MEDWIAVE
PEER REVIEWED MEDICAL JOURNAL

Electrophysiology lab efficiency using cryoballoon for
pulmonary vein isolation in Latin America: A sub-
analysis of the Cryo Global Registry Study

Armando Pérez-Silva®®, Rodrigo Isa-Param®, Juan F Agudelo-Uribe‘®, Alex Pacheco-
Bouthillier’®, Reece Holbrook®®, Daniela Paredes-Fernandez™®, Kyla Jones®®, Juan Tellez"

, Thomas R Holmes®®, Alicia Sale*®, Nicolas Martinenghi’
Hospital Guillermo Grant Benavente de Concepcién, Concepcion, Chile; °Clinica INDISA, Santiago, Chile; “Clinica CardioVID - Obra de la
Congregacién Mariana, Medellin, Colombia; “Instituto Cardiovascular de Minima Invasién, Guadalajara, Mexico; “Medtronic, Minneapolis,
USA; "Medtronic South Latin America, Santiago, Chile; “Medtronic North Latin America, Mexico City, Mexico; "Medtronic Central Latin
America, Medellin, Colombia; 'Sanatorio de los Arcos, Buenos Aires, Argentina

RESUMEN

OBJETIVO La ablaciéon con criobaldn para el aislamiento de venas pulmonares es un procedimiento que ahorra tiempo y puede
ahorrar recursos del laboratorio de electrofisiologia. Este andlisis model6 el impacto de la ablacién con criobalén en el
funcionamiento del laboratorio de electrofisiologia utilizando datos de América Latina.

METODOS Los datos de los centros de Argentina, México, Colombia y Chile del Cryo Global Registry se utilizaron como datos de
entrada para un modelo de simulacién de la eficiencia del laboratorio de electrofisiologia. El modelo partié del supuesto de que se
podian realizar dos (operaciones actuales del laboratorio de electrofisiologia) o tres (incluidos los cambios operativos del laboratorio
de electrofisiologia) procedimientos de ablacién con criobaldn por dia. Los criterios de valoracidn eran el porcentaje de dias en los que
se producian 1) horas extraordinarias y 2) tiempo restante para un procedimiento electrofisiolégico adicional no relacionado con la
ablacion.

RESULTADOS Se incluyeron en el andlisis los datos un total de 232 procedimientos de seis centros latinoamericanos. El tiempo medio
de ocupacién del laboratorio de electrofisiologia para todos los procedimientos en Latinoamérica fue de 132 + 62 minutos. En el
escenario actual (dos procedimientos por dia), el 7,4% de los dias simulados resultaron en horas extras, y el 81,4% tuvo tiempo
suficiente para un procedimiento de electrofisiologia adicional. En el escenario de productividad mejorada (tres procedimientos por
dia), el 16,4% de los dias utilizé horas extraordinarias, mientras que el 67,4% dispuso de tiempo suficiente para un procedimiento
electrofisioldgico extra sin ablacién.

CONCLUSIONES Utilizando datos del mundo real especificos de América Latina, descubrimos que, aplicando cambios operativos, es
factible realizar tres procedimientos de ablacién al dia, lo que deja tiempo para un procedimiento de electrofisiologia adicional en
mas de la mitad de los dias. Por lo tanto, el uso de la ablacién con criobalén es una herramienta eficaz para mejorar la eficiencia de los
laboratorios de electrofisiologia en regiones con recursos limitados como Ameérica Latina.
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INTRODUCTION

Atrial fibrillation is a progressive disease; after some time,
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Electrophysiology lab efficiency using cryoballoon for pulmonary vein isolation

MAIN MESSAGES

«  This manuscript explores the potential for operational optimization through a discrete event simulation approach in the
field of cardiovascular conditions frequently treated in hospitals.

+  Real-world Latin American-specific data shows that with operational changes, three ablation procedures could feasibly
be performed daily, leaving time for an extra electrophysiology procedure on more than half of days.

«  The cryoballoon ablation is an effective tool to enhance electrophysiology lab efficiency in resource constrained regions

such as Latin America.

vein isolation [5-8]. Cryoballoon ablation was developed
specifically for achieving pulmonary vein isolation and has
proven safe and effective in the treatment of patients with
paroxysmal or persistent atrial fibrillation [9-12]

The increasing burden of catheter ablation procedures
requires deliberate management of limited hospital resources.
Procedure times, specialized equipment, dedicated electro-
physiology lab usage, and expert personnel are all factors
considered when performing catheter ablations. Single-shot
techniques like cryoballoon ablation have shorter and more
consistent procedure times, allowing for a shorter learning curve
[13,14]. Decreased procedure time with cryoballoon catheter
ablation has proven beneficial in improving electrophysiology
lab efficiencies compared to traditional radiofrequency catheter
ablation [15-17]. Cryoballoon ablation can be most impactful
on electrophysiology lab efficiency in regions such as Latin
America that fall behind higher-income regions in electrophysi-
ology lab resources to help accommodate the increased burden
of atrial fibrillation [18]. However, more data is needed to assess
the impact of cryoballoon ablation on electrophysiology lab
efficiency due to operator experience, technological innova-
tions, and the increasing paroxysmal indication in Latin America.
This study was designed to assess the current efficiency of
electrophysiology labs in Latin America, given the use of the
cryoballoon catheter. This analysis also proposes operational
changes that could meaningfully improve productivity and
resource utilization.

