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ABSTRACT
Background: Cavotricuspid isthmus (CTI) ablation requires permanent
bidirectional block to prevent recurrence of typical atrial flutter (AFL).
Catheter irrigation with half-normal saline (HNS) produces larger and
deeper lesions in experimental models compared with normal saline
(NS). This study was performed to compare the clinical efficacy and
safety of HNS vs NS irrigation for typical AFL ablation.
Methods: Sixty patients undergoing catheter ablation of typical AFL
were randomized 1:1 to NS or HNS irrigation. Endpoints included time
to CTI block, acute reconnection, incidence of steam pops, and
recurrence of AFL during follow-up.
Results: Baseline characteristics were comparable between both
arms. The mean age of the patients was 68.5 � 8.2 years, 20% were
female, and 32% had atrial fibrillation before being enrolled. Bidirec-
tional CTI block was obtained in all patients with no difference in time
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R�ESUM�E
Contexte : Pour pr�evenir la r�ecurrence d’un flutter auriculaire (flutter)
typique, l’ablation de l’isthme cavotricuspidien exige un bloc de con-
duction bidirectionnel permanent. Dans des modèles exp�erimentaux,
l’irrigation par cath�eter au moyen d’un solut�e demi-salin produit des
l�esions plus larges et plus profondes, comparativement à un solut�e
physiologique salin. La pr�esente �etude a �et�e r�ealis�ee dans le but
de comparer l’efficacit�e clinique et l’innocuit�e de l’irrigation au
moyen d’un solut�e demi-salin à celles de l’irrigation par un solut�e
physiologique salin dans les cas d’ablation d’un flutter.
M�ethodologie : Soixante patients soumis à une ablation d’un flutter
typique par cath�eter ont �et�e r�epartis au hasard dans un rapport de 1:1
en deux groupes d’irrigation, soit par solut�e demi-salin, soit par solut�e
physiologique salin. Les critères d’�evaluation de l’�etude �etaient les
suivants : temps �ecoul�e jusqu’au bloc de l’isthme cavotricuspidien,
Typical atrial flutter (AFL) is a common supraventricular
arrhythmia with a re-entrant circuit localized to the right
atrium. It has a critical area of slow conduction in the cavo-
tricuspid isthmus (CTI), which is also the narrowest part of
the circuit, located between the tricuspid valve anteriorly and
the inferior vena cava posteriorly.1,2

Because of its well-defined anatomic substrate for catheter
ablation, high rate of procedural success, low risk of compli-
cations, and relative resistance to antiarrhythmic therapy,
catheter ablation of CTI-dependent AFL is considered a first
line therapy.3,4 The principle of catheter ablation is to create
an effective and durable transmural lesion in the isthmus,
demonstrated by bidirectional conduction block. Despite a
high acute success rate of 90% to 98%, up to 10% of patients
have a long-term recurrence.3,5,6 An effective radiofrequency
(RF) ablation lesion depends on many variables such as RF
power, contact force, delivery time, and type of catheter
(irrigated vs not irrigated). The type of irrigant solution may
also influence the RF efficacy. Previous ex vivo and in vivo
studies have demonstrated that the use of half normal saline
(HNS) produces deeper and larger lesions.7,8 In the last few
years, HNS used by open irrigated RF catheter has been
compared with standard normal saline (NS) in different
ablation scenarios.9,10 The purpose of this study was to
determine the safety and efficacy of HNS irrigation for abla-
tion of CTI-dependent AFL and to see if long-term rates of
recurrence were lower with this technique.
Methods
This single-centre double-blind randomized clinical study

included 60 patients with documented typical AFL who were
referred for CTI ablation between January 2018 and
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to CTI block between groups (6.4 � 4.4 minutes vs 7.6 � 4.5 minutes,
respectively; P ¼ 0.15). There was a trend to less acute reconnection in
the HNS group compared with NS (13.3% vs 26.6%; P ¼ 0.46). Steam
pops occurred in 4 patients using HNS vs none in the NS group, but no
major complications were observed. During the follow-up, rate of AFL
recurrence was similar between groups (6.7% with HNS vs 10% with
NS; P ¼ 0.5). There was no difference in time to recurrence (7.6 � 6.9
vs 4.9 � 4.5 months; P ¼ 0.6).
Conclusions: In this small pilot randomized controlled trial, there was
no significant difference between HNS and NS for CTI ablation; how-
ever, HNS may increase the incidence of steam pops.

