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Abstract

Introduction: Cardiocyte myofibrillolysis and interstitial fibro-
sis belong to histopathological changes in cardiomyopathies,
leading to heart failure.

Aim: To evaluate these changes in apical resection during left
ventricular assist device (LVAD) implantation.

Material and methods: The studied group consisted of 40 pa-
tients with cardiomyopathy, and apical samples excised during
left ventricular assist device implantation were studied (CM/
VAD group, mean: 48.1 +10 y/0). A control group consisted
of 6 apical samples from healthy heart graft donors (mean:
29 +2.3 years old). Area fraction (AF) was calculated for: fibro-
sis, cardiocytes with myofibrillolysis (MFL), non-myofibrillolytic
cardiocytes (non-MFL).

Results: Single lymphocytes were seen in 18 (45%) cases in the
CM/VAD group. Cardiomyopathy grade evaluated semiquan-
titatively in CM/VAD was: slight (25% of a group), moderate
(35.5%), advanced (35.5%). CM/VAD cases showed nearly ten
times higher fibrosis than the control group. The MFL cells oc-
cupied nearly a five times larger area in CM/VAD than in the
control group, whereas non-MFL cells were found in the control
group, as a predominant pattern. The linear regression calcu-
lated between fibrosis AF and types of cardiocytes indicated
the depletion of cardiomyocytes with fibrosis increase. The
control group presented insignificant dependency between
fibrosis and MFL cells, suggesting the lack of replacement fi-
brosis. Significant negative dependence between fibrosis and
non-MFL cardiocytes suggested remodeling in controls. Corre-
lation analysis showed a strong relation between depletion of
normal cardiocytes and progression of fibrosis.

Conclusions: Progression of cardiomyopathy and fibrosis de-
pends on the loss of cardiocytes rather than degeneration of
these cells.
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Streszczenie

Wprowadzenie: Tkanka koniuszka lewej komory zawiera
wiekszg ilos¢ miesnia sercowego w poréwnaniu z materiatem
z biopsji przegrody miedzykomorowej, dlatego ma duze zna-
czenie diagnostyczne.

Cel: Okreslenie kluczowych zmian w niewydolnym sercu na
podstawie analizy morfometryczne;j.

Materiat i metody: Badana grupa sktadata sie z 40 pacjentéw
z kardiomiopatia, ktérym wszczepiono urzadzenie wspomaga-
jace prace serca (grupa CM/VAD, $rednia: 48,1 +10 lat). Tkanke
koniuszka lewej komory uzyskano podczas implantacji LVAD.
Materiat kontrolny stanowito 6 analogicznych fragmentéw
serca uzyskanych od oséb po $mierci samobdjczej (Srednia:
29 +2,3 roku). Tkanki barwiono rutynowymi metodami (H&E,
Masson trichrome). Morfologie kardiomiocytéw i nacieki za-
palne oceniano poétilosciowo. Frakcje pola powierzchni (AF)
mierzono dla: tkanki witéknistej, kardiocytéw z miofibryloliza
(MFL) i kardiocytéw prawidtowych (non-MFL).

Wyniki: W grupie CM/VAD obecne byty nieaktywne nacieki
zapalne w 18 (45%) przypadkach. We wszystkich przypad-
kach stwierdzono morfologie kardiomiopatyczng w nasileniu
niewielkim (25% grupy), umiarkowanym (35,5%) lub ciezkim
(35,5%). W grupie CM/VAD obserwowano prawie 10-krotnie
wieksze wtbdknienie niz w grupie kontrolnej. Kardiomiocyty
miofibrylolityczne zajmowaty prawie 5-krotnie wieksza AF niz
w grupie kontrolnej. W grupie kontrolnej stwierdzono domi-
nujaca prawidtowa sarkoplazme, ktéra zajmowata 2-krotnie
wiekszg AF powierzchni niz w grupie CM/VAD. Wyliczony sto-
sunek powierzchni kardiocytéw z miofibryloliza do powierzch-
ni prawidtowych kardiocytow wskazywat na dominacje miofi-
brylolizy w grupie CM/VAD, podczas gdy w grupie kontrolnej
obserwowano zjawisko odwrotne. W grupie CM/VAD stwier-
dzono postepujace zmniejszanie sie obu typéw kardiomio-
cytébw wraz ze wzrostem zwtdknienia. W grupie kontrolnej
stwierdzono nieistotng zaleznos¢ miedzy zwtéknieniem a kar-
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Introduction