METHODS
Procedural measurements within the Cryo Global Registry
The Cryo Global Registry (NCT02752737) is a prospective,
global, multi-center, observational post-market registry. The
registry aimed to evaluate and describe the clinical performance
and safety data in patients with drug-refractory (to class | or
Il antiarrhythmic drugs) paroxysmal atrial fibrillation (episode
duration < six months) treated with the commercially available
Arctic Front™ Cardiac Cryoablation Catheter System, according
to routine clinical practice [19-21]. The registry was conducted
at 93 sites in 36 countries, including South America [11]. The
present analysis includes procedures performed in public and
private facilities in Argentina (Hospital Universitario Fundacién
Favaloro and Instituto Cardiovascular de Buenos Aires, which
provided n =71 and n = 93 cases, respectively), México (Hospital
San Angel Inn and Centro Médico Nacional Siglo XXI, n = 20 and

n= 27 cases, respectively), Colombia (Fundacién Clinica Shaio, n
=16 cases), and Chile (Clinica Davila, n=5 cases).

Cryoballoon ablation procedures were done according to
the standard set at each site. This procedure has been exten-
sively described [6-8,10,12,22,23]. In brief, the 23- or 28-mm
cryoballoon catheter (Arctic Front Advance, Medtronic, Inc.) was
inserted into the left atrium using a steerable sheath (FlexCath
Advance Steerable Sheath; Medtronic, Inc.) through a transsep-
tal puncture. Utilizing either a J-tip guidewire or a dedicated
mapping catheter (Achieve; Medtronic, Inc.) the cyroballoon
catheter was delivered to the pulmonary vein. Once the vein
ablation was initiated, the operator determined dosing and
duration. Pulmonary vein isolation was exhibited by electrical
isolation of the pulmonary veins from the left atrium after
cryoablation. Post-procedure testing was done, and patients
were discharged according to local hospital standard policies.

Time measurements from the Cryo Global Registry were
retrieved to assess the electrophysiology lab usage, including
total procedural time and total lab occupancy time. The time
from initial venous access to final sheath removal was meas-
ured and defined as the total procedural time. While the
total electrophysiology lab occupancy time was defined as
the time elapsed between the patient entering and leaving
the electrophysiology lab. Lab occupancy time is an independ-
ent variable unaffected by external operational events such as
administrative delays or management of the operating lab and
its physical or human resources. Time estimations presented
herein represent the observations from the sample of sites in
Latin America and will be applied as input parameters for the
two tested scenarios in combination with proposed operational
improvements using a discrete event simulation model.

Discrete event simulation model operation

The electrophysiology lab utilization was modeled using a
discrete event simulation. The simulation aims to evaluate how
operational changes in the electrophysiology laboratory can
lead to enhanced productivity.

Discrete event simulation is a modeling method designed
to represent a wide range of interactions within the health-
care system co-occurring in a real-world environment [24,25].
Discrete event simulation models are based on stochastic time
series of individual, granular events representative of realistic
interactions of its core elements: Entities, attributes, events,
resources, queues, and time [26]. Entities trigger events (e.g.,
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people or critical resources). A pathway is traced for them based
on a probabilistic characterization derived from real-world data
and experience, in which they consume resources and enter
queues over time. This method is advantageous for modeling
the efficient use of resources in provider settings. The model
aims to explore how earlier start times, later end times, and
more efficient management of supply and operating room
turnover between patients could increase productivity from two
cryoablation procedures to three per day.

The model used for this analysis has been previously
described [27,28]. In brief, entities — represented by patients,
physicians, and support staff — and the electrophysiology lab
can affect lab occupancy times for procedures by incurring
delays and contributing to distortions in the expected start
times. These estimations are drawn from defined distributions
(Table 1).

The Lab occupancy time utilized in both scenarios is derived
from actual measurements from the Cryo Global Registry. As
displayed in Table 1, lab occupancy time remains unaffected by
operational events external to the surgical procedure, behav-
ing as an independent variable to environmental changes.
No technological or physician technique changes are being
modeled; thus, lab occupancy time remains the same for both
scenarios.

The differences between both scenarios lie in the modifi-
cations of operational activities accompanying surgical work.
Administrative or operational tasks include the operating room
schedules' start and end times, the time required to prepare,
clean, and equip the operating room for a new patient, and
delays dependent on the professional or related to the patient.

A pulmonary vein isolation procedure began in the dis-
crete event simulation after patient and physician delays were
accounted for (i.e., all entities were simultaneously available),
and its total duration was selected randomly from the prob-
ability distribution of lab occupancy times reported in the
STOP Persistent atrial fibrillation trial. After the lab occupancy
completion time, all entities were released back into the model,
and the process was repeated for all procedures pre-planned
for a given day according to either block or as-available room
scheduling practices retrieved in local explorations for the
sample of countries (Figure 1).

The simulation was conducted for 1000 days accounting for
variations in all model parameters simultaneously. The current
practice and enhanced productivity scenario were modeled,
considering moving from two pulmonary vein isolation cases
per day to three, changing the first case start time and overtime
begin time, and reducing room turnover time.

The metrics collected from the discrete event simulation
included the percent of days in which the pre-planned
pulmonary vein isolation procedures led to overtime or resulted
in excess time for one or two additional non-ablation cases in
the electrophysiology lab (e.g., pacemaker implants, implanta-
ble cardioverter defibrillator replacements, etc.). This analysis

used SIMULB8 professional version 26.0 (SIMUL8 Corporation) for
discrete event simulation.

