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Abstract

Background: Procedure duration is an important predictor of patient outcomes in surgery.
However, the relationship between procedure duration and adverse events in congenital cardiac
catheterization is largely unexplored. Methods: All cases entered into the Congenital Cardiac
Catheterization Project on Outcomes from 2014 to 2017 were included. Cases were ordered
from shortest to longest case length, minus time spent managing adverse events, for each case
type. The outcomes, Level 3bc/4/5 and 4/5 adverse event rates, were calculated for cases above
and below the 75" percentile for case length. To identify an independent relationship between
case length and outcomes, the case length percentile was added to the CHARM II risk model.
Results: Among 14,704 catheterizations, longer cases (>75% percentile for case length) had Level
4/5 rates that were 2.2% and 2.7% compared to cases <75 percentile with adverse event rates of
0.9% and 1.4% for diagnostic and interventional cases, respectively. Level 3bc/4/5 rates were
5.0% and 8.4% in longer cases compared to 2.4% and 5.4% for diagnostic and interventional
cases, respectively. After adding case length to the CHARM II risk model, case length 50"-75%
percentile had an odds ratio (OR) of 1.4, 75""-90% percentile an OR of 1.56, and >90" percentile
an OR of 2.24 as compared to cases with case length <50 percentile (p <0.001 for all).
Conclusions: Longer case lengths are associated with clinically important and life-threatening
adverse events in congenital cardiac catheterization, even after accounting for known risk
factors. Case length may be an important target for future quality improvement work.

Prolonged procedure times associated with adverse patient outcomes have been widely
explored in the surgical literature.> Adverse outcomes have been attributed to time under
anaesthesia, time exposed to possible infection, the operator’s technical abilities, or procedure
complexity. However, there is very little literature on procedure times in congenital cardiac
catheterization,’™ despite multiple registries devoted to risk factors and patient outcomes for
this population.®~® Particularly with the growing number of transcatheter interventions, a more
sophisticated understanding of typical case lengths for different case types can be beneficial for
comparative reporting and scheduling purposes. In addition, limited data available on case
length and adverse events in congenital cardiac catheterization show that longer case lengths are
associated with higher adverse event rates.>

Using data from a large multicentre registry, the Congenital Cardiac Catheterization Project
on Outcomes, this study reports case lengths for congenital cardiac catheterization case types
and defines Expected Case Length groups as a comparison tool. The primary aim of this study is
to investigate patient and procedure characteristics associated with longer than anticipated case
length and explore whether longer than anticipated case length is associated with adverse events.
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This is a retrospective analysis of data captured prospectively for all
diagnostic and interventional congenital cardiac catheterizations at
participating Congenital Cardiac Catheterization Project on
Outcomes institutions from 1 January 2014 to 31 December
2017. Cases with procedure duration <5 min or >420 min were
excluded. Institutional Review Board approval for this study was
obtained at Boston Children’s Hospital and participating
institutions in accordance with local requirements. Data were
independently audited using methods previously described.”

Characteristics collected included known risk factors for adverse
events in congenital cardiac catheterization. Patient characteristics
include age at procedure, sex, single- or bi-ventricle functional
circulation, presence of any genetic syndrome, and presence of any
non-cardiac problem. Patient haemodynamics were reported as
normal or abnormal based on established thresholds and assigned
a weighted haemodynamic vulnerability score’ (Supplemental
Table S1). Cases were classified as diagnostic or interventional.
Interventional case types were determined by procedures
performed.’

Procedure duration was defined as minutes from sheath-in to
sheath-out. The time needed to manage an adverse event during
the time from sheath-in to sheath-out was determined by the
operator and entered into the database in minutes. Case length was
defined as procedure duration minus time needed to manage an
adverse event. As a measure of efficient use of in-lab time, total
fluoroscopy time in minutes was collected and used to calculate the
ratio of fluoroscopy time to procedure duration.

If an adverse event occurred during or as a result of the
catheterization procedure, the adverse event type, severity (Level
3-5) as defined by the International Paediatric and Congenital
Cardiac Code, and description of the event were recorded.!” The
primary outcome was the occurrence of any life-threatening event
(Level 4/5) (Supplemental Table S2), with a secondary outcome of
any clinically significant adverse event (Level 3bc/4/5).!!

Case length was summarized for individual case types using the
50t, 75t and 90™ percentiles. For interventional procedures, case
types were placed into four Expected Case Length groups based on
the median length of each interventional procedure type (Table 1).
Case lengths were then summarized for diagnostic versus
interventional procedures and for each Expected Case
Length group.

