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Objective - To assess the clinical, electrocardiogra-
phic, and electrophysiologic characteristics of patients
(pt) with intra-His bundle block undergoing an electro-
physiologic study (EPS).

Methods - We analyzed the characteristics of 16 pt with
second-degree atrioventricular block and symptoms of
syncope or dyspnea, or both, undergoing conventional EPS.

Results - Intra-His bundle block was documented in 16
pt during an EPS. In 15 (94%) pt, the atrioventricular block
was recorded in sinus rhythm; 4 (25%) pt had intra-His
Wenckebach phenomenon, which correlated with Mobitz I
(MI) atrioventricular block on the electrocardiogram. Seven
(44%) pt had 2:1 atrioventricular block, 2 of whom were
asymptomatic (12.5%). One (6%) pt had intra- and infra-His
bundle block. Clinically, 11 (68%) pt had syncope or
presyncope, 3 (18%) had dyspnea on exertion, and 2 (12.5%)
were asymptomatic. Eight (50%) pt had bundle-branch block
as follows: 4 (25%) pt had left bundle-branch block, and 4
(25%) had right bundle-branch block. Left anterosuperior
divisional block was observed in 3 pt (19%), 2 of whom with
associated right bundle-branch block.

Conclusion - Intra-His bundle block was observed in
11% of the pt with second-degree atrioventricular block,
syncope or presyncope, or both, it being the most frequent
clinical presentation. Intra-His bundle block was more
common in the elderly (> 60 years) and among females. The
most frequent electrocardiographic presentations were
second-degree Mobitz I or type 2:1 atrioventricular block.
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Atrioventricular block is a conduction disturbance at
the axis formed by the atrium, AV node, His bundle, and its
branches, which may vary from a mild delay in conduction
(first-degree atrioventricular block) to a conduction block
between atria and ventricles (second- and third-degree
atrioventricular blocks) 1.

Atrioventricular block may occur at the 3 following
electrophysiological levels: atrioventricular node, within
the His bundle, and below the His bundle 2. These levels
have anatomical correlation with, respectively, the atrioven-
tricular node, the penetrating His bundle (within the central
fibrous body), and nonpenetrating His bundle (out of the
central fibrous body). First-degree atrioventricular block
usually has a delay in the conduction within the atrioventri-
cular node. In different series, total atrioventricular block
has been reported at the 3 following levels: AV node (16 to
25%), intra-His bundle (14 to 20%), and infra-His bundle (56
to 68%) 1-3. Some patients have simultaneous blocks at
several levels (multilevel block) 4.

Disturbances in the conduction of the His-Purkinje
system have different electrocardiographic, electrophysio-
logic, and clinical manifestations 5-10.

Intra-His bundle block evidenced on electrophysiolo-
gic study was first reported by Narula, Scherlag, and Samet
in 1969 11.

Our study aimed at retrospectively reporting the clini-
cal, electrocardiographic, and electrophysiologic characte-
ristics of a series of 16 patients with intra-His bundle block.

Methods

We assessed 146 patients with second-degree atrio-
ventricular block on surface electrocardiography or 24-hour
Holter monitoring; 16 of these patients showed intra-His
bundle block on the electrophysiologic study.

Twelve-lead electrocardiography preceded the electro-
physiologic study. Holter monitoring was performed with
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cassette magnetic tape recording in a modulated frequency.
The material was analyzed with the Avionics analyzer with
digital into analogical signs decoding, and printed as a
standard 3-lead electrocardiogram.

The patients underwent an electrophysiologic study
because of symptoms, such as dyspnea, and presyncope or
syncope, and second-degree atrioventricular block. Two
asymptomatic patients underwent the electrophysiologic
study because 1 had second-degree Mobitz II atrioven-
tricular block and the other patient had second-degree
Mobitz I atrioventricular block, both with an A:V ratio of 3:2,
2:1 and a high-degree block during wakefulness.

The electrophysiologic study was performed after
withdrawing antiarrhythmic drugs for 5 half-lives and after
the patient’s consent. The patients had to fast for 6 hours
prior to the examination and were kept under mild sedation
(midazolam, alfentanil or propofol, or both) and local
anesthesia 10. The femoral vein was punctured at 3 sites,
three 6 French (6F) quadripolar catheters were introduced
and were positioned highly in the right atrium, adjacent to
the septal leaflet of the tricuspid valve (His bundle potential
recorded), and in the right ventricular apex.

