
Standardized multidisciplinary protocol improves handover of
cardiac surgery patients to the intensive care unit*

Brian F. Joy, MD; Emily Elliott, RN, MSN, CPNP; Courtney Hardy, MD; Christine Sullivan, MBA, MS;
Carl L. Backer, MD; Jason M. Kane, MD, MS

T he handover of a pediatric pa-
tient to the intensive care
team after cardiac surgery is a
complex process that occurs

during a time of significant hemody-
namic vulnerability for the patient (1).
Unique physiologic alterations occur af-
ter cardiac surgery related to the inflam-
matory response to cardiopulmonary by-
pass and the impact of myocardial
ischemia and reperfusion. These physio-
logic abnormalities combined with the
complexity of the surgeries performed on
children with congenital heart disease

make the transition of these patients
from the operating room to the intensive
care unit (ICU) of critical importance.

The transition after cardiac surgery
involves the physical movement of the
equipment and technology, the sharing
of patient information, and the transfer of
responsibility for the care of the patient.
In the ICU, the physical handover of the
patient includes the conversion of all
transitional monitoring equipment to the
bedside ICU monitors, maintenance and
securing of catheters and drainage tubes,
identification and dosage confirmation of
medication infusions, and airway man-
agement, including artificial airways and
mechanical ventilator support.

A verbal exchange of patient-specific in-
formation occurs between the operative
team and the intensive care team. Detailed
patient-specific information is presented,
including the patient’s preoperative his-
tory, details of the operation, including per-
tinent findings, procedures performed, and
complications, and, finally, an assessment
of the patient’s condition at the time of
transition. Although the verbal handoff is a
key component to the successful and safe
move from the operating room to the ICU,

it is only one component of a more com-
prehensive patient transition process.

Many individual components of a pa-
tient transition from the operating room to
the ICU have been found to be indepen-
dently critical to the successful handover of
a patient. These components include the
efficient transition of monitors and equip-
ment (2, 3), limiting discussions to those
related to the patient (2, 4), a face-to-face
sharing of patient information and discus-
sion of plan between all care providers in-
volved (2, 4–6), and limiting interruptions
during the information handoff (2, 5, 7).
However, there are limited pediatric data
evaluating the impact of standardization of
the entire handover process on critical pa-
tient safety metrics, including medical er-
ror (2). The purpose of this study was to
determine whether the creation and imple-
mentation of a standardized handover proto-
col could reduce the number of errors that
occur during patient transitions from the op-
erating room to the ICU after pediatric car-
diac surgery.

MATERIALS AND METHODS

Study Design. This was a prospective in-
terventional study with direct observation as-
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Objectives: To determine whether the implementation of a
standardized handover protocol could reduce the number of er-
rors occurring during patient transitions from the operating room
to the intensive care unit.

Design: Prospective, interventional study.
Setting: Pediatric cardiac intensive care unit.
Subjects: Seventy-nine patient handovers in patients transi-

tioning from the operating room to the cardiac intensive care unit
after congenital cardiac surgery.

Interventions: A preintervention assessment of patient han-
dovers was obtained by direct observation using a standardized
checklist. A teamwork-driven handover process and protocol was
developed using traditional and novel quality-improvement tech-
niques. The postimplementation observational assessment of
handovers was performed using the same preintervention assess-
ment tool. Preintervention and postintervention data metrics were
analyzed and compared.

Measurements and Main Results: Forty-one and 38 observa-
tions were performed in the preintervention and postintervention
periods, respectively. Protocol implementation improved key ar-
eas of the handover process. Technical errors per handover were
reduced from 6.24 to 1.52 (p < .0001), and critical verbal handoff
information omissions were reduced from 6.33 to 2.38 (p < .0001)
per handover. There was no change in duration of either the
verbal handoff briefing or the overall handover process. Caregiv-
ers noted improvement in teamwork and handoff content received
after the intervention.

Conclusions: A formal, structured handover process for pedi-
atric patients transitioning to the intensive care unit after cardiac
surgery can reduce medical errors that occur during the admis-
sion process and improve teamwork among caregivers. (Pediatr
Crit Care Med 2011; 12:304–308)
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sessment of handover performance conducted
in the cardiac ICU (CICU) of a free-standing
tertiary care children’s hospital in the United
States. The CICU at Children’s Memorial Hos-
pital is a dedicated group of nine beds geo-
graphically located within the general pediat-
ric ICU and receives patients after congenital
heart surgery. The general pediatric ICU ad-
mits approximately 2,600 patients per year,
with nearly 250 pediatric open-heart surgery
cardiac patients admitted to the CICU annu-
ally.