Model inputs

The lab occupancy times from all Latin American patients
in the Cryo Global Registry were included and
represented all ablations performed for pulmonary vein
isolation and any non-pulmonary vein isolation ablations.
For the current scenario, it was assumed that only two
pulmonary vein isolation cases could be completed in one
lab day, and operational parameters were changed to
demonstrate what would have to be true to accomplish
three pulmonary vein isolation cases per day to represent an
enhanced productivity scenario. For both scenarios, it was
assumed that the electrophysiology lab operated on
dedicated pulmonary vein isolation days (i.e, no other
procedures were performed other than pulmonary vein
isolation). The assumptions and parameters for the number of
daily procedures, first case start, overtime begin, time for add-on
case, room turnover time, and delays, have been referenced
from Kowalski, M. et al. (2021). Furthermore, these parameters
were validated by a panel of eight electrophysiology experts
from countries involved in the Cryo Global Registry:
Chile, Argentina, Colombia, and Mexico. These data were
combined as inputs to the model for the simulation of each
scenario.

Current scenario

For the current scenario, the first procedure was scheduled
to begin at 8:30 am, and the second procedure was scheduled
to begin as soon as possible after the first case plus electrophysi-
ology lab turnover time. Operational delays based on qualita-
tive research were assumed in the model, including: 1) room
turnover time of 45 minutes, and 2) patient delays between
0 to 30 minutes. No physician delay was modeled. Physicians
were assumed to be focused on the pulmonary vein isolation
procedures and immediately available for each case. Overtime
was assumed to begin at 4:00 am.
Enhanced productivity scenario

A hypothetical enhanced productivity scenario was designed
to show what would have to be true for an electrophysiology lab
in Latin America to accomplish three pulmonary vein isolation
cases in a day without an unreasonable overtime burden. In this
scenario, the shifts for staff would be extended with the first
case scheduled for 7:30 am and overtime to begin at 5:00 pm.
The electrophysiology lab turnover assumption was reduced
to 30 minutes, with all other inputs remaining the same as
the current scenario. The model inputs for both scenarios are
summarized in Table 1.
Model validation and sensitivity analysis

A sensitivity analysis is a technique used to understand
how changes in study parameters affect the outcomes of a
model. A deterministic sensitivity analysis was performed to
evaluate the effect of parametric uncertainty or variations on
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Table 1. Model inputs.

Current scenario Enhanced productivity scenario

Model parameter Base case High Low Base case High Low
Lab occupancy time (minutes) 132 +62 145+ 62 119+62 132+62 145 £ 62 119+62
Pulmonary vein isolation cases per day 2 N/A N/A 3 N/A N/A
First case start times 8:30 am 9:00 am 8:00 am 7:30 am 8:00 am 7:00 am
Overtime begin time 4:00 pm 4:30 pm 3:30 pm 5:00 pm 5:30 pm 4:30 pm
Time for add-on case (minutes) 60 20 45 60 90 45
Room turnover time (minutes) 45 60 30 30 45 15
Delays (minutes)

Physician 0 N/A N/A 0 N/A N/A

Patient operational 0to 30 0to 30

Source: Prepared by the authors of this study.

Figure 1. Discrete event simulation model operation.
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The key entities in the model are the patient, the physician, and the electrophysiology lab. When the patient (solid line) and physician (dashed line)
arrive at an empty lab, the pulmonary vein isolation procedure commences within the model using a lab occupancy time drawn from the probability
distribution derived from the Cryo Global Registry. This is repeated for the prescribed number of cases in each lab day. EP: Electrophysiology; PVI:
Pulmonary Vein Isolation.

Source: Prepared by the authors for this study.

the nominal and high-efficiency use cases by independently = mean lab occupancy time, operating room turnover time, and
changing each of the individual time components, such as the lab shift end. All other assumptions and inputs were maintained
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constant. Table 1 displays the values of the variables considered
in this sensitivity analysis. For this sensitivity analysis, for each
parameter above, a number labeled as "High" represents the
high end of the range for the variables. At the same time,
"Low" is numerically lower than the value corresponding to the
base case. A probabilistic sensitivity analysis was not deemed
necessary due to the inherent stochastic nature of Discrete
Event Simulation (DES).

Statistics

Pearson 5 distributions were used to characterize the
variability in lab occupancy time. After 1000 lab days of base
simulation, mean simulated lab occupancy times were, with
a 95% confidence level, within 3% of the expected mean
generated from the clinical trial. The percentage of days
resulting in overtime, or the amount of time left for add-
ing operations were the key model outputs. The mean, 10"
percentile, and 90th percentile are presented for all descriptive
raw lab occupancy time data.

RESULTS
Electrophysiology lab occupancy time distributions

The lab occupancy time distribution for all use cases in
this manuscript were derived from the subset of sites in
the Cryo Global Registry dataset in Latin America, including
232 procedures from six study sites. These patients' clinical
characteristics, treatment details, and clinical outcomes were
previously published [10].

Site-specific average lab occupancy times ranged from 91 to
279 minutes across the trial sites (Figure 2A). The average lab
occupancy time was 132 + 62 minutes, with a 10" percentile
of 75 minutes and a 90" percentile of 230 minutes (Figure 2B).
Detailed procedure time distributions were fit to a Pearson five
distribution (online supplementary figure 1) as input to the
simulation model. These time estimations are applied to both
scenarios.

Electrophysiology lab efficiency outcomes

A simulation of 1000 electrophysiology lab days was
performed for each scenario. The current scenario simulation
represented 2000 total pulmonary vein isolation procedures and
resulted in cases that required overtime work in 74 (7.4%) of the
simulated days, while 814 (81.4%) of the simulated days finished
pulmonary vein isolation cases early enough to allow time
for an extra non- pulmonary vein isolation procedure with-
out overtime. The enhanced productivity scenario simulation
represented 3000 total pulmonary vein isolation procedures and
resulted in cases that required overtime work in 164 (16.4%)
of the simulated days, while 674 (67.4%) of the simulated days
finished pulmonary vein isolation cases early enough to allow
time for an extra non- pulmonary vein isolation procedure
without overtime (Table 2).