Intracavitary bipolar electrograms (right atrium, His
bundle 1, His bundle 2, and right ventricle) were simultane-
ously recorded with 6 surface leads (D1, D2, D3, V1, and V6)
by the multichannel recorder of the EMS cardiac electrophy-
siology system with 20- to 500-Hz filters (fig. 1).

After recording all leads in sinus rhythm, the stimula-
tion protocol was initially performed through the atrial
cavity for the following analyses: sinus function (sinus re-
covery times of 100, 120, 140, and 160 pulses/min), atrial elec-
tric stability (atrial stimulation with up to 3 extrastimuli in
600-, 500-, and 430-ms cycles and in sinus rhythm), AV
nodal conduction, and His-Purkinje conduction.

The ventricular cavity was stimulated to assess ventri-
cular-atrial conduction and ventricular electrical stability
(up to 2 extrastimuli in the right ventricular apex in 600-, 500-
, and 430-ms cycles, coupled with sinus rhythm).

The normal His potential duration (H) ranges from 15
to 20 ms 2. Intra-His conduction disturbance on the elec-
trophysiological study was characterized by the follo-
wing: a) recording of 2 H spikes (H1 and H2) characterizing
fragmentation of the His potential with H1-H2 recording
time m 30 ms 5 (fig. 2), and intra-His bundle block characte-
rized by the presence of an H1 spike not followed by an H2
spike, recorded by a catheter with an interelectrode distan-
ce of 2 mm (fig. 3). The H2 spike, when present, was follo-
wed by the ventricular intracavitary potential (V), the H2V
interval being m 35 ms 12.

The difficulty in capturing the fragmented His bundle
potential (HI-H2) may underestimate the true incidence of
intra-His bundle block 13. Two of the 16 patients had pre-
vious electrophysiologic studies with no evidence of intra-
His conduction disturbance.

Results

Of the 16 patients studied, 11 had syncope or presyn-
cope, 3 had dyspnea on exertion, and 2 were asymptomatic.

Fig. 1 – Simultaneous intracardiac and surface recording at the velocity of 100 mm/s
with: 5-lead electrocardiogram (I, II, III, V1, and V6) and 3 intracavitary recordings
(INTRA, His1, and His2). The INTRA recording captures right atrial potential.
Surface electrocardiography shows anterosuperior divisional block and the His1
recording shows split His bundle potentials with an important conduction
disturbance (H1 – H2 = 120 ms). The H2 – V interval is 40 ms (normal).

Fig. 2 – Simultaneous intracardiac and surface recording at the velocity of 50 mm/s
with: 6-lead electrocardiogram (I, II, III, V1, V4, and V6) and 3 intracavitary recordings
(right atrium, His1, and right ventricle). The intracavitary recordings capture the right
atrial, His bundle (His1), and right ventricular potentials. The surface electro-
cardiogram shows second-degree Mobitz I atrioventricular block (A:V sequence 4:3
type) with narrow QRS complex, while the His1 recording characterizes Mobitz I as an
intra-His bundle block (progressive increase in the H1-H2 interval until the H2
potential does not follow H1). The H1 potential is the proximal activation and the H2
is the distal activation of the His bundle. The measurements of the PR interval in the V1
lead and the H1-H2 interval in His1 channel recording are in milliseconds.
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Their ages ranged from 25 to 88 (mean of 68.8) years. Ten
patients were females and 6 were males. Five patients had
hypertensive heart disease, 3 had previous left ventricular
failure compensated at the time of the electrophysiological
study, 1 patient had Sjögren’s syndrome, and 7 patients had
no structural heart disease (tab. I). Of the patients with
previous left ventricular failure, 2 had idiopathic dilated
cardiomyopathy, and 1 had ischemic heart disease.

The 12-lead electrocardiogram obtained at baseline

during the electrophysiologic study showed the following:
1) second-degree Wenckebach or Mobitz I (M I) atrioventri-
cular block in 4 patients, 3 of whom had a narrow QRS com-
plex and another had right bundle-branch block; 2) second-
degree Mobitz II (M II) atrioventricular block associated
with anterosuperior divisional block in 1 patient, right
bundle-branch block associated with anterosuperior divi-
sional block in 2 patients, isolated right bundle-branch
block in 1 patient, isolated left bundle-branch block in 4
patients; 3) and electrocardiogram with no (atrioventricular
and intraventricular) conduction disturbance in 4 patients.

