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ABSTRACT

Objective. Preprocedure meetings have become more commonplace in medicine but are not performed routinely in
the cardiac catheterization laboratory. We sought to create, implement, and evaluate a preprocedural meeting in the
form of a checklist for the cardiac catheterization laboratory. Staff attitudes and perceptions toward safety and sense
of teamwork were also analyzed.

Design. All procedures performed in the cardiac catheterization laboratory on patients with structural heart disease
from January 2010 to February 2012 were retrospectively reviewed for demographics, procedural details, and
reported complications. A checklist was introduced to the preprocedure protocol at the halfway point, and patients
were divided into pre- and postchecklist cohorts. Anesthesia and cardiac catheterization laboratory staff were
surveyed at the beginning and end of the study period regarding attitude toward safety, team climate, and the impact
of errors.

Results. “Total number of procedures (prechecklist, n = 371; postchecklist, n = 370) and demographics were similar
among groups. Complication rates were equivalent pre- and postchecklist, but there was a greater proportion of
interventional cases and higher median complication level in the postchecklist group. Cardiac catheterization
laboratory staff reported improved awareness of being briefed with the checklist. Anesthesia differed from cardiac
catheterization staff in perception of communication as well as team and safety climate.

Conclusions. A preprocedure checklist for congenital cardiac catheterization cases is easy to perform and serves to
update cardiac catheterization laboratory staff. Anesthesia and cardiac catheterization staff had different perceptions
of safety and teamwork climate. Further studies are needed to determine if this briefing could lead to better
communication among services and ultimately reduce complications.
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Introduction

P reprocedure checklists have been routinely
utilized in the aviation and construction indus-
tries to improve safety and limit unexpected
events.' Recently, checklists have been adopted for
use in the surgical arena as a mechanism to poten-
tially reduce medical errors, improve patient safety,
limit cost, and prevent surgical malpractice
claims.'¢ Checklists are also thought to improve
postoperative care and facilitate transfers between
hospital units.”® Pediatric cardiac catheterization
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procedures can be extremely complicated and asso-
ciated with significant adverse events.”!? In many
centers, the cardiac catheterization laboratory
(CCL) staff (interventional cardiologists, nurses,
and radiology technologists) work closely with
anesthesiologists, making the ability to foster team-
work and improve communication between the
collective health care team tantamount to patient
safety and procedural success. This is especially
true as more congenital cardiac catheterization
laboratories move toward a system of sedation and
anesthesia provided by a dedicated anesthesia staff.
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We hypothesized that a checklist designed for
the CCL could improve team and safety climates
as well as potentially limit complications. With
this in mind, we created, implemented, and evalu-
ated a preprocedural meeting in the form of a
checklist for the CCL. Anesthesia and CCL staff
attitudes and perceptions toward safety and sense
of team were analyzed before and after introduc-
tion of the checklist.

Methods

After obtaining Institutional Review Board
approval, cardiac catheterization records were ret-
rospectively reviewed to identify all patients with
structural heart disease who underwent cardiac
catheterization from January 2010 through Febru-
ary 2012. Bedside balloon atrial septostomies (n =
17) and hybrid procedures performed in the oper-
ating room (n = 4) were excluded for the purposes
of this study. There were no other exclusion
criteria. Patient demographics, peri-procedure
details, and reported complications were recorded.
In January 2011, responsibility for administration
of conscious sedation was shifted from the operat-
ing interventional cardiologist to the anesthesia
department.

Patients were divided by age at time of catheter-
ization into neonates (<1 month), infants (1 month
to 1 year), children (1-18 years), and adults (>18
years). Interventional procedures were categorized
as follows: atrial septal defect/patent foramen
ovale device closure, patent ductus arteriosus
embolization (coil or device), coarctation of the
aorta (balloon or stent), pulmonary balloon valvu-
loplasty, aortic balloon valvuloplasty, angioplasty
(systemic/pulmonary venous and pulmonary
artery), stenting (systemic/pulmonary venous and
pulmonary artery), and coil embolization (aor-
topulmonary collaterals and fistulae). Complica-
tion severity (levels 1-5) was assigned according to
the scoring system defined by the Congenital
Catheterization Consortium.'’

The prechecklist group had a traditional “time
out” performed at the beginning of the case that
consisted of patient identification and identifica-
tion of the procedure performed. Any other infor-
mation provided during this time was at the
discretion of the primary operator. A checklist
(Appendix 1) that incorporated elements of the
traditional “time out” was introduced to the pre-
procedure protocol at the halfway point of the
study period (February 2011), and groups were
divided into pre- and postchecklist cohorts. The
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primary operator or another member of the CCL
staff led the team through the checklist before the
start of each case. The checklist was usually com-
pleted in less than 2 minutes for each case.