Influence of operations on lab efficiency

A representative simulated case regarding time distribution
for the current scenario is included in Figure 3A, while Figure 3B
is representative of the enhanced productivity scenario.

The sensitivity analysis results for the overtime days metrics
are shown in Figure 4 and the results for add-on case metrics are
shown in online supplementary figure 2. The simulation model
was most sensitive to changes in overtime begin time for the
current scenario, and lab occupancy times for the enhanced
productivity scenario; however, the overall results remained
directionally consistent for all simulations in the sensitivity
analysis.

DISCUSSION

This analysis explored current and potentially achievable
electrophysiology lab efficiencies when using cryoballoon
technology to perform pulmonary vein isolation ablation
procedures, specifically in the Latinamerican region, based on
data from the Cryo Global Registry. Currently, with an average
lab occupancy time of 132 minutes and a lab day that runs from
8:30 am to 4:00 pm, cryoballoon enables two pulmonary vein
isolation cases per lab day with minimal intrusion of overtime
for staff (7.4% of days) and consistent opportunity to do extra
non- pulmonary vein isolation cases with the same resources
(81.4% of days). By extending the lab day incrementally from
7:30 am to 5 pm, an increase in productivity of 50% (from two
to three cases per day) is feasible with low overtime and good
capacity for extra non-pulmonary vein isolation cases.

There was notable variability among the average procedure
times by site (average lab occupancy times by site ranged from
91 to 279 minutes). The highest and lowest measures per site
came from sites with relatively few procedures, which may limit
the accuracy of interpreting the data at the site-specific level.
Nonetheless, lab occupancy times can be affected by different
variables, such as previous operator experience, the proce-
dure learning curve, and each center’s internal dynamics. The
sensitivity analysis found that the main results of the analysis
were not overly sensitive to changes in the lab occupancy time
within reason.

Pulmonary vein isolations using catheter ablation can
be unpredictable since many variables interact: creation of
geometries, voltages and maps, and cartography, among others.
This volatility can lead to a wide range of procedure times
depending on the case’s complexity. With the advent of "one
shot" device, including cryoablation, these variables and the
time they take are much more predictable due to the simplicity
of the technique. For example, Velagic and colleagues showed
that point-by-point radiofrequency ablation had an average
procedure time of nearly 192 minutes with substantial variation
(£ 101.1 minutes), while cryoballoon ablation was significantly
shorter with much less variation (116.6 + 39.8 minutes) [14].

The efficiency advantages of an anatomical approach enabled
by current cryoballoon technology as opposed to a point-by-
point approach significantly reduce lab occupancy time for
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Figure 2. Lab occupancy times derived from the Cryo Global Registry.
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Panel A shows average lab occupancy times for each Latin American trial site.
Panel B shows a box plot of the lab occupancy time distribution for all Latin American study sites.

Source: Prepared by the authors of this study

Table 2. Key metrics.

Metric Current Enhanced productivity
Total days (cases) 1000 (2000) 1000 (3000)
Overtime days 74 (7.4%) 164 (16.4%)
Days with time for one add-on case 814 (81.4%) 674 (67.4%)

Source: Prepared by the authors of this study.

pulmonary vein isolation procedures [15,16]. Direct comparisons
of anatomical vs point-by-point demonstrate improvements in
overtime avoidance and increased use of fixed lab resources
in the United States for paroxysmal atrial fibrillation using
first-generation catheter technologies [27], and in Europe for
paroxysmal and persistent atrial fibrillation procedures using
newer generation technologies [29]. Analyses looking specif-
ically at the anatomical approach estimate that overall lab
throughput can reasonably be increased by 50% (from two to

three pulmonary vein isolation procedures per day) both in the
United States [28] and in Europe [29]. The current analysis uses
similar methodology with Latin America-specific procedure data
from the Cryo Global Registry to demonstrate that the
efficiency gains previously seen can be extended to the region.
While the measures of this analysis, overtime days and days
with time for non-pulmonary vein isolations, have meaning for
hospital administrators, the specific impact may vary between
institutions and countries. When considering overtime in private
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Figure 3. Duration of pulmonary vein isolation cases per day.
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Panel A represents the begining and end wall times for a sampling of days from the current scenario simulation, with each contiguous vertical line
indicating the time of lab occupancy (the bottom end indicating the biggining and the top end indicating end time). First cases of each day were

scheduled to start at 8:30 am, and overtime began at 4:00 pm.

Panel B represents a sampling of begining and end wall times from the enhanced productivity scenario. First cases of each day were scheduled to

begin at 7:30 am and overtime began at 5:00 pm (horizontal dashed lines).
Abbreviation: EP, electrophysiology.
Source: Prepared by the authors of this study.

institutions, this is likely to be a direct measure regarding
extra staff costs and the inconvenience of unplanned extra
work hours for the staff themselves. Public institutions typically
cannot afford overtime, leading to canceled cases to avoid
additional costs. This results in fewer procedures on that day
and scheduling difficulties, ultimately causing longer patient

wait times. When considering days with time for a non-pulmo-
nary vein isolation case, having a consistent resource availa-
ble for additional procedures enables advance planning to
use that resource, first serving more patients with appropriate
indications for these treatments and benefitting the hospital by
creating more value from a fixed resource cost.
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Figure 4. Sensitivity analyses.
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Panel A is a tornado chart showing the impact of varying the model inputs according to the high and low values from Table 1 for the current
scenario. According to the model, the x-axis represents the number of lab days that require overtime. The limits of the horizontal bar associated with
each variable indicate the number of simulated overtime days when the indicated parameter is changed to the low value (light blue) or high value

(dark blue) while holding the other variables constant.

