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Heart Rhythm Disorders

Pulmonary Vein Antral Isolation Using an Open Irrigation
Ablation Catheter for the Treatment of Atrial Fibrillation
A Randomized Pilot Study

Mohamed H. Kanj, MD,* Oussama Wazni, MD,* Tamer Fahmy, MD, PHD,* Sergio Thal, MD,*
Dimpi Patel, MD,* Claude Elay, MD,* Luigi Di Biase, MD,*† Mauricio Arruda, MD,*
Walid Saliba, MD,* Robert A. Schweikert, MD,* Jennifer E. Cummings, MD,*
J. David Burkhardt, MD,* David O. Martin, MD,* Gemma Pelargonio, MD,‡
Antonio Dello Russo, MD,‡ Michela Casella, MD,‡ Pietro Santarelli, MD,§ Domenico Potenza, MD,�
Raffaele Fanelli, MD,� Raimondo Massaro, MD,� Giovanni Forleo, MD,� Andrea Natale, MD*

Cleveland, Ohio; and Varese, Rome, Campobasso, and San Giovanni Rotondo, Italy

Objectives We sought to test how catheter ablation using an open irrigation catheter (OIC) compares with standard cathe-
ters for pulmonary vein antrum isolation.

Background Open irrigation catheters have the advantage of delivering greater power without increasing the temperature of
the catheter tip, which enables deeper and wider lesions without the formation of coagulum on catheters.

Methods Catheter ablation was performed using an 8-mm catheter (8MC) or an OIC. Patients were randomized to 3
groups: 8MC; OIC-1, OIC with a higher peak power (50 W); and OIC-2, OIC with lower peak power (35 W).

Results A total of 180 patients were randomized to the 3 treatment strategies. Isolation of pulmonary vein antra was
achieved in all patients. The freedom from atrial fibrillation was significantly greater in the 8MC and OIC-1
groups compared with the OIC-2 group (78%, 82%, and 68%, respectively, p � 0.043). Fluoroscopy time was
lower in OIC-1 compared with OIC-2 and 8MC (28 � 1 min, 53 � 2 min, and 46 � 2 min, respectively, p � 0.001).
The mean left atrium instrumentation time was lower in the OIC-1 compared with the OIC-2 and 8MC groups (59 � 3
min, 90 � 5 min, and 88 � 4 min, respectively, p � 0.001). However, there was a greater incidence of “pops” in the
OIC-1 (100%, 0%, 0%, p � 0.001) along with higher incidences of pericardial effusion (20%, 0%, 0%, p � 0.001) and
gastrointestinal complaints (17% in OIC-1, 3% in 8MC, and 5% in OIC-2, p � 0.031).

Conclusions Although there was a decrease in fluoroscopy and left atrium instrumentation time with the use of OIC at
higher power, this setting was associated with increased cardiovascular and gastrointestinal complications.
(J Am Coll Cardiol 2007;49:1634–41) © 2007 by the American College of Cardiology Foundation

ublished by Elsevier Inc. doi:10.1016/j.jacc.2006.12.041
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adiofrequency (RF) catheter ablation has emerged in the
ast several years as an effective and curative approach for
atients with symptomatic atrial fibrillation (AF) that is
efractory to medical therapy (1–3). However, with current
echnology, this procedure is complex and time consuming,
equiring delivery of many ablation lesions in the left and
ight atria. Although this procedure traditionally has been
erformed using a 4- or 8-mm RF catheter, such a catheter
as many limitations, including coagulum formation and

nsufficient power delivery in areas of low blood flow.

rom the *Cleveland Clinic, Cleveland, Ohio; †University of Insubria, Varese, Italy;
Catholic University, Rome, Italy; §Catholic University, Campobasso, Italy; and
Casa Sollievo Della Sofferenza, San Giovanni Rotondo, Italy.
i
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006, accepted December 19, 2006.
Open irrigation catheters (OICs), however, are less likely
o encounter these limitations and have been shown to result
n larger lesion size and volume compared with traditional
F catheters (4–8), in part because of the prevention of

oagulum and char formation at the catheter-tissue inter-
ace, which in turn prevents elevation in impedance. Addi-
ionally, with greater irrigation rates, the effect of blood flow
n power delivery becomes minimal, making the OIC
ffective in both low and high blood flow areas (9). There
re multiple preset power and irrigation-rate settings that
re being used with OIC. These settings were mostly
ormed on the basis of in vivo and in vitro animal studies,
nd none was evaluated specifically for pulmonary vein (PV)
solation. We hypothesized that an OIC is superior to an
-mm catheter (8MC) to achieve pulmonary vein antrum

