
Original articles

Herz 2024 · 49:147–154
https://doi.org/10.1007/s00059-023-05201-6
Received: 10 October 2022
Revised: 2 June 2023
Accepted: 24 June 2023
Published online: 17 August 2023
© The Author(s) 2023

Heart rate variability as
a predictor of successful
catheter-guided pulmonary vein
isolation for atrial fibrillation
M. Drexler1,4,5 · T. Blum1 · K. M. Heinroth1 · T. Hartkopf2 · A. Plehn2 · P. Schirdewahn3 ·
D. G. Sedding1

1 Klinik für Innere Medizin III—Kardiologie, Angiologie und Internistische Intensivmedizin,
UniversitätsklinikumHalle (Saale), Halle (Saale), Germany

2 Praxisklinik Salzatal, Salzmünde, Germany
3 Kardiologische Praxis Dr. Petra Schirdewahn, Salzmünde, Germany
4Halle (Saale), Germany
5Martin-Luther-Universität Halle-Wittenberg (1043), Halle (Saale), Germany

Supplementary Information

The online version of this article (https://
doi.org/10.1007/s00059-023-05201-6)
contains supplementarymaterial, which is
available to authorized users.

Availability of data
Dataavailableonrequest.

Abstract

Background: This retrospective observational study investigated the relationship
between heart rate variability (HRV) and atrial fibrillation (AF) recurrence after
pulmonary vein isolation (PVI) by cryoballoon or radiofrequency ablation (RF).
Methods: We enrolled 497 patients who underwent PVI using first-generation
cryoballoon (CB1), second-generation cryoballoon (CB2), or RF. We analyzed HRV as
a surrogate for modulation of the intrinsic autonomic nervous system using 24-h
Holter recordings 1 or 2 days after the procedure and compared the recurrence and
non-recurrence group with regard to ablation methods. Furthermore, we calculated
recurrence-free survival (RFS) below/over HRV cut-off values for the whole study
population and separately for each ablation method.
Results: All except one of the five time-based HRV parameters analyzed were
significantly lower in the non-recurrence group than in the recurrence group after
CB2. Only a trend toward lower HRV for the non-recurrence group was found after RF
and no remarkable differences were detected after CB1. The HRV parameters below
their calculated cut-off were associated with a significantly higher RFS rate 2 years
after CB2. This also applied to root mean sum of squared distance (rMSSD) and the
percentage of adjacent NN interval differences greater than 50ms (pNN50) after RF. No
differences were found regarding CB1. Concerning rMSSD, the sensitivity, specificity,
and difference in RFS increased when using cut-offs that were calculated including only
CB2 patients. Multivariate cox regression analysis showed that low rMSSD values could
independently predict AF recurrence after adjusting for covariates (hazard ratio: 0.50;
p< 0.001).
Conclusion: Low values of rMSSD early after a PVI could independently predict AF
recurrence, especially after CB2.

Keywords
Atrial fibrillation recurrence · Holter monitoring · Catheter ablation · Cryoballoon · Radiofrequency
ablation

Atrial fibrillation (AF) is the most com-
mon permanent cardiac arrhythmia and
a further rise in prevalence is still ex-
pected for Western nations [1]. Since
the disease is associated with a signifi-

cant burden of morbidity and mortality
as well as financial strain, early detection
and effective treatment of the arrhyth-
mia remains an important goal. Regard-
ing treatment, progress has been made
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Infobox 1

What’s new?
– Low rMSSD values 1–2 days after

cryoballoon or radiofrequency ablation
can independently predict atrial fibrillation
(AF) recurrence

– rMSSD is better suited for predicting
AF recurrence after second-genera-
tion cryoballoon ablation than after
radiofrequency ablation

