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Introduction

Atrial rhythm disturbances are one of the most serious
problems currently treated in cardiology and cardiac
surgery practices (Table 1) [1]. In developed countries,
the epidemiology of atrial arrhythmias, primarily atrial
fibrillation (AF), has increased in both intensity and
incidence. It also significantly influences a person's
quality of life and life expectancy [2-6]. The preva-
lence of AF in the world varies from 1.6% – 2%; it is
primarily observed in patients suffering from other car-
diovascular diseases. In persons over the age of 65, AF
is seen 9.1 times more frequently than in younger
patients [5]. Even if radiofrequency catheter ablation
(RFA) is used to treat only tachy-systolic AF patients
who are resistant to drug therapy [7], the number of

potential RFA candidates remains very high.
According to Brignole et al. [8], the number of RFA
candidates in Europe could reach a total of 396,000
(Table 2), from which 216,000 are over 65 years old
[5]. Atrial fibrillation also causes a significant burden
to the health care system. Complications related to AF
are summarized in Tables 3 and 4, according to the
Framingham study and ALFA study, respectively [9-
12]. The risk of complications as well as the increasing
age of the Europeans requires more active and radical
intervention methods in patients with AF and ineffec-
tive drug treatment. Postoperative arrhythmias, parox-
ysmal AF, and atrial flutter often cause complications
in relatively stable patients during a normally unevent-
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Summary

The aim of this study was to investigate the efficacy of using radiofrequency ablation of the atrioventricular junc-
tion followed by pacemaker implantation for the treatment of highly symptomatic permanent tachy-systolic atrial
fibrillation. From November 1997 to April 2000, we performed radiofrequency ablation on 105 patients. The
method included the conventional right-sided approach of the His bundle using a two-electrode technique. We used
a variety of tools to analyze the outcome and effectiveness of these methods including: a patient quality of life ques-
tionnaire (Medical Outcomes Study Short-Form Health Survey; SF-36), a local specific questionnaire (SQ-10), and
use of medications (both quantitatively and qualitatively) to determine the level of improved health and ability to
work. Follow-ups were repeated at 3, 6, 12, 18, and 24 months following the procedures; the quality of life ques-
tionnaires were administered every 6 months. The number of postoperative hospitalizations and doctor visits were
also tracked. Our analyses showed that radiofrequency ablation of the atrioventricular junction, followed by
implantation of a DDDR or a VVIR pacemaker are effective methods of stabilizing the heart rhythm of patients suf-
fering from chronic, drug refractory paroxysmal and permanent tachy-systolic atrial fibrillation, particularly fol-
lowing mitral valve replacement. 
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ful postoperative period. This increases both their hos-
pitalization time and postoperative costs [2,3,5,7,
13,14]. The situation in Latvia is shown in Table 5.
The first catheter ablation of the atrioventricular (AV)
junction in patients with supraventricular arrhythmia
was performed in the U.S. in 1982 by Sheinman et al.
[14] and Gallagher et al. [15]. A pacemaker was then
implanted to provide adequate regularity of ventricular
contractions. The RFA technique became part of stan-
dard practice in 1986 after studies were performed by
Huang et al. [16]. These methods resulted in total AV
block, which made the patient pacemaker-dependent.
Another method known as AV junction (AVJ) modula-
tion, developed later on, used a varied amount of ener-
gy and interrupted supply. The modulation reduced the

Table 1. Distríbution of hospital discharges with arrhythmia
as principal diagnosis [1]. Atrial fibrillation accounts for
1/3 of all discharges.

Table 2. The prevalence of atrial fibrillation in Europe [8].

Table 3. Mortality of patients developing atrial fibrillation
during a 22-year follow-up in the Framingham study [9]. 
* = p-value < 0.05.

Table 4. Prevalence of symptoms caused by atrial fibrilla-
tion in 756 patients participating in the ALFA study [12].

