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Abstract: (1) Background: Complete atrioventricular block is a well-known complication of alcohol
ablation as a septal reduction therapy, implemented in selected patients with hypertrophic obstructive
cardiomyopathy (HOCM). It usually occurs during or immediately after the intervention. Rare cases of
late complete atrioventricular block (CAVB) have been reported, but data are still scarce in the literature
regarding this issue. (2) Case report: We report the case of a 70-year-old male patient, with mild aortic
stenosis, but with a significantly degenerated valve and perivalvular tissue, and a nonspecific intraventricular
conduction delay, which developed intensely symptomatic CAVB, four months after alcohol septal ablation
(ASA) for HOCM, along with left ventricular pressure gradient recurrence. Both problems were resolved
by implantation of a dual chamber pacemaker, with pacing optimization to a short atrioventricular interval,
along with a maximal tolerated betablocker therapy. With the description of the patient’s treatment and
evolution in comparisonwith other reports and studies, this case report highlights the fact that a close clinical,
electrical and echocardiographic surveillance is warranted for this kind of patients, as late CAVB may be
a life-threatening complication. Previous electrical conduction problems and degenerated aortic valve and
perivalvular tissue may be predisposed for this type of complication, independent of betablocker therapy.
This treatment has several other beneficial effects and thus it should not be interrupted after the procedure.
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Introduction

As septal reduction therapies, both alcohol septal ablation (ASA) and surgical septalmyectomy (SSM)proved
to be effective in left ventricular outflow tract (LVOT) pressure gradient reduction and functional status
improvement, with a similar low mortality rate of less than 1% [1–5]. The latest studies show that both
techniques significantly reduce themortality rate in obstructive hypertrophic cardiomyopathy patients, even
though the septal scar induced by alcohol ablation could have acted like an arrhythmogenic substrate [5–9].
As compared to the SSM though, ASA seems to have a higher risk of residual pressure gradients in the
LVOT [1–3].

The choice between the two techniques is made by a thorough imagistic evaluation of the interventricular
septum and mitral apparatus morphology and function with the implication of a multidisciplinary team.
ASA is usually recommended to be performed in experienced hospitals, in patients with persistent
symptomatology under maximal medical therapy, with a hemodynamically significant LVOT pressure
gradient (rest or provoked), patients that lack any other pathologies that could or should be surgically treated
(i.e., severe mitral regurgitation that is not secondary to the systolic anterior movement of the anterior mitral
leaflet) [1]. Being an interventional technique and thus avoiding open heart surgery, ASA is used lately 5 to
10 times more often than SSM in several European countries [5,10]. Many intraoperative complications (i.e.,
prevention of inducing an extendedmyocardial infarction, prevention of inducing papillarymuscle ischemia
and necrosis with consecutive acute severe mitral regurgitation, secondary to a communication between the
target septal branch and the right coronary artery, etc.) have been prevented lately by a thorough imagistic
investigation of the patient prior to the intervention and by a close guidance of the intervention by using
contrast echocardiography [4,5].

As regarding the benign complications that interfere with impulse conduction, usually SAA induces right
bundle branch block in a very high percentage of patients (~80%), secondary to ischemia and necrosis of
the right bundle branch as compared to SSM, that usually induces left bundle branch block [5]. A more
serious problem is the complete atrioventricular block induced during or immediately after the intervention.
Thismight have an ischemic or inflammatory etiology, due to the proximity of the atrioventricular (AV) node
to the infarcted area. The complication is encountered in 9–21% or evenmore (up to 50% in some studies) of
ASA patients and is related to, among other factors, the quantity of injected alcohol and previous abnormal
electrical conduction [1,5]. Treatment consists of the implantationof adual chamberpacemaker for persistent
AV block, which is encountered in 5–10% of the patients. Rare cases of late complete AV block occurrence
afterASAwere described [5,10]. This situation ismuchmore serious as the patients are no longer hospitalized
and thus, it might not be possible to solve the problem immediately/in time. Data are scarce in the literature
regarding this issue.

Wepresent the case of a patient that underwentASA for hypertrophic obstructive cardiomyopathy (HOCM),
and developed complete AV block four months later, describing his evolution and management.

Case Report

The 70-year-old male patient, with a history of colorectal cancer curatively operated on in 2012, with
type 2 diabetes mellitus, underwent interventional septal reduction therapy by alcohol ablation of the
first septal artery for hypertrophic obstructive cardiomyopathy, four months before the current admission.
The intervention was performed with thorough contrast echocardiography guidance that showed the target
vessel territory to be limited to the basal part of the interventricular septum, without contrast intake in other
parts of the left ventricle, thus excluding any communication with other coronary arteries. A volume of
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3.5 mL alcohol was used for the procedure. The results were good, without complications, except for a
transient complete AV block, for which a temporary pacemaker lead was already implanted, according to the
protocol. The conduction problem resolved spontaneously in the first 24 h after the procedure and thus the
temporary pacing was removed, leaving sinus rhythm with RBBB on the resting electrocardiogram (ECG),
with signs of interventricular septum basal myocardial infarction (Figure 1).

