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Improvement of left ventricular systolic function in inflammatory
cardiomyopathy: What plays a role?

Jan Krejci?, Petr Hude?, Eva Ozabalova?, Dalibor Mlejnek?, Vita Zampachova®, lva Svobodova®, Radka Stepanova’,
Lenka Spinarova®

Aims. To compare the differences between patients with inflammatory cardiomyopathy (ICM) with and without im-
provement in left ventricular (LV) systolic function and to identify the relevant predictors of LV improvement.
Patients and Methods. The study included 63 patients with biopsy-proven ICM and heart failure symptoms of at least
NYHA I, symptom duration < 6 months, LV ejection fraction (LVEF) < 40% assessed by echocardiography and presence
of >14 mononuclear leukocytes (LCA+ cells)/mm? in biopsy samples. Patients were evaluated at baseline and after 6
months.

Results. In the group with LVEF improvement of > 10% (I+ group, n = 41), LVEF increased from 24 + 7% to 47 + 8% (P <
0.001). In 22 patients (group I-), there was no or minimal LVEF increase (< 10%). In the I+ group, there were more LCA+
cells/mm? at baseline (25.1 + 16.5 vs. 18.5 + 4.4 cells/mm?; P=0.032) and a more significant decrease in LCA+ cells in the
follow-up (reduction of 13.6 + 14.3 cells/mm? vs. 5.0 = 7.7 cells/mm? in the I- group; P = 0.009). The univariate logistic
regression showed a possible association of number of LCA+ cells, LV end-diastolic diameter and N-terminal fragment
of pro-brain natriuretic peptide (NTproBNP) value with LVEF improvement. In the multivariate analysis, only NTproBNP
at diagnosis was confirmed as an independent predictor of LVEF improvement (OR=1.2; 1.003 to 1.394; P = 0.046).
Conclusion. The LV systolic function improvement was observed in 65% of the patients. In these patients, the number
of inflammatory cells at baseline was higher and decreased more but the higher baseline NTproBNP value was the only
independent predictor of LVEF improvement.
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INTRODUCTION ditis is always histological and/or immunohistochemical
which require a sample of myocardium for confirmation
Dilated cardiomyopathy (DCM) is the most common  of the inflammation*™.

cause of end-stage heart failure in patients undergoing A myocardial sample is commonly obtained transvas-
heart transplantation'. The causes of dilated cardiomyopa-  cularly from the right or left ventricle using endomyocar-
thy (DCM) vary, but myocarditis is currently considered  dial biopsy (EMB). EMB is considered the gold standard
the most frequent cause?. The seriousness of this disease  for myocarditis diagnosis and is also the only method able
is underlined by the fact that it affects predominantly  to confirm a final diagnosis in vivo®!°. According to the
younger people in productive age. The most common  WHO / ISCF definition of 1995 diagnosis of myocarditis
manifestation of myocarditis is heart failure. If the myo- is based on histological, immunological and immunohis-

carditis is associated with left ventricular systolic dysfunc-  tochemical criterial'.
tion, the disease is called inflammatory cardiomyopathy Apart from the classical histological Dallas criteria
(ICM). Other clinical manifestations of myocarditis are ~ which are highly specific but lack sensitivity'?, immunohis-
chest pain and/or arrhythmias®s. The cases presenting tochemical methods should also be used in the assessment
with heart failure symptoms have a poorer prognosis than  of EMB samples (typing of infiltrating cells and/or grad-
those with chest pain or arrhythmias®. ing of HLA antigen expression). These methods increase
Clinical suspicion of myocarditis is raised by the pres- the diagnostic accuracy of the EMB but unfortunately the
ence of any of the described symptoms and simultaneous  diagnostic criteria used in published studies are rather di-
fulfillment of at least one of the diagnostic criteria from  verse and there is still no widely accepted consensus*!>".
examinations such as ECG, laboratory findings, echocar- The most common cause of heart muscle inflamma-
diographic or magnetic resonance imaging as described  tion in Western civilizations is viral infection. Investigation
elsewhere*. However, the definitive diagnosis of myocar-  of possible infectious agents has to be a part of the EMB
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assessment, most frequently by polymerase chain reac-
tion (PCR) (ref.*’?). Non-viral infections as the cause
of myocarditis are uncommon in our region, although
in some endemic areas of the Czech Republic, Borrelia
burgorferi is relatively often detected in recent onset di-
lated cardiomyopathy (RODCM) (ref.'®%°). Other possible
causes of myocarditis are autoimmune or toxic factors.
Autoimmunity is a possible reaction to the initial viral
damage of myocytes and is considered one of the main
causes of LV function impairment in the second phase of
the disease!®?22,

Immunohistochemical methods for EMB evaluation
have shown that in 40-50% of DCM cases, myocarditis
is present?*?*, It has been reported that LV function im-
provement in ICM is greater than in DCM cases with
no proven myocardial inflammation?®. Improvement of
LV function is associated with the retreat of inflamma-
tion. This is particularly evident in the case of fulminant
forms of myocarditis with severe initial LV dysfunction;
a significant improvement or even complete normal-
ization of LV systolic function may occur in several
weeks?®. For this reason, the initial vigorous immune
response may be a favorable factor in terms of long-term
prognosis?’.