Figure1. Surface ECG during a radiofrequency ablation
procedure, showing a decreasing heart rate followed by per-
manent pacing (a). Recordings made 3 months later: ECG
and His-bundle electrogram (b).

a
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amount of impulses transmitted from the atria to the
ventricles, which causes ventricular contractions. The
undisputed advantage of the latter method is the
patient's independence from the implanted pacemaker,
unless total AV block develops.
Radiofrequency ablation is most frequently performed
at the posteriorseptal area near the coronary sinus, where
the His potential is not registered any more and The ratio
between atrial and ventricular sensed amplitudes is < 1.
The RFA is applied during 45 – 90 s, using the power of
30 – 35W [3,17,18]. Several studies have shown that
RFA of the AVJ followed by pacemaker implantation
effectively treats patients with drug refractory AF
[2,3,5,7,8,13,18,19]. The analogy of clinical results for
patients with paroxysmal AF and patients with chronic
AF is uncertain [5,18,20,21]. Theoretically, patients
with paroxysmal AF should experience a greater degree

of negative effects due to the procedure, because RFA
may eliminate atrial synchronization (which will then
impede the atria's ability to fill the ventricles).
Conversely, patients with chronic AF already have poor-
ly functioning atria as a result of the disease, so that the
negative influence of RFA manifests only with an asyn-
chronous contraction of the ventricles.
In Latvia, catheter ablation of the AVJ following pace-
maker implantation is one of the primary treatments
for chronic tachy-systolic, drug refractory AF. Many of
these patients also undergo mitral valve replacement
(MVR). The purpose of our study was to analyze the
results of patients with chronic, uninterrupted AF and
permanent drug refractory tachy-systolic AF who were
treated with RFA (Group A in Table 6). From
November 1997 to April 2000, RFA was performed on
105 patients. This group was compared to the control

Table 5. Different types of heart rhythm disturbances leading to emergency room visits in Riga, Latvia, 2000. 
1 Latvian lats = 1.78 Euro.

Figure 2. Example of a pacemaker follow-up: threshold analysis (a), intracardiac ECG and pacemaker diagnostics (b), pace-
maker programming and surface ECG (c). See text for additional information on the patient.

a b c
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Materials and Methods

The inclusion criteria for Group A (RFA) were:
• Chronic, uninterrupted drug refractory AF;
• Stable, permanent, drug refractory tachy-systolic AF;
• Increasing NYHA class or ineffective drug treatment;
• Left ventricular function disorder; i.e., ejection frac-

tion (EF) < 45%;
• Increased amount of drugs without a significant pos-

itive effect;
• Intolerance to some drug groups, intolerance to

increased doses.

group (Group B in Table 6) that received drug treat-
ment without RFA following pacemaker implantation.
In some patients of Group A, the MVR was also per-
formed from 1986 to 1999 [22]. The shortest period
between MVR and RFA treatment was 60 days, the
longest period was 12 years. Prior to enrollment in the
study the patients were informed about the study pur-
pose, methods, and methodological differences;
patients were allowed to withdraw from the study at
any point and choose another treatment.

Table 6. Patient characteristics for groups A and B. Paroxysm duration is given for patients with paroxysmal atrial fibrilla-
tion (AF) and AF duration for patients with permanent AF. Since February 2000, the preferred method of treatment has been
pulmonary vein isolation with concomitant valve replacement.
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For Group B (drug treatment), the period of anamnesis
(in Group A it was the period following MVR) was the
same as for Group A, with the longest period of 
12 years. The differences in gender and age between
the two groups were insignificant. The inclusion crite-
ria for Group B were:
• Chronic, uninterrupted drug refractory AF;
• Stable, permanent, drug refractory tachy-systolic AF;
• Increasing NYHA class or ineffective drug treat-

ment; 
• Left ventricular function disorder; i.e., ejection frac-

tion (EF) < 45%;
• Increased amount of drugs without a significant pos-

itive response;
• Intolerance to some drug groups, intolerance to

increased doses;
• Patient refusal of RFA.

