
ORIGINAL ARTICLE  Association between the geographic region and risk of familial AVNRT 1

In recent years, there have been several case re‑
ports of familial AVNRT (FAVNRT) and a single 
larger study reporting 24 families with FAVNRT.5 
However, the largest population of FAVNRT iden‑
tified on the basis of CA procedures was report‑
ed in south‑eastern Poland in Podkarpacie Prov‑
ince (PP)—15% of patients were family members 
(33 individuals from 13 families). Also, the largest 

Introduction  Atrioventricular nodal reentrant 
tachycardia (AVNRT) is one of the most com‑
mon types of regular supraventricular tachycar‑
dia (SVT) in patients referred for catheter abla‑
tion (CA). The frequency of AVNRT in the gener‑
al population is estimated at 1 in 1000 persons, 
while its probability in 2 family members reach‑
es about 1 in 1 000 000 persons.1-4
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Abstract

Introduction  Atrioventricular nodal reentrant tachycardia (AVNRT) is one of the most common regular 
supraventricular arrhythmias referred for catheter ablation (CA). In Poland, several families with familial 
AVNRT (FAVNRT) were reported in Podkarpacie Province (PP).
Objectives  We aimed to determine the frequency of FAVNRT in PP compared with other south‑eastern 
provinces of Poland.
Patients and methods  Clinical data of 1544 patients with AVNRT diagnosed by invasive electrophysi‑
ological study between 2010 and 2019 were screened for FAVNRT. From January 2017 to June 2019, 
patients were asked to provide details on family history and origin to obtain 3‑generation pedigrees. 
Families with at least 2 members with previous CA of AVNRT were divided into those from south‑eastern 
provinces (SEPs; including PP and bordering provinces [BPs]) and the remaining parts of Poland (RPP).
Results  There were 932 patients from SEPs and 612 from RPP. FAVNRT was reported in 45 patients 
(2.91%) from 27 families, with a higher frequency in SEPs than RPP (4.02% vs 1.17%; P = 0.002) and 
the highest frequency in PP (6.33% vs 2.47% in BPs; P = 0.004). The risk of FAVNRT was higher in PP 
compared with BPs (odds ratio, 2.67; 95% CI, 1.36–5.23; P = 0.004) and similar in BPs compared with 
RPP (odds ratio, 2.14; 95% CI, 0.86–5.34; P = 0.1).
Conclusions  A relationship exists between the geographic region and frequency of FAVNRT. A greater 
distance from PP was associated with less frequent FAVNRT. International cooperation and genetic test‑
ing are needed to confirm the genetic impact of FAVNRT in this part of Central Europe.
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first‑degree relatives). In families with confirmed 
FAVNRT, long‑term ECG monitoring was rec‑
ommended to each proband with undiagnosed 
palpitations.

The study was approved by the local ethics com‑
mittee and complied with the Declaration of Hel‑
sinki. All patients provided written informed con‑
sent to participate in the study.

Electrophysiological study and catheter ablation  
The earliest CA procedures were performed with 
a fluoroscopy approach with image acquisition set 
at 4 to 6 frames/s and with the patient placed in 
the left anterior oblique position. Since January 
2012, a minimally invasive nonfluoroscopic im‑
aging MINI CA protocol was used (no‑X‑ray, no
‑lead apron, 2‑catheter approach).13-15

Typical or atypical AVNRT was diagnosed on 
the basis of previously described criteria.15,16

Statistical analysis  Differences in the frequen‑
cy of FAVNRT between the regions of Poland 
were presented using 95% CIs. Logistic regres‑
sion was used to examine the relationship be‑
tween the geographic location of the provinces 
of Poland and the prevalence of FAVNTR. To ex‑
press the increasing risk of FAVNRT associated 
with the proximity to Podkarpacie Province, we 
used a way of coding indicator variables proposed 
by Walter et al.17 The risk of FAVNRT depending 
on the location of provinces was expressed by 
means of odds ratio (OR). For descriptive statis‑
tics, means and SDs as well as percentages were 
calculated. A 2‑tailed standard P value of 0.05 was 
adopted as the level of significance. The analysis 
was performed with the Statistical Analysis Sys‑
tem (version 9.4, SAS Institute, Cary, North Car‑
olina, United States).

Results  A total of 1544 patients (mean [SD] 
age, 48.4 [16.2] years; women, 74.4%; children, 
10.2%) underwent CA of AVNRT between 2010 
and 2018. Among them, 45 patients (mean [SD] 
age, 38.1 [18.3] years; women, 68.9%; children, 
17.7%) had first‑degree relatives with diagnosed 
AVNRT (27 families). Overall, FAVNRT was re‑
ported in 2.9% of the study population.