Continuous flow left ventricular assist devices (CF-LVADs)
have become a widely accepted treatment modality for ad-
vanced heart failure (HF) patients. The use of mechanical
circulatory support LVAD as a bridge to transplant has been
shown to improve the survival rate, functional status and
quality of life of patients on the heart transplant waiting
list. A necessity to excise a part of the left ventricle apex in
order to place the inflow cannula of the pump creates the
opportunity to perform the histopathological assessment of
HF etiology. It should be pointed out that tissue harvested
during LVAD implantation could play an essential diagnostic
role, taking into consideration that it is more representative
than the specimen obtained during a left ventricular biop-
sy because of tissue abundance, and more valuable when
compared with classic endomyocardial samples achieved by
the right ventricle access [1-3].

Table I. Population study of studied group

Parameter Results

Number of cases 40
Observation time 2013-2016
4 years
Age 18-64
48.1+0
Sex Male - 40
Non-ischemic cardiomyopathy 28 (70%)
Ischemic cardiomyopathy 12 (30%)
NYHA class 11 3 (8%)
Y 37 (92%)
INTERMACS level 1 3 (8%)
2 15 (38%)
3 14 (36%)
4 6 (15%)
5 0
6 1(3%)
LVEF% 7-25
17 +4
LVED [mm] 60-110
77 £10
NT-proBNP [pg/ml] 352-35000
8035 +7650
Implanted device HeartWare
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diocytami miofibrylolitycznymi, co wskazuje na brak aktywne-
go witbknienia pomartwiczego. Znamienna ujemna korelacja
miedzy witbéknieniem a miofibryloliza moze Swiadczy¢ o prze-
budowie w grupie kontrolne;j.

Whioski: Wtéknienie pomartwicze w kardiomiopatii jest Scisle
i liniowo zalezne od uszkodzenia kardiocytow.

Stowa kluczowe: kardiomiopatia, sarkoplazma, rozpad kardio-
miocytow.

Aim

The aim of the study was to evaluate sarcoplasmic and
interstitial myocardial fibrosis in patients with advanced
heart failure requiring LVAD implantation, searching for
mutual dependencies and formulation of cardiomyopathy
grading, according to mentioned changes.

Material and methods
Population study

The study group consisted of 40 males with advanced
heart failure, NYHA class llI-IV, significantly decreased left
ventricular ejection fraction, elevated left ventricle end-dia-
stolicdiameterand N-terminal pro-B-type natriuretic peptide
(NT-proBNP) levels. Patients’ age varied from 18 to 65 years
old (mean: 48.1 +10). Among them, 12 patients suffered
from ischemic cardiomyopathy (CM) and 28 from nonisch-
emic CM. Nearly half of the group belonged to INTERMACS
level 1-2, whereas the rest of the group revealed higher
INTERMACS levels, 3-6.

The population characteristics of the patients are pre-
sented in Table I. All patients have undergone the implanta-
tion of an LVAD device: HeartWare Ventricular Assist Device
(HeartWare, Inc. 14000 NW 57t Court Miami Lakes, FL 33014
USA). By the time of the analysis, 8 patients had received
heart transplantation, 17 patients had died, whereas 16 were
alive with a functioning LVAD. None of the patients had un-
dergone LVAD explantation due to left ventricle recovery.

The control group consisted of 6 male heart donors
(29 +2.3 years old), from whom the grafts were not suitable
for transplantation due to spontaneous cardiac arrest. All
hearts were macroscopically qualified as sound and utilized
to harvest the valves and a pulmonary artery. There was
no available cardiac history of these subjects. The group
included 6 men with sound blood morphology.

Tissue procurement

Full-thickness apical tissue fragments harvested during
LVAD implantation were fixed in 4% buffered formaldehyde
solution for over 48 h, then cut into 3 mm pieces and pro-
cessed routinely to paraffin. Apical tissue was usually cut
into 3-5 slices.

In the control group, heart excision took place presumably
in the first 24 h after the death was revealed. After excision,
the heart was rinsed with cold Ringer solution (4°C), stored
in cold, sterile conditions, and transported to a specialized
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laboratory. Before the histologic evaluation, each organ was
carefully and thoroughly inspected to confirm its normal mor-
phology. Apical fragments were fixed and processed in the
same manner as described above. Additional evaluations,
including microbiologic and serologic tests for exclusion of
bacterial and/or viral infections or contamination, were per-
formed routinely. In cases of the lack of gross and microscopic
abnormalities, absent atherosclerotic lesions, and with a neg-
ative result in bacteriology and serology, the organ was classi-
fied as healthy. The cold ischemic time was < 4 h.