The procedure included a conventional right-sided
RFA approach to the His bundle (AbControl/A,

Biotronik, Germany), using a two-electrode approach
(AlCath, Biotronik; 4-mm-tip lead, Daig, USA). It was
often difficult to localize the application area. The
mean X-ray time usually varied from 12 to 28 min, the
maximum was 42 min. In two cases the effect of AVJ
modulation was relative; in one case the procedure was
not effective but was repeated successfully 15 days
later. In five cases the late effect was observed 
18 – 24 hours following the procedure; in these
instances we used a temporary pacemaker for the
patient. In 48 cases we successfully achieved a "high
level block" with a narrow QRS and a basic rhythm of
42 – 46 beats/min (bpm). Although such results are
more favorable for the patient (there is no pacemaker
dependence), the resumption of AV conduction could
possibly be impeded; this was observed in five cases,
four of which had high-level block. On average, we
waited for 30 min for a possible resumption of AV con-
duction. A drug activation test was used; if the stable
third-degree AV block or Frederic syndrome remained,

Figure 3. Example of a pacemaker follow-up: programmed parameters (a), intracardiac ECG (b), surface ECG (c).

a b c
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The most rapid improvement occurred during the first
year, after which the patients' condition stabilized.
Patients were questioned regarding their subjective
complaints, medication usage (both quantitative and
qualitative in terms of improvement in health), ability
to work, and amount of work. Medical expenses were
also itemized for drug usage and cost (certain "pre-
approved" drugs are determined by the Latvian
Ministry of Welfare), travel expenses for doctor's vis-
its, telephone calls to the doctor's office, and visits to
in-patient and outpatient clinics. Almost all of the
patients experienced a decrease in expenses. 
Complaints regarding palpitations and other symptoms
decreased dramatically (Table 7). About 58% of
patients reported an increased ability to work, and 69%
of patients had improved exercise tolerance. Drug use
decreased by 50%.
Table 8 compares the number of postoperative hospi-
talizations and doctor visits for Group A before and
after the RFA and pacemaker implantation procedures.
Based on these criteria, we have shown that RFA com-
bined with pacemaker implantation are effective meth-
ods for the treatment of highly symptomatic drug
refractory AF. There was a notable difference for the
ablated group before and after the procedures.
Certainly this shows only one aspect of their problems.
However, analysis of both patient groups has correctly
shown the differences between RFA and pacemaker
implantation in the long-term investigation of evi-
dence-based methods for treating highly symptomatic
drug refractory AF. 
Up to now, the SF-36 questionnaire hasn't been ana-
lyzed in detail. Nevertheless, patients with permanent
AF had lower scores on all subscales. Scores in gener-
al health, physical activity, vitality, and emotional

a DDDR or VVIR pacemaker (Metros, Kairos SR,
Actros SR, and Kairos DR, all from Biotronik;
Regency SR, Regency SR+, and Trilogy DR, all from
Pacesetter, USA) was implanted (Figure 1). The initial
postoperative procedures included:

• Pacemaker follow-up, threshold testing, and Holter-
ECG monitoring;

• Echocardiographic investigation;
• Blood assays, i.e. creatin kinase-MB (CK-MB) frac-

tion and troponin test);
• Patient interview. 

These procedures were completed by the 7th post-oper-
ative day. The patient usually remained in the hospital
for 8 – 9 days and was then discharged for subsequent
outpatient treatment. The medications used during and
following the postoperative period usually remained
the same.

Results

Medications used in Group A were:

• Permanent AF: warfarin (3.0 – 4.5 – 6.0 mg); the
international normalized ratio (INR) was kept
between 2.0 – 3.0 – 3.5;

• Paroxysmal AF: aspirin; if contraindicated, ticlopi-
dine, or clopidogrel was used; if paroxysms were
frequent, warfarin was used;

• ACE inhibitors, usually perindopril or quinapril; if
there were adverse effects, angiotensin II receptor
blockers (e.g., candesartan) were used once a day;

• ß-blockers: metoprolol or bisoprolol were used once
a day;

• Diuretics: K+-sparring diuretics were used;
• Symptomatic treatment was individualized for each

patient.

