
Conventional catheter ablation of cardiac 
arrhythmias is associated with radiation 
risks for patients and laboratory person-
nel [1–4]. Widespread use of zero-fluoro-
scopic catheter ablation is limited by safe-
ty concerns and economic aspects. How-
ever, several studies report successful ze-
ro-fluoroscopy procedures especially in 
right-sided arrhythmias without trans-
septal puncture [5–8] or with short use of 
fluoroscopy in left-sided procedures [9]. 
In addition, there are small-scale stud-
ies reporting that zero-fluoroscopy trans-
septal puncture can be performed under 
transesophageal echocardiography (TEE) 
or intracardiac echocardiography (ICE) 
guidance [10–12]. Since contact force is a 
recent development [13], there are no larg-
er trials with a zero-fluoroscopy approach 
using optional contact force technology. 
Recently, we reported that contact force-
controlled zero-fluoroscopy catheter abla-
tion is generally feasible in right-sided and 
left atrial cardiac arrhythmias in a small 
collective [14].

To our knowledge, the feasibility of a 
generally zero-fluoroscopy approach us-
ing optional contact force measurement 
for patients presenting with a history of 
documented paroxysmal supraventricu-
lar tachycardia in a broad all-comers col-
lective has not been reported.

Thus, the aim of the current study was 
to investigate the feasibility of zero-fluoro-

scopic catheter ablation using a three-di-
mensional (3D) mapping system and op-
tional catheter contact force technology in 
a clinical routine setting.

Patients and methods

Recruitment and follow-up

This retrospective study was approved by 
the local ethics committee of the Univer-
sity Hospital of Tübingen (project num-
ber 230/2014R). The study included 91 
patients, who were treated using a zero-
fluoroscopy approach from June 2010 to 
March 2014. These patients were matched 
with a control group. Matching criteria 
were location of arrhythmias (left and 
right sided) and type of arrhythmias. Pa-
tient inclusion criteria were documented 
supraventricular tachycardia or a history 
of paroxysmal supraventricular tachycar-
dia. Patients with known congenital heart 
defects were excluded. In addition, pa-
tients were included consecutively for ze-
ro-fluoroscopy analysis if a second oper-
ator with transesophageal standby and a 
contact force catheter was available. An-
tiarrhythmic medication was discontin-
ued before catheter ablation. Local anes-
thesia or intravenous sedation and analge-
sia were applied. Follow-up of symptom-
atic arrhythmias was done by phone inter-
view or Holter monitoring. In all patients 

with manifest Wolff–Parkinson–White 
(WPW) syndrome, absence of preexcita-
tion was documented by 12-lead surface 
electrocardiography (ECG) during fol-
low-up.

Electrophysiological study

The NavX-Ensite classic and velocity sys-
tem (St. Jude, Minn.) was used for electro-
anatomical mapping. Catheters were se-
lected according to the choice of the op-
erator. For cryoablation, a Freezor Xtra 
(Medtronic, Minn.) was used and for con-
ventional radiofrequency (RF) ablation a 
solid-tip Marinr (Medtronic). For abl‑ 
ation of the cavotricuspid isthmus, an irri‑ 
gated-tip catheter was used (Coolflex; St. 
Jude). If required by the operator owing 
to safety reasons (extended mapping, left 
atrial procedures, unclear substrate, dif-
ficult anatomy), a catheter with contact 
force measurement could be used (Tacti-
cath; St. Jude). A steerable decapolar di-
agnostic catheter (Inquiry; St. Jude Med-
ical) was introduced via the femoral vein 
and placed in the coronary sinus and a 
quadripolar woven diagnostic catheter 
(Bard Electrophysiology; Boston Scientif-
ic, Mass.) was positioned in the right ven-
tricle. When needed, left atrial access was 
attempted via a patent foramen ovale or by 
transseptal puncture under TEE guidance 
using a transseptal sheath (Preface; Bio-
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sense-Webster Inc., Diamond Bar, Calif.), 
a Brockenbrough transseptal needle and 
an atraumatic transseptal guidewire (Safe-
Sept; Pressure Products, San Pedro, Calif.) 
as described recently [14].

