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ABSTRACT

Background Miscommunication during clinical handover
can lead to partial information transfer and healthcare
provider dissatisfaction. We hypothesised that a quality
improvement project to standardise the cardiovascular
intensive care unit (CVICU) handover could improve
healthcare provider satisfaction and reduce information
omission.

Methods After institutional review board approval, the
operating room (OR) to CVICU handover was audited prior,
post and 1 year after standardisation implementation.

The medical information transferred, healthcare provider
participation and satisfaction, and patient outcome data
were collected. Additionally, surveys were sent to the OR
and CVICU staff by email.

Results There were 68 handover processes observed.
The odds of greater satisfaction with handover for
providers were 18 times higher with the process post
implementation (p<0.0001) and 26 times higher 1year
after implementation (p<0.0001). There was statistically
significant difference between intensive care unit resident
presence (45% vs 76% vs 91%, p=0.004), surgical
faculty presence (10% vs 36% vs 45%, p=0.034) and
surgical fellow presence (15% vs 64% vs 62%, p=0.001)
between the three time periods. More information related
to the surgeon (5% vs 52% vs 27%, p=0.002), the
medical history (65% vs 96% vs 91%, p=0.014) and the
cardiopulmonary bypass (47% vs 88% vs 76%, p=0.017)
was conveyed. The duration of mechanical ventilation was
shorter after implementation (2.2+2.6 days vs 1.2+1.9
days vs 0.5+1.2days, p=0.026).

Conclusions One year after the OR to CVICU standardised
handover implementation, the healthcare provider
satisfaction remained increased, more team members
participated and the information transfer increased.
Although some clinical outcomes improved, further studies
are recommended to prove causality.

BACKGROUND

The introduction of a standardised sign-out
was associated with an increase in all key
written and oral communication elements.'
A study published in 2018 revealed that diag-
noses and goals of treatment are not conveyed
or retained by intensivists in half of the cases.”
An intervention designed using the aviation
and Formula One racing model to stand-
ardise sign-out from the operating room

' Nishkruti Munshi,? Alexander M Kaizer,® Luke Patten,®

(OR) to the paediatric intensive care unit
(PICU) lead to improvement of all aspects of
the handover.” The standardisation of hand-
over improved communication, teamwork,
Intensive Care Unit (ICU) nurses’ satisfac-
tion, and it was associated with reduced infor-
mation omission.* A pretest—post-test exper-
imental design using a standardised hand-
over tool for ICU registered nurses (RNs)
sign-out revealed improved ‘relationship and
communication’ and ‘satisfaction’ scores.”
Implementation of a standardised handover
in PICU revealed increased provider ratings
and improved patients outcomes measured
by required respiratory and haemodynamic
interventions, decreased antibiotic admin-
istration delays and improved analgesia
timing.6

Before 2017, there was no standardised
handoff for cardiac surgery patients arriving
from our institution’s OR to the cardio-
vascular intensive care unit (CVICU). The
CVICU healthcare providers at our institu-
tion openly expressed their concerns about
the lack of standardisation of the handover
process.

We hypothesised that a quality improve-
ment (QI) project to standardise the
handover process in the CVICU, beginning in
July 2017, could improve healthcare provider
satisfaction and potentially improve the team
members’ participation and the medical
information transfer.

METHODS

Context and local problem

The handoff for cardiac surgery patients
arriving from OR to CVICU at the Univer-
sity of Minnesota Medical Center was an
unstructured process before the standardised
handover implementation in July 2017. The
CVICU at the University of Minnesota is a
17-bed ICU admitting complex patients post-
cardiac surgery: patients with heart failure or
multiple comorbidities post coronary artery
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bypass surgery, valve surgery, implanted left ventricular
assist device, heart transplant; patients post-cardiac
surgery requiring mechanical support such as Venoarte-
rial Extracorporeal Membrane Oxygenation (VA-ECMO)
or percutaneous temporary ventricular support patients.
The CVICU team works in a multidisciplinary environ-
ment with cardiac surgeons, heart failure cardiologists
and interventional cardiology specialists. The cardiac
anaesthesiologists bring patients from the OR to the
CVICU after cardiac surgery.