Patient and procedure characteristics were summarized for the
cohort as a whole and stratified by procedures with case
length <75™ percentile for a given case type versus those with
longer than anticipated case length, defined as >75" percentile. To
investigate which characteristics were associated with longer than
anticipated case length, categorical variables were summarized
with frequencies and percentages and compared for cases with
lengths <75 versus >75" percentile using the chi-square test.
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Table 1. Expected Case Length groups and median case length by PREDIC3T
case type

Expected Case length
Case Length percentile
(ECL) group PREDIC3T case type (minutes)
Median case
length n 50t 75t goth
Diagnostic procedures 5660 71 102 141
Pulmonary valvotomy, 191 61 82 110
age <30 days
Atrial septostomy 258 62 97 124
ECL 1 PDA device or coil closure 865 64 83 108
<90 min Pulmonary valvotomy, 390 67 86 114
age >30 days
PDA dilation and/or stent 149 68 104 142
ASD or PFO device closure 750 73 93 129
Pulmonary valvotomy + 15 94 156 236
procedure, age <30 days
Aortic valvotomy + 83 94 120 154
procedure, age <30 days
Atretic valve perforation 46 94 130 170
and/or valvotomy
Mitral valvotomy 71 99 131 180
ECL 2 Aortic valvotomy * 197 103 131 169
procedure, age >30 days
90 -119 min Aorta (coarctation) 448 104 130 174
dilation and/or stent
Fontan fenestration or 68 106 139 194
baffle leak device closure
Atrial septum static 49 112 135 183
dilation and/or stent
placement
RVOT conduit dilation 326 113 146 184
and/or stent
Pulmonary valvotomy + 53 119 149 180
procedure, age >30 days
Pulmonary artery (only 1 850 120 159 204
vessel)
Atrial septostomy + 61 122 180 211
procedure
Systemic pulmonary 953 125 159 203
collateral device or coil
closure + procedure
ECL 3 Fontan fenestration or 73 132 172 224
baffle leak device closure
+ procedure
120-139 min  Venous collateral device 367 133 171 221

or coil occlusion

Pulmonary artery (only 1 109 136 174 222
vessel) + RVOT conduit
dilation/stent

ASD or PFO device closure 36 136 176 227
+ procedure

Pulmonary artery (only 1 154 139 182 212
vessel) + procedure

(Continued)
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Table 1. (Continued)

Expected Case length
Case Length percentile
(ECL) group PREDIC3T case type (minutes)
Median case
length n soth 75t goth
VSD device closure 36 140 191 248
Pulmonary vein dilation 620 145 186 235
and/or stent
ECL 4 Aorta (coarctation) 219 150 192 219
dilation and/or stent +
procedure
>140 min Pulmonary artery (>2 819 155 209 254
vessels)
Pulmonary artery (>2 190 164 220 269

vessels) + RVOT conduit
dilation/stent and/or
other procedure

TPV implantation + PA 596 169 212 269
and/or other procedure

Case type could not be assigned for 12 cases. Case length is defined as procedure duration
minus time spent managing adverse events. PDA = patent ductus arteriosus; ASD = atrial
septal defect; PFO = patent foramen ovale; RVOT = right ventricular outflow tract;

VSD = ventricular septal defect; TPV = transcatheter pulmonary valve.

Continuous variables were summarized using medians and
interquartile ranges and compared using the Wilcoxon rank
sum test. Adverse event rates were compared between groups using
Fisher’s exact test.

To determine whether case length was associated with the
occurrence of adverse events, case length was added to a published
risk adjustment model, CHARM IL'"' The multivariable model
accounts for known patient and procedural risk factors for adverse
events, including case type risk category (PREDIC3T),” haemody-
namic vulnerability score, and patient age <30 days. Cases were
categorized as <50 percentile of length for their specified case
type, >50" and <75 percentile, >75" and <90 percentile, or
>90™ percentile. Cases with duration <50™ percentile were used as
the reference group. Separate models were fitted for the outcomes
Level 3bc/4/5 adverse event and Level 4/5 adverse event. Odds
ratios were estimated with 95% confidence intervals. The model
was also run with the addition of cases <75™ percentile and >75"
percentile as a dichotomous variable. To determine the presence of
an adverse relationship between very short case times and patient
outcomes, cases <20 percentile were assessed and compared to
cases from the 20" to 50" percentile.

