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Left atrial functions in long term after catheter
ablation of premature ventricular complexes
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Abstract. — OBJECTIVE: Premature ventric-
ular complex (PVC) ablation has been shown
to improve left ventricle (LV) diastolic function
and left atrial (LA) reverse modeling, especially
in the short term. In the present study, PVC ab-
lation via radiofrequency catheter (RFCA) was
evaluated with respect to its long-term effects
on LA size and dynamic functions.

PATIENTS AND METHODS: A total of 71 pa-
tients (age 43.49+12.8 years, 37 men [52%]) with
high-burden (21% mean burden) PVCs who were
treated with RFCA were included in this retro-
spective study. The effects of RFCA on three
characteristics — LV systolic functions, LV dia-
stolic dysfunctions and mechanical effects per-
taining to the LA — were examined by echocar-
diography at baseline and at 3 months and 18
months after the procedure.

RESULTS: Advancement in LV ejection frac-
tion (LVEF) was seen on long-term follow-up
(LVEF baseline 53.01; 3 month 54.55; 18™"
month 58.02; p<0.001). LA function gradual-
ly improved after RFCA. The LA volume index
was significantly decreased after RFCA (base-
line 18.15+2.89; 3 months 17.11+2.71; 18 months
16.67+2.61; p<0.001). The LA passive empty-
ing fraction was still increasing over long-term
follow-up (baseline 33.33; 3 month 37.11; 18"
month 40.91; p<0.001).

CONCLUSIONS: In the present study, in pa-
tients with or without apparent cardiomyopa-
thy, RFCA was shown to successfully eliminate
PVCs and improve LA functions in the long term.
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Introduction

Premature ventricular complexes (PVCs) are
often associated with structural heart disease;
however, they are also arguably common in the
general population. Despite usually being as-
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ymptomatic, symptomatic PVCs can present with
a range of findings, from palpitations, chest pain
and weakness to dyspnea and even heart fail-
ure-like symptoms'. PVCs can affect the left
ventricle (LV) ejection fraction (EF) through
various extracellular and cellular mechanisms.
After the exclusion of structural heart disease, the
presence of PVC alone has been held responsible
for reversible LV dysfunction — a condition that
has gained recognition as PVC-induced cardio-
myopathy?.

There are several predictors of LV dysfunction
in patients with PVC, including high PVC bur-
den, lack of sustained ventricular tachycardia,
interpolated PVC, epicardial origin, retrograde
P wave and PVC QRS duration. Among these
factors, the strongest predictor is accepted to
be a high PVC burden, which is determined by
the PVC to total QRS ratio during a 24-hour
assessment®. However, the cutoff point for PVC
burden remains controversial. In a study, a PVC
burden >10% was identified as responsible for
reversible LV dysfunction, whereas another study
determined that a PVC burden in excess of 24%
was an independent risk factor for PVC-induced
cardiomyopathy*~.

Park et al® demonstrated that frequent PVC
might be associated with left atrial (LA) enlarge-
ment in patients with normal LV EF and that
atrial anatomic remodeling could precede LV
geometry changes and systolic dysfunction.

The LA contributes to the systolic and dia-
stolic functions of the LV, and the literature has
revealed a reciprocal relationship between heart
diseases and the size and function of the LA
Therefore, improving LA function will be of
clinical importance in this patient group in the
long term.

There have not been sufficient data in the liter-
ature on the long-term effect of PVC ablation via
radiofrequency catheter ablation (RFCA) on LA
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function. We previously demonstrated that PVC
ablation improves LV diastolic function and LA
reverse modeling, especially in the short term’. In
the present study, PVC treatment via RFCA was
evaluated with respect to its long-term effects on
LA size and dynamic functions.

Patients and Methods

Study Population

A total of 71 patients older than 18 years old
who underwent PVC catheter ablation at a ter-
tiary referral center were evaluated in the retro-
spective study design. The exclusion criteria were
refusal to participate in the study and the pres-
ence of severe valvular lesions; ischemic heart
disease; a previous history of heart surgery, myo-
carditis, pericarditis and other known diagnoses
of cardiomyopathy; and sustained ventricular or
supraventricular tachycardias. All patients were
evaluated with 24-hour electrocardiogram (ECG)
Holter monitorization at least once before abla-
tion. To exclude any coronary artery diseases or
valvular/structural heart diseases, we conducted
radionuclide scans, computerized cardiac tomog-
raphy and invasive coronary angiography when
required at least three months before ablation.