Anesthesiologists, radiology  technologists,
nurses, and interventional cardiologists were
administered surveys at the beginning and end of
the study period. This survey utilized a 5-point
Likert scale (1 = disagree strongly, 2 = disagree, 3 =
neutral, 4 = agree, and 5 = agree strongly) to evalu-
ate communication and attitudes toward team and
safety in anesthesia (residents, fellows, faculty, and
certified registered nurse anesthetists) and CCL
(radiology technologist, nurses, and interventional
cardiologists) staff. A previously validated study
examining safety attitudes (operating room
version) was used in the creation of the survey.”
For the purposes of our survey, the word “surgeon”
was replaced with “cardiologist” and “OR” was
replaced with “pediatric cardiac catheterization
laboratory.” Survey responses were compared
between groups, as well as among individual groups
before and after introduction of the checklist.

Data were analyzed with SPSS version 20 (IBM
Corporation, Armonk, NY, USA). Results are
given as mean * standard deviation unless other-
wise stated. Chi-squared test and Mann—-Whitney
U test were used to compare results among
groups. Fisher’s exact test was utilized when n was
<5. Survey results were compared using analysis
of variance. Significance was set at P < 0.05. The
study was powered to detect a 5% difference in
proportions between cohorts.

Results

Patient Population

There were 741 total cardiac catheterizations per-
formed during the study period, with similar
numbers in the pre- (n = 371) and postchecklist
(n=370) groups. Patient age, gender, inpatient vs.
outpatient status, and total procedural and fluoro-
scopic time were equivalent among groups
(Table 1). General anesthesia was utilized less often
in the prechecklist group (72.5% vs. 95.4%, P <
0.001). The proportion of diagnostic cases
and annual heart transplant evaluation with biopsy
was equivalent among groups, but there was a
greater proportion of interventional procedures
performed in the postchecklist group (P = 0.05).
Types of intervention were equivalent with the
exception of pulmonary balloon valvuloplasty,
which was more common in the postchecklist
cohort.
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Table 1. Demographic and Procedural Characteristics
Prechecklist (n = 371) Postchecklist (n = 370) P value
Patient characteristics
Age
Neonate 3 (3.5%) 6 (4.3%) 0.28
Infant 56 (15.1%) 53 (14.3%)
Children 272 (73.3%) 256 (69.2%)
Adults (>18 years) 30 (8.1%) 45 (12.2%)
Median age (years) 4.65 (0.1-66.9) 5.58 (0.1-68.7) 0.56
Gender
Male 190 (51.2%) 170 (45.9%) 0.15
Female 181 (48.8%) 200 (54.1%)
Admission type
Inpatient 49 (13.2%) 57 (15.4%) 0.37
Outpatient 322 (86.8%) 313 (84.6%)
Sedation
General 269 (72.5%) 353 (95.4%) <0.001
Conscious sedation 102 (27.5%) 7 (4.6%)
Median procedure time (mins) 58 0 (5.0-292.0) 60 4 (3.1-271.0) 0.31
Median fluoroscopy time (mins) 0 (0.5-73.0) 0 (0.5-132.0) 0.63
Total complications, n (%) 3( 5) 8( 2) 0.38
Median complication severity (1-5) 2.0 (1.0-3.0) 3.0 (1.0-4.0) 0.05
Complication level 3-5, n (%) 7 (53.8) 8 (100) 0.02
Case type, n (%)
Heart transplant 128 (34.5) 117 (31.6) 0.44
Diagnostic 126 (34.0) 111 (30.0) 0.25
Interventional 117 (31.5) 142 (38.4) 0.05
ASD/PFO closure 21 (5.7) 22 (5.9) 0.87
PDA closure 16 (4.3) 17 (4.6) 0.85
Coarctation of aorta (balloon/stent) 14 (3.8) 16 (4.3) 0.70
Pulmonary balloon valvuloplasty 4(1.1) 12 (3.2) 0.04
Aortic balloon valvuloplasty 5(1.3) 8(2.2) 0.40
Angioplasty 22 (5.9) 24 (6.5) 0.75
Stent angioplasty 24 (6.5) 22 (5.9) 0.77
Coil 15 (4.0) 22 (5.9) 0.23

ASD/PFO, atrial septal defect/patent foramen ovale; PDA, patent ductus arteriosus.

Complication rates were similar between
groups, but the median complication severity and
percentage of levels 3-5 severity complications
was significantly higher in the postchecklist cohort
(Table 1). Adverse event severity in the precheck-
list group (n = 13) was divided into level 3 (n =7),
level 2 (n=2), and level 1 (n=4), Table 2. Arrhyth-
mias were noted in seven cases, whereas there was
one case each of: arterial thrombosis requiring
heparin, difficult conscious sedation requiring
conversion to general anesthesia, excessive blood
loss requiring transfusion, prolonged bleeding
after procedure, antibiotics not given with stent
placement, and large sheath inadvertently placed
in femoral artery. Adverse event severity in the
postchecklist group (n = 8) consisted of only level
4 (n = 1) and level 3 (n = 7) complications.
Arrhythmia was present in three cases; there were
two cases of systemic coil embolization, and there
was one case each of: arterial thrombosis requiring
heparin, excessive blood loss requiring transfusion,
and prolonged bleeding after catheterization.
There were no deaths or level 5 complications

during the study period.

