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ABSTRACT

OBJECTIVES In this study the authors hypothesized that “Lean management” within a dedicated ablation protocol
could standardize the pulmonary vein isolation (PVI) procedure and improve quality.

BACKGROUND There is a large variability in safety, effectiveness, and efficiency of PVI.

METHODS This was a single-center prospective study with inclusion of all consecutive PVI procedures from 2017

to 2019. A 3-step intervention was introduced based on Lean management: step 1) simplification (CLOSE protocol);
step 2) waste elimination (higher power shorter duration); and step 3) improved standardization (Lab Optimization Tool
[LOT]). PVI was divided into steps that were tracked (in minutes) using LOT. Parameters were compared in 6-month
intervals.

RESULTS Overall, 295 patients (146 patients with LOT) were analyzed. Step 1 reduced skin-to-skin procedure duration
(2017: 119 =+ 21 min vs. 2018: 77 + 15 min; p < 0.001) and variance (from 2018 to 2019 p = 0.024). Step 2 reduced the
radiofrequency time (2017: 38 4+ 6 min vs. 2018: 20 + 3 min; p < 0.001) and variance (from 2018 to 2019 p < 0.001).
Analysis of step 3 demonstrated that only 53% of the entire procedure length (143 + 22 min) was used for treatment
(skin-to-skin time 77 £ 16 min), the remaining time being devoted for setup (42 + 12 min, 29%); left atrial access (16 +
7 min, 12%); respiratory gating, left atrial map, and pseudo-circle annotation (10 & 6 min, 7%); ablation (39 + 10 min,
27%); and bilateral block validation (10 + 8 min, 7%).

CONCLUSIONS Standardization of PVI using a dedicated ablation protocol and Lean management can help to
reduce procedure and radiofrequency ablation duration and variance, and increase procedural efficiency without
compromising safety. To improve health care utilization, increased efficiency should become an accepted

goal in addition to procedural safety and effectiveness. (J Am Coll Cardiol EP 2021;7:321-32)

© 2021 by the American College of Cardiology Foundation.

he steep rise in the prevalence of atrial fibril- Symptomatic AF is a class I indication for pulmo-
lation (AF) is a global health problem. It hasa nary vein isolation (PVI) (3). Because resources are
clear impact on the quality of life of affected limited, health care utilization should be (cost)effi-
patients and on the health care budget (1,2). cient. Value can be defined as delivered care divided
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by cost. Ideally, each patient receives the

AF = atrial fibrillation
Al = ablation index

EP = electrophysiologist

HPSD = higher power shorter

duration

LA = left atrial/atrium

LOT = Lab Optimization Tool

PVI = pulmonary vein isolation

RF = radiofrequency

same good quality of care in an equitable,
timely way (4).

In the published reports, there is a large
variability in the quality of PVI: Safety varies
with a complication risk of <1% to >3%
(5,6). Effectiveness of different PVI methods
varies between 64% and 78% (7,8). Effi-
ciency is highly variable with huge ranges
in intercenter and intracenter procedure
times, leading to suboptimal cath lab use.

Moreover, the endpoints of PVI and testing
maneuvers to unmask dormant reconnections vary
between centers. This indicates that a successful PVI
in 11ab does not imply the same definition for another
lab.

Two main techniques exist to perform PVI: point-
by-point radiofrequency (RF) ablation and single-
shot techniques. Newer energy methods such as
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electroporation and liquid nitrogen are under inves-
tigation. Single-shot techniques have a better effi-
ciency profile due to their simplicity, less operator
variability, and lower procedure duration. Point-by-
point techniques, therefore, need to use efficiency
optimization strategies in to remain
competitive.