However, the whole group of patients with biopsy-
proven myocarditis is not homogeneous in this regard.
It is estimated that in about 50-70% of patients, the heal-
ing of myocarditis is associated with the improvement or
normalization of LV systolic function. On the other hand,
in some cases, LV dysfunction persists or even progresses
to refractory failure*>1%28, There are a number of factors
that play a role in the course of the disease, for instance
type of myocarditis, grade of initial myocardial injury,
hormonal factors, physical stress during the acute phase
of the disease, the intensity and duration of the inflam-
matory process and persistence or replication of the virus
in the myocardium?>"10-2830,

Although a number of studies have focused on prog-
nostic indicators®>>?*32 we have no clear and convincing
evidence that will allow us to stratify patients at the time
of diagnosis and to tailor additional medical care, includ-
ing the use of advanced and expensive methods of current
medicine, i.e. device therapy and heart transplantation.
These considerations formed the motivation for this study.

The aim of our study was to compare the differences
between a group of ICM patients with a clinically rel-
evant improvement in LV function characterized by the
rise in LVEF of at least 10%, and a group where im-
provements in LVEF was smaller or entirely absent. We
also tested for correlations between selected variables to
identify possible predictors of improvement of LV sys-
tolic function.

PATIENTS AND METHODS

The study included 63 patients with biopsy-proven
ICM, 46 men and 17 women, mean age 43 + 13 years,
who fulfilled inclusion criteria and had no exclusion ones.
Inclusion criteria were as follows: heart failure symptoms
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of at least NYHA II, symptoms duration < 6 months, left
ventricular ejection fraction (LVEF) < 40% assessed by
echocardiography, biopsy findings of > 14 mononuclear
leukocytes cellsymm? (LCA+ cells) consistent with the
diagnosis of lymphocytic myocarditis (ref.3!113.141631.33)
Patients with coronary artery disease, significant valvu-
lar disease, toxic myocardial damage caused by alcohol
or chemotherapy, endocrine disorders or tachycardia-
induced LV dysfunction were excluded. Patients with
specific forms of myocarditis (i.e. giant cell myocarditis
or eosinophilic myocarditis) were excluded as well.

Patients were evaluated at the baseline visit (at the
time of diagnosis) and after 6 months. Clinical examina-
tion, laboratory assessment, echocardiography and inva-
sive evaluation including endomyocardial biopsy and right
heart catheterization were performed at both visits. All
enrolled patients were treated with standard heart failure
therapy; immunosuppressive therapy was precluded in
this study. All patients signed an informed consent prior
to enrollment in the study; the study was approved by the
institutional Ethics committee.

In the whole patients group, LVEF at the baseline was
25 + 8%, the number of infiltrating LCA+ cells was 24.5 +
13.9 / mm?, duration of symptoms at the time of diagnosis
was 2.3 = 2.0 months and functional class according to
NYHA classification was 2.5 = 0.6.

Patients were divided in two groups according to the
presence of the LVEF improvement; the threshold was
10% increase in LVEF, the group with improvement was
classified as I+, the group without improvement was called
I-. Some other echocardiographic parameters, clinical sta-
tus and selected hemodynamic and laboratory variables
were compared for the two groups.

The EMB was performed with echocardiographic con-
trol under local anaesthesia from the right ventricle (RV)
through the right internal jugular vein. Four samples were
taken for histological and immunohistochemical evalu-
ation and five samples for PCR analysis. In addition to
standard histological assessment, the average number of
T-lymphocytes (CD3+ cells) and mononuclear leukocytes
(LCA+ cells) in myocardial interstitial spaces were deter-
mined. For the purpose of this study, only the number
of LCA+ cells was decisive (see Fig. 1). LCA+ cells were
stained with monoclonal antibody Anti-Human CD45/
LCA DakoCytomation. The numbers of infiltrating cells
were evaluated in 4 sections performed on two glasses
with a step sectioning. The final result was the average
from 28 * 4 thinnings of the samples.