Increased dissatisfaction of the CVCU team was related
to omissions, distractions during the handover and diffi-
culty finding information after the OR team left. The
CVICU nurses wrote reports and brought their concerns
up to their supervisors. The CVICU anaesthesiology and
surgery residents presented their discomfort to their
faculty supervisors.

DESIGN

The QI project led by one Anesthesiology Critical Care
faculty had the support of the Vice Chair for Quality
and Safety for the Department of Anesthesiology. The
team included cardiac anaesthesiology fellows, anaes-
thesiology residents, CVICU registered nurses (RNs),
certified registered nurse anaesthetists (CRNAs), surgery
residents, cardiothoracic surgery faculty and fellows. The

multidisciplinary approach for the QI project mirrored
the multidisciplinary work environment.

Development of standardised handover

The CVICU handover form (figure 1) and handover algo-
rithm (figure 2) were designed using the CVICU, anaes-
thesiology and surgery team input. Multiple versions of
the handover form and algorithm were developed and
improved. The handover form and algorithm were tested
and iterated through revisions 1 month before implemen-
tation with input from members of the multidisciplinary
team. The CVICU RNs, anaesthesiology residents and
fellows, and the CRNAs wanted a detailed report, while
the cardiothoracic surgeons preferred a simple version.
We opted to maintain the detailed CVICU handover
form (figure 1), considering the majority opinion. The
algorithm was discussed and improved; we added 1-hour
notice before arrival CVICU, start the handover after the
patient is on the ICU monitors and is stable clinically,
verification of all team members participation before the
sign-out.

STRATEGY

Implementation of standardised handover

We educated the residents, nurses, anaesthesiologists
and surgeons about the standardised handover process
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Figure 1

Operating room (OR) to cardiovascular intensive care unit (CVICU) handover form.
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Figure 2 Algorithm of the operating room (OR) to cardiovascular intensive care unit (CVICU) handover. CRNA, certified
registered nurse anaesthetist; CVTS, cardiovascular and thoracic surgery; ETA, estimated time of arrival; ICU, intensive care

unit; RN, registered nurse.

via email, posters and oral presentations. Additionally, we
recruited physicians and nurse champions interested in
educating their peers about the new process. Minnesota
Health Small Grant Fund financed the QI project. The
standardised handover process started in July 2017.

During the handover, each healthcare provider had a
clear role; the information transfer started after the ICU
monitors were placed and the patient was stable clinically.
In the interim, the anaesthesia team was responsible for
managing the patient. The sign-out process began only
when all the providers were free of tasks and listened
to each other. Only one person talked at a time. Each
provider had the chance to ask questions at the end of
the standardised sign-out.

MEASUREMENTS

After the institutional review board approval, surveys were

sent by email to the multidisciplinary team to assess satis-

faction with the handover process before the standard-

ised handover implementation, post implementation and

lyear after implementation. The surveys were concise

and contained four key questions:

1. Are you satisfied with the way handoffs are conducted
when transitioning patient care from the OR team to
the CVICU team?

2. Was the critical information transferred clearly and
completely?

3. Did the current handoff negatively affect patient care?

4. Were the key individuals in managing the patient post-
operatively missing during the handoff?

Four options were available to choose from in response:

completely agree, somewhat agree, somewhat disagree,

completely disagree.

