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Aims Risks of catheter ablation for atrial fibrillation and flutter assessed in retrospective studies, registries, and controlled
trials may underestimate ‘real world’ conditions.

Methods To assess complications in a nationwide approach, we included all cases undergoing catheter ablation for atrial fib-

and results rillation and atrial flutter in Germany in 2014, using ICD-10-GM-based German Diagnosis Related Group (G-DRG)
codes and the well differentiated German Operation and Procedure Classification (OPS) analysing 33 353 in-
hospital cases. For left atrial ablations (19 514 cases), the overall complication rate ranged from a mean of 11.7%
to 13.8% depending on type and site of applied energy, including major complications ranging from 3.8% to 7.2%.
Whereas overall complication rates were lower for atrial flutter ablations (13 871 cases, 10.5%; P <0.001), interest-
ingly, major complications occurred more frequently (7.4%; P <0.001). Particularly, in-hospital death was four-times
more common following right than following left atrial ablations (47 vs. 18 cases, 0.34% vs. 0.09%; P <0.001).
Stratified by centre ablation volume, significantly fewer overall complications occurred in centres performing >100
vs. <100 left atrial ablations annually (12.7% vs. 16.4%; P <0.002).

Conclusion Administrative data of all atrial fibrillation ablations in Germany in 2014 revealed higher overall and major compli-
cation rates than previously reported. Few patients were treated in low volume centres, but were exposed to a
higher overall complication risk. Atrial flutter ablations were associated with surprisingly high rates of life-
threatening complications. Advanced age combined with highly prevalent cardiac, pulmonary and, vascular comor-
bidities likely play a major role. In addition, individual-level clinical studies need to address the safety and benefits
of catheter ablation in an elderly, diseased population.
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Introduction

Within a few years after the first report,’ catheter ablation of atrial
fibrillation by pulmonary vein (PV) isolation has emerged as one of
the most frequently performed invasive interventions in cardiology
world-wide. While it is believed that the benefits of this therapy gen-
erally outweigh the risks in properly selected patients,” these risks so
far have been assessed mostly in retrospective, non-comparative
%12 and controlled trials.”>™"> All

these analyses are biased by patient selection and may underestimate

studies,3_9 voluntary registries,

the true risk in a ‘real world’ situation.

What is needed is complication assessment in a large, unselected,
population-based patient cohort. There are few nationwide cohort
studies of administrative data on complications associated with cath-
eter ablation of atrial fibrillation in the United States. Yet, they are ei-
ther based on procedures in the years 20002010, representing early
clinical experience with this then new invasive treatment strategy,'®
or reflect a nation-wide subgroup of patients only as in more recent
analyses of Medicare beneficiaries.'”"® Atrial flutter often coexists
with or precedes atrial fibrillation.” The risk of catheter ablation for
atrial flutter, generally assumed to be low, has been reported for
cavo-tricuspid isthmus dependent atrial flutter in a meta-analysis of
158 studies in 10 719 patients.*° Far less is known about atypical flut-
ter, which may account for 21% of all flutter cases.”’!

With the introduction of a diagnosis and procedure related remu-
neration system in Germany in 2004, known as the German
Diagnosis Related Groups (G-DRG) system, it has become manda-
tory for all German hospitals to transfer patient data on diagnoses,
coexisting conditions, and procedures of all consecutive cases to the
Institute for the Hospital Remuneration System (InEK, Siegburg,
Germany). All diagnoses are coded according to the ICD-10-GM
(German modification), and procedures are coded according to the
German Operation and Procedure Classification (OPS). Coding of
ablation of atrial fibrillation and/or atrial flutter is well differentiated
with respect to energy source and location of the cardiac structure
targeted for ablation. It has thus become possible to track all kinds of
complications until hospital discharge in a differential fashion applying
a nationwide approach.

This current report is based on the population of all patients with a
German health insurance undergoing atrial fibrillation and/or atrial
flutter ablation in Germany in 2014, well-established procedures by
that time. As provider experience markedly influenced the rate of
complications in a prior re|:>or't,16 we also assessed the relation be-
tween the centre ablation volume and the associated complication
rates.

Methods

Data source

Analyses were performed on our behalf by the Research Data Center
(RDC) of the Federal Statistical Office and the Statistical Offices of the
Federal States in Wiesbaden, Germany. Analysis requests based on DRG
Statistics 2014 were submitted to this institute on the basis of SAS codes
(SAS software, version 9.2; SAS Institute) for own calculations, and results
were reported back to the investigators from the institute. In case of
reported frequencies unequal to zero but too low to maintain data

anonymity (typically <3 counts per table cell), these data were blinded by
the RDC. In such cases, blinded data were considered as zero for analysis
purposes, except where stated otherwise.

