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Atrioventricular block: a rare cause of effort intolerance in the young 

When the heart does not 
 accelerate and you cannot run ...
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Case report

An 18-year-old woman was referred to our cardiology 
division for a bradycardia at 40 bpm and a long-stand-
ing history of effort intolerance with fatigue, shortness 
of breath and malaise. She never had chest pain, palpi-
tations or syncope. Two years before, exercise-induced 
asthma was diagnosed, but treatment with broncho-
dilators did not lead to a significant improvement. 
Retro spectively, the bradycardia had been known at 
least since the age of 12 years (heart rate measured as 
46 bpm at the age of 12 and 48 bpm at the age of 16). Un-
fortunately, no ECG was recorded. She had no other 
medical history. Her only medication was the treat-
ment for asthma. She never used illicit drugs. There 
was no known family history of heart diseases or pre-
mature sudden death.
At clinical examination, she was in excellent general 
condition, the pulse was regular at 40 bpm, blood pres-
sure was 110/75 mm  Hg and oxygen saturation 98%. 
Heart and lung auscultation were normal, as was the 
rest of the clinical examination.

Summary

Atrioventricular block in the young is a rare condition. It is defined as con-

genital when diagnosed in utero, at birth or during the first month of life. 

Childhood atrioventricular block is defined when diagnosis occurs after the 

first month of life up to the age of 18 years. It can be isolated (in a structur-

ally normal heart), or associated with a congenital or acquired cardiac dis-

ease or other primary causes. The definitive treatment consists of pace-

maker implantation for high-risk or symptomatic patients. We report a case 

of probably idiopathic isolated childhood high-degree atrioventricular block 

presenting with a long-standing history of effort intolerance, successfully 

treated with a pacemaker. This case emphasises the importance of correct 

evaluation of a young patient suffering from effort intolerance and the need 

to record an ECG when faced with an inadequate heart rate, particularly if 

accompanied by symptoms. We briefly review the classification, the causes, 

the clinical picture and the treatment of this uncommon condition.
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The resting ECGs, recorded several times (fig. 1), showed 
a normocardic sinus rhythm, sometimes with a 2:1 
atrioventricular block (AVB) and sometimes with a 
complete AVB with narrow QRS complexes resulting in 
a bradycardia of around 40 bpm. In addition, there 
were nonspecific diffuse repolarisation abnormalities 
with a moderately prolonged QTc interval. A 24-hour 
Holter ECG confirmed advanced second-degree AVB 
(2:1 and 3:1) alternating with complete AVB with an av-
erage ventricular rate of 37 bpm (minimum 28, maxi-
mum 52 bpm) without significant pauses (maximum 
RR interval 2.1 seconds) and with only 10 isolated ven-
tricular premature beats. A physical stress test was in-
terrupted after only 80 Watts because of fatigue and 
dyspnoea. The ECG during exercise (fig. 2) showed a 
physiological increase in sinus rate up to 165 bpm with, 
at rest, a 2:1 AVB worsening during exercise to a 3:1 AVB 
with a maximum ventricular rate of 55 bpm. The 
echocardiogram and cardiac magnetic resonance im-
aging confirmed a structurally normal heart; namely, 
there were no signs of myocardial inflammation, infil-
tration or scars. Blood tests, including Lyme’s serology 
and anti-Ro/SSA and anti-La/SSB antibodies in both the 
patient and her mother were negative. The ECGs of the 
mother and the two younger sisters were normal. The 
ECG of the father was not available. The patient refused 
a cardiac genetic analysis.
We retained the diagnosis of high-degree AVB (ad-
vanced second degree and third degree), isolated 
 (structurally normal heart), which most likely occurred 
in childhood since bradycardia was known at least 
from the age of 12. The AVB was probably idiopathic, 
 although a genetic origin was also possible. We consid-
ered the AVB mainly responsible for the patient’s 
symptoms because of chronotropic incompetence, and 
asthma only as a possible contributing factor.
A dual chamber pacemaker programmed in DDD mode 
was implanted. The symptoms considerably improved. 
At a 3-month follow-up, during a new stress test, she 
reached 160 Watts (previously 80 Watts), with restora-
tion of the chronotropic response during effort (fig. 3). 
No atrial or ventricular arrhythmias were recorded in 
the pacemaker memory.
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Figure 1: ECG at rest (two tracings). A: sinus rhythm at 84 bpm with 2:1 atrioventricular block (AVB) and narrow QRS complexes 

at 42 bpm. B: sinus rhythm at 78 bpm with complete AVB and narrow QRS complexes at 40 bpm. The first six sinus P waves are 

indicated with a red dot. The QRS complexes are normal; there are diffuse nonspecific repolarisation abnormalities. The QTc 

interval is moderately lengthened to 480 ms (A) and 508 ms (B). 