A total of 14,704 diagnostic and interventional congenital cardiac
catheterization cases from 10 sites were recorded in the database
from 1 January 2014 to 31 December 2017.

Median and 75™ percentile case lengths by case type are reported in
Table 1. Upon review, four groupings of case length emerged:
<90 min, 90-119 min, 119-139 min, and >140 min (Table 1).
Histograms of case length for diagnostic cases and each Expected
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Case Length group are included in Figure 1. The median case
lengths were 67 minutes in Expected Case Length 1, 105 min in
Expected Case Length 2, 126 min in Expected Case Length 3, and
155 min in Expected Case Length 4 (Fig. 2). Expected Case Length
group 1Rev accounted for 89% of cases lasting 5-29 min, while
Expected Case Length group 4 accounted for 57% of cases lasting at
least 180 min (Fig. 2).

The median patient age for the cohort was 3 years, with a genetic
syndrome reported in 10% of patients and a non-cardiac
comorbidity present in 16% of patients (Table 2). Patients had
single ventricle physiology in 26% of cases. Most patients (47%)
had a haemodynamic vulnerability score of 0, and 65% were under
general anaesthesia (n =9596) (Table 2). The median procedure
duration for the entire cohort was 93 min [IQR 62, 140]. Cases
associated with Level 3 adverse events were a median of 10 min [5,
30] longer than cases without these events. Diagnostic and
interventional cases associated with Level 4/5 adverse events were
30 min [10, 90] and 20 min [5, 60] longer, respectively, than
procedures without these events.

Diagnostic cases accounted for 5,660 cases and had a median
case length of 71 min. There was no statistically significant
difference in patient age, non-cardiac comorbidity, genetic
syndrome, or recent cardiac procedure in cases shorter or longer
than the 75 percentile for case length (Table 2). Patients with
single ventricle physiology comprised 24% of shorter diagnostic
procedures and 29% of longer cases. In addition, general
anaesthesia was used in 57% (n=2437) of the shorter cases
compared to 71% (n=983) of the longer cases. Patients had a
haemodynamic vulnerability score of zero in 46% of shorter cases
compared to 43% of longer cases, while a haemodynamic
vulnerability score of >3 was present in 16% of shorter cases
and 22% of longer cases (p < 0.001). The ratio of fluoroscopy time
to procedure duration was 0.20 [0.13, 0.29] in shorter cases and
0.25 [0.14, 0.37] in longer cases (p < 0.001).

Interventions were performed in 9,044 cases, with a median
patient age of 3 years and a median case length of 111 min. Cases
with case length <75 percentile had a lower median age than
cases >75 percentile (2 vs. 3 years, p < 0.001) (Table 2). Patients
with non-cardiac comorbidities and/or genetic syndromes
accounted for a larger percentage of the population in longer
cases (Table 2). General anaesthesia was used in 67% of shorter
cases compared to 73% of longer cases (p < 0.001). Additionally,
52% of shorter cases had a haemodynamic vulnerability score of 0
compared to 40% of longer cases (p<0.001) (Table 2).
Alternatively, 38% of longer cases had a haemodynamic vulner-
ability score of >2 compared to 26% of shorter cases (p <0.001).
The ratio of fluoroscopy time to procedure duration was 0.25 [0.18,
0.36] in shorter cases and 0.30 [0.21, 0.42] in longer
cases (p <0.001).

The overall Level 3bc/4/5 adverse event rate for the cohort was
5.0%, with a 4/5 adverse event rate of 1.5% (Table 2). When
comparing diagnostic cases shorter and longer than the 75%
percentile, shorter cases had a 3bc/4/5 adverse event rate of
2.4% compared to 5.0% (p < 0.001). The Level 4/5 adverse event
rate for diagnostic cases was 0.9% for shorter cases and 2.2% for
longer cases (p < 0.001). Interventional cases >75" percentile also
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Figure 1. Case lengths for diagnostic cases and interventional cases by Expected Case Length (ECL) group.
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reported a higher 3bc/4/5 and 4/5 adverse event rate than shorter
cases (5.4% vs. 8.4% and 1.4% vs. 2.7%, respectively, p < 0.001).