Panel B represents the number of overtime days within the model when each variable is changed independently to the low (light green) or high

(dark green) value for the Enhanced Productivity Scenario.
Source: Prepared by the authors of this study.

In Chile, a recent analysis of elective surgeries has demonstra-
ted that public providers perform 3.3 general elective surgeries
per day (utilization rate of 53%, equivalent to 4.8 hours out
of nine working hours), with an average delay of 40 minutes
for the first case. Also, operating rooms finish shifts two hours
early [30]. These results have driven a sectorial agenda towards

efficient surgical resolution models, emphasizing ambulatory
surgical models.

There are numerous challenges to the efficient operation
of an electrophysiology lab in Latin America. In many South
American countries, the electrophysiology laboratory is not
exclusive to electrophysiology procedures and is shared with
other cardiology and medical specialties. Shared operating
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rooms also impact their equipment, specifically polygraphs
or cryo-consoles. In some models, these are supplied by the
service provider, depending on the availability and schedul-
ing. Although high-volume hospitals satisfy the demand by
stable contracts with distributors, that is only the case for
some. Especially in low-volume providers, due to the cost of
the therapy, the cost-benefit balance is not fully understood
by decision-makers, despite studies published in this regard.
Nursing and radiology support staff change between depart-
ments and are randomly assigned to procedures, complicat-
ing training and impacting efficiency. A deficit of qualified
personnel for the room’s workflow also affects efficiency,
especially during evening shifts and weekends. Because of these
challenges, the ideal scenario is far from being achieved.

Reductions in lab occupancy time can create incremen-
tal improvements toward the ideal, even given other chal-
lenges, and there are good reasons to improve using available
pulmonary vein isolation technologies in conjunction with
reasonable changes to operating parameters. The conditions
explored for modeling the enhanced productivity scenario
align with the Chilean national commission for productivity
recommendations, which suggested the extension of operating
room availability from 7:30 am until 5:00 pm, an increase in
physicians' supply for surgeries from 17% to 33% or more of
their hired time and increase anesthesiologists supply from
53% to 60% of their hired time also [30]. As suggested by the
enhanced productivity scenario, improvements in lab occupan-
cies can enable more procedures. The same Chilean report has
estimated that reducing surgical times from 1.5 to 1.2 hours
would allow one additional daily surgery [30].

There are limitations in this analysis that should be acknowl-
edged. The results are based on simulations rather than
observations. However, the inputs to the simulation are based
on real observations from the Cryo Global Registry.
These findings are consistent with those from other
publications on this topic, and have been supported by a
robust sensitivity analysis.

The analysis includes only cryoballoon procedures and is not
directly comparable to other technologies; however, there is a
strong existing evidence base on the efficiency advantages of
cryoballoon. Operator experience was not accounted for, but
the distribution of lab occupancy times represented a wide
variability, and the registry represented a real-world experience
sample. The analysis assumed an electrophysiology lab day
dedicated to isolation procedures as the priority, even though
some are shared with interventional cardiology, pacemaker
implantation, or other electrophysiology procedures.

The analysis includes private and public providers, which
might differ in payment systems involved in reimbursing
procedures. Payment mechanisms are well recognized for their
role in setting incentives for productivity and efficiency. Further
lines of investigation could delve deeper into outstanding
results and protocols of specific countries, such as Argentina
which recorded an average time of 102.1 minutes, that is 29.4

minutes below the region. Finally, this analysis used data and
assumptions specific to the region, and the results cannot be
generalized to other geographies.

CONCLUSIONS

Modeling electrophysiology lab efficiency using Latin
America-specific data, cryoballoon ablation easily allowed for
two ablation procedures to be performed in one simulated
day given currently accepted operational parameters. With
reasonable changes to operational parameters, three proce-
dures could be performed without using overtime on most
simulated days and even allow time for an extra non-ablation
on over two-thirds of simulated days. Increased adoption of the
cryoballoon ablation procedure along with efficiency modifica-
tions in resource-constrained regions can improve electrophysi-
ology lab efficiency by maximizing the number of procedures
performed in one day, which will help accommodate for the rise
in atrial fibrillation patients who require the procedure.

Contributor roles APS, RIP, JAU, APB and NM participated in formal
analysis, validation, and writing. DPF, KJ, JT participated in formal
analysis, validation, and writing of this document. RH, TRH, and

AS participated in conceptualization, data curation, formal analysis,
investigation, methodology, validation, visualization, and writing of this
document.

Acknowledgements The authors would like to acknowledge Kelly van
Bragt and Fred Kueffer for providing access to data from the Cryo Global
Registry.

Competing interests APS: Speaker fees from Boehringer Ingelheim

and Abbott; proctoring, consultancy, and advisory board services for
Johnson & Johnson - Biosense Webster and Boston Scientific outside
the submitted work. RIP: Proctoring fees from Medtronic, outside the
submitted work. JFA: Speaker fees from Medtronic and Bayer Andina;
proctoring and consultancy for Medtronic, outside the submitted work.
APB: Speaker fees and consulting Medtronic, Abbott, Biotronik, MedSafe.
RH, DPF, KJ, JT, TRH, AS: Medtronic employee. NM: Proctoring fees from
Medtronic, outside the submitted work.

