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Abstract

Introduction: Neonates undergoing surgery for congenital heart disease are vulnerable to
adverse events. Conventional quality improvement processes centring on mortality and
significant morbidity leave a gap in the identification of systematic processes that, though
not directly linked to an error, may still contribute to adverse outcomes. Implementation of
a multidisciplinary “flight path” process for surgical patients may be used to identify modifiable
threats and errors and generate action items, which may lead to quality improvement.Methods:
A retrospective review of our neonatal “flight path” initiative was performed. Within 72 hours
of a cardiac surgery, a meeting of the multidisciplinary patient care team occurs. A “flight path”
is generated, graphically illustrating the patient’s hospital course. Threats, errors, or unintended
consequences are identified. Action items are generated, and a working group is formed to
address the items. A patient’s flight path is updated weekly until discharge. The errors and
action items are logged into a database, which is analysed quarterly to identify trends.
Results: Thirty one patients underwent flight path review over a 1-year period; 22.5%
(N = 7) of patients had an error-free “flight.” Eleven action items were generated – four from
identified errors and seven from identified threats. Nine action items were completed.
Conclusions: Flight path reviews of congenital cardiac patients can be generated with few
resources and aid in the detection of quality improvement opportunities. The regular multidis-
ciplinary meetings that occur as a part of the flight path review process can promote inter-
professional teamwork.

Neonates undergoing surgery for congenital heart disease (CHD) are particularly vulnerable to
adverse events due to the complex technical nature of the operations, the need for a multispeci-
alty approach to care, variability in the complex cardiac anatomy to be corrected, and comorbid
conditions that often accompany CHD.1–4 Catchpole et al demonstrated via direct observational
studies of operative procedures that one can expect 9.9 minor negative events, defined as an
event, which was undesirable but did not affect the “operative flow,” per operation.2 In his work
on intraoperative error analysis, Catchpole created an intraoperative performance score that
expressed operating problems, or negative events, as a proportion of the total number of suc-
cessfully completed key tasks. Key tasks were defined by textbook intraoperative steps and local
accepted practice, for example, aortic cannulation and heparin administration as a step in car-
diac surgery. They demonstrated that for every three minor negative intraoperative events that
occur above 9.9, intraoperative performance decreases by 1%.1 Whereas the importance of
minor negative events has been shown to decrease operative performance, little has been done
to practically mitigate these events. Traditional mortality and morbidity conferences focus on
significant morbidity and mortality, leaving little opportunity to analyse what teams may per-
ceive as irrelevant or inconsequential annoyances that, taken in aggregate, can have significant
effect on outcomes. The lack of systems for analysing such issues is a profound gap in the current
quality assurance processes of healthcare organizations.

Much work has been done to reduce this vulnerability, yet significant gaps remain.5–7 The
Society for Thoracic Surgeons ranks programs based on outcomes with a star rating system, and
these rankings are publicly available (https://publicreporting.sts.org/) to promote transparency.
Many CHD programs publicly post their own outcomes by surgical complexity on hospital web-
sites. Work has also been done to identify the human factors and intraoperative performance
errors, which contribute to poor outcomes.1,8 However, congenital cardiac surgery outcomes are
influenced not only by the intraoperative course but also by the care provided preoperatively and
postoperatively, and this exemplifies the dynamic complexity of clinical settings.9 Thus, a com-
prehensive evaluation of the hospital course as it relates to each patient’s outcomes is required.
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Hickey et al described the application of threat and error analy-
sis techniques to congenital heart surgery.10 Each surgical admis-
sion constituted a “flight,” and each “flight path” was tracked in
real time with the aim of identifying error chains. In the study
by Hickey et al, threats, errors, and error chains were identified,
but no formal process was described for mitigating the same
threats and errors in future patients.10 It can be challenging to
develop a standard “flight path” for every congenital cardiac lesion
a priori, due to patient comorbidities as well as variations in envi-
ronmental factors, such as start time, case scheduling, and person-
nel present in the operating room.11 Thus, we present the
implementation of a modified version of the threat and error
analysis applied to complex neonatal congenital cardiac surgical
patients. In our model, a multidisciplinary team involved in the
care of the patient meets regularly during the patient’s hospital
course to determine the patient’s flight path. The flight path proc-
ess includes the generation of a graphical representation of the hos-
pital course from birth to discharge as described in the following.
System processes, if any, contributing to threats and errors are
identified, and action items are generated to improve the process
for future patients. It is our hope that this will lead to improved
outcomes and quality of care.