Study oversight and support

There was no commercial support for conduction of the research or the
preparation of this report. Given the strictly anonymized data analysis
based on aggregate administrative data, ethics committee approval was
determined not to be required in accordance with German law.

Diagnoses and procedural codes

Diagnoses, patient characteristics, comorbidities, and complications of
catheter ablation are uniformly coded according to the International
Statistical Classification of Diseases and Related Health Problems, 10th
revision, German modification (ICD-10-GM). Similarly, endovascular pro-
cedures are uniformly coded according to the German Operation and
Procedure Classification (OPS). Coding guidelines and annual adaptation
by the German Institute for Medical Documentation and Information
(Cologne, Germany) ensure uniform documentation (Supplementary
material online, Tables S, 52, $3).

Using the distinctly differentiating OPS codes, we created four separ-
ate, disjunct groups of cases for left atrial ablation, stratified by the source
and location of energy application, and one group for isolated right atrial
ablations. The groups were defined as follows (detailed OPS codes used
for patient selection are provided in Supplementary material online,
Table ST):

Group 1: Pulmonary vein isolation and/or left atrial ablation using cryo en-
ergy (Cryoablation).

Group 2: Isolated pulmonary vein isolation with any kind of energy source
except for cryo energy: conventional radiofrequency (RF) with or with-
out irrigated tip catheters, RF applied by multi-electrode catheters, or
three-dimensional mapping with pressure monitoring during energy ap-
plication, bipolar phased RF; other energies (ultrasound, microwave,
and laser with endovascular endoscopic guidance). Ablation sites other
than pulmonary veins are excluded (PV isolation).

Group 3: Ablation in the left atrium using any kind of energy source ex-
cept for cryo energy (for details see Group 2). Additional pulmonary
vein isolation is included (LA ablation).

Group 4: Ablation of pulmonary veins and/or in the left atrium in combin-
ation with ablation in the right atrium using any kind of energy source
except cryo energy (LA + RA ablation).

Group 5: Isolated right atrial ablation using any kind of energy source (RA
ablation).

Statistical analysis

For each pre-specified group of patients, or each pre-specified stratum
thereof, we obtained aggregate data on the presence of comorbidities
and any occurrence of complications from the RDC, averaged across the
respective group. All discrete data are expressed as absolute and relative
frequencies. All continuous data are presented as mean * standard devi-
ation. Partly, individual groups or strata were merged; thereby, continu-
ous average variables were weighted for the sizes of the underlying
groups. We compared differences between groups by Fisher’s exact tests
or Student’s t-test, as appropriate.

Of particular note, the aggregate data structure prevented us from
analysing individual level information. We were thus not able to calculate
models accounting for the possibly confounding distribution of covariates
as done in prior work."®"” All P-values are two-sided and P-values <0.05
were considered significant. Analyses were conducted using STATA 12.0
(Stata Corp, College Station, TX, USA).
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Complications of catheter ablations for atrial fibrillation and atrial flutter

n=44923

Primary or secondary diagnosis of
atrial fibrillation / atrial flutter (ICD10 148*)

Endovascular catheter ablation
(OPS code 8-835*)

Admission to a German hospital
January 1st — December 31st, 2014

n=11538

Excluded due to ablation of (for example):
- AV node / His bundle

Supraventicular arrhythmias including atrial tachycardia
Ventricular tachycardias
AVNRT / WPW

n=33385

Study cohort selected for analysis

Undetermined site and/or energy source

Left atrial cryoablation Pulmonary vein isolation only

(Group 1) (Group 2)

n=5608 n=3167 n=8336
Left atrial ablation
using all energies except cryo energy | |using all energies except cryo energy, and

pulmonary vein isolation included

(Group 3)

n=2403 n=13871

Any left atrial Isolated right atrial ablation
right atrial ablation
using all energies except cryo energy

(Group 4) (Group 5)

Figure | Study overview. A code marked by an asterisk indicates that all subheadings of this code are included. Detailed group definitions are pro-

vided in the Methods section and the Supplementary material online.

Results

Between 1 January and 31 December 2014, a total of 44 923 cases
with a primary or secondary diagnosis of atrial fibrillation/atrial flutter
undergoing endovascular catheter ablation were admitted to a
German hospital (see flow chart in Figure 7). After exclusion of cases
with other sites of ablation or undetermined site or energy source,
33 385 cases were selected as study cohort, divided into five groups
as described in the Methods section.