solation (PVAI) for catheter ablation of AF.
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ethods

his study was in compliance with human studies commit-
ees and animal welfare regulations of the authors’ institu-
ions and Food and Drug Administration guidelines. It was
erformed with the subjects’ written informed consent. The
tudy protocol was approved by the institution board review
ommittees in all centers involved.
tudy population. This was a multicenter study that en-
olled patients referred for PVAI. Patients between the ages
f 18 to 80 years with symptomatic AF who had failed at
east one antiarrhythmic medication were enrolled in the
rial. Patients with previous PVAI procedure or history of
sophageal or swallowing disorder were excluded from the
tudy. Patients were randomized using a computer-
enerated program to either a dual-sensor 8-mm tip Celsius
S (Biosense Webster, Diamond Bar, California), a

.5-mm ThermoCool open-irrigation tip catheter (Biosense
ebster) using a higher power (50 W) and higher irrigation

ow rate (30 ml/min; OIC-1) or a 3.5-mm ThermoCool
pen irrigation tip catheter using a lower power (35 W) and
ower irrigation flow rate (17 to 30 ml/min; OIC-2).
rossovers were permitted at the end of the procedure if

lectrical isolation of the PV antra could not be achieved
sing the assigned catheter.
VAI procedure. Four sheaths were placed: 1 in the right

nternal jugular vein, 1 in the left femoral vein, and 2 in the
ight femoral vein. A 20-polar catheter was placed from the
ight internal jugular vein into the coronary sinus with the
0 distal electrodes in the coronary sinus and 10 proximal
lectrodes positioned against the lateral wall of the right
trium. An Acunav intracardiac echocardiography (ICE)
atheter (Siemens Acuson, Mountain View, California) was
laced via the left femoral vein and was positioned in the
ight atrium. Via the right femoral vein, left atrial (LA)
nstrumentation was performed with double trans-septal
uncture using ICE and fluoroscopic guidance. Systemic
nticoagulation was initiated just before the first trans-septal
uncture, using intravenous heparin with a target activated
lotting time of approximately 400 s. A fixed-radius deca-
olar Biosense LASSO circular mapping catheter (Biosense

ebster) was used for mapping the PV antra. Ablation
long the PV antrum was performed until disappearance of
ocal PV potential. The end point of the procedure was
lectrical isolation of all PV antra. Entry block generally was
erified when no PV potentials could be recorded along the
ntrum or inside the PV by the circular mapping catheter.

hen present, electrical dissociation of the PV from the LA
lso was used to confirmed exit block. After isolation of all
PV antra, catheters were withdrawn to the right atrium.
otentials at the right atrium-superior vena cava junction
ere mapped and ablated if there was no phrenic nerve

apture during high-output pacing from these sites. At the
nd of the procedure, systemic anticoagulation was discon-
inued and partially reversed with intravenous protamine

efore the removal of vascular sheaths. r
ntraprocedure power titra-
ion. In the OIC group, an
sophageal temperature (ET)
robe was inserted before the be-
inning of the procedure. In the
ower-control mode, RF power
as initially set at either 30 W

OIC-1) or 10 W (OIC-2), with a
aximum temperature limit of

5°C. Power was then titrated by a
-W increase every few seconds up
o a maximum of 50 W (OIC-1)
r 35 W (OIC-2). The OIC was
rrigated using heparinized saline
nfusion (2,000 IU/l) at a rate of 30

l/min (OIC-1) or 17 to 30 ml/
in (OIC-2) during RF delivery

nd at 2 ml/min when idle in both groups. In the OIC-2
roup, the irrigation rate was increased from 17 to 30 ml once
ower delivery reached 30 W. The heparinized saline was
nfused using the Cool Flow pump (Biosense Webster). The
ower was titrated down when an elevation of ET occurred,
nd RF energy delivery was stopped if the ET reached 39°C or
f the ET continued to increase despite down-titration of the
F generator power (Figs. 1A and 1B).
In the 8MC group, the initial RF power was set at 30 W

nd a maximum temperature limit of 55°C using the
emperature control mode. The power was titrated up by
ncrements of 5 W every few seconds to a maximum of
0 W, while we searched for microbubble formation caused
y the ICE. Upon the detection of microbubbles, the power
as titrated down. If a sudden shower of microbubbles was
bserved, RF energy delivery was immediately turned off.
atients in the 8MC group had their ET monitored during

