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OBJECTIVE: The postoperative handover is often com-

promised by reporting inconsistencies between differ-

ent specialties. We describe a multidisciplinary quality

improvement initiative to improve postoperative infor-
mation reporting.

DESIGN: A quality improvement project with inter-

rupted time-series data collection was undertaken in the

postanesthesia care unit between January 2015 and
August 2015. We utilized Six Sigma methodology to

engage multispecialty stakeholders in identifying defi-

ciencies in the existing postoperative handover process

in January 2015. A standardized handover process

including a checklist and electronic handover note was

implemented within a postanesthesia care unit in June

2015. Direct observations of handovers were conducted

to determine reporting accuracy, handover duration,
and specialty representative attendance. Segmented lin-

ear and logistic regression analyses were used for inter-

rupted time-series data.

SETTING: Single postanesthesia care unit at an academic

tertiary referral center.
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PARTICIPANTS: Physician trainees in anesthesia (n =

82) and surgical subspecialties (n = 139), certified regis-

tered nurse anesthetists (n = 57), and recovery room reg-

istered nurses (n = 139).

RESULTS: Cumulative handover scores increased by 18.3

points in the postimplementation period (n = 70) when

compared to preimplementation handovers (n = 69), a

finding which remained statistically significant after
adjusting for preintervention time trends (difference 16

points; 95% confidence intervals 3-31; p = 0.021). No sta-

tistically significant difference in handover duration was

seen between cohorts (6.8 minutes vs 6.1 minutes, dif-

ference 0.5 minutes; 95% confidence intervals ¡2.8 to

3.7; p = 0.78). Three years postimplementation, there

was consistent use of a modified electronic handover

note and surgical subspecialty attendance during
handover.

CONCLUSIONS: A standardized handover process

was associated with improved information reporting
among different surgical disciplines without signifi-

cantly lengthening handover duration. ( J Surg Ed

76:1048�1067. � 2018 Association of Program Direc-

tors in Surgery. Published by Elsevier Inc. All rights

reserved.)
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INTRODUCTION

The postoperative transfer-of-care (TOC), or handover, is an

interactive process that facilitates patient-specific informa-

tion exchange between multidisciplinary providers to

ensure the continuity and safety of patient care after the
perioperative physicians have left the bedside. This hand-

over typically follows a model in which members of the

clinical care team provide a verbal report of the anesthetic

and surgical course of the patient in the operating room

(OR) to a nurse in the postanesthesia care unit (PACU).

This process often occurs in an environment with incom-

plete teams, multiple distractions, and competing demands

on the attention of each of the involved members.1�4 These
handovers may lack electronic documentation and can lead

to omission of critical data that may be important for subse-

quent care providers. It is well recognized that incomplete

or inaccurate information, repeated interruptions, and lack

of anticipatory guidance impair handover quality and may

contribute to adverse patient outcomes.5�10

The Joint Commission Center for Transforming

Healthcare advocates the use of Robust Process
Improvement tools to improve the quality and safety of

healthcare delivery in different practice settings.11 Lean

and Six Sigma are quality improvement methodologies

that have been gradually adopted into the healthcare

arena over the past decade, including initiatives to opti-

mize perioperative efficiency.12,13 In an effort to

improve the postoperative TOC, a resident-led multidis-

ciplinary group at a high-volume, tertiary academic hos-
pital participated in a year-long quality improvement

curriculum and applied Six Sigma methodology to

develop and implement a structured TOC process.14

This endeavor included a paired visual checklist and

electronic handover note and encouraged routine atten-

dance of surgical subspecialty representatives, anesthe-

sia, and PACU nursing personnel during the handover.

We hypothesized that these changes would improve the
reporting of patient and operation-specific data transfer

without significantly increasing handover duration.
METHODS

This quality improvement project took place at Harbor-

view Medical Center (HMC), a 413-bed tertiary-care hos-

pital and level one trauma center within the University

of Washington Medicine system. Over 16,000 operations

are performed each year, of which approximately 8400

are elective cases with the remainder comprised of

emergent and acute inpatient cases. The Human Sub-

jects Division at the University of Washington deter-
mined this study was exempt from review by the

Institutional Review Board. We utilized the Six Sigma
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Define, Measure, Analyze, Improve, and Control

(DMAIC) methodology15 to tailor our approach to this

project and referenced the Standards for Quality

Improvement Reporting Excellence guidelines (version
2.0) in composition of the manuscript.16

D: Define

Results from an institution-wide survey (HMC Culture of

Patient Safety Survey17) regarding areas of improvement

revealed inter-team communication as a frequently

reported concern by physicians and healthcare staff
members. In December 2014, a multidisciplinary team

of physicians, certified registered nurse anesthetists

(CRNAs) and PACU registered nurses (RNs) collaborated

to identify deficits in the perioperative TOC process.