Echocardiographic examinations were performed on
Vivid E9 machine (GE, Milwaukee, WI, USA) with an
M35S transducer according to the recommendations of the
American Society of Echocardiography and the European
Association of Echocardiography**. Pulsed-wave Doppler
tissue imaging (DTT) of mitral and tricuspid annular mo-
tion was recorded at three annular sites in the apical four-
chamber view; the values obtained at the septal and lateral
sides of the mitral annulus were averaged. Diastolic func-
tion was graded as 0 (normal filling), 1 (impaired relax-
ation), 2 (pseudonormal filling) and 3 (restrictive filling).
Echocardiographic examinations were recorded + 1 day
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Fig. 1. Mononuclear leucocytes infiltration (LCA+ cells, imu-
nohistochemistry, original magnification 200x).

from EMB and right heart catheterization (RHC). There
was a follow up visit at 6 months + 14 days after baseline;
clinical evaluation with an assessment of functional status
was done at the same time. Functional status was graded
according to NYHA classification?*3¢.

Statistical analysis

The values of all parameters at both visits and the
change in these parameters were described as mean value,
standard deviation, minimum and maximum. To assess the
significance of the change in variables during the 6-month
follow-up, a paired t-test or the nonparametric Wilcoxon
signed-rank test was conducted (depending on data dis-
tribution). The difference between groups was compared
using a t-test or Mann-Whitney test. Correlations were
tested using Pearson’s or Spearman’s correlation coef-
ficients (depending on data distribution). The associa-
tion between baseline parameters and the improvement
in LVEF was analyzed via univariate and multivariate lo-
gistic regression models. The parameters with potential
predictive power (providing at least P < 0.1 in univariate
logistic regression) were included in the multivariate logis-
tic regression models to identify independent predictors
of improvement in LVEF. Results with a P-value < 0.05
were considered statistically significant. The analyses were
performed using SAS 9.3.

RESULTS

Improvement of LVEF function was found in 41 pa-
tients (i.e. 65% of whole group; I+ group). In this group,
LVEF improved from 24 + 7% to 47 £ 8% (P < 0. 001). In

Table 1. Comparison of the groups with and without LVEF increase.

Group with LVEF increase (I+)

Group without LVEF increase (I-)

(n=41) (n=22)
Parameter Mean (SD) Min-Max P* Mean (SD) Min-Max P* Pr*
Age 44.3 (11.73) 19 - 67 43.1 (12.68) 22 - 69 0.699
(years)
Symptoms 2.2 (1.80) 1-6 2.9 (2.16) 1-6 0.279
(months)
LCA+ Baseline 25.1 (16.45) 15 - 100 18.5 (4.44) 14 - 31 0.032
(cellsymm?)  After 6 months 11.5 (5.51) 3-35 13.5 (6.35) 5-29 0.213
Difference -13.6 (14.30) -65-0 <0.001 -5.0 (7.65) -19-15 0.006  0.009
NTproBNP  Baseline 3157.0 (3126.07) 90 - 11322 1525.8 (1340.89) 304 - 6465 0.065
(ng/L) After 6 months 345.9 (417.55) 32 -1692 1488.1 (2314.88) 31 - 10912 0.001
Difference -2871.3 (3096.36) -11272 - 484 <0.001 -22.2 (1349.95) -1639 - 4447 0.240 <0.001
NYHA class Baseline 2.52 (0.602) 1.0 - 3.5 2.36 (0.560) 1.5-35 0.242
After 6 months 1.43 (0.396) 1.0-2.0 1.95 (0.596) 1.0 - 3.0 0.001
Difference -1.1 (0.66) -22-0 <0.001 -0.4 (0.53) -2-1 0.003 <0.001
CI Baseline 1.98 (0.478) 1.1-3.1 2.13 (0.511) 1.5-3.6 0.326
(L/min/m?)  After 6 months 2.52(0.427) 1.6 - 3.4 2.23(0.453) 1.5-3.0 0.012
Difference 0.6 (0.51) -1-2 <0.001 0.1 (0.55) -1-1 0.276  0.002
MPAP Baseline 25.8 (10.29) 5-46 22.4 (7.10) 13 - 37 0.180
(mmHg) After 6 months 17.6 (4.93) 10 - 28 20.0 (7.90) 11 -42 0.390
Difference -8.3(9.62) -27 -12 <0.001 -2.5(9.62) -19-19 0.170  0.077
PCWP Baseline 16.6 (8.34) 2-32 14.9 (7.10) 6-33 0.422
(mmHg) After 6 months 10.2 (4.27) 2-22 12.5(7.79) 3-35 0.422
Difference -6.5 (8.64) -25-12 <0.001 -2.4 (8.76) -21-17 0.134  0.155

*P - paired test (Wilcoxon rank sum text) for comparison of parameters at baseline and after 6 months
** P - Mann-Whitney test for comparison of parameters between groups
LVEF - left ventricular ejection fraction, LCA+ cells - leucocyte common antigen positive cells, CI - cardiac index, MPAP - mean pulmonary
artery pressure, PCWP - pulmonary capillary wedge pressure
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Table 2. Comparison of echocardiographic parameters in the groups with and without LVEF increase.