The study was approved by the Local Ethics
Committee (Bursa Postgraduate Hospital Regis-
tration Number 2011-KAEK-25 2019/04-01) and
was conducted according to the Helsinki Decla-
ration. Written informed consent was obtained
from all of the patients before their inclusion in
the study.

Echocardiography and Left Atrium
Volumetric Measurements
Two-dimensional transthoracic echocardiogra-
phy (Philips 133, Eindhoven, the Netherlands; and
Vivid-7, GE Wingmed sound Horten, Norway)
was performed at least three months prior to
the ablation procedure for each patient. Echo-
cardiography examinations were repeated 3 and
18 months after the ablation procedure. The LV
systolic and diastolic functions and LA functions
were evaluated in each examination. Standard
measurements were performed according to most
current guidelines. LVEF was measured using
the Simpson method'. Patients were divided into
two groups according to their LVEF: the normal
group (EF > 50%) and the LV dysfunction group
(EF <50% defined as PVC-induced cardiomyop-
athy (PVC-CMP)). To assess diastolic dysfunc-

tion, mitral inflow with pulse wave Doppler and
tissue Doppler was used to measure the lateral
and septal zones of the basal segment of the LV
mitral annulus. LV diastolic dysfunction was
classified according to Doppler parameters and
the latest guidelines'®'2,

LA volumetric measurements were created us-
ing apical four-chamber and apical two-chamber
images. The volume before the opening of the
mitral valve was considered the maximum LA
volume (LaVmax), the minimum LA volume
(LaVmin) was determined immediately after the
mitral valves were closed, and the presystolic LA
volume (LaVp) was recorded as the volume at
the beginning of the p wave on superficial ECG.
The results were normalized by dividing by body
surface area. With the use of these measurement
results, we calculated the following values via
the given formulae: LA volume index: volume/
body surface area; LA total emptying volume:
LaVmax-LaVmin; LA total ejection fraction:
(LaVmax-LaVmin)/LaVmax; LA passive empty-
ing volume: LaVmax-LaVp; LA passive empty-
ing fraction: (LaVmax-LaVp)/LaVmax; LA active
emptying volume: LaVp-LaVmin; and LA active
emptying fraction: (LaVp-LaVmin)/LaVp.

Electrophysiology Study

Before ablation, the antiarrhythmic drugs used
by patients were discontinued for a duration cor-
responding to five times the half-life of any given
drug, except for amiodarone. Electrophysiologi-
cal studies were conducted under local anesthesia
to prevent PVC suppression. Briefly, a decapolar
catheter was placed in the coronary sinus via the
right femoral vein. If there was little or no PVC
during the procedure, isoprotenol infusion was
administered, and ventricular stimulation was
applied from the right ventricular apical and out-
flow tracts.

Mapping and Catheter
Ablation Procedure

Electroanatomic mapping was performed with
the CARTO (BiosenseWebster, Irvine, CA, USA)
or Ensite™ Precision (Abbott, Chicago, IL, USA)
systems. An 8F 3.5-mm irrigated type Ther-
mocool Smarttouch CF (BiosenseWebster Inc.,
Diamond Bar, CA, USA) or a 4-mm irrigated
type FlexAbility (Endosense/Abbott, St. Paul,
MN, USA) and a 2—5-2 mm interelectrode spac-
ing catheter were used for ablation. In the event
that PVCs were found to originate from the left
ventricle, access to the left ventricle was obtained
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through either the retrograde aortic route or the
trans-septal route. During the procedure, heparin
was administered with an activated clotting time
between 300 and 350 seconds. PVCs originating
from the LV summit region were reached from
the coronary sinus or epicardial route.

While performing electroanatomic mapping,
areas with radial distribution that showed QS
morphology with the earliest local activation time
on the unipolar electrogram were marked. Acti-
vation mapping identified sites for ablation with
the earliest local activation advancing the onset
of PVC QRS by at least 30 ms. Before ablation,
if possible, compatibility was checked in at least
11 derivations of the superficial ECG to ensure
conformity with pace mapping and clinical PVC.