reconnexion aiguë, jet de vapeur sonore (steam pop) et r�ecidive de
flutter durant le suivi.
R�esultats : Les caract�eristiques initiales �etaient comparables dans les
deux groupes. Les patients avaient une moyenne d’âge de 68,5 � 8,2
ans, 20 % �etaient des femmes et 32 % pr�esentaient une fibrillation
auriculaire avant leur admission à l’�etude. Un bloc bidirectionnel dans
l’isthme cavotricuspidien a �et�e obtenu chez tous les patients, sans
diff�erence entre les groupes en ce qui a trait au temps �ecoul�e jusqu’à
l’obtention du bloc isthmique (6,4 � 4,4 minutes vs 7,6 � 4,5 mi-
nutes, respectivement; p ¼ 0,15). Une tendance vers un nombre plus
faible de cas de reconnexion aiguë a �et�e not�ee dans le groupe d’irri-
gation par solut�e demi-salin, comparativement au solut�e physiologique
salin (13,3 % vs 26,6 %; p¼ 0,46). Un jet de vapeur sonore est survenu
chez 4 patients recevant un solut�e demi-salin contre aucun dans le
groupe sous solut�e physiologique salin, mais aucune complication
importante n’a �et�e relev�ee. Durant le suivi, le taux de r�ecidive de flutter
a �et�e similaire dans les deux groupes (6,7 % sous solut�e demi-salin vs
10 % sous solut�e physiologique salin; p ¼ 0,5). Aucune diff�erence n’a
�et�e not�ee pour ce qui est du temps �ecoul�e jusqu’à la survenue d’une
r�ecidive (7,6 � 6,9 vs 4,9 � 4,5 mois; p ¼ 0,6).
Conclusions : Dans cette petite �etude pilote contrôl�ee et avec
r�epartition al�eatoire, aucune diff�erence significative n’a �et�e observ�ee
entre le solut�e demi-salin et le solut�e physiologique salin pour l’abla-
tion de l’isthme; toutefois, le solut�e demi-salin augmenterait la
fr�equence des cas de jet de vapeur sonore.
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September 2019 at Kingston Health Science Centre (KHSC).
Randomization was performed using random number gener-
ation (from 0-60) for irrigant solution and ablation slot.
Consecutive patients meeting inclusion criteria then under-
went ablation according to the predetermined randomized
schedule known only to the study coordinator. Blinding of the
operator was maintained through fluid preparation outside of
the procedure room by the circulating nurse’s use of opaque
bags covering the irrigant during the cases. The study was
approved by the institutional Health Sciences Research Ethics
Board.

Patients were eligible if they met all of the inclusion criteria:
age�18 years, documented typical AFL, and ability to provide
informed consent. Patients were excluded if they met any of
the exclusion criteria: previous CTI ablation, presence of left
atrial thrombus, or inability to provide consent.

Eligible patients were randomly assigned to HNS (0.45%
sodium chloride [NaCl] concentration) or NS (0.9% NaCl
concentration) as a catheter ablation irrigant solution. Both
patient and operator were blinded to the irrigant solution. The
primary endpoints were acute and long-term ablation efficacy
and acute procedural safety. Secondary endpoints included
number of lesions, duration of ablation, and time to
recurrence.

Procedures were performed under conscious sedation,
guided by 3-dimensional (3D) electroanatomic mapping
(NavX Ensite Precision, Abbott, St Paul, MN) using an open
irrigated 4-mm contact-force RF ablation catheter (Tacticath
SE, Abbott). In some cases, a deflectable sheath (Agillis,
Abbott) was used at the operator’s discretion. A fast anatomic
map was created before ablation to characterize the CTI
anatomy. In those patients presenting in AFL, entrainment
manoeuvres were conducted to confirm a CTI-dependent
mechanism. Patients in sinus rhythm had differential pacing
from proximal coronary sinus and lateral right atrium for pre-
and postablation comparison.