Group with LVEF increase (I+)

Group without LVEF increase (I-)

(n=41) (n=22)
Parameter Mean (SD) Min-Max P* Mean (SD) Min-Max P* P **
LVEF Baseline 23.7 (7.29) 15 - 40 26.1 (7.19) 17 - 38 0.171
(%) After 6 months 47.0 (8.29) 28 - 65 27.9 (7.26) 17 - 38 <0.001
Difference 23.3(7.61) 10 - 40 <0.001 1.8 (5.56) -12-9 0.128 <0.001
LVESD Baseline 55.1 (8.09) 28 - 172 57.8 (8.37) 41 -175 0.206
(mm) After 6 months 43.0 (7.89) 27 - 60 56.2 (7.94) 39-74 <0.001
Difference -12.1 (6.41) -25-1 <0.001 -1.6 (4.83) -12-6 0.266 <0.001
LVEDD Baseline 62.5(7.59) 40 - 80 66.1 (8.06) 46 - 79 0.068
(mm) After 6 months 55.5(7.45) 40 - 72 64.9 (7.12) 54 -179 <0.001
Difference -7.0 (6.24) -23-17 <0.001 -1.2 (5.09) -11-38 0.412 0.001
RV Baseline 34.1 (5.63) 21 - 44 33.3(6.96) 21 - 48 0.588
(mm) After 6 months 31.9 (4.61) 24 - 44 32.5(5.47) 18 - 40 0.430
Difference 2.2 (4.86) -14-9 0.005 -0.8 (6.64) -19 - 16 0.383 0.461
LA Baseline 43.7 (5.64) 30 - 54 44.5 (5.14) 34-53 0.593
(mm) After 6 months 39.8 (6.21) 26 - 55 42.5 (5.64) 28 - 56 0.058
Difference -3.9 (5.06) -12-9 <0.001 -2.0 (4.72) -9-8 0.065 0.159
s’mi Baseline 5.11(1.842) 3.0-10.5 5.45 (1.704) 3.5-11.5 0.242
(cm/s)  After 6 months 7.51 (1.936) 4.5-12.5 5.45 (1.704) 3.0-10.5 <0.001
Difference 2.4(2.13) -2-7 <0.001 0.0 (1.31) -3-2 0.794 <0.001
e’ Baseline 5.98(2.109) 2.5-115 6.59 (1.919) 4.0 -10.0 0.230
(cm/s)  After 6 months 7.74 (2.213) 2.5-14.0 5.86 (1.891) 2.5-11.0 0.001
Difference 1.7 (2.09) -3-6 <0.001 0.7 (2.41) -5-5 0.167 <0.001
DF Baseline 1.9 (0.97) 0-3 2.1 (1.19) 0-3 0.389
After 6 months 0.8 (0.49) 0-2 1.7 (0.84) 0-3 <0.001
Difference -1.1 (1.06) -3-0 <0.001 0.4 (1.22) -2-3 0.097 0.041
E/e’ Baseline 14.08 (7.887) 4.6 - 42.7 13.81 (4.888) 6.0 - 28.8 0.395
After 6 months 8.21(2.737) 3.8-17.8 12.44 (3.895) 5.4-212 <0.001
Difference -5.7(6.53) -25-6 <0.001 -1.4 (5.66) -14-10 0.318 0.027
s’ tri Baseline 10.0 (2.00) 6-17 10.4 (2.20) 7-15 0.376
(cm/s)  After 6 months 13.8 (3.92) 7-29 11.0 (2.79) 7-19 0.001
Difference 3.9 (4.65) -6 - 20 <0.001 0.6 (2.17) -3-4 0.205 0.001

*P - paired test (Wilcoxon rank sum text) for comparison of parameters at baseline and after 6 months
** P - Mann-Whitney test for comparison of parameters between groups
LVEEF - left ventricular ejection fraction, LVESD - left ventricular end-systolic diameter, LVEDD - left ventricular end-diastolic diameter, RV - right
ventricle, LA - left atrium DF - diastolic function, diastolic function was graded as 0 (normal filling), 1 (impaired relaxation), 2 (pseudonormal
filling) and 3 (restrictive filling), E - early transmitral diastolic flow velocity (E wave), e’ - diastolic mitral annular motion velocity assessed by
pulsed-wave Doppler tissue imaging, s’mi - systolic mitral annular motion velocity assessed by pulsed-wave Doppler tissue imaging, s’tri - systolic
tricuspid annular motion velocity assessed by pulsed-wave Doppler tissue imaging,