Statistical analysis

All statistical analysis was performed us-
ing SPSS version 21.0 (SPSS Inc., Chica-
go, Ill.). Cumulative event-free survival 

from recurrences of arrhythmias is pre-
sented by Kaplan–Meier curves. The log-
rank test was applied to compare recur-
rence-free survival between patients treat-
ed with the use of fluoroscopy vs. zero-flu-
oroscopy. For comparison of procedure 
time, Student’s t test was used. Categori-
cal variables were compared using the chi-
square test. A p value of < 0.05 was consid-
ered statistically significant (two-sided).

Results

In all, 184 patients were analyzed in this 
study. A zero-fluoroscopy EP study was 
performed on 91 patients, including 29 
pediatric patients and 11 young adults 
(. Table 1). These patients were matched, 
according to the diagnosed arrhythmia, to 
94 patients, who underwent an EP study 
using fluoroscopy (. Table 1). In the non-
fluoroscopy group there were more pedi-
atric patients and a higher use of a cry-
otechnique. In the nonfluoroscopy group 
use of contact force technology was more 
frequent.

In 11 patients, typical flutter was diag-
nosed and a cavotricuspid isthmus abla-
tion without fluoroscopy was intended. A 
complete isthmus blockade was achieved 
without any complications in all patients. 
In the mean follow-up of 389 ± 217 days, 
there was no symptomatic recurrence in 
any of the groups. Contact force was used 
in one patient (9.1 %, .  Fig.  1). Proce-
dure time (door to door) was not signif-
icantly different between the two groups 
(128.3 ± 90.3  min vs. 102.6 ± 35.5  min, 
p = 0.4).

In 48 patients an atrioventricular (AV) 
nodal reentry tachycardia was diagnosed 
during zero-fluoroscopy EP study; 29 pa-
tients received a slow-pathway modula-
tion via cryotechnique and 19 via RF. Con-
tact force was used in 72.7 % of patients 
treated with radiofrequency. Acute suc-
cess was achieved in all patients. In the fol-
low-up period, there were five recurrenc-
es, all in the cryotechnique group. One pa-
tient in the RF group developed a high-
er-grade AV block 72 h after the proce-
dure, requiring pacemaker implantation, 
whereas we observed no major compli-
cation in the cryotechnique group. Com-
pared with our matched control group 
using fluoroscopy, we found no signif-
icant differences in the follow-up peri-
od (. Fig. 2a). Procedure time in the ze-
ro-fluoroscopy group was longer; how-
ever, it did not reach statistical signifi-
cance (116.0 ± 49.8 vs. 137.0 ± 61.7, p = 0.08, 
. Table 2).

WPW syndrome was diagnosed in 21 
patients; with a left-sided pathway in 14 
and a right-sided pathway in seven. In all 
patients, beside one with a left-sided path-
way, contact force measurement was used. 

0

10

20

30

40

50

60

70

80

90

A�utter AVNRT WPW pediatric
patients

us
e 

of
 C

FM
 (%

)

Fig. 1 8 Use of contact force measurement during zero-fluoroscopy abla-
tion in patients with atrial flutter (Aflutter), atrioventricular nodal reentry 
tachycardia (AVNRT), Wolff–Parkinson–White syndrome (WPW), and pediat-
ric patients. Bars represent percentage of patients treated with contact force 
measurement (CFM), if ablation with radiofrequency was indicated
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Fig. 2 9 Comparison of recurrences in patients 
with (a) atrioventricular nodal reentry tachycar-
dia or (b) Wolff–Parkinson–White syndrome af-
ter zero-fluoroscopy ablation compared with con-
trol group using fluoroscopy as indicated. Kaplan–
Meier curves show recurrence-free survival as in-
dicated
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group and the fluoroscopy group. Kaplan–Mei-
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Periprocedural success was achieved in all 
patients with left-sided pathways and in 
six of seven patients with right-sided path-
ways (one failed owing to the parahissian 
position). In one patient a small pericar-
dial effusion was detected by echocardiog-
raphy requiring no further therapy. In the 
follow-up there were two recurrences. 
We found no significant differences com-
pared with patients treated with fluoros-
copy (. Fig. 2b, p = 0.4). Notably, we ob-
served a significant difference in the pro-
cedure time, which was longer in the ze-
ro-fluoroscopy group (153.7 ± 78.3 min vs. 
210.1 ± 19.3 min, p = 0.02, . Table 2).

