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Commentary

Nearly a decade since the introduction of first-generation Bruton’s tyrosine kinase (BTK) 
inhibitors in the treatment of chronic lymphocytic leukaemia (CLL), their use has expanded with the 
second-generation agents zanubrutinib and acalabrutinib. These agents show high efficacy particularly 
in patients with TP53 mutations or del(17p) [1,2]. While cardiac risks of BTK inhibitors, such as 
atrial fibrillation (AF) and hypertension, are relatively well known, our recent case series highlights an 
underappreciated risk: pericarditis and cardiac tamponade. In our case series, we presented three 
patients treated with BTK inhibitors: two on ibrutinib (for CLL and Waldenström’s macroglobulinemia) 
and one on the second-generation BTK inhibitor zanubrutinib (for CLL) [3]. All three developed 
pericarditis and pericardial effusions. Two patients progressed to cardiac tamponade with cardiogenic 
shock, necessitating emergency pericardial decompression. Notably, two patients were anticoagulated 
for atrial fibrillation, which can increase the risk of haemopericardium [4].  However, the fluid in all 
cases was serous or serosanguineous, and not frank blood, suggesting anticoagulation alone was 
unlikely the cause for the effusion. This is further corroborated by MRI findings which showed acute 
inflammation, with inflammatory cells and no malignant cells in the pericardial fluid. Pericardial 
effusions have been reported through the FDA Adverse Events Reporting System (FAERS) as the 6th 
most common cardiac toxicity for ibrutinib, with 485 reports recorded between 2014 - 2024. In 
contrast, atrial fibrillation is the most common cardiac toxicity with over 3,400 reports. While the 
incidence of pericardial effusions may be lower than other cardiac complications, the risk to patients 
is still significant. Cardiac tamponade can develop and progress rapidly to life-threatening cardiogenic 
shock [5]. The establishment of pericarditis and pericardial effusions with BTK inhibitors is 
multifactorial and not fully understood. One well-known mechanism is the ‘aspirin-like’ effect on 
GPVI-dependent platelet aggregation and the inhibition of human epidermal growth factor receptor 
2 (HER2), which impairs cardiac myocyte function. This way, anticoagulants like aspirin or DOACs 
used for AF can exacerbate blood accumulation in the pericardial cavity [6]. The majority of effusions 
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is not haemorrhagic but serosanguinous in nature and associated 
with pericardial inflammation. Thus, other mechanisms must be at 
play. The most important mechanisms probably involve off-target 
inhibition of tyrosine kinases. Tyrosine kinase inhibitors (TKIs) are 
potent anti-cancer therapies targeting pathways that regulate cellular 
proliferation and tumor angiogenesis. The human genome encodes 
for approximately ninety TKs.  Ibrutinib with its multi-kinase 
activity has off target effects on platelet derived growth factor receptor 
β (PDGFR-β) and on Src family tyrosine kinases [7]. The Scr family 
of non-receptor tyrosine kinases are key regulators of multiple 
signaling pathways, including those involved in cell proliferation, 
migration and adhesion.  Downregulation of downstream pathways 
leads to oxidative stress and activation of pro-apoptotic pathways 
which result in inflammation and cell death on one hand side, and 
disruption of epithelial cohesion on the other side [8].  Second-
generation BTK inhibitors with more selective targeting, such as 
zanubrutinib, naturally show reduced cardiotoxicity. The ALPINE 
trial showed a nearly 50% reduction in AF and hypertension 
compared to ibrutinib with no cases of pericardial tamponade 
reported [1]. Although our case series is small, it includes the first 
documented case of a patient developing pericarditis and cardiac 
tamponade on zanubrutinib. This suggests that while pericardial 
tamponade events with second-generation BTK inhibitors are indeed 
rare, they can still occur.  The central question is: How can we as 

practising haematologists manage the risk in our patients? Current 
American, British and European best practice guidelines provide 
recommendations in regard to atrial fibrillation, hypertension and 
congestive cardiac failure, but do not recommend specific risk 
assessment or follow up arrangements to detect pericarditis or 
pericardial effusions [9-11]. In general, patients with a history of 
hypertension, atrial fibrillation (AF), diabetes mellitus, heart failure, 
cardiomyopathy, or severe valvular heart disease are considered at a 
particularly higher risk of developing cardiotoxicity when treated 
with BTK inhibitors [12]. Initiation of BTK inhibitors should be 
carefully balanced in these patients and venetoclax based therapy 
could be more appropriate. However, there is currently insufficient 
data to guide risk prediction for pericardial disease risk. The crucial 
question therefore is, is whether earlier detection would allow earlier 
intervention and whether this would translate into reduced mortality. 
During treatment monitoring, in the event of suspected cardiotoxicity, 
guidelines recommend pausing of BTK inhibitor, urgent 
echocardiography and referral to cardio-oncologists [11]. However, 
in practice, detecting impeding cardiac tamponade can be 
challenging. Patients may present with non-specific features of 
pericarditis, including chest pain or fever. The most common 
symptom of pre-tamponade in the early stages is breathlessness 
(64%) which is also non-specific [13]. Patient who progress to 
tamponade present with fatigue, breathlessness, raised jugular venous 