the remaining 22 patients (35% of the group), there was
no increase in LVEF of > 10% (group I-); LVEF in this
group changed from 26 = 7% to 28 £ 8% (P = 0.128). In
the I+ group, a larger number of infiltrating LCA+ cells/
mm? was detected in EMB sample at baseline (25.1 + 16.5
vs. 18.5 = 4.4 cells/mm? in the I- group; P=0.032) and a
decrease in the number of infiltrating LCA+ in this group
was more important (reduction of 13.6 + 14.3 cells/mm?
vs. 5.0 £ 7.7 cells/mm? in the I- group; P = 0.009). More
significant improvement in diastolic function assessed by
a reduction in the E/e' ratio in I+ group was observed
(of 5.7 £ 6.5 in the I+ group vs. 1.4 £ 5.7 in the I- group;
P =0.027). Reduction in NYHA class was seen in both
groups: in the I+ group from 2.5 £ 0.6 to 1.4 + 0.4 (P <
0.001) and from 2.4 + 0.6 to 2.0 = 0.6 (P = 0.003) in the
I- group. The difference between the groups was highly
statistically significant (P < 0.001). Also a decrease in the
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levels of NTproBNP and an improvement in other echo-
cardiographic and hemodynamic parameters obtained
by RHC was more pronounced in group I+ (see Table
1 and 2).

In the univariate logistic regression at the 10% level of
significance, the following predictors of improved LVEF
were identified: number of LCA+ cells (P = 0.089), end-di-
astolic diameter of LV (P = 0.088) and NTproBNP value
(P =0.046) at the time of diagnosis. In the multivariate
analysis, only NTproBNP value was confirmed as an in-
dependent predictor of LVEF improvement (OR = 1.2;
1.003 to 1.394; P = 0.046).

The change in NTproBNP value correlated signifi-
cantly with the change in hemodynamic parameters par-
ticularly strong in the I- group; strong correlation with
mean pulmonary artery pressure (MPAP) was found (r
=0.77, P <0.001). Similarly, correlation with change in
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Table 3. Corelations parameters changes in I+ group (n=41).

ANYHA A LVEF A NTpr oBNP A LCA+ cells A PCWP ACI A MPAP

r P r P r P r P r P r P r P
ACI -0.26 0.109 0.17 0.307 -0.46 0.004 -0.32 0.044 -0.49 0.001 -0.45 0.004
A LVEDD 0.33 0.033 -0.10 0.530 0.16 0.342 -0.20 0.202 0.20 0.227 -0.04 0.795 0.11 0.505
A DF 0.39 0.012 -0.13 0429 0.34 0.037 0.23 0.152 0.65 <0.001 -0.49 0.001 0.63 <0.001
A LVEF -0.34 0.030 - - -0.28 0.080 -0.24 0.127 -0.26 0.108 0.17 0.307 -0.16 0.317
A LVESD 0.34 0.028 -0.41 0.008 0.21 0.202 -0.04 0.797 0.28 0.080 -0.14 0.395 0.16 0.312
AE/é 0.08 0.612 -0.13 0.432 021 0.215 0.21 0.183 0.55 <0.001 -0.38 0.018 0.56 <0.001
A LCA+ cells 0.15 0.336 -0.24 0.127 0.15 0.347 - - 0.26  0.110 -0.32 0.044 0.27 0.089
ALA 0.35 0.025 -0.26 0.099 0.30 0.060 -0.14 0.395 0.39 0.013 -0.10 0.553 0.34 0.032
A MPAP 0.38 0.016 -0.16 0.317 0.31 0.056 0.27 0.089 0.92 <0.001 -0.45 0.004

A NTproBNP 0.60 <0.001 -0.28 0.080 - - 0.15 0.347 0.39 0.014 -0.46 0.004 031 0.056
-0.34 0.030 0.60 <0.001 0.15 0.336 0.43 0.006 -0.26 0.109 0.38 0.016

ANYHA - -

A PCWP 0.43 0.006 -0.26 0.108 0.39 0.014 026 0.110 - - 0.49 0.001 0.92 <0.001
ARV 0.18 0250 -0.20 0.213 0.46 0.003 0.14 0398 0.32 0.041 -0.47 0.002 026 0.105
A s’'mi 0.24 0.138 0.39 0.012 -0.21 0.205 -0.14 0.383 -0.54 <0.001 0.41 0.011 -0.55 <0.001
A s'tri 0.38 0.014 0.38 0.016 -0.48 0.002 -0.24 0.127 -0.46 0.003 0.46 0.003 -0.46 0.003

r = correlation coefficient

P = p-value of correlation coefficient

CI - cardiac index, DF - diastolic function, diastolic function was graded as 0 (normal filling), 1 (impaired relaxation), 2 (pseudonormal filling)
and 3 (restrictive filling), LVEF - left ventricular ejection fraction, LVEDD - left ventricular end-diastolic diameter, LVESD - left ventricular
end-systolic diameter, LA - left atrium, E - early transmitral diastolic flow velocity (E wave), e’ - diastolic mitral annular motion velocity as-
sessed by pulsed-wave Doppler tissue imaging, s'mi - systolic mitral annular motion velocity assessed by pulsed-wave Doppler tissue imaging,
s’tri - systolic tricuspid annular motion velocity assessed by pulsed-wave Doppler tissue imaging,RV - right ventricle, MPAP - mean pulmonary
artery pressure, PCWP - pulmonary capillary wedge pressure

Table 4. Corelations parameters changes in I- group (n=22).