This group included resident trainees within the Univer-

sity of Washington Housestaff Quality and Safety Com-

mittee involved in a year-long quality improvement

curriculum, including a member with Six Sigma green
belt qualification (A.S.). We utilized the Donabedian

model18 and a Supplier, Input, Process, Output, and Cus-

tomer table to provide a conceptual framework of the

processes and members contributing to an ideal postop-

erative TOC, including the completion of essential

patient care-related tasks prior to the verbal handover.

Furthermore, we utilized a process map (Fig. 1) and a

cause-and-effect diagram (Appendix Fig. A) to under-
stand the current workflow of healthcare provider activi-

ties around the time of TOC and identify competing

tasks and processes (e.g., tasks unrelated to the postop-

erative patient) that would detract from TOC quality. At

our institution, we identified stakeholders at administra-

tive levels (e.g., HMC Surgical Council, PACU Nursing

Supervisor) as well as chief resident trainees for the dif-

ferent surgical subspecialties represented at HMC.
All postoperative TOCs involving a dyad of healthcare

practitioners (anesthesia and surgical subspecialty trainees,

CRNAs, and PACU RN) and their patients were included in

the assessment. Specifically, we considered dyads with elec-

tive postoperative patients who presented to the PACU

prior to planned inpatient admission to the ward or inten-

sive care unit (ICU). We excluded TOCs involving practi-

tioners transferring postprocedural patients to the
ambulatory surgery unit or ICU, as well as patients already

admitted as an inpatient in the hospital.
M:Measure

The primary outcome measure was the frequency of accu-

rate data transfer during the verbal handover (cumulative

handover score, CHS), as determined by a comparison of

data elements against the electronic health record (EHR) of
the patient. Secondary outcome measures include the fre-

quency of erroneous information reporting, total TOC
9 1049



FIGURE 1. Perioperative process flow map (Harborview Medical Center, Seattle, Washington).
DOS, day of surgery; ICU, intensive care unit; MD, medical doctor (physician); PAC, preanesthesia clinic; PACU, postanesthesia care unit RN, registered

nurse; Rx, medication; SCOAP, Surgical Clinical Outcomes Assessment Program.
duration, and surgical subspecialty representative atten-

dance. A 5-question survey was distributed to PACU RN in

January 2015 (preimplementation) and May 2018 (3 years

postimplementation).

After a review of literature related to handovers and a

consensus of the multidisciplinary team, a list of 32

data elements critical for an accurate and effective
handoff was created and used to create the grading

rubric for the TOC audit form. For 3 months prior to

the phase-in period (preimplementation phase: January

20, 2015-March 8, 2015), 2 observers audited TOCs

during scheduled shifts. All handovers occurring during

an observer’s shift were audited. Each of the 32 key

data elements was recorded as being present or absent

for each TOC, as well as staff members present, dura-
tion of handover and number and type of interruptions.

Observers did not announce their presence, but stated

their role if asked.
1050 Journa
The EHR of the associated patient was reviewed to

determine whether all of the 32 checklist items were

appropriate for the particular handover, and whether

the information provided was accurate. If an item

was not applicable for a specific procedure, it was

flagged as such, and was not scored as a missing data

item. For each of the 32 checklist items, a score of
“1” was granted if either an applicable item was

appropriately mentioned and the information con-

veyed was accurate, or an inapplicable item was cor-

rectly omitted. A score of “0” was granted if an

applicable item was incorrectly omitted or an inappli-

cable item was inappropriately reported. In addition

to a score of “0,” applicable items which were inac-

curately reported (e.g., incorrect paralytic medica-
tion) were given an error notation (“E”) and tallied

for each item. CHS was calculated for each handover

by dividing the sum of each individual item score (0-
l of Surgical Education � Volume 76/Number 4 � July/August 2019



32) by the total number of checklist items. Verbal

handover duration was defined as the time in minutes

required by the surgeon and anesthesia provider to

verbally communicate the checklist information. Total
TOC time was defined as the time in minutes elapsed

between patient arrival in the PACU and the end of

the verbal handover.
A: Analyze

Descriptive statistics were examined for the pre- and

postintervention patient cohorts. A 2-tailed Fisher exact
test was used to compare characteristics between

groups, to compare the TOC process and frequencies of

information transfer during the handover process before

and after the intervention.

