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Abstract

Type-2 diabetes mellitus (DM) is associated with an increased risk of atrial fibrillation (AF).
It is unclear whether DM is a risk factor for arrhythmia recurrence following catheter ablation
of AF. We performed a non-randomised, observational study in 7 high-volume European
centres. A total of 2504 patients undergoing catheter ablation of AF were included, and
procedural outcomes were compared among patients with or without DM. Patients with DM
(234) accounted for 9.3% of the sample, and were significantly older, had a higher BMI and
suffered more frequently from persistent AF. Arrhythmia relapses at 12 months after AF
ablation occurred more frequently in the DM group (32.0% vs. 25.3%, p=0.031). After
adjusting for type of AF (i.e., paroxysmal vs. persistent), during a median follow-up of 17£16
months, atrial arrhythmia free-survival was lower in the diabetics with persistent AF (log-
rank p=0.003), and comparable for paroxysmal AF (log-rank p=0.554). These results were
confirmed in a propensity-matched analysis, and DM was also an independent predictor of
AF recurrence on the multivariate analysis (HR1.39; Clgsy1.07-1.88; p=0.016). There was no
significant difference in the rate of peri-procedural complications among DM and non-DM
patients (3.8% vs. 6.3%, p=0.128). Efficacy and safety of cryoballoon ablation were
comparable to radiofrequency ablation in both DM and no-DM groups. In conclusion,
catheter ablation of AF appears to be safe in patients with DM. However, DM is associated

with higher rate of atrial arrhythmia relapse, particularly for patients with persistent AF.

Key words: diabetes mellitus; atrial fibrillation; catheter ablation; rhythm control;

cryoballoon.
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Introduction

Type-2 diabetes mellitus (DM) is associated with an increased risk of atrial fibrillation
(AF) [1]. The physio-pathological connection between DM and AF is complex and
multifactorial, including autonomic dysfunction, as well as atrial electrical,
electromechanical, and structural remodelling [2]. Furthermore, DM increases the risk of
thromboembolic complications of AF, and diabetic patients with AF have greater risks for
all-cause mortality, cardiovascular death, and heart failure [3-5]. Catheter ablation is a well-
established and effective treatment for patients with symptomatic AF [6], however data
regarding efficacy and safety in the DM population are mainly restricted to small size and
single centre reports, with conflicting results [7] and limited use of the cryoballoon technique.

We aim to further investigate implication of DM on the outcomes of catheter ablation of AF.

Methods

Non-randomised, observational study in 7 European centres. We included all patients
aged over 18 undergoing a left atrial ablation procedure during a 24 months’ time interval,
with AF refractory to at least one class | or class Il antiarrhythmic drug. All patients
provided written informed consent prior to the procedure. We assessed DM as a potential
independent predictor of AF/atrial tachycardia relapse. The study complied with the
Declaration of Helsinki and the research protocol was approved by the local ethics
committees. Demographics, admission day anthropometric data, and comorbidities were
collected. Data from the referral transthoracic echocardiogram was analysed and a multislice
computed tomography scan imaging of the left atrium was systematically collected pre-
procedure. Procedures were performed under sedation or general anaesthesia, according to
each institution’s protocol. Venous access was obtained via the femoral vein, with use of
vascular ultrasound at operator’s discretion. In the absence of patent foramen ovale, a single

or dual transseptal puncture was performed under fluoroscopic guidance. Transesophageal
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echocardiography was used based on operator preference. Patients received intravenous
heparin to maintain an activated clotting time of 300—-350 seconds. Details of the AF ablation
technique and peri-procedural management at our institutions have been published previously
[8-10]. Basically, pulmonary vein isolation was the main procedural endpoint, and was
performed as a first step in all procedures. If the patient was in AF at the start of the
procedure and the arrhythmia organized into an atrial tachycardia this was mapped and
ablated. In patients undergoing cryoballoon ablation, if the patient remained in AF after
isolation of all four pulmonary veins, direct-current cardioversion to sinus rhythm was
performed and no further ablation undertaken. In patients undergoing radiofrequency ablation
of persistent AF and not cardioverting to sinus rhythm or not organizing to atrial tachycardia
during ablation we mapped and ablated areas of complex fractionated atrial electrograms in
both atria and the coronary sinus and subsequently DC cardioverted the patient if AF
persisted. Patients were evaluated at 3, 6, and 12 months after the procedure. Information
collected during follow-up included a 12-lead electrocardiogram (ECG) and 24-hour ECG
Holter monitoring at each visit. Additional patient visits and further testing were allowed in
case of symptoms. After the first year, follow-up was performed on an annual basis.
Antiarrhythmic drugs were prescribed at discharge only for specific indications (i.e., relapse
during the admission, need for cardioversion, longstanding persistent AF, etc.) and at the
operator’s discretion. In those instances, antiarrhythmic drugs were stopped after the first 3
months in the absence of recurrence. The first 3 months post-procedure were considered
blanking period. Recurrence was defined as any symptomatic or asymptomatic atrial
arrhythmia lasting >30 seconds following the 3 months blanking period. Patients with relapse
during the blanking period with no response to pharmacologic or electrical cardioversion