The conventional CLOSE protocol has streamlined
point-by-point PVI using a novel standardized
(PVI combined with specific ablation index [AI] tar-
gets [>550 anterior and >400 posterior], catheter
stability, and lesion contiguity with an intertag

order

distance =6 mm) and more objective endpoint of
PVI, and has shown in single-center and multicentric
studies to further enhance efficiency, effectiveness,
and safety (5). In brief, the CLOSE protocol focuses
on the creation of durable and effective transmural
left atrial (LA) lesions and the avoidance of gaps
between the applications. However, it demonstrated

FIGURE 1 Basic Principles of Lean and Six Sigma Optimization Strategies
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Both Lean and Six Sigma are complementary in their approach. Lean focuses on flow, simplification, and elimination of waste, and Six Sigma on constant improvement
and standardization. There are 7 types of waste, as depicted. Defects are caused by damaged material (e.g., due to sterilization). Overproduction is seen as over-
consumption (e.g., coronary computed tomography scan and coronary angiogram afterwards). Waiting is wasted time within the process (e.g., nurses wait for patients or
doctors). Inventory waste (e.g., material that is ordered, but did not arrive, or expired, not-used material). Motion is the unnecessary movement of people (e.g., loud
talking within the lab during critical moments). Processing is a kind of waste that more is produced than needed. All steps should be analyzed if they are needed but non-
value adding, value adding, or not needed and non-value adding. PROM = patient-related outcome measures.
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FIGURE 2 Logic Model of Quality Intervention to Improve Efficiency of AF Ablation

PVI efficiency optimization intervention

Step 1 Step 2 Step 3
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Use same and less material Reduce procedure time Use patient related outcome measures
Simple single transseptal puncture RFtime Focus on overall patient’s experience
Single groin puncture vahdatnon.tnmt'e General anesthesia in all
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CLOSE-PVI endpoint turnover time Data tracking : Lab Optimization Tool
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Variables measured:

Time of each step (min)

Procedure time (min)

Variation (standard deviation)

Due to large variation in quality (safety, effectiveness, and efficiency), a 3-step logic model for quality improvement was introduced, based on Lean Management, the
CLOSE protocol, and data tracking. This is our personal approach to how optimization was done at our center, and not all topics would work or are needed in each lab
(e.g., general anesthesia, steerable sheaths, temperature probes). AF = atrial fibrillation; PVI = pulmonary vein isolation.

suboptimal efficiency due to longer procedure times
(Supplemental Table 1).

Lean management (a Japanese process, originally
developed for the Toyota Manufacturing Process)
and Six Sigma (developed by Motorola) (9-11) qual-
ity improvement strategies have been implemented
in nonmedical industries for many years and are
being applied gradually within the medical field.
Lean focuses on the elimination of waste, simplifi-
cation of the process, cost reduction, and faster
workflows. Six Sigma, on the other hand, aims to
constantly improve (kaizen) quality accuracy by a
reduction in variance and increased standardization
(Figure 1). Both strategies are complementary and
have a beneficial effect on the other. Complications
and outcome should be predominantly interpreted
from a patient-centered perspective using stan-
dardized patient-reported outcome measures (12).
The difficulty is that many medical procedures
are complex procedures where implementation of
such improvement strategies is not always straight
forward, and many physicians remain reluctant to
change routine daily clinical practice in their
workflows.

We hypothesized that implementation of Lean
management could help to improve PVI procedural
efficiency and standardization of point-by-point PVI.

METHODS

All patients signed informed consent before inclu-
sion, and institutional review board approval
from the Ethikkomission Nordwest-und Zentrals-
chweiz (EKNZ) was obtained. The study was a
prospective single-center study at a medium-sized
non-teaching hospital (600 electrophysiologist [EP]
ablations/year). Ablations in the study were per-
formed by 2 experienced PVI operators (B.B. and
R.K.) and included all consecutive first-procedure
symptomatic paroxysmal PVI procedures. No
exclusion criteria were used except refusal of
participation and technical availability of the data
tracking tool.

As a first step, a simplification of the interoperator
procedure approach by standardizing our material,
technique, and workflow (e.g., applying the same
single and simple transseptal technique and direct
oral anticoagulant regimen) was performed within
the established CLOSE protocol (5).