Methods

The project received institutional review board approval from the
University of Louisville and Norton Healthcare Office of Research
Administration. We performed a retrospective review of all con-
genital cardiac surgical cases that occurred at Norton Children’s
Hospital between March 1, 2018 and March 31, 2019 in patients
less than 30 days of age at the time of operation. Exclusion criteria
included patients older than 30 days or patients undergoing the
following index operative procedures: patent ductus arteriosus
ligation, coarctation of the aorta repair, ventricular septal defect
closures, and extracorporeal membrane oxygenation cannulation.
The process for developing a “flight path” is outlined in the follow-
ing, and a discussion of the project’s development follows.

Flight path development description

• Principal Investigator schedules flight path review for all com-
plex neonatal cardiac surgical patients within 72 hours after the
operation. This time frame was chosen in an effort to minimise
recall bias of the preoperative and intraoperative patient course
prior to flight path generation.

• Representatives from the following specialties meet to review
the case with discussion and input from all team members: car-
diac surgery, nursing (Operating Room [OR] and Cardiac
Intensive Care Unit [CICU]), neonatology, critical care, anes-
thesiology, cardiology, and perfusion. The goals of this process
are to identify threats, errors, and unintended consequences that
occurred during the patient’s hospital course. A detailed explan-
ation of terminology can be found in Table 1. Occasionally,
there are actions, which are somewhat difficult to classify as
either threats or errors, having elements of both. In those
instances, the multidisciplinary team arrives at a consensus
on the best classification of the action.

• A graphical display of the “flight path” is generated utilising
Microsoft PowerPoint by the principal investigator (Fig 1).

• If any threats or errors are deemed secondary to a process issue,
multidisciplinary team consensus is utilised to generate an
action item to help improve the process, which led to the threat
or error. A working group is assigned to address the items.

• The principal investigator monitors the patient’s medical record
and discusses with patient’s physicians weekly the patient’s
progress. Any new threats, errors, or unintended consequences
are noted on the flight path weekly until discharge.

• Each flight path is reviewed at a weeklymultidisciplinary clinical
conference utilising a projection of the flight path visual facili-
tated by the primary investigator (PI). Representatives from
each discipline involved in initial flight path generation are
present at the weekly conference and participate in the genera-
tion of new action items based on threats or errors that occur
during the remaining hospital course.

• At discharge, each flight path and action item are logged into a
database created utilising Microsoft Excel. Errors are categor-
ised in the database as per Table 5, and threats are categorised
as intrinsic and extrinsic (see Table 4).

• The database is analysed quarterly by the principal investigator
utilising descriptive statistics (percentage of threats and errors
per case; percentage and number of threats and errors per cat-
egory; and mortality rate) to look for trends in threats or errors
across systems that may require improvement work and to
monitor the success of prior action item implementations.
This analysis is presented quarterly at heart institute mortality
and morbidity conference.

A five-phase implementation framework was utilised to man-
age the project’s development. Phase 1 consisted of development

Table 1. Terminology definitions and examples

Definition Example

Threat Anything which led to or could reasonably lead to an
unintended consequence but is not the result of an error

Intrinsic threat Patient level factor Genetic syndrome; history of maternal drug use; prematurity

Extrinsic threat External to the patient OR team unfamiliar with new travel monitor

Error A human action that leads to an unintended consequence Discrepancy between actual cardiac anomaly and ECHO findings;
hospital acquired condition*; failed or unplanned extubation

Unintended
consequence

An occurrence that would not have otherwise been expected
and can be attributed to a threat or error

Second cardiopulmonary bypass run due to residual cardiac lesion;
diaphragm plication due to phrenic nerve injury; hypotension due
to medication administration error

OR = Operating Room.
*Central line associated bloodstream infections, ventilator associated infection, hospital acquired pressure injury, and catheter associated urinary tract infections. Hospital acquired conditions
were defined utilising National Healthcare Safety Network definitions except for ventilator associated infection, which was defined as a positive sputum culture from an endotracheal tube
accompanied by the clinical team decision to treat with antibiotics.
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of a project charter stating the goals and keymetrics for the project.
Nursing and physician champions were also identified. The
champion’s role was to break down barriers and obtain resources
necessary for implementation. For this pilot, the physician cham-
pion was the medical director of the hospital, and the nursing
champion was the nursing director for acute care services.