were also classified as having a relapse.
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The main efficacy endpoint was freedom from atrial arrhythmias following a blanking
period of three months. AF or atrial tachycardia relapse during the initial 3-month blanking
period was also documented. With regard to safety, the following complications were
systematically recorded: vascular complications (if requiring intervention or prolongation of
admission), thromboembolism (transient ischemic attack, stroke and/or systemic embolism
during or in the first month after the procedure), phrenic nerve palsy, pericardial effusion (if
causing haemodynamic instability and/or requiring pericardiocentesis or prolonged
monitoring), oesophageal fistula, and procedure-related death. Other complications were
reported at the discretion of the operator.

The chi-square test was used for categorical and t-student test for comparison of
means was used for comparison of continuous variables. Levene’s test was used to check the
homogeneity of variance; equivalent non-parametric tests were used when Kolmogorov—
Smirnov was in favour of the absence of normal distribution. Results with P < 0.05 were
regarded as significant.

Kaplan-Meier curves were traced for illustrating freedom from AF or atrial
tachycardia among patients with or without DM, and the log rank P test was used for
assessing existing differences. Independent predictors of sinus rhythm maintenance after a
single ablation procedure were assessed through Cox regression (Method: Forward
Likelihood Ratio, Probability for Stepwise 0.05). A propensity score matching was
performed to adjust for differences in baseline clinical characteristics, details are reported in
the Supplementary materials. PASW Statistics version 18.0 was used for descriptive and

inferential statistical analysis.

Results
A total of 2504 patients (mean age 61.1+10.2, 29.4% female) underwent catheter

ablation of AF. As much as 234 patients (9.3%) suffered from DM. Most patients had
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paroxysmal AF (57.5%) at baseline, and mean AF duration was 5.0£5.4 years. The
cryoballoon technique was adopted in 29.4% of the patients. The baseline population
characteristics before and after propensity matching are reported in Tables 1 and S-1.

Pulmonary vein isolation was achieved at the end of the procedure in almost all the
patients (99.0%), with no significant differences between the two groups. Use of the
cryoballoon was comparable among patients with or without DM. Rate of relapse during
blanking was significantly more frequent in subjects with DM (24.3% vs. 32.8%, p=0.012).
Similarly, relapses at 12 months occurred more frequently in the DM group (25.3 vs. 32.0%,
p=0.031) (Table 2). After adjusting for type of AF (i.e., paroxysmal vs. persistent), during a
median follow-up of 17+£16 months, atrial arrhythmia free-survival was lower in the diabetics
vs. non-diabetics after ablation of persistent AF (log-rank p=0.003), and comparable after
ablation of paroxysmal AF (log-rank p=0.554). These findings were confirmed after
comparing the DM patients vs. a propensity-matched group of non-diabetics (log-rank
p=0.038 for persistent AF). These results are shown in Figures 1 and S-1.

Assessment of independent predictors of AF or arrhythmia relapse is illustrated in
Table 3. On multivariate Cox regression, DM, BMI, AF duration and LA volume were
independent predictors of relapse.

The rate of peri-procedural complications was similar among DM and non-DM
patients (3.8% vs. 6.4%, p=0.128) (Table 2). The incidence of cardiac tamponade, other
bleeds, major vascular complications, phrenic nerve palsy, and stroke, transient ischemic
attack or systemic embolism was very low and comparable.