CHS, erroneous reporting, and TOC duration were com-

pared pre- and postimplementation using a segmented

logistic and linear regression analysis. This is a technique

utilized with interrupted time-series data to separate the
actual effect of the intervention from time trends in compli-

ance that would have likely occurred without the interven-

tion.19 Analyses of the proportion outcomes were

performed using segmented logistic regression models. A

segmented linear regression model was utilized for CHS,

TOC duration, and number of errors. The segmented

regression models contained a factor for “treatment” (indi-

cator of pre- vs postintervention), time over the follow-up
(quarter), and another covariate indicating time elapsed

postintervention (defined to be zero before the interven-

tion). A statistically significant “time postintervention” coef-

ficient would indicate evidence that the trend associated

with calendar time had changed postintervention. Covari-

ates adjusting for American Society of Anesthesiologists

(ASA) class and number of interruptions were also included

in the models. Because we allowed our time-trend effect
estimates to vary pre- and postintervention, our estimated

effects of intervention are not constant over time. We calcu-

lated estimates for the intervention effect (outcome postin-

tervention compared to estimated level of the outcome

assuming that no intervention had been implemented but

preintervention time trend had continued) at 3 time points

during the postimplementation phase.

A stratified subgroup analysis was conducted in the
postimplementation cohort to determine if there were

any differences in CHS comparing handovers with use of

the checklist vs those that had no checklist use. Multivar-

iable analyses were completed to evaluate the indepen-

dent contribution of checklist use, surgeon attendance,

and interruptions on the CHS. These covariates were

chosen a priori based on the hypothesis that these varia-

bles were most likely to impact the handover score. All
statistical analyses were performed with Stata version 12

(College Station, Texas).
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I: Improve

Amodified Delphi technique20 was utilized to identify gaps

in the current TOC process and determine the essential

categories of information appropriate for inclusion into a

checklist. (Appendix Fig. B) For the purposes of this

approach, “experts” were defined as the chief resident

trainees representing each surgical subspecialty residency
training program that were involved in operative proce-

dures at HMC. These individuals routinely communicate

and work together closely with all involved members of

the TOC, including anesthesia and surgical subspecialty

trainees as well as PACU RNs, and serve as role models for

resident trainees. Subspecialties were represented by a dif-

ferent number of experts. Of the 22 experts initially con-

tacted, 19 provided consent and agreed to participate in
the checklist evaluation process. We used electronic mail

(e-mail) and Google Documents as the primary mode of

communication with the expert panel and dissemination

of information and surveys pertinent to checklist content

reconciliation, respectively. Surveys regarding checklist

iterations were distributed via 2 e-mail rounds in March

2015 (round 1). Weekly e-mail reminders were used to

facilitate responses to the surveys at each stage. Responses
to round 2 were used to modify the visual checklist (ver-

sion 2; Appendix Fig. C) after a second meeting with the

PACU RN leadership and the HMC Surgical Council. Subse-

quently, the checklist was laminated and placed in each

patient bay (a) as a placard on the patient bedside table,

and (b) on the wall above the patient bay and next to the

PACU RN computer. In parallel with the development of

the paper checklist (version 2), an electronic handover
note (Appendix Fig. D1) was created and implemented

within the EHR (Cerner Millennium Powerchart, North

Kansas City, Missouri) in April 2015.

Next, we developed a standardized reporting process

incorporating the visual checklist and electronic hand-

over note as well as a structured reporting order similar

to that of the OR-to-ICU TOC in the HMC ICU. The anes-

thesia provider, surgeon, and PACU were instructed to
convene at the bedside upon arrival in the PACU. After

reconnecting the patient to monitors and obtaining the

first set of vital signs, surgical and anesthesia providers

communicated key aspects of the medical history, intra-

operative course, and plan for postoperative recovery.

To encourage common reporting standards, surgical and

anesthesia providers were asked to follow the paper

checklist (recommended but not mandatory) while the
PACU RN completed the electronic handover note (man-

datory) to provide documentation of the handover. All

team members were encouraged to stay at the bedside

until the presentations were complete and all questions

were addressed. A short video (Appendix Video A) dem-

onstrating the ideal handoff process using both the
9 1051



TABLE 1. Study Population Characteristics

Preimplementation* Postimplementation*
(n=69) (n=70)

Demographics, n (%)

Mean age,
years (SD)

46.8 (15.2) 49.5 (19.2)

Male 43 (62) 38 (54)

ASA class, n (%)

I 13 (19) 5 (7)
II 30 (44) 36 (51)
III 24 (35) 29 (41)
IV 2 (3) 0 (0.0)

Surgical subspecialty, n (%)

General
surgery

6 (89) 7 (10)

Neurologic
surgery

21 (30) 6 (9)

Orthopedic
surgery

28 (41) 42 (60)

Plastic
surgery

5 (7) 0 (0)

Vascular
surgery

3 (4) 7 (10)

Othery 6 (9) 8 (11)

ASA, American Society of Anesthesiologists; SD, standard deviation.
*Preintervention dates January 20, 2015 to March 18, 2015, postinter-
vention dates May 14, 2015 to September 1, 2015.
†Surgical services with less than 5 cases.
paper and electronic checklist was distributed to nurs-

ing, residents, fellows, and faculty via e-mail.