Funding The Cryo Global Registry was supported by Medtronic.
Language of submission English.

Peer review and provenance Not commissioned. Externally peer-
reviewed by three reviewers, double-blind.

REFERENCES

1. Chugh SS, Havmoeller R, Narayanan K, Singh D, Rienstra M,
Benjamin EJ, et al. Worldwide epidemiology of atrial
fibrillation: a Global Burden of Disease 2010 Study.
Circulation. 2014;129: 837-47. https://doi.org/10.1161/
CIRCULATIONAHA.113.005119

2. Williams BA, Honushefsky AM, Berger PB. Temporal Trends in
the Incidence, Prevalence, and Survival of Patients With Atrial
Fibrillation From 2004 to 2016. Am J Cardiol. 2017;120: 1961-
1965. https://doi.org/10.1016/j.amjcard.2017.08.014

3. Garcia-Pefa AA, Ospina-Buitrago DA, Rico-Mendoza J del P,
Fernandez-Avila DG, Mufoz-Velandia OM, Suarez F.
Prevalencia de fibrilacién auricular en Colombia segtin

10.5867/medwave.2024.08.2918

Medwave 2024;24(8).€2918

Pg.9/12


https://doi.org/10.1161/CIRCULATIONAHA.113.005119
https://doi.org/10.1161/CIRCULATIONAHA.113.005119
https://doi.org/10.1016/j.amjcard.2017.08.014
https://doi.org/10.5867/medwave.2024.08.2918

Electrophysiology lab efficiency using cryoballoon for pulmonary vein isolation

10.

11.

12.

13.

informacion del Sistema Integral de Informacién de la
Proteccién Social (SISPRO). RCCAR. 2022;29. https://doi.org/
10.24875/RCCAR.M22000139

Hosseini SM, Rozen G, Saleh A, Vaid J, Biton Y, Moazzami K,

et al. Catheter Ablation for Cardiac Arrhythmias. JACC: Clinical
Electrophysiology. 2017;3: 1240-1248. https://doi.org/10.
1016/j.jacep.2017.05.005

Hoffmann E, Straube F, Wegscheider K, Kuniss M, Andresen D,
Wu L-Q, et al. Outcomes of cryoballoon or radiofrequency
ablation in symptomatic paroxysmal or persistent atrial
fibrillation. EP Europace. 2019;21: 1313-1324. https://doi.org/
10.1093/europace/euz155

Knight BP, Novak PG, Sangrigoli R, Champagne J, Dubuc M,
Adler SW, et al. Long-Term Outcomes After Ablation for
Paroxysmal Atrial Fibrillation Using the Second-Generation

Cryoballoon: Final Results From STOP AF Post-Approval Study.

JACC Clin Electrophysiol. 2019;5: 306-314. https://doi.org/10.
1016/j.jacep.2018.11.006

Kuck K-H, Brugada J, Fiirnkranz A, Metzner A, Ouyang F, Chun
KRJ, et al. Cryoballoon or Radiofrequency Ablation for
Paroxysmal Atrial Fibrillation. N Engl J Med. 2016;374: 2235-
45. https://doi.org/10.1056/NEJMoa1602014

Packer DL, Kowal RC, Wheelan KR, Irwin JM, Champagne J,
Guerra PG, et al. Cryoballoon Ablation of Pulmonary Veins for
Paroxysmal Atrial Fibrillation. J Am Coll Cardiol. 2013;61:
1713-1723. https://doi.org/10.1016/j,jacc.2012.11.064
Andrade JG, Wazni OM, Kuniss M, Hawkins NM, Deyell MW,
Chierchia G-B, et al. Cryoballoon Ablation as Initial Treatment
for Atrial Fibrillation: JACC State-of-the-Art Review. J Am Coll
Cardiol. 2021;78: 914-930. https://doi.org/10.1016/j,jacc.2021.
06.038

Boveda S, Metzner A, Nguyen DQ, Chun KRJ, Goehl K, Noelker
G, et al. Single-Procedure Outcomes and Quality-of-Life
Improvement 12MonthsPost-Cryoballoon Ablation in
Persistent Atrial Fibrillation: Results From the Multicenter
CRYOA4PERSISTENT AF Trial. JACC Clin Electrophysiol. 2018;4:
1440-1447. https://doi.org/10.1016/j.jacep.2018.07.007

Chun KRJ, Okumura K, Scazzuso F, Keun On Y, Kueffer FJ,
Braegelmann KM, et al. Safety and efficacy of cryoballoon
ablation for the treatment of paroxysmal and persistent AF in
areal-world global setting: Results from the Cryo AF Global
Registry. J Arrhythm. 2021;37: 356-367. https://doi.org/10.
1002/joa3.12504

Su WW, Reddy VY, Bhasin K, Champagne J, Sangrigoli RM,
Braegelmann KM, et al. Cryoballoon ablation of pulmonary
veins for persistent atrial fibrillation: Results from the
multicenter STOP Persistent AF trial. Heart Rhythm. 2020;17:
1841-1847. https://doi.org/10.1016/j.hrthm.2020.06.020
Leitz P, M6nnig G, Gliner F, Dechering DG, Wasmer K, Reinke
F, et al. Comparing learning curves of two established “single-
shot” devices for ablation of atrial fibrillation. J Interv Card
Electrophysiol. 2018;53: 317-322. https://doi.org/10.1007/
$10840-018-0361-z

20.

21.

22.

23.