Efficacy and safety of cryoballoon ablation were comparable to radiofrequency
ablation in both DM and no-DM groups (log-rank p=0.437 for persistent AF and p=0.531 for

paroxysmal AF).
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Discussion

The main finding of this multicentre study is that DM is associated with a higher
incidence of atrial arrhythmia relapses at 12 months in patients undergoing catheter ablation
of AF. On the Kaplan-Meier analysis, after adjusting for type of AF (i.e., paroxysmal vs.
persistent), arrhythmia-free survival at a median follow-up of 17+16 months was lower in
diabetic patients with persistent AF compared to those with no DM; however, relapse rates
were similar in DM vs. non-DM subjects undergoing ablation for paroxysmal AF. In our
series, patients with DM have a higher prevalence of comorbidities such as hypertension,
obstructive sleep apnoea, vascular disease and congestive heart failure, and more commonly
suffer from non-paroxysmal forms of AF. However, on a multivariate analysis, after
adjusting for confounding factors, DM remains an independent predictor of atrial arrhythmia
relapses (HR1.39; Clgs0,1.07-1.88; p=0.016). The higher rate of post-ablation relapses in the
DM population was also confirmed in a propensity-matched analysis. Finally, catheter
ablation of AF appears to be safe in DM patients, with no significant difference in the
complication rate compared to the non-diabetics. Notably, despite DM being a risk factor for
thromboembolism in the AF population, we have found no differences in the number of peri-
procedure thromboemibolic events between diabetics and non-diabetics. Efficacy and safety
of the cryoballoon ablation was comparable to radiofrequency ablation in both DM and no-
DM group.

Our findings are clinically relevant, considering the high prevalence of DM and its
strong association with AF. Subjects with DM have not only an increased risk of developing
AF, but are also more prone to AF-related complications such as thromboembolism and heart
failure. For these reasons, DM patients might warrant the greatest benefit from an effective
treatment of this arrhythmia, with the potential aim not only to improve quality of life, but

also prevent its relevant clinical sequalae. The present study confirms that AF ablation is



Journal Pre-proof

effective and safe in the DM population, despite this traditionally representing a higher risk
sub-group with more frequent comorbidities. In fact, among DM patients, as much as 80.2%
of those with paroxysmal AF and 57.6% with persistent AF were free from atrial arrhythmia
at the 12 months’ follow-up. However, an important finding of our analysis is that DM is
associated with higher long-term relapse rate after catheter ablation of persistent AF, while
outcomes for paroxysmal AF are similar among diabetics and non-diabetics. DM is known to
cause significant myocardial remodelling (i.e., diabetic cardiomyopathy) and can promote AF
through several physio-pathological mechanisms [2, 5]. It is conceivable that in diabetic
patients, compared to the non-diabetic, persistent forms of AF are associated with a more
severe degree of atrial myopathy and a more complex and multifactorial substrate, resulting
in a lower long-term efficacy of catheter ablation. Indeed, DM has been independently
associated with left atrial enlargement, regardless of concomitant hypertension and diastolic
dysfunction [11]. Our finding could have relevant clinical implications, as an early ablative
strategy might be particularly valuable in subjects with DM, in order to prevent the
progression from paroxysmal to persistent forms of AF, as the latter appear to be more
aggressive and difficult to treat.

The impact of DM on the outcomes of AF ablation has been previously evaluated by
other authors, with conflicting results [7]. In the absence of randomised trials, to the best of
our knowledge, the largest available controlled study included 339 DM patients from the
German Ablation Registry [12]; in this series, after a median follow-up of 460 days, no
differences were found between subjects with or without DM in terms of arrhythmia-free
survival. However, these results included diabetic patients with both paroxysmal and
persistent AF, and as such no separate outcomes were provided for subjects with different
forms of AF; in addition, patients with persistent AF were underrepresented, and results were

based on telephone follow-up only. A systematic review and metanalysis by Anselmino et al



Journal Pre-proof

[13] showed similar outcomes of AF ablation in DM patients compared to the general
population, although with relatively frequent need of redo procedure in the diabetics.
However, data from a metanalysis including 886 individuals should be interpreted very
carefully, especially in the context of relevant methodological bias such as the absence of a
direct comparison with a control group.

Another relevant finding is that cryoballoon ablation appears to be effective and safe
in DM patients, showing comparable results with the radiofrequency technique. These
findings are of interest, as the diabetic population was underrepresented in most of the studies
evaluating cryoballoon AF ablation; as such, the cornerstone FIRE and ICE trial included
only 22 and 37 diabetic patients in the radiofrequency and cryoballoon group, respectively
[14].

