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Abstract

Background: Bruton tyrosine kinase inhibitors, such as ibrutinib, are medications that are actively used for Chronic Lympho-
cytic Leukemia (CLL) and several lymphomas. They work by inhibiting Bruton’s tyrosine kinase therefore affecting B cell pro-
liferation. lbrutinib itself is associated with multiple cardiotoxicities including atrial fibrillation, ventricular arrhythmias, heart
failure, and bleeding. There are well-established studies that show the incidence of atrial fibrillation with ibrutinib therapy.
However, only a few reports show an association between ibrutinib therapy and advanced heart block.

Case presentation: We present two unique cases of patients who presented to the emergency room with syncope while be-
ing on ibrutinib therapy for CLL. At presentation, the patients were found to have conduction abnormalities seen on their EKG
that included complete heart block in one patient and sick sinus syndrome in the other. Ultimately, each patient was treated
with a pacemaker, ibrutinib therapy was discontinued, and they were started on alternative therapy for their CLL.

Discussion: No clear mechanism has been established for how ibrutinib therapy causes these conduction abnormalities.
This case series proposes a possible mechanism of advanced conduction abnormalities that is caused by ibrutinib therapy that
is associated with the NOTCH gene. We propose that the downregulation of the NOTCH gene may prevent cardiac myocyte
remodeling and therefore can cause conduction abnormalities as seen in our patients along with others that presented with
advanced heart block with ibrutinib therapy.
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Abbreviations: CLL: Chronic Lymphocytic Leukemia; EKG: Electrocardiogram; BCR: B-Cell Receptor.

Ibrutinib itself is associated with multiple cardiotoxicities in-
cluding atrial fibrillation, ventricular arrhythmias, heart failure,
and bleeding. Previous studies have shown that the incidence
of atrial fibrillation has been seen anywhere between 5-16% of
patients depending on their duration of therapy. Patients who
develop atrial fibrillation on ibrutinib therapy are managed

Introduction

Bruton tyrosine kinase inhibitors, such as ibrutinib, are
medications that have been replacing chemotherapy-based
regimens in patients with Chronic Lymphocytic Leukemia (CLL)
and some lymphomas [1]. These medications achieve therapy

by inhibiting Bruton’s tyrosine kinase which is a mediator of the
B-Cell Receptor (BCR) signaling pathway that affects B-cell pro-
liferation and differentiation [2]. However, when these medica-
tions are used for the long term, therapy can be complicated by
adverse cardiovascular side effects [1].

medically with rate control medications and initiation of anti-
coagulation, while keeping in mind that ibrutinib therapy has
an increased bleeding risk, however therapy can continue for
these patients. Other studies demonstrate ventricular arrhyth-
mias arising with patients on ibrutinib therapy and in some cas-
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es, leading to cardiac death [3-8].

In this report, we specifically focus on ibrutinib therapy caus-
ing cardiac conduction disorders, specifically high-degree heart
block and sinus arrest. Per the study by Vartanov et al. there
have been at least 18 cases with reported high-degree heart
blocks [3]. Here we present two unique cases from our institu-
tion.

Case series

Patient 1 is a 68-year-old male with a history of small lym-
phocytic lymphoma that was confirmed with a lymph node bi-
opsy. The patient was first diagnosed in 2007 and was under
observation until 2009 when systemic symptoms presented.
He was initially trialed on Rituximab and alemtuzumab but had
disease progression. He had multiple other treatments through
the years with some improvement in disease course but ulti-
mately had further progression. Finally, in 2014, the patient was
started on ibrutinib therapy which he tolerated well except for
some fatigue. In January 2020, the patient developed atrial fi-
brillation while on ibrutinib and was started on apixaban. Later
that year in November, he suddenly became unresponsive while
watching a football game at home. The patient woke up on his
own but did not recall the syncopal episode. When EMS arrived,
the patient was found to be in a 3"-degree AV block with a heart
rate in the low 30s on their cardiac monitor strip done by EMS
(Figure 1). When getting to the hospital, a repeat EKG was done
in the emergency room after the patient had self-converted to
a normal sinus rhythm with a right bundle branch block (Figure
2). However due to the syncopal episode and reported third-

degree heart block by EMS, the patient was admitted to the
hospital and ultimately treated with a pacemaker on the day
of admission. The patient remained stable during admission
without further episodes of heart block. He ultimately stopped
ibrutinib therapy and was started on alternative therapy due
to persistent episodes of atrial fibrillation and rapid ventricular
response.

