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Abstract: The relationship between alterations in left ventricular (LV) diastolic function and the incidence of recur-
rence, as well as the associated factors after cryoballoon (CB) and radiofrequency (RF) catheter ablation in patients 
with paroxysmal atrial fibrillation (Paf), require clarification. We enrolled 138 patients with Paf (RF/CB 69/69) who 
underwent the first catheter ablation and follow-up for 12 months. Transthoracic echocardiography was performed 
before and after ablation. An afterload-integrated index of LV diastolic function was calculated as diastolic elastance 
(Ed)/arterial elastance (Ea), Ed/Ea. No significant increases were observed in Ed/Ea 3 days after RF ablation in 
patients with (n=12) and without (n=57) recurrence. However, a significant increase was observed in recurrence-
free patients with CB ablation (n=59; P<0.05), although this level was restored after 6 months. Ed/Ea 3 days after 
CB ablation was correlated with left atrial pressure immediately after (r=0.630, P<0.001), but not before (r=0.290, 
P=0.159), ablation. The increment of creatine kinase- myocardial band release was positively associated with that 
of Ed/Ea (r=0.388, P<0.05) after CB ablation. Thus, the transient manifestation of LV diastolic dysfunction after 
CB ablation, evaluated by a new echocardiographic index, was observed only in recurrence-free patients with Paf. 
Protracted impairment of left atrial compliance due to ablation-induced myocardial injury may be related to the lack 
of recurrence in patients after CB ablation.

Keywords: Cryoballoon ablation, diastolic dysfunction, paroxysmal atrial fibrillation, radiofrequency ablation, trans-
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Introduction

In the recommendations for left ventricular (LV) 
diastolic evaluation using echocardiography, 
the severity of diastolic dysfunction is assess- 
ed using a combination of several indexes [1, 
2]. The established indexes of cardiac perfor-
mance, including operant diastolic elastance 
[Ed, (E/e’)/stroke volume (SV)] and effective 
arterial elastance [Ea, (0.9 × systolic blood 
pressure)/SV], are higher in women than those 
in men among elderly community-based popu-
lations [3, 4]. As LV diastolic function is affect-
ed by the extent of arterial elastance, we 
recently proposed the ratio of Ed to Ea [Ed/
Ea=(E/e’)/(0.9 × systolic blood pressure)] as an 
afterload-integrated index of LV diastolic elas-
tance [5-7]. Ed/Ea is an independent prognos-

tic factor in patients with heart failure with pre-
served ejection fraction (HFpEF) [8].

Ablation procedures confer a potential risk of 
decreased left atrial (LA) compliance in patients 
with paroxysmal atrial fibrillation (Paf), which 
can result in impaired LV diastolic function [9]. 
LA injury during the ablation procedure may be 
more severe in cryoballoon (CB) ablation than in 
radiofrequency (RF) ablation [10]. We recently 
observed transient manifestation of LV diastol-
ic dysfunction shortly after ablation in patients 
with Paf, especially after CB ablation [11]. 
However, the relationship between alterations 
of LV diastolic function and recurrence of atrial 
fibrillation (AF) in both ablation procedures 
remains to be clarified. Therefore, we aimed to 
clarify this relationship in patients with Paf.
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Methods

Patient selection

We enrolled 138 patients with Paf (82 men; 
mean age, 67 years) who consecutively under-
went single RF (n=69) or CB (n=69) ablation 
and an echocardiographic examination bet- 
ween August 2014 and August 2018. The 
patients had symptomatic Paf that was refrac-
tory to drug treatment. We excluded patients 
with significant mitral annular calcification, 
mitral stenosis, or moderate/severe mitral re- 
gurgitation. Oral anticoagulation therapy was 
necessary for at least 1 month before and 3 
months after ablation and was omitted only on 
the morning of the ablation procedures. Com- 
puted tomography was performed before abla-
tion in all patients to visualize the anatomy of 
the pulmonary veins (PVs) and guide the proce-
dure. Blood samples were obtained before and 
on the day after ablation. The investigation con-
formed with the principles outlined in the De- 
claration of Helsinki and was approved by the 
Institutional Review Board of our hospital. Wri- 
tten informed consent was obtained from all 
patients before catheter ablation.

Ablation procedure

The ablation procedure used in the study was 
performed as reported previously [11, 12]. In 
cases undergoing RF ablation, three-dimen-
sional (3-D) electroanatomical maps created 

into each PV ostium. Then, a 28-mm cryobal-
loon (Arctic Front Advance, Medtronic) was 
advanced, inflated, and positioned sequentially 
in the PV ostium of each vein. The freeze dura-
tion was reduced to 3 min because of the short 
time required to isolate numerous PVs [13]. 
Complete PV isolation was achieved in both 
ablation groups. The patients were treated 
according to the physicians’ discretion and cur-
rent guidelines.