 

Figure 1. (A) Accumulation of fluid in the pericardial sac compromises ventricular expansion. This reduces pre-load and reduces stroke volumes. As 
cardiac output declines, blood pressure drops and, if cardiac output is insufficient to meet metabolic demands, cardiac shock develops. Meanwhile, 
the compression of the right atrium and ventricles causes backpressure in the systemic veins leading to elevated central venous pressure, which 
manifests as jugular venous distension. (B) Src are key regulators of multiple signalling pathways, including those involved in cell proliferation, 
migration, and adhesion. Inhibition of Src kinases can impair endothelial cell function, potentially increasing vascular permeability. Increased 
permeability of blood vessels can allow fluid to leak into surrounding tissues, including the pericardial sac, leading to effusion.  PDGFR is a receptor 
tyrosine kinase that is primarily involved in regulating cell growth, survival, and migration, particularly in vascular smooth muscle cells and fibroblasts. 
It is often activated in cancer and fibrotic diseases, where it promotes tissue remodelling and angiogenesis. PDGFR inhibition can impair fibroblast-
mediated tissue repair and remodelling, making the pericardium more susceptible to chronic effusion or pericarditis.
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pressure (JVP), peripheral oedema and hypotension. The classical 
syndrome is termed the Beck’s Triad (hypotension, increased JVP, and 
distant heart sounds). This constellation of symptoms was first 
described in 1935 when tuberculosis and cardiac injuries were the 
most common causes of tamponade. A more sensitive clinical sign is 
pulsus paradoxus which can be detected in up to 98% of tamponade 
[14]. Pulsus paradoxus is an unfortunate misnomer, because it 
describes neither a pulse characteristic nor is it paradoxical. What’s 
more, it is both non-specific and difficult to measure, even for 
experienced clinicians [15]. Biomarkers such as troponin I and brain 
natriuretic peptide (BNP) are commonly assessed to detect 
myocardial injury. A small study found that suppressed BNP levels 
(<250pg/mL) was predictive of malignant pericardial effusions [16]. 
However, to our knowledge no study has addressed dynamics of 
cardiac biomarkers in TKI induced pericardial disease.  In contrast, 
to clinical examination and biomarkers, modern echocardiography 
has a sensitivity of 96% and specificity of 98% for detecting 
pericardial fluid. The key to successful diagnosis thus lies in prompt 
referral for echocardiography. It has been hypothesised, that using 
point-of-care echocardiography by non-cardiologists as bed-side test 
to ‘augment’ the clinical exam can identify patients with possible 
tamponade upfront, thereby reducing time to intervention. There is 
evidence that this approach may be feasible [15,17]. In a study by 
Bustam et al., nine emergency medicine trainees completed a web-
based learning module and 3hrs practical training to estimate left 
ventricular function, detection of pericardial effusion and to perform 
basic measurements of IVC diameter. The trainees detected 
pericardial effusions with a sensitivity of 60%, specificity of 100%, 
positive predictive value of 100% and negative predictive value of 
97.9% [18]. Several small studies have shown that with point-of-care 
echocardiography, the time to intervention can indeed be significantly 
reduced. For example, Alpert et al. reported a reduction in time to 
intervention from 70.2 hours to 11.3 hours [13]. Hanson et al. 
reported a reduction in the to pericardiocentesis from >48 hrs to 
28.1 hrs. [13]. A similar result was seen in a study by Hoch et al., 
which included a larger number of patients (137 point of care vs 120 
standard) and adjusted results for various confounding factors, and 
found that point of care was associated with earlier intervention 
(hazard ratio 2.08, 95% confidence interval) but not with a difference 
in 28-day mortality [19]. Driven by advances in ultrasound 
technologies, ultrasound systems are also becoming cheaper, smaller 
and more accessible [20].  Moreover, artificial intelligence could help 
to automate the process.  In a recent study Potter et al. trained a deep 
learning model on ultrasound images from 37 cases with pericardial 
effusions and 39 negative controls and found the model achieved 
92% specificity and 89% sensitivity in identifying pericardial 
effusions. 

At present, available studies supporting the widespread use of 
point-of-care echocardiography by non-cardiologists are limited 
by small size, single centre and retrospective design. Also, in most 
studies, emergency department physicians have carried out point 
of care ultrasound and not haemato-oncologists. Further research 
is needed to explore the value of point of care echocardiography for 
the acute oncology practice and more crucially, to demonstrate that 
the reduced time to intervention also results in reduced mortality. 
In conclusion, while the incidence of pericarditis and cardiac 
tamponade in patients treated with BTK inhibitors is very low, the 
potential for these life-threatening complications warrants vigilance 
by prescribers. Our case series underscored the need for a proactive 
approach in monitoring and managing these patients, particularly 

those with additional cardiovascular risk factors. Regular symptom 
assessments and timely use of echocardiography are crucial for 
early detection. Ultimately, balancing the therapeutic benefits of 
BTK inhibitors with a keen awareness of their risks is essential for 
optimising patient outcomes. 
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