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Abstract

Non-compaction cardiomyopathy is a rare form of cardiomyopathy; its most
common clinical manifestations are heart failure (HF), ventricular arrhyth-
mia, thromboembolism, and sudden cardiac death. We report a rare case of a
63-year-old man with chest tightness, worsening lower leg edema, dyspnea,
and decreased exercise tolerance. He had a medical history of gastric cancer
treated with subtotal gastrectomy and post-operative chemotherapy with pac-
litaxel and fluorouracil three years ago. At that time, he was diagnosed with
non-compaction cardiomyopathy, and the thickened and reticulated trabecu-
lar muscle was exclusively confined to left ventricular apex. Five months ago,
he was admitted to our hospital with heart failure and treated for dilated car-
diomyopathy, echocardiography revealed severe trabecular noncompact
myocardium in both ventricles, which was confirmed by cardiac magnetic
resonance imaging (CMR). It is generally accepted that non-compacted
myocardium forms in the early embryonic stage, which raises a question in
our case whether acquired factors, such as antineoplastic drugs, potentially
accelerate the pathological progression of non-compaction cardiomyopathy.
Considering there are disparities between current screening tools such as
echocardiography and CMR regarding diagnostic criteria, multi-detector CT
may be an alternative examination method that could provide a new perspec-
tive for diagnosis.
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1. Introduction

Non-compaction cardiomyopathy is a congenital cardiomyopathy characterized
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by a distinctive (“spongy”) morphological appearance of the ventricular myo-
cardium. Non-compaction predominantly involves the distal (apical) portion of
the left ventricle (LV) with deep intertrabecular recesses (sinusoids) in commu-
nication with the ventricular cavity, resulting from an arrest in normal embryo-
genesis [1]. Feldt et al first described non-compaction of the ventricular myo-
cardium on autopsy in 1969 [2]. The gross anatomical appearance is characte-
rized by numerous, excessively prominent trabeculations and deep intertrabecu-
lar recesses [3]. Non-compaction cardiomyopathy can be familial. In one study,
6 of 34 patients (18%) had a family history of left ventricular non-compaction
(LVNCQ) [4]. The most common clinical manifestations are heart failure (HF),
ventricular arrhythmia, thromboembolism, and sudden cardiac death. The con-
dition is diagnosed by two-dimensional echocardiography or magnetic reson-
ance imaging [5]. We report a rare case of a patient who was admitted to our
hospital with clinical symptoms of HF and a history of gastric cancer treated
with subtotal gastrectomy and post-operative chemotherapy with paclitaxel and
fluorouracil. After further examination, he was diagnosed with biventricular

non-compaction cardiomyopathy with biventricular thrombosis.

2. Case Presentation

A 63-year-old man was admitted to the hospital with chest tightness, worsening
lower leg edema, dyspnea, and decreased exercise tolerance. The patient com-
plained that he had these symptoms for 1 year and was getting worse, during
which there was no regular treatment. He had no family history of sudden car-
diac death, and he denied any history of drinking or smoking. The patient had
gastric cancer treated with subtotal gastrectomy and a month-interval of
post-operative chemotherapy with 4 cycles of paclitaxel (150 mg on day 1) and
fluorouracil (50 mg on day 1 - 14) 3 years ago. Echocardiography before the
surgery suggested the left ventricular apical trabecular muscle became thickened
and reticulated but cardiac function was normal, but he did not take it seriously
and refused to do further cardiac examination and treatment. Five months ago,
he was admitted to our hospital with dyspnea and abdominal distension. Ac-
cording to his medical records at our hospital, physical examination showed a
remarkable systolic murmur of grade 4/6 over the left second intercostal area
without radiation to the carotids and a pansystolic murmur of grade 3/6 at the
apex without radiation, as well as jugular venous distention. The chest examina-
tion revealed decreased thorax movement, vocal tremor, and a decrease in
breath sounds bilaterally. The 12-lead electrocardiogram showed sinus rhythm
with 2nd degree type 1 atrioventricular block. The echocardiogram revealed
whole heart enlargement and systolic dysfunction characterized by a left ventri-
cular ejection fraction (LVEF) as low as 26%, but his sonographer did not notice
the presence of trabeculae in the ventricular myocardium. Moreover, the results
of the coronary computed tomographic angiography (CTA) were normal. Thus,
the patient was initially diagnosed as dilated cardiomyopathy (DCM) and bene-

fited from the treatment.

