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INTRODUCTION

Differential diagnosis of increased left ventricular (LV) wall thickness
includes hypertensive heart disease, aortic valve stenosis, hypertrophic
cardiomyopathy, and infiltrative cardiomyopathies such as cardiac
amyloidosis (CA), all of them chronic conditions. Differentiating CA
from other causes of increased LV wall thickness is important because
it often carries a dismal prognosis if not treated.1 Although other con-
ditions may mimic CA,2 recent advances in imaging such as myocar-
dial strain, cardiac magnetic resonance imaging (MRI), and nuclear
imaging have proved very helpful in discriminating CA from other
causes of increased LV wall thickness. Nonetheless, despite sensitiv-
ities and specificities of findings such as apical sparing in myocardial
strain, late gadolinium enhancement, and short inversion time in T1
mapping on cardiac MRI, as well as radiotracer accumulation on nu-
clear imaging, often a tissue diagnosis is necessary to confirm the diag-
nosis of CA.2

As mentioned before, an increase in LV wall thickness is not neces-
sarily due to chronic disease, as acute processes such as ischemia with
reperfusion and inflammation can lead to myocardial swelling. Here,
we describe a case of acute myocarditis that presented with increased
LV wall thickness and demonstrated various imaging features
mimicking infiltrative cardiomyopathy.
CASE PRESENTATION

A 59-year-old man was seen in the emergency department following
an episode of syncope 4months after starting oral chemotherapy with
ibrutinib for chronic lymphocytic leukemia. The syncope occurred in
his bathroom and was not preceded by a prodrome. The patient had
had a similar episode a few days before, but at that time he did not
seek medical attention. The patient denied chest pain and any other
cardiac symptoms.

Upon admission to the emergency department, physical examina-
tion revealed facial abrasions from the fall, a heart rate of 86 beats/
min, and blood pressure of 132/79 mm Hg. Electrocardiography
(ECG) showed lower voltage in the limb leads, compared with prior
findings from 3 months before, and T-wave inversions in the inferior
and lateral leads with questionable ST-segment depressions in lead V3

suggestive of ischemia (Figure 1). Laboratory results revealed elevated
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levels of troponin T (1.340 ng/mL; reference range, <0.029 ng/mL)
with a significant change over time (Figure 2), creatine kinase–MB
(23.9 ng/mL; reference range, <10.3 ng/mL), and D-dimer
(5,880 ng/mL; reference range, <500 ng/mL).

Despite D-dimer elevation, computed tomographic angiography
did not reveal pulmonary embolus or coronary calcification but
demonstrated a small pericardial effusion. The patient was admitted
to the hospital for further evaluation.

Point-of-care echocardiography on the day of admission showed
diffuse thickening of the LV walls without regional wall motion abnor-
malities (Video 1). In addition, same-day standard transthoracic echo-
cardiography showed a decreased LVejection fraction of 48%, mildly
decreased right ventricular systolic function, and a small circumferen-
tial pericardial effusion (Figure 3, Video 2), with relative sparing of lon-
gitudinal strain in the apical compared with the mid and basal
segments, and an average global longitudinal strain of �11.1%
(Figure 4). On standard transthoracic echocardiography (TTE), the
interventricular septal and posterior wall thicknesses were 2.3 and
2.2 cm, respectively. These findings were in striking contrast to those
on echocardiography performed 3 months prior that showed a
normal LVEF and normal interventricular septal and posterior wall
thicknesses of 1.0 cm (Figure 5, Video 3).

Same-day right and left coronary angiography was performed to
assess for potential ischemic heart disease and hemodynamics. Both
LVand right ventricular filling pressureswere elevated,with amean right
atrial pressure of 19mmHg, mean pulmonary capillary wedge pressure
of 19mmHg, right ventricular systolic and end-diastolic pressures of 45
and 18 mm Hg, respectively, and a cardiac index of 2.5 L/min/m2 (by
the Fick method). Coronary angiography revealed only 40% stenosis
in an inferior branch of a large obtuse marginal branch.

To further elucidate the etiology of the increased LV wall thickness,
a contrast-enhanced cardiac magnetic imaging study was performed
the next day that again showed diffuse thickening of the left ventricle
with septal predominance and small pericardial and pleural effusion
(Figure 6A) with mildly depressed systolic function (LVEF 47%).
Scar images were characterized by difficulty in obtaining satisfactory
nulling of LV myocardium, with suggestion of diffuse areas of
nonischemic delayed enhancement. Additionally, inversion time
scout images were notable for myocardium nulling at approximate
the same inversion time as blood pool, indicating abnormal gadolin-
ium contrast kinetics (Figure 6B, Video 4). The overall findings were
reported as suggestive of CA.