Discussion

We have described the case of a young girl suffering 
from chronic effort intolerance related to AVB. We 
would like to emphasise some important aspects of the 
assessment of young people with limited effort capac-

ity. In addition, we will briefly review the main charac-
teristics of this rare condition.
Our patient had suffered from effort intolerance since 
childhood, initially attributed to asthma. However, 
treatment did not lead to a satisfactory response. In sit-
uations like this, other pathological conditions should 
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be investigated to explain the reduced exercise capac-
ity in an otherwise healthy young patient.
Bradycardia has been documented in our patient at 
least since the age of 12. Bradycardia can be physiologi-
cal in healthy young people, in athletes or during sleep 
as a sign of vagotonia. On the other hand, when it is in-
adequate for the clinical condition, or if it is accompa-
nied by symptoms, as in our case, or by abnormal clini-
cal signs, it can be the result of rhythm or conduction 
disorders and requires an ECG recording. In our pa-
tient, the diagnosis of high-degree AVB was finally 
made only at the age of 18, but very likely it had been 
present at least from the age of 12.
AVB in the paediatric age group is rare. It is defined as 
congenital when diagnosed in utero, at birth or during 
the first month of life. Childhood AVB is defined when 
diagnosis is made after the first month of life up to the 
age of 18 [1]. The AVB can be isolated (occurring in a 
structurally normal heart without other predisposing 
conditions), or associated with a congenital or acquired 
cardiac disease or other primary causes [2] (fig. 4).
Congenital AVB has an incidence of 1:15,000–20,000 
newborns. About one third are associated with ana-
tomical abnormalities or rare acquired causes, the re-
maining two thirds are isolated. Isolated congenital 

AVB is a passively acquired autoimmune disease of the 
fetus. In fact, in about 95% of the mothers of newborns 
with isolated congenital AVB, anti-Ro/SSA and anti-La/
SSB antibodies are detected. These antibodies cross the 
placenta to reach the fetal circulation, where they can 
generate an inflammatory response in the cardiac con-
duction system at the level of the atrioventricular junc-
tion, potentially leading to local fibrosis. This can re-
sult in an AVB, which is usually complete and 
irreversible. Note that these antibodies can be  detected 
in 1–2% of all pregnant women (of whom the great ma-
jority are asymptomatic), but only 2–5% of the fetuses 
whose mothers are antibody positive develop an AVB 
[2–4].
Childhood AVB is more commonly associated with 
other heart conditions. The causes are multiple. 
Among the congenital heart diseases, corrected trans-
position of the great vessels and endocardial cushion 
defects are typically associated with AVB. Infectious or 
inflammatory myocarditis, infiltrative, ischaemic or 
valvular heart diseases, cardiomyopathies, tumours, 
sequelae of cardiac surgery or percutaneous interven-
tions, radiotherapy, drugs, multisystem neuromuscu-
lar or metabolic diseases, can all be accompanied by 
AVB [2] (fig. 4). When facing a young patient with AVB, it 

Figure 2: ECG during exercise: physiological sinus tachycardia at 150 bpm (the first six sinus P waves are indicated with a red 

dot) with 3:1 atrioventricular block and ventricular rate of 50 bpm. Compared with the resting ECG, note the normalisation of 

repolarisation and of the QTc interval (422 ms).
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Figure 3: ECG after implantation of a dual chamber pacemaker programmed in DDD mode. A: resting ECG with sinus rhythm 

at 96 bpm with electro-stimulated ventricular rhythm synchronous to the P wave. B: ECG during exercise showing sinus tachy-

cardia at 139 bpm with synchronous ventricular rhythm. The first four sinus P waves of each trace are indicated with a red dot.
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is therefore essential to perform an overall clinical 
evaluation to exclude primary causes. In our patient, 
there was no clue to a primary pathology linked to the 
AVB and the heart was structurally normal, leading us 
to conclude that this was an isolated AVB. Among the 
isolated childhood AVBs, three causes can be identi-
fied: autoimmune, genetic and idiopathic. There are 
two types of autoimmune AVB: a late progressive con-
genital form where anti-Ro/SSA and anti-La/SSB anti-
bodies are found only in the mother, and an  acquired 
form where these antibodies develop during child-
hood (and are found only in the patient). Together, they 
can represent up to 20% of cases of isolated childhood 
AVB [5, 6]. In our case, an autoimmune cause was ex-
cluded by the absence of antibodies in the patient and 
her mother. Recently, it has been found that a signifi-
cant proportion of isolated AVBs in young people have 
a hereditary basis in the form of a genetic mutation [7, 
8]. Some mutations (for example in the SCN5A gene) 
can lead to overlap syndromes with sinus disease, con-
duction disturbances, QTc prolongation and a Brugada 
ECG pattern. In our patient, the prolongation of the QTc 
interval could suggest such an origin. However, there 
was no clinical evidence for a hereditary origin. 
 Unfortunately, a genetic analysis was not performed. 
The  diagnosis of idiopathic isolated AVB was therefore 
retained, although a genetic origin was also deemed 
possible.
Unlike isolated congenital AVBs, isolated childhood 
AVBs can be partial (first or second degree), but they 
 often evolve to complete AVB. In the vast majority of 