Figure 1. Twelve lead resting ECG post-alcohol septal ablation (ASA). See text for details.

We must mention here that the patient had a nonspecific intraventricular conduction delay on the ECG
before the intervention, with nohistory ofAVblock. Echocardiography showed a significant LVOTpressure
gradient reduction from 58mmHg to 18mmHg (beyond the obstruction limit), a residual mild degenerative
mitral regurgitation,mild degenerative aortic stenosis and regurgitation (alreadydiagnosed 2 years ago), along
with a significant improvement in symptomatology. The clinical and echocardiographic results persisted
at the one month follow-up, as well as the 24 h ECG Holter monitoring findings that showed no sinus
pauses, no AV block, with a low number of isolated supraventricular and ventricular premature beats.
Betablocker therapy was continued. Given the aortic valve anomalies, a differential diagnosis of the patient’s
LV asymmetric hypertrophy was conducted before ASA. The LV asymmetric hypertrophy is described in
a minority of cases, with severe aortic stenosis and and/or in association with arterial hypertension (AHT),
which was not the case of our patient (mild aortic stenosis, no history of AHT) [11].

The patient is admitted now for intense fatigue, dizziness with one episode of syncope, intense dyspnea, all
starting about 36 h before presentation. Home heart rate measurement affirmatively pointed to a value
of 30–35 beats/minute, for which the patient interrupted the betablocker, with no improvement, but the
worsening of clinical status.

The ECG at admission showed complete AV block with a heart rate of 40 beats/minute (Figure 2), and
clinically, the patientwas in acute pulmonary oedema. Echocardiography revealed a LVOTpressure gradient
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increase to 80mmHg,with an intense systolic contractionof the leftventricle (leftventricular ejection fraction
of 75%) in the situation of sudden betablocker interruption. As betablocker could not be reintroduced with
complete AV block, in this emergency situation, a temporary pacemaker was implanted and set to pace at a
heart rate of 50 beats/minute to allow an appropriate LV diastolic filling. The betablocker was reintroduced
in the highest tolerated dose and diuretic therapy was carefully administered to help relief the pulmonary
pressures and stasis, but also to prevent patient dehydration. The pulmonary oedema resolved, and the
patient was stable.

Figure 2. ECGwith complete AV block, four months after ASA.

Thenext stepwas to implant a dual chamber pacemaker set to pace in theDDDRmodewith 50 beats/minute
as the lowest heart rate and 130 beats/minute as the highest heart rate (Figure 3). With a sensed/paced AV
interval of 120/150 ms and maximal tolerated betablocker therapy, the LVOT pressure gradient measured
by echocardiography one day after the implantation procedure was 42 mmHg. The AV interval was
echocardiographically optimized to a short value-sensed/-paced of 80/100 ms with a drop in the LVOT
pressure gradient to 25 mmHg. The patient was discharged after 2 days, with a significantly improved
clinical status.

Figure 3. ECG after implantation of a dual chamber pacemaker. See text for details.
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Discussions

Our patient experienced a delayed complete atrioventricular block four months after alcohol septal ablation
for hypertrophic obstructive cardiomyopathy. This entity, by definition, occurs aftermore than 48–36 h after
the intervention, and is encountered in a significantly lower percent compared to the acute AV block [4,10].
Literature reports an incidence of up to 10%, but it may also be an underdiagnosed pathology, as some
patients might not reach medical care anymore [10].

Veselka et al. reported that ~one-third of the patients developed complete AV block after the procedure was
completed, but before the fifth day [12]. Themechanisms underlying acute AV block during or immediately
after the intervention of alcohol septal ablation consist in ischemia/necrosis of the AV node because of the
inclusion of this structure in the infarcted area, or in inflammation/oedema of the area surrounding the
infarction, also including the AV node (~half of the patients) [4]. It is normally encountered in the first
48 h after the procedure, and in case of an inflammatory etiology, it is reversible in 1–2 days, rarely after a
longer period (a maximum of 13 days was reported). As concerning the delayed occurrence of the AV block,
the suggested mechanisms are the left ventricular remodeling which takes place during the following several
months after the procedure, as demonstrated by cardiac magnetic resonance, and the postinfarction scar
remodeling and potential expansion by subsequent alteration of the periinfarct tissue, later also including the
AVnode. Some autopsy studies proved a persistent collagen formation during up to 90 days aftermyocardial
infarction, which was seen both in rat and in human [10]. The complication may occur in patients without
acute AV block as well as in patients with recovered acute conduction abnormality [4].