Multivariable model

When the dichotomous variable of case length >75'" percentile was
added to the CHARM II multivariable model for adverse events
(PREDIC3T risk category, haemodynamic vulnerability score, and
patient age), case length was statistically significant, with an odds
ratio of 1.60 [1.37, 1.88] for Level 3bc/4/5 adverse events and 1.97
[1.50, 2.60] for Level 4/5 adverse events (all p <0.001). The
CHARM II multivariable model for Level 3bc/4/5 adverse events,
with the addition of cases categorized as 50"'-—75%" percentile,
7590 percentile, and >90™ percentile, had odds ratios of 1.40
[1.16,1.69], 1.56 [1.25, 1.94], and 2.24 [1.78, 2.81] with cases <50
percentile as the reference group (all p <0.001) (Table 3). When
the model was run for the outcome Level 4/5 adverse event, the
odds ratios were 1.57 and 2.76 for cases from 75% to 90 and >90t
percentile for case length, respectively (p =0.02, <0.001). When
cases <50 percentile were broken into cases <20™ percentile and
20™ to 50" percentile, with the latter as the reference range, there
was no statistically significant relationship between very short case
times and adverse events.

Discussion

In this retrospective study of 14,704 cases from 10 sites over 4 years,
we observed an association between case length and adverse events
in congenital cardiac catheterization. After categorizing case types
into groups of similar case lengths, we were able to create
comparison groups. We then established the 75% percentile as the
value over which case duration was considered long. Using this
cut-off value, our study consistently demonstrated that longer case
duration was significantly associated with a higher frequency of
adverse events.

One single-centre study from 2008 found procedure duration
categorized as <1 h, 1-2 h, 2-3 h, or >3 h to be statistically
significantly related to adverse event rates when added to a
multivariable model (p < 0.001).®> The same centre also evaluated
the impact of anaesthesia on cardiac catheterizations for
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pulmonary arterial hypertension and found that longer procedure
duration was associated with adverse events in multivariable
analysis (OR 1.3 per 30 min, p =0.001).* In a separate study, they
found that cases with an adverse event had a 36 min longer median
case length after adjusting for time spent managing adverse events
than cases without an adverse event and identified a linear
relationship between case length and log odds of an adverse event,
with an OR of 1.08 for each additional 10 min of case length.®
Those findings highlight the importance of an efficient procedure.

Our study consistently demonstrated that longer case duration
was associated with a higher frequency of adverse events. To
explore if this relationship was confounded by known risk factors,
we adjusted for patient and procedure characteristics associated
with increased risk of adverse events in previous work including
age, procedure type, and haemodynamic vulnerability, and longer
case times remained an independent risk factor for adverse event
occurrence. To understand whether shorter case times, potentially
related to hurrying through procedures, had a negative impact on
patient outcomes, we looked at the relationship between cases
<20™ percentile and cases in the 20"-50t percentile and found no
statistically significant relationship.

Case length is the result of many factors and is neither purely a
cause nor an effect. Factors may include differences in individual
interventionalist pacing or unusual or complex patient anatomy.

Some case types, such as pulmonary artery stenting, can vary
widely in technical complexity and thus have a wide range of case
lengths. Future quality improvement opportunities may include
identifying aspects influencing case time, such as cath lab
efficiency, which can be modified.