Finally, a comparison of arrhythmia 
recurrences in both groups treated with 
RF revealed no significant difference in 
the follow-up (.  Fig.  3, p = 0.1). Nota-
bly, we observed a trend for more recur-
rences in the zero-fluoroscopy group, 
if patients were treated with the cryo-
technique (p = 0.1). Periprocedural da-
ta revealed a mean intervention time of 
156.4 ± 85.7 min in the zero-fluoroscopy 
group, which covers the “door-to-door” 
time including the more time-consum-
ing preparation of patients if using a 3D 
mapping system. However, procedure 
time in our control group was significant-
ly shorter (129.5 ± 68.5 vs. 156.4 ± 85.7 min, 
p < 0.01, . Table 2).

Discussion

We provide evidence that zero-fluorosco-
py catheter ablation with optional contact 
force is generally feasible in a clinical rou-
tine setting for the diagnosis and therapy 
of paroxysmal supraventricular tachycar-
dias in an all-comers collective.

Based on our findings, zero-fluorosco-
py ablation of typical atrial flutter seems to 
be a simple and safe procedure, as report-
ed by others [15, 16]. In most of these pa-
tients contact force is not needed and may 
represent an overtreatment.

We treated 48 patients with AV nod-
al reentry tachycardia without any perfo-
ration or vascular complication. Howev-
er, one patient developed a late-onset AV 
block more than 72 h after the procedure. 
By using a cryotechnique in zero-fluoros-
copy ablation, the risk of an AV block can 
be reduced; however, the incidence of re-
currence appears to be increased in most 
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Abstract
Background.  Conventional catheter ablation 
of cardiac arrhythmias is associated with ra-
diation risks for patients and laboratory per-
sonnel. Widespread use of zero-fluoroscop-
ic catheter ablation in clinical routine is limit-
ed by safety concerns. This study investigat-
ed the feasibility of zero-fluoroscopy catheter 
ablation using a three-dimensional mapping 
system and optional catheter contact force 
technology for an all-comers collective.
Patients and methods.  The study comprised 
184 patients; 91 patients, including 29 pedi-
atric patients, underwent a zero-fluoroscopic 
electrophysiology (EP) study using the EnSite 
NavX system with real-time visualization of 
all electrodes. These patients were matched 
to a control group, which was treated us-
ing fluoroscopy in the same period. Inclusion 
criteria were documented supraventricular 
tachycardia or a history of symptomatic par-
oxysmal supraventricular tachycardia. Trans-

septal access, if necessary, was achieved un-
der transesophageal echocardiographic guid-
ance for ablation of left-sided arrhythmias. 
Radiofrequency (using optional contact force 
measurement) or a cryotechnique was used 
for ablation.
Results.  We observed no major acute com-
plications. There were no significant differ-
ences between the two groups in the follow-
up period.
Conclusion.  Zero-fluoroscopic catheter ab-
lation is generally feasible in right-sided car-
diac arrhythmias. Safety concerns regarding 
left atrial substrates or children can be over-
come with optional real-time contact force 
measurement.

Keywords
Contact force measurement · Fluoroscopy · 
Catheter ablation · Arrhythmia · Safety

Effektivität und Sicherheit der komplett strahlenfreien 
Katheterablation für supraventrikuläre Tachykardien. 
Verwendung optionaler Anpresskraftkontrolle bei der 
strahlenfreien Katheterablation in klinischem Routinesetting

Zusammenfassung
Hintergrund.  Die konventionelle Kathetera
blation von Herzrhythmusstörungen impli-
ziert sowohl für den Patienten als auch für 
das behandelnde Katheterpersonal ein rele
vantes Strahlenschadensrisiko. Der routine
mäßige, breite Einsatz einer strahlenfreien  
Katheterablation ist allerdings wegen Si
cherheitsbedenken limitiert. Ziel dieser Stu-
die ist es, die Durchführbarkeit einer strahlen-
freien Katheterablation mittels 3-D-Mapping-
System und optionaler Anpresskraftkontrol-
le in einem breiten Patientenkollektiv zu un
tersuchen.
Patienten und Methoden.  184 Patienten 
wurden in die Studie eingeschlossen. Bei 91 
Patienten, inklusive 29 pädiatrischen Pati
enten, wurde eine strahlenfreie EPU mittels 
Ensite-NavX-System durchgeführt. Diese Pa-
tienten wurden mit einer Kontrollgruppe ver-
glichen, die mittels Durchleuchtung unter-
sucht wurde. Einschlusskriterien waren ei