Patient transitions from the operating
room to the CICU, including the verbal hand-
off, were directly observed. A checklist of key
elements related to admission was developed
to assist in the monitoring of handovers. The
checklist identified the presence or absence of
specific equipment and staff before patient ad-
mission, tracked for the content of informa-
tion presented verbally to receiving care pro-
viders, and the noted duration of time elapsed
to complete time-sensitive components of the
handover process. A single observer was re-
sponsible for data collection during all prein-
tervention and postintervention handovers.
All caregivers were blinded to the specific met-
rics being collected, but not to the act of data
collection itself. Voluntary satisfaction surveys
with 5-point Likert scales were administered
to involved caregivers after patient transitions.

Technical errors were defined as protocol
deviations involving personnel, equipment, or
handover process. Examples of technical er-
rors include absence or nonfunctional opera-
tion of critical equipment at the time of the
patient’s arrival to the CICU (ventilator, resus-
citation fluids, airway equipment, end-tidal
monitor), interruption of anesthesia’s verbal
handoff by receiving caregivers, and extrane-
ous conversations not pertaining to the pa-
tient at-hand (disruption of the sterile team
environment). Information omissions were
considered when protocol elements expected
to be presented verbally during the handoff
(e.g., procedure performed, cardiopulmonary
bypass duration, total blood products admin-
istered, current inotrope infusions) were not
given to the receiving caregivers. A realized
error was an information omission or techni-
cal error that occurred that had a direct effect
on the patient care independent of whether
the error caused actual patient harm. The In-
vestigational Review Board at Children’s Me-
morial Hospital approved this study.

Development of Handover Protocol. A
multidisciplinary team of key stakeholders was
assembled to develop the new handover pro-
tocol. A prospective failure modes and effects
analysis was performed on the preintervention
handover process, identifying key areas prone
to high-consequence medical errors. A failure
modes and effects analysis is a systematic
technique used to evaluate a design or process
for possible ways in which failures occur and
to study the consequences of those failures (8).
Small-scale root-cause analyses were con-
ducted to retrospectively identify steps in the

handover process in which errors were com-
monly seen to mitigate those errors. Before
implementation, plan-do-study-act cycles, a
formal method of real-time evaluation and cri-
tique of the proposed process, were performed.
In response to issues noted in the plan-do-
study-act cycles, the protocol was modified
and retested. Finally, an oral presentation
script template for anesthesia’s verbal handoff
was created (Fig. 1). After a 4-wk education
and implementation period, postintervention
handovers were observed using the preinter-
vention checklist.

Statistical Analysis. To compare the count
of technical errors between the preinterven-
tion and postintervention groups, a summary
score for each handover was calculated. A two-
sample nonparametric t test equivalent (Wil-
coxon rank sum test) was performed to deter-
mine whether the difference between the
preintervention group and postintervention
group count of technical errors reached sta-
tistical significance. Similarly, information
handoff omissions were compared between the
preintervention and postintervention groups
by calculating a summary score of information
omissions. The preintervention group and
postintervention group information omission
rates were tested for a statistically significant
difference using the Wilcoxon rank sum test.

The proportion of realized errors out of
total errors was compared in the preinterven-
tion group vs. postintervention group using a
Fisher exact test. Time metrics were compared
using the Wilcoxon rank sum test.

Receiving caregiver survey questions were
given as 5-point Likert scales. Responses to
survey questions were summarized using me-
dians, 25th percentiles, 75th percentiles, and
statistical significance in the comparison of
the preintervention group responses to the
postintervention group responses determined
using the Wilcoxon rank sum test.

RESULTS

A total of 79 handovers were studied,
41 preintervention and 38 postinterven-
tion. The mean number of technical er-
rors per handover was significantly re-
duced from 6.24 (95% confidence
interval [CI], 5.57–6.91) to 1.52 (95% CI,
1.01–2.02; p � .0001) (Fig. 2). None of
the technical elements required during
the transition significantly worsened af-
ter implementation. The mean number of
information omissions per handover was
also significantly reduced from 6.33 (95%
CI, 5.57–7.10) to 2.38 (95% CI, 1.74–
3.01; p � .0001) (Fig. 3).

There was no significant difference be-
tween the frequency of realized errors
with preintervention rate of 17% (95%
CI, 0.04–0.30) and postintervention rate
of 11% (95% CI, 0.003–0.22; p � .51)
(Fig. 2). Examples of realized errors that

occurred during both periods included
monitor tubing primed with incorrect in-
travenous solution, erroneous patient in-
formation presented during verbal hand-
off, mislabeling of infused medication
concentration receiving medication sy-
ringe, and lack of available end-tidal CO2

monitoring before patient arrival. There
were no errors that led to patient harm in
either observation group.