Phase 2 consisted of project design. An effort was made to
obtain input from the multidisciplinary team that would be a part
of the flight path generation. A survey to capture stakeholder input
was created using SurveyMonkey® and was sent to representatives
from cardiac critical care, cardiology, nursing, perfusion, neonatol-
ogy, and cardiac anesthesia. Questions were posed addressing the
expectations of these key stakeholders for the new process, as well
as fears they may have about moving forward. The answers were
then analysed and grouped according to theme, as shown in
Table 2. The flight path process was developed based on these sur-
vey results.

Phase 3 of the implementation process involved the develop-
ment of a communication plan to ensure that all team members
were aware of the process and their role. Our chosen approach
involved written email communication to all members of the clini-
cal teamwho care for congenital cardiac surgical patients announc-
ing the project. An overview of the project was presented at Heart
Institute meetings involving many of the key stakeholders whose
participation was deemed necessary for success. Face to face com-
munication and detailed conversations were held with the chiefs of
cardiology, cardiac surgery, cardiac anesthesia, the medical direc-
tor of the neonatal intensive care unit, and nursing leadership to
achieve commitment to the project.

Phase 4 involved the development of a process for recording
and analysing results. A database was developed to store completed
flight paths and to log threats and errors in a categorical fashion.

Phase 5 focused on project sustainability. Electronic flight path
templates were created to ease flight path creation. Maintenance of

Table 2. Voice of customer survey results

Results Problem solving Ownership Encouragement Time constraints

FEARS Waste of time Level of discussion too
superficial

Not all stakeholders will
participate

Process is blame focused No time to attend
meetings

No benefit Complaining without
fixing problems

Lack of cross disciplinary
engagement

Meetings held at
inconvenient times

HOPES Identify and solve system
process issues

Drive team work and
problem solving

Stronger engagement
Highlight our accomplishments

Safe place to share
ideas/concerns

Figure 1. Example flight path A = action items; E = error; T = threats; U = unintended consequences attributed to the threat or error. (a) Beginning on the left-hand side of the
graphic, the preoperative course is described. Important factors include: lesion, planned surgery, prenatal diagnosis, preoperative complications, respiratory support, and need
for vasoactive medications. (b) In the middle of the graphic is a brief description of the operative course. Important factors include: operative concerns such as delay in blood
product arrival, surgical errors, anesthesia complications, and perfusion issues. As the patient goes through the operative experience, a graphical line is draw representing an esca-
lation in acuity and risk in their hospital stay during this time. (c) The right-hand side of the graphic represents the postoperative course. A line is drawn as the patient de-escalates or
escalates care in the postoperative course. Important factors include: threats to the patient, errors in care, reoperations, unplanned procedures, and length of stay.
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certification type-IV credit was obtained from the American Board
of Paediatrics to reward participants who are certified by the
American Board of Paediatrics for their meaningful participation
in the project. Review of all flight paths, action items, and resolu-
tions were presented each quarter at the Heart Institute Mortality
and Morbidity conference. The same multidisciplinary team rep-
resentatives present for flight path generation were also present for
these conferences in addition to other heart institute team mem-
bers. This allowed for widespread dissemination of information
and awareness of the flight path quality improvement initiative
across the entire heart institute.

Results

Our initial implementation included 34 patients. Due to schedule
constraints, such as clinical schedule and vacations, only 31 of the
34 patients had a flight path review and were included in this analy-
sis. Table 3 provides characteristics of the patients included in the
analysis. The cohort had a 90.3% (N = 28) survival to discharge;
22.5% (N= 7) of patients had a completely error-free flight (mean-
ing no errors were identified through the flight path review
[Table 4]). Table 5 provides a summary of identified error types,
the number of errors identified, and examples of each error type.