A 1-month phase-in period of the structured TOC pro-

cess began on May 14, 2015. During the following 2
weeks, e-mail notifications, announcements at

departmental academic conferences and face-to-face

instruction by the group were provided to familiarize

representatives of the perioperative team with

the structured TOC process. Individual PACU RNs were

voluntarily designated as “champions” and mentored

other PACU RNs regarding use of the electronic hand-

over note. Similar reminders and instructions on access
and use of the electronic handover note, along with con-

tact information for feedback and questions, were dis-

tributed to the HMC Department of Anesthesiology on a

weekly basis. Postimplementation data collection con-

tinued until September 1, 2015.

C: Control

Responsibility regarding checklist iterations and feedback

about the visual checklist was delegated to the PACU RN

Supervisor. Surgical subspecialty representation was rein-

forced during monthly Surgical Council meetings, attended

by the surgical attending chiefs representing each subspe-
cialty. A study author (A.H.) provided encouragement for

anesthesia representation and completion of the electronic

checklist via monthly reminders to the Department of Anes-

thesiology. A revised version of the electronic checklist

incorporating the elements of the visual checklist was insti-

tuted in December 2015 (Appendix Fig. D2), and the visual

checklist was discontinued at this time. Feedback using sub-

domains from the Handoff CEX assessment21 was elicited
from e-mail and direct interviews of anesthesia and surgical

subspecialty representatives, PACU RN Supervisor, and Sur-

gical Council representatives between January 2018 and

May 2018.
RESULTS

A total of 139 TOCs were audited in the pre- and postim-

plementation time periods (preimplementation, n = 69;

postimplementation, n = 70). Each TOC was associated

with (a) a PACU RN (n = 139), (b) a surgical subspecialty
representative (n = 139), and (c) either an anesthesia res-

ident trainee (n = 42 preimplementation, n = 40 postim-

plementation) or a CRNA (27 preimplementation, n = 30

postimplementation). Table 1 lists the patient and proce-

dural characteristics. The mean age was 47 § 15 years in

the preimplementation cohort and 50 § 19 years in the

postimplementation cohort. Twenty-three females

(38%) and 32 females (46%) were included in the preim-
plementation and postimplementation groups, respec-

tively. In the preimplementation phase, 26 patients
1052 Journa
(38%) were of ASA class �3, compared with 29 patients
(41%) after implementation. Orthopedic procedures

were most common in both cohorts, followed by neuro-

surgical and general surgery procedures.

Accuracy of Information Transfer

Based on the 32-item list created to evaluate information

transfer, accuracy of information reporting for multiple

reporting items was significantly higher in the postim-

plementation phase. (Appendix Table A) When compar-

ing the CHS in the pre- and postimplementation groups,

the mean score was significantly higher by 18.3 points
(95% confidence intervals [CI] 15.4, 21.2). In a seg-

mented regression analysis, mean CHS was significantly

higher during the postintervention phase (difference 13

points; 95% CI 4, 22; p = 0.004) after adjustment for

time trends, ASA class, and number of interruptions

(Fig. 2). Erroneous reporting per TOC (Appendix

Table B) was lower for multiple items in the postimple-

mentation phase (adjusted difference ¡1.5 errors; 95%
CI ¡2.7, ¡0.4; p = 0.010).
l of Surgical Education � Volume 76/Number 4 � July/August 2019



FIGURE 2. CHS with estimated pre- and postintervention trend lines.
CHS, cumulative handover score.
During the postimplementation phase, 34 (49%) of
the TOCs were conducted with the assistance of the

visual checklist. A significantly higher mean CHS was

seen when the checklist was utilized (unadjusted differ-

ence 7.6 points, 95% CI 4.0-11.3; p < 0.001), even when

adjusting for number of interruptions and the presence

of all team members (adjusted difference 7.5 points, 95%

CI 4.0, 11.0; p < 0.001).
Attendance of TeamMembers

Surgical team participation was significantly greater dur-
ing the postimplementation phase (84% vs 62%;

p = 0.003; Table 2). There were a significantly greater
Journal of Surgical Education � Volume 76/Number 4 � July/August 201
proportion of TOCs with the presence of all 3 members
at the initiation of the handover from 61% preimplemen-

tation to 79% postimplementation (p = 0.020), but no dif-

ference in the presence of all team members at the end of

the handover (29% vs 36%; p = 0.34). There was no differ-

ence in mean number of interruptions per handover (1.0

vs 1.2; p = 0.13). Between handovers with and without

attendance of the complete team at the end of the TOC,

there was no significant difference in CHS (unadjusted dif-
ference: 2.0 points, 95% CI¡2.5 to 6.5; p = 0.383).