– rMSSD was not able to predict AF
recurrence after the outdated first-
generation cryoballoon ablation

using either cryo- or radiofrequency ab-
lation for catheter-guided pulmonal vein
isolation (PVI), which represents an effec-
tive tool to achieve rhythm control and,
according to recent guidelines, should be
considered as first-line therapy for a spe-
cific group of patients [1]. However, even
for this patient group, a significant pro-
portion of patients suffer from recurrence,
with a single-procedure success rate be-
tween 66.6% for paroxysmal and 51.9% for
non-paroxysmal AF 1 year after ablation
[2], showing the need for additional ther-
apeutic approaches. Concerning ablation
success, a variety of predictors have been
discussed, rangingfromcertaincomorbidi-
ties to general patient characteristics such
as age or sex. A decreased heart rate vari-
ability (HRV) is among these predictors; it
can be obtained relatively easily through
24-h Holter or (ultra-)short-term record-
ings and represents autonomous nervous
system (ANS) activity. Since the origin and
maintenance of AF are partly attributed to
adisbalancebetween the sympathetic and
parasympathetic nervous system [3] and
modulation of the intrinsic ganglionated
plexi as part of the ANS in addition to
PVI has been shown to increase ablation
success rate [4], HRV could conceivably
be a useful proxy for predicting ablation
success.

We therefore evaluated the relation be-
tween HRV and AF recurrence in patients
after PVI using first-generation cryobal-
loon (CB1), second-generation cryobal-
loon (CB2), or radiofrequency ablation
(RF).

Methods

Study population

In total, 497 patients were included in
this retrospective observational study (for
patient characteristics, see . Table 1). Ini-
tially, wegathereddata from1522patients
who underwent either CB1, CB2, or RF
from January 2011 to August 2017 in our
center. CB2 was introduced in late April
2014andcompletely supersededCB1 from
that point on. We excluded patients with
repeated ablation (n= 378), who had no
recordings or unsuitable Holter recordings
(n= 588), whohad less than15h recording
time (n= 5), and those who had missing
follow-up data (n= 54). The follow-up pe-
riod was limited to 24 months.

Ablation procedure

The decision of whether to schedule pa-
tients for cryoballoon ablation or RF was
made according to clinical judgment with
regard to patient characteristics and the
preference of the examiner.

The Cryoballoon (CB) and RF procedure
and their preparation concerning imaging
and anticoagulation have been previously
described in detail [5].

In brief, the CB or RF catheter were
delivered via transseptal puncture.

For CB, using the medtronic arctic front
(CB1) or medtronic arctic front advance
(CB2), each pulmonary vein was isolated
(confirmed via entrance or exit block us-
ing Achieve, Medtronic spiral mapping
catheter) after verifying occlusion.

For RF, we performed encircling PVI us-
ing the Thermocool (Biosense Webster)
irrigated tip catheter and utilized a Lasso-
catheter (BiosenseWebster) to confirm iso-
lation of the pulmonary veins.

24-h Holter recordings and HRV

All patients underwent at least 15-h-
long Holter recordings (AMEDTEC EP8-S)
1–2 days after the procedure. The HRV
parameterswere analyzedusingAMEDTEC
ECGpro. The five following time-domain
HRV parameters were analyzed: standard
deviation of normal-to-normal (NN) inter-
vals (SDNN; ms), standard deviation of the
average NN intervals for each 5-min seg-

ment (SDANN; ms), mean of the standard
deviations of all the NN intervals for each
5-min segment (SDNN-Index; ms), root
mean square of the differences between
adjacent NN intervals (rMSSD; ms); and
the percentage of adjacent NN interval
differences greater than 50ms (pNN50;
%).

Patient follow-up

After ablation and discharge from our hos-
pital, medical attendance of our patients
was taken over by outpatient care, which
scheduled follow-up visits 3–6 months af-
ter the ablation and then yearly after the
first follow-up visit (thus 15–18 months
after the ablation in the observation pe-
riod for our study). Additionally, patients
were encouraged to call in for an unsched-
uled visit if they were to experience recur-
rence-related symptoms. Recurrence was
defined as ECG-recorded patterns typical
for AF lasting at least 30 s and occurring
at least 3 months after the ablation.