These cases were coded as defined in Germany in 2014 and were
analysed for the occurrence of the following eight distinct complica-
tions defined according to the ICD-10-GM (Supplementary material
online, Table S2) accumulating to the overall complication rate: in-
hospital death, pericardial effusion, stroke, pneumonia, phrenic nerve
injury, access site complications, cardiac arrest, and atrioventricular
(AV) block llI°. For calculation of major complications only, pericar-
dial effusion was exchanged for the need of pericardial drainage, and
access site complications were exchanged for the need of transfusion
or vascular intervention/surgery.

The rates of these eight overall in-hospital complications are pro-
vided in Table 1 for the total of 33 385 cases stratified by five pre-
specified subgroups. For ablation of atrial fibrillation by pulmonary
vein isolation and/or ablation of left atrial substrate, complications
varied between a subgroup mean of 11.7% and 13.8%, with an aver-
age rate of 12.6% (Table 1, left four columns). Individual complications
were a mean of 7.1% for access site complications defined as bleed-
ing, haematoma, shock, infection, and vascular complications.
Pericardial effusion occurred in 3.5%, pneumonia in 0.8%, stroke in
0.6%, and AV block I1I° in 0.3%. In-hospital death occurred in 18 cases

(0.09%). Considering major complications only, the mean rate of
adjudicated complications amounted to 5.1% (Table 7). Oesophageal
perforation, pulmonary embolism, and endocarditis occurred too
rarely for analysis. Cryoablation and RF ablation for PV isolation
(Groups 1 and 2) was associated with a very similar rate of both over-
all (12.3% vs. 11.7%, P=0.45) and major complications (3.8% vs.
4.2%,P=043).

Comparison of the four groups of cases undergoing left atrial abla-
tions revealed that structural modification within the left atrium itself,
eventually in addition to PV isolation (Group 3), was associated with
higher overall and major complication rates than in cases undergoing
PV isolation only by cryo- or RF energy (Groups 1, 2, and 4 vs. Group
3; P=0.001 for overall and P<0.001 for major complications).
Complications in patients undergoing both left and right atrial abla-
tions displayed a complication pattern more similar to other forms of
left atrial ablations than to the group of isolated right atrial ablations.

For isolated right atrial ablations (13 871 cases, Table 1, right col-
umn), the average overall complication rate (10.5%) was significantly
lower than for left atrial ablations (12.6%, P < 0.001). Access site com-
plications (3.9%), pneumonia (2.0%), pericardial effusion (1.7%), AV
block IlI° (1.6%), and stroke (0.5%) were the predominating compli-
cations. The rate of major complications was significantly higher in
right compared with left atrial ablations (7.4% vs. 5.1%; P <0.001). Of
particular note, in-hospital death occurred in 47 cases of isolated
right atrial ablation (0.34%), an incidence four times higher than fol-
lowing left atrial ablation (0.09%, P < 0.001).

In Figure 2, the incidence of individual complication rates is com-
pared between any isolated left atrial ablation procedure and isolated
right atrial ablations: whereas access site complications, pericardial
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Table |

Incidence of procedure related complications, stratified by patient group

Complications, n (%) Cryoablation PV isolation
Group 1 (n=5608), Group 2 (n=3167),
n (95% CI) (%) n (95% CI) (%)

In-hospital death*
Stroke*

8 (3-17) (0.7)
27 (18-40) (0.5) 17 (10-28) (0.5)
30 (20-44) (0.5) 23 (14-36) (0.7)
21 (13-33) (0.4) n.a.

13 (7-23) (0.2) 3 (0-10) (0.1)

11 (5-21) (0.2) 9 (4-18) (0.3)
167 (143-195) (3.0) 100 (81-122) (3.2)
Pericardial drainage* 42 (29-55) (0.7) 26 (16-36) (0.8)
Access site complications 411 (373-452) (7.3) 219 (192-250) (6.9)

15 (7-23) (0.3) 15 (7-23) (0.5)

0 (0-5) (0.0)

Pneumonia*

Phrenic nerve injury*
Cardiac arrest*

AV Block lll°*
Pericardial effusion

Vascular intervention
/surgery*
Transfusion® 48 (34-62) (0.9)
688 (637-739) (12.3)

215 (186-244) (3.8)

40 (28-52) (1.3)
371 (333-409) (11.7)
133 (110-156) (4.2)

Total, overall

Total, major

LA ablation
Group 3 (n =8336),
n (95% CI) (%)

1149 (1083-1215) (13.8) 305 (271-339) (12.7)

LA + RA ablation  RA ablation
Group 4 (n =2403), Group5 (n=13 871),
n (95% CI) (%) n (95% CI) (%)

7 (3-16) (0.1)

48 (35-65) (0.6) 15 (8-26) (0.6)

88 (71-109) (1.1) 25 (16-38) (1.0)
n.a. n.a.