Catheter ablation was delivered by operator preference
using anatomic or maximum voltage-guided method,5 in a
point-by-point fashion with 40-second lesions at a power of
30 watts and a contact force of at least 10 g. Radiofrequency
delivery was interrupted before 40 seconds if any of the
following occurred: impedance drop > 30 Ohms, impedance
rise > 10 Ohms, temperature rise > 42� C, or steam-pop.
After each ablation lesion, local electrograms were assessed
for CTI block. This was confirmed by double potentials
separated by an isoelectric line measuring � 110 ms and ev-
idence of bidirectional block using differential pacing from
proximal coronary sinus and the CTI lateral to the ablation
line. Activation and propagation map during proximal coro-
nary sinus pacing was also performed to show the line of
block. Once bidirectional block was achieved, a 30-minute
waiting period was started, during which differential pacing
was performed to confirm the durability of bidirectional
block. If, during that period, a reconnection was observed,
ablation was resumed until block was achieved and a new
waiting period was started.

After ablation, patients were monitored in hospital for at
least 4 hours before discharge. Bedside echocardiography was
performed to rule out pericardial effusion. After discharge,
patients were followed-up for at least 1 year with clinic visits at
3, 6, and 12 months to detect recurrence of AFL, incidence of
atrial fibrillation (AF), and to monitor for any complications.
For arrhythmia surveillance, a 12-lead electrocardiogram
(ECG) and 24-hour Holter monitor were performed at each
visit. Antiarrhythmic drugs were discontinued unless they
were deemed necessary because of coexisting AF.

Statistical analysis was conducted using Stata 13.0 software
(StataCorp, College Station, TX). Continuous data with a



Table 1. Baseline characteristics of study population

Characteristic HNS group NS group

Randomized subjects (n) 30 30
Age (years) 68.9 � 7.0 68.0 � 9.4
Female (n) 8 (26.6) 4 (13.3)
Comorbidities

Hypertension 19 (63.3) 18 (60)
Type II diabetes 12 (40) 6 (20)
Sleep apnea 11 (36.6) 10 (33.3)
Chronic heart failure 7 (23.3) 4 (13.3)
Chronic kidney disease 3 (10) 2 (6.6)
History of CVA or TIA 2 (6.6) 1 (3.3)

CHA2DS2-VASc score 3.0 � 1.6 2.4 � 1.4
BMI (kg/m2) 31.1 � 6.5 30.5 � 4.8
Echocardiogram parameters

LVEF (%), mean � SD 54.5 � 14.5 56.8 � 14.3
LA diameter (mm) 40.8 � 6.8 40.9 � 6.0
LA indexed volume (mL/m2) 39.2 � 6.2 38.9 � 10.7
RA volume (mL/m2) 28 � 6.2 27.5 � 7.9

Antiarrhythmic drugs treatment
Beta blockers 21 (70) 19 (63.3)
Amiodarone 10 (33.3) 9 (30)
Calcium channel blockers 6 (20) 6 (20)
Digoxin 2 (6.6) 2 (6.6)
Sotalol 3 (10) 1 (3.3)
IC antiarrhythmic drugs 2 (6.7) 0 (0)
Dronedarone 0 (0) 1 (3.3)

Values are presented as mean � SD, median, or as n (%). P value by
Fisher’s exact test for categorical variables and for continuous variables;
Student’s t-test for equal variances and unequal variances, as appropriate.

BMI, body mass index; CHAD2DS2-VASc, Congestive Heart Failure,
Hypertension, Age [� 75 Years] [doubled], Diabetes Mellitus, Stroke
[doubled], Vascular Disease, Age [65-74] Years, Sex Category [Female]; CVA,
cerebrovascular accident; HNS, half-normal saline; LA, left atrium; LVEF, left
ventricular ejection fraction; NS, normal saline; RA, right atrium; SD, stan-
dard deviation; TIA, transient ischemic attack.