Statistical analysis

All continuous variables are expressed as
meanvalues (±standarddeviation). Differ-
ences in baseline characteristics between
the different ablation methods were com-
pared using the Kruskal–Wallis test due
to missing normal distribution, whereas
differences in results were compared us-
ing the t test or Welch test if there was
a difference in variances. Categorical vari-
ables are expressed as numbers and per-
centages and were compared using the
chi-squared test. To test for homogeneity
of variance, we used Levene’s test. Re-
currence-free survival was analyzed using
the Kaplan–Meier estimator with a log-
rank test and adjustment for other possi-
ble risk factors was performed using Cox
regression analysis. Furthermore, we used
receiver operating characteristics (ROC) to
determine cut-off values for our HRV pa-
rameters to conduct survival analysis. Sta-
tistical significance was defined as a two-
sided p value smaller than 0.05. The soft-
ware used to manage our database and
to conduct statistical analysis was SPSS
26.0.0.0.
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Table 1 Study population characteristics
CB1 CB2 RF p

Number 129 172 196 –

Age 58.4± 12.5 64.8± 10.0 60.7± 12.8 <0.001

Male (%) 59 (46) 99 (58) 92 (47) 0.061Gender

Female (%) 70 (54) 73 (42) 104 (53) –

BMI 28.7± 4.3 29.4± 4.9 28.0± 4.4 0.043

Paroxysmal (%) 118 (92) 135 (79) 127 (65) <0.001AF type

Persisting (%) 11 (8) 37 (21) 69 (35) –

Non-smoker (%) 118 (91) 157 (91) 189 (96) 0.008

Smoker (%) 10 (8) 6 (4) 4 (2) –

Smoking state

Ex-smoker (%) 1 (1) 9 (5) 3 (2) –

No CHF (%) 118 (91) 147 (85) 177 (90) 0.536

I (%) 4 (3) 5 (3) 3 (2) –

II (%) 6 (5) 15 (9) 12 (6) –

III (%) 1 (1) 5 (3) 4 (2) –

CHF NYHA

IV (%) 0 (0) 0 (0) 0 (0) –

CAD (%) 13 (10) 45 (26) 22 (11) <0.001

Status post AMI (%) 2 (2) 7 (4) 3 (2) 0.217

Diabetes (%) 14 (11) 29 (17) 19 (10) 0.094

Hypertension (%) 84 (65) 136 (79) 121 (62) 0.001

Status post stroke (%) 3 (2) 8 (5) 7 (4) 0.564

Amiodaron (%) 38 (30) 42 (24) 55 (28) 0.583

Flecainide (%) 47 (36) 30 (17) 40 (20) <0.001

Flecainide PIP (%) 0 (0) 2 (1) 7 (4) 0.045

β-Blocker (%) 112 (87) 144 (84) 177 (90) 0.169

CHA2DS2-VASc Score 1.8± 1.4 2.6± 1.5 2.0± 1.5 0.007

Mean timepoint of latest follow-up 31.4± 26 22.8± 13.7 31.7± 22 <0.001

Recurrence-free rate after 2 years 57.3% 69.2% 72.2% 0.032

Continuous variables are shown as the mean± SD and categorical variables as the number (%)
AF atrial fibrillation, BMI body mass index, CHF congestive heart failure, CAD coronary artery disease,
AMI acute myocardial infarction, PIP pill-in-the-pocket, CB1 first-generation cryoballoon, CB2 sec-
ond-generation cryoballoon, RF radiofrequency ablation, SD standard deviation

Results

Population characteristics and
ablation outcome

Of the 497 patients included in our study,
129 had been referred to CB1, 172 to CB2,
and 196 to RF. The mean timepoint of the
latest follow-up overall was 28.5 month
and themedian 23.5months. In thewhole
population, freedom of recurrence after
2 years was 70.4%. For the baseline char-
acteristics of each group, see . Table 1.
The patients were distributed equally re-
garding gender, status post stroke, and
status post acute myocardial infarction,
diabetes, and the intake of amiodaron or
beta-blockers. Statistically significant dif-
ferences were found for age, body mass
index, AF type, smoking rates, coronary

heart disease, hypertension, use of class
IC antiarrhythmics, CHA2DS2-VASc Score,
and mean timepoint of latest follow-up.
Thefreedomof recurrencerate2yearsafter
CB2 tended toward improved recurrence-
free survival compared to CB, falling just
short of reaching significance (p= 0,057).