Before this intervention, different femoral sheaths,
different electrophysiological catheters and electro-
anatomic mapping systems were used. After imple-
mentation of step 1, consensus resulted on sheaths
and catheters used, transseptal puncture method
and electroanatomic mapping system (Figure 2). A
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FIGURE 3 Lab Optimization Tool
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(Top left) All measured steps of a PVI procedure, performed on October 22, 2019, documented within the Lab Optimization Tool in different colors and measured in
minutes. EP1 and EP2 are 2 different electrophysiologists. (Top right) Pie chart of the proportion of all measured steps of a PVI procedure. Only 53% of the time that a
patient is within the lab is used for real treatment. The remaining 47% is used for patient preparation, anesthesia, and groin compression. (Below from left to right) Box
plots of all different PVI steps, in 6-month intervals. The dots are statistical outliers in a box plot. PVI = pulmonary vein isolation.

time-out procedure and a procedure check list were
introduced.

As a second step, the main focus was the elimina-
tion of waste within the workflow (Figure 2) whereby
procedure time, RF time, fluoroscopy time, and
waiting time could all be considered as different
forms of waste. Therefore, patient preparation was
shifted outside the lab into a large preparation room
(with 10 patient beds) and a Figure-of-eight closure
suture technique was introduced to reduce post-
operative compression time (13). As a simplified
validation method, waiting time was abandoned and
changed to adenosine administration and exit pacing
from the dedicated mapping catheter. Arterial moni-
toring was abandoned, and a single and simple
transseptal technique was used (without trans-
esophageal echocardiography, intracardiac echocar-
diography, or pressure monitoring). For this second
step, a higher power shorter duration (HPSD) protocol
was introduced consisting of 35 to 45 W on the pos-
terior/anterior wall, respectively, to further reduce
RF time and procedure time (14).

As a third step, after agreeing on which value-
added steps were used in which specific order, the
goal was to improve standardization by variance
reduction of each step of the workflow using a

constant improvement process and reliable data
measurement. For this step, a data tracking tool (Lab
Optimization Tool [LOT], Biosense Webster, Irvine,
California) was introduced and used since 2018 to
measure the length (in minutes) and variability of
each procedural step (Figure 3). The PVI procedure
was divided into several steps: patient in = arrival in
the lab; setup time = patient preparation + draping +
anesthesia until groin puncture; access time = groin
puncture + transseptal puncture until both catheters
were within the LA; mapping time = LA voltage
mapping +  pseudocircle creation; ablation
time = from first until last ablation; validation
time = adenosine administration + exit pacing +
further ablation; patient out = transfer out of the lab;
procedure time = patient in until out of the lab; skin-
to-skin time = puncture of the groin until retraction
of the sheaths (Central Illustration).

STATISTICAL ANALYSIS. Linear models (regression,
analysis of variance) were applied in order to assess
the effects and patterns in procedure times. On the
basis of these models, effect estimates—such as dif-
ferences in mean procedures times, for example, be-
tween certain time periods, or coefficients describing
mean annual changes in procedure time—were
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TABLE 1 Baseline and Procedural Characteristics (N = 295)
Baseline characteristics

Age, yrs 55 +15

Male 197 (67)

LVEF, % 53 +13

Structural heart disease 55 (19)

Mitral insufficiency 12 (6)

Dilated LA 106 (54)

LAVI, ml/m? 34.7 £123

BMI 275+ 4.6

Renal insufficiency, <GFR 60 20 (7)

AAD, class 1c or Il 110 (37)

AAD, class Il 185 (63)

Paroxysmal atrial fibrillation 234 (79)

Persistent atrial fibrillation 61 (21)
Procedural data

Al-guided ablation 121 (41)

CLOSE-guided ablation 94 (31)

HPSD-CLOSE-guided ablation 80 (27)

Procedure duration, min 105 + 24

RF time, min 36.5+9.0

Fluoroscopy time, min 6.1+ 47

Agilis sheath 295 (100)

STSF 295 (100)

SensiTherm esophageal probe 295 (100)

General anesthesia 295 (100)

Performed by R.K. or B.B. 295 (100)
Values are n, mean + SD, or n (%). The Agilis sheath and SensiTherm probe are
manufactured by St. Jude Medical (St. Paul, Minnesota).