TOC Duration

Time elapsed from arrival of the OR team in the PACU

until the start of the verbal handover was significantly
9 1053



TABLE 2. TOC and Attendance Pre- and Postimplementation of the Standardized Handover Intervention

Preimplementation* Postimplementation* p Value
(n = 69) (n = 70)

Attendance, n (%)

PACU RN 68 (99) 69 (99) 0.99
Surgery representative 43 (62) 59 (84) 0.003z

Anesthesia representative 69 (100) 70 (100) �
All team members

present at initiation of
handover

42 (61) 55 (79) 0.020

All team members
present at
termination of
handover

25 (36) 20 (29) 0.34

TOC metrics, mean (SD)

Time until verbal
handover (min)y

2.3 (2.4) 1.6 (1.1) .003

Verbal handover
duration (min)

3.9 (2.1) 5.3 (1.8) < .001

Total TOC duration
(min)

6.1 (3.2) 6.8 (2.3) 0.18z

Number of
interruptions

1.2 (0.9) 1.0 (0.6) 0.13

PACU, postanesthesia care unit; RN, registered nurse; SD, standard deviation; TOC, transfer-of-care.
*Preintervention dates January 20, 2015 to March 8, 2015, postintervention dates May 14, 2015 to September 1, 2015.
†Time to handover is calculated as the time elapsed between the patient arriving in the PACU and initiation of verbal handover.
‡Unadjusted p values.
less in the postimplementation cohort (p = 0.030;

Table 2). The mean duration of the verbal handover was

significantly greater during the postimplementation

phase, but there was no statistically significant differ-

ence in the mean total TOC duration, even when con-
trolling for time trends, ASA class, and number of

interruptions (adjusted difference 0.5 minutes; 95% CI

¡2.8, 3.7; p = 0.782; Appendix Fig. E)
PACU RN Survey

Results from a PACU RN survey were collected from 32

RNs prior to the intervention (January 2015), and 11

RNs submitted completed surveys at the 3-year anniver-
sary of the original intervention (May 2018). An average

of 1.8 § 1.3 calls and 1.4 § 0.7 calls were reported by

the January 2015 and the May 2018 responders, respec-

tively (p = 0.34). Appendix Figure F illustrates the most

common reasons for which a PACU RN initiated a call to

the anesthesia or surgery teams for clarification.

PACU RNs reported having received a comprehen-

sive postoperative management plan frequently
(defined as “very often” or “often”) in 9 of 11

responses (82%) during the May 2018 survey, and 17
1054 Journa
of 32 responses (53%) during the January 2015 survey

(p = 0.15). In comparing responses between the May

2018 and January 2015 surveys, RNs frequently

received information regarding procedure-specific call

triggers and a contact representative for order clarifi-
cation in 27% vs 16% (p = 0.40) and in 82% vs 56%

(p = 0.17) of responses, respectively.
DISCUSSION

Multidisciplinary quality improvement projects that are

fostered through university-affiliated institutional house-

staff programs have previously demonstrated success
with regards to design, implementation, and efficiency

with resource utilization.22 Residents and fellows per-

form a large portion of the hands-on patient care in aca-

demic medical centers, receive a mandated educational

experience in quality improvement23 and are thus well

suited to identify quality and patient safety issues.24-30

Interdisciplinary transitions-of-care have long been the

focus of healthcare and regulatory agencies,29-31 and
many studies have targeted problematic areas regarding

the verbal handover process in the inpatient32-35 and
l of Surgical Education � Volume 76/Number 4 � July/August 2019



postoperative setting.7,36-39 Unlike other handovers

throughout our institution, there was no structured pro-

cess to assist with the postoperative patient TOC prior

to our intervention. Using the Six Sigma DMAIC method-
ology, we demonstrated that a structured handover pro-

cess with a physical and electronic checklist improves

the accuracy of information transfer between OR and

PACU team members.

The content-specific improvements demonstrated in

the verbal handovers after implementation of a standard-

ized handover process are noteworthy, with global

improvements seen in both surgical and anesthetic infor-
mation reporting. CHSs, representing the accuracy and

thoroughness of the handover, were significantly

improved even after adjustment for known confounders

including number of interruptions and presence of all

team members. Preimplementation data revealed signifi-

cant opportunities for improvement, including the avail-

ability of a surgical service representative during the

TOC, which occurred in only 62% of PACU handovers.
These gaps clearly have significant implications for

patient care, but could also negatively affect PACU

throughput with nursing staff needing to contact surgi-

cal or anesthesia team members with questions. Simi-

larly, deficient reporting of intraoperative postoperative

nausea and vomiting prophylactic medication adminis-

tration can lead to delays in treatment and contribute to

longer PACU recovery time. However, a verbal discus-
sion of these plans during TOC could have alerted the

PACU RN to focus on these objectives earlier during the

recovery of the patient. Certain preimplementation defi-

cits can be rationalized based on provider and documen-

tation workflow immediately after surgery. We garnered

feedback during the modified Delphi process20 regard-

ing certain content deficiencies affecting TOC quality in

order to better understand the reason behind these infor-
mation omissions. For example, reporting of items such

as diet and activity plans occurred during less than half

of the handovers due to the assumption that these data

would be present in a forthcoming postoperative note.