Finally, the results of the present study might suggest a potential benefit of an
adequate treatment of DM to counteract-its deleterious effect on the long-term outcomes of
AF catheter ablation. The ARREST-AF study demonstrated that an aggressive risk factor
management, including better aglycaemic control, significantly improves arrhythmia-free
survival after catheter ablation of AF [15]. However, although promising, these data should
be confirmed in a prospective randomised fashion.

Several limitations should be acknowledged. First, no data regarding glycaemic
control (e.g. - HbA1c), DM duration and therapy were available. In addition, this was a
multicentre study including experienced large volume centres, and might not represent the
type of ablation activity performed in other centres with lower caseloads. Finally, systematic
monitoring using an implantable loop recorder might have documented higher rate of

asym ptomatic recurrence.
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In conclusion, catheter ablation of AF appears to be safe in patients with DM.
However, DM is associated with higher rate of atrial arrhythmia relapse after catheter

ablation, particularly for patients with persistent AF.
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Figure 1. Kaplan-Meier of atrial arrhythmia-free survival
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Table 1 — Baseline characteristics of the study population

Variable

Age (years)

Women

AF duration

(years)
Paroxysmal
AF

Persistent AF

Mean N of
Procedures
CHA,DS,-
VASc
Congestive
heart failure

Hypertension
BMI (Kg/m?)

Stroke or TIA

Vascular
disease
Obstructive
Sleep apnea
eGFR
(ml/min)

Indexed LA
volume (mL/m?

LVEF (%)
Cryoballoon
ablation
Use of
General Anaesthesia

Procedure
Duration (min)

Fluoroscopy
Duration (min)

Class 1 or 111
AADs on discharge

CFAE
ablation

LA lines
CTI

Total

sample

(n=2504)
61.1+10.2
29.4% (736)

5.0£5.4

57.5%

(1441)
42.5%

(1063)

1.2+0.5
1.6+1.4

8.1% (202)

45.8%
(1,148)

28.4+13.3
7.5% (188)
8.50% (213)
7.0% (176)

75.1+18.4

48.6+18.6

61.4+9
29.4% (736)

67.6%
(1,692)

136+58

23+13

21.6% (542)

14.2% (356)

23% (576)
21.8% (546)

Diabetes mellitus

NO
(n=2270)

60.8+10.4

29.3%
(665)

5.0+5.4

58.6%
(1330)

41.4%
(940)

1.2+0.5

1.5+1.2

7.4%
(168)

43% (976)

28.1+13.0

7.4%
(167)

7.4%
(167)

6.4%
(145)

75.5+18.0

48.3+18.7

61.948.6
29.4%

(668)
67.7%

(1536)

13457

23%13

25.5%
(483)

13.8%
(313)

22.4%
(508)

21.7%

YES
(n=234)

63.9+7.5
30.3% (71)

4.6+4.2

47.4%

(111)
52.6%

(123)

1.2+0.5
3.0+1.2

14.5% (34)

73.5%
(172)

31.6+15.5
9.0% (21)
19.7% (46)
13.2% (31)

71.1x21.3

51.2+17.4

59.7+9.1
29.1% (68)

66.7%
(156)

141+59

23%13

31.2% (59)

18.4% (43)

29.1% (68)
23.1% (54)
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Over
all

<0.00

0.738

0.405

<0.00

0.729
<0.00

<0.00
<0.00
<0.00
0.371
<0.00

<0.00

0.009

0.043

0.002
0.906

0.746

0.094

0.406

0.089

0.056

0.201
0.621
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(492)
NYHA 1.140.4 1.1£0.4 1.240.5 0.008

Legend: Values are given as mean + SD or number and (%). AF - atrial fibrillation; CHA,DS,-VASc - cardiac
failure or dysfunction, hypertension, age >75 years [doubled], diabetes, stroke [doubled] - vascular disease, age 6574 years,
sex category [female]; TIA - transitory ischemic attack; LA - left atrium; LVEF - left ventricular ejection fraction; AAD —
anti-arrhythmic drugs; SD - standard deviation.