A similar drug scheme was used in Group B patients.
Drug selection was determined by specialists familiar
with outpatient dosage levels and conformed to the
drugs covered by health insurance. Pacemaker follow-
ups (Figures 2 and 3) and echocardiographic investiga-
tions were repeated at 3, 6, 12, 18, and 24 months fol-
lowing RFA procedure; the specific quality of life
questionnaire was completed every 6 months. The cur-
rently available results demonstrate significant positive
changes for the entire Group A. 

Table 7. Change in clinical parameters (mean value of all
patients) several months after radiofrequency ablation.
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well-being were markedly lower; no differences were
observed in patients between 50 and 75 years of age. 
One of our most successful procedures was performed
on a 49-year-old former policeman, who had experi-
enced myocarditis and AF from 1995 – 1997. In 1997
his condition deteriorated into permanent tachy-sys-
tolic AF. His left ventricular EF decreased to 37%; DC
shocks and antiarrhythmic drug treatment were inef-
fective and congestive heart failure further complicat-
ed his health status. Conventional therapeutic strate-
gies stabilized his condition, and he was categorized as
NYHA class III-IV. During the winter of 1997 – 1998
the patient experienced two episodes of "cardiac asth-
ma" with pulmonary edema; his psychological condi-
tion also deteriorated. The therapeutic methods of
choice were RFA and pacemaker implantation. Today
(Figure 2), 39 months after the procedures, his left ven-
tricular EF is 56%; the left ventricular echocardio-
graphic parameters have decreased, the patient has
returned to work as an administrator, and he no longer
experiences psychological problems.

Conclusion

Radiofrequency catheter ablation of the AVJ followed
by implantation of a DDDR or a VVIR pacemaker is
an effective treatment for stabilizing the heart rhythm
of patients who suffer from chronic, drug refractory

paroxysmal and permanent tachy-systolic atrial fibril-
lation, particularly following MVR. Although the
methods are time-consuming and technically compli-
cated, they are relatively simple from the medical point
of view with only minimal complications. These meth-
ods improve patients' physical and mental health, qual-
ity of life, and ability to resume work. These methods
must be considered as a positively balanced, economi-
cally motivated investment from both the State's and
the patient's point of view. 

References 

[1] Baily D, Lehmann MH, Dale N, et al. Hospitalization for
Arrhythmias in the United States: Importance of Atrial
Fibrillation (abstract). J Am Coll Cardiol. 1992; 19 (Suppl): 41A.

[2] Kal-ejs O, Ansabergs J, Nesterovics N, et al. Treatment of atri-
al arrhythmias with modern radiofrequency ablation method.
Latvian Physisians. 1998; 5: 279-283.

[3] Kal-ejs O, Sauka M, Jirgensons J, Nesterovics N, et al. AV
junction radiofrequency catheterablation in the treatment of
chronic tachysystolic atrial fibrillation: – First latvian long-
term results. Scientific News, P Stradins University. 2000.
215-225.

[4] Crjins HJ, Van Gelder IC, Van Gilst WH, et al. Serial antiar-
rhythmic drug treatment to maintain sinus rhythm after elec-
trical cardioversion for chronic atrial fibrillation or atrial flut-
ter. Am J Cardiol. 1991; 68: 335-341.

[5] Luderitz B, Herwig S, Jung W. Quality of life in patients with
atrial fibrillation. G Ital Cardiol. 1998; 28(Suppl I): 586-589.

[6] Twidale N, Sutton K, Bartlett L, et al. Effects on cardiac per-
formance of atrioventricular node catheter ablation using
radiofrequency current for drug-refractory atrial arrhythmias.
PACE. 1993; 16: 1275-1284.

[7] Fitzpatrick AD, Kourouyan HD, Siu A, et al. Quality of life
and outcome after radiofrequency His- bundle catheter abla-
tion and permanent pacemaker implantation: Impact of treat-
ment in paroxysmal and established atrial fibrillation. Am
Heart J. 1996; 131: 499-507.

