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tricuspid valve insufficiency
Reduced exercise tolerance ¢ dyspnea and heart rhythm disorders
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Rare disease

The cardiotoxic effects of chemotherapy in cancer treatment can damage cardiomyocytes. A common link in
the pathogenesis is the proliferation of fibroblasts and the increase of collagen synthesis, leading to develop-
ment of common endomyocardial fibrosis. The walls of ventricles become rigid and their inability to relax pre-
vents them from carrying the required amount of blood. The myocardial contractility gradually decreases and
leads to ventricular dysfunction and signs of heart failure.

A 29-year-old woman with reduced exercise tolerance, dyspnea, and heart rhythm disorders was admitted to
our hospital. Lymphoblastic leukemia had been diagnosed at the age of 8 years, and she underwent 8 cours-
es of polychemotherapy. She had normal heart anatomy. At the current admission, the diagnostic protocol in-
cluded echocardiography, computed tomography, cardiac catheterization, and angiocardiography. She was diag-
nosed with restrictive cardiomyopathy with isolated endomyocardial fibrosis of the right ventricle, and moderate
tricuspid valve insufficiency NYHA class Ill. The patient underwent a right-sided bidirectional cavopulmonary
connection with tricuspid valve repair. The early postoperative period was uneventful, and SVCp decreased to
14 mmHg. At discharge, the patient’s clinical condition had improved and tricuspid regurgitation was minimal.
The one-and-a-half ventricular correction, commonly used in patients with Ebstein’s anomaly and RV dysfunc-
tion or in patients with congenital heart defects associated with RV hypoplasia, is proposed as the method of
choice for cardiomyopathy type RV dysfunction.

Cardiomyopathies ¢ Endomyocardial Fibrosis ¢ Fontan Procedure ¢ Heart Failure
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Background

Restrictive cardiomyopathy (CMP) is a rare type of the patholo-
gy (3% of all cases of CMP). Hypertrophic, dilated, and arrhyth-
mogenic CMP are presented in 61%, 31%, and 5% of cases, re-
spectively [1,2]. The annual incidence of CMP is 4-12 per 100
000 population in Europe and 2-5 in Russia [3,4].

One of the etiological factors of CMP is cardiotoxic effects of
certain drugs used in cancer chemotherapy (eg, anthracycline
antibiotics and busulfan) [3,5,6].

A common link in pathogenesis is the proliferation of fibro-
blasts and the increase of collagen synthesis, leading to devel-
opment of common endomyocardial fibrosis. This process can
be accompanied by formation of thrombotic or calcium deposits
as a source of embolism [3,6,7]. Endomyocardial damage can
be located in the right, left, or both ventricles of the heart [8].

The goal of this report is to present a case of successful one-
and-a-half ventricular correction of right ventricular dysfunc-
tion in a patient with restrictive cardiomyopathy due to lym-
phoblastic leukemia chemotherapy.

Case Report

A 29-year-old woman with reduced exercise tolerance, dyspnea,
and heart rhythm disorders was admitted for surgical treat-
ment to Bakulev Cardiovascular Surgery Center in April 2020.

At the age of 8 years, lymphoblastic leukemia was diagnosed,
and she underwent 8 courses of polychemotherapy according
to the ALL-BFM-90 program and was treated with infusions
of cardiotoxic drugs (eg, cyclophosphamide and daunorubicin)
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and was removed from the cancer register in 2004, as a sta-
ble remission was achieved. In 2018, during pregnancy, the
patient developed dyspnea and pedal edema, which wors-
ened after childbirth. Tricuspid valve regurgitation of 2-3 de-
gree and signs of exudative pericarditis were noted on echo-
cardiography. However, 3D echocardiography revealed that
left ventricular systolic and diastolic function was preserved:
E/A 1.2, E/e 7.4, DT (deceleration time) 228 ms, IVRT (isovolu-
mic relaxation time) 87 ms, LV EF (left ventricular ejection frac-
tion) 69%, ESD (end-systolic diameter) 2.3 cm, EDD (end-dia-
stolic diameter) 3.7 cm, EDV (end-diastolic volume) 58 ml, ESV
(end-systolic volume) 18 ml, fibrous annulus mitral valve 25
mm, no regurgitation, and MAPSE 21 mm. The right atrium
(RA) was increased in size to 59x61 mm, with fibrous obliter-
ation and calcification of the right ventricle (RV) apex, spread-
ing to its trabecular part free wall and partially to the ventric-
ular septum (VS), with involvement of the tricuspid valve (TV)
subvalvular apparatus (Figure 1). The calculated RV pressure
was 37 mmHg. Systolic and diastolic function of the ventricle
myocardium was reduced: EF RV 24%, EDV 82 ml, ESV 61 m|,
EF RV 25%, TAPSE 9 mm, E/A 2.6, E/e 15, and Vs 5.6 cm/s. TV
leaflets were thin and mobile. The fibrous annulus TV was 45
mm (Z-score= +2.1), regurgitation of 3-4 degrees (vena con-
tracta 0.9 cm, ERO 0.48 cm?, MR FR 81%) (Figure 1). IVS and
AS were intact, with no shunt. There was fluid (4-5 mm) in
the pericardial cavity.