Table 2 — Efficacy and Safety Endpoints

Total Diabetes mellitus

Ov
. mpl
Variable samp’e NO YES erall
(n=2504 -2970 (n=2 p
) (n=2270) 34)
> Pulmonary Vein 99.0% 99.0% 98.7% 0.6
2 Isolation (2,479) (2248) (231) 47
O
= Relapse during 20.2% 24.3% 32.8% 0.0
VT, blanking (506) (446) (60) 12
Relapse during 28.9% 25.3% 32.0% 0.0
first 12 months (623) (553) (70) 31
Peri-procedural 6.1% 6.3% 3.8% 0.1
complications (152) (143) 9) 28
Cardiac o 0 1.3% 0.2
tamponade 0.7% (18) 0.7% (15) @) 84
TIA 0.2% (4) 0.2% (4) ©) 0% 20 0.5
% Stroke 0.2% (6) 0.3% (6) 0% 0.4
= (0) 31
o Transient phrenic 1.5% (37) 1.5% (35) 0.9% 0.4
nerve palsy ' ' ) 07
Major vascular 0 o 1.3% 0.1
complications 2.6% (65) 2.1% (62) ?3) 84
Procedure-related 0 0 0% 0.7
death* 0.1% (1) 0% (1) ©) 48
Other 0 0 0.4% 0.4
complications 0.8% (21) 0.9% (20) (1) 69
. 0% 0.6
8 Esophageal fistula 0.1% (2) 0.1% (2) ©) 40
e : 06
E Gastroparesis 0.1% (2) 0.1% (2) 0% () 50
O
—_ 0,
ol Esophageal ulcer 0.1% (1) 0% (1) 0% 0.7
c 0) 48
(@]
Non-Access related 0.4% 0.5
8 bleeds 0.2% (6) 0.2% (5) ) 37
(B .
- Bradyarrhythmic o o 0% 0.4
= complications 0.2% (5) 0.2% (5) 0) 72
O
. 0% 0.7
Anaphylaxis 0.1% (1) 0% (1) ©) 48
Transient 0% 0.7
myocardial stunnin 0.1% (1) 0% (1) 0) 48
Y/ g
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0,
PV stenosis 0.1% (1) 0% (1) 0 0% 48 0.7
. . 0% 0.7
0, 0,
Air embolism 0.1% (1) 0% (1) ©) 48
Acute pulmonary o o 0% 0.7
edema 0.1% (1) 0% (1) 0) 48

Legend: Values are given as number and (%), and incidence and (95%CIl). Legend: TIA — transient ischaemic
attack; CI — confidence interval. * Death occurred as a result of diffuse lung bleed without identifiable source.

Table 3 — Predictors of Post-blanking atrial arrhythmia relapse after an ablation
procedure

) Univariate Cox Multivariate Cox
Variabl Regression Regression
e 95 ! H 95 p
R %ClI R %ClI
Age (per 1. ( . i i
year) .01 00-1.01 .027
0. (
Women 10 96-1.28 146 ; ; -
AF duration 1. < 1 1.01- <
(per year) .02 01-1.03 0.001 .02 1.04 0.001
Paroxysmal 0. < 0 0.46- <
AF 54 47-0.61 0.001 55 0.65 0.001
Congestive 1. <
heart failure 74 42-2.13 0.001 i ) )
Hypertensio L. ( i i )
n 18 04-1.34 .013
Diabetes 1. ( 1 1.07- 0
mellitus .39 13-1.71 .002 .39 1.82 .016
Stroke or 0. ( 3 . -
TIA 24 98-1.55 071
Vascular 1. ( ) . -
disease 27 03-1.58 .026
Obstructive 1. ( i i i
Sleep Apnea 34 06-1.68 .013
CHA,DS,- 1 < ] ) .
VASC A2 07-1.17 0.001
BMI (per 1. ( 1 1.02- <
Kg/mz) .01 00-1.01 .024 .03 1.05 0.001
eGFR (per 0. ( i ) ;
ml/min) 99 99-1.00 149
Indexed LA 1. < 1 1.00- <
volume (per mL/m?) .01 01-1.02 0.001 .01 1.01 0.001
LVEF (per 0. <
%) .99 98-0.99 0.001 i i )
Cryoballoon 0. ( i i B
ablation .92 80-1.06 274
1. <
NYHA 57 36-1.83 0.001 i i )
0. (
cTl 97 83-1.13 682 i i )

Legend: HR — hazard ratio; Cl — confidence interval; AF - atrial fibrillation; TIA - transitory ischemic attack;
CHA,DS,-VASC - cardiac failure or dysfunction, hypertension, age >75 years [doubled], diabetes, stroke [doubled] -
vascular disease, age 6574 years, sex category [female]; BMI - body mass index; LA - left atrium; LVEF - left ventricular
ejection fraction; AAD — anti-arrhythmic drugs.