17 (10-28) (0.2) 7 (3-16) (0.3)

29 (19-43) (0.3) 8 (3-17) (0.3)
305 (272-341) (3.7) 98 (80-120) (4.1)
113 (92-134) (1.4) 20 (11-29) (0.8)
655 (607-706) (7.9) 149 (127-175) (6.2)

97 (78-116) (1.2) 12 (5-19) (0.5)

3 (0-10) (0.1) 47 (34-64) (0.3)

70 (54-89) (0.5)
282 (250-317) (2.0)

8 (3-17) (0.1)

49 (36-66) (0.4)
223 (195-255) (1.6)
237 (208-270) (1.7)

47 (34-60) (0.3)
536 (492-583) (3.9)

80 (62-98) (0.6)
203 (175-231) (24) 35 (23-47) (1.5) 222 (193-251) (1.6)
1452 (1377-1527) (10.5)
1028 (965-1091) (7.4)

602 (554-650) (7.2) 125 (103-147) (5.2)

Major complications are marked by an asterisk (*). Complications are presented as incident cases (percentage), stratified by pre-specified patient groups. Access site complica-
tions consist of bleeding, haematoma, shock, infection, and vascular complications. Detailed group definitions are provided in the methods section.
LA, left atrium; n.a., not assessed (indicates table cell with too few observations for display due to data protection policies); RA, right atrium.

effusions, and pericardial drainage occurred more frequently follow-
ing left atrial procedures, in-hospital death, pneumonia, cardiac arrest,
and AV block III° were more frequently observed with isolated right
atrial ablations (P < 0.001 for all mentioned complications).

To assess the impact of ablation centre experience, complications
were stratified with respect to the number of annually performed
cases per institution for isolated left and isolated right atrial ablations
(Table 2). Only 0.2%, 1.5%, and 3.7% of cases, respectively, were
treated in hospitals with a left atrial ablation volume of <25 cases,
26-50 cases, and 51-100 cases, respectively. The overall complica-
tion rates for these strata ranged between 13.2% and 18.2%. In
centres performing >100 left atrial procedures per year, there was a
significant drop in overall complication rates from 16.4% to 12.7%
(P=0.002; Figure 3, left upper panel; Table 2), whereas no such drop
was noted for major complications (P=0.86; Figure 3, left lower
panel; Table 2). For isolated right atrial ablations, no impact of centre
ablation volume on both overall and major complication rate was ap-
parent (Figure 3, right upper and lower panels; Table 2).

To inform about possible explanations for the unexpectedly high
rate of serious complications following isolated right atrial ablation
including death, aggregate patient characteristics were compared be-
tween patients receiving any left vs. any right atrial ablation procedure
(Table 3).

First, among patients undergoing left atrial ablations, no major dif-
ferences were noted between Groups 1 through 4. As a trend how-
ever, cases with more complex left atrial ablation procedures
(Groups 3 and 4) compared with pulmonary vein isolation proce-
dures only (Groups 1 and 2), less likely presented with paroxysmal
atrial fibrillation, but presented more likely with persistent and per-
manent atrial fibrillation or atrial flutter, and more likely had chronic
kidney disease and heart failure. In addition, their hospital stays
tended to be longer.

Second, patients receiving isolated right atrial procedures for atrial
flutter were 3.9 years older on average, and were more frequently
males. A significantly higher prevalence (P <0.001 for all mentioned
comparisons) of chronic obstructive pulmonary disease, pulmonary
hypertension, diabetes mellitus, chronic kidney disease, coronary ar-
tery disease, dilative cardiomyopathy, heart failure, aortic stenosis,
mitral valve disease, and peripheral artery disease were noted for
those undergoing right atrial ablations. In addition, patients receiving
right atrial ablations were characterized by significantly longer hos-
pital stays.

Finally, we compared the aggregate characteristics of cases experi-
encing the major complications of death, pneumonia, cardiac arrest,
and AV block IlI° to those without, following right atrial ablation
(Table 4).

The 47 patients dying in hospital were 4.4 years older on average,
including 10 individuals more than 80 years old. Of the 47 patients, 31
had heart failure, 27 had coronary artery disease, 23 had chronic kid-
ney disease, 21 had diabetes mellitus, 10 had chronic obstructive pul-
monary disease, 8 had mitral valve disease, 6 had peripheral artery
disease, and 5 had pulmonary artery hypertension (see left column of
Table 4, all significantly different from controls). A similar pattern of
highly prevalent comorbidity was observed in patients experiencing
cardiac arrest and pneumonia, and to a somewhat lower degree in
patients with AV block III° (see Table 4).