Checklist utilization during postimplementation TOC

was independently associated with greater handover

scores, demonstrating its pivotal role as a component of

the structured TOC. In addition to standardizing informa-
tion transfer, the structured handover process facilitates a

shared mental model that occurs with checklist implemen-

tation whereby participants feel more comfortable clarify-

ing unclear information.40,41 Our study methodology is

also unique in that we utilized the patient EHR to cross-

verify the information reported in the TOC, thus identify-

ing erroneous information. Although many studies report

on interventions to improve the frequency of key informa-
tion relayed to the receiver (e.g., PACU RN), few evaluate

the information accuracy and incidence of erroneous
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reporting.42�44 By comparing the information conveyed

in the handoff with the electronic medical record, we

were able to distinguish between appropriate vs inappro-

priate omission of information. The structured handover
TOC was associated with decreased errors for individual

items and the overall verbal handover process in the post-

implementation phase.

Our standardized process was associated with an

increase the average duration of the verbal handover, a

valid concern held by all perioperative team members

because of its perceived impact on OR turnover duration.

Although we adjusted for a phase-in period, thematic feed-
back from the PACU RN team consistently mentioned

lengthy documentation time for both junior and senior

PACU RN personnel because of the electronic handover

note. At our hospital, it is difficult to expedite this process

as both the handover note and the anesthesia record are

not integrated into the EHR, preventing direct information

transfer and auto-completion of anesthetic and operative

details in the handover note. Furthermore, the pre- and
postimplementation handovers spanned 2 academic

years, which may have been associated with increased

anesthetic recovery time associated with newer train-

ees.45 However, total TOC duration, defined as the time

elapsed between patient arrival in the PACU and end of

the verbal handover, was not significantly different as the

period of time between patient arrival and verbal hand-

over was significantly shorter postimplementation. Feed-
back from PACU RN team suggested that the standardized

process encouraged more teamwork between the periop-

erative and nursing teams to situate the patient (e.g.,

attach monitors, position patient in the PACU bay) and ini-

tiate the verbal TOC in a timely manner. This finding cor-

roborates published evidence that multidisciplinary

huddles do not prolong TOC time and are unlikely to ham-

per efficiency with OR turnover.46

Despite educational efforts including a video depicting

the ideal process, providers required repeated prompting

by PACU RN staff to utilize the visual checklist during the

postoperative verbal TOC, which was eventually discon-

tinued and integrated into the EHR handover note. One

barrier to utilization was the inaccessibility of the visual

checklists, even with strategic placement on the wall and

bedside table. Direct feedback provided to the PACU RN
team suggested that the multiple surgical subspecialties

involved in postoperative TOC at HMC made it difficult to

consistently report every item on the surgeon section of

the visual checklist. Furthermore, most RNs were focused

on recording information from the verbal handover, either

directly into the electronic handover note or indirectly via

written notes, rather than supervising the structured TOC

process while the handover was taking place. On the
other hand, nursing staff commented on the organization

of the TOC, finding the note easy to navigate and intuitive
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for data entry. This finding is corroborated by the PACU

RN survey findings demonstrating 100% compliance with

the electronic handover note 3 years postimplementation.

Although there was no significant change in the number
of interruptions during the postimplementation phase,

staff members reported that comments made between

team members were focused on care for the patient at

hand rather than other surgical patients under care of the

reporting team. Next, consistent efforts have resulted in

mandatory attendance of a surgical subspecialty represen-

tative, a result that has coincided with improved CHS dur-

ing the postimplementation phase. However, surgeon
presence for the entirety of the handover was not associ-

ated with improved CHS because other team member rep-

resentatives (i.e., OR RN, anesthesia) were able to

corroborate details or provide missing information to the

PACU RN. On the other hand, surgeon presence during

TOC may improve the anticipatory guidance and call

parameter reporting, as gauged by a 3-question subsection

of the PACU RN survey, although this finding did not
reach statistical significance.

We recognize certain limitations in our study design,

which is limited to 1 PACU at a single hospital and focus-

ing on an unvalidated measure of handover accuracy

(CHS). A prospective randomized trial with a control

cohort could better account for contextual factors, such

as seasonal variability due to trainee experience and

other PACU workflow modifications. Furthermore, a
control chart, or “p-chart,” such as the individuals�mov-

ing range chart, would have allowed to track process sta-

bility and variation after data collection was completed.