Cardiac catheterization and angiocardiography showed the ab-
sence of the trabecular part due to pronounced calcification in
the RV, with tricuspid valve regurgitation of 3-4 degrees and
right atriomegaly. RV pressure was 35 mmHg, PA 23/14 (mean
17), LV 137/0-9, and aorta 135/80 mmHg. The Nakata Index
was 273 mm/m? and the McGoon Index was 2.07.

Figure 1. Echocardiograms of the patient before (A, B) and after surgery (C). (A) Echocardiography, 4-chamber plane. Arrows indicate
endomyocardial fibrosis of the ventricle with areas of calcification. (B) Illustration of pronounced regurgitation of the TC (the
blue arrow). (C) Shows minimal regurgitation on the TV after valvulo-annuloplasty (the blue arrow). LA — left atrium; RA —
right atrium; TV — tricuspid valve; LV — left ventricle; RV - right ventricle.
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Figure 2. Multi-spiral computed tomography of the chest organs (axial plane) (A-C). Magnetic resonance imaging of the heart
(4-chamber plane) (D-F). (A) “Native” series: arrows indicate massive calcification in the ventricular cavity; (B, C) — series with
contrast enhancement: (B) The cavity of the ventricle is reduced in size due to obliteration of the trabecular part; (C) No signs
of thromboembolism and areas of calcification at the site of pulmonary. (D) Delayed contrasting (LGE). (E) Phase of diastole;
(F) Phase of systole.
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Figure 3. Intraoperative photographs. (A) Bidirectional cavopulmonary anastomosis (B) Visualization of TV: dilatation of fibrous
anulus, thin leaflets, black arrows indicate fibrosis and calcification of papillary muscles, blue — calcification of the ventricle
wall. (C) Annuloplasty of TV on a soft PTFE half-ring, valvuloplasty RV, U-shaped Prolene suture along the anteroposterior
commissure. SVC — superior vena cava; RPA — right pulmonary artery; TV — tricuspid valve; FA — fibrosus annulus; RV - right
ventricle.

The multi-spiral computed tomography, cardiac catheteriza-
tion, angiocardiography, and MRI images showed right atrio-
megaly, multiple areas of severe calcification in the right ven-
tricle (RV) of the heart, located from the base of the anterior
cusp of the tricuspid valve to the outflow part of the RV with
a decrease of its cavity (Figure 2). There were no episodes of
pulmonary embolism (Figure 2).

The diagnosis was determined to be restrictive cardiomyopa-
thy with isolated endomyocardial fibrosis of the right ventri-
cle, tricuspid valve insufficiency 3 degrees, and Ill FC by NYHA
after polychemotherapy for lymphoblastic leukemia (remis-
sion stage).

Surgery was performed on 25 March 2020. The patient un-
derwent a right-sided bidirectional cavopulmonary connection
(BCPC) with tricuspid valve reconstruction on a soft support-
ing PTFE half-ring on hypothermic bypass and cold cardio-
plegia (Figure 3). The early postoperative period was un-
eventful, and SVCp decreased to 14 mmHg. The patient was
discharged on the 11" day after surgery in satisfactory con-
dition. The trabecular part of the RV cavity was represented
by a coral-shaped calcified conglomerate, which partially ex-
tended to the interventricular septum, to the inflow and out-
flow parts of the RV (Figure 3). Due to the massiveness of the
lesion and the high risk of RV structure damage, it was de-
cided not to perform decalcification of the walls and cavity
of the RV. The main substrate of TV regurgitation was the in-
complete leaflets coaptation due to TV fibrous annulus dila-
tation. The posterior leaflet was partially joined to the inflow
part of the RV, and partial calcification of the base of the pap-
illary muscles was obvious. The TV reconstruction included the
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soft supporting PTFE half-ring placement fixed by 10 U-shaped
sutures and 1 U-shaped Prolene suture on the anteroposteri-
or commissure (Figure 3).

Just before the discharge, the patient noted no dyspnea at ex-
ercise. Echocardiography showed LV EDD 4.3cm, LV EF 60%, RV
EDV 80 ml, ESV 58 ml, RV EF 27%, and TAPSE 11 mm, and RV
myocardial diastolic function was E/A 2.4, E/e 13.8, and Vs 6.2
cm/s. TV leaflets were movable, with total cooptation and sat-
isfactory amplitude, with minimal regurgitation. The diameter
of the TV fibrous annulus was 30 mm (Figure 1). Estimated RV
pressure was 36 mmHg.

Discussion

Acute lymphoblastic leukemia is a malignant disease of the he-
matopoietic system and is the most common cancer in children
and adolescents (accounting for 33% of all pediatric cancers).
Treatment of this disease includes administration of high dos-
es of cell growth blocker drugs (cytostatics), with a highly likely
cardiotoxic effect at the same time. Their pronged usage can
cause heart muscle damage that ultimately develops into dif-
fuse myocardial fibrosis and symptoms of heart failure [9-11].