Bundle-branch block was found in 8 (50%) patients
with equal distribution of left bundle-branch (4 patients)
and right bundle-branch (4 patients) blocks. Anterosu-
perior divisional block was found in 3 (18%) patients, 2
(12.5%) of whom also had right bundle-branch block (tab. I).

Two of the 16 patients studied had type 2:1 or high-
degree atrioventricular block during wakefulness (24-hour
Holter) and were asymptomatic.

No electrocardiographic difference between the
patients with and without structural heart disease was
found.

Of the 146 patients with second-degree atrioventri-
cular block, 16 (11%) had split His bundle potentials during
the electrophysiologic study, and H1 potential not followed
by H2 potential when the intra-His bundle block occurred.

In 15 of these 16 (94%) patients, intra-His bundle block
was recorded in sinus rhythm and in 1 (6%) patient it
occurred during programmed atrial stimulation.

Four (25%) patients had decremental conduction with
block (intra-His Wenckebach phenomenon). This pheno-
menon was characterized by a progressive increase in the
H1-H2 interval until the H1 potential did not follow the H2
potential (figs. 2 and 3). These patients had second-degree
Mobitz I atrioventricular block on electrocardiography.

Fig. 3 – Simultaneous intracardiac and surface recording at the velocity of 100 mm/s
with: 6-lead electrocardiogram (I, II, III, V1, V4, and V6) and 4 intracavitary
recordings (right atrium, His 1, His 2, and right ventricle). The intracavitary
recordings capture the right atrial, distal, and proximal His bundle (His1 and His2),
and right ventricular potentials. The surface electrocardiogram shows right bundle-
branch block with second-degree Mobitz I atrioventricular block (A:V sequence
3:2 type), while the His1 recording characterizes Mobitz I as an intra-His bundle
block (progressive increase in the H1-H2 interval until the H2 potential does not
follow H1). The H2 – V interval is 35 ms (normal). The H1 potential is the proximal
activation and the H2 is the distal activation of the His bundle. The measurements in
the His1 channel recording are in milliseconds.

Table I – Clinical and electrocardiographic characteristics of the patients

P t Age     Sex Sync Dysp Asy MI MII RBBB ASDB LBBB QRSn SAH LVF SS Normal

1 25 M x x x x
2 59 F x x x x
3 67 F x x x x
4 68 F x x x x
5 63 M x x x x
6 73 F x x x x
7 79 M x x x x
8 68 F x x x x x
9 88 M x x x x x
10 73 F x x x x
11 72 F x x x x
12 70 M x x x x
13 77 F x x x x
14 70 F x x x x
15 74 F x x x x
16 76 M x x x x

Pt- patient; Age in years; Sync- syncope or presyncope; Dysp- dyspnea on exertion; Asy- asymptomatic; MI– second-degree Mobitz I atrioventricular block; MII– second-
degree Mobitz II atrioventricular block; RBBB- third-degree right bundle-branch block; ASDB- anterosuperior divisional block of the left bundle branch; LBBB- third-
degree left bundle-branch block; QRSn- narrow QRS complex (duration shorter than 120 milliseconds); SAH- systemic arterial hypertension; LVF- left ventricular failure;
Normal- no heart disease on the echocardiogram; SS- Sjögren’s syndrome. The “x” letter means presence of the clinical-electrocardiographic characteristics.
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Seven (44%) patients had intra-His type 2:1 atrioven-
tricular block, 1 (6%) of whom also had the association of
intra- and infra-His bundle block. Two of these 7 patients
were asymptomatic.

All patients worsened their block degrees with the in-
crease in the frequency of atrial stimulation. The H2-V inter-
val was normal (35-45 ms) 12 in all patients.

Sustained monomorphic ventricular tachycardia was
induced in 1 patient (6%) with dilated cardiomyopathy and
clinical left ventricular failure.

No electrophysiologic difference was found between
patients with and without structural cardiomyopathy.

Discussion

Split-His bundle potentials (H1-H2) occur due to fi-
brosis in the penetrating region of the His bundle in the cen-
tral fibrous body 6, sometimes with a calcific lesion embra-
cing the His bundle and sparing its proximal and distal por-
tion 7, usually in patients with hypertensive and atheroscle-
rotic diseases.

The fibrotic lesion may extend downward until the for-
mation of the fibers of the left branch, and may even replace
the origin of that branch by fibroelastic tissue 8, which
would explain the left bundle-branch on the electrocardio-
gram.