Discussion

We present nationwide data regarding complications of catheter ab-
lation for atrial fibrillation and atrial flutter in a ‘real world scenario’ of
all patients undergoing these procedures in Germany. Our results,
unbiased by insurance status, geographic substratification, or

8102 Joquie)dag || U Josn ¥aylolqiqenusz 4S9 Aq £98€906/2GAUS/UEaYINS/E60 L 0 1/I0P/10BSqE-3[0IE-20UBADE/fLIESYING/WOD dNO DILSPEDE//:SANY WOI) PAPEOJUMOQ



Complications of catheter ablations for atrial fibrillation and atrial flutter

Access site complications

8.00 <0.001 4.00

>
w

o
=)
=)
w
=)
S

Percentage (%)
S
o
S
Percentage (%)
N
[=]
o

2.00 1.00
0.00 0.00
D Phrenic nerve injury Transfusion
0.12 p=0.14 E 200 p=0.63
__0.10 _
] ] 1.50
o 0.08 o
£ 0.06 £ 1.00
c c
Q Q
g 0.04 g
0.50
* 0.02 .
0.00 0.00
H In-hospital death | Pneumonia
0.40 p<0.001 2.50 p<0.001
F 030 s 2.00
& % 1.50
og 0.20 og
g § 1.00
& 0.10 & 0.50
0.00 0.00

Pericardial effusion
p<0.0.01 C .1

Pericardial Drainage
p<0.001

_.1.00

0.80

£ 0.60

Q

£ 0.40

[

E
0.00
Stroke

p=0.65

tage (%

Vascular Surgery

p<0.15 0.60
_.0.50
0.40

o

n
I
[
(=]

(=]
=2
o

0.30
0.20

Percentage (%)
o
g
o
Percentage (%,

0.20
0.10

0.00 0.00

AV Block III°
p<0.001

Cardiac arrest

0.40 =0.010

0.30

(=
A

Percentage (%)
=)
N
o

Percentage (%)
[y = N
[=] w [=]
o o o

4
«
=)

0.00 0.00

Figure 2 Complication rates comparing any pulmonary vein isolation and/or left atrial ablation (Groups 1—4) vs. isolated right atrial ablation
(Group 5). In each panel, cases with left atrial ablation procedures are displayed by grey bars and right atrial ablations are displayed by black bars. (A—
C) Upper row shows complications with significantly higher rates in left vs. right atrial ablations. (D-G) Middle row shows complications with no sig-
nificant differences between left vs. right atrial ablations. (H-K) Lower row shows complications with significantly higher rates in right vs. left atrial
ablations. Groups are defined as in Table 1. Complication rates are expressed as percentage per group and compared by Fisher’s exact tests.

providing institution, are based on administrative data of all relevant
complications in a total of 33 385 cases by analysis of mandatory cod-
ing for renumeration of all hospitals for Germany in 2014.

Atrial fibrillation

One major finding of our study is a high overall in-hospital complica-
tion rate ranging from a mean of 11.7% to 13.8% depending on the
site and energy applied for left atrial ablation procedures, and a major
complication rate ranging from a mean of 3.8% to 7.2%. In the litera-
ture, periprocedural complication rates are reported to range from
1% to 8%, depending on the type of study and definitions of complica-
tions. 23 Retrospective clinical studies conducted at experienced
centres and registries focusing on major complications have reported
lower rates between 3.9% and 4.5%.*'° Yet, the incidence of vascular
complications alone may vary markedly23 with female sex, age
>75years, and presence of hypertensive heart disease being associ-
ated with a higher risk for complications.*>** Interestingly, a nation-
wide cohort study of administrative data like ours, performed in the
earlier years of catheter ablation in the USA, showed a combined vas-
cular complication rate of 3.4%, consisting of haemorrhage, haema-
toma, vascular complications requiring surgical repair, and accidental
arterial puncture.'® Over a time period from 2000 to 2011, the rate
of complications increased from 5.3% to 7.5%.'® Even in elderly
Medicare beneficiaries, no more than 4.1% of patients experienced

serious complications in one study, "/ whereas an overall complica-
tion rate of 9.1%, increasing from 6.7% in 2001 to 10.1% in 2006 was
noted in another.' It is tempting to assume that the relatively high
rate of access site complications in our study of 2014 also reflect the
adverse consequences of current strategies to maintain strict anticoa-
gulation throughout the procedure for prevention of stroke.