DOI: 10.4236/crcm.2020.96021

145 Case Reports in Clinical Medicine


https://doi.org/10.4236/crcm.2020.96021

C.D. Luo etal.

Despite standard treatment for DCM, he was admitted again to our hospital
with worsening symptoms of heart failure (HF). The echocardiogram revealed
that an enlarged heart with mitral and aortic valve insufficiency, severe systolic
dysfunction characterized by an left ventricular ejection fraction (LVEF) as low
as 23%, restrictive diastolic dysfunction, including peak E (early diastolic)/A
(late diastolic) velocity > 1.5, shortened deceleration time of the E-wave, and
slightly hyperechoic masses in the left and right ventricular chambers, the big-
gest of which measured 2.52 x 2.33 cm (Figure 1(a)). The 12-lead electrocardi-
ogram showed non-persistent ventricular tachycardia and 2nd degree type 1
atrioventricular block. The D-dimer and tumor biomarkers were normal. The
patient’s medical history, symptoms, and examination (especially the presence of
biventricular mobile masses) were strongly suggestive of thrombus. As the pa-
tient was willing to undergo repeated blood tests for anticoagulant treatment and
undertake bleeding risks, we tentatively used warfarin at alternate dosages of
1.875 mg/day and 1.25 mg/day, aiming for an international normalized ratio
(INR) level of 2.0 - 3.0. Echocardiographic reexaminations 2 days later showed
that the volume of the masses in the left and right ventricular cavities decreased
significantly, which confirmed that the mobile masses were thrombi (Figure
1(b) and Figure 1(c)). Considering the thrombus could mobilize at any time, we
continued to use warfarin for anticoagulation, administered diuretics, and ad-
ministered the calcium sensitizer, levosimendan at dosage of 12.5 mg, to im-
prove cardiac function. After 6 days of comprehensive treatment, the patient’s
condition improved significantly.

To further clarify the thrombus situation, echocardiography was performed
again, the results of which revealed that the area of left ventricular thrombus sig-
nificantly decreased and the right ventricular thrombus disappeared. Furthermore,
we found a severely thin myocardial wall and the appearance of prominent tra-
beculations in the left ventricle (Figure 1(d)). Two-dimensional CMR in the
axial and sagittal planes showed highly trabeculated non-compacted myocar-
dium involving the apical and lateral segments and a thin compact epicardial
layer with massive thrombus formation between the trabeculae; the ratio of the
thickness of the non-compact to compact myocardium was 3.7, more than 2.3
(Figure 2(a) and Figure 2(b)). According to the results of the echocardiography
and CMR, the patient was diagnosed with non-compaction cardiomyopathy.
Since there are no proposed guidelines for the management of patients with
LVNC and the patient have evidence of severe LV dysfunction, the therapeutic
treatment for this patient was basically limited to pharmacotherapy for heart
failure and thrombosis.

In view of the above results, we believed that the patient received a clinical
misdiagnosis five months ago. Moreover, we found that a large amount of
non-compacted myocardium were present in the ventricular wall, mainly in the
left ventricular wall, and a large number of thrombus were present in the ven-
tricular cavity when we conducted multiplanar reformation based on the results

of the coronary CTA performed five months ago (Figure 3(a) and Figure 3(b)).
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Non-compaction cardiomyopathy is a genetically heterogenous disorder, with
both X-linked as well as autosomal dominant inheritance. Because of the poten-
tial genetic influence, we performed a series of examinations for the patient’s 38-
and 31-year-old daughters; neither showed signs of heart failure and the elec-
trocardiogram was normal. In order to clarify the situation of their hearts,
transthoracic echocardiography was performed, the results of both revealed a
thickened and reticulated left ventricular apical trabecular muscle (Figure 4(a)
and Figure 4(b)). Sadly, the two daughters refused further CMR.

(©) (d)

Figure 1. Transthoracic echocardiography demonstrated massive thrombus formation
(arrow) within left ventricular cavity (a), significantly reduced thrombotic masses after
two days of anticoagulation therapy in left and right ventricular cavity (b and c), and de-
layed revealed severe non-compacted myocardium with excessive trabeculae and deep
recesses after six days of anticoagulation therapy (d).