Velagic V, Prepolec |, Pasara V, Puljevic M, Puljevic D, Planinc I,
et al. Learning curves in atrial fibrillation ablation - A
comparison between second generation cryoballoon and
contact force sensing radiofrequency catheters. Indian Pacing
Electrophysiol J. 2020;20: 273-280. https://doi.org/10.1016/].
ipej.2020.09.003

DeVille JB, Svinarich JT, Dan D, Wickliffe A, Kantipudi C, Lim
HW, et al. Comparison of resource utilization of pulmonary
vein isolation: cryoablation versus RF ablation with three-
dimensional mapping in the Value PVI Study. J Invasive
Cardiol. 2014;26: 268-72.

Klein G, Lickfett L, Schreieck J, Deneke T, Wieczorek M, FAST-
PVI Study Group, et al. Comparison of “anatomically
designed” and “point-by-point” catheter ablations for human
atrial fibrillation in terms of procedure timing and costs in
German hospitals. Europace. 2015;17: 1030-7. https://doi.org/
10.1093/europace/euu386

Xu J,HuangY, CaiH, Qi Y, Jia N, Shen W, et al. Is Cryoballoon
Ablation Preferable to Radiofrequency Ablation for Treatment
of Atrial Fibrillation by Pulmonary Vein Isolation? A Meta-
Analysis. PLoS ONE. 2014;9: €90323. https://doi.org/10.1371/
journal.pone.0090323

Keegan R, Aguinaga L, Fenelon G, Uribe W, Rodriguez Diez G,
Scanavacca M, et al. The first Latin American Catheter
Ablation Registry. Europace. 2015;17: 794-800. https://doi.
org/10.1093/europace/euu322

Lim HE, Oh I-Y, Kueffer FJ, van Bragt KA, On YK. Cryoballoon
Catheter Ablation in Korean Patients With Paroxysmal and
Persistent Atrial Fibrillation: One Year Outcome From the Cryo
Global Registry. Korean Circ J. 2022;52: 755-767. https://doi.
org/10.4070/kcj.2022.0127

Rordorf R, Scazzuso F, Chun KRJ, Khelae SK, Kueffer FJ,
Braegelmann KM, et al. Cryoballoon Ablation for the
Treatment of Atrial Fibrillation in Patients With Concomitant
Heart Failure and Either Reduced or Preserved Left Ventricular
Ejection Fraction: Results From the Cryo AF Global Registry.

J Am Heart Assoc. 2021;10. https://doi.org/10.1161/JAHA.121.
021323

Zucchelli G, Chun KRJ, Khelae SK, Foldesi C, Kueffer FJ, van
Bragt KA, et al. Impact of first-line cryoablation for atrial
fibrillation on healthcare utilization, arrhythmia disease
burden and efficacy outcomes: real-world evidence from the
Cryo Global Registry. J Interv Card Electrophysiol. 2023;66:
711-722. https://doi.org/10.1007/5s10840-022-01388-6

Kuniss M, Pavlovic N, Velagic V, Hermida JS, Healey S, Arena G,
et al. Cryoballoon ablation vs. antiarrhythmic drugs: first-line
therapy for patients with paroxysmal atrial fibrillation.

EP Europace. 2021;23: 1033-1041. https://doi.org/10.1093/
europace/euab029

SuW, Aryana A, Passman R, Singh G, Hokanson R, Kowalski M,
et al. Cryoballoon Best Practices Il: Practical guide to
procedural monitoring and dosing during atrial fibrillation
ablation from the perspective of experienced users. Heart

10.5867/medwave.2024.08.2918

Medwave 2024;24(8).€2918

Pg.10/12


https://doi.org/10.24875/RCCAR.M22000139
https://doi.org/10.24875/RCCAR.M22000139
https://doi.org/10.1016/j.jacep.2017.05.005
https://doi.org/10.1016/j.jacep.2017.05.005
https://doi.org/10.1093/europace/euz155
https://doi.org/10.1093/europace/euz155
https://doi.org/10.1016/j.jacep.2018.11.006
https://doi.org/10.1016/j.jacep.2018.11.006
https://doi.org/10.1056/NEJMoa1602014
https://doi.org/10.1016/j.jacc.2012.11.064
https://doi.org/10.1016/j.jacc.2021.06.038
https://doi.org/10.1016/j.jacc.2021.06.038
https://doi.org/10.1016/j.jacep.2018.07.007
https://doi.org/10.1002/joa3.12504
https://doi.org/10.1002/joa3.12504
https://doi.org/10.1016/j.hrthm.2020.06.020
https://doi.org/10.1007/s10840-018-0361-z
https://doi.org/10.1007/s10840-018-0361-z
https://doi.org/10.1016/j.ipej.2020.09.003
https://doi.org/10.1016/j.ipej.2020.09.003
https://doi.org/10.1093/europace/euu386
https://doi.org/10.1093/europace/euu386
https://doi.org/10.1371/journal.pone.0090323
https://doi.org/10.1371/journal.pone.0090323
https://doi.org/10.1093/europace/euu322
https://doi.org/10.1093/europace/euu322
https://doi.org/10.4070/kcj.2022.0127
https://doi.org/10.4070/kcj.2022.0127
https://doi.org/10.1161/JAHA.121.021323
https://doi.org/10.1161/JAHA.121.021323
https://doi.org/10.1007/s10840-022-01388-6
https://doi.org/10.1093/europace/euab029
https://doi.org/10.1093/europace/euab029
https://doi.org/10.5867/medwave.2024.08.2918

Pérez-Silva et al.

24,

25.

26.

27.