The OR to CVICU handoff was audited before, for
the first 4months and lyear after implementing the
standardised handover. Our trained research associates
randomly observed the CVICU process before (June
2017), post implementation (July-October 2017) and
lyear after implementation (May-August 2018). The
observations were random based on research associates’
availability. The anaesthesiology department research
associates trained in collecting without interfering with
the clinical work; they presented to the CVICU at vari-
able times and days. The clinical team was unaware of
their intention to come. The research associates observed
the OR to CVICU handover; they collected data about
the medical information transferred using the handover
form (figure 1). Data collected included the type of
procedure, medical history, vital signs, vascular access,
allergies, airway details, fluids administered, most recent
laboratory results, cardiopulmonary details, anaesthetic
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medications and vasoactive infusions running (figure 1).
We also recorded the healthcare provider participation
during the handoff.

Following the CVICU handover observation, our
research associates collected patients’ outcome data from
the electronic medical record after the CVICU discharge:
mechanical ventilation duration, vasopressor, inotrope
treatment duration and ICU length of stay.

EFFECTIVE AIMS

Our main goal targeted to improve healthcare provider
satisfaction. Additionally, we intended to increase team
members’ participation and the information transferred.

STATISTICAL ANALYSIS

Data analysis included analysis of variance tests and post
hoc t-tests for pairwise comparisons using the Bonfer-
roni correction for continuous outcomes and Fisher’s
exact tests for binary and categorical outcomes. We
compared ORs for the level of satisfaction from question-
naires between periods using univariate ordinal logistic
regression models. P values for independent tests are not
adjusted for multiple comparisons and should be inter-
preted cautiously. All analyses were completed with R
V.3.5.1 (13) and SAS V.9.4.

RESULTS

We sent the survey to 134 healthcare providers. Before
the CVICU handoff implementation, 59 (44%) health-
care providers responded to the satisfaction survey,
21 (16%) immediately after and 33 (25%) lyear after
the standardised handover implementation. The odds
of greater satisfaction with handoffs for healthcare
providers were 18 times higher with the process post
implementation (95%CI (4.3 to 75.1), p<0.0001) and
26 times higher lyear after handover implementation
compared with the pre-implementation period (95% CI
(7.4 to 91.3), p<0.0001). The odds that the caregivers
agree that the information is transferred clearly and
completely during the OR to CVICU handover was 13.5
times higher immediately postimplementation (95% CI
(3.9 to 46.6), p<0.0001) and 16 times higher 1year after
implementation as compared with pre-implementation
(95%CI (5.2 to 51.1), p<0.0001). Compared with the
pre-implementation period, healthcare providers in the
post implementation period are 21 times more likely to
disagree that the handoff has a negative effect on patient
care (95% CI (6.2 to 70.0), p<0.0001) and 17 times more
likely lyear after implementation to disagree that the
handoff has a negative effect on patient care (95% CI (6.3
to 47.7), p<0.0001). The odds that the caregivers disa-
gree that key individuals are missing during the handoff
are 4 times higher for the post implementation (95% CI
(1.4 to 10.6), p=0.011) and 6 times higher for the l-year
post implementation (95%CI (2.4 to 15.8), p<0.0001)

compared with the pre-implementation period. Figure 3
illustrates the satisfaction survey responses.

Around 40 post-cardiac surgery patients are admitted
per month in CVICU in our institution. We observed 68
handover processes: 20 before, 26 post and 22 at 1year
after implementation. There was a statistically significant
difference between ICU resident, surgery faculty and
surgery fellow presence before, after and 1year after the
handover implementation (table 1). A similar percentage
of information regarding the type of procedure, the vital
signs, the vascular access, the airway details, the fluids
administered, the most recent laboratory results, the
sedation and the vasoactive infusions was transferred
before and after the standardised handover implementa-
tion (table 1, p>0.05). More information was conveyed in
the first 4months after and 1year after the standardised
sign-out implementation regarding the medical history,
the cardiopulmonary bypass, the allergies and the
surgeon involved compared with pre-implementation
(table 1, p<0.05).

From a clinical standpoint, the duration of mechanical
ventilation was shorter after handover implementation
(table 2). We observed a trend towards shorter vaso-
pressor and inotrope treatment duration and reduced
ICU length of stay at 1year (table 2).