AAD = antiarrhythmic drugs; Al = ablation index; BMI = body mass index;
HPSD = higher power shorter duration; LA = left atrium; LAVI = left atrial volume
index; LVEF = left ventricular ejection fraction; RF = radiofrequency;
STSF = SmartTouch Surround Flow (Biosense Webster).

derived and estimated together with corresponding
95% confidence intervals. Homogeneity of variance
was explored using Levene’s test, testing the null
hypothesis that the variances are equal (15). In order
to investigate and confirm the robustness of the ef-
fects and patterns, as observed based upon the linear
models, further approaches including nonparametric
regression, nonparametric trend tests (according to
Cuzick), Kruskal-Wallis or Wilcoxon rank sum tests
were applied (data not shown but available to ensure
that potential findings are robust against, e.g., the
impact of outliers or extreme values). Statistical
evaluations were conducted using STATA software
version 16.0 or later (StataCorp, College Station,
Texas).

RESULTS

From 2017 until 2020, 295 consecutive patients
were monitored for skin-to-skin time and RF
time (Figure 3). Baseline characteristics are given
in Table 1. Of them, 146 patients were tracked in
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detail with the LOT, analyzing every procedure step
of the PVI.

Descriptive statistics for skin-to-skin time and
ablation over time are given in Supplemental Table 1.

STEP 1. LEAN AND SIMPLIFICATION. The CLOSE
protocol resulted in an improved effectiveness (fewer
recurrences of AF and atrial tachycardia) and similar
safety (no difference in complication rate) and effi-
ciency (similar procedure and RF duration), compared
with ablation index-based PVI. Procedures became
more standardized with less material and a single
defined CLOSE-PVI endpoint, but remained long and
therefore inefficient. Results are given in Table 2.

STEP 2. LEAN AND WASTE ELIMINATION. Initially, a
significant reduction in skin-to-skin procedural
duration (2017: 118.6 + 20.9 min vs. 2019: 77.0 +
14.7 min; p < 0.001) was observed. During the time
course of the study, the variance significantly
decreased (2018 vs. 2019 p < 0.001) without a clear
increase in the number of patients undergoing
ablation.

A HPSD-CLOSE strategy significantly reduced the
RF time (2017: 37.6 4 6.4 min vs. 2019: 20.3 + 3.5 min;
p < 0.001). Consequently, variance significantly
decreased (2018 vs. 2019 p < 0.001). The HPSD-CLOSE
protocol improved efficiency by a reduction in pro-
cedure and RF times with minimal variability.

As a proof of less variability, only minimal differ-
ences of RF time between the 2 operators were seen
using HPSD-CLOSE (2019 EP1 19.7 + 2.8 min vs. EP2
20.9 + 4.0 min; p = 0.31). Overall efficiency improved
by 41.6 min, but RF time reduction only accounted for
17.3 min. Therefore, 24.3 min (41.6 to 17.3 min) orig-
inated from additional Lean improvement measures.
These findings are shown in Figure 4.

STEP 3. IMPROVEMENT IN STANDARDIZATION. From
2018 untill 2020, 146 first-procedure HPSD-CLOSE
paroxysmal AF patients underwent detailed analysis
of each step using the LOT (Figure 3). Of the entire
procedural length (143 + 22 min) within the lab, 29%
of the time was for the setup (42 + 12 min), 12% for
final LA access (16 + 7 min), 7% for respiratory gating,
LA map, and pseudocircle annotation (10 + 6 min),
27% for ablation (39 + 10 min), 7% for validation using
adenosine, exit pacing, and further ablation (10 +
8 min, no waiting time was used), and only 53% for
skin-to-skin time (77 4+ 16 min) or real “treatment
time.” This means that 47% of the cath lab time was
assigned to anesthesia, sterilization, draping, and
compression. The LOT highlighted that most of the
potential gain for further improvement strategies
could be reached there (Figure 3). With the aid of Lean
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TABLE 2 Impact of Lean PVI on Safety and Effectiveness