he PVAI procedure. Additionally, RF generator power
as titrated in a similar fashion compared with the OIC
roups as we searched for microbubble formation by ICE
Fig. 1C).
ollow-up. Oral anticoagulation therapy with warfarin was

esumed on the evening of the procedure and was continued
or at least 6 months. For some patients, warfarin was
ontinued indefinitely, particularly for patients with risk
actors who experienced recurrence of AF or if there was
evere (�70%) PV stenosis demonstrated by cardiac com-
uted tomography (CT) scan performed routinely at the
-month follow-up evaluation after ablation. Antiarrhyth-
ics, Singh Vaghan Williams classes IC and III (sotalol and

ofetilide) were given and continued for a 2-month period.
e used a 2-month blanking period in which episodes of

F within that time period were not considered procedure
ailures. Patients with recurrent AF during this 2-month
eriod were offered electrical direct-current cardioversion.
atients with recurrent AF after the 2-month period were

dentified as procedural failure.
Patients were monitored with a 24-h ambulatory Holter

Abbreviations
and Acronyms

AF � atrial fibrillation

ET � esophageal
temperature

ICE � intracardiac
echocardiography

LA � left atrium

OIC � open irrigation
catheter

PV � pulmonary vein

PVAI � pulmonary vein
antrum isolation

RF � radiofrequency

8MC � 8-mm catheter
ecording before discharge. Upon d
ischarge, an arrhythmia
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ransmitter was used to monitor events during the first 6
onths. During the monitoring period, patients were

sked to transmit when they experienced symptoms as

Figure 1 Power Titration in the 3 Catheter Groups

(A) Open irrigation catheter using higher power (50 W), (B) open irrigation
catheter using lower power (35 W), and (C) 8-mm catheter groups. ET �

esophageal temperature; ICE � intracardiac echocardiography.
ell as at weekly intervals, even if they were asymptom- e
tic. Additional event recorder monitoring was obtained
eyond the 6-month period to confirm freedom from AF.
dditionally, information from implanted devices was
sed, when available, to document arrhythmia recurrence.
reedom from AF (procedural clinical success) was de-
ned as absence of documented atrial arrhythmias off
ntiarrhythmics, excluding beta-blockers and calcium
hannel blockers.
sophagoscopy. Patients who developed new symptoms of
dynophagia or dysphagia underwent a chest CT and if the
can was normal they underwent an esophago-gastro-
uodenoscopy (EGD).
tudy end point. The primary end point of the study was

reedom of atrial arrhythmias at 6 months. Secondary end
oints included: 1) Electrical isolation of all PV antra at the
nd of the procedure. 2) Fluoroscopy time, which was
efined as the fluoroscopy time needed to perform the RF
blation portion of the procedure. This time excludes
uoroscopy time needed to perform the 2 trans-septal
unctures. 3) Left atrial instrumentation time, defined as
he total time during which there were catheters in the LA.
) Duration of ablation along the esophagus, which was
ssessed and evaluated with ICE. 5) Complications, which
ould be in the form of cerebrovascular (thromboembolic or
emorrhagic), cardiovascular (cardiac perforation, tampon-
de), or gastrointestinal. 6) In patients who had their ET
onitored, the maximum ET, incidences of ET elevation,

ostablation increase in ET and time needed for ET to
eturn to within 1°C of baseline temperature were compared
etween the 3 groups.
tatistical analysis. Statistical analysis was performed us-

ng SPSS for Windows Version 13.0 (SPSS Inc., Chicago,
llinois). Continuous variables were expressed as mean �
tandard error of the mean. Continuous variables of the 3
roups were compared using analysis of variance. Differ-
nces between each 2 groups were compared using post-hoc
onferroni analysis. Categorical variables were expressed as
ercentages and were compared with the chi-square test.
omparisons between 2 groups were made with the Fisher

xact test. Correlation coefficients between ET and catheter/
enerator parameters were performed by using simple linear
egression analysis. A p value of �0.05 was considered
tatistically significant.

esults

he study was performed at 4 centers. A total of 180
atients were randomized to this study: 59 in the 8MC
roup, 61 in the OIC-1 group, and 60 in the OIC-2 group.
ll patients were followed for a period of at least 6 months,
ith a mean follow-up of 9 months. There was no statisti-

ally significant difference in patient characteristics or anti-
rrhythmic drug use between these groups (Table 1). There
ere no incidences of crossover between the groups.
tudy outcomes. Procedural success, defined as PV antrum

lectrical isolation, was achieved in all of the patients at the
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nd of the procedure using the assigned catheter. The
reedom from AF or any other atrial arrhythmia at 6 months
as significantly greater in the OIC-1 and 8MC groups

ompared with the OIC-2 group (78% in 8MC, 82% in
IC-1, and 68% in OIC-2 groups, respectively, p � 0.043)