Histology

Paraffin blocks containing tissue fragments were cut
using a rotary microtome into 4 pm slices and mounted
onto microscopic slides. Slides were stained with H&E for
routine diagnosis, and with Masson trichrome with Fast
Green FCF for evaluation of fibrosis and cardiomyocyte cy-
toplasm [4-6].

Image acquisition

At least 5 representative images were captured from each
patient using a Nikon Eclipse microscope and a Canon EOS
500D digital camera at magnification 100-fold, resolution
4762 x 3168 pixels. Slides with vast fibrosis, probably cicatri-
ces, as well as with the presence of contraction bands, the
predominance of adipose tissue or large vessels, were not
accepted. Longitudinal cardiocyte sections were preferred.

Digital image evaluation

The editing and analysis of image and files (*.tif) were
performed using Leica QWin v.3 software. Medium-sized ves-
sels were deleted from an image. Then the tissue was divided
into: a) fibrous tissue stained green with Masson trichrome,
b) myofibrillolytic (MFL) cardiocytes with marked reduction
of cytoplasmic myofibrils stained pale pink with Masson tri-
chrome, ¢) cardiocytes with dense purple-red (non-MFL) sar-
coplasm in Masson trichrome staining, d) blank space (Fig. 1).

Blank space was subtracted from the analyzed area,
then each tissue compartment was measured [7]. Image
area fraction (AF) of fibrous tissue, MFL, and non-MFL car-
diocytes were calculated from the sum of the above-listed
elements. The AF was presented as a percentage fraction.

Formulation of cardiomyopathy grading
scale

The images from cases included in the study were print-
ed for another histopathologic description, and the final
descriptive diagnosis was formulated by two pathologists,
experienced in myocardial pathology.

All cases were divided into four groups: a) control cases
as cardiomyopathy grade 0 or no cardiomyopathy, b) car-
diomyopathy grade 1 — mild, ¢) cardiomyopathy grade 2 —
moderate, d) cardiomyopathy grade 3 — advanced. All im-
ages were viewed in another double-blinded manner, and
the final descriptive diagnosis was formulated by the same
pathologists. Prevalent histology of each grade, assuming
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cardiocyte nuclear morphology, sarcoplasm, interstitium
and others, is presented in Table II.

Statistical analysis

Data distribution was evaluated with the Shapiro-Wilk
W test. Taking into account significant discrepancies with
normal distribution nonparametric values such as mini-
mum, maximum and median with quartiles were calculat-
ed and presented for both cohort and each grade. Grades
were compared using the Mann-Whitney test. Correlations
between fibrosis, myofibrillolysis and non-myofibrillolytic
sarcoplasm with the grade of cardiomyopathy were esti-
mated using the nonparametric Spearman R test. Cohort
measurements served to construct a mathematical model,
clarifying the dependence between fibrosis and the two
above-mentioned types of sarcoplasm. The linear regres-
sion model was calculated by a robust method, resistant
for non-normal distribution and outliers. PAST software
version 3.21 was used for the analytical procedure [8].

Results

In all studied CM/VAD patients, cardiomyopathic mor-
phology was diagnosed histopathologically by two inde-
pendent pathologists. Excluding myocarditis, there were no
active or borderline inflammatory infiltrations in any case.
In 18 cases there were inactive, sparse, and disperse infil-
trations such as single lymphocytes, the number of which
never exceeded 3 cells per high power view.

The results of the image measurements according to
CM severity are presented in Table Ill. Cardiomyopathy
grade O (none) included 6 control cases; all 44 images were
representative and accepted for grade description.

Cardiomyopathy grade 1 (mild) included 10 patients and
86 images. Cardiomyopathy grade 2 (moderate) included
15 cases and 130 images. Cardiomyopathy grade 3 (severe)
included 15 cases and 128 images. Image analysis values
calculated for each group are presented in Table Ill. Neigh-
boring groups were compared using the Mann-Whitney
test, showing the significant probability for differences be-
tween the groups (Table II1).

The correlation between cardiomyopathy grade and
fibrosis was statistically significant (Spearman R = 0.64,
p < 0.00001). The strength of the correlation between cardio-
myopathy grade and the area occupied by MFL cardiocytes
was similar (Spearman R = 0.63, p < 0.00001), whereas the
correlation between cardiomyopathy grade and non-MFL
cardiocyte area fraction was remarkably high (Spearman
R =-0.95546, p < 0.00001).