Improved Effectiveness

Improved Efficiency

Similar Safety and Efficiency

Similar Safety and Effectiveness

Al Group CLOSE Group p Value CLOSE Group HPSD-CLOSE p Value
Procedural characteristics
Procedures 121 (56) 94 (44) 94 (54) 80 (46)
Procedure duration, min 102 + 24 107 + 25 0.14 107 + 25 82 +18 0.0001
RF time, min 37+8 36 +11 0.44 36 £ 11 23+5 0.0001
Fluoroscopy time, min 6+5 7+5 0.15 7+5 6+ 4 0.15
Agilis sheath 121 (100) 94 (100) NA 94 (100) 80 (100) NA
STSF 121 (100) 94 (100) NA 94 (100) 80 (100) NA
SensiTherm probe 0 (0) 94 (100) 0.0001 94 (100) 80 (100) NA
General anesthesia 121 (100) 94 (100) NA 94 (100) 80 (100) NA
Safety
Vascular complication 1(0.8) 1(1) 0.86 1(1) 1(1) 0.55
Pericardial tamponade 1(0.8) 1(1) 0.86 1(1) 0 (0) 0.94
Atrioesophageal fistulae 0 (0) 0 (0) NA 0 (0) 0 (0) NA
Esophageal ulcer 0 (0) 0 (0) NA 0 (0) 0 (0) NA
Phrenic paralysis 0 (0) 0 (0) NA 0 (0) 0 (0) NA
TIA 0 (0) 0 (0) NA 0 (0) 0 (0) NA
CVA 0 (0) 1() 0.34 1() 0 (0) 0.94
Death 1(0.8) 0 (0) 0.49 0 (0) 0 (0) NA
Steam pop 0 (0) 0 (0) NA 0 (0) 0 (0) NA
Overall complication rate 3(2.5) 31) 0.87 3(3) 1(1) 0.63
Follow-up
Single procedure free from any AF/AT off AAD 80/121(66) 78/94 (83) 0.05 78/94 (83) 66/80 (82) 0.93

isolation; other abbreviations as in Table 1.

Values are n (%) or mean =+ SD. Comparison of 3 groups: Al, CLOSE, and HPSD-CLOSE in effectiveness, safety and efficiency. Improved effectiveness was reached with CLOSE,
compared with Al only and CF only, shown with less recurrence of AF or AT. Standardized high-power protocols reduced RF and procedure time without a negative impact on
safety and recurrence rates. One patient in the Al group died during follow-up due to cancer 9 months after PVI.

AF = atrial fibrillation; Al = ablation index; AT = atrial tachycardia; CF = contact force; CVA = cardiovascular stroke; TIA = transient ischemic attack; PVl = pulmonary vein

management, a constant decrease in procedural
length (156 4+ 23 min vs. 137 4 21 min; p < 0.001), skin-
to-skin time (87 4 15 min vs. 74 + 15 min; p < 0.001),
and setup time (45 + 11 min vs. 40 + 11 min; p < 0.01)
was observed.

Overall improved efficiency calculated as
reduction in time. Skin-to-skin time constantly
decreased over several 6-month intervals (all

p < 0.05) with stabilization in the last interval
(p = 0.85), accounting for an overall mean change of
41.7 min between 2017 and 2019 (p < 0.001). If
analyzed as continuous improvement over time (us-
ing exact procedure dates), this continuous reduction
remains significant. RF time decreased due to the
introduction of the HPSD-CLOSE protocol and further
on continued with a downward trend (Figure 4).

Overall improved standardization calculated as
decreased variance. Following the overall reduc-
tion, the variance of skin-to-skin time was reduced
over time. The same occurred for RF time: HPSD-
CLOSE initially shortened RF time with a large vari-
ability, and further efficiency strategies decreased the

variance significantly. These data are integrated in
Figure 4.

Impact on effectiveness and safety due to Lean
PVI. The introduction of CLOSE-PVI improved effec-
tiveness without a negative impact on safety and ef-
ficiency. The introduction of the HPSD-PVI and Lean
PVI strategy improved efficiency without a negative
impact on safety and effectiveness. Data on safety
and effectiveness are show in Table 1. One patient in
the ablation index group died of cancer, 9 months
after the PVI.

DISCUSSION

Although PVI is a class I indication for the treatment
of symptomatic AF, a large variability in quality,
defined by a considerable variability in safety, effec-
tiveness, and efficiency, is found in the published
reports.