Echocardiographic examination

Transthoracic echocardiography (Aplio 400, 
Canon Medical Systems, Tokyo, Japan) was per- 
formed before, 3 days after, and 6 months after 
ablation under sinus rhythm. Measurements of 
echocardiographic parameters such as cham-
ber size (LA dimension [LAD], LA volume index 
[LAVI], and LV dimension), LV ejection fraction 
(LVEF), SV, tricuspid regurgitation pressure gra-
dient (TRPG), transmitral flow velocity (E/A), 
and tissue Doppler images of the mitral annular 
septal and lateral areas (mean e’) were obtained 
in accordance with the American or European 
Society of Echocardiography criteria [1, 2]. All 
patients exhibited an LVEF of >50%. We calcu-
lated Ea [3, 14], Ed [4], and Ed/Ea [5, 6]. 
Echocardiographic measurements were com-
pared between patients with and without recur-
rence after the RF and CB ablation procedures. 
Transesophageal echocardiography was per-
formed in all patients before ablation to exclude 
the presence of LA thrombus [15].

Table 1. Patient clinical and laboratory characteristics before 
ablation

CB RF 
P value

n=69 n=69
Age, years 68 ± 12 67 ± 10 0.706
Men, % 64 55 0.193
Hypertension, % 71 65 0.483
Diabetes mellitus, % 15 16 0.939
Dyslipidemia, % 38 22 0.062
Systolic blood pressure, mmHg 129 ± 17 128 ± 16 0.680
Diastolic blood pressure, mmHg 70 ± 12 73 ± 10 0.059
Heart rate, bpm 63 ± 12 67 ± 13 0.055
Laboratory data
    FBS, mg/dL 107 ± 29 104 ± 16 0.491
    eGFR, mL/min/1.73 m2 66.8 ± 17.1 68.9 ± 15.2 0.432
    BNP, pg/mL 98 ± 174 91 ± 112 0.790
Data are expressed as mean ± SD or percentage. P values represent data 
comparisons between the CB and RF groups. CB, cryoballoon; RF, radiofre-
quency; FBS, fasting blood sugar; eGFR, estimated glomerular filtration rate; 
BNP, brain natriuretic peptide.

with a NavX system (St. Jude Me- 
dical, MN, USA) or the CartoSound 
module of a CARTO 3 system 
(Biosense Webster, CA, USA) were 
used. We performed an extensive 
encircling pulmonary vein isolation 
(EEPVI) procedure using a circular 
mapping catheter (OPTIMA, St. 
Jude Medical or Lasso, Biosense 
Webster). Continuous circumferen-
tial ablation lines were created 
around the left- and right-sided 
PVs using a FlexAbility catheter  
(St. Jude Medical) at a maximum 
power of 30 W for 30 s at each site 
or a ThermoCool SmartTouch cath-
eter (Biosense Webster) in the 
range of the ablation index deter-
mined in advance. In case under-
going CB ablation, an inner lumen 
mapping catheter (Achieve, Med- 
tronic, MN, USA) was advanced 



Post-ablation recurrence and diastolic dysfunction

516 Am J Cardiovasc Dis 2020;10(4):514-521

Table 2. Changes in echocardiographic data between before and 3 days after ablation
CB

P value
RF

P value
Before 3 days after Before 3 days after

LVDd, mm 46 ± 4 46 ± 4 0.864 47 ± 5 46 ± 4 0.103
LVDs, mm 29 ± 5 29 ± 5 0.627 30 ± 4 29 ± 4 0.056
LVEF, % 66 ± 9 67 ± 10 0.616 65 ± 6 68 ± 7 0.067
SVI, mL/m2 38 ± 8 38 ± 7 0.751 40 ± 7 40 ± 6 0.608
LAD, mm 39 ± 6 40 ± 5 0.316 39 ± 6 39 ± 6 0.695
LAVI, mL/m2 31 ± 10 30 ± 11 0.537 33 ± 10 31 ± 9 0.525
TRPG, mmHg 22 ± 6 23 ± 8 0.614 22 ± 5 21 ± 4 0.745
Ea, mmHg*m2/mL 3.16 ± 0.71 3.06 ± 0.67 0.415 2.95 ± 0.69 3.02 ± 0.71 0.544
Data are expressed as mean ± SD. P values represent data comparisons between before and 3 days after ablation. CB, 
cryoballoon; RF, radiofrequency; LVDd, left ventricular end-diastolic dimension; LVDs, left ventricular end-systolic dimension; 
LVEF, left ventricular ejection fraction; SVI, stroke volume index; LAD, left atrial dimension; LAVI, left atrial volume index; TRPG, 
tricuspid regurgitation pressure gradient; Ea, effective arterial elastance.