() (b)

Figure 2. Cardiac four chamber cine MRI image demonstrated a thick non compact en-
docardial layer with excessive trabeculae and deep recesses (arrow) in the apical and lat-
eral segments (a); Two chambers view showed a non-compacted hypertrabeculated
spongy layer (arrows) was identified, with a ratio greater than 2.3:1 of the compacted
layer at the end of diastole (b).
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Figure 3. Retrospective coronary computed tomography angiography showed massive
thrombus formation (red arrow) and non-compacted myocardium (black arrows) in left
ventricle (a); Numerous prominent trabeculations and deep intertrabecular recesses (ar-
rows) in left and right ventricle (b).

() (b)

Figure 4. Echocardiography of the patient’s 38- and 31-year-old daughters demonstrated
a thickened and reticulated trabecular muscle (arrows) in the apex of left ventricle (a and

b).

The patient recovered and was discharged seven days later on the following
medications: angiotensin-converting enzyme inhibitor, coenzyme Q10, furose-
mide, spironolactone, betabloc, and warfarin. Yet, after repeated admitted to the
heart failure unit for aggravating heart failure, he passed away four months later.

3. Discussion

Non-compaction cardiomyopathy is a rare form of cardiomyopathy characte-
rised by spongy hypertrabeculation of the ventricular myocardium resulting
from failure or arrested compaction of the myocardium in utero, with uncertain
etiology and mechanism but is generally considered autosomal dominant inhe-
ritance. However, it can also be sporadic [6]. Although LVNC mainly affects the
left ventricle, isolated right ventricular and biventricular non-compaction may
also occur. In the early embryo, the heart is a loose, interwoven mesh of muscle
fibers. The developing myocardium gradually condenses, and the large spaces
within the trabecular meshwork disappear, resulting in condensing and compac-
tion of the ventricular myocardium and solidification of the endocardial surfaces
[7]. These changes mainly occur between 5 and 8 weeks of embryonic life, pro-
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ceeding from the epicardium to endocardium and from the base of the heart to
the apex [8]. But recently, it has been proposed that acquired triggers are asso-
ciated with the formation of non-compacted myocardium. A case report pub-
lished in 2019 indicated that LVNC could be a myocardial response to acquired
triggers, such as drug toxicity, rather than a primary cardiomyopathy [9].

In this perspective, our case raises a relevant hypothesis that the application of
paclitaxel and fluorouracil potentially exacerbated deterioration of cardiac in-
trinsic anomaly structure formation in a patient with non-compaction cardi-
omyopathy. Therefore, the role of antineoplastic drugs play in progression of
non-compaction cardiomyopathy may suggest more considerable treatment
protocols applied in those patient, which provides a new idea in future prognos-
tic improvement.

Our patient had heart failure since he received post-operative chemotherapy
with paclitaxel and fluorouracil. Fluorouracil-related cardiotoxicity is incom-
pletely understood and may be related to coronary thrombosis, arterial inflam-
mation, spasm or contraction, and direct damage to the myocardium [10]. Car-
diac toxic effects from paclitaxel associated with hypotension and myocardial
damage, manifesting as grade 3 or 4 left ventricular end systolic diameter
(LVSD) or asymptomatic LVEF decline, was low [11]. In addition, fluorouracil
and paclitaxel related cardiotoxicity are mostly reversible after drug withdrawal.
However, their effect on the trabeculae of the myocardium remains unclear and
requires further investigation. In our case, considering the patient received no
cardiotoxic drugs or other cardiac risk factors after chemotherapy, his funda-
mental myocardial disease may be more susceptible to the rapid increase of
non-compacted myocardium caused by fluorouracil and paclitaxel related cardi-
otoxicity. Our patient’s non-compacted myocardium occurred in the left and right
ventricles, especially in the apex and lateral walls of left ventricle. Combined with
the echocardiographic results performed 3 years ago, these facts strongly suggest
that antineoplastic drugs may cause the deterioration of cardiac functions of
non-compaction cardiomyopathy by promoting trabecular formation in the
myocardium. More clinical evidence is required to clarify whether the effect of
antineoplastic drugs on the myocardium of patients with non-compaction car-
diomyopathy is an accidental case or a common phenomenon.