Thus, one would be able to identify the effect of any

other PACU workflow modifications (e.g., construction

of a PACU extension area) on outcome measures. Unfor-

tunately and inevitably, several of the original members

of the Housestaff Quality and Safety Committee subse-
quently graduated from the institution, thereby restrict-

ing continued data collection. Next, additional rounds in

the modified Delphi process could have optimized the

content and layout of the visual checklist prior to the

implementation phase, and a greater PACU RN survey

response could better discern about differences in post-

operative calls for clarification. Finally, our study did not

evaluate patient outcomes, including the incidence of
sentinel patient safety events or other quality-of-care

indicators such as timely medication administration, pri-

marily because of the concurrent renovations in the

Patient Safety Net system during the study time frame.
CONCLUSIONS

A structured OR-to-PACU TOC process improved infor-

mation transfer without significantly lengthening total
1056 Journa
TOC time. Consistent representation of all perioperative

team members and a modified electronic handover note

incorporating pertinent elements of the original visual

checklist are the current status quo at HMC. Although
improved communication is intuitively worthwhile, it is

a process measure that requires further investigation

into the relationship preventable patient safety errors.

Future studies could utilize larger datasets than ours to

re-examine the relationship between handoff standardi-

zation, patient, and hospital outcomes. Nevertheless,

structured handover protocols utilizing total quality

improvement techniques such as the Six Sigma DMAIC
methodology can be adopted by other hospitals as they

are a well-accepted paradigm for quality improvement in

surgery and anesthesia.
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APPENDICES

Figures A, B, C, D1, D2, E, F and Tables A and B.

APPENDIX FIGURE A. TOC environment: cause and effect diagram.
EHR, electronic health record; IT, information technology; PAC, preanesthesia clinic; PACU, postanesthesia care unit; QI, quality improvement; TOC, transfer-of-care.
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APPENDIX FIGURE B. Modified Delphi method3 for visual checklist creation and content curation.
HQSC, Housestaff Quality Safety Committee; ICU, intensive care unit; OR, operating room; RN, registered nurse.
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APPENDIX FIGURE C. OR-to-PACU visual checklist.
CXR, chest x-ray (radiograph); PACU, postanesthesia care unit; PCA, patient-controlled analgesia; PRS; Pain Relief Service; UOP, urine output.
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APPENDIX FIGURE D1. OR-to-PACU electronic handover note, January 2015.
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APPENDIX FIGURE D2. OR-to-PACU electronic handover note, December 2015 to present.
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APPENDIX FIGURE D2. Continued.
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APPENDIX FIGURE E. Bi-weekly erroneous reporting frequency with estimated pre- and postintervention trend lines.
TOC, transfer-of-care.
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APPENDIX FIGURE F. PACU RN survey results: calls for clarification (January 2015 and May 2018).
Question: “If you had questions regarding patient care, what were they about?”
Percentages add to greater than 100% as nursing staff were able to check more than 1 answer.
PACU, postanesthesia care unit; RN, registered nurse.

APPENDIX TABLE A. Accurate Data Element Transfer Using the Postoperative OR-PACU Verbal Handover

Preimplementation*
(n = 69)
n (%)

Postimplementation*
(n = 70)
n (%)

OR (95% CI) p Value

Surgery
Patient identification 42 (60.9) 47 (67.1) 1.3 (0.7-2.6) 0.44
Procedure description 69 (100) 67 (95.7) � 0.10
Significant events 34 (50.0) 68 (97.1) 34.0 (7.7-150.0) <0.001
Medical history 59 (85.5) 64 (91.4) 1.8 (0.6-5.3) 0.31
Diet 41 (59.4) 63 (90.0) 6.2 (2.5-15.4) <0.001
Activity 31 (44.9) 50 (71.4) 3.1 (1.5-6.2) <0.001
Antibiotic plan 25 (36.2) 36 (51.4) 1.9 (1.0-3.7) 0.06
Foley 44 (63.8) 44 (62.9) 1.0 (0.5-1.9) 0.57
DVT prophylaxis 24 (34.8) 24 (34.3) 1.0 (0.5-2.0) 1.00
Drains/wound care 34 (49.3) 65 (92.9) 13.4 (4.8-37.3) <0.001
Call triggers 53 (76.8) 70 (100.0) � <0.001
Disposition 36 (52.2) 50 (71.4) 2.3 (1.1-4.6) 0.040

Anesthesia
Significant events 28 (41.8) 66 (95.7) 30.6 (8.7-107.5) <0.001
Airway 36 (52.2) 63 (90.0) 8.3 (3.3-20.6) <0.001
Anesthesia type 66 (95.7) 68 (97.1) 1.6 (0.3-9.6) 0.63
Induction agent 64 (92.8) 64 (94.1) 0.8 (0.2-2.9) 0.77
Nausea/emesis prophylaxis 33 (47.8) 56 (80.0) 4.4 (2.1-9.3) <0.001
Vasopressor agent 32 (46.4) 51 (72.9) 3.1 (1.5-6.3) 0.001
Antibiotic administered 57 (82.6) 65 (92.9) 2.7 (0.9-8.2) 0.07
Time of last antibiotic dose 23 (33.3) 59 (84.3) 10.7 (4.8-24.2) <0.001
Pain medication 67 (97.1) 69 (98.6) 2.1 (0.2-23.3) 0.55
Paralytic agent 58 (84.0) 61 (87.1) 1.3 (0.5-3.3) 0.75