ANYHA A LVEF A NTproBNP A LCA+ cells A PCWP ACI A MPAP

r P r P r P r P r P r P r P
ACI 0.30 0.168 0.51 0.016 -0.64 0.002 -0.24 0.289 -0.47 0.026 - - -0.50 0.019
A LVEDD 0.18 0.422 015 0511 0.4 0.545 -0.02 0913 0.21 0.353 -0.30 0.173 0.24 0.275
A DF 0.05 0.823 -0.39 0.071 0.25 0.269 -0.10 0.661 0.43 0.046 -0.17 0.449 0.49 0.022
A LVEF 0.16  0.468 - - -0.47 0.031 -0.16 0.489 -0.55 0.009 0.51 0.016 -0.44 0.038
A LVESD 0.10 0.659 -0.51 0.016 0.32 0.160 0.01 0.948 0.48 0.022 -0.33 0.133 0.45 0.037
AE/¢ 0.06 0.780 -0.18 0418 0.35 0.125 0.27 0.232 0.43 0.045 -0.23 0.306 0.48 0.024
ALCA+cells -0.09 0.698 -0.16 0.489 0.02 0.924 - - 0.13 0563 -0.24 0.289 0.08 0.726
ALA 0.12 0.581 -0.64 0.001 0.64 0.002 -0.01 0.968 0.57 0.006 -0.54 0.010 0.58 0.005
A MPAP 0.09 0.680 -0.44 0.038 0.77 <0.001 0.08 0.726 0.95 <0.001 -0.50 0.019

ANTproBNP  0.39 0.084 -0.47 0.031 - - 0.02 0924 0.72 <0.001 -0.64 0.002 0.77 <0.001
0.16 0468 0.39 0.084 -0.09 0.698 0.08 0.724 -0.30 0.168 0.09 0.680

ANYHA - -

A PCWP 0.08 0.724 -0.55 0.009 0.72 <0.001 0.13 0.563 - - -0.47 0.026 0.95 <0.001
ARV 0.02 0922 0.00 0987 0.52 0.016 0.20 0.382 0.42 0.050 -0.35 0.111 0.43 0.047
As’mi - - 0.57 0.006 -0.46 0.034 -0.41 0.056 -0.77 <0.001 0.48 0.025 -0.74 <0.001
A s’tri 0.08 0.738 -0.21 0.351 0.23 0.312 -0.55 0.009 0.19 0.399 0.13 0.560 0.14 0.525

r_correlation coefficient

P = p-value of correlation coefficient

CI - cardiac index, DF - diastolic function, diastolic function was graded as 0 (normal filling), 1 (impaired relaxation), 2 (pseudonormal filling)
and 3 (restrictive filling), LVEF - left ventricular ejection fraction, LVEDD - left ventricular end-diastolic diameter, LVESD - left ventricular
end-systolic diameter, LA - left atrium, E - early transmitral diastolic flow velocity (E wave), e’ - diastolic mitral annular motion velocity as-
sessed by pulsed-wave Doppler tissue imaging, s'mi - systolic mitral annular motion velocity assessed by pulsed-wave Doppler tissue imaging,
s’tri - systolic tricuspid annular motion velocity assessed by pulsed-wave Doppler tissue imaging,RV - right ventricle, MPAP - mean pulmonary
artery pressure, PCWP - pulmonary capillary wedge pressure
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pulmonary capillary wedge pressure (PCWP; r = 0.72, P
< 0.001) and change of cardiac index (CI; r = -0.64, P =
0.002) was found. In the group I+, correlations of the pa-
rameter change with changes in NTproBNP change were
less tight or even nonsignificant (for MPAP: r = 0.31, P
=0.056; for PCWP: r = 0.39, P=0.014; and for Cl: r =
-0.46, P=0.004). Improvement of the echocardiographic
parameters of diastolic function in both groups correlated
with a decrease in the PCWP and MPAP. Improved RV
systolic function (assessed by the velocity of tricuspid an-
nular systolic motion) was statistically significant only in
the I+ group and correlated with a decrease in the MPAP
and PCWP, NTproBNP and NYHA class. The correla-
tions are shown in Tables 3 and 4.

DISCUSSION

LV systolic function improvement is relatively often
observed in patients with RODCM (ref.?%3237), This im-
provement is more pronounced in patients with proven
myocarditis?* . Hence, it is possible that the majority
of improvements in LV function in the whole group of
RODCM without evaluation of myocardial inflammation
is based, in the main, on improvement in patients with
myocarditis (ICM). The reversibility of myocardial dys-
function in a majority of ICM cases confirms that such
disorder is not caused just by irreversible loss of myocytes
or permanent loss of integrity of the extracellular matrix.
Defective myocardial contractility is most probably also
caused by production of negative inotropic mediators as-
sociated with inflammation, such as cytokines (i.e. tumor
necrosis factor alpha, interferons, interleukins) (ref.?).