There were 24 patients that had threats identified during their
flight path reviews. The majority of the identified threats were
intrinsic threats, such as lack of prenatal diagnosis, maternal drug
use, genetic syndromes, or primary arrhythmias. Ten patients had
extrinsic threats identified. Examples of extrinsic threats included
accidental arterial line dislodgment by the patient and a delay in
medication reaching the patient from the pump due to relatively
large amount of priming volume in the manifold setup utilised
for cardiac surgical patients.

The identification of errors and threats led to causal analysis,
which resulted in actions taken to enhance system reliability. A
total of 11 action items were generated from the 31 flight path
reviews, as shown in Table 6. Four action items were generated
from errors identified through flight path review. The remaining
seven action items were generated from identified threats. All
but two action items were completed (Table 6).

Discussion

In his text on human error, James Reason details that human error
is unlikely to ever be eliminated.12 As we cannot eliminate the
inherently fallible nature of humans, patient safety will benefit
from an approach, which examines the threats within the system
that lead to human errors.8,13 Human error can be evaluated by
either person-oriented or system-based approaches.14 In a person-

oriented approach, blame and intention become the focus of the
evaluation. In contrast, a system-based approach evaluates the
conditions, which led to the error. In this study, we present
the successful implementation of a system-based approach utilis-
ing a modified threat and error flight path review process to iden-
tify systems processes that may contribute to poor outcomes in
neonates with complex CHD requiring surgery.

Hickey et al demonstrated that human error can lead to cycles
of error and poor patient outcomes through the use of threat and
error modeling.10 In the Hickey study, a single full-time Heart
Centre Performance Coordinator was dedicated to tracking the
patients and generating the flight paths via clinician interviews.10

We were able to achieve flight path generation without any dedi-
cated staff in a way that brought heart institute team members
together frequently. As touted by Spear in his work on improving
broken care delivery systems, the flight path generation and review
process allowed physicians to collaboratively define expectations
and study deviations closely, so they can experimentally learn
how to achieve higher reliability in patient care.13This collabora-
tion was viewed as an additional benefit.

Utilization of a structured design and implementation process
was paramount to the success of the project. Surveyingmembers to
learn their hopes and fears for the project allowed us to mitigate
some of the fears in the design process and thus achieve crucial
support from teammembers. In addition, meetings were scheduled
at times convenient for the largest number of key stake holders
invited. The idea of creating a blame-free space for team members
to engage in dialogue about patients’ clinical courses and outcomes
was a key observation from the survey. In designing the flight path
process, it was important to ensure the creation of a safe environ-
ment that could permit robust discussion about the true concerns
present in a given patient’s flight path. A thorough communication
plan was also key to ensure that members were aware of their
importance and role in the process and to lay the foundation for
the creation of a safe space for discussion. In addition, maintenance
of certification type-IV credit was obtained for team members

Table 3. Patient characteristics

STAT category

Median
age at
time of
surgery
(days)

Median
weight
(kg)

Median
number of
threats

Median
number of
errors

Category 3 (N = 1) 9 3.9 3 0

Category 4 (N = 18, F = 6) 3 3 5 2

Category 5 (N = 12, F = 3) 3 3.1 4.5 2

F = female; N = number.

Table 4. Patients with error-free stay

Diagnosis Surgical procedure

Age at
surgery
(days)

Duration of
hospital

stay (days)

Transposition of the great
arteries

Arterial switch 2 14

Atrioventricular canal;
hypoplastic aortic arch

Aortic arch
reconstruction;
Pulmonary artery
banding

3 54*

Pulmonary atresia; intact
ventricular septum

Blalock–Taussig shunt
placement

2 17

Transposition of the great
arteries

Arterial switch 3 13

Transposition of the great
arteries

Arterial switch 3 12

Interrupted IVC, aortic
atresia, hypoplastic left
ventricle

Blalock–Taussig shunt
placement

2 28

Hypoplastic aortic arch Aortic arch
reconstruction

2 16

IVC = inferior vena cava.
*Patient remained inpatient for longer than was clinically necessary for social concerns
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boarded by the American Board of Paediatrics, thus rewarding
them personally for their active participation in flight path reviews.