Fig. 2).
ime intervals. The mean fluoroscopy time required for
VAI was significantly lower in the OIC-1 group compared
ith OIC-2 and 8MC groups (28 � 1 min, 53 � 2 min,
6 � 2 min, p � 0.001). Additionally, the mean LA
nstrumentation time was significantly lower in the OIC-1
ompared with OIC-2 and 8MC groups (59 � 3 min, 90 �
min, 88 � 4 min, p � 0.001). Duration of ablation along

he esophagus was significantly decreased in OIC-1 and
IC-2 groups compared with 8MC group (3.29, 3.31, and

.29 min, respectively, p � 0.001) (Fig. 3).
omplications. There was one transient ischemic attack in

he OIC-1 group; it occurred on the day of the procedure.
here were no additional cerebrovascular events during

ollow-up any of the groups. In no patient was coagulum
ormation detected using either type of catheter. During
blation, pops were heard in all patients in the OIC-1
roup. There was a mean of 1.3 pops heard per patient (Fig.
A). Although OICs generate echogenic microbubbles as
he result of saline infusion, there was a significant increase
n microbubble density detected by ICE coinciding with
op formation. No pops were experienced in either the
MC or OIC-2 groups (p � 0.001), After a pop was heard,
e checked the cardiac silhouette by using fluoroscopy, and
e screened the pericardial space by using ICE to look for
ericardial effusions.
Pericardial effusion complicated 20% of the procedures

erformed in the OIC-1 and none of the OIC-2 and 8MC
roups (p � 0.001). Screening for pericardial effusion was
erformed with ICE during the ablation procedure. Once
oted, a more detailed examination was performed with

atient Characteristics

Table 1 Patient Characteristics

8MC OIC-1 OIC-2

Mean age (yrs) 59 59 62

Gender

Male 45 51 49

Female 14 10 11

Mean LA size (cm) 4.3 4.0 4.4

Mean LVEF (%) 53 54 54

Cardiac surgery

ASD repair 0 1 0

MVR or repair 4 3 2

ASD repair and MVR 0 1 1

Mean duration of AF (yrs) 6 6 6

Permanent AF 8 8 9

Prior typical atrial flutter ablation 3 4 2

MC � 8-mm catheter; AF � atrial fibrillation; ASD � atrial septal defect; LA � left atrium; LVEF �

eft ventricular ejection fraction; MVR � mitral valve replacement; OIC-1 � open irrigation catheter
ith a higher peak power (50 W); OIC-2 � open irrigation catheter with a lower peak power (35 W).
ransthoracic transducers if needed. All patients had a
horough ICE procedure performed at the end of the
blation procedure. Two of the pericardial effusions were
emodynamically significant and required emergency peri-
ardiocentesis (Fig. 4B). Small-to-moderate pericardial ef-
usions with no hemodynamic significance were observed
ith a next day follow-up transthoracic echocardiogram.
arfarin was restarted if there is no increase in the size of

he effusion. Two patients in the OIC-1 group developed
eriprocedural pulmonary edema requiring intravenous di-
retic therapy (Fig. 4C).
Eleven patients (17%) in the OIC-1 group reported new

ymptoms of odynophagia or dysphagia within the first 3
eeks after the procedure; however, only 2 patients (3%) in the
MC group and 3 patients (5%) in the OIC-2 developed these
ymptoms. (p � 0.03). Chest CT followed by an EGD was
erformed in all of these patients. Four patients in the OIC-1
roup had evidence of focal areas of erythema along the
nterior wall of the esophagus. None of the patients in the
MC or the OIC-2 groups had any evidence of esophageal
rythema. There were no signs of necrosis or bleeding in any
roup (Fig. 4D). None of the patients developed atrioesopha-
eal fistula. A routine cardiac CT performed 3 months after
he procedure demonstrated absence of significant (�50%)
ulmonary vein stenosis in all groups.
sophageal temperature recordings. Patients in the
IC-1 group had a greater incidence of ET elevation