An irrigated catheter in power-controlled
mode with an energy setting of 30-40 W and a
temperature limit of 43°C was applied until a 10-
ohm drop in the tissue was achieved. An acute,
successful ablation was defined as the absence
of recurrence and noninducibility of culprit PVC.
The inducibility of PVC was checked at least 30
min after ablation with and without isoprotere-
nol administration and/or programmed electrical
stimulation.

Follow-up

Electrocardiography, 24-h Holter recording
and 2-dimensional 2D-TTE were repeated at the
three-month follow-up. At least an 80% decrease
in PVCs with the same morphology on 24 h
Holter recording at three months was defined as
successfully sustained ablation. Antiarrhythmic
medications were not started again after the abla-
tion procedure.

Statistical Analysis

The Shapiro-Wilk test was used to assess
whether the variables conformed to a normal dis-
tribution. Continuous variables were summarized
as the mean + standard deviation in the presence
of a normal distribution or as the median (min-
imum, maximum) when a normal distribution
was not present. Friedman’s two-way analysis
of variance (ANOVA) and ANOVA for repeated
measurements were used to evaluate changes in
echocardiographic parameters after ablation and
to assess the significance of changes in parame-
ters with RFCA, along with the effects of various
factors on these changes. The comparison of
continuous variables between the PVC-CMP and
normal LVEF groups was performed using the
Mann-Whitney U and the independent samples
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t-test, depending on the normality of the distribu-
tion. IBM SPSS Statistics software, version 21.0
(IBM Corp., 2012, Armonk, NY, USA), was used
to perform all statistical analyses, and p<0.05 was
set as the threshold for statistical significance.

Results

PVC ablation via RFCA was applied in 71
patients. Six patients were excluded from the
analysis due to recurrence during follow-up. Sev-
enty-one patients with frequent PVCs were in-
cluded in the analysis (mean age 43.49 + 12.89
old, 52.11% male [37/71]). Seven patients had
a previous history of ablation. In the 24-hour
Holter recordings, the average PVC burden of the
patients was 21%. The mean LVEF of the patients
included in the study was 55 £ 9%. The vast
majority of patients were under at least one anti-
arrhythmic therapy (83.10%). Other characteris-
tics are shown in Table I. The PVC origin in the

Table I. Baseline characteristics of the study patients.

Risk factors, n (%)
Diabetes mellitus
Hypertension
Hyperlipidemia
Smoking

Prior history of ablation

Left ventricular Ejection Fraction

Electrocardiography findings
Heart rate (Beats/min)
Intrinsicoid deflection time (ms)
Max deflection index (%)
Maximum QRS duration
Pseudo-delta n (%)

PVC burden in 24-hour

Holter Monitoring

Cardiovascular drugs, n (%)
Calcium channel blocker use
Beta blocker use
Amiodarone use
Propafenone use
Any antiarrhythmic*
Anti-arrhythmic medication
per patient

TSH levels

Potassium levels

Calcium levels

Age 43.49 + 12.89
Gender (Male/Total) 37/71 (52.11%)
Body mass index 26.58 +2.88

15/71 (21.1%)
16/71 (22.5%)
12/71 (16.9%)
20/71 (28.2%)
7 (9.90%)

53 + 9%

75

71.50 + 11.59
0.53 +0.09
140.49 + 10.16
11/71 (15.5%)
21 (10-34) %

29 (40%)

31 (43.70%)
15 (21.10%)
21 (29.60%)
59 (83.10%)
1.35+0.86

1.42 (0.42-3.65)
4.45 (3.25-5.55)
9.68 (9-10.30)

Data presented as mean (+ St. Deviation), median (mini-
mum: maximum) and n (%). *Calcium channel blocker, beta

blocker, amiodarone or propafenone.
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Table II. Procedural characteristics of the study patients.

Catheter ablation techniques
Carto 48/71 (67,6%)
Ensite Precision/Nav X 23/71 (32,4%)
Ablation site
RVOT
Coronary cusp
Papillary muscle
Left ventricular summit 8/71 (11,3%)
Multiple 4/71 (5,6%)
Other 1 (1,4%)
Procedural parameters

36/71 (50,7%)
20/71 (28,2%)
2/71 (2,8%)

Radiofrequency time, min 99+14
Total procedure time, min 137.9 + 38.2
Fluoroscopy time, min 20.2+12.7

Cardiac tamponade
Cerebrovascular events
Hematoma

1/71 (1,4%)
1/71 (1,4%)
4/71 (5,6%)

RVOT,right ventricular outflow tract.

majority of patients was the outflow tract region.
The procedural characteristics of the patients are
shown in Table II.