Patient 2 is a 71-year-old female who was diagnosed with
CLL in 2015. She was started on ibrutinib/Rituxan treatment at
that time. In May of 2021, the patient had a syncopal episode
at home and when presenting to the emergency room, was
found to be in atrial fibrillation with rapid ventricular response
seen on EKG. The patient was admitted for further observa-
tion and management and had a normal echocardiogram and
stress test. However, during this hospitalization, she had pro-
longed episodes of sinus pause seen on telemetry that led to
further syncopal episodes during the admission (Figure 3). The
longest pause that was seen on telemetry was 40 seconds. It
was determined that the patient had sick sinus syndrome in ad-
dition to atrial fibrillation. Therefore, before discharge, the pa-
tient had a permanent pacemaker placed. Following pacemaker
placement, the patient had no further syncopal or sinus pause
events but did have further episodes of atrial fibrillation with
rapid response and was treated with dofetilide and apixaban.
Ultimately, the patient converted to normal sinus rhythm and
was discharged on dofetilide and apixaban for anticoagulation
(Figure 4). Therapy was changed to acalabrutinib on follow-up
with oncology following discharge.

Figure 1: Partial rhythm strip from EMS showing third degree heart block when EMS first saw patient.
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Figure 2: EKG following admission to the emergency room showing normal sinus rhythm with a new right bundle branch block.
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Figure 3: Rhythm strip from telemetry monitor showing sinus pause in patient that caused syncopal episode in our patient.
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Figure 4: Patient remaining in normal sinus rhythm following discharge from the hospital.

Discussion

This case series shows two patients with no prior significant
cardiac history who presented to the hospital with advanced
conduction abnormalities after being on ibrutinib therapy.
Based on previous studies, patients on ibrutinib therapy have
a well-known risk of developing atrial fibrillation. Incidence of
atrial fibrillation can be as high as 5-16% as shown earlier in
this article [3-8]. However, newer case series and studies are
showing a possible relation between ibrutinib therapy and con-
duction disease. Typically, in these patients, therapy would be
paused until a pacemaker is placed but can be continued there-
after or changed to an alternative therapy as this is what hap-
pened to our patients. At this time, there is no clear mechanism
that has been found to relate ibrutinib therapy with advanced
conduction abnormalities.

One mechanism that we propose for the advanced conduc-
tion abnormalities related to ibrutinib therapy is based on the
NOTCH gene regulation. Bruton’s tyrosine kinase inhibitors
cause BCR blockade which causes decreased activation of the
NOTCH gene [10]. Studies have shown that the NOTCH gene is
involved in the modulation of cardiomyocyte survival, cardiac
stem cell differentiation, and angiogenesis [11]. Activation of
NOTCH signaling has been shown to improve cardiac function,
minimize myocardial fibrosis, suppress cardiomyocyte apopto-
sis, and increase neovascularization to improve outcomes after
myocardial infarction [12]. As a result, the downregulation in the
NOTCH gene due to BCR blockade can modulate atrioventricular
canal myocardial remodeling as well as ventricular remodeling

which is associated with deterioration of cardiac performance
and potentially increased fibrosis [10,11,13]. It has also been
seen that alterations in the NOTCH signaling can modulate
atrioventricular canal remodeling which can lead to conduction
defects in cardiac cells [9,10]. We propose that the downregula-
tion of the NOTCH gene can lead to increased cardiac cell apop-
tosis and myocardial fibrosis that in turn leads to poor cardiac
remodeling that ultimately causes conduction abnormalities
due to continued use of ibrutinib therapy. This mechanism is
what we propose caused the advanced conduction abnormali-
ties in our patients who were on ibrutinib therapy which led to
their hospital presentations after syncopal episodes.

Ultimately the treatment for these patients would be the
insertion of a pacemaker. Our patients after pacemaker place-
ment had no further syncopal episodes. Therapy with ibrutinib
could be continued after pacemaker insertion, however, in both
of our patients, therapy was changed to an alternative medica-
tion.

Conclusion

Our study here shows two patients at our facility who pre-
sented with advanced conduction abnormalities requiring
permanent pacemaker placement. These cases along with the
previous others described in the study by Vartanov et al show
a new adverse effect to monitoring while patients are on ibru-
tinib therapy [3]. No clear mechanism has been established for
the development of these advanced conduction abnormalities.
Here we demonstrate the importance of the NOTCH signal-
ing within cardiac cells and propose a possible relation of the

scibasejournals.org

02



Patel R

SciBase Cardiology

downregulation of the NOTCH gene due to ibrutinib therapy
causing advanced conduction abnormalities. Future studies will
be needed to isolate the NOTCH gene to find a direct relation
between the inhibition of the NOTCH gene and conduction ab-
normalities.

Our study is limited in the number of patients as we only
have two unique cases of advanced conduction abnormalities
due to ibrutinib therapy at our institution. It is also limited as
we cannot test the relation between NOTCH inactivation and
conduction abnormalities in an isolated setting by single gene
knockout. Future studies hopefully have the opportunity to look
at this relation to determine if there is a cause and effect rela-
tion between these.
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