Although imaging findings suggested CA, a condition that usually
has a chronic and insidious evolution, the acute development of LV
hypertrophy (given prior echocardiographic findings) and the pres-
ence of cardiac biomarkers suggested other possible causes such as
myocarditis. Because of discrepancy between what appeared to be
an acute process and the findings suggestive of CA, an endomyocar-
dial biopsy was performed on the third day of hospitalization. The
pathology report described an abundant inflammatory infiltrate
consistent of mostly eosinophils with rare mononuclear cells predom-
inantly present through the perimysial space of the cardiac muscle
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Figure 1 (A)Baseline ECG performed 3months before the day of admission with no abnormal findings. (B) ECG performed on the day
of admission showing lower voltage in the limb leads compared with prior ECG from 3 months before and T-wave inversions in the
inferior and lateral leads, with questionable ST-segment depressions in lead V3 suggestive of ischemia.

Figure 2 Troponin T trend since the day of admission. Elevated values with positive delta on the first 2 days in the hospital. Normal
value after 7 days, maintained during follow-up.
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Figure 3 TTE on admission: (A) apical four-chamber view during systole, (B) apical four-chamber view during diastole, (C) apical
three-chamber view during systole, and (D) apical three-chamber view during diastole. Finding of mild concentric LV hypertrophy
with mildly decreased ejection fraction of 48%, grade I LV diastolic dysfunction, mildly decreased right ventricular systolic function,
and a small circumferential pericardial effusion.

Figure 4 Global longitudinal strain (GLS) bull’s-eye diagram. Finding of apical sparing with an average GLS of �11%. ANT, Anterior;
ANT_SEPT, anteroseptal; INF, inferior; LAT, lateral; POST, posterior; SEPT, septal.
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fascicles surrounding the small arterioles, without signs of infiltrative
disease. The description and location of the infiltrates were suggestive
of a hypersensitivity eosinophilic myocarditis (EM) process. Of note,
the highest eosinophil count was slightly elevated at 0.6 k/mL (refer-
ence range, <0.46 k/mL).

Treatment with intravenous methylprednisolone 50mg twice daily
was initiated, and ibrutinib was discontinued as the results of workup
studies regarding oncologic or infectious causes were negative, and an
adverse drug reaction was suspected.

On the eighth day of hospitalization and 3 days after the start of ste-
roid therapy, repeat TTE showed improvement in LV wall thickness
and normalization of LV function (LVEF 64%; Figure 7, Video 5).
Additionally, the apical sparing pattern seen on global longitudinal
strain upon admission was transient in nature andwas not appreciated



Figure 5 Baseline TTE 3 months before admission: (A) apical four-chamber view during systole, (B) apical four-chamber view during
diastole, (C) apical two-chamber view during systole, and (D) apical two-chamber view during diastole. Normal ventricular function
and wall thickness.

Figure 6 Cardiac MRI (A,B) in four-chamber views, with thickened left ventricle and small pericardial effusion (bright-blood image, A)
and poor differentiation between blood pool and myocardium on delayed postcontrast image (B).
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on discharge TTE, which now revealed an average global longitudinal
strain of �18% (Figure 8). Despite not being able to determine
whether EM was related to ibrutinib, the chemotherapy regimen
was changed to obinutuzumab, and the patient was discharged with
a tapering dose of steroids.

TTE and cardiology visits were scheduled 1 week, 1 month, and
6 months after discharge. On follow-up echocardiography performed
1 and 6 months after discharge, findings returned to baseline. It was
determined by the primary hematologist-oncologist to discontinue
ibrutinib permanently.
DISCUSSION

This case shows rapid, dramatic, but transient changes in myocardial
structure and function that can occur in hyperacute EM. In addition,
these changes resemble findings that can be seen in CA, including
decreased voltage on ECG, apical sparing on echocardiography, and
markedly abnormal gadolinium kinetics with compromised scar imag-
ing on MRI. Finally, removal of the suspected offending agent (ibruti-
nib) and the initiating steroid therapy led to rapid improvement in LV
structure and function.



Figure 7 TTE before discharge: (A) apical four-chamber view during systole, (B) apical four-chamber view during diastole, (C) apical
three-chamber view during systole, and (D) apical three-chamber view during diastole. Finding of improvement in LV wall thickness
and normalization of LV function (LVEF 64%).

Figure 8 Global longitudinal strain (GLS) bull’s-eye diagram upon discharge. Resolution of apical sparing pattern with an averageGLS
of �18%. ANT, Anterior; ANT_SEPT, anteroseptal; INF, inferior; LAT, lateral; POST, posterior; SEPT, septal.
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This patient presented with the main symptoms of syncope and
elevated troponin, and with new electrocardiographic findings sugges-
tive of lateral ischemia, without any chest pain. Ischemic etiology was
ruled out with coronary angiography, and multimodality imaging
including TTE andMRI was performed with findings mimicking those
seen with CA. Nonetheless, the rapid onset of the myocardial struc-
tural and functional changes was unusual, and an endomyocardial bi-
opsy revealed a diagnosis of EM mimicking CA.