The study group showed improvement in left
ventricular diastolic function after ablation in mi-
tral E velocity (before ablation 88 cm/sec (63:142),
37 month 92 cm/sec (67:124), 18" month 94 cm/
sec (65:135), p <0.001), E/A ratio (before abla-
tion 15 (0.59:1.75), 3 month 1.10 (0.86:1.33),
18" month 1.13 (0.86:1.28), p <0.001), DT du-
ration (before ablation 191 msec (145:275), 3+
month 182 msec (159:231), 18" month 182 msec
(149:228), p = 0.023), Ea average (before abla-
tion 81.50 cm/sec (66.50:116.50), 3'¢ month 84.50
cm/sec (59.50:105.50), 18" month 84.50 cm/sec
(68.50:113), p=0.006) and E/E ratio (before ab-
lation 1.07 (0.74:1.27), 3" month 1.10 (0.86:1.33),
18th month 1.13. It was observed that the im-
provements in mitral E velocity, E/A and E/Ea
ratios persisted at the 18-month follow-up exam-
ination.

When patients with PVC-CMP and nor-
mal LVEF were compared, it was observed
that mitral A velocity was higher in the CMP
group (p <0.001). The mitral E velocity in both
groups increased after ablation in the 3rd and
18th months. There was a difference among the
preablation, 3 month and 18" month periods in
terms of E/A levels in the normal EF group. In
the pairwise comparisons of the time points, the
E/A ratio and E/Ea ratio were still improving in
the normal EF group. In the PVC-CMP group,
the diastolic parameters recovered over time
(Table I11).

In Table I'V, LV systolic function and LA func-
tions are evaluated comparatively. There was a
significant progressive improvement in LVEF.
Over time, an improvement was observed in the
LA volume index. With the improvement of LV
diastolic function, the contribution of the LA to
atrial systole gradually decreased. There was an
increase in the passive emptying fraction from
the LA to the LV due to the improvement in
end-diastolic pressure in the LA. It was observed
that the improvement in the LA continued to the
18th month (Figure 1).

When the PVC-CMP subgroup of 19 patients
was examined, it was observed that the LVEF
continued to improve until the 18" month. A de-
crease in LA volume index was observed, in ad-
dition to an increase in the LA passive emptying
fraction. As a result, improvement was observed
in the volume and function of the LA in the PVC-
CMP group (Table V).

Discussion

The major findings of the present study were
as follows. (1) The RFCA of idiopathic PVCs
in patients with compromised LV function was
associated with improvement in LV systolic and
diastolic function when examined at the 3rd and
18th months after ablation. (2) Parallel to the
amelioration in LV systolic and diastolic func-
tions, significant improvement was observed
in LA dynamic function, as determined by LA
volume values. (3) The improvement in systolic
function continued in all groups at the end of
the 18th month. (4) The improvement in diastol-
ic functions proceeded to the long term in the
group without cardiomyopathy. (5) The marked
improvement in LA systolic function continued
in the long term.

Previous studies have indicated that several
factors are associated with PVC-CMP: a high
PVC burden, the presence of interpolated PVCs,
the presence or absence of symptoms, wide
QRS PVCs, a higher coupling interval and an
epicardial PVC origin®'"3. PVCs can also cause
changes in left atrial function due to abnormal
hemodynamic effects on the LV, systolic or di-
astolic, for many underlying reasons. Moreover,
it was observed that PVCs increase the risk of
AF, possibly through cardiac remodeling and in-
creased LA size'*"®. In addition, there is no clear
consensus regarding the role of LA function in
PVC management and changes in LA functions
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Table IllI. Conventional Doppler echocardiography diastolic function indices with and without the premature ventricular

complex induced cardiomyopathy.