The cohort study showed that nearly ten times higher
fibrosis was observed in CM/VAD than in the control group.
Moreover, MFL cardiomyocytes occupied a nearly five times
larger image area in the CM-VAD group than in the con-
trol group. Non-MFL sarcoplasm was found predominant-
ly in the control group, occupying an area twice as large
as in cardiomyopathic cases. The linear regression model
calculated by the robust method, more appropriate in bio-
logical models, showed significant dependencies between
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Original image

Non-myofibrillolytic cardiocytes
Non-MFL
(normochromic sarcoplasm)

Myofibrillolytic cardiocytes
MFL
(hypochromic sarcoplasm)

Fig. 1. Digital image editing and analysis. Original image stained with Masson trichrome (at the top) is segmented into four tissue com-
partments (below): green stained collagen, blank space, normal, non-myofibrillolytic cardiomyocytes stained red-purple and myofibril-
lolytic cardiomyocytes stained rose. Detected color was covered by blue mask

the fibrosis area fraction and two types of cardiocytes ac-
cording to its sarcoplasm status (Table 1V). CM/VAD group
specimens demonstrated the progressive linear depletion
of both MFL and non-MFL cardiomyocytes according to the
progression of interstitial fibrosis, which is a strong sugges-
tion that progressively vanishing cardiocytes were replaced
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by fibrous tissue. The control group specimens presented
a nearly uniform and nonsignificant dependency between
fibrosis and MFL cardiocytes, indicating the lack of active
fibrosis replacement. The significant negative dependency
between fibrosis and non-MFL sarcoplasm indicates the re-
modeling phenomenon. Diminishing area of non-MFL car-
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Table Il. Histopathological grading of dilated cardiomyopathy

Grade/name

“First look” diagnosis

Cardiocyte sarcoplasm

Cardiocyte nucleus

Interstitium

0
No cardiomyopathy

Normal myocardium

Myofibrils poorly
visible, dense
sarcoplasm in almost
all cardiocytes

Rather uniform
oval or rounded.
Chromatin uniform
and delicately
granular

Poorly visible,
reduced to few
thin collagen
fibers between
cardiocytes. Single

Single lymphocytes
and/or other
connective tissue
cells inside
interstitial network

fibroblasts at the proximity
of vessels
| Slight hypertrophy Infrequent distension Some cardiocyte Fibrosis not Lymphocytes

Slight and patchy fibrosis. and attenuation nuclei exceeding nearly sporadically seen
Practically uniform of cardiocytes. hyperchromatic, 10% of the tissue. inside interstitial
staining. Possible Myofibrillolysis, hypertrophied, Subtle collagen network, with
cardiomyopathy premyocytolysis enlarged network and/or no contact with
frequent. Unchanged single scars. cardiocytes.
cardiocytes not less Non-numerous No active
than 30% fibroblasts inflammatory foci
Il Image could suggest Cardiocytes arranged Cardiocyte Collagen as As above. Pericytes
Moderate fibrosis. Tissue loosely. Cardiocyte nuclei enlarged, network or scars, and single mast
rarefied. Probable changes as above, hyperchromatic, forms groups of cells could suggest
cardiomyopathy but more intense. rounded or angular  cardiocytes. Variable inflammation
Unchanged cardiocytes number
below 30% of fibroblasts
M Fibrosis with rare Loose structure except As above, also Dense and loose As above. Visually
Severe bright and enlarged scars. Myofibrillolysis vesicular nuclei collagen surrounds increased number

cardiocytes.

and premyocytolysis

with marginated

cardiocytes.

of capillaries. Focally

Tissue rarefied.
Cardiomyopathy

as above. Unchanged
cardiocytes rare

subendocardial
vessels

chromatin, and
bizarre dense dark
nuclei not rare

diocytes is significantly associated with the progression of
MFL cardiocytes in both groups, CM/VAD and control, but
in the control group, the process is restricted to a small part
of non-MFL sarcoplasm, whereas in the CM/VAD group the
extent of this process was more intense.

Images from each group were printed for another histo-
pathologic description. The final diagnosis was formulated
by two independent pathologists. Prevalent morphologic
changes assuming nuclear morphology, sarcoplasm, and
interstitium are proposed in Table II.