Figure 1. Serial changes in the ratios of diastolic elastance, Ed [(E/e’)/
(stroke volume index)], to arterial elastance, Ea [(0.9 × systolic blood pres-
sure)/(stroke volume index)] before and after radiofrequency (RF) and cryo-
balloon (CB) ablations in patients with paroxysmal atrial fibrillation. Between-
group differences were assessed by one-way analysis of variance for three 
comparisons, and differences between pairs of each group were assessed 
using post hoc Bonferroni tests. A significant difference in Ed/Ea is observed 
only in patients without recurrence after CB ablation (one-way analysis of 
variance, P=0.016). 

Evaluation of recurrence

The incidence of clinical recurrence was eva- 
luated as follows: follow-up 12-lead ECG re- 
sults obtained at 1, 3, 6, 9, and 12 months 
after the initiation of the assigned intervention 
were analyzed. Twenty-four-hour Holter moni-
toring was performed at 3, 6, and 12 mon- 
ths of follow-up. The time to the first document-

ed AF or atrial tachyarrhyth-
mia after the 3-month blank-
ing period that lasted >30 s 
was defined as recurrence.

Statistical analysis

Continuous variables were 
expressed as means ± stan-
dard deviation, while cate- 
gorical variables were pre-
sented as percentage. Bet- 
ween-group differences in ca- 
tegorical and continuous va- 
riables were compared using 
chi-square and Student’s t-te- 
sts, respectively. Between-gr- 
oup differences for three com-
parisons were assessed us- 
ing one-way analysis of vari-
ance, while differences bet- 
ween pairs of groups were 
assessed with the post hoc 
Bonferroni tests. Correlations 
were tested using Pearson’s 
coefficient and P values were 
examined using regression 
analysis. P values <0.05 were 
considered significant.

Results

Clinical and laboratory data before ablation

The differences in clinical and laboratory data 
before ablation in patients in the RF and CB 
ablation groups are shown in Table 1. No sig-
nificant differences in age, sex, and blood pres-
sure were observed between the two ablation 
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Table 3. Differences in clinical and laboratory characteristics between patients with and without 
recurrence

CB RF
Recurrence- Recurrence+ 

P value
Recurrence- Recurrence+ 

P value
n=59 n=10 n=57 n=12

Age, years 68 ± 12 65 ± 12 0.431 67 ± 10 67 ± 11 0.942
Men, % 58 100 0.013 56 52 0.472
Systolic blood pressure, mmHg 128 ± 16 135 ± 17 0.166 127 ± 16 130 ± 19 0.572
Diastolic blood pressure, mmHg 68 ± 12 76 ± 14 0.066 74 ± 10 72 ± 10 0.653
Heart rate, bpm 63 ± 12 66 ± 8 0.375 68 ± 12 67 ± 18 0.941
Laboratory data
    FBS, mg/dL 107 ± 30 103 ± 18 0.703 104 ± 16 107 ± 16 0.563
    eGFR, mL/min/1.73 m2 66.0 ± 15.2 71.9 ± 25.6 0.307 70.0 ± 13.7 64.1 ± 20.7 0.224
    BNP, pg/mL 99 ± 186 90 ± 88 0.879 82 ± 100 132 ± 151 0.161
Data are expressed as mean ± SD or percentage. P values represent data comparisons between the patients with and without 
recurrence in each ablation procedure. CB, cryoballoon; RF, radiofrequency; FBS, fasting blood sugar; CB, cryoballoon; RF, 
radiofrequency; FBS, fasting blood sugar.

Table 4. Differences in echocardiographic findings between before and after CB ablation in patients 
with and without recurrence