EM is a rare cause of myocardial inflammation, with a large number
of differential diagnoses varying from hypersensitivity to autoimmune
reactions and infections. Additionally, EM has been associated with
various medications. For instance, clozapine-induced EM occurs
within the first months of exposure and occasionally progresses to
chronic cardiomyopathy.3 However, in many cases, workup is not
conclusive, and therefore the cause remains indeterminate. Clinical
presentation can also vary from an underdiagnosed and ignored mini-
mally symptomatic inflammation to a high mortality–associated acute
form, like the one presented in our case.4,5

Literature regarding EM is scarce, consisting mostly of case reports,
with the largest case series including only eight patients.5 A recent re-
view found that in published cases of EM, themedian age was 41 years,
and the most common clinical presentation was dyspnea and chest
pain. Only 4% presented with syncope as in the present case. ECG at
presentation most commonly revealed nonspecific abnormalities of
the ST-T segment. Troponin and peripheral eosinophils were elevated
in 95.7% and 75.9% of cases, respectively. Echocardiographic findings
included a reduced median LVEF of 35% and pericardial effusion in
34.1% of cases, both characteristics found in the present case.5

Most notable in this case is the marked degree of myocardial infil-
tration causing changes and the striking similarities with noninvasive
findings in CA. For instance, amyloid deposition in the extracellular
space generates an increase in electrically inactive mass in the myocar-
dium. This results in lower voltage detected on the ECG and a higher
incidence of atrial and ventricular arrhythmias.2 Similarly, in this case,
the 3-month difference between baseline and admission ECG
showed decreased voltage in the limb leads.

On echocardiography, CA often shows marked thickening of ven-
tricular walls leading to diastolic dysfunction, with a pattern of apical
sparing of otherwise decreased global longitudinal strain. Previous
studies revealed that a relative regional strain ratio > 1 is 93% sensitive
and 82% specific for the differentiation of CA from other causes of
chronic LV hypertrophy, such as hypertrophic cardiomyopathy and
aortic stenosis.6 In this patient, increased LV thickness, diastolic
dysfunction, apical sparing on global longitudinal strain, and a strain
ratio of 1.2 were seen, all findings highly suggestive of CA.

Finally, characteristic MRI findings of CA include abnormal gado-
linium kinetics, as well as difficulty nulling myocardium relative to
blood pool, with areas of delayed enhancement in nonischemic
pattern.7 A study by Austin et al.8 demonstrated that delayed hyper-
enhancement on cardiac MRI had sensitivity and specificity of 88%
and 90%, respectively.8 All of these features were present in our pa-
tient. The similarity of findings in our patient with EM and patients
with CA suggest that infiltration of the myocardium in itself, indepen-
dent of whether it is caused by inflammatory cells or by amyloid, can
lead to similar imaging and ECG manifestations.

Inhibitors of tyrosine kinase, such as ibrutinib, have been known to
cause heart failure, cardiomyopathy, conduction abnormalities, QT
prolongation, acute coronary syndromes, myocardial injury, arterial
thrombosis, and hypertension. However, the most common manifes-
tation of cardiotoxicity with tyrosine kinase inhibitors is systolic
dysfunction or cardiomyopathy with resultant heart failure.9 The car-
diac toxicity of ibrutinib relative to other tyrosine kinase inhibitors is
unknown. Interestingly, a recent report described a case of new-onset
cardiomyopathy in a 78-year-old man on ibrutinib therapy for relaps-
ing mantle cell lymphoma. The patient presented after 4 months of
ibrutinib therapy with an abnormal LVEF, mild global hypokinesis,
andmild concentric LV hypertrophy associatedwith ventricular tachy-
arrhythmia. As a consequence ibrutinib was suspended, and repeat
echocardiography 6 months later showed a recovery of LV function
with only mild residual LV dilation.10 Although that case lacked histo-
pathologic diagnosis, the clinical presentation, imaging findings, and
clinical course are similar to those presented in our patient.
CONCLUSION

We present a case of hyperacute EMwith acute onset of structural and
functional changes in the setting of ibrutinib therapy. Multiple nonin-
vasive diagnostic findings of EM in this patient mimicked CA, and an
eventual endomyocardial biopsy revealed the correct diagnosis. The
change in chemotherapeutic regimen led to rapid regression of struc-
tural changes with concomitant ventricular function normalization
that persisted on subsequent follow-up. Further studies are required
to determine the causative role of ibrutinib in EM.
SUPPLEMENTARY DATA

Supplementary data related to this article can be found at https://doi.
org/10.1016/j.case.2018.11.001.
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