Using Lean management, this study demonstrated
that more efficient and shorter standardized PVI
procedures are feasible. To improve a certain
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CENTRAL ILLUSTRATION Stepwise Simplification of a Complex PVI Procedure Using Lean Management
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Lean PVI — Leads to shorter procedure time and less variance

EP = electrophysiologist; PROM = patient-related outcome measures; PVI = pulmonary vein isolation.

strategy, it is important to collect detailed and reli-
able personal lab data.

IMPROVED EFFICIENCY, A CRUCIAL STEP TO
FURTHER IMPROVE QUALITY OF CARE. If a treat-
ment strategy obtained consensus in the guidelines
and the efficacy and safety profile seems acceptable a
final hurdle to obtain widespread use will be the
improvement of efficiency. This variable is not always
seen as an important measure, although medicine can
learn much from the automotive and aviation busi-
ness. In addition, it is well known from several

surgical disciplines that procedure time and vari-
ability have a clear correlation with outcome and
complications (16).

Improvement of PVI effectiveness and
efficiency. In short, as illustrated in Table 2, it is
the authors’ opinion that the CLOSE protocol has
shown the highest effectiveness among point-by-
point PVI techniques, although a head-to-head
comparison is only available with AI guided-only
and contact force guided-only PVI (17,18). The
conventional CLOSE protocol had a suboptimal
efficiency profile compared with single-shot
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(Upper panel, left to right) Box plot of 295 first-procedure PVI-only ablations from 2017 until the end of 2019 in 6-month intervals. (Lower panel, left to right) Scatter
plot of same patients with regression line calculated in yearly intervals. Two findings are seen: significant reduction of the skin-to-skin time due to the introduction of a
higher power shorter duration CLOSE protocol (HPSD-CLOSE) and a further downward trend with significant decrease of its variation due to Lean management. Dots are
statistical outliers in a box plot. PVI = pulmonary vein isolation; RF = radiofrequency.

techniques. The goal of this study was to prove that
HPSD strategies in a standardized protocol based on
Lean management could improve efficiency and
therefore be and remain an alternative to single-
shot PVI techniques.

Multiple views on efficiency. Improved efficiency
can be analyzed in several ways: increasing cost-
efficiency by reduction of material cost and cath lab
time, improved cath lab use by shorter and more
predictable procedures, reduction of waste by
reduction of waiting time, and reduction of

complications by increased standardization and
shorter procedure times.

Culture of constant improvement and
perfectionism (Kaizen). For each step of a pro-
cedure, 1 should ask: “Is this step necessary, is it
adding value? Is this step performed at the right
moment during the procedure? And could this step
be improved by changing some details?” Each step
should therefore be defined, measured, analyzed,
improved, and controlled (the DMAIC process). It is
crucial to measure and document reliable data on
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FIGURE 5 Lean and Six Sigma Optimization Strategies for AF Ablation

LEAN
Speed - flow - cost

Six Sigma
Accuracy — quality - PROM

Less steps, less redo = faster

=

Reduce - procedure duration Improve lesion evaluation: Al, LS|, Impedance drop

- RF time: High Power Short Duration

- turnover time: Figure-of-eight closure
- fluoroscopy use: Fluoro-less approach
- recurrences of AF and AT

Remove variation, increase standardization

Improve catheter stability (E.g. steerable sheath, loop
techniques, contact force and / or General Anesthesia)
All single shot PVI techniques (cryo and RF)

Avoid stroke (E.g. uninterrupted NOAC and heparin

Other options: administration after groin puncture)

- Outpatient PVI

- Single catheter techniques

- Prior lifestyle changes (E.g. weight reduction, CPAP,
diabetes treatment)

- Prepare patient in preparation room

- Simplified transseptal puncture without ICE or TEE
guidance (for experienced operators)

- Single groin puncture

Avoid PV stenosis, fistula (E.g. shorter posterior
applications and/or the use of a temperature probe)

If RF is used, new endpoint: CLOSE-PVI

Avoid groin complications (E.g. echo-guided femoral
puncture)