PVC-CMP (n = 19) Normal LVEF (n = 52)
Before 3 18t Before 3rd 18t
ablation month month P ablation month month
Mitral E velocity (cm/sec) 87.95 88.63 90.58 0.012° 88 94.50 96 *
(£20.62)  (£11.48) *12.42) (65:130) (70:124) (72:135)
Mitral A velocity (cm/sec) 82 74 73 0.049* 72.50 77.50 75 *
(65:110) (61:105) (61:110) (53:110) (40:100) (53:99)
E/A ratio 1.04 1.15 1.19 0.024° 1.20 1.23 1.37 *
(+025)  (£0.24) (+0.25) (0.62:1.75) (0.75:1.98) (0.75:1.78)
DT (msec) 202.21 195.21 192.74 0.023° 187 181 180 *
(£2643)  (£16.09) (@& 15.70) (146:246) (159:210) (149:210)
Ea average (cm/sec) 86.58 83.66 84.21 0.297° 79 85 86.25 *
(£ 11.58) (£7.85) (+8.60) (66.50:110) (59.50:105.50)  (68.50:113)
E/Ea ratio 1.01 1.06 1.08 0.018° 1.09 1.10 1.16 *
*0.12) (+0.10) *0.11) (0.76:1.27) (0.86:1.33)  (0.86:1.28)
Pairwise comparisons (p*)
Before Before Before Before
ablation ablation 3"“month ablation ablation 3"“month
& & & & & &
3“month 18" month 18" month 39 month 18" month 18" month
Mitral E velocity (cm/sec) >0.99 >0.99 0.007 0.016 <0.001 0.082
Mitral A velocity (cm/sec) 0.186 0.128 >0.99 NA NA NA
E/A ratio 0.398 0.130 0.074 0.150 <0.001 0.002
DT (msec) 0.458 0.166 0.066 0.258 0.049 >0.99
Ea average (cm/sec) NA NA NA 0.037 0.004 >0.99
E/Ea ratio 0.298 0.106 0.064 0.209 <0.001 0.001

Data presented as median (minimum: maximum) and mean (+ st. deviation ). *Friedman Two-Way Analysis of Variance Test;
®ANOVA Test for Repeated Measurements. p*: Adjusted p-value with Bonferroni correction for pairwise comparisons.

in the long term after successful RFCA. This
study was mainly conducted to answer these
questions.

In the present study, in patients with or with-
out apparent cardiomyopathy, RFCA was shown
to successfully eliminate PVCs and improve LA
function in the long term. Kim et al'® demon-
strated an improvement in the LA volume in-
dex at approximately one-year of follow-up after
PVC ablation. In accordance with our study,
the change in LA volume continued until the
18-month follow-up. However, most of the im-
provements in the LA total volume index and
LA total volume fraction were complete in the
first 3 months, and the improvement in the LA
passive emptying fraction occurred in the later
period. Longer follow-up studies using imaging
modalities, perhaps other than echocardiography,
are needed to understand when remodeling in the
LA volume is complete.

Akkaya et al® also showed improvement in the
LA volume index over a 6+2-month follow-up
period after RFCA of PVCs. Compared with the
present study, baseline LA volume indices were
higher in the patient population in their study. In
their study population, the baseline LA volume
was >40 ml/m?. It is known that LA remodeling
is reversible', highlighting the importance of
PVC treatment, which, as the present study sug-
gests, can contribute to reversing LA remodeling
in different LA diameters.

LA enlargement is usually a secondary change
to LV diastolic dysfunction'®'®. LV diastolic func-
tion is usually coupled with LV systolic per-
formance, and improvement in systolic perfor-
mance decreases left ventricle filling pressures,
which could improve diastolic function'®?, In
the present study, in which diastolic dysfunction
parameters were evaluated in detail, a significant
improvement was observed in these parameters
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Table IV. Changes in systolic, diastolic, and left atrial functions following radiofrequency catheter ablation.