Of note, our assessment of both overall and major in-hospital
complications did not reveal any relevant differences between cryo-
energy and RF-energy used for PV isolation, well in accordance with a
recent large randomized clinical trial where the primary safety end-
point, a composite of death, cerebrovascular events, and serious
treatment-related adverse events after a mean-follow-up of 1.5 years,
was also not different.’®

Our report eliminates any patient selection bias through adminis-
trative data analysis of a complete data set of a large, unselected, and
consecutive patient population in an entire country. It focusses on a
recent data basis, and evaluates all complications using a uniform cod-
ing system for all hospitals in the country, thereby best representing
the ‘real world’ in the year 2014 in Germany.

Our data also indicate that in institutions with an ablation volume
of >100 left atrial ablation procedures per year, the overall complica-
tion rate is significantly lower than in low volume centres as a surro-
gate of different levels of experience; however, this reduction was
not seen for major complications. These data partially confirm prior
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Figure 3 Complication rates by centre ablation volume. Bars represent the cumulative incidences of complications occurring for isolated left atrial
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bars) or >100 ablation procedures per year (black bars), respectively. The constituents of overall and major complications are provided in Tables 1
and 2. Table cell values individually blinded by the Research Data Center (RDC) for reasons of data protection (‘not assessed’) tend to underestimate
the true occurrence of complications. For the aggregate presentation of data in the figure, we, therefore, inferred blinded cell values from all available
data in Tables 1 and 2. Only for values not exactly inferable, we assumed a value of ‘1" as the minimum possible count. Comparisons calculated by

Fisher’s exact tests.

k,1 012,16

wor and further substantiate consensus recommendations to

restrict left atrial ablation to centres with a volume of >100 proce-
dures per year.>*>’

Of note, only a minority of 0.2%, 1.5%, and 3.7% of interventions,
respectively, were performed in institutions with a left atrial ablation
volume of <25, 26-50, and 51-100 procedures per year, respective-
ly. This is in sharp contrast to data from the United States for the
years 2000-2010, where 68.2% and 85, 6% of procedures were per-
formed in hospitals with a volume of <50 and <100 procedures per
year.'® Our data do not allow to analyse the effect of ablation volume
per individual operator as it has been reported in the US study.'
Nevertheless, from the standpoint of safety it is rewarding to see that
the vast majority (>90%) of procedures is actually being performed
in high volume centres.

Atrial flutter

Cavo-tricuspid isthmus ablation for the treatment of atrial flutter
is a seemingly easy-to-do procedure associated with a low risk of
acute complications of 2.6%, based on a meta-analysis of 158 stud-
ies with limitations due to patient selection and reporting bias.*

Our study of 13 871 unselected patients for atrial flutter ablation
revealed an overall rate of complications slightly lower than for
left atrial ablations. However, more frequent serious complica-
tions were noted quite unexpectedly (Table 7). Our definition of
atrial flutter included typical and atypical flutter, as well as atrial
flutter and fibrillation. Sinus tachycardia, atrial tachycardia, AV
nodal and AV re-entry tachycardias were excluded. The German
OPS system only allows to code ‘right atrial ablation’. Therefore,
non-isthmus-dependent right atrial flutter cases are included as
one of the possible explanations for the higher complication rates
in our atrial flutter cases. Lower rates of pericardial effusions and
access site complications compared with longer-lasting left atrial
ablation procedures with tight control of anticoagulation regimen
appear comprehensible (see Figure 2), and higher rates of AV
block IlI° may be explained by the proximity of the right atrial isth-
mus and the AV junction. The occurrence of a few cases of phren-
ic nerve injury, though significantly less frequent compared with
left atrial ablation, can be interpreted by our definition of atrial
flutter: given the anatomic variability of the phrenic nerve, injury
may occur during isolation of the superior vena cava or possibly
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Table 3 Aggregate patient characteristics

Cryoablation PV isolation LA ablation LA +
RA ablation ablation procedure atrial ablation (1-4vs.5)