HRV differences between recurrence
group and non-recurrence group
according to ablation method

In order to gain insight into potential dis-
criminatory features of HRV parameters
between the recurrence and non-recur-
rence group, we first visualized the data
using violin plots (. Fig. 1a–c) or a box plot
for pNN50 (. Fig. 1d). Comparingevery in-
dividual HRV parameter between the two
groupsandper ablationmethod, we found

that for CB2 all of them were significantly
lower in the non-recurrence group, the
exception being SDANN (p= 0.061). The
biggest difference was found for rMSSD.
No significant differences were found for
RF and CB1.

HRV cut-offs and recurrence-free
survival for each ablation method

Based on these promising data, we next
aimed to identify HRV cut-off values able
to differentiate the recurrence from non-
recurrence group after 2 years. Using
the whole study population as starting
point, we performed ROC analysis to de-
termine cut-off values for every HRV pa-
rameter. . Figure 1e gives an overview of
the determined cut-offs (SDNN: 69.5ms;
SDANN: 38.5ms; SDNN index: 29.5ms;
rMSSD: 28.5ms, pNN50: 3.845%) as well
as the percentage of patients above and
below the cut-off with a recurrence-free
survival of 2 years. This is shown for
the whole study population and for each
ablation method (for exact numbers, see
Table 8 in supplementary data). Regard-
ing CB2 and the general study popula-
tion, our data show significantly higher
recurrence-free survival rates in the group
below the cut-off. The differences be-
tween recurrence-free survival above and
below the cut-offs are visibly higher for
CB2 (e.g., rMSSD 31.3% for CB2 vs. 19.7%
for whole study population). For RF, recur-
rence-free survival is consistently higher
for patients below the cut-off, that differ-
ence being significant in rMSSD (17.7%)
and pNN50 (15%). For CB1, however, there
are only small, insignificant differences in
recurrence-free survival, sometimes favor-
ing the one, sometimes favoring the other
group.

Cox regression for the most
applicable predictor of AF
recurrence

Because thechosenHRV parameters areal-
most completely highly correlated among
themselves (see Table 9 in supplementary
data as well as [6]) we decided to deter-
mine the most applicable parameter for
predicting AF recurrence. For this pur-
pose, we conducted a multivariate Cox
regression including all five of parame-
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Fig. 19 a–dDifferences
in heart rate variability
(HRV) parameters com-
paring recurrence and
non-recurrence group for
each ablationmethod;
*p< 0.02. a For CB1;b for
CB2; c for RF;d regarding
pNN50 for CB1, CB2 and
RF; e comparison of recur-
rence-free survival (RFS)
after 2 years below and
over the respective cut-off
of HRV parameters (SDNN:
69.5ms; SDANN: 38.5ms;
SDNN index: 29.5ms;
rMSSD: 28.5ms, pNN50:
3.845%) broken down for
the general study popu-
lation and each ablation
method; *p< 0.02 compar-
ing the group below and
over the respective cut-
off. CB1 first-generation
cryoballoon,CB2 second-
generation cryoballoon,
RF radiofrequency ablation

ters. In this regression model, the rMSSD
cut-off was the only independent predic-
tor for AF recurrence, cutting the risk for
AF recurrence for patients below the cut-
off in half (HR= 0.50; 95% CI: 0.29–0.85;
p= 0.01). With rMSSD also featuring the
highest area under the ROC curve (AUC),
thehighest Youden’s index, and the largest
effect in the Kaplan–Meier analysis of the
whole study population, we found rMSSD
to be the most applicable predictor for AF
recurrence in our study population.

Sensitivity and specificity of RMSSD
cut-off for the general study
population and CB2

After determining rMSSD as the most ap-
plicable predictor, the results reported in
Fig 1e suggest that CB2might be the abla-
tionmethodmostsuitable forusinganHRV
parameter as a predictor. While the previ-
ously reported cut-off values were calcu-
latedusingthewholestudypopulation,we
wanted to compare sensitivity, specificity,
and recurrence-free survival between our

study population and those patients hav-
ing undergone CB2. For this purpose, we
conducted one separate ROC analysis for
each ablationmethod and determined dif-
ferent cut-offs, which we used to deter-
mine recurrence-free survival. The results
are summarized in . Fig. 2. The differ-
ence in recurrence-free survival below and
above the cut-off increased by 16.1% in
CB2 compared to the study population.
The AUC increased by 0.1, Youden’s index
by 0.17, sensitivity by 9.7%, and specificity
by 7.2%.
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Study population CB1 CB2 RF