Before 3rd 18t
ablation month month p-value
Left ventricular ejection fraction 53.01 54.55 58.02 <0.001*
(33.33:64.71) (37.69:65.98) (42.19:60)
Left atrium end-systolic antero-posterior diameter (mm) 33 31 30 <0.001*
(24:41) (22:39) (21:38)
Left atrium volume index (mL/m?) 18.15 17.11 16.67 <0.001°
(£2.89) *2.71) (£2.61)
Left atrium total emptying volume (mL/m?) 11.32 10.70 10.89 <0.001°
*2.11 (£2.33) (£2.08)
left atrium active emptying volume (mL/m?) 5.39 4.67 4.08 <0.001*
(8.423:6.42) (0.74:9.87) (1.11:6.43)
Left atrium passive emptying fraction (PASSIVE EF) 33.33 37.11 40.91 <0.001*
(23.68:54.10) (6.45:50) (33.33:55.77)
Left atrium total volume fraction (TOTALEF) 62.50 62.50 64.71 <0.001*
(47.37:71.43) (50:73.53) (53.13:73.33)
Before ablation Pairwise comparisons (p*) 3 month
& before ablation & &
3 month 18" month 18" month
Left ventricular ejection fraction 0.009 <0.001 <0.001
Left atrium end-systolic antero-posterior diameter (mm) 0.001 <0.001 <0.001
Left atrium volume index (mL/m?) <0.001 <0.001 <0.001
Left atrium total emptying volume (mL/m?) 0.001 0.001 0.211
left atrial active emptying volume (mL/m?) <0.001 <0.001 0.005
Left atrium passive emptying fraction (PASSIVE EF) <0.001 <0.001 <0.001
Left atrium total volume fraction (TOTALEF) >0.99 <0.001 <0.001

Data presented as median (minimum: maximum) and mean (+ st. deviation ). “Friedman Two-Way Analysis of Variance Test;
YANOVA Test for Repeated Measurements. p*: Adjusted p-value with Bonferroni correction for pairwise comparisons.

Table V. Changes in systolic, diastolic, and left atrial functions following radiofrequency catheter ablation.

Before 3 18t
ablation month month p-value
Left ventricular ejection fraction 43.83 45.74 51.77 <0.001°
(£ 6.59) (£6.55) (+6.28)
Left atrium end-systolic antero-posterior diameter (mm) 37 34 32 <0.001*
(26:40) (24:39) (24:37.50)
Left atrium volume index (mL/m?) 20.02 18.79 18.16 <0.001°
#3.21) (£2.99) (*=2.90)
Left atrium total emptying volume (mL/m?) 12.42 11.96 11.86 0.056°
(£2.35) (£2.54) (£2.42)
Left atrial active emptying volume (mL/m?) 5.97 4.98 4.26 <0.001°
) (*=1.23) (+ 1.66) * 1.14)
Left atrium passive emptying fraction (PASSIVE EF) 32.50 38.71 40.63 <0.001*
(26.32:37.14) (6.45:47.06) (33.33:50)
Left atrium total volume fraction (TOTALEF) 61.95 63.29 64.99 0.002*
(£ 5.11) (*5.59) (*£4.72)
Before ablation Pairwise comparisons (p*) 3" month
& before ablation & &
3 month 18" month 18" month
Left ventricular ejection fraction 0.105 <0.001 <0.001
Left atrium end-systolic antero-posterior diameter (mm) 0.022 <0.001 0.045
Left atrium volume index (mL/m?) 0.004 <0.001 0.007
Left atrium total emptying volume (mL/m?) NA NA NA
left atrial active emptying volume (mL/m?) 0.016 <0.001 0.103
Left atrium passive emptying fraction (PASSIVE EF) 0.011 <0.001 0.045
Left atrium totalvolume fraction (TOTALEF) 0.954 0.012 0.092

Data presented as median (minimum: maximum) and mean (+ st. deviation ). “Friedman Two-Way Analysis of Variance Test;
"ANOVA Test for Repeated Measurements. p*: Adjusted p-value with Bonferroni correction for pairwise comparisons.
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Figure 1. Left ventricular ejection fraction and left atrium
functions over time.

as determined by the measurements conducted
at the 3 and 18" months after ablation. As a
remarkable finding of the present study, improve-
ment in diastolic functions was more prominent
in the non-CMP group, and improvement in dia-
stolic function parameters significantly increased
in the long term.

This study had some limitations that are worth
noting. The first limitation was that left atrium
size and dynamic functions were assessed by
echocardiography, and no other imaging modal-
ities, such as cardiac magnetic resonance, were
used to reveal the functions. Second, the dif-
ference in absolute values was relatively small;
therefore, the clinical relevance might seem lim-
ited. However, the data for this study could set the
stage for larger studies.

Conclusions

The present study showed that, apart from the
change in LV volume and LV systolic function,
the change in LA volume also persisted in the
long term. The current study also emphasized the
need for clinically enhanced studies to determine

the direct impact of the reversing of LA remodel-
ing on cardiovascular outcomes.
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