4e===m Focus on overall patient experience

Less steps, less risk for wrong step / complications < safer

Lean and Six Sigma quality improvement strategies interpreted for atrial fibrillation ablation. Procedure duration, RF time, turnover time, and fluoroscopy time can all be
interpreted as waste. Waiting time was abandoned in favor of adenosine testing and pacing maneuvers. Al= ablation Index; AT = atrial tachycardia; CPAP = continuous
positive airway pressure; ICE = intracardiac echocardiography; LSI = Lesion Index; PV = pulmonary vein; TEE, transesophageal echocardiography; TSP = transseptal

puncture; other abbreviations as in Figures 1, 2, and 4.

outcome, complications, and efficiency. This is a
constant process, and therefore, only a continuous
trend is observed, and a clear significance can only
obtained at larger time intervals. An increase in
volume and a reduction in standard deviation of the
procedure time are important metrics for possible
quality improvement. This should be a team
approach where doctors, nurses, anesthetists, and
administrative staff need to collaborate. All stake-
holders should be involved to introduce a climate
for perfection. However, this hurdle might be diffi-
cult to implement for large teaching hospitals with
fellows in their learning curve and constantly
changing study protocols. However, due to clearly
defined steps in the workflow, this may also
simplify teaching of fellows and newcomers. As a
beginner, it is easier to start learning using a
step-by-step approach of a standardized PVI pro-
cedure. And it is easier for a fellow to adapt if all
operators in the center use the same material and
technique.

EFFICIENCY OF AF ABLATION WORKFLOW. HPSD-
CLOSE efficiency strategies. In this study, HPSD-

CLOSE resulted in a reduction in skin-to-skin and
RF time. To be sure that this step was safe, it was
studied in a prospective manner (15). A reduction in
variance was only seen after Lean management.
Winkle et al. (19) used a 50-W HPSD strategy, which
was feasible and appeared safe. However, the in-
vestigators did not report on a reduction in RF time
and procedure time. The use of Lean PVI should not
have a negative influence on recurrence rates or
complications. A reduction in RF time and procedure
times using a 35- to 45-W HPSD protocol without an
impact on effectiveness or safety was proven (14)
(Table 1). Chen et al. (20) used a 50-W HPSD-CLOSE
with a further reduction to <60 min of procedure
times with an increase in efficiency. These in-
vestigators observed a clear increase in steam pops.
Therefore, the ideal strategy should be further
titrated. A 50-W HPSD-CLOSE with local temperature
feedback could potentially result in similar efficiency
and better safety. This should be investigated in
further studies.

Proposal to improve efficiency of AF ablation
using Lean management. As discussed in the
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preceding text, quality improvement techniques such
as Lean and Six Sigma can be used for electrophysi-
ology procedures (Figure 5). A different mindset with
a focus on perfectionism is needed. Important to
mention, the suggestions in Figure 5 are suggestions
from the authors, and most steps need to be proven in
prospective randomized trials.

Absence of transseptal puncture guidance by ul-
trasound resulted in 1 transseptal puncture related
tamponade in >1,500 punctures in our center over the
last 3 years (unpublished data) (21). The authors do
not argue against such monitoring but found this
approach safe in experienced hands.

Although the published reports are contradictory
for the beneficial use of a temperature probe to pre-
vent atrioesophageal fistulae, it is the authors’ opinion
that visual presentation of the location of the esoph-
agus within the mapping system and shortened RF
duration lesions with lowered posterior ablation index
targets at its location could potentially help to avoid
this rare and often fatal complication (22). Using such
an approach, esophageal injury was lower (2% to 30%)
than commonly found within the published reports
(23-25). Prolonged posterior applications should be
avoided with or without temperature probe.

Although catheter stability is crucial for optimal
lesion formation, the published reports are in favor of
general anesthesia to prevent recurrences of AF,
although randomized data are rare (26). Further
benefit in stability was already shown by the use of
steerable sheaths to better manipulate the ablation
catheter (27). Alternatively, loop techniques can be
used with a nonsteerable sheath on the anterior side
from the left pulmonary veins to avoid catheter
dislocation (28).