DISCUSSIONS
Implementing a standardised handover for cardiac
surgery patients from OR to CVICU at our academic
institution was a successful QI project associated with
increased healthcare provider satisfaction, increased team
members’ participation and fewer omissions during infor-
mation transfer. The results were consistent and durable
lyear after the standardised handover implementation.
Additionally, we observed better clinical patient outcomes
after the implementation of the standardised handover in
CVICU, although we cannot demonstrate causality.
Handoffs between clinical teams can be the source
of healthcare provider dissatisfaction. Our pre-
implementation survey showed that most responders
were not satisfied with how the handoffs were conducted,
and perceived that key individuals were missing when
transferring patient care from OR to CVICU (figure 3).
Similarly, a qualitative interview conducted on healthcare
professionals and published in 2010 revealed that the
handover process is informal, unstructured with incom-
plete information transfer.” Resembling our study, imple-
menting a pilot handoff protocol from the OR to the
cardiac intensive care unit decreased the risk of missed
information and increased the ICU nurses’ satisfaction.”
The implementation of a bundled handover increased
healthcare provider satisfaction and the perception of
increased efficacy and quality of handoff from the OR
to ICU.” While the positive subjective perception might
have played a role in our survey results, a standardised
multidisciplinary OR to ICU handover was associated
with increased healthcare provider satisfaction without an
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| am satisfied with the way hand-offs are conducted when transitioning The current hand-off has negatively affected patient care.
patient care from the O.R. care team to the CVICU care team.
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Figure 3 Pre, post and 1year after implementation survey results.

Table 1 Healthcare provider presence and patient information transferred

Prior to Post 1 year after
implementation implementation implementation
Parameter (n=20) (n=26) (n=22) P value
ICU resident presence 45% 76% 91% 0.004
ICU faculty presence 25% 60% 41% 0.063
Anesthesiology resident or CRNA presence 90% 100% 91% 0.250
Anaesthesiologist presence 70% 84% 73% 0.518
Surgical faculty presence 10% 36% 45% 0.034
Surgical fellow presence 15% 64% 62% 0.001
Type of procedure 85% 84% 91% 0.819
Vital signs 75% 76% 7% 1.000
Vascular access 80% 84% 95% 0.324
Airway details 70% 88% 68% 0.189
Fluid administered 95% 96% 95% 1.000
Most recent laboratory results 80% 96% 92% 0.208
Sedation 85% 96% 91% 0.424
Vasoactive infusion 100% 92% 95% 0.770
Surgeon name 5% 52% 27% 0.002
Allergies 30 % 76 % 36% 0.003
Medical history 65% 96% 91% 0.014
Cardiopulmonary bypass details 47% 88% 76% 0.017

CRNAs, certified registered nurse anaesthetists; ICU, intensive care unit.
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Table 2 Clinical outcomes

Parameter Prior to implementation Post implementation 1 year after implementation P value
Mechanical ventilation duration 2.2+2.6days 1.2+1.9days 0.5+1.2days 0.026
Vasopressor and inotrope 1.7+2.2days 1.6+2.3days 0.5+£0.5days 0.073
treatment

ICU length of stay 4.4+3.2days 5.2+8.4days 1.7+1.3days 0.096

Data presented as mean+SD.
ICU, intensive care unit.

increase in objectively measured handover time.” Using
standardised handover was associated with decreased
loss of patient information and improved quality of
communication when assessed by an immediate survey."’
Our survey results 1year after implementation showed
sustained increased satisfaction and the perception that
the critical information was communicated clearly and
completely (figure 3). Nevertheless, survey results and
self-assessment tools are imperfect, and team perfor-
mance evaluation during handover needs direct obser-
vation."" While we recognise that surveys are subjective,
teamwork and more informed communication were asso-
ciated with increased job satisfaction.'*?