[8] Brignole M, Gianfranchi L, Menozzi C, et al. An assessment of
atrioventricular junction ablation and DDDR mode-switching
pacemaker versus pharmacological treatment in patients with
severely symptomatic paroxysmal atrial fibrillation: A ran-
domized controlled study. Circulation. 1997; 96: 2617-2624.

Table 8. Hospital visits before and after radiofrequency
ablation.

Table 9. Results from the quality of life questionnaire and clinical parameters before and after the radiofrequency ablation
procedures in patients with paroxysmal and permanent atrial fibrillation (AF). SQ = specific quality of life questionnaire with
10 questions (the higher the score the better the patient's condition). EF = ejection fraction from Echo measurements.



June 2002 151

Progress in Biomedical Research

[16] Huang SKS, Wilber DJ. In: Radiofrequency Catheter.
Ablation of Cardiac Arrhythmias, 2nd ed. NY: Futura
Publishing. 2000.

[17] Jensen SM, Bergfeldt L, Rosenquist M: Long-term follow-up
of patients treated by radiofrequency ablation of the atrioven-
tricular junction. PACE. 1995; 18: 1609-1614.

[18] Bubien RS, Knotts-Dolson SM, Plumb VJ, et al. Effect of
radiofrequency catheter ablation on health-related quality of
life and activities of daily living in patients with recurrent
arrhythmias. Circulation. 1996; 94: 1585-1591.

[19] Kal-ejs O, Lacis R, Jirgensons J, et al. AV Junction Catheter
Ablation in Patients with Chronical Atrial Fibrillation after
Mitral Valve Replacement. 1999; Cardiac Arrhythmias 1999,
Springer, 6th International Workshop of Cardiac Arrhythmias.

[20] Kal-ejs O, Jirgensons J, Ansabergs J, et al. Transesophageal
pacing as a method of control after radiofrequency catheter
ablation for patients with atrial flutter. Prog Biomed Res.
1999; 4: 431-436.

[21] Kal-ejs O, Lacis R, Jirgensons J, et al. Atrial flutter after
CABG – Transoesophageal pacing or antiarrhythmic drugs
(abstract). XXII European Congress of Cardiology. European
Heart J, 2000; 21 (Suppl).

[22] Kal-ejs O, Lacis R, Nesterovics N, et al. Catheter ablation in
mitral valve surgery – Latvian first results. Europace. 2001; 2
(Suppl A): A7.

[9] Kannel WB, Abbott RD, Savage DD, et al. Epidemiologic
features of chronic atrial fibrillation: the Framingham study.
N Engl J Med. 1982; 306: 1018-1022.

[10] Kannel WB, Abbot RD, Savage DD. Coronary heart disease
and atrial fibrillation: The Framingham Study. Am Heart J.
1983; 106: 389-396.

[11] Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an
independent risk factor for stroke: The Framingham Study.
Stroke. 1991; 22: 983-988.

[12] Levy S, Maarek M, Coumel P, et al. Characterization of dif-
ferent subsets of atrial fibrillation in general practice in
France: the ALFA study. Circulation. 1999; 99: 3028-3035.

[13] Kalejs O, Sauka M, Ansabergs J, et al. AV junction catheter
ablation efficiency in patients with paroxysmal recurrent and
chronic fast response atrial fibrillation (abstract). CARDIOS-
TIM. Europace. 2000; 2 (Suppl B): 122.

[14] Sheinman MM, Morady F, Hess DS, et al. Catheter-induced
ablation of the atrioventricular junction to control refracto-
ry supraventricular arrhythmias. JAMA. 1982; 248; 851-
855.

[15] Gallagher JJ, Svenson RM, Kasell JM, et al. Catheter tech-
nique for closed-chest ablation of the atrioventricular con-
duction system: A therapeutic alternative for the treatment of
refractory supraventricular tachycardia. N Engl J Med. 1982;
306: 194-200.

Contact
Oskars Kal-ejs, MD
P. Stradins University Hospital
Department of Arrhythmology
Pilsonu iela 13 
Riga, LV 1002 
Latvia
Telephone: +371 7069 211/7069 511 
Fax: +371 7069 546 
E-mail: v_puuks@yahoo.co.uk