Survey Responses
Anesthesia staff completed 26 surveys prechecklist
and 19 surveys postchecklist, whereas the CCL
staff completed 15 and 13 surveys, respectively.
With the prechecklist, there were five responses
from radiology technologists, eight from nurses,
13 from anesthesia residents, two from cardiac
anesthesia fellows, 11 from attending anesthesi-
ologists, and two from pediatric cardiologists. The
postchecklist consisted of three responses from
radiology technologists, 10 from nurses, 11 from
anesthesia residents, three from cardiac anesthesia
fellows, and five from attending anesthesiologists.
There were no significant differences in safety
or team attitudes within groups after introduction
of the checklist, but there were several differences
in opinion between groups (Table 3). Questions
designed to evaluate attitude with regard to team-
work revealed that the CCL staff perceived more
open communication and a greater sense of
morale when compared with anesthesia staff. In
addition, CCL staff strongly felt the attending car-
diologist should be in charge of the cardiac labo-
ratory during the procedure and that they received
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Table 2. Reported Adverse Events

Severity
Adverse Event Score
Prechecklist (n = 13)
Bradycardia requiring medication 3
Excessive blood loss requiring transfusion 3
Arrhythmia and hypotension during valvuloplasty 3
ST changes during IVUS — >resolved with 3
nitroglycerin
CHB with catheter manipulation 3
Arterial thrombosis treated with heparin drip 3
Difficult conscious sedation requiring conversion to 3
GA
ST changes during IVUS that self-resolved 2
SVT during case that self-resolved 2
Antibiotics not given with stent placement 1
Prolonged bleeding after procedure 1
8 French sheath inadvertently placed in femoral 1
artery
Transient ST segment changes 1
Postchecklist (n = 8)
Ventricular fibrillation requiring cardioversion 4
CHB with catheter manipulation 3
Prolonged oozing after procedure treated with 3
protamine
Systemic embolization of coil 3
Arterial thrombosis treated with heparin drip 3
ST segment changes and arrhythmia after air 3
embolus from defective catheter
Excessive blood loss requiring transfusion 3
Systemic embolization of coil 3

CHB, complete heart block; CPR, cardiopulmonary resuscitation; GA, general
anesthesia; IVUS, intravascular ultrasound; SVT, supraventricular tachycardia.

appropriate feedback about their performance as
compared with anesthesia staff. When overall
team and safety climate attitudes were evaluated,
there was no significant change within groups over
the study period (Table 4). Overall perception of
teamwork differed significantly between anesthe-
sia and CCL staff (P < 0.05), and overall safety
attitudes also trended toward significance between
groups (P=0.052). There was no significant inter-
action effect over time between groups.

Discussion

A preprocedure checklist for congenital cardiac
catheterization cases is easy to perform and serves
to update CCL staff. Complication rates did not
significantly change after introduction of the
checklist. Surveys of CCL and anesthesia staff
revealed different perceptions toward ease of com-
munication and team and safety climate within the
laboratory. There were no significant changes in
overall team and safety attitudes within each group
after introduction of the checklist.

Checklists have previously been shown to
reduce morbidity and mortality in the surgical
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arena."**® Although our study did not demon-
strate a significant reduction in the complication
rate after initiation of the checklist, the total
number of complications did decrease. The
patient in the prechecklist group that did not
receive antibiotics after stent placement may have
received antibiotics if the checklist had been in
place for that case. In addition, the patient that was
emergently converted from conscious sedation to
general anesthesia may have been identified as
requiring general anesthesia preprocedure if the
checklist had been utilized. There were no deaths
in our study population, and our complication rate
was slightly lower than previously reported litera-
ture, which may be attributed to the proportion of
posttransplant routine biopsy patients, the retro-
spective nature of the study, or that pediatric car-
diology fellows do not participate in cardiac
catheterizations at our institution.'""> While com-
plication rates did not significantly change after
introduction of the checklist, the median compli-
cation severity and proportion of complications
with severity levels 3—4 did increase. This change
in adverse event severity may be secondary to the
greater proportion of interventional cases per-
formed in the postchecklist cohort or improved
capture of adverse events. Larger, multicenter
studies will probably be necessary to adequately
answer this question.