ne dokumentierte oder anamnestische par-
oxysmale supraventrikuläre Tachykardie. Ein 
transseptaler Zugang für linksatriale Ablati
onen wurde unter TEE-Führung erzielt. Zur 
Ablationstherapie wurde entweder Radiofre-
quenz (mit optionaler Anpresskraftkontrolle) 
oder Kryotechnik eingesetzt.
Ergebnisse.  Es trat keine relevante Akut-
komplikation auf. Insgesamt wurde kein si
gnifikanter Unterschied in den beiden Grup-
pen festgestellt.
Schlussfolgerung.  Die komplett strahlen-
freie Katheterablation ist generell bei rechtsa
trialen Rhythmusstörungen möglich. Die Si-
cherheit kann bei linksatrialen Eingriffen und 
bei Kindern durch den Einsatz der Anpress-
kraftkontrolle erhöht werden.

Schlüsselwörter
Anpresskraftkontrolle · Fluoroskopie · 
Katheterablation · Arrhythmie · Sicherheit
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studies. Compared with ablation with flu-
oroscopy, we found no significant differ-
ence in the follow-up. In some patients, 
induction of AV nodal reentry tachycar-
dia was hindered. This could be ascribed 
to mechanical irritation of the AV node 
during mapping. However, we found no 
difference compared with our matched 
control group (not shown). In this con-
text, we observed that a contact force of 
4 g mean and 10 g peak suffices to induce 
a short AV block during mapping in pe-
diatric patients.

As expected for an all-comers collec-
tive most of the diagnosed arrhythmias 
were AV nodal reentry tachycardias and 
WPW syndromes with mainly left-sided 

pathways. The highest challenge in zero-
fluoroscopy ablation is ablation of left atri-
al substrates. We treated 14 patients with 
left-sided arrhythmia substrates. For our 
transseptal approach, we used TEE. No-
tably, in this subgroup we found a signifi-
cantly longer procedure time, which could 
mainly be ascribed to the more time-con-
suming transseptal puncture using TEE. 
In further studies this may be simplified 
by intracardiac echocardiography, as de-
scribed by Reddy et al. [11]. We observed 
no pericardial tamponade by using con-
tact force measurement. We had six shifts 
from a normal solid-tip catheter to a con-
tactforce catheter, especially in patients 
with concealed WPW and atrial tachy-

cardias. Thus, ablation in the left atrium 
seems to be safe and effective based on our 
data using optional contact force.

A zero-fluoroscopy diagnostic EP 
study was performed on 94 patients. In 
three patients no arrhythmia could be in-
duced and no arrhythmia was document-
ed, thus, no ablation therapy was per-
formed. Our data indicate that beside eco-
nomic considerations there is no need for 
fluoroscopy in diagnostic EP, which is an 
important aspect especially for pediatric 
patients.

In our study we treated 29 pediatric pa-
tients, who may have the highest benefit 
from zero-fluoroscopy ablation [1, 17]. If 
RF ablation was indicated, we used con-
tact force measurement in 80.0 % of this 
sensitive collective without any complica-
tions.

As expected, we found a significant-
ly longer procedure time in the zero-flu-
oroscopy group. However, we observed a 
learning curve of the interventionalist, as 
reported by others [6]: Whereas at the be-
ginning of our study a complete electro-
anatomical mapping was performed us-
ing contact force measurement, operators 
with more experience marked only the 
hallmarks such as His potential and coro-
nary sinus and used primarily normal di-
agnostic EP catheters.

