

Third, on the unit that introduced a computerized hand-
off tool, many of the decreases in omissions of key handoff data
were the result of autoimportation of data (eg, dated labora-
tory results, medication list) rather than resident-physician be-
havioral change, although autoimporting did not contribute
to changes in some other items (to do list; contingency plans).
Regardless of how the change was accomplished, however, we
believe the inclusion of more complete handoff data are valu-
able.

Fourth, the nurses collecting data and research assistants
could not be blinded to the intervention period, an issue com-
monly encountered in investigating systematic interventions
to improve patient safety. We addressed this by training ob-
servers—none of whom were study investigators—in a stan-
dardized fashion, which included emphasizing the impor-
tance of consistent, objective detection of serious errors,
regardless of study schedule. Additionally, every suspected
event was subsequently reviewed by 2 independent investi-
gators who were blinded to intervention period. Despite these
measures, we cannot exclude the possibility that some bias may
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have resulted from the inability to blind the primary detec-
tion process. Although agreement on incident classification and
preventability was in line with previous patient safety studies,24

categorizing and definitively assessing the preventability of er-
rors is complex.

Conclusions
Implementation of a handoff bundle was associated with a sig-
nificant reduction in medical errors and preventable adverse

events among hospitalized children. Improvements in verbal
and written handoff processes occurred, and resident work-
flow did not change adversely. Given the increasing fre-
quency of handoffs in hospitals following resident work-
hour reductions38 and the high frequency with which
miscommunications lead to serious medical errors, dissemi-
nating high-quality handoff improvement programs has the
potential for benefit. Further work to improve and standard-
ize handoffs across specialties and settings may lead to im-
provement in the safety of patients in teaching hospitals na-
tionwide.
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