Patient origins  Patients originated from 15 of 
the 16 Polish provinces and from 7 other coun‑
tries (Table 1). The most numerous group was from 
PP, with the largest number of families and family 
members with FAVNRT. In this province, 6.3% of 
patients were diagnosed with FAVNRT, followed 
by 3.2% of patients in Świętokrzyskie, 1.8% in 
Małopolska, 1.4% in Lower Silesia, and 0.8% in 
Mazovia Province. In the remaining provinces 
and countries (including Ukraine as the largest 
foreign population), no cases of FAVNRT were 
diagnosed (Figure 1).

Family pedigrees  Patients were asked to con‑
tact their families to enquire if any of the fami‑
ly members underwent a CA of AVNRT in other 

3‑generation family with the diagnosis of FAVNRT 
(6 individuals) identified to date originates from 
this region.6-12

The aim of this study was to assess the frequen‑
cy of FAVNRT in PP in comparison with other re‑
gions of Poland.

Patients and methods  Data were collected 
from the multicenter CA registry Elektro and 
the prospective multicenter registry RareACare. 
Patients who underwent a CA procedure between 
January 2010 and December 2016 were asked 
about their family origin as well as family his‑
tory of diagnosed arrhythmias or undiagnosed 
heart palpitations during the follow‑up (from 
January 2017 to June 2019) to establish if there 
were any signs of FAVNRT that occurred during 
the time period after ablation. Additionally, pa‑
tients diagnosed with AVNRT by electrophysio‑
logical study (EPS) between January 2017 and 
December 2018 were asked about their fami‑
ly origin as well as family history of SVT symp‑
toms or ablations. All CA procedures includ‑
ed in this analysis were performed in 11 cen‑
ters in Poland, located in the following provinc‑
es: Mazovia (1 center), Podkarpacie (3 centers), 
Świętokrzyskie (3 centers), Lower Silesia (2 cen‑
ters), and Małopolska (2 centers).

The families with a positive medical history of 
arrhythmia were divided into 3 groups: 1) with 
confirmed FAVNRT (at least 2 first‑degree rel‑
atives underwent a successful CA of AVNRT or 
had AVNRT confirmed by invasive EPS); 2) with 
highly probable FAVNRT (at least a single first
‑degree relative underwent a successful CA of 
AVNRT or had AVNRT confirmed by invasive EPS, 
and at least one more family member had SVT on 
electrocardiography [ECG]); and 3) with proba‑
ble FAVNRT (at least a single first‑degree rela‑
tive underwent a successful CA of AVNRT or had 
AVNRT confirmed by invasive EPS, and at least 
one more family member had a history of undi‑
agnosed heart palpitations). All included families 
were asked to specify their origin. Data on fami‑
lies with confirmed, highly probable, and proba‑
ble FAVNRT were collected in the prospective Ra‑
reACare registry. For all families, pedigree charts 
were drawn.

During the study, we also recorded other types 
of SVT that occurred in the families and includ‑
ed them in the pedigree charts (eg, AVNRT and 
orthodromic atrioventricular tachycardia in 

Whats’s new?

Atrioventricular nodal reentrant tachycardia is one of the most common 
types of regular supraventricular tachycardia in patients referred for catheter 
ablation. This is the first study to determine the frequency of familial form of 
atrioventricular nodal reentrant tachycardia (FAVNRT) in Poland. In this study 
we found a relationship between the geographic region of family origin and 
the frequency of diagnosed FAVNRT. The closer in proximity the family lives to 
Podkarpacie Province, the higher the risk of FAVNRT. We also found the great‑
est number of patients and families with diagnosed FAVNRT reported so far.
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In 3 families we noted the phenomenon of 
a generation gap, with AVNRT absent in one gen‑
eration and present in the previous and subse‑
quent generations (Figure 2). To our knowledge, 
this is the first such finding reported in families 
with FAVNRT. Other family members with a his‑
tory of heart palpitations remained under obser‑
vation; however, no progression to fully symp‑
tomatic AVNRT was observed in any of those pa‑
tients and none of them underwent ECG during 
heart palpitations.

Other forms of familial supraventricular tachycardia  
During the study, 2 families were diagnosed with 
a different type of familial SVT, namely, AVNRT 
and orthodromic atrioventricular reentrant tachy‑
cardia (Figure 4A). Also, in one case, AVNRT was 
diagnosed in a husband and a wife from uncon‑
nected families (a “familial” nonfamilial form of 
AVNRT) (Figure 4B).