Table 2. Analysis of intraoperative results and complications in both
arms of the study

Characteristic
HNS group
(n ¼ 30)

NS group
(n ¼ 30) P value

Ablation lesion parameters
CF (g) 12.0 � 3.2 12.3 � 3.0 0.72
LSI 5.3 � 0.63 5.4 � 0.68 0.27
FTI (gs) 425.2 � 116.4 430.3 � 128.6 0.87
Time to CTI block (min) 6.4 � 4.4 7.6 � 4.5 0.15
Number of lesions (n) 12.2 � 7.8 16.7 � 9.4 0.02

Procedure outcomes
Bidirectional block 30 (100) 30 (100) 1.0
Acute reconnection 4 (13.3) 8 (26.6) 0.46

Annular region 0 (0) 2 (6.6) 0.26
Middle region 3 (10) 5 (16.6) 0.38
Caval region 1 (3.3) 1 (3.3) 0.75

Procedure time (min) 105.6 � 22.7 117.5 � 39.4 0.15
Acute complications
Steam pop 4 (13.3) 0 (0) 0.06
Pericardial effusion 0 (0) 0 (0) 1.0

Values are presented as mean � SD, median, or as n (%). P value by
Fisher’s exact test for categorical variables and for continuous variables;
Student’s t-test for equal variances and unequal variances, as appropriate.

CF, contact force; CTI, cavotricuspid isthmus FTI, force-time integral;
HNS, half-normal saline; LSI, lesion size index; NS, normal saline; SD,
standard deviation.
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normal distribution were presented as mean � standard de-
viation and were compared using Student’s t-test for equal
variances and unequal variances, as appropriate. Categorical
variables were expressed as frequencies and were compared
using the Fisher’s exact test. Differences between the groups in
terms of time to AFL recurrences were depicted with Kaplan-
Meier curves, compared using P value by log-rank test, and
the hazard ratios were tested with Mantel-Cox regression log-
rank test. A P value < 0.05 was considered statistically
significant.
Results
Sixty-patients were enrolled in the study and randomized

1:1 to HNS or NS. Baseline characteristics are summarized in
Table 1. The patients were comparable between both arms;
the mean age was 68.5 � 8.2 years, and 20% were female. AF
was documented in 31.7% of patients before enrollment. The
mean CHAD2DS2-VASc (Congestive Heart Failure, Hyper-
tension, Age [� 75 Years] [doubled], Diabetes Mellitus,
Stroke [doubled], Vascular Disease, Age [65-74] Years, Sex
Category [Female]) score was 2.7 � 1.5 points. Baseline
echocardiographic characteristics did not differ between
groups with respect to atrial size or left ventricular (LV)
function.

The presenting rhythm at the time of CTI ablation was
sinus rhythm in 46.6% and typical AFL in 53.4% of patients.
Ninety percent of patients were on medical therapy with
aortic valve (AV) nodal blocking agents or antiarrhythmic
drugs, with 41.6% on more than 2 medications. The most
frequently used medications were beta blockers in 66.6%,
amiodarone in 31.6%, calcium channel blockers in 20%,
digoxin in 6.7%, sotalol in 6.7%, class IC antiarrhythmic
drugs in 3.3%, and dronedarone in 1.7%.