Discussion

Histopathological similarities between multiple, non-
specific cardiomyopathies of various etiology was a major
cause of setting endomyocardial biopsy as an adjunctive
diagnostic tool and a way for harvesting myocardial sam-
ples for genetic or molecular tests [9]. Histopathological
findings reported by Strecker et al. [10] in end-stage heart
failure also showed no difference in apical histopathology
between seven different cardiomyopathies, valvular dis-
eases and congenital heart defects, although numerous
specimens of much more extensive tissue than in endo-
myocardial biopsy provided more detailed information.

In general, the cohort findings described here did not
differ from those mentioned above. Contrary to biopsies,
a large amount of tissue allowed us not only to establish
the final diagnosis but also to conduct measurements. The
study described by Daunoravicius et al. [11] assessed myo-
cardial fibrosis in 38 endomyocardial biopsies from cases
with postinflammatory dilated cardiomyopathy (DCM)
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using a stereology grid, colocalization and Genie soft-
ware. Median fibrosis area fraction was from 8.70% es-
timated stereologically to the maximum of 11.12% us-
ing the colocalization method. These results are similar
to those reported by us in grade 1 CM, but it should be
pointed out that endomyocardial biopsies were harvested
from the right side intra ventricular septum (IVS), where-
as the apical core presented more different images and
more advanced fibrosis. The majority of earlier studies,
including Olsen’s classical publications [4-6, 10, 12], indi-
cated the presence of cardiocytes pathology and fibrosis
in cardiomyopathic hearts. Interstitial fibrosis of various
intensity draws apart cardiocytes dividing these cells,
forming a collagen network or scars. Cardiocyte pathol-
ogy presents a variety of changes: focal premyocytolysis
and myocytolysis, sarcoplasmic distension, attenuation
and/or degeneration with rarefied myofilaments as a re-
sult of myofibrillolysis (cardiomyocytes with this pathol-
ogy were marked as “MFL cardiocytes” for the purpose
of this study). Our previous findings [12] indicated broad
variability in fibrosis and cardiocyte hypertrophy param-
eters in cardiomyopathy; thus, we decided not only to
construct a mathematical model of dependences between
fibrosis and cardiocytes but also to evaluate cardiocytes
as “healthy” — non-MFL and “damaged” — showing MFL
(Table V). The loss of cardiocyte myofibrils in response to
injury or disease was mentioned in a few papers as char-
acteristic for cardiomyopathies, or overtaking the myocy-
tolysis [13-16], whereas the amount of remnant cardio-
cytes has never been evaluated.
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Table Ill. Image analysis results from CM/VAD and control/comparative group, according to cardiomyopathy grades

Cardiomyopathy grade 0  Cardiomyopathy grade 1 = Cardiomyopathy grade 2  Cardiomyopathy grade 3

(no cardiomyopathy) (mild cardiomyopathy) (moderate (advanced
cardiomyopathy) cardiomyopathy)

Fibrosis area fraction (%):

Range (min.—max.) 0.3-13 1-47 1-59 1-75
Median 2 10 19 25
Upper-lower quartile 1-4 6-16 11-27 17-38
P probability < 0.0001 < 0.0001
Mann-Whitney test - < 0.0001 -
MFL cardiocyte area fraction:
Range (min.—max.) 1-24 9-58 8-69 13-86
Median 8 40 49 57
Upper-lower quartile 5-14 32-46 41-56 43-67
P probability < 0.0001 < 0.0001
Mann-Whitney test - 0.0001 -
Non-MFL cardiocyte area fraction:
Range (min.—max.) 71-97 4-79 25-40 4-25
Median 89 48 33 17
Upper-lower quartile 82-92 43-52 29-36 12-21
P probability < 0.0001 < 0.0001
Mann-Whitney test - < 0.0001 -

Table IV. The dependence of fibrosis area fraction on cardiomyopathy intensity — descriptive statistics and Mann-Whitney pairwise tests

Fibrosis area fraction Cardiomyopathy slight grade = Cardiomyopathy moderate grade  Cardiomyopathy severe grade
No. of measurements 85 126 133

Min.—max. 0.19-0.74 0.13-0.80 0.08-0.86

Mean + SD 0.44 £0.12 0.49 +0.15 0.50 £0.15

Median 0.43 0.49 0.50
Mann-Whitney pairwise tests Cardiomyopathy slight grade  Cardiomyopathy moderate grade Cardiomyopathy severe grade
Cardiomyopathy slight grade - 0.01 0.003
Cardiomyopathy moderate grade 0.01 - NS
Cardiomyopathy severe grade 0.003 NS -

Table V. Linear regression robust model of relations between interstitial fibrosis area fraction and with sarcoplasm status according
to amount of myofibrils