(continued)
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APPENDIX TABLE A (CONTINUED)

Preimplementation*
(n = 69)
n (%)

Postimplementation*
(n = 70)
n (%)

OR (95% CI) p Value

Time of last paralytic dose 21 (30.4) 25 (35.7) 1.3 (0.6-2.6) 0.50
Paralytic reversal 45 (65.2) 53 (75.7) 1.7 (0.8-3.5) 0.06
Special medications 31 (44.9) 56 (80.0) 4.9 (2.3-10.4) <0.001
Blood products 66 (95.7) 68 (97.1) 1.6 (0.3-9.6) 0.83
Fluids 63 (91.3) 64 (91.4) 1.0 (0.3-3.3) 0.57
EBL 52 (75.4) 68 (97.1) 11.1 (2.5-50.3) <0.001
Urine output 47 (68.1) 64 (91.4) 5.0 (1.9-13.3) <0.001
Significant labs 42 (60.9) 66 (94.3) 10.6 (3.5-32.5) <0.001
IV access 48 (69.6) 54 (77.1) 1.5 (0.7-3.2) 0.27
Pain management plan 30 (43.5) 64 (91.4) 13.9 (5.3-36.3) <0.001

Cumulative score, mean (SD) 63.6 (8.7) 81.9 (8.5) 18.3 (15.3-21.2) <0.001

DVT, deep venous thrombosis; IV, intravenous; PACU, postanesthesia care unit; RN, registered nurse; SD, standard deviation; TOC, transfer-of-care.
*Preintervention dates January 20, 2015 to March 8, 2015, postintervention dates May 14, 2015 to September 1, 2015.

APPENDIX TABLE B. Erroneous Data Element Reporting During the Postoperative OR-PACU Verbal Handover

Preimplementation*
(n=69)
n (%)

Postimplementation*
(n=70)
n (%)

OR (95% CI) p Value

Surgery
Medical history 1 (1.4%) 0 (0%) � 0.496
Diet 4 (5.8%) 0 (0%) � 0.130
Activity 1 (1.4%) 0 (0%) � 0.496
Antibiotic Plan 7 (10.1%) 0 (0%) 0. 0.006
Foley 9 (13.0%) 1 (1.4%) .10 (0.0-0.8) 0.009
DVT prophylaxis 1 (1.4%) 0 (0%) � 0.496
Drains/wound care 11 (15.9%) 1 (1.4%) 0.1 (0.0-0.6) 0.002
Call triggers 2 (2.9%) 0 (0%) � 0.245
Disposition 13 (18.8%) 0 (0%) � <0.001

Anesthesia
Airway 0 (0%) 0 (0%) � �
Anesthesia type 0 (0%) 0 (0%) � �
Induction agent 1 (1.4%) 0 (0%) � 0.496
Nausea/emesis prophylaxis 3 (4.3%) 4 (5.7%) 1.3 (0.3-6.2) 1.000
Vasopressor Agent 1 (1.4%) 3 (4.3%) 3.0 (0.3-30.0) 0.620
Antibiotic administered 3 (4.3%) 0 (0%) � 0.120
Time of last antibiotic dose 0 (0%) 0 (0%) � �
Pain medication 0 (0%) 0 (0%) � �
Paralytic agent 5 (7.2%) 3 (4.3%) 0.6 (0.1-2.5) 0.493
Time of last paralytic dose 3 (4.3%) 1 (1.4%) 0.3 (0.0-3.1) 0.366
Paralytic reversal 7 (10.1%) 10 (14.3%) 1.5 (0.5-4.1) 0.606
Special medications 4 (5.8%) 0 (0%) 0.058
Blood products 2 (2.9%) 1 (1.4%) 0.5 (0.0-5.5) 0.620
Fluids 1 (1.4%) 0 (0%) � 0.496
EBL 1 (1.4%) 0 (0%) � 0.496
Urine output 6 (8.7%) 5 (7.1%) 0.8 (0.2-2.8) 0.764
Significant labs 15 (21.7%) 2 (2.9%) 0.1 (0.0-0.5) 0.001
IV access 2 (2.9%) 0 (0%) � 0.245
Pain management plan 3 (4.3%) 0 (0%) � 0.120

Cumulative errors, n (%) 106/1932 (5.5%) 31/1960 (1.6%) 0.4 (0.3-0.6) <0.001

DVT, deep venous thrombosis; IV, intravenous; OR, operating room; PACU, postanesthesia care unit; RN, registered nurse; SD, standard deviation; TOC,
transfer-of-care.

*Preintervention dates January 20, 2015 to March 8, 2015, postintervention dates May 14, 2015 to September 1, 2015.
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