Anatomicopathological studies in 4 patients, who died
due to noncardiac causes and who had been diagnosed with
intra-His bundle block on the electrophysiologic study,
showed a higher than 50% reduction in the conduction cells,
which were replaced by fibrosis in the most distal portion of
the His bundle. The authors considered the H1 spike of the
electrogram of the His bundle originating in the penetrating
portion of the His bundle and the H2 spike originating in the
right side of the distal portion of the His bundle 9.

According to the literature 1,3,10,14, our series showed
that most patients with intra-His bundle block (68%) had
syncope or presyncope, the minority (12%) being asympto-
matic. The patients most frequently affected by the blocks
were the elderly (> 65 years) and females.

The old females were more prone to calcific degenera-
tion of the His region due to the involvement of the mitral-
aortic ring 7, which occurred 3 times more frequently in fe-
males than in males 1,3. In our case series, the females repre-
sented 62.5% of the patients, and the echocardiographic
findings of the mitral-aortic calcific degeneration were con-
sidered compatible with age with no signs of significant
valvular stenosis or insufficiency. It was not possible to dif-
ferentiate the predominance of sex in regard to the mitral-
aortic calcification as a causal factor of intra-His bundle
block.

The primary etiology due to degeneration of the con-
duction system (Lev disease) occurs in many patients 2.
Myocardial infarction may cause acute intra-His bundle
block 15. Some intra-His bundle block are congenital 16, and
others are caused by penetrating wounds 17 or by surgery 16.
In our case series, 5 patients had hypertensive heart disea-

se, 3 had compensated left ventricular failure, 2 of whom
had idiopathic dilated cardiomyopathy and 1 had ischemic
heart disease, 1 patient had Sjögren’s syndrome, and 7 had
no structural heart disease.

In autoimmune diseases, such as dermatomyositis,
distal block to the His bundle is caused by fibrosis in the
distal portion of the left bundle-branch and in the proximal
portion of the right bundle-branch with replacement by
fibroelastic tissue 18. In our only young patient (25 years)
with intra-His bundle block, the underlying disease was
Sjögren’s syndrome, probably caused by anatomicopatho-
logical alterations similar to those of dermatomyositis. In
patients younger than 40 years, toxoplasmosis may cause
the block 19.

The chronic use of amiodarone may cause AV nodal 20,
infra-His bundle 18, or intra-His bundle 19 blocks in patients
with no previous conduction disturbance. None of our
patients was using amiodarone during Holter performance
or electrophysiologic study 21,22.

Guimond and Puech 3 followed up 102 patients with
intra-His bundle block and observed the following on the
electrophysiologic study: first-degree atrioventricular
block in 36 patients (35.3%), second-degree atrioventricular
block in 23 patients (22.5%), and third-degree atrioventri-
cular block in 43 patients (42.2%). In the second-degree
atrioventricular block group, 70% of the patients had 2:1
type behavior, 18% had M I type behavior, and 12% had M II
type behavior. The 2:1 type atrioventricular block is the most
common electrocardiographic manifestation of intra-His
bundle block 3 during the electrophysiologic study and it
occurred in 44% of our case series.

According to Narula 23, second-degree M I atrioven-
tricular block usually has an AV nodal origin (72% of the
cases), followed by an infra-His bundle origin (21% of the
cases), and, less commonly, an intra-His bundle origin (7%
of the cases). Therefore, second-degree M I atrioventricular
block does not always have a benign character (intra-nodal
AV). Its finding, even with a narrow QRS complex in patients
> 50 years during wakefulness or after an atropine test 24,
should be carefully seen due to the possibility of an intra-
and infra-His bundle origin for the block. In our case series,
second-degree Mobitz I atrioventricular block was present
in 4 (25%) patients, 3 with a narrow QRS complex and 1 with
right bundle-branch block.

Therefore, in a symptomatic or oligosymptomatic pa-
tient with second-degree M I atrioventricular block with an
A:V conduction rate of 3:2 and 2:1 during wakefulness, ma-
inly if the patient is older than 50 years, an electrophysio-
logic study should be considered.

The second-degree M II atrioventricular block asso-
ciated with bundle-branch block has an intra-His bundle
(35%) or infra-His bundle (65%) lesion. The intra-His bun-
dle block has a narrow QRS complex in 30% 23 to 65% 2 of
the cases. In our study, 50% of the patients had narrow QRS
complex and 50% had bundle-branch block (25% with right
bundle-branch block and 25% with left bundle-branch
block). The patients with narrow QRS complex usually had
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an electrocardiographic behavior of second-degree M I
atrioventricular block, and those with bundle-branch block
had type 2:1 atrioventricular block.