Over the course of our study, program surgical mortality
improved from 7.3% in the year prior to the flight path project
implementation to 2.2% in the year following the flight path project
initiative.Many factors likely contributed to this improvement. It is
possible that the nine actions implemented to enhance system reli-
ability had a favourable impact by reducing or mitigating errors
and threats. Unfortunately, we were unable to directly quantify
the impact of this work on outcomes. This is due to lack of suffi-
cient resources to perform a multifactorial analysis that considers
other contributions to the reduction in program surgical mortality
along with our effort. That said, we are confident that our work
indeed benefits patient safety based on what we have observed.
We know, for example, that as the flight path driven action item
to change our Extracorporeal Membranous Oxygenation
(ECMO) circuit prime due to a case of hypocalcaemia, there have
been no further incidences of hypocalcaemia following ECMO
initiation.

Two action items were not completed – the development of a
formal intraoperative communication plan and standardization of
the use of neonatal versus paediatric transoesophageal echo probe
based on patient weight. There may be several reasons for the lack
of implementation on these two action items. For instance, we sus-
pect that the conflict clinicians face when pulling time away from
clinical duties to complete quality improvement projects is most
likely amajor factor.Wemust also acknowledge the possibility that
not all persons involved recognised the perceived threats as actual
threats or were committed to the idea of flight path review for proc-
ess improvement. In addition, issues such as communication bar-
riers are quite nebulous and difficult to address, perhaps requiring
a slow and consistent change in culture involving significant
investment from many people. We believe that the skilled leader-
ship described by Spear as the fourth basic organizational capabil-
ity is needed to address these challenges.15

Aside from process improvement, another benefit to imple-
mentation of the flight path reviews includes intangible improve-
ment of communication and teamwork skills. Regular meetings

bringing the entire team including neonatology, cardiothoracic
surgery, operative services, nursing, critical care, cardiology, and
perfusion together allowed us to learn from each other and to bet-
ter understand the stresses to the system from each discipline’s per-
spective. The simple familiarity we have gained amongst team
members has opened channels of communication that were previ-
ously not present. In addition, we now have an opportunity to
understand how each person works within their discipline to
achieve the common goal of excellent care and outcomes. In short,
though difficult to measure, there seems to be a palpable break-
down of the “silos” existing within the heart institute and enhance-
ment of teamwork that seems attributable to this process.

A key tenet of Hickey’s original application of the “threat and
error”model is the concept that apical errors lead to error chains.10

In our initial implementation, we chose to focus on system and
process issues associated with individual threats and errors rather
than the association of threats and errors with one another. In
addition, unintended consequences are directly attributable to
the identified threats and errors in many instances. For example,
a hospital acquired central line associated blood stream infection
may result in the unintended consequences of prolonged length
of stay, antibiotic associated diarrhoea, and hemodynamic instabil-
ity. This association is important and will be the focus of future
work at our program.

Flight path reviews of complex congenital cardiac patients can
be generated with relatively few resources, and they aid in the
detection of quality improvement opportunities. Utilising a robust
implementation framework as presented here can aid in the suc-
cess and sustainability of the initiative and may be most valuable
in those settings that have a high degree of complexity. We also
hope readers gain a blueprint for developing and customising flight
path review processes to their own centres from this paper, with
emphasis on improving the quality of care in the congenital cardiac
population.

Limitations of our study include the lack of resources for mon-
itoring efficacy and sustainability of action items generated as a
result of our flight path reviews and our institution’s lack of stan-
dard lesion specific clinical pathways to suggest what a typical

Table 5. Summary of identified errors

Error type
Number of errors (number

of patients affected) Examples of error

Communication 6 (6) Surgeon unaware of need for vasoactive infusion escalation when weaning from bypass

Intraoperative technical 15 (12) Diaphragm paresis, hemodynamically significant residual intracardiac lesion, vocal cord paresis,
postoperative haemorrhage requiring factor replacement or re-exploration

Cardiac catheterization
technical

1 (1) Misplaced ductal stent

Imaging interpretation 3 (3) Discrepancy between echocardiographic diagnosis and surgical diagnosis