VEUELI Robust linear regression between

Fibrosis area fraction Fibrosis area fraction Non-myofibrillolytic sarcoplasm
and myofibrillolytic sarcoplasm and non-myofibrillolytic sarcoplasm and myofibrillolytic sarcoplasm
area fraction area fraction area fraction

CM/VAD Control/ CM/VAD Control/ CM/VAD Control/
comparative comparative comparative

Robust linear regression model:

Slope a -0.510 -0.061 -0.491 -1.008 —-0.641 -0.855
Intercept b 58.209 6.7778 41.506 93.782 71.887 84.832
Pearson r -0.476 0.2088 -0.470 -0.566 -0.551 -0.924
Determination 0.226 0.043 0.221 0.320 0.303 0.850
coefficient r?
Probability p < 0.0001 0.17 NS < 0.0001 < 0.0001 < 0.0001 < 0.0001
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The observed extent of fibrosis varied greatly in the
CM/VAD group from slight to intense, ranging from 1% to
75% of the area. Based on some data from the literature,
we hypothesize that the growing intensity of the assessed
cardiomyopathy may correlate with the clinical status of
patients [17]. Interstitial fibrosis, morphometrically evalu-
ated according to the proposed cardiomyopathy grading,
showed a progressive increase in each grade, starting from
a few percent in grade O or the control group and finally
reaching nearly a half of the myocardium in severe cardio-
myopathy (Table ). Moreover, grades statistically differed
from each other. It should be emphasized that the grading
scale was established based only on general histopathol-
ogy, whereas morphometry confirms these observations.

Clinically proven myocardial insufficiency should be log-
ically correlated not only with progressive myocardial fibro-
sis but also with the loss of cardiocytes or its sarcoplasmic
contractile elements — myofibrils during myofibrillolytic pro-
cesses [18]. The amount of myofibrillolytic cardiocytes ac-
cording to the proposed grading scale was similar in grade
1 and 2, showing a progressive decrease, and significant in
grade 3. These phenomena — progressive fibrosis and a re-
gressive amount of injured cardiocytes — clearly suggest the
dynamic process of replacement fibrosis. Moreover, a docu-
mented loss of non-MFL cardiocytes suggests a progressive
loss of contractile function. It should be emphasized that
the percentage of MFL and non-MFL cardiocytes correlated
linearly with interstitial fibrosis in cohort analysis using ro-
bust linear regression only in the CM/VAD group.

It should be pointed out that attempts at quantification
of end-stage heart failure in explanted hearts had already
been made by Segura et al. [19], and Ottaviani et al. [20].
They proposed the grading of fibrosis, hypertrophy and
myocytolysis, but missed the grading scale or morphometry.
Besides, the results suggested by the authors mentioned
above indicated that cardiocyte hypertrophy counterbal-
ances the negative effects of fibrosis and myocytolysis,
whereas they did not take into account semiquantitative or
quantitative evaluation of the number of unchanged car-
diocytes, which play a crucial role in myocardial recovery.
A different point of view was presented by Rivello et al.
[21], who determined a normalizing ploidy index and a de-
crease of hypertrophied cardiocyte dimensions as reversible
phenomena in two patients with LVAD. Muthiah et al. [22]
demonstrated histological recovery after LVAD implantation
as the regression of cardiocyte hypertrophy. Histopathologi-
cal recovery of myocardium after LVAD unloading revealed
some interesting facts, suggesting the regeneration of myo-
cardium through the proliferation of cardiocytes estimating
phosphorylated histone 3; however, histopathology was not
presented [23]. Another study indicated the role of adjunc-
tive pharmacotherapy aside from the LVAD unloading [24].
On the other hand, after LVAD implantation the increase of
interstitial fibrosis and distension of cardiocytes were ob-
served; a comparative specimen was harvested during LVAD
implantation together with another, excised from the LV
free wall [25]. Marinescu et al. [26] suggested that reverse
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remodeling could be linked with proinflammatory profile in
advanced heart failure patients.

According to the aforementioned articles, it would be
valuable to assess the apical core in a routine manner and
with the unified grading scale; otherwise, it might be im-
possible to assume that LVAD implantation took place at
the same cardiomyopathy structural advancement. The lim-
itation of our study may be the relatively small study group.

Conclusions

The correlation between unchanged cardiocytes, fibro-
sis, and myofibrillolytic cells suggests that a real measure-
ment of the advancement of cardiomyopathy belongs to
the remnant part of healthy cardiac cells rather than de-
generation and postnecrotic phenomena such as fibrosis.
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