Families with highly probable FAVNRT  At the be‑
ginning of the study, 2 families were classified as 
having highly probable FAVNRT. In both cases, 
second‑degree relatives underwent EPS. In one 
case, FAVNRT was confirmed, and in the other, 
an incorrect diagnosis of sinus tachycardia was 
found, which led to the exclusion of this fami‑
ly from the group with highy probable FAVNRT.

electrophysiology centers. There were 45 such pa‑
tients (mean [SD] age, 38.1 [18.3] years; women, 
64%) from 27 families: 15 families with 24 mem‑
bers were from PP; 6 families with 10 members, 
from Świętokrzyskie; 2 families with 4 members, 
from Małopolska; and 2 families with 4 mem‑
bers from Mazovia and Lower Silesia Provinces 
each. For all families, pedigree charts were drawn 
(Figure 2). Additional pedigree charts were pre‑
pared for families in which FAVNRT was diag‑
nosed before 2008 and that were still under ob‑
servation at the time of the study (Figure 3); data 
on these patients are not included in the statis‑
tical analysis.
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Figure 1�  Occurrence 
of atrioventricular nodal 
reentrant tachycardia 
(AVNRT) and familial 
AVNRT (FAVNRT) in 
Poland. Green indicates 
provinces with a low risk 
of FAVNRT; yellow, 
provinces with 
a moderate risk of 
FAVNRT; and red, 
provinces with a high risk 
of FAVNRT.

TABLE 1  Atrioventricular nodal reentrant tachycardia and familial atrioventricular nodal reentrant tachycardia in the study population

Parameter Total AVNRT population FAVNRT

Study population, n (%) Age, y, mean (SD) Women, % Patients, n Families, n Age, y, mean (SD) Women, %

Polish province

Total 1544 (100) 48.4 (16.2) 74.4 45 27 38.1 (18.3) 68.9

Lower Silesiaa 140 (9.1) 36.9 (17.6) 78.6 2 1 25.5 (23.3) 50.0

Kujawy‑Pomerania 10 (0.7) 37.7 (18.7) 50.0 – – – –

Łódźb 50 (3.2) 51.1 (15.3) 72.0 2 1 3.5 (18.4) 100

Lublina 34 (2.2) 44.4 (18.0) 73.5 – – – –

Lubuskie 7 (0.5) 28.5 (20.4) 57.1 – – – –

Małopolskaa 218 (14.1) 49.4 (16.4) 69.7 4 2 43.5 (23.7) 25.0

Mazoviab 264 (17.1) 49.3 (17.5) 76.5 2 1 50.0

Opole 13 (0.8) 29.1 (19.1) 69.2 – – – –

Podkarpaciea 379 (24.6) 47.4 (16.7) 68.3 24 15 38.7 (19.3) 62.5

Podlasie 6 (0.4) 38.2 (28.8) 83.3 – – – –

Silesia 51 (3.3) 34.3 (23.2) 54.9 – – – –

Świętokrzyskiea 315 (20.4) 49.5 (15.1) 82.5 10 6 38.2 (18.2) 90.0

Warmia‑Masuria 7 (0.5) 37.1 (20.10 57.1 – – – –

Wielkopolska 41 (2.7) 46.3 (19.9) 65.9 – – – –

West Pomeraniab 9 (0.6) 41.4 (19.2) 77.8 1 1 – 100

Other countries

Total 60 (100) 50.2 (19.7) 70 – – – –

Ukraine 53 (88.3) 50.2 (19.4) 67.9 – – – –

Other countries 7 (11.7) 52.4 (17.0) 85.7 – – – –

a  Provinces in south‑eastern Poland

b  Other provinces with cases of FAVNRT

Abbreviations: AVNRT, atrioventricular nodal reentrant tachycardia; FAVNRT, familial atrioventricular nodal reentrant tachycardia
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The frequency of FAVNRT was significant‑
ly higher in SEPs than in RPP (4.02% vs 1.17%; 
P = 0.002) and it was higher in PP than in BPs 
(6.33% vs 2.47%; P = 0.004). The frequency of 
FAVNRT in individual SEPs is presented in Table 2.

The risk of FAVNRT in south‑eastern Poland 
was assessed relative to other geographic regions. 
In SEPs, the risk was higher compared with RPP 
(OR, 3.53). It was also higher in PP than in BPs 
(OR, 2.67; 95% CI, 1.36–5.23; P = 0.004). The risk 
of FAVNRT was similar in BPs compared with RPP 
(OR, 2.14; 95% CI, 0.86–5.34; P = 0.1) (Table 3). 
The highest risk of FAVNRT was reported in PP.