cases, the escape QRS complexes are narrow, indicat-
ing an injury of the atrioventricular junction [9–12], as 
in our case. The site of block can be determined by non-
invasive manoeuvres: exercise or atropine improve 
atrioventricular nodal blocks but worsen infranodal 
blocks (which have a worse prognosis). Vagal manoeu-
vres, such as carotid sinus massage, have the opposite 
effect [13]. In our case, QRS complexes were narrow and 
the AVB worsened during exercise, suggesting that the  
block was in the bundle of His.
The clinical manifestations of isolated AVBs are varia-
ble, but usually more severe in the congenital form 
than in the childhood one. Sometimes AVBs remain 
asymptomatic and are discovered incidentally. Some-
times they cause nonspecific symptoms such as fa-
tigue, discomfort, dizziness and sleep disorders. They 
may also manifest as exercise intolerance, as in our 
case, or, more rarely (particularly in the congenital 
form), as major symptoms such as syncope, cardiac 
failure and even cardiac arrest. Without treatment, the 
mortality of congenital isolated AVBs reaches 14–34% 
in the fetus and newborn, 8–16% in infants and 4–8% in 
children and adults [2, 3, 11, 12].
The definitive treatment of congenital or childhood 
high-degree AVB consists of implanting a pacemaker. 
Pacing is recommended in patients with symptoms re-
lated to the AVB (syncope, heart failure, exercise intol-
erance). Patients with syncope or heart failure should 
be implanted without delay. In asymptomatic patients 
or those with nonspecific symptoms, the prognostic 
significance of the AVB should be evaluated. A number 
of  parameters are considered risk factors for adverse 
outcome, although the results of several studies are 
controversial. Ventricular dysfunction, resting brady-
cardia <55 bpm up to 1 year of age or <50 bpm beyond 
one year, asystole >3 seconds, wide escape QRS com-
plexes, complex ventricular arrhythmias and QTc pro-
longation are considered markers for increased risk of 
mortality and may represent an indication for prophy-
lactic pacemaker implantation [2, 3, 14, 15]. Our patient 
suffered from reduced effort tolerance, and she had 
resting bradycardia <50 bpm and prolongation of the 
QTc interval. Therefore, in our case the pacemaker was 
indicated for both symptomatic and prognostic rea-
sons. If in the past a pacemaker was implanted mainly 
for symptomatic reasons (about 50% of the patients 
were implanted in some old studies [12]), in more re-
cent series the indication is often prophylactic and the 
great majority of the patients finally benefited from 
the pacemaker (between 79 and 95% in recent series [9–
11]). The broader use of pacemakers appears to be the 
main reason for the improved prognosis of patients 
with an isolated AVB. For example, in a recent multi-

Figure 4: The main causes of paediatric atrioventricular block (AVB) (modified from ref-

erence [2]).
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centre study of 141 patients with isolated AVB of whom 
79% received a pacemaker, there were no deaths during 
an average follow-up of 11.6 years [9]. Therefore, the 
arising problem concerning asymptomatic patients is 
mainly to know when to implant the pacemaker rather 
than deciding whether implanting it or not. The deci-
sion must consider the risk related to the AVB, the risk 
of the procedure itself and particularly the high risk of 
serious long-term complications in the face of a life-
time of pacing. An epicardial lead is commonly used in 
children weighing less than <20 kg (<6 years) because 
of the high risk of venous obstruction if a transvenous 
lead were used in a small size venous network. Epicar-
dial pacing requires a major operation and lead 
 dysfunctions are more frequent than in transvenous 
systems, reaching 27% at 5 years [3, 16–18]. The endovas-
cular approach is usually chosen in children weighing 
more than 20 kg. The major long-term complications 
are related to the lead. Lead dysfunction occurs more 
frequently in children than in adults because of the in-
creased mechanical stress (small space between clavi-
cle and ribs, somatic growth, more physical activity). 
The 5-year rate of lead dysfunction in children ranges 
between 5 and 24% [3, 16–18], in adults between 1 and 
9% [19]. Over several decades it is likely to be close to 
100%. This will lead to a series of reinterventions, in-
cluding lead extraction, an especially high-risk proce-
dure in children. Venous occlusion is another frequent 
complication, involving 20–30% of patients, and can be 
an important obstacle in the event of reintervention. 
Infectious complications are relatively rare but very 
serious, usually requiring the extraction of the whole 
system. Tricuspid regurgitation due to entrapment of 
the lead can occasionally be severe [3, 16–19]. In a large 
study, the overall complication rate at 5 years in pace-
maker therapy was 19.7%, with a reintervention rate of 
8.2% [20]. Therefore, over a lifetime of pacing, compli-
cation rates can be extremely high. Another concern in 
these patients, who are expected to be paced 100% 
through life, is the deleterious effect that right ventric-
ular apical pacing may have on left ventricular func-
tion. His bundle pacing has recently generated interest 
as a feasible and more physiological stimulation with 
encouraging clinical results [21, 22]. Therefore, His bun-
dle pacing could be a potential beneficial technique in 
these young patients and could encourage an implan-
tation at an earlier stage.
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