Rhythm. 2018;15: 1348-1355. https://doi.org/10.1016/j.
hrthm.2018.04.021

Caro JJ, Ward A, Deniz HB, O'Brien JA, Ehreth JL. Cost-benefit 28.

analysis of preventing sudden cardiac deaths with an
implantable cardioverter defibrillator versus amiodarone.
Value Health. 2007;10: 13-22. https://doi.org/10.1111/j.1524-
4733.2006.00140.x

Laker LF, Froehle CM, Lindsell CJ, Ward MJ. The flex track:

flexible partitioning between low- and high-acuity areas of an 29.

emergency department. Ann Emerg Med. 2014;64: 591-603.
https://doi.org/10.1016/j.annemergmed.2014.05.031
Karnon J, Stahl J, Brennan A, Caro JJ, Mar J, Méller J, et al.
Modeling using discrete event simulation: A report of the
ISPOR-SMDM Modeling Good Research Practices Task

Force--4. Value Health. 2012;15: 821-7. https://doi.org/10. 30.

1016/j.,jval.2012.04.013

Kowalski M, DeVille JB, Svinarich JT, Dan D, Wickliffe A,
Kantipudi C, et al. Using Discrete Event Simulation to Model
the Economic VALUE of Shorter Procedure Times on EP Lab

Efficiency in the VALUE PVI Study. J Invasive Cardiol. 2016;28:
176-82.

Kowalski M, Su WW, Holbrook R, Sale A, Braegelmann KM,
Calkins H, et al. Impact of Cryoballoon Ablation on
Electrophysiology Lab Efficiency During the Treatment of
Patients With Persistent Atrial Fibrillation: A Subanalysis of the
STOP Persistent AF Study. J Invasive Cardiol. 2021;33: E522-
E530.

Metzner A, Straube F, Tilz RR, Kuniss M, Noelker G,
Tebbenjohanns J, et al. Electrophysiology lab efficiency
comparison between cryoballoon and point-by-point
radiofrequency ablation: a German sub-analysis of the
FREEZE Cohort study. BMC Cardiovasc Disord. 2023;23. https:/
/doi.org/10.1186/512872-022-03015-8

Contreras J, Tokman C, Miranda R, Aguilar R, Lobos V. In: Uso
Eficiente de Quiréfanos Electivos y Gestion de Lista de Espera
Quirdrgica NO GES [Internet]. Santiago, Chile; 2020. https://
cnep.cl/wp-content/uploads/2021/02/Estudio-Eficiencia-
pabellones-y-priorizacio%CC%81n-pacientes.pdf

10.5867/medwave.2024.08.2918

Medwave 2024;24(8).€2918

Pg.11/12


https://doi.org/10.1016/j.hrthm.2018.04.021
https://doi.org/10.1016/j.hrthm.2018.04.021
https://doi.org/10.1111/j.1524-4733.2006.00140.x
https://doi.org/10.1111/j.1524-4733.2006.00140.x
https://doi.org/10.1016/j.annemergmed.2014.05.031
https://doi.org/10.1016/j.jval.2012.04.013
https://doi.org/10.1016/j.jval.2012.04.013
https://doi.org/10.1186/s12872-022-03015-8
https://doi.org/10.1186/s12872-022-03015-8
https://cnep.cl/wp-content/uploads/2021/02/Estudio-Eficiencia-pabellones-y-priorizacio%CC%81n-pacientes.pdf
https://cnep.cl/wp-content/uploads/2021/02/Estudio-Eficiencia-pabellones-y-priorizacio%CC%81n-pacientes.pdf
https://cnep.cl/wp-content/uploads/2021/02/Estudio-Eficiencia-pabellones-y-priorizacio%CC%81n-pacientes.pdf
https://doi.org/10.5867/medwave.2024.08.2918

Electrophysiology lab efficiency using cryoballoon for pulmonary vein isolation

Eficiencia del laboratorio de electrofisiologia que utiliza
criobaldn para el aislamiento de venas pulmonares en
Latinoameérica: Un subanalisis del Cryo Global Registry Study

ABSTRACT

OBJECTIVE Cryoballoon ablation for pulmonary vein isolation is a time-efficient procedure that can alleviate stress on
electrophysiology lab resources. This analysis modeled the impact of cryoballoon ablation on electrophysiology lab operation using
data from Latin America.

METHODS Data from centers in Argentina, Mexico, Colombia, and Chile of the Cryo Global Registry were used as inputs for an
electrophysiology lab efficiency simulation model. The model used the assumption that either two (today’s electrophysiology lab
operations) or three (including electrophysiology lab operational changes) cryoballoon ablation procedures could be performed
per day. The endpoints were the percentage of days that resulted in 1) overtime and 2) time left for an extra non-ablation
electrophysiology procedure.

RESULTS Data from a total of 232 procedures from six Latin American centers were included in the analysis. The average
electrophysiology lab occupancy time for all procedures in Latin America was 132 + 62 minutes. In the Current Scenario (two
procedures per day), 7.4% of simulated days resulted in overtime, and 81.4% had enough time for an extra electrophysiology
procedure. In the Enhanced Productivity Scenario (three procedures per day), 16.4% of days used overtime, while 67.4% allowed time
for an extra non-ablation electrophysiology procedure.

CONCLUSIONS Using real-world, Latin American-specific data, we found that with operational changes, three ablation procedures
could feasibly be performed daily, leaving time for an extra electrophysiology procedure on more than half of days. Thus, use of
cryoballoon ablation is an effective tool to enhance electrophysiology lab efficiency in resource-constrained regions such as Latin
America.
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