Recurrence -
P value

Recurrence +
P value

Before 3 days after Before 3 days after
LVDd, mm 46 ± 4 46 ± 4 0.757 45 ± 5 46 ± 3 0.842
LVDs, mm 29 ± 5 29 ± 5 0.571 28 ± 4 29 ± 3 0.898
LVEF, % 66 ± 9 67 ± 10 0.565 68 ± 5 67 ± 3 0.833
SVI, mL/m2 38 ± 8 38 ± 7 0.709 37 ± 7 36 ± 5 0.937
LAD, mm 38 ± 5 40 ± 5 0.299 40 ± 10 43 ± 7 0.650
LAVI, mL/m2 31 ± 10 30 ± 11 0.470 31 ± 9 33 ± 9 0.696
TRPG, mmHg 21 ± 6 23 ± 8 0.458 24 ± 5 20 ± 5 0.352
Ea, mmHg*m2/mL 3.13 ± 0.73 3.06 ± 0.70 0.645 3.39 ± 0.57 3.01 ± 0.19 0.217
Data are expressed as mean ± SD. P values represent data comparisons between before and 3 days after ablation. CB, 
cryoballoon; LVDd, left ventricular end-diastolic dimension; LVDs, left ventricular end-systolic dimension; LVEF, left ventricular 
ejection fraction; SVI, stroke volume index; LAD, left atrial dimension; LAVI, left atrial volume index; TRPG, tricuspid regurgita-
tion pressure gradient; Ea, effective arterial elastance.

groups. Likewise, no significant differences 
were observed in the estimated glomerular fil-
tration rates and brain natriuretic peptide lev-
els between the two procedures.

The echocardiographic data before ablation 
showed no significant differences in LAD, LAVI, 
LVEF, SV index (SVI), E/e’, and TRPG between 
the two ablation groups. No significant changes 
were observed in LA size, LV size, LVEF, SVI, and 
TRPG between before and 3 days after ablation 
in patients in both ablation groups (Table 2). 
Furthermore, Ea did not differ significantly 
between before and 3 days after ablation in 
both ablation groups. The systolic blood pres-
sure did not differ significantly between the two 

ablation groups 3 days after ablation (126 ± 13 
vs. 129 ± 15 mmHg, P=0.347).

Recurrence-related alterations in echocardio-
graphic data after ablation

Recurrence-related differences in the altera-
tion of LV diastolic function before and after the 
two ablation procedures are shown in Figure 1. 
Ed/Ea was significantly increased at 3 days 
after CB ablation (P=0.035) but not after RF 
ablation in patients without recurrence. No 
alterations were observed in the Ed/Ea of 
patients with recurrence in both ablation 
groups (Figure 1). The index of LV diastolic func-
tion was restored to baseline levels at 6 months 
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after CB ablation in patients without recur-
rence. Other indexes of LV diastolic function, 
such as E/A and deceleration time, were not 
altered after ablation in either treatment group 
(data not shown). No significant differences 
were observed in clinical data between the 
patients with and without recurrence (Table 3). 
In addition, no significant differences in ordinal 
echocardiographic data before and after CB 
ablation were observed in those with and with-
out recurrence (Table 4).

Modulating factors for altered diastolic func-
tion

Significant differences in serum levels of cre-
atine kinase (RF vs. CB ablation: 139 ± 61 vs. 
303 ± 99 IU/L, P<0.001) and creatine kinase-
MB isoenzyme (16 ± 6 vs. 30 ± 9 IU/L/37°C, 
P<0.001) at 24 hours after ablation were 
observed between the two ablation groups; 
however, no significant differences were ob- 
served before ablation. Regarding the relation-
ship between the changes in LV diastolic func-
tion and myocardial injury after CB ablation, a 

positive correlation was observed between the 
changes in Ed/Ea and myocardial injury, the 
extent of which was evaluated according to the 
changes in CK-MB release (Figure 2). Though 
not shown, no positive correlation was observed 
between the changes in Ed/Ea and MB-CK 
release in patients with RF ablation.

Figure 3 shows the relationship between LV 
diastolic function and LA pressure before and 
after CB ablation. The Ed/Ea 3 days after abla-
tion was positively and significantly correlated 
with LA pressure immediately after, but not 
before, CB ablation. The right atrial pressure 
immediately after CB ablation showed no cor-
relation with the Ed/Ea 3 days after ablation 
(data not shown).

Discussion

Ed/Ea, an afterload-integrated LV diastolic 
index, increased significantly 3 days after CB 
but not RF ablation in Paf patients without 
recurrence and was correlated with LA pres-
sure immediately after ablation. The transient 
manifestation of LV diastolic dysfunction after 
CB ablation in relation to the extent of myocar-
dial injury was observed only in patients with-
out recurrence. In patients with RF ablation, no 
difference was observed in Ed/Ea 3 days after 
ablation between those with and without 
recurrence.