ompared with the OIC-2 and 8MC groups (94%, 60%,

Figure 2 Short- and Long-Term Procedural Success

Success was defined as (A) pulmonary vein antrum isolation and (B) freedom
of any atrial arrhythmias at 6 months. 8MC � 8-mm catheter; OIC-1 � 3.5-mm
open irrigation tip catheter using a higher power and higher irrigation flow rate;
OIC-2 � 3.5-mm ThermoCool open irrigation tip catheter using a lower power
and lower irrigation flow rate; PVAI � pulmonary vein antrum isolation.
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0%, respectively, p � 0.02). The maximal ET recorded
lso was greater in the OIC-1 group compared with OIC-2
nd 8MC groups (40.2 � 1°C, 38.3 � 1°C, and 38.6 �
°C, respectively, p � 0.001). The continuation of temper-
ture increase after termination of RF energy application
as significantly greater in the OIC-1 and 8MC groups

ompared with the OIC-2 group (1.42°C, 1.24°C, 0.64°C,
espectively, p � 0.004). In the OIC-1 group, the average
ime for the ET temperature to return to baseline after
ermination of RF power delivery was significantly longer in
he OIC-1 compared with OIC-2 and 8MC groups (39 �

s, 18 � 2 s, 13 � 1 s, p � 0.001) (Fig. 5).
In the OIC groups (OIC-1 and OIC-2), there was an

verage of 3 ET elevations per patient. This ET elevation
ccurred during isolation of the posterior aspect of the right
nd left posterior PV antrum. There was no correlation
etween ET and catheter tip temperature (mean � 38.2 �
.3°C, r2 � 0.2, p � NS), power (46 �1 W, r2 � 0.26, p �
S), or impedance (93 � 2 Ohms, r2 � 0.08, p � NS).
In the OIC-1 group, titrating down the power was usually

nsuccessful in promptly reducing the ET to �38° C. How-
ver, in this group the ET elevation occurred when the
enerator settings were at a power of �35 W. Ninety percent

Figure 3 Time Intervals

(A) Fluoroscopy time, (B) left atrial (LA) instrumentation time, and (C) ablation
along the esophagus time in the 3 study groups. Abbreviations as in Figure 2.
f the ET elevation occurred with generator power �40 W. t
iscussion

his study tested the 3 commonly used catheter/energy-
elivery strategies of electrical isolation of the pulmonary
ein antra: the 8MC and 2 power delivery settings for the
IC. We did not test the 4-mm standard catheter because

f its significant limitation of power delivery in areas of low
lood flow, although some centers reported an excellent
uccess rate with its use (10).

Short-term follow up during a period of 6 months
howed a lower success rate in the lower power-lower
rrigation rate group (OIC-2). This result may imply that
igher power delivery is needed for effective lesion forma-
ion and subsequently clinical success. However, there was
o difference between higher power/higher irrigation rate
roup (OIC-1) and the 8MC group. Thus power may not
e the only determinant of effective lesion formation;
nstead, other factors like catheter stability to insure ade-
uate catheter-tissue contact may be important as well.
Although the PVAI procedure performed using either

atheter was effective in isolating pulmonary vein antra, the
igher power/higher irrigation group (OIC-1) had less
adiation exposure to the patient and operator. On average,
his would result in a saving of 60 rads to the patient. In
ddition, saving approximately 20 min of fluoroscopy per
rocedure could translate to a significant reduction in
adiation exposure to the operator. Thus, the use of OIC at
igh power and irrigation rate could substantially impact
adiation safety.

Left atrial instrumentation time, which was reduced in
he higher power/higher irrigation rate group (OIC-1), may
heoretically correlate with reduction of thrombotic and
emorrhagic complications. Thrombotic complications
enerally occur as a result of the presence of the ablation
ystem in the LA, and hemorrhagic complications generally
ccur resulting from the use of systemic anticoagulation
uring the procedure. It is reasonable to consider that a
ecrease in LA instrumentation time may translate into
avorable clinical outcomes with a reduction in these com-
lications. Additionally, the decrease in the LA instrumen-
ation time may translate into a decrease in total procedure
ime, which could lessen the risks of conscious sedation.

owever, a recent study by Dixit et al. (11) reported that
-mm tip achieved PV isolation in lesser time as compared
ith a closed irrigated (cooled-tip) catheter. It was sug-
ested that this effect was mitigated by the use of electro-
natomic mapping systems.