The analysis of intraoperative results and outcomes are
presented in Table 2. The average CTI length was 31.2 � 5.4
mm, and bidirectional CTI block was achieved with ablation
in all patients. There was a trend to shorter ablation time to
achieve bidirectional CTI block in the HNS group compared
with the NS group, but it was not statistically significant (6.4
� 4.4 minutes vs 7.6 � 4.5 minutes, respectively; P ¼ 0.15).
The impedance drop during ablation was higher in the HNS
group (26.7 � 7.3 vs 23.1 � 4.3 Ohms, respectively; P ¼
0.02), whereas the overall number of RF lesions was lower
with HNS (12.2 � 7.8 vs 16.7 � 9.4, respectively; P ¼ 0.02).
Use of deflectable sheath was similar between groups: used in
19 cases with HNS compared with 15 cases of NS (P ¼ 0.42).
In both groups, the time to block and number of radio-
frequency lesions were reduced when a maximum voltage-
guided technique was used (Fig. 1). There was 50% less
acute reconnection in HNS group compared with NS, but
this was not statistically significant (13.3% vs 26.6%,
respectively; P ¼ 0.46). Acute reconnections were more
frequent in the middle CTI region in both groups (10% HNS
group vs 16.6% NS group; P ¼ 0.38). There were 4 steam
pops in the HNS group: 2 at the middle CTI region and 2 at
the caval CTI region, and none in the NS group (13.3% vs
0%, respectively; P ¼ 0.06); however, no pericardial effusions
were observed.

The outcomes during the follow-up showed similar acute
and long-term efficacy and safety despite a higher steam pop
rate, which was not related to major complications (Table 3).
During the follow-up, 13.3% of the patients in both arms
remained on single antiarrhythmic drug treatment, used as a



Figure 1. Comparison of ablation parameters among HNS vs NS arms, according to the ablation technique. (A) Time to block and (B) number of RF
lesions. P value for continuous variables, using Student’s t-test for equal variances. CTI, cavotricuspid isthmus; HNS, half normal saline; MVG,
maximum voltage guided; NS, normal saline; RF, radiofrequency.
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rhythm control strategy in patients with concomitant atrial
fibrillation.

During a mean follow up time of 35 months, there were
no significant differences in recurrence of AFL between the
HNS and NS arms (Fig. 2). Two patients in the HNS group
and 3 patients in the NS group had recurrence of typical AFL
(6.7% vs 10%, respectively; P ¼ 0.5). One additional patient
in the HNS group came back with an atypical left-sided AFL,
and long-term reconnection of the CTI was documented. In
addition, the time to recurrence in the HNS and NS arms was
not significantly different (7.6 � 6.9 months vs 4.9 � 4.5
months, respectively; P ¼ 0.6). No deaths were observed
during follow-up.
Discussion
To our knowledge this is the first randomized study

comparing HNS with NS as irrigant solution for ablation of
typical AFL. Our study shows that ablation using HNS
required fewer lesions to achieve CTI block but did not
translate into better acute or long-term success and was
associated with a trend toward more steam pops.

Use of low-ionic irrigant solutions such as HNS or 5%
dextrose increases the impedance surrounding the tissue-
catheter interface, reducing current dispersion to the sur-
rounding environment and increasing RF current delivery to
the tissue. In experimental models, RF ablation using HNS
compared with standard ablation increases the lesion volume
by 25% to 30% and the lesion depth by 10% to 12%.7
Table 3. Analysis of outcomes during the follow-up period

Characteristic
HNS group
(n ¼ 30)

NS group
(n ¼ 30) P value

Atrial flutter recurrence 2 (6.7) 3 (10) 0.5
Time to recurrence (months) 7.56 � 6.9 4.9 � 4.5 0.6
Incidence of atrial fibrillation 5 (16.5) 3 (10) 0.4
Discontinue antiarrhythmic drug 9 (30) 9 (30) 1.0
Cardiovascular death 0 (0) 0 (0) 1.0
Global mortality 2 (6.7) 1 (3.3) 1.0

Values are presented as mean � SD, median, or as n (%). P value by
Fisher’s exact test for categorical variables and for continuous variables.
Student’s t-test for equal variances and unequal variances, as appropriate.