After the implementation of the com-
prehensive handover protocol, neither
the anesthesia verbal handoff briefing
time (2.9 mins vs. 2.9 mins; p � .7) nor
the overall handover duration (8.8 mins
vs. 9.8 mins; p � .27) was increased from
preintervention times. The time required
to transition the central venous pressure
monitoring to the bedside monitor was
significantly reduced after protocol im-
plementation (20.5 mins vs. 6.3 mins;
p � .0001). There was no significant dif-
ference in the time required to transition
the other patient monitoring modalities,
including arterial blood pressure, near-
infrared monitoring, noninvasive blood
pressure, and pulse oximetry. The time to
obtain postadmission chest radiographs
was not affected by protocol implementa-
tion (20.7 mins vs. 18.8 mins; p � .15);
however, there was a significant reduc-
tion in the time required to definitively
secure the endotracheal tube (75 mins vs.
54.4 mins; p � .05). Caregiver surveys
showed that protocol implementation
improved teamwork (Likert median, 4 vs.
5; p � .05) and information received (Lik-
ert median, 4 vs. 5; p � .05).

DISCUSSION

A comprehensive clinical handover re-
fers to the transfer of information and
professional responsibility and account-
ability between individuals and teams
within the overall system of care (9). This
study focused on the establishment of a
comprehensive handover protocol for pa-
tients transitioning from the operating
room to the CICU after cardiac surgery.

Individual components of patient han-
dovers have been found to be critical for
successful patient transitions (2–7, 10).
We incorporated many of these elements
into our process, including mandatory
face-to-face verbal handoff at the bedside,
establishment of “sterile team” environ-
ment to limit interruptions, and the
checklists for verbal handoff content and
standardization of presentations. Al-
though the primary goal was to create a
safe transition process, protocol imple-
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mentation also resulted in a more effi-
cient process that minimized extraneous
tasks and caregiver distractions. Despite a
much more formally structured process,
there was no additional time burden for
the verbal handoff or the overall han-
dover duration after protocol implemen-
tation.

The findings of this study are similar
to those reported by Catchpole et al (2).
Many preintervention metrics demon-
strating good performance showed no

significant decrease after intervention,
and areas initially with poor performance
showed significant improvements after
protocol implementation. Our verbal
handoff tool facilitated higher-quality
presentation of data elements with fewer
omissions of critical information. Also,
the establishment of a sterile team envi-
ronment before the start of the verbal
handoff led to fewer handoff interrup-
tions and team disruptions. There was no
significant difference in the number of

realized errors observed in the postinter-
vention period compared to preinterven-
tion period; however, our study was not
powered to detect a difference in actual
patient harm.

There are a number of limitations to
this project. First, a single observer de-
sign collecting data in real-time may have
led to missed data. Given the limited
number of data elements presented and
checklist design of the data collection
tool, we do not believe that there were

Figure 1. Anesthesia verbal handoff template used for standardization of oral presentation of operative information. CV, cardiovascular; ICU, intensive care
unit; Pre-op, preoperative; Dx, diagnosis; Wt, weight; ETT, endotracheal tube; CPB, cardiopulmonary bypass; Circ, circulation; PA, pulmonary artery; TEE,
transesophageal echocardiogram; PRBC, packed red blood cells; FFP, fresh frozen plasma; UOP, urine output; HR, heart rate; BP, blood pressure; MAP,
mean arterial pressure; CVP, central venous pressure; NIRS, near-infrared spectroscopy; NSR, normal sinus rhythm; OR, operating room; PCA,
patient-controlled analgesia; Hgb, hemoglobin; Hct, hematocrit; ABG, arterial blood gas.
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Figure 2. Frequency of technical errors observed before and after intervention, with 95% confidence intervals. ETCO2, end-tidal CO2; IVF, intravenous fluid.

Figure 3. Frequency of information omissions observed before and after intervention, with 95% confidence intervals.
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missed elements, and given that the ob-
server was the same for the preinterven-
tion and postintervention collections, the
opportunity for omissions was present
equally in both periods. Second, this is a
single-center study and it is possible that
some of the success achieved from the
handover protocol can be attributed to
unique institutional features, including
the successful protocol development pro-
cess and comprehensive buy-in from in-
volved providers. Furthermore, the sus-
tainability of this new process has yet to
be evaluated. Ultimately, however, the
data obtained in this study indicate that a
formalized handover protocol can miti-
gate human error and help prevent pa-
tient harm, with minimal burden to care-
givers.

CONCLUSIONS

Transitioning patients from the oper-
ating room to the ICU is a complex pro-
cess that has a high incidence of latent
and realized medical errors. Development
and implementation of a formal, compre-
hensive handover protocol decreased the
frequency of technical errors and infor-

mation omissions that occurred during
the handover process without increasing
the workload burden on the caregivers
involved. A formal, structured handover
process for pediatric patients transition-
ing to the ICU after cardiac surgery can
mitigate medical error and reduce patient
harm.
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