Cut-off in ms 28.5 29.0 31.5 27.5

AUC 0.613 0.525 0.711 0.611

Youden’s index 0.224 0.108 0.394 0.235

Sensitivity 59.9% 50.0% 69.6% 60.8%

Specificity 62.6% 60.8% 69.8% 62.8%

recurrence-free survival after 2 years below cut-off 76.2% 61.2% 84.3% 80.5%

recurrence-free survival after 2 years over cut-Off 56.5% 52.5% 48.5% 61.6%

difference in recurrence-free survival after 2 years 19.7% 8.7% 35.8% 18.9%

p for the difference in recurrence-free survival <0.001 0.37 <0.001 0.004

Fig. 28 Results of receiver operating characteristics (ROC) analysis for rootmean sumof squared dis-
tance conducted for the general study, color-coded for better overview:Lower values are red, higher
values green and yellow values in between.population and for every ablation group.AUC area under
the ROC curve,CB1 first-generation cryoballoon,CB2 second-generation cryoballoon,RF radiofre-
quency ablation

Adjusting for other risk factors

Using multivariate Cox regression, we ad-
justed for other previously reported risk
factors. The rMSSD cut-off continued to
be an independent predictor for AF re-
currence but suffering from heart failure
(NYHA I–IV) was also independently asso-
ciated with a higher risk for AF recurrence.
On the contrary, having undergone RF or
suffering from coronary heart disease or
hypertension was independently associ-
ated with a lower risk for AF recurrence,
the same trend also applying to patients
having undergone CB2. The results are
summarized in . Table 2.

Discussion

Catheter-based ablation methods are
a powerful tool to achieve long-term
rhythm control when treating AF. How-
ever, not all patients seem to benefit
equally from the procedure, as approx-
imately one third of them suffer from
recurrences within 1 year. To date, there
is still a lack of viable characteristics to
identify this group, which could bene-
fit from a different follow-up-treatment.
With our study, we demonstrate that
low rMSSD values a few days after the
ablation can independently predict AF
recurrence. This relationship is strongest
for CB2 and therefore better suited to
predict recurrence after CB2 than after RF.
When regarding only the mostly super-
seded CB1, this association is the weakest
and insignificant.

As reported by Pandya et al. [7], in
our data too recurrence-free survival was
improved by CB2 (p= 0.057) compared to
CB1, falling just short of significance. Like-
wise, as stated by the most recent guide-
lines [1], we also found CB2 to be non-
inferior to RF regarding efficiency, thus
confirming the validity of our dataset.

Before we identified rMSSD as a predic-
tor for recurrence, we first examined the
differences in mean HRV between the re-
currence and non-recurrence group, find-
ing that suffering from AF recurrence is
associated with significantly higher HRV
after CB2 (except for SDANN). This led us
to attempt to identify specific cut-offs for
differentiatingbetweengroupswith either
high or low risk for recurrence, which we
found for all HRV parameters. Thus, our
next step was to compare them and find
the most applicable: rMSSD, as confirmed
by the first Cox regression and validated as
an independent predictor by the second
analysis. Our earlier results also suggested
that the calculated cut-off for rMSSDmight
show different predictive capabilities de-
pending on the ablation method. There-
fore, instead of only using the whole pop-
ulation as basis for our cut-off calculation,
we recalculated the best cut-off for every
ablation method, confirming our hypoth-
esis that rMSSD is best suited to evaluate
recurrence risk after CB2.