We assessed the information transfer from OR to
CVICU and the use of handover (figure 1) by direct
observation. The evaluation and direct observation of
postoperative handover in two European hospitals found
that the handoff was associated with frequent distractions
incomplete transfer of information.'* In the immediate
postoperative period, the transfer of information was
inconsistent in a Canadian hospital; the only information
reported >90% of the time consisted in the airway details
and the type of procedure.”” Before the standardised
handover implementation in our CVICU, only the vasoac-
tive medications and the fluid administered information
were transferred in >90% of the time (table 1). One year
after implementation, our team transferred >90% of the
information for the type of the procedure, vascular access,
most recent laboratory results, sedation and the medical
history (table 1). The use of a checklist increased the
data transfer in different studies.” '*'® Overall, we repli-
cated similar findings: increased information transfer.
Our study reached statistical significance by transferring
information about the medical history, cardiopulmonary
bypass, allergies and the surgeon in the 4 months after and
lyear after the handover implementation. We acknowl-
edge possible undetected confounders, including the
Hawthorn effect for the temporal association.'” However,
the sustainability lyear after implementation pleads
for possible standardised handover association with
increased information transfer. Implementing of the stan-
dardised handover from OR to ICU increased the health-
care provider involvement,”” sometimes non-statistically
significant.”’ More physician providers were present after
the standardised handover implementation in our institu-
tion (table 1), and our results were consistent 1year after
implementation. The observations were random over

4months at lyear after implementation, unannounced,
unlikely to influence the physicians’ behaviour.

There are mixed results in the literature regarding the
handover process improvement and clinical outcome.
Following the implementation of handover protocol
in a neurosurgical ICU, the rate of ventilator weaning
increased, and the duration of mechanical ventilation
decreased.”” One randomised controlled study found
that a standardised handover approach was associated
with a trend towards a shorter duration of mechanical
ventilation without any change in ICU length of stay and
reintubation rate.”” The standardisation of the handover
in PICU was associated with a decreased need for haemo-
dynamic and respiratory intervention in the first 6 hours
of ICU admission.” A prospective interventional study
(HATRICC) to implement partially structured handoff in
two surgical ICUs did not show any change in ICU length
of stay or mortality postintervention.”* Of note, inter-
disciplinary collaboration was associated with improved
patient outcomes.” *® In light of these inconsistent litera-
ture findings, we recognise the possibility of confounders,
including the anaesthesia care intraoperatively, sedation
protocols, weaning protocols and the patient selection
impacting the patient outcomes. We speculate that cohe-
sive teamwork and better understating of the overall clin-
ical plan can improve patient outcomes. That remains to
be evaluated in future studies.

Lessons and limitations

We learnt important lessons. First, a multidisciplinary
approach and collaboration is the key to success when
introducing a change. Second, there is potential to increase
physician participation and responsibility if the standard-
ised handover transforms into a hospital protocol. Third, the
handover form can become more convenient in electronic
configuration. Fourth, assessing the efficiency and durability
past lyear might add value to the handover process. Fifih,
using a validated tool to assess satisfaction could aid the
scientific strength of the handover process evaluation.

Our study has several limitations. First, the study was
conducted at one institution in the CVICU only. Second,
this is a pre-intervention and postintervention observa-
tional study related to a QI project, not a randomised
controlled study, unable to establish causality. Third, a
limited number of handover processes were ‘randomly’
observed during the day, according to the availability of
the research associates, which creates bias. Fourth, there
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is potential selection bias among survey responders
considering the low response rate, and we can speculate
the healthcare providers with interest in success have
responded. Fifth, the Hawthorne effect of the observers
might have changed the team behaviour and increased
the adherence to the handover process.

CONCLUSIONS

One year after the OR to CVICU standardised handover
implementation at our institution, we observed increased
healthcare provider satisfaction, enhanced physician
participation and reduced patient information omissions
during handover. Futures studies are warranted to eval-
uate the effect of the standardised handover process on
team behaviour, efficiency and patient outcomes.
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