Despite the fact that the higher power/higher irrigation
ate group (OIC-1) had a shorter duration of ablation along
he esophagus, this did not translate into clinical benefit
ompared to the use of the 8MC. Indeed, there were more
requent and greater ET increases along with increased
ncidences of gastrointestinal symptoms and gross abnor-

alities detected by EGD. With the OIC, the depth of the
irect resistive heating is significantly increased, which in

urn increases the area of the effective heat source, resulting
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n higher power and temperature delivery. These factors will
ot only result in a larger lesion but may potentially increase
he likelihood of collateral damage to adjacent structures
ecause of higher thermal latency (prolonged ET elevation
fter ablation) (Fig. 5E).

Additionally, because the peak tissue temperature while
sing an OIC is approximately 2 to 5 mm less than the
ndocardial surface, there is a risk of intramural supra-
oiling temperatures and pops (4). All patients in the higher
ower/higher irrigation rate group (OIC-1) had at least one
ccurrence of pop. In 2 patients, pops were complicated by
cute pericardial effusion with cardiac tamponade, necessitating
mergency pericardiocentesis. The mechanism of the major-
ty of the pericardial effusions remains unclear. The majority
f effusions were mild, slowly accumulating, and not hemo-
ynamically significant. Similarly, even the larger effusions
equiring pericardiocentesis did not reaccumulate despite
eparin and subsequent oral anticoagulation therapy. In this
ubgroup, the mechanism of effusion may be severe inflam-
ation due tissue injury causing a diffuse inflammatory

tate.
The posterior wall of the LA represents a vulnerable area

or possible complications during AF catheter ablation. Not
nly it is the thinnest part of the LA, but it lies in close

Figure 4 Periprocedural Complications

(A) Incidence of pops during ablation, (B) pericardial effusion, (C) pulmonary edem
roximity to the esophagus as well (12). The use of c
igher-power delivery settings (OIC-1) in this area might
ave been the reason after the increased incidence of
omplications observed with OIC-1 group. It is possible
hat the use of lower-energy delivery settings in this area
ight have prevented both cardiac and esophageal

omplications.
The increased incidence of complications observed with

he use of OIC at higher power and higher irrigation rate
ay be due to the limited effectiveness of ICE to monitor

or excessive energy delivery to the tissue. It has been
emonstrated that monitoring for intracardiac microbubble
ormation by ICE is an effective method to titrate energy
elivery with the use of an 8-mm RF catheter for avoidance
f excessive tissue heating (13,14). However, when using an
IC, the agitated saline droplets exiting the tiny catheter

rifices at high velocity causes echogenic microbubble for-
ation compromising the use of ICE for monitoring tissue

verheating.
Two patients in OIC-1 group developed pulmonary edema

equiring intravenous diuretic therapy. One patient had mod-
rate left ventricular systolic dysfunction; however, the other
atient had no history of structural heart disease. Both patients
eceived more than 3 l of intravenous fluids during the
rocedure. Subsequently, during the course of this study with

d (D) gastrointestinal complaints. Abbreviations as in Figure 2.
a, an
loser attention to fluid balance and with administration of
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iuretics, particularly for patients with a history of systolic
ysfunction, this complication was no longer encountered.
tudy limitations. Our study is a randomized pilot one

hat was designed to study the safety and acute and
ubacute procedural success of PV antrum isolation
erformed using open irrigation catheters compared to

Figure 5 Esophageal Temperature Elevation in the 3 Study Gro

(A) Incidence of ET elevation (%), (B) distribution of ET elevation, (C) postablation
to baseline postablation, and (E) postablation ET tracings. RF � radiofrequency; o
-mm standard catheter. Thus, it has all the limitations a
nherent to a pilot study, including smaller sample size
nd selection bias.

onclusions

espite evidence of improvement in LA instrumentation

ET, (D) time for ET to return
bbreviations as in Figures 1 and 2.
ups

rise in
ther a
nd fluoroscopy time, the use of OIC at a higher power and



h
c
n
p
t
r
g
l
m

R
S
A
C
4

R

1

1

1

1

1

1641JACC Vol. 49, No. 15, 2007 Kanj et al.
April 17, 2007:1634–41 Open Irrigation Catheters in Pulmonary Vein Isolation
igher irrigation rate was associated with increased rates of
omplications. However, because of the nonhomogeneous
ature of the LA with respect to wall thickness, one could
ostulate that a modified approach using shorter RF pulsa-
ile applications as well as lower power and lower irrigation
ates at some LA locations, such as the posterior wall, and
reater power and higher irrigation rates at other LA
ocations, such as the anterior, roof and septal structures

ight prove to be an effective alternative strategy.
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