Several studies in thepast havedemon-
strated a relation between low HRV after
ablation and lower recurrence risk. How-
ever, the HRV parameters that have been
foundtobepredictiveforAFrecurrencedif-

fer to some extent between those studies.
Wang et al. reported significantly reduced
SDNN and rMSSD for the non-recurrence
group, but unlike us determined SDNN as
the sole independent predictor [8]. Two
other studies identified only frequency-
domain HRV parameters as independent
predictors for recurrence [9, 10] and Zhu
et al. found rMSSD, pNN50, and high-fre-
quency components (HF) as independent
predictors for AF recurrence [11]. These
three studies, however, only included pa-
tientswhoreceivedRF,whichcouldexplain
some of the differences compared to our
study given we included also the first two
generations of cryoballoon ablation. We
found only one study including patients
treated with CB2, which observed signif-
icantly reduced rMSSD, HF, and low-fre-
quency components after ablation only in
the non-recurrence group but measured
not until 3 months after the procedure
[12]. Oswald et al. did not find a relation
between AF recurrence and attenuated
HRV but they used only CB1, and agreed
with our estimation that HRV is not suited
to predict recurrence for this superseded
method [13]. To thebestofourknowledge,
this is the first study to examine the rela-
tionship between HRV and AF recurrence
for more than 300 patients while at the
same time including patients after CB1,
CB2, and RF. Thus, while comparing well
with the aforementioned studies in con-
firming the existence of said relationship
with a larger sample, we also add novelty
regarding the notion that the strength of
this relationmight depend on the ablation
method.

Taking into consideration that rMSSD
“is the primary time-domainmeasure used
to estimate vagally-mediated changes re-
flected in HRV” [14], our finding of rMSSD
asthesole independentpredictor for recur-
rence is consistent with the hypothesized
vagal withdrawal happening during abla-
tion. Papponeetal. wereamongthefirstto
report a link betweenHRV attenuation and
AF recurrence. They mapped parasympa-
thetic innervation around the pulmonary
veins and proposed the addition of com-
plete vagal denervation to PVI after they
found it to significantly reduce AF recur-
rence [15], thus identifyinganewpotential
target site for ablation. The intrinsic part
of the extensive autonomous innervation
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Table 2 Results ofmultivariate Cox regression analysis adjusting for other previously reported
risk factors for recurrence

95% CI for hazard ratioSignificancy Hazard
ratio Lower Upper

Age 0.08 1.014 0.998 1.03

BMI 0.818 0.996 0.958 1.034

rMSSD cut-off (below:above) <0.001 0.495 0.35 0.699

Gender (male:female) 0.159 1.274 0.91 1.738

AF type (paroxysmal:pers.) 0.296 1.25 0.823 1.898

Heart failure (yes:no) <0.001 2.531 1.586 4.039

CAD (yes:no) 0.014 0.512 0.3 0.875

Hypertension (yes:no) 0.048 0.683 0.469 0.997

β-Blockage (yes:no) 0.088 1.64 0.928 2.898

CB1 (reference) 0.058 – – –

RF 0.021 0.619 0.411 0.93

CB2 0.098 0.7 0.458 1.069

CI confidence interval, BMI body mass index, AF atrial fibrillation CAD coronary artery disease,
CB1 first-generation cryoballoon, CB2 second-generation cryoballoon, RF radiofrequency ablation

of the heart is made of ganglionated plexi
(GP), which are located mainly in fat pads
around thepulmonary veinostia [4]. While
it has been shown that adjunctive abla-
tion of these GP can increase the success
rate of pulmonary vein ablation [4], this
technique is not well established. It has
been demonstrated that PVI alone attenu-
ates HRV [12, 13] and a more recent study
observed vagal responses and HRV atten-
uation in a similar fashion for both PVI and
PVI with GP ablation [16], suggesting that
PVI alone might produce GP damage to at
least some degree. With the knowledge
that the origin and maintenance of AF are
partly attributed to a disbalance in the
ANS [3], this could explain why HRV could
be a useful predictor for AF recurrence.

Concerning our conclusion that HRV
is better suited to predict recurrence af-
ter CB2 than after RF, we hypothesized
that this could be due to the circumstance
that ablation via cryoballoon increasesmy-
ocardium-specific enzymes more strongly
after the ablation and causes wider lesions
than RF [17], suggesting that CB2 creates
more extensive lesions and thus modu-
lates/destroys more GP. The same mecha-
nism could explain why for CB1, HRV is not
as applicable for predicting AF recurrence:
only four vs. six cryosource emission holes
as usedwith CB2 result in a smaller cooling
surface area [18] and potentially in fewer
destroyed GP.