Traditionally, diagnosis is heavily reliant on advanced imaging with echocar-
diography or CMR. As the first-line tool for diagnosing non-compaction cardi-
omyopathy, echocardiography is low-cost, convenient, non-invasive, and has high
sensitivity to monitor and evaluate the status of blood flow in the ventricular cavity
in real time. The most commonly used echocardiographic standard was proposed
by Jenni et al [12]. Compared with echocardiography, CMR is a more accurate
means of characterizing non-compacted myocardial tissue. The diagnostic crite-
rion for CMR is end-diastolic non-compression/compression > ratio 2.3. CMR is
not only the most accurate method for diagnosing non-compaction cardiomyo-
pathy, it can also predict the prognosis of these patients, and identify myocardial

fibrosis using advanced gadolinium enhancement (LGE) technology [5]. In our
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case, the structure of the non-compaction of the ventricular myocardium did not
appear in the initial echocardiography, which may result from not only the pres-
ence of a large number of biventricular thrombus affecting the imaging of the bi-
ventricular wall, but also from poor image quality and operator inexperience. Si-
milarly, significant reduction of intracardiac thrombi may have ultimately re-
vealed biventricular trabeculae on the subsequent echocardiograph. Therefore,
uncertainties in ultrasonic evaluations may lead to delays in non-compaction
cardiomyopathy diagnoses. We are attempting to draw lessons from the identi-
fication of multitudinous myocardium by imagological examination. Although
non-compaction cardiomyopathy has symptoms similar to DCM, we should
make full use of imaging to identify cardiac structural and functional changes to
differentiate between DCM and non-compaction cardiomyopathy. To explore
the type of cardiomyopathy, we usually use echocardiography and computed
tomography in medical practice. Notably, visualization of the left ventricular
apex and right ventricle can be limited on echocardiography; for example, apical
hypertrophic cardiomyopathy may not be identified [13]. Instead, evidence of
ventricular dilatation, increased wall thickness, or subclinical myocardial infarc-
tion may be observed on multiplanar reformation (MPR) of coronary CTA. In
general, hospitals, especially for those not eligible for MRI and echocardio-
graphic results, cannot adapt to clinical demand. For these patients, we may be
able to take a more convenient approach—multi-detector CT (MDCT).

There are no specific treatment guidelines for this type of cardiomyopathy,
and no evidence that patients with non-compaction cardiomyopathy have dif-
ferent outcomes and should be treated differently from HF patients [14]. Nota-
bly, prevention from thromboembolic events is an important management goal
for non-compaction cardiomyopathy. However, limited evidence exists to de-
termine the correct course of antithrombotic medication options partly due to
the low prevalence LVNC. Anticoagulation is generally recommended for those
presenting with ventricular systolic dysfunction, antecedent systemic embolism,
cardiac thrombus, and atrial fibrillation [15]. In our case, the patient was treated
with warfarin instead of new oral anticoagulants (NOACs) and showed no signifi-
cant biventricular thrombus during the two follow-ups after discharge. However,
there is still insufficient evidence to support the efficacy of the new oral anticoa-
gulant over vitamin K antagonists in patients with non-compaction cardiomyo-
pathy combined with thrombus. It is obvious that further studies should address
a comprehensive anticoagulation strategy for a reduced risk of bleeding, throm-

boembolic events, and mortality in this patient population.

4. Limitations

There are some limitations in our case report. We have not performed genetic
testing for patients before and after taking antineoplastic drugs, nor have we in-
vestigated the mechanism by which antineoplastic drugs aggravate cardiac func-

tional insufficiency, so we cannot pinpoint the specific role antineoplastic drugs
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played in the process of trabecular formation in patients with non-compaction
cardiomyopathy from a pathological perspective. In addition, we failed to do
genetic testing for the patient’s daughters, so we could not analyze the genotype

of non-compaction cardiomyopathy among those family members.

5. Conclusion

Our case report presents a patient with primary non-compaction cardiomyopa-
thy showed a rapid deterioration of cardiac function combined with a thin myo-
cardial wall, prominent biventricular trabeculations, and thrombogenesis fol-
lowing treatment with antineoplastic drugs, which indicates that antineoplastic
drugs may potentially accelerate the progression of non-compaction of the ven-
tricular myocardium. In addition, we discuss the process of diagnosis and iden-
tification of cardiomyopathy and propose multi-detector CT, as an alternative
imagological examination, may provide us a new perspective to diagnose
non-compaction cardiomyopathy. However, more studies are required to clarify

the pathogeny of non-compaction cardiomyopathy.
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