Utilization of a preprocedure checklist also has
the potential benefit of saving money while
improving quality of care. Decision analysis has
shown that a surgical checklist generates savings
once it prevents at least five major complications
if the baseline complication rate is at least 3%
after surgery.’ Although major complications are
fairly rare in pediatric cardiac catheterization pro-
cedures, over time, the reduction of unscheduled
admissions or emergent surgery may lead to quan-
tifiable cost reduction. In addition, up to one-third
of accepted surgical malpractice claims may have
been intercepted and prevented by usage of a com-
prehensive surgical safety checklist.”

Anesthesia and CCL staff demonstrated signifi-
cant differences in attitudes toward safety and
teamwork. Specific survey questions that empha-
size these distinctions include: “the cardiologist
and anesthetist maintain open channels of com-
munication throughout the procedure,” “the
attending cardiologist should be formally in
charge of the cardiac laboratory during the cath-
eterization,” “in our PCCL, it is difficult to speak
up if I perceive a problem with patient care,” and
“I have a good understanding of the patient’s heart
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Table 4. Teamwork and Safety Attitude Domain by Specialty

Gordon et al.

Between Group Within Group
Team Climate Pre Post P Value P Value Interaction
Anesthesia 3.17 + 0.33 3.23+0.23 <0.05* 0.23 0.68
PCCL Staff 3.54 + 0.91 3.58 + 0.69
Safety Climate
Anesthesia 3.34 + 0.34 3.22+0.19 0.052 0.13 0.82
PCCL Staff 3.46 + 0.32 3.37 £ 0.25

PCCL, Pediatric Cardiac Catheterization Laboratory. *P < 0.05.

condition in the PCCL.” These questions high-
light the underlying differences inherent to
various subspecialists that come together to
support patient care. It is noteworthy the CCL
staff believes the cardiologist should be in charge
of the cardiac laboratory and that open channels
of communication exist between different services,
whereas anesthesia staff is more neutral with
respect to these factors.

Our study is the first qualitative description of
attitudes toward safety and team for intervention-
alists and anesthesiologists in the cardiac catheter-
ization arena. As more and more pediatric CCLs
move toward a system where sedation and anes-
thesia are provided by a dedicated anesthesia staff,
identifying and understanding the differences in
opinions and attitude between these two groups
is tantamount to providing optimal care. It stands
to reason the best patient outcomes result from
health care providers with a cohesive and strong
sense of team combined with similar attitudes
toward safety.

The checklist was designed to be a platform for
the CCL, allowing operators to add supplemental
sections such as pertinent patient history or poten-
tial complications as each individual case or opera-
tor dictated. Since its inception, we have added a
rhythm check, previous access issues, and evalua-
tion of endotracheal tube position at the beginning
of the case to the preprocedure checklist. Addi-
tional elements could also include: patient diagno-
sis, previous surgical/interventional history,
hemodynamic status, coagulation profile, previous
radiation exposure, home medications, presence
of pacemaker or device, or anticipated need for
unusual equipment. Although this version of the
checklist is a fairly minimal one, a more compre-
hensive one is being developed by the Society of
Cardiovascular Angiography and Interventions as
part of the Quality Improvement Toolkit and
should be available in the near future. The optimal
checklist will probably be tailored to each indi-
vidual institution, but these examples can provide
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a blueprint to facilitate its incorporation into
everyday practice.

The major shortcomings of this study are the
retrospective nature and smaller sample size. Mea-
sures of hemodynamic vulnerability, which have
previously been associated with adverse outcomes,
were not analyzed for the purposes of this study.’
Changes in anesthesia staffing may also have intro-
duced bias into the study. Individual responses to
survey questions were not tracked after implemen-
tation of the checklist. Additionally, staff percep-
tions of attitude, safety, or communication may
vary depending on who is the primary operator.

In conclusion, a preprocedure checklist for
cardiac catheterization cases is easy to perform and
improves staff perception of being briefed. Anes-
thesia and CCL staff differed in attitudes regard-
ing safety and teamwork. Further studies are
required to determine if this briefing could lead to
better communication among services and reduce
the number and severity of complications.
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Appendix 1: Pediatric Cardiac
Catheterization Checklist

Confirm all team members have introduced them-
selves by name and role.

Confirm the patient’s name, procedure, purpose of
procedure, and any planned interventions.

Is the patient going to be admitted?

Does the patient have a:

Known allergy? Yes/No

Latex allergy? Yes/No

Difficult airway or aspiration risk?

Yes/No, and equipment/assistance available

Will antibiotics be required?

Yes/No

Will Heparin be given?

Yes/No

Anticipated Critical Events

1o Interventionalist:

What are the critical or non-routine steps?

How long will the case take?

Is there a potential need for blood transfusion?
Has type and cross been sent?

Is there any special equipment required and, if so,
has it been addressed?

1o Anaesthetist:

Are there any patient-specific concerns?

To Nursing Team:

Are there patient, equipment issues, or any
concerns?
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