Postoperative

Hospital acquired infection 15 (9) VAI, CLABSI, surgical wound cellulitis, viral URI

Failed extubation 11 (7) Need for reintubation following initial postoperative extubation for any reason other than a
planned procedure

Accidental device dislodgment 3 (3) Chest tube dislodgement, intracardiac line dislodgment

IV infiltrate 2 (2)

Other 7 (7) IV pump malfunction, pressure injury, hypocalcaemia after ECMO circuit change, hyperkalaemia
following blood transfusion

CLABSI = central line associated bloodstream infection; ECMO = Extracorporeal Membranous Oxygenation; IV = intravenous catheter; URI = upper respiratory infection; VAI = ventilator
associated infection.
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“flight” should be for a given lesion. In addition, the use of flight
path reviews could be enhanced by obtaining baseline and post
intervention data for each action item. For example, if a given
action item does not decrease the incidence of a threat or error,
the multidisciplinary group could reconvene to determine alterna-
tive actions to test for mitigating the problem. Another limitation
of the study is that the graphical display of the flight path does not
allow for depiction of all possible “escalations” in risk or complex-
ity of care. This was done in an effort to maintain a simple and

consistent template for all patients. However, consideration of
other templates to better capture a visual description of all
increases in risk unique to each patient should be considered.
Future directions may include reviews of several flight paths of
the same lesion to develop clinical pathways, which would
represent an ideal “flight” for a specific lesion.

At our centre, generation of action items and accountability to
task completion from flight path reviews on a perpetual basis has
been feasible and appears to have led to tangible system improve-
ments. In addition, the regular multidisciplinary meetings that
occur as a part of the flight path review process can improve work-
place culture and promote inter-professional teamwork.16 We rec-
ommend this technique to other centres in the hope that it will
enable them to generate similar beneficial changes in patient care
and team function.
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Table 6. Threats and errors leading to action item generation

Threat or error Action item

Error

Incorrect ECHO interpretation Formal review and education
process for incorrect ECHO
diagnoses created

Hypocalcaemia following ECMO
circuit change

Standard ECMO circuit prime drug
cocktail changed

PICC line infiltration requiring
debridement and wound vacuum
placement

Multidisciplinary ad hoc group
formed to standardise language
used to interpret PICC line tip
placement on x-ray; adopt
standard definitions for our
hospital for central versus
peripheral tip location; standardise
identification of central vs. non-
central catheters at the bedside

Hyperkalaemia following blood
transfusion leading
to near cardiac arrest

Multidisciplinary ad hoc group
formed to address age of blood
given to cardiac neonatal patients;
use of peripheral IV for blood
transfusions if possible; increase
awareness of the risks of
hyperkalaemia from blood product
transfusion

Threat

Multiple reports of poor
communication amongst OR team

Creation of formal OR
communication plan*

Preoperative single ventricle
clinical pathway deviation

Re-education of neonatology
physicians on existing clinical
pathway

Delay in getting drug from the
pump to the patient

Trialing new pressure transducer
set up; changed manifold brands to
a manifold with less priming
volume; standardised method of
priming lines with drug and
pressurising infusion pumps

Concern that use of paediatric
size TEE probe in neonatal
patients could cause oesophageal
injury

Standardise patient weight for use
of neonatal versus paediatric TEE
probes*

Accidental dislodgement of
peripheral arterial line

Standardised use of statlock device
in neonatal peripheral arterial lines
for securement

Travel monitor not transducing all
pressure lines

Education of OR staff on travel
monitor functionality

Arterial line not functioning well
during OR case

Standardise use of papaverine in
arterial line fluids

ECMO = Extracorporeal Membranous Oxygenation; IV = intravenous catheter; OR = Operating
Room; PICC = peripherally inserted central catheter; TEE = transesophageal echocardiogram.
*Action item not completed

Cardiology in the Young 865

https://doi.org/10.1017/S1047951120001201 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951120001201

	Implementation of a ``threat and error'' model in complex neonatal cardiac surgery patients to identify quality improvement opportunities
	Methods
	Flight path development description

	Results
	Discussion
	References