In PP, the frequency of FAVNRT was the high‑
est, while with the  increase in the  distance 
from the  borders of this province towards 

Families with probable FAVNRT  Five families clas‑
sified as having probable FAVNRT were under 
observation; however, none of the family mem‑
bers progressed from heart palpitations to ful‑
ly symptomatic AVNRT and none of them un‑
derwent ECG during heart palpitations. Pedi‑
gree charts were drawn for all the families; all of 
them came from PP.

Frequency of FAVNRT in south‑eastern Poland  Of 
all the included patients, 932 originated from 
south‑eastern provinces (SEPs) of Poland (PP 
and the  bordering provinces [BPs]: Lublin, 
Małopolska, and Świętokrzyskie) (Table 1), while 
612 patients came from the remaining parts of 
Poland (RPP).

Figure 2�  Pedigree charts of families with diagnosed familial atrioventricular nodal reentrant tachycardia (AVNRT) in each province analyzed in 
the study
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part of Israel and the rest of the word (including 
the PP region). In our study, according to Statis‑
tics Poland, 24 families with 50 members originat‑
ed from a province with 2 128 687 inhabitants.18 
However, the number of families was lower than 
that in the study by Michowitz et al.5 The fami‑
lies included in our study lived in cities and vil‑
lages localized near 3 of the 6 electrophysiolo‑
gy centers in PP. Further studies including pa‑
tient data from other electrophysiology centers 
as well as from the Polish National Health Fund 
are needed to fully determine the number of pa‑
tients with FAVNRT.

Following single-case reports, a  study by 
Stec et al12 was the first to report a large per‑
centage of patients with FAVNRT in PP. Our 
study shows that in other parts of southern Po‑
land, there is still a higher percentage of report‑
ed FAVNRT compared with Israel and France 
(4% vs 2% vs 0.7%).5,10 Our study is the first 
to report a generation gap which may be relat‑
ed to recessive inheritance. In these 3 families, 

Świętokrzyskie, Małopolska, and Lublin Prov‑
inces, the frequency of FAVNRT progressively 
decreased.

Discussion  To our best knowledge, this is 
the largest study reporting data on families with 
FAVNRT. It is also a study with the largest num‑
ber of patients screened (retrospectively and pro‑
spectively) for the family history of AVNRT and 
the first one to include families with highly prob‑
able and probable FAVNRT under observation. 
Moreover, this is the first study conducted in Po‑
land to determine the percentage of diagnosed 
FAVNRT among patients who underwent CA ac‑
cording to province.

Michowitz et al5 presented data of 1587 pa‑
tients (614 men [40%]; mean [SD] age, 55 [19] 
years) who underwent ablation of AVNRT at the 
Tel Aviv Medical Center. The authors reported 24 
families with FAVNRT. However, there was no in‑
formation on the size and the origin of the fam‑
ilies. Each family may have pedigree in others 

Figure 3�  Pedigree charts of 8 families from Podkarpacie Province in which familial atrioventricular nodal reentrant tachycardia (AVNRT) was 
diagnosed before 2008
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(AVNRT) and orthodromic atrioventricular reentrant tachycardia (OAVRT); B – pedigree chart of a family in which AVNRT was diagnosed in a husband 
and a wife
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Limitations  Our study has several limitations. 
Firstly, patients were recruited only from select‑
ed electrophysiology centers; therefore, not all 
families with FAVNRT from PP and BPs as well 
as RPP were included in this study; some cases 
might have been missed and the prevalence of FA‑
VNRT in other regions of Poland might be under‑
estimated. Furthermore, in large families, knowl‑
edge about the medical history (previous CA pro‑
cedure, type of arrhythmia) may have been insuf‑
ficient and some data may have been lost. Finally, 
arrhythmia may remain undiagnosed in patients 
with heart palpitations who present with mild or 
no symptoms.

Conclusions  There is a relationship between 
the geographic region and the frequency of FA‑
VNRT. Distance from PP (the province with 
the highest prevalence of FAVNRT) was inverse‑
ly correlated with FAVNRT frequency. Interna‑
tional cooperation and genetic testing are re‑
quired to confirm the genetic impact of FAVNRT 
in this part of Central Europe. To begin with, sev‑
eral families with FAVNRT from Podkarpackie, 
Małopolska, and Świętokrzyskie Provinces will 
be tested to identify the genetic basis of this phe‑
nomenon. Based on the genetic material collect‑
ed from the families, further genetic tests will be 
done to explain the heredity of AVNRT.
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