HNS, half-normal saline; NS, normal saline; SD, standard deviation.
HNS-irrigated ablation has proved to be beneficial in
certain clinical scenarios, particularly for ventricular arrhyth-
mias when standard ablation with NS is ineffective. A mul-
ticentre series including 94 cases of ventricular tachycardia or
premature ventricular complexes refractory to standard abla-
tion showed that HNS-irrigated ablation resulted in 83%
acute success.10 More than one-half of these cases involved the
interventricular septum or LV summit, whereas the remainder
originated from the papillary muscles (13%), LV free wall
(15%), or right ventricle (16%). In another study including
31 patients with outflow tract arrhythmias and initially failed
RF ablation, the use of HNS provided an additional success
rate of 68%.11 The incremental benefit of HNS in these cases
is likely explained by an intramural origin of some ventricular
arrhythmias, which require deeper lesion formation to reach
the arrhythmogenic foci.

The benefits of HNS irrigation for treatment of atrial ar-
rhythmias are less clear. A randomized trial of patients with
AF undergoing first-time catheter ablation (n ¼ 99) showed
that irrigation with HNS was associated with shorter RF times
but no significant difference with respect to total procedure
duration or recurrence of atrial arrhythmias during follow-up.9

The overall rate of complications was low and comparable
between the 2 arms.

Our results suggest that routine use of HNS irrigation is
not warranted in most ablations of typical AFL. Considering
the thickness of the CTI (3-6 mm),12 lesion transmurality is
achieved in most cases with standard NS ablation, whereas the
challenges to achieve CTI block have more to do with
anatomic obstacles (prominent Eustachian ridge, presence of
pouches) or a heat-sink effect caused by proximity to coronary
vessels. HNS irrigation may eventually have a role as a bailout
strategy in refractory cases when deeper lesions are desired,
especially if significant tissue edema is suspected after exten-
sive ablation, but this needs to be investigated further. Other
strategies that can be considered when CTI block cannot be
achieved include the use of intracardiac echocardiography to
assess for anatomic variants,13 bipolar ablation,14 modulation
of the circuit impedance by repositioning or adding a second
dispersive patch, or balloon occlusion of the small cardiac vein
to minimize the heat-sink effect.15

In terms of safety, no serious procedure-related complica-
tions were observed in this study. Steam pops were



Figure 2. Probability of freedom from atrial flutter recurrences in HNS and NS arms, during the follow-up period. P-value by log-rank test and hazard
ratio by Mantel-Cox test. HNS, half-normal saline; NS, normal saline.
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documented in 4 patients in the HNS group (13%) vs none
in the NS group. Although none of these resulted in peri-
cardial effusion, this raises some safety concerns and is
consistent with previous observations.14 When HNS is used,
careful titration of power should be exercised, starting at lower
power and gradually titrating up based on impedance drops.
RF should be stopped in case of impedance rise or exaggerated
impedance drops.

Limitations

The sample size is relatively small, which may have reduced
the power to detect significant differences in some outcomes.
For example, despite a 50% relative risk reduction in acute
reconnection, this difference did not reach statistical signifi-
cance. As there were no previous clinical studies at the time of
enrollment, previous sample size estimation was not possible.
On a larger scale, it is possible that the lower rate of acute
reconnections, fewer RF lesions, and similar long-term efficacy
seen in the HNS group could lead to improved clinical out-
comes. However, this must be balanced against the increased
risk of steam pops and the potential complications therein, as
these were only seen in the HNS group. The ablation
approach was not homogeneous among the different opera-
tors, with some of them opting for a contiguous ablation line,
whereas others used a maximum voltage-guided technique.
Also, a deflectable sheath was not routinely used in most cases
and typically was resorted to when problems with catheter
stability or contact were noticed, which may have contributed
to some of the acute reconnections. Finally, a single ablation
catheter was used in all included patients (Tacticath SE,
Abbott), and our results may not be applicable to other
catheters.16
Conclusions
HNS compared with NS as irrigant solution for ablation of

typical AFL requires fewer RF lesions to achieve CTI block
while demonstrating similar acute procedural success, safety,
and long-term efficacy. Increased rates of steam pops were
seen in the HNS group; however, no pericardial effusions
were demonstrated in either group. A larger study may be
warranted to confirm these findings with an aim to determine
if durable bidirectional block and procedure times can be
significantly shortened with the use of HNS irrigation.
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