Restrictive cardiomyopathy treatment aims to reduce heart
failure symptoms. Routine therapy includes diuretic thera-
py, ACE inhibitors or angiotensin Il receptor antagonists, be-
ta-blockers, digitalis, and anticoagulants to prevent thrombo-
sis [12-14]. There are different approaches to the indications
for surgical treatment and the timing of its implementation.
The effectiveness of the surgery and prognosis depend on an
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Table 1. Surgical treatment of acquired severe right ventricular dysfunction of non-congenital ethiology by BDCA.

Function of v

Author RA/RV

Diagnosis Age/sex

Pressure,

regurgitation mm Hg Result

Surgery

Gorgulu S. ARVD 16/F Dilated/dilated  Severe RV Severe PA - BDCA + TV At discharge
et al, 200 5 systolic 23/5 (10) annuloplasty by  the cyanosis
dysfunction DeVega disappeared, the
02 saturation
increased from
87 to 97%
Vaidyanathan S. ARVD 26/F  Dilated/dilated  Severe RV Normal PA - Glenn shunt At discharge
et al, 2017 systolic 20/6 (11) saturation
dysfunction improved from
80 to 89%.
Patient is
asymptomatic
at 18-month
follow-up: no
ventricular
arrhythmia
Anbarasu M. RV EMF 27/M Enlargement/ RV function Moderate PA - Endocardial shelf At discharge no
et al,, 2004 obliteration of was normal 20/14 (15) removed, systemic
RV apex and a outflow, widened  desaturation,
discrete shelf at with a patch of  improvement
the infundibulum pericardium+TV  in RV size, mild
causing RVOT annuloplasty by tricuspid
obstruction DeVega+BDCA regurgitation
Mishra A. RV EMF  25/M Gross N/A Severe RA - BDCA The postoperative
et al., 2002 enlargement/ 25 RV end- recovery was
severe RV diastolic stormy.
endomyo- -24 After 8 years of
cardial fibrosis follow-up, he was
with severe in NYHA FC Il and

obliteration of
the RV cavity and
apex

back at
work.
Echocardiography
showed an
EF of 71%, no
progression of
disease

ARVD - arrhythmogenic right ventricular dysplasia; RV EMF — right ventricular endomyocardial fibrosis; F — female; M — male;
RV - right ventricle; TV — tricuspid valve; RA — right atrium; EF — ejection fraction; PA — pulmonary artery; BDCA — bidirectional

cavopulmonary anastomosis; N/A — not applicable.

earlier intervention; therefore, one should not expect a sig-
nificant deterioration in the condition and severe myocardi-
al damage [15].

Contrast MRI tomography is the main method in the diagnosis
of restrictive CMP, since echocardiography fails to reveal the
degree and nature of myocardial damage and the volumetric
characteristics of the RV.

Regarding the suggestion of Mocumbi et al (2013) to verify
the diagnosis of endomyocardial fibrosis [16,17], our patient
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met 2 major diagnostic criteria (obliteration of the apex of the
right ventricle and endomyocardial thickenings of more than
2 mm) and 2 minor diagnostic criteria (increased right atrium
and restrictive flow through the TV).

Surgery is considered if a patient is resistant to conservative
therapy, has episodes of thromboembolic complications, and
is NYHA class IlI-IV [18-20]. The effectiveness of the surgery
and prognosis depend on an earlier intervention; therefore,
one should not expect a significant deterioration in the con-
dition and severe myocardial damage [21,22].
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Dubost was the first to perform surgical treatment, in 1971 [23].
The surgical techniques included resection of endomyocardial
ventricular fibrosis and replacement or repair of atrioventric-
ular valves if necessary. Surgical treatment of endomyocardi-
al fibrosis should be considered as a palliative procedure, but
surgery may be the only hope for survival in cases of severe
heart failure [24].

The most important report on surgical treatment of endo-
myocardial fibrosis was presented by Moraes et al, in 1999.
Endomyocardectomy was performed on 83 patients in NYHA
class IlI-IV, aged 4-59 years (average age 31 years). Hospital
mortality was 18%. In the group of 51 surviving patients with
AV valve replacement, long-term mortality was 23.5%, and
it was 17.6% in the group of 17 patients with AV valve re-
pair. Overall survival at follow-up 17 years after surgery was
55+7.8%. Less than half of the survivors were in NYHA class
I-ll, and relapse of fibrosis was noted in 5.8%. The authors
concluded that surgical treatment of endomyocardial fibro-
sis should be considered as a palliative procedure, but sur-
gery may be the only hope for survival in patients with severe
heart failure [24]. There is an opposite point of view regard-
ing active surgical treatment tactics. Sultan et al concluded
that conservative therapy should be preferred because surgi-
cal treatment does not affect the cause and progressive na-
ture of the disease [25]. Unsatisfactory results in the described
series may be associated with the initial preoperative sever-
ity of patients [26].
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