The longer a case goes on, the greater the opportunity for the
patient to deteriorate from their baseline haemodynamic vulner-
ability for which previous risk adjustment methodology has not
accounted. Case length helps account for the increased exposure
risk as patients are exposed to general anaesthesia longer and are
dependent on fluids and medications to maintain homeostasis. In
addition, interventional complexities such as complex anatomical
states during haemodynamic acquisition, catheter exchanges,
flushing, and idling with catheters and wires in the heart while
waiting for equipment increase patient vulnerability. While we
have already accounted for case type in this study, for any given
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Table 2. Patient and procedure characteristics
Entire cohort Diagnostic cases* Interventional cases*®
(n=14,704) (n = 5660) (n = 9044)
<75" percentile ~ >75% percentile p <75" percentile ~ >75% percentile p
(n=4257) (n=1393) value (n=6819) (n=2223) value
Patient characteristics
Age (years) 3[0.6, 12] 4 (0.6, 14] 4 [0.6, 14] 0.21 2 [0.5, 9] 3[0.7, 11] <0.001
Age
<30d 1176 (8%) 283 (7%) 92 (7%) 0.99 646 (9%) 155 (7%)
30dto<1yr 3380 (23%) 1005 (24%) 323 (23%) 1540 (23%) 512 (23%) <0.001
1to 18 yr 8496 (58%) 2389 (56%) 786 (56%) 4037 (59%) 1284 (58%)
>19 yr 1636 (11%) 580 (14%) 192 (14%) 593 (9%) 271 (12%)
Sex: female 6520 (45%) 1893 (45%) 633 (46%) 0.53 3026 (45%) 965 (44%) 0.44
Non-cardiac comorbidity 2394 (16%) 837 (20%) 270 (19%) 0.85 918 (13%) 366 (16%) <0.001
Genetic syndrome 1542 (10%) 473 (11%) 178 (13%) 0.091 620 (9%) 271 (12%) <0.001
Single ventricle 3765 (26%) 1011 (24%) 407 (29%) <0.001 1713 (25%) 631 (28%) 0.002
Cardiac catheterization <90 1996 (14%) 545 (13%) 209 (15%) 0.037 911 (13%) 331 (15%) 0.070
days
Cardiac surgery <90 days 1762 (12%) 612 (14%) 204 (15%) 0.83 690 (10%) 253 (11%) 0.093
Procedure characteristics
General anaesthesia 9596 (65%) 2437 (57%) 983 (71%) <0.001 4541 (67%) 1626 (73%) <0.001
Haemodynamic vulnerability
score
0 6961 (47%) 1949 (46%) 596 (43%) 3534 (52%) 877 (40%)
1 3093 (21%) 868 (20%) 226 (16%) <0.001 1499 (22%) 497 (22%) <0.001
2 2482 (17%) 748 (18%) 260 (19%) 1040 (15%) 430 (19%)
>3 2135 (15%) 681 (16%) 308 (22%) 732 (11%) 414 (19%)
PREDIC3T risk category
1 4390 (30%) 2969 (70%) 978 (70%) 335 (5%) 108 (5%)
2 3686 (25%) 1001 (23%) 320 (23%) 0.92 1786 (26%) 579 (26%) 0.99
3 3434 (23%) 287 (7%) 95 (7%) 2299 (34%) 753 (34%)
4 1914 (13%) 0 (0%) 0 (0%) 1441 (21%) 473 (21%)
1268 (9%) 0 (0%) 0 (0%) 958 (14%) 310 (14%)
Ratio of fluoroscopy time to 0.24 [0.17, 0.35] 0.20 [0.13, 0.29] 0.25 [0.14, 0.37] <0.001 0.25 [0.18, 0.36] 0.30 [0.21, 0.42] <0.001
procedure duration
Any Level 3bc/4/5 AE 728 (5.0%) 101 (2.4%) 70 (5.0%) <0.001 371 (5.4%) 186 (8.4%) <0.001
Any Level 3bc AE 519 (3.5%) 62 (1.5%) 41 (2.9%) <0.001 285 (4.2%) 131 (5.9%) 0.001
Any Level 4/5 AE 222 (1.5%) 40 (0.9%) 30 (2.2%) <0.001 93 (1.4%) 59 (2.7%) <0.001

*Cut points at 75" percentiles of case length for each individual case type. AE = adverse event.

case type, there are additional factors that expose the patient to
additional risk. For example, even in a diagnostic case, there can be
significant variation. In comparison to a quick and simple
diagnostic case, a complex diagnostic case may include complex
anatomy making fluoroscopy and haemodynamic acquisition
more difficult, pauses for review of angiograms, and further
catheter manipulations and exchanges, which create opportunities
for arrhythmias and trauma. Interventional cases include these
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same challenges, requiring pauses to re-evaluate the case,
determine the next steps, and navigate anatomic complexity. In
addition, interventional cases introduce additional risk exposure
due to the technical components of interventions. Even in a
straightforward case in a healthy patient for atrial septal defect
closure, if the right equipment is not prepared in the lab, sending
someone to get the equipment exposes the patient to a longer time
under the sedated and manipulated environment.
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Table 3. CHARM Il adverse event risk model + case length