Apart from confirming rMSSD as an in-
dependentpredictor forAF recurrence, our

Cox regression also suggests that suffer-
ing from heart failure increases the risk
for recurrence, which is mostly consistent
with previous findings [19]. However, suf-
fering from coronary disease or hyperten-
sion seems to be a protective factor in our
study, which stands in contrast to previous
findings [20]. There are multiple possible
explanations for this discrepancy: Firstly,
Hiraya et al. reported a lower risk of re-
currence for patients with coronary dis-
ease who underwent percutaneous coro-
nary intervention [20] and we did not
document how many of our patients with
coronary diseasemight have profited from
that measure. Secondly, since our co-oc-
currence of coronary disease and heart
failure (see Tables 4 and 5 in supplemen-
tary data) is far lower than described in
the literature [21] and our study was con-
ducted retrospectively, it may be that one
or both comorbidities were poorly docu-
mented. The third approach to an expla-
nation also applies to hypertension being
a protective factor, because it suggests
that patients suffering from one of both
conditionsmight profit fromamore exten-
sive antiarrhythmic drug treatment. The
percentage of patients with coronary dis-
ease/hypertensionreceivingbeta-blockers
is significantly higher than the percent-
age of patients with beta-blockers with-
out those conditions (see Tables 6 and
7 in supplementary data). However, our
multivariate Cox-regression analysis could
not detect a significantly decreased risk for

recurrence for patients taking beta-block-
ers and on the contrary the trend pointed
toward an increased risk for this group. A
future prospective study would not have
to rely on proper documentation in the
past and could thus circumvent part of
these issues.

Limitations

Our study was conducted retrospectively
in a single center and the baseline char-
acteristics were not all similar among the
threedifferent ablationmethods. Sincewe
only obtained HRV data shortly after the
ablation, it is not safe to say that the dif-
ference between the recurrence and non-
recurrence group appeared only after the
procedure and did not already exist be-
fore it. To prevent patients from being
wrongly categorized into a high-/low-risk
group, it would have been more accurate
to measure the difference in HRV before
and after the ablation. Furthermore, our
study might have experienced selection
bias since we excluded patients whose
Holter recordings were not suitable for
HRVanalysis, thuspossibly ignoringa large
fraction of patients with early recurrence.

Conclusion

In conclusion, a decrease in the root mean
square of the differences between adjacent
NN intervals is an independent predictor for
atrial fibrillation recurrence and could be
a feasible first step, especially after second-
generation cryoballoon procedures, to cate-
gorize patients into a high- or low-risk-group
in order to facilitate decisions concerning fol-
low-up treatment. Future research is needed.
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Zusammenfassung

Herzfrequenzvariabilität als Prädiktor einer erfolgreichen
kathetergeführten Pulmonalvenenisolation bei Vorhofflimmern