The His bundle has a forward course in the left or right
side of the crest of the muscular interventricular septum in 62%
and 16% of the hearts, respectively 24, and a greater tendency
towards left bundle-branch block than right bundle-branch
block exists. However, right bundle-branch block may occur
more frequently than left bundle-branch block 25. This contra-
diction may be due to the fact that the origin of the fibers, which
will form both the right and left branches, follows the anatomic
distribution of the His bundle and the lesions in the His bundle
occur both in the right and left fibers.

In the series by Guimond and Puech 3, 35% of the pa-
tients had wide QRS complex distributed as follows: isolated
right bundle-branch block in 7% of the patients, right
bundle-branch block associated with anterosuperior divi-
sional block in 10% of the patients, right bundle-branch
block associated with posteroinferior divisional block of the
left branch (PIDB) in 2% of the patients, and left bundle-
branch block in 16% of the patients. In the present study,
right bundle-branch block was present in 25% of the cases,
half of which were associated with anterosuperior divisio-
nal block. This association of right bundle-branch block
with anterosuperior divisional block in patients with intra-
His bundle block may be due to the proximity, within the His
bundle, of the fibers that originate the respective right
bundle-branch and the anterosuperior fascicle of the left
bundle-branch 6,26. The close relation of the mitral-aortic
ring with the left side of the His bundle (fibers that originate
the left bundle-branch) justifies the left bundle-branch
block during intra-His bundle block, which occurred in 25%
of our cases. This infiltration occurs in the penetrating por-
tion of the central fibrous body.

The association of atrial arrhythmias (tachycardia,
flutter, or fibrillation) and intra-His bundle block is infre-
quent. It occurred in 5% of the series by Guimond and
Puech 3, but was not evidenced in ours.

In our case series of 146 patients with second-degree
atrioventricular block undergoing electrophysiologic stu-
dy, we found an 11% incidence of intra-His bundle block.
The infra-His bundle conduction in these patients was nor-
mal, in accordance with that in the literature 10.

Patients with bundle-branch block have a high inci-
dence of cardiac death that may be sudden or due to heart fai-

lure, with no relation to the increase in the H-V interval 27,28.
The greatest mortality occurs in patients with heart disease
and left bundle-branch block and is due to tachycardia or
ventricular fibrillation, or both 29.

Therefore, patients with bundle-branch block should
undergo a complete  electrophysiologic study including
programmed ventricular stimulation, because ventricular ar-
rhythmia may occur in 1/3 to 1/2 of the patients 29. Occasio-
nally, a patient with intra-His atrioventricular block and
structural heart disease may have paroxysmal syncope due
to sustained monomorphic ventricular tachycardia 29. Sus-
tained monomorphic ventricular tachycardia was induced in
6% of the patients in our case series.

Third-degree atrioventricular block of intra-His origin
has an escape heart rate ranging from 30 to 50 bpm with
instability of the escape rhythm, which rarely reaches 70
bpm, especially in those surgically induced. Under atropine
use or physical activity, heart rate may reach 56 bpm,
leading most patients to symptoms, such as syncope or
dizziness. Occasionally, the patient may be asymptomatic 23.

Mangiardi et al 30 followed up 35 patients (27 females and
8 males) with intra-His bundle block, all of them with narrow
QRS complex, for a period ranging from 12 to 120 months (mean
of 45 months). All patients received a definite pacemaker, early
for most of them (90%), and late for the minority (10%).

The mortality rate of patients with intra-His bundle
block has not been reported in the literature, which may be
explained by definite pacemaker placement, as most
patients are highly symptomatic. In this way, we interfere
with the natural history of the disease, even though the
uncommon asymptomatic cases evolve well with no
pacemaker implantation 23.

Immediately after the electrophysiologic study, all our
patients with intra-His bundle block underwent definite
pacemaker implantation, and, in a mean 22-month follow-up
(18±10 months), they were asymptomatic.

In conclusion, in our study of patients with intra-His
bundle block, syncope and presyncope were the most
common (68%) symptoms. On electrocardiography, we
observed normal QRS complex in half of the patients, most
of whom (68%) had second-degree Mobitz I or type 2:1
atrioventricular block. Intra-His bundle block occurred in
11% of the patients with second-degree atrioventricular
block undergoing the electrophysiologic study.
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