From a cost-effective point of view, a single cath-
eter approach could be investigated. The feasibility of
a same-day discharge PVI approach has been shown
and used selectively (29,30). Venous vascular closure
devices could facilitate this option and shorten
compression time (31). Preventive measures are most
cost-effective: weight reduction, CPAP, and diabetes
treatment, and increased physical exercise have all
proven to be beneficial with and without PVI (32).
Groin complications remain the most common com-
plications (3% to 8%) after PVI. Although evidence in
the published reports is lacking, a ultrasound guided
approach was adopted for all PVI procedures without
an impact on procedure times (33).

Single-shot approaches have a good efficiency
profile due to less operator variability, procedure
simplicity, cost-efficiency of a single-catheter tech-
nique, with short procedure times (range 70 to
140 min) and with no need for general anesthesia for

JACC: CLINICAL ELECTROPHYSIOLOGY VOL. 7, NO. 3, 2021
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their lesion formation, with overall similar safety and
effectiveness (7,8). This study is not promoting point-
by-point approaches over single-shot devices, but
suggesting a workflow with similar efficiency.

Some tools such as the use of intracardiac echo-
cardiography, transesophageal echocardiography,
general anesthesia, and temperature probe could be
interpreted as waste on the 1 hand, but as improved
quality on the other hand, because they are not a
must to perform a successful PVI procedure. The au-
thors do not promote their PVI approach as the gold
standard but advocate for more standardization and
simplification of each PVI approach used.

Further potential
strategies. A big impact of very high power very
short duration (e.g., 90 W over 4 s as in the QDOT-
FAST trial [Clinical Study for Safety and Acute Per-
formance Evaluation of the THERMOCOOL SMART-
TOUCH SF-5D System Used With Fast Ablation Mode
in Treatment of Patients With Paroxysmal Atrial

efficiency improvement

Fibrillation]) strategies on overall procedure effi-
ciency is not expected in centers with an efficient
workflow, whereas a further potential reduction of
10 min of RF time could be expected (34). The LOT
highlighted that the biggest potential further gain in
efficiency is in the setup and compression times, and
not RF time. The safety and effectiveness of very
high power very short duration CLOSE is not proven
yet.

STUDY LIMITATIONS. This is a single-center study,
and reproducibility should be analyzed multicentric.
This study only used a point-by-point technique. An
efficiency comparison between single-shot devices
and point-by-point technique should be evaluated
in a randomized setting. The benefits of single-shot
devices are, however, included in the Figures and
the Discussion section. A potential learning curve
effect is not excluded, although both operators are
experienced, senior electrophysiologists who per-
formed >10 years of PVI. Safety and effectiveness
are other important factors of quality that are not
discussed in this paper. The LOT was not yet made
available for the CLOSE cohort, but only for the
HPSD-CLOSE cohort.
trend analysis before the introduction of lean
management is missing, we cannot exclude an in-

Because baseline data and

fluence of a secular trend rather than quality
improvement.

Clinical characteristics such as age, sex, and per-
centage of paroxysmal AF were all similar over 6-
month intervals, excluding a change in patients as
the driver of the procedure shortening. The proced-
ure itself did not change in complexity.
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CONCLUSIONS

After 2 decades of understanding of pathophysi-
ology, determination of the ideal treatment strat-
egy, guideline implementation, and confirmation of
an acceptable effectiveness and safety profile, the
last step should be the analysis and improvement of
AF ablation efficiency. To evaluate efficiency, both
reduction in time and variance need to be investi-
gated. The incorporation of Lean management could
potentially lead to improved efficiency with an
additional beneficial effect on safety and
effectiveness.
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improvement is needed but only possible if centers start col-
lecting multiple procedural data. Further quality improvement of
pulmonary vein isolation should encompass simplification, waste
elimination, and standardization to obtain efficiency improve-
ment. This will have a potential beneficial effect on safety and
effectiveness. A future goal of such a standardized procedure
should be to aim for zero complications. Complications should

TRANSLATIONAL OUTLOOK: Finally, stepwise learning of as
complex a procedure as pulmonary vein isolation could facilitate
the teaching process for potential electrophysiology fellows.
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