Hintergrund: In der vorliegenden retrospektiven Beobachtungsstudie wurde der
Zusammenhang zwischen der Herzfrequenzvariabilität (HRV) und Vorhofflimmer-
Rezidiven (VHF) nach Pulmonalvenenisolation (PVI) mittels Kryoballon oder
Radiofrequenzablation (RF) untersucht.
Methoden: In die Studie wurden 497 Patienten eingeschlossen, bei denen eine
PVI mit einem Kryoballon der ersten Generation (CB1), einem Kryoballon der
zweiten Generation (CB2) oder RF erfolgte. Dabei wurde die HRV als Surrogat für
die Modulation des intrinsischen autonomen Nervensystems anhand eines 24-h-
Langzeit-EKG einen oder 2 Tage nach dem Eingriff untersucht und zwischen Rezidiv-
und Nicht-Rezidivgruppe in Bezug auf die Ablationsmethode verglichen. Außerdem
wurde das rezidivfreie Überleben („recurrence-free survival“, RFS) unter/über
den HRV-Grenzwerten für die gesamte Studienpopulation und separat für jede
Ablationsmethode ermittelt.
Ergebnisse: Bis auf einen waren nach CB2-Behandlung alle der 5 untersuchten
zeitabhängigen HRV-Parameter in der Gruppe ohne Rezidiv signifikant niedriger als in
der Gruppe mit Rezidiv. Nur eine Tendenz in Richtung einer niedrigeren HRV wurde für
die Gruppe ohne Rezidiv nach RF festgestellt, und nach CB1-Behandlung bestanden
keine nennenswerten Unterschiede. Die HRV-Parameter unter dem jeweiligen
berechneten Grenzwert waren mit einer signifikant höheren RFS-Rate 2 Jahre nach
CB2-Behandlung verbunden. Das galt auch für den mittleren quadratischen Abstand
(„rootmean sum of squared distance“, rMSSD) und den Anteil nebeneinanderliegender
Normal-zu-normal(NN)-Intervalldifferenzen > 50ms (pNN50) nach RF. Nach CB1 waren
keine Unterschiede feststellbar. Sensitivität, Spezifität und Unterschied beim RFS von
rMSSD nahmen zu, wenn Grenzwerte angewandt wurden, die nur unter Einschluss von
CB2-Patienten berechnet wurden. Die multivariate Cox-Regressionsanalyse zeigte, dass
nach Adjustierung für Kovariablen niedrige rMSSD-Werte unabhängig ein Rezidiv eines
VHF nach vorhersagen konnten (Hazard Ratio: 0,50; p< 0,001).
Schlussfolgerung: Niedrige rMSSD-Werte, die früh nach einer PVI auftraten, konnten
in unabhängiger Weise ein VHF-Rezidiv vorhersagen, insbesondere nach CB2-
Behandlung.
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Fachnachrichten

DANK: „Zuckersteuer“ muss wieder auf die politische Agenda

Anlässlich der im vergangenen November veröffentlichten Simulationsstudie
der Technischen Universität München (TUM) zur Wirkung einer sogenannten
Zuckersteuer in Deutschland erklärte Barbara Bitzer, Geschäftsführerin der
Deutschen Diabetes Gesellschaft (DDG) und Sprecherin der Deutschen Allianz
Nichtübertragbare Krankheiten (DANK):

„Eine Zuckersteuerwirkt! Das zeigt dieModel-

lierungsstudie der TU München eindrucks-
voll. Die Bundesregierung darf die wissen-

schaftlichen Fakten nicht länger ignorieren.

Eine Herstellerabgabe auf stark gezuckerte
Erfrischungsgetränke und im Gegenzug die

steuerliche Entlastung von Obst, Gemüse
und Hülsenfürchten sollte ein wesentli-

cher Baustein der Ernährungsstrategie der

Bundesregierung werden. Nur mit gesamt-
gesellschaftlichenMaßnahmen können wir

die heranrollende Adipositaswelle wirksam

stoppen.

Zuckerhaltige Getränke sind einer der trei-

benden Faktoren für Diabetes Typ 2, Überge-
wicht und verschiedene Folgeerkrankungen.

Die Simulationen der Forschenden aus Mün-
chen liefern deutliche Hinweise, dass steu-

erliche Modelle eine wichtige Maßnahme

sind, die Fälle von Typ-2-Diabetes und Herz-
Kreislauf-Erkrankungenwirksam eindämmen

können. Das sollte für die Bundesregierung

ein Ansporn sein, steuerliche Instrumente
wieder ernsthaft zu prüfen. Andere Länder

haben das längst erkannt und steuerliche
Modelle erfolgreich eingeführt, die vor allem

die Herstellerfirmen in die Pflicht nehmen

und diese animieren, ihre Rezepturen gesün-

der zu gestalten.“

Hintergrund:
Eine Simulationsstudie der TU München hat
gezeigt, dass eine sogenannte Softdrink-

Steuer in Deutschland positive Auswirkun-
gen hätte. Bei allen simulierten Varianten

einer gesetzlichen Vorgabe konsumieren

Menschenweniger Zucker und erkranken sel-
tener. Neben den positiven Effekten für die

eigene Gesundheit könne außerdem auch

das Gesundheitssystementlastenwerden, da
erhebliche volkswirtschaftliche Kosten gar

nicht erst entstehen.

Mehr zur Studie unter:

https://go.sn.pub/TUM-Studie_Zuckersteuer

Quelle: www.ddg.info
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