We also observed a small improvement in LVEF in
the group without biopsy-proven inflammation in our
previous study, and speculate that several cases where a
significant improvement in LVEF is observed despite an
LCA+ cell count of < 14/mm?, may be caused by false-
negative biopsy findings. It is known that EMB is highly
specific but far from being 100% sensitive due to possible
focal distribution of inflammatory changes. An interesting
study by Chow et al. reported that by using histological
evaluation of EMB, which is less sensitive than immu-
nohistochemical methods, taking 8-9 samples achieved
“only” 79% sensitivity*®.

The published data as well as clinical experience show
that even the group with biopsy proven ICM is not homog-
enous and even in this setting there is a group of patients
with no improvement in LVEF. In our study, we compared
the differences between ICM subgroups with and without
the improvement in LV systolic function.

First and foremost, we confirmed LV systolic function
improvement in 2/3 of patients with ICM which corre-
sponds well with published data*>1%, In the subgroup
with improved LVEF (I+ group), which we defined as at
least a 10% increase in LVEF, an actual LVEF increase
by 23 £ 8% on average was seen. Not surprisingly, the
LVEF value in the I- group (patients with LVEF recovery
< 10% or without any improvement) remained virtually
unchanged. As might be expected, increase in LVEF was

followed by improvement in a number of other echocar-
diographic parameters, including indicators of diastolic
LV function and systolic function of RV. Likewise, signifi-
cant decrease in NTproBNP and the NYHA class and
significantly better evolution of hemodynamic parameters
in the I+ group were described. In group I-, some decrease
in MPA and PCW occurred as well, however, the differ-
ence in favor of group I+ for these parameters was not
statistically significant in contrast to the increase of CI.

A significant difference between groups was also
found for the number of infiltrating LCA+ cells at diag-
nosis which we regard as a correlate of inflammation se-
verity. In group I+, on average 25.1 + 16.5 cells/mm? were
detected, while in group I- only 18.5 * 4.4 cells/mm? (P =
0.032) were found. One recent paper reported that an in-
creasing number of LCA+ cells has a negative prognostic
significance®. On the other hand, it is known that during
fulminant myocarditis where the number of infiltrating
cells may be over 100/mm?, the marked inflammatory
response can be replaced by rapid retreat of inflamma-
tory infiltration associated with significant improvement
in LV function. In our study, a decrease in the number
of infiltrating LCA+ cells which we consider a sign of
inflammation healing, was observed in both groups: in
the I+ group with LVEF increase, we found a decline of
13.6 £ 14.3 cells/mm? (P < 0.001) and in the I- group
with no improved LVEF, there was a decline in the num-
ber of LCA+ cells of 5.0 £ 7.7 cells/mm? (P = 0.006).
This created a significant difference in favor of the I+
group (P = 0.009). We therefore presumed that a larger
baseline number of LCA+ cells could be a predictor of
LVEF improvement. This was confirmed in the univariate
analysis at the 10% level of significance. Here, apart from
the number of LCA+ cells (P =0.089), two other predic-
tors were identified: LV diastolic dimension (P = 0.088)
and particularly the NTproBNP value (P = 0.046). LV
dilatation is generally regarded as a negative predictor of
LV function recovery*#°, which corresponds to our find-
ings. Conversely, a higher NTproBNP level is considered a
negative prognostic indicator*!, which was not confirmed
by our observations. Using multivariate regression, the
only significant predictor of LVEF change was baseline
NTproBNP. A higher baseline value of NTproBNP by 500
ng/L means a 20% higher chance of increase in LVEF of
at least 10% after a 6-month follow-up.

From the results, NTproBNP emerged as a significant
indicator of further development as well, but in the op-
posite direction than might be expected. A possible expla-
nation of this surprising finding may be that patients in
group I+ had a 2-fold higher baseline NTproBNP value
(3157 + 3126 ng/L vs. 1526 = 1341 ng/L in the I- group;
P =0.065). However, LVEF was similar in both groups,
which could indicate that the heart failure therapy was not
optimally set. Reserve in the dosing of pharmacological
treatment in the I+ group may be a reason increasing the
chance of recovery. This hypothesis is supported by the
RHC data, where higher baseline values of PCWP and
MPAP, and also lower CI, were found in the I+ group,
even though the differences between groups were not
statistically significant. However, this may be associated
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with small sample size, which is one of the limitations
of our study. Another fact that supports this theory is
that all 3 patients with NTproBNP values of over 10 000
ng/L were part of the group I+. All of these patients were
also in a clinically very serious condition at hospital ad-
mission with the need for intravenous therapy. If these
three patients were excluded from analysis, the average
NTproBNP value in I+ group would be reduced to 2531
+ 2277 ng/L, which is still higher than in I- group (1526
1341 ng/L), but not significantly so (P = 0.145). It is also
notable that the LVEF and NYHA class improvements
in these three individuals were higher than the average
of the I+ group.