Several authors reported a number of cases of delayed AV block, most of them within the first 7–8 days after
the intervention. Wykrzykowska et al. reported a case of delayed AV block after 96 h of the intervention,
without any acute postprocedural conduction problem and/or other risk factors [13]. Poyet et al. reported a
patient that developed the same problem after 8 days of the procedure, andBoekstegers et al. described 2 cases
7 days after the procedure, but with several risk factors for such a complication [14,15]. Schuler et al., on the
other hand, conducted a study inwhich they followed-up for 3.2± 2.3 years, a number of 142OHCMpatients
that underwent 168 ASA procedures [10]. They found an incidence of delayed AV block of 8.9% in these
patients, from which 3.6% occurred after hospital discharge, between 48 h and 3 years after the intervention,
as experienced by our patient. They suggest that this is an important finding, as it may increase long term
mortality after SAA.

In recent years, several factors have been indicated to increase the risk of AV block after ASA. Baseline
left bundle branch block was one of them, as ASA supplementary induces right bundle branch
block, thus resulting in complete atrioventricular block (CAVB). Some authors even suggest elective
pacemaker implantation in patients with left bundle branch block undergoing ASA. Moreover, baseline
or post-procedural first degree AV block, intraprocedural complete AV block and new intraventricular
conduction defect were described [4]. Faber et al. included baseline ECG parameters, like a PR interval
longer than 160 ms, heart rate lower than 50 beats/minute, an LVOT pressure gradient of over 70 mmHg,
periinterventional myocardial enzyme kinetics and conduction abnormalities in a scoring system regarding
permanent AV block risk [16]. Other factors, such as age of over 55, female gender, lack of intervention
guidance by contrast echocardiography, bolus alcohol administration, use of a highquantity of alcohol (more
than 4 mL) and ablation of more than one septal branch, have been also proposed [17,18]. Schuler et al.
on the other hand, in their more recent study, demonstrated that after adjustment, only multiple ASA
procedures and a significantly high preprocedural restingLVOTpressure gradientwere significant predictors
for complete AV block [10].
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Our patient had only one ASA procedure, implying a single septal branch, with a preprocedural pressure
gradient of 58 mmHg, but with a nonspecific intraventricular conduction delay. Moreover, he had a
degenerated aortic valve with intense fibrosis of the cusps, ring and surrounding tissue that might have
contributed to the alteration of the AV node function.

Regarding the benefits of ASA, often these are delayed for several month, sometimes months or even more,
as the scar remodeling and the reduction in the interventricular septum thickness takes time [5]. In our
patient, the benefits were seen immediately after the procedure and were maintained at the one-month
follow-up. A recurrence of the LVOT pressure gradient was encountered after four months when he
was admitted for the delayed conduction abnormality. The recurrence of the pressure gradient after ASA
was described in about 10% of cases in the first two years after the procedure. This complication may be
explained by an incomplete scar formation, an irregular form of the scar with recovery of the periinfarct
tissue—often hibernating myocardium, patchy instead of dense fibrosis, a non-proper location of the scar,
an incomplete interventricular septum remodeling or a midventricular migration of the obstruction [19].
In our patient, it is possible for the scarring to have migrated in the direction of the AV node, and also for a
part of the hibernatingmyocardiumnear the infarction zone to have recovered instead of developing necrosis
with subsequent fibrosis and scar. Sudden interruption of the betablocker with a significant increase LV
contraction exacerbated the pressure gradient. Interruption of the betablocker lacked any improvement of
the conduction abnormality, which proved to be independent of this therapy. As the patient had no history
of AV block before ASA, we considered the combined action of possible post ASA remodeling due to intra
or infrahissian ischemia and the possible AV node involvement associated with aortic valve fibrosis as the
etiology of the AV block. Implantation of a dual chamber pacemaker programmed with a short AV delay,
combined with the maximal tolerated betablocker therapy solved the problem in the acute phase. Right
ventricular apical pacing with a short AV delay is known as a good method to reduce the LVOT pressure
gradient by inducing interventricular septum contraction dyssynchrony [1], but for some reasons, the studies
show that it is less efficient alone, comparedwith the other two septal reduction therapies [1,19]. On the other
hand, many authors recommend the use of the dual chamber pacemaker when one of these techniques fails,
instead of repeating the procedure [5].

Lee et al. reported a patient with significant pressure gradient recurrence seven years after the procedure,
for which they repeated SAA and implanted a permanent pacemaker, as the procedure resulted in an acute
completeAVblock [20]. Velchev et al. reported three patientswith symptomaticmidventricular obstruction,
several months after the procedure of ASA, which was properly resolved by pacemaker implantation [19].

Conclusions

This case highlights the fact that patients with pre-existing electrical conduction abnormalities and a
degenerated aortic valve should be very closely monitored for the possible occurrence of late complete
atrioventricular block, as this may be a life-threatening complication. Betablocker therapy should be
continued after SAA as, besides the well-known benefits in patients with HCM, it mitigates the extent and
symptomatology of LVOT pressure gradient in the rare cases in which it reoccurs. Pacemaker implantation
may resolve this complication, besides appropriately treating the complete atrioventricular block.
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