Limitations of the study

TEE-guided transseptal puncture without 
fluoroscopy still requires experienced in-
terventionalists. In addition, we found a 
significantly longer procedure time over 
all, which is a limitation of this approach. 
However, in simple procedures such as for 
AVNRT or typical atrial flutter, we found 
no significant difference. Using a 3D map-
ping system and a contact force catheter 
can only be fully reimbursed for left atrial 
procedures in the German DRG system. 
Further, based on our data, in right atrial 
procedures contact force is often not nec-
essary and the 3D mapping system can be 
reimbursed. Our study is a retrospective 
analysis, which is a clear limitation. In fu-
ture, randomized controlled trails are nec-
essary to provide further evidence for the 
non-inferiority of zero-fluoroscopy ab-
lation compared with conventional fluo-
roscopy. Since we included only patients 

Table 2  Mean procedure time of zero-fluoroscopy and fluoroscopy EP procedures

Fluoroscopy Zero-fluoroscopy Significance

Type of arrhythmia

AVNRT 116.0 ± 49.8 137.0 ± 61.7 p = 0.08

WPW 153.7 ± 78.3 210.1 ± 19.3 p = 0.02a

Typical flutter 128.3 ± 90.3 102.6 ± 35.5 p = 0.4

All 156.4 ± 85.7 129.5 ± 68.5 p = 0.02a

EP electrophysiology study, AVNRT atrioventricular nodal reentry tachycardia, WPW Wolff–Parkinson–White
aIndicates statistically significant difference between groups.

Table 1  Patient characteristics

Fluoroscopy Zero-fluoroscopy Significance

n 93 91

Type of arrhythmia p = 0.9

Typical AVNRT 43 43

Atypical AVNRT 2 5

Manifest WPW 21 15

Concealed WPW 10 6

Atrial tachycardia 0 8

Typical flutter 14 11

No arrhythmia inducible 3 3

Patient characteristics

Age (years) 52.1 ± 19.1 36.0 ± 22.1 p < 0.01

Male 44 (47.3 %) 43 (47.3 %) p = 0.9

Height (cm) 171.5 ± 16.8 167.0 ± 13.9 p < 0.05

Weight (kg) 79.4 ± 20.4 70.5 ± 21.3 p = 0.06

Pediatric patients 3 29 p < 0.01

Ablation technique p < 0.01

Radiofrequency 75 55

Force measurement (% of RF) 4 (5.3 %) 27 (49.0 %)

Cryotechnique 13 32

Fluoroscopy parameter

Fluoroscopy time (min) 13.3 ± 12.2 0 p < 0.01

Dose– area product (Gy/cm2) 5.0 ± 7.9 0 p < 0.01
AVNRT atrioventricular nodal reentry tachycardia, WPW Wolff–Parkinson–White, RF radiofrequency.
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with symptomatic arrhythmias, we did 
not have Holter monitoring of all patients 
in the follow-up.

Conclusion

As far as we know, this is the first study 
with a zero-fluoroscopy approach using 
optional contact force in an all-comers 
collective. We describe an approach that 
is feasible and economic in a clinical rou-
tine setting.
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Buchbesprechung
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Maritime Medizin
Praxiswissen für Schiffsärzte und 
Ärzte im Offshore-Bereich
Berlin Heidelberg: Springer-Verlag GmbH 

2015, 1. Auflage, 400 S., 159 Abb., (ISBN 

978-3-642-55437-7), Hardcover, 99.99 EUR

Maritime Medizin als Buch? Wie soll ein so 

umfassendes und inhomogenes Thema in 

einem lesbaren Umfang dargestellt werden 

können? 

Ganz einfach so, wie es die Autoren Otto-

mann und Seidenstücker in dem ca. 450 

Seiten umfassenden Buch hier durchgeführt 

haben. Es handelt sich um eine komplette 

Darstellung von nahezu allem, was mit 

der Medizin auf See zu tun hat. Nach einer 

knappen und spannenden Darstellung der 

Geschichte der Maritimen Medizin, geht es 

weiter mit dem Rettungswesen, Ausstat-

tung des Bordhospitals, Notfallmanagement 

an Board. Im speziellen Teil werden die 

wichtigsten Erkrankungen und Notfälle von 

der einfachen Seekrankheit bis zur Reanima-

tion und Intensivmedizin behandelt. Alles ist 

knapp, übersichtlich, aber auch vollständig 

und sehr verständlich ausgeführt. Das Buch 

ist sicher für alle Ärzte und Pflegeberufe, die 

sich für die Seefahrt interessieren, aber auch 

für Laien, die medizinische Vorkenntnisse 

besitzen, bestens geeignet.

Ich selber bin enttäuscht, dass ein so tolles 

und äußerst nützliches Buch erst jetzt 

erschienen ist und nicht während meiner 

eigenen Zeit als Schiffsarzt.

Dr. Klaus Weinzierl, Hamburg
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