MPAP and PCWP decline and also CI rise were sig-
nificant only in group I+ at follow-up control. Comparing
changes in hemodynamic parameters between the groups,
only the difference of CI reached statistical significance.
Changes in hemodynamic parameters also correlated with
changes in the the echocardiographic parameters of dia-
stolic function in both groups, but more closely in I+. In
this group, correlation of the change in grade of diastolic
function and PCWP change was significant (r = 0.65, P<
0.001); correlation of PCWP change with the change of
the ratio E/e' was also statistically significant (r = 0.55, P
<0.001). Decrease in functional NYHA class correlated
with a decrease of NTproBNP and PCWP in the I+ group
(unlike I-).

This leads us to a hypothesis explaining the fact that
higher NTproBNP level was found a positive predictor of
improvement of LV function. Optimizing of heart failure
therapy dosing after initial examination can probably be
one of the factors causing more significant improvement
in some patients with ICM. Despite the fact that at least
a 14-day heart failure therapy was required in all patients
prior to performing baseline EMB and RHC, this may not
be sufficient time to set the optimum dosage. Symptoms
duration in the I+ group was also shorter than in I- group
(2.2 £ 1.8 vs 2.9 £ 2.2 months), but without statistical
significance. It can therefore be assumed that the optimal
pharmacological treatment of heart failure according to
guidelines can cause a positive effect in patients with ICM
although this has not been convincingly demonstrated in
a placebo-controlled study yet. In agreement with this,
it was suggested that the increasing chance for LV func-
tion improvement in recent studies compared with older
data was associated with advances in pharmacological
therapy*’. Also some experimental data as well as clinical
studies confirm this. The positive effect of administra-
tion of the ACE-inhibitors/angiotensin receptor blockers
(ARBs) has been demonstrated in an animal model of
myocarditis****; the same was true also for aldosterone
receptor antagonists . Similarly, a better prognosis was
described after beta-blocker therapy in the animal model
and also in a human study?®4.

The proportion of patients on basic heart failure drugs
was similar in both groups: in the I+ group ACE-inhibitors
/ ARBs in 96% of the patients and in the I- group in 98%;
beta-blockers in 98% and 96%; MRA in 82% and 85%,
furosemide in both groups in 87% .

Another exciting topic is immunosuppressive therapy
in ICM. According to some studies and meta-analyses the
administration of immunosuppression may be associated
with a greater chance of LV function improvement !>,
especially in patients with symptoms of more than 6
months*, without viral presence in the myocardium and
with positive autoantibodies*®. In our study, the average
time from onset of symptoms to diagnostic EMB was ap-
proximately 2.5 months. So this was a group without any
evidence for such therapeutic approach, since it was not
used in these patients.

We see the importance of early EMB-based differen-
tial diagnostics of RODCM, inter alia, in the fact, that in
the group with inflammation (ICM patients) a significant
improvement in LVEF was found in a 3-6 month interval,
which was not the case in the non-inflammatory DCM.
So altogether, the result of the biopsy is crucial for fur-
ther therapeutic decisions and their timing (i.e. for ICD
implantation and/or cardiac resynchronization therapy
introduction, inclusion on the waiting list for heart trans-
plantation). Finally, the threshold for significant improve-
ment of LVEF in our study was chosen with respect to
the baseline value of LVEF (around 25%), where the im-
provement exceeding 10% precludes indications for ICD
implantation in primary prevention of sudden cardiac
death®-3¢, As described previously, it is no uniform course
for every ICM case. For this reason it would be obviously
useful to be able to accurately distinguish the groups of
ICM patients where LVEF increase can be expected and
where the improvement is less probable. The results of
this study could help in the stratification of clinical course
of ICM patients with several therapeutic consequences.

CONCLUSION

We found an improvement in LV systolic function in
around two thirds of ICM patients associated with a sig-
nificant improvement in a number of other parameters
compared with patients who showed no LVEF increase.
A higher NTproBNP value was the only independent pre-
dictor of LVEF amelioration. A change in NTproBNP
levels was associated with changes in the majority of he-
modynamic, echocardiographic and clinical parameters.
Although there was a significantly larger number of in-
flammatory cells in the myocardium of the group with
LV function improvement and the number of LCA+ cells
at baseline showed a trend for predicting LVEF improve-
ment, this was not confirmed in a multivariate regression.
Similarly, a decrease in the number of LCA+ cells was
more pronounced in I+ group but this not correlated sig-
nificantly with changes in most of the parameters.
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