Any left atrial

Isolated right

P-value

(Group 1) (Group2) (Group 3)
(n=5608) (n=3167) (n=28336)
Age (years), mean  SD 629 +10.7 62.7+£10.6  63.7+10.8
<50 years, n (%) 741 (13.2) 427 (13.5) 997 (12.0)
51-60 years, n (%) 1382 (24.6) 816 (25.8) 1959 (23.5)
61-70 years, n (%) 1906 (34.0) 1011 (31.9) 2686 (32.2)
71-80 years, n (%) 1497 (26.7) 873 (27.6) 2540 (30.5)
>80 years, n (%) 82 (1.5) 40 (1.3) 154 (1.8)
Males, n (%) 3270 (58.3) 1941 (61.3) 5069 (60.8)
Paroxysmal atrial fibrillation, n (%) 3893 (69.4) 1907 (60.2) 4428 (53.1)
Persistent atrial fibrillation, n (%) 1755 (31.3) 1226 (38.7) 3508 (42.1)
Permanent atrial fibrillation, n (%) 96 (1.7) 37 (1.2) 220 (2.6)
Atrial flutter, n (%) 312 (5.6) 324(102) 1517 (18.2)
Hypertension, n (%) 3484 (62.1) 2062 (65.1) 5230 (62.7)
Chronic obstructive pulmonary 152 (2.7) 94 (3.0) 279 (3.3)
disease, n (%)
Pulmonary hypertension, n (%) 105 (1.9) 91 (2.9) 252 (3.0)
Obstructive sleep apnoea, n (%) 184 (3.3) 111 (3.5) 285 (3.4)
Hyperthyroidism, n (%) 113 (2.0) 93 (29) 219 (2.6)
Diabetes mellitus, n (%) 562 (10.0) 348 (11.0) 973 (11.7)
Chronic kidney disease, n (%) 323 (5.8) 174 (5.5) 837 (10.0)
Coronary artery disease, n (%) 1108 (19.8) 666 (21.0) 182 (2.2)
Dilative cardiomyopathy, n (%) 146 (2.6) 148 (4.7) 402 (4.8)
Heart failure, n (%) 642 (11.4) 395(125) 1418 (17)
Aortic stenosis, n (%) 88 (1.6) 82 (2.6) 177 (2.1)
Mitral valve disease, n (%) 313 (5.6) 172 (5.4) 549 (6.6)
Peripheral artery disease, n (%) 55 (1.0) 43 (14) 82 (1.0)
Duration of hospital stay 42+37 41+37 47 +44

(days), mean £ SD

(Group 4)  (Groups 1-4) procedure
(n=2403) (n=19514) (Group 5)
(n=13871)

638 +£10.9 633108 672119 <0.001
274 (11.4) 2439 (12.5) 1210 (8.7) <0.001
553 (23.0) 4710 (24.1) 2298 (16.6) <0.001
773 (32.2) 6376 (32.7) 3870 (27.9) <0.001
760 (31.6) 5670 (29.1) 5226 (37.7) <0.001
43 (1.8) 319 (1.6) 1267 (9.1) <0.001

1483 (61.7) 11769 (60.3) 9964 (71.8) <0.001
1048 (43.6) 11276 (57.8) 3850 (27.8) <0.001
1133 (47.1) 7622 (39.1) 1602 (11.5) <0.001

36 (1.5) 389 (2.0) 314 (23) 0.10
1200 (49.9) 3353 (17.2) 12333 (88.9) <0.001
1461 (60.8) 12238 (62.7) 8894 (64.1) 0.009
53(22) 578 (3.0) 990 (7.1) <0.001
74 (3.1) 522(2.7) 517 37) <0.001

78 (3.2) 658 (3.4) 496 (3.6) 0.32

40 (1.7) 465 (2.4) 302 (22) 0.22

259 (10.8) 2142 (11.0) 2754 (19.9) <0.001
193 (8.0) 1527 (7.8) 2066 (14.9) <0.001
446 (18.6) 4041 (20.7) 4452 (32.1) <0.001
132 (5.5) 828 (4.2) 829 (6.0) <0.001
455 (18.9) 2910 (14.9) 3470 (25.0) <0.001
51(2.1) 398 (2.0) 440 (3.2) <0.001
142 (5.9) 1176 (6.0) 936 (6.7) 0.008
20 (0.8) 200 (1.0) 408 (2.9) <0.001
46+43 44+ 4.1 51+67 <0.001

Statistical comparisons are calculated for two columns on the right-hand side. Among them, the left column includes any left atrial ablation procedure using any source of en-
ergy, the right column includes isolated right atrial ablation procedures using any source of energy. Comparisons using Fisher’s exact test or Student’s t-test as appropriate.