Protracted impairment of LA compliance and 
recurrence

Impaired LA compliance leading to relatively 
increased volume may induce a transient pro-
gression of LV diastolic dysfunction that is not 
evident before ablation [9, 16]. The increased 
LA pressure immediately after CB ablation may 
persist after 3 days because impaired LV dia-
stolic function was still observed in this phase. 
An important finding of our study was that the 
transient progression of LV diastolic dysfunc-
tion occurred only in patients without recur-
rence after CB ablation, which was associated 
with the extent of myocardial injury in the evalu-
ation of CK release. In patients with Paf, the 
speed of LA function restoration after sinus 
conversion remains undefined. As the grade of 
the impaired LV diastolic function 3 days after 
CB ablation was significantly correlated with LA 
pressure immediately after ablation, protracted 
impairment of LA compliance after CB ablation 

Figure 2. The relationship between the changes in 
left ventricular diastolic function and myocardial 
injury shortly after cryoballoon ablation. A positive 
correlation is observed between the changes in the 
ratio of diastolic elastance (Ed) to arterial elastance 
(Ea) (delta Ed/Ea) and the changes in the creatine 
kinase-myocardial band release (delta CKMB).



Post-ablation recurrence and diastolic dysfunction

519 Am J Cardiovasc Dis 2020;10(4):514-521

may occur only in patients without recurrence. 
In other words, to secure LA damage to some 
extent, recurrence must be avoided in cases 
undergoing CB ablation.

As visualization of acute edema in the LA myo-
cardium after RF ablation was recently report-
ed by application of a novel high-resolution 3-D 
magnetic resonance imaging sequence [17], 
defining the difference in the edematous 
change of the LA myocardium during the acute 
phase between the two ablation procedures is 
important. In contrast, the difference in the 
manifestation of LV diastolic dysfunction may 
be due to the different isolation areas of each 
PV antrum between CB and RF ablation. The 
extents of the immediate [18] and protracted 
(shown in this study) LA injury differ between 
the CB and RF ablation procedures. 

The ablation procedure for persistent AF in 
patients with LV diastolic dysfunction was asso-
ciated with increased short- or long-term recur-
rence risk [19, 20]. In patients with RF ablation, 
a higher LA pressure after sinus conversion 
was related to the incidence of recurrence [21]. 
We observed no significant difference in Ed/Ea 
3 days after RF ablation between patients with 
and without recurrence. During the chronic 
phase, no significant differences in recurrence 
rates have been observed between the CB and 
RF ablation procedures [22, 23], as also shown 

[11]; however, the impaired LV diastolic func-
tion grade was lower at 3 days in patients in the 
present study with CB ablation (Ed/Ea, 0.087 ± 
0.024) than that in patients with stable HFpEF 
before discharge (Ed/Ea, 0.156 ± 0.071) [7]. As 
the LV diastolic dysfunction observed after CB 
ablation was moderate and returned to the 
baseline level 6 months after the procedure, 
the alteration of LV diastolic function observed 
in this study may not be related to the occur-
rence of heart failure. However, the short-term 
incidence of HFpEF may be high when LA com-
pliance is greatly and/or persistently impaired 
for any reason. The ablated lesions leading to 
impaired LA compliance differ between CB and 
RF ablation. Thus, it is important to clarify the 
lesions in patients without recurrence after CB 
ablation. Further study of the relationship 
between the protracted impairment of LA com-
pliance and cryoablation lesions within the left 
atrium is needed. As patients who were elderly, 
female, or with hypertension showed impaired 
LV diastolic function after ablation [11], a long-
term follow-up study to elucidate the differenc-
es in the future incidence of HFpEF and their 
related factors among patients with Paf is 
warranted.

Conclusions

The transient manifestation of LV diastolic dys-
function after CB ablation, as evaluated by a 

Figure 3. Relationships between left ventricular diastolic function and left 
atrial (LA) pressure before and after cryoballoon ablation. The ratio of dia-
stolic elastance (Ed) to arterial elastance (Ea) (Ed/Ea) 3 days after ablation 
is positively and significantly correlated with the LA pressure immediately 
after (Post LAP), but not before (Pre LAP), cryoballoon ablation.

in the present study. The LV 
diastolic dysfunction at base-
line was a risk factor for late 
recurrences (first recurrence 
>12 months after the last 
catheter ablation) after AF 
ablation [24], although most 
patients with Paf had normal 
systolic and diastolic LV 
functions.

Ablation-induced LV diastolic 
dysfunction

Although AF, per se, is a well-
known risk factor of HFpEF 
[25], not all patients with Paf 
with ablation procedures show 
LV diastolic dysfunction short-
ly after ablation. In our previ-
ous study, patients with Paf 
and preserved LVEF were at 
risk of impaired LV diastolic 
function after CB ablation 
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new echocardiographic index, was observed 
only in recurrence-free patients with Paf. 
Protracted impairment of the LA compliance 
due to ablation-induced myocardial injury may 
be related to the lack of recurrence in patients 
after CB ablation.
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