M. J. Yeh et al.

3bc/4/5 adverse event

4/5 adverse event

0dds ratio 95% confidence interval p value 0dds ratio 95% confidence interval p value
PREDIC3T risk category (vs 1)
2 1.72 1.31, 2.27 <0.001 1.30 0.84, 2.01 0.24
3 2.74 2.11, 3.57 <0.001 1.48 0.95, 2.29 0.081
4 3.92 3.00, 5.14 <0.001 2.04 1.30, 3.20 0.002
5 5.88 4.44,7.78 <0.001 3.59 2.29, 5.64 <0.001
Haemodynamic vulnerability score (vs 0)
1 111 0.89, 1.39 0.34 1.14 0.77, 1.68 0.52
2 1.79 1.46, 2.20 <0.001 1.94 1.36, 2.77 <0.001
>3 2.12 1.73, 2.61 <0.001 1.85 1.27, 2.69 0.001
Age <30 days 1.36 1.07, 1.72 0.011 1.78 1.20, 2.65 0.004
Case length for case type
>50t" percentile, <75t percentile 1.40 1.16, 1.69 0.001 1.09 0.76, 1.56 0.64
>75t percentile, <90 percentile 1.56 1.25, 1.94 <0.001 157 1.07, 2.29 0.020
>90t percentile 2.24 1.78, 2.81 <0.001 2.76 1.91, 3.98 <0.001

The CHARM Il multivariable model is a risk adjustment model accounting for PREDIC3T case type risk category, haemodynamic vulnerability score, and patient age <30 days. Odds ratios are the
independent contributions of each category for the outcome (3bc/4/5 adverse event or 4/5 adverse event).

Decreasing case length provides an opportunity for future local
quality improvement work and is currently part of a Congenital
Cardiac Catheterizations Project on Outcomes quality improve-
ment initiative, which has shown initial positive results. The
Expected Case Length groups can be used to provide a meaningful
comparison of a centre’s case length, even for case types with fewer
cases performed, while accounting for expected variation by
interventions performed. Knowing the median case length for a
given procedure type can assist in quality improvement projects
to decrease case length, as it provides a goal length. When the
median case time and/or 150% of the median time is reached, a
brief team huddle can be conducted to assess progress in the case,
challenges, and potential remediation strategies to complete the
case safely and effectively. Of course, the advantage of this
prescribed pause in the case must be weighed against the risk of
prolonging case time, particularly when the procedure is flowing
well and as planned. Balancing measures for improvement work
related to case length may include the adverse event rate for cases
<20"™ and in the 20"-50" percentile range, as rates may go up if
interventionalists feel rushed. Similarly, rates of reintervention
and measures of procedural efficacy may serve as important
balancing measures to ensure that shorter cases do not eliminate
parts of procedures. In an attempt to shorten case length, the
efficacy can suffer. It is important to understand how to measure
efficacy in order to use this as a balancing measure, and the
Congenital Cardiac Catheterizations Project on Outcomes has
been working to measure efficacy for particular procedures.!? The
overall efficacy and success of catheterization must take into
account all aspects of the procedure, such as safety, technical
success, establishing the correct diagnoses, trainee education, and
myriad other factors.
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The Expected Case Length groups were derived based on the
distributions of procedure duration without regard for operator or
institution, assuming that these are the distributions of procedure
duration across a diverse population of cases from multiple
paediatric institutions. While we account for many types of
multiple interventions in the Expected Case Length groups, we do
not account for them all. For instance, a procedure with
angioplasty of two pulmonary artery branches is grouped with a
procedure with angioplasty of six pulmonary artery branches. The
latter procedure would likely have a longer case length and
inherently more risk because of the procedure being performed
and not necessarily because of the case length itself. Sheath-in and
sheath-out times are collected in the database, but in-lab time is
not. Therefore, as part of this study, we did not explore the
relationship of in-lab time, which would be a better estimate of
total anaesthesia time. Furthermore, there was no way to account
for time spent waiting for equipment after sheaths were inserted,
extending patient time under anaesthesia. To account for this, we
included the ratio of fluoroscopy time to procedure duration.
Longer diagnostic-only cases had a lower ratio of fluoroscopy time
to procedure duration than shorter diagnostic cases, potentially
suggesting that longer diagnostic cases may have had a less
efficient use of in-lab time. However, longer interventional cases
had a higher ratio of fluoroscopy time to procedure duration.
While this ratio did not appear to be a useful surrogate for lab
efficiency, further investigation is required to identify metrics of
efficiency related to case length. Lastly, we did not measure
procedural efficacy or reintervention rates in these cases. Those are
important outcome measures that will need to be studied in the
future.
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Case length >75% percentile is independently associated with a
higher risk for serious adverse events, even when adjusted for other
risk factors in a multivariable model. Quality improvement
projects targeting improvement in case duration may reduce the
overall adverse events and help improve patient outcomes, but a
decrease in case length must be carefully balanced with procedural
efficacy so that overall success does not suffer.

The supplementary material for this article can be
found at https://doi.org/10.1017/51047951124036606.
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