also during ablation of scar-related, non-isthmus-dependent right
atrial flutter.?®** However, the significantly increased rates of
pneumonia, cardiac arrest, and—most importantly—in-hospital
death, are less intuitively understood. In contrast to left atrial abla-
tions, where a presumed higher experience accounted for a re-
duction of at least overall complications in high volume centres,
the centre ablation volume for right atrial ablations—generally
considered straightforward—appeared not to be a safety factor
for both overall and major complications (Figure 3). In fact, 40 of
the 47 in-hospital deaths occurred in high volume centres with
>100 isolated right atrial ablation cases per year. Based on our
data, one may speculate whether the absence of an expected re-
duction of complication rates in high volume centres—as seen for
right atrial ablations and regarding major complications also for
left atrial ablations—is in part due to higher work load, heteroge-
neous training levels among the ablationist staff, more aggressive
procedure protocols, and more challenging anticoagulation

strategies. However, the most likely explanation for high rates of
in-hospital death, pneumonia, cardiac arrest, and AV block III°
after isolated right atrial ablations is older patient age combined
with advanced cardiac, pulmonary, and vascular comorbidities, as
shown in Tables 3 and 4. A meta-analysis in 2009 on 10 719
patients with common atrial flutter and a mean age of
59.8 0.5 years reported an acute complication rate of 2.6%.%° It
appears that because of this perceived low risk and the straight-
forward procedure of cavo-tricuspid isthmus ablation for atrial
flutter, also older patients with relevant comorbidities are now-
adays accepted in general for ablation. This becomes evident in
our study by a mean age of 67.2+11.9 years, compared with a
mean age of 63.3 £ 10.8 years for patients undergoing left atrial ab-
lation (Table 3). Patients actually affected by serious complications
had an even higher mean age (Table 4). Our study is the first to
demonstrate an excess of complications associated with right
atrial flutter ablation in the elderly. Hopefully, our results of a
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complete nationwide set of aggregate, anonymized data will
prompt clinical studies investigating the specific causes and cir-
cumstances of complications in elderly patients with comorbid-
ities undergoing catheter ablation for atrial flutter.

Strengths and limitations of this analysis
Analysing all left and right atrial ablation cases in Germany for 2014,
the bias of patient selection inherent to retrospective studies, volun-
tary registries, and controlled trials is avoided, and thus a nationwide
‘real world’ situation is presented. As in previous studies, overall and
major complications were calculated as the cumulative sum of indi-
vidual complications. However, as one single patient may also experi-
ence two or more complications, the percentage of affected patients
may be somewhat smaller compared with the presented rates of
overall and major complications. One limitation is that our analysis of
administrative data may be subject to miscoding of ICD codes.
However, between 15% and 20% of all annual cases in the cardiovas-
cular field are re-evaluated by independent physicians from health in-
surance providers to assure appropriate coding and thereby correct
reimbursement. Any omition of procedure codes is unlikely since this
would have a direct and markedly negative effect on hospital reim-
bursement. Systematic overcoding should not escape independent
physician control, but cannot entirely be excluded. Further, our ana-
lysis handles raw aggregate, anonymized data, cannot rely on individ-
ual patient information, and precludes any adjustment for covariates.
Table cells with too few observations were blinded administratively
by the RDC to ensure anonymity, and this process may lead to an
underestimation of complication rates in small groups of patients.
Finally, only in-hospital complications are considered in our analysis.
Thus, any serious complications manifesting after hospital discharge,
like atrio-oesophageal fistula, delayed pericardial tamponade, and pul-
monary vein stenosis is overlooked. Also, if a patient is not discharged
home, but transferred to another in-hospital department, for ex-
ample for emergency cardiac surgery, the outcome is not reported.
Therefore, this analysis might have underestimated some serious
complications including death, which might have occurred after hos-
pital discharge or after transferral to another hospital or medical
department.

Conclusions

In an administrative data analysis of all patients undergoing ablation of
atrial fibrillation in Germany in 2014, both the overall and major com-
plication rates are higher than reported previously. Similar analyses in
different European countries are strongly encouraged. In Germany,
only a minority of patients were treated in low ablation volume hos-
pitals with a procedure volume <100 per year, and vice versa, the
vast majority received care in high volume centres. This went along
with a reduction of overall complications. Isolated right atrial ablation
for atrial flutter when compared with left atrial ablations was associ-
ated with a somewhat lower overall complication rate, but was asso-
ciated with a hitherto unknown high rate of serious or life-
threatening complications including cardiac arrest, pneumonia, AV
block 11I°, and an up to four times higher rate of in-hospital death.
This is most probably due to the fact that because of the seemingly
low risk attributed to right atrial flutter ablations reported in the

literature in younger patients, the indications for such ablations of
atrial flutter have been extended in Germany to more elderly
patients with an advanced comorbidity profile. Hence, a word of cau-
tion appears warranted in this respect.

Supplementary material
Supplementary material is available at European Heart Journal online.
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