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Abstract

Background: We investigated whether myocardial biopsy analysis for inflammation and viruses correlates with outcome in dilated

cardiomyopathy.

Methods: Myocardial biopsies of 82 patients were analyzed for HLAI, HLAII, CD54, CD2, CD68 and entero-/adenovirus. Ejection fraction

was determined by left ventriculography. NYHA classification, electrocardiogram (ECG) and echocardiography were analyzed at first

admission and for follow up. Patients were attributed to three groups: (A) no inflammation/no virus (B) inflammation/no virus (C) virus with/

without inflammation. Patients not responding to conventional treatment of heart failure received interferon h1b (group C) or prednisolone

(group B). Median follow up was 7 months (group A), 11 months (group B) and 14.5 months (group C).

Results: Thirty nine patients (48%) belonged to group A, 33 patients (40%) to group B, 10 patients (12%) to group C. Only enterovirus was

detected. Ejection fraction at admission was worse for group B compared to group A ( p =0.003). Groups A and B improved for

echochardiography and NYHA ( p�0.001). Group C improved for echocardiography only ( p =0.031). Group B showed a better outcome for

echocardiography ( p =0.014) and NYHA ( p =0.023) than group A.

Conclusions: Inflammatory cardiomyopathy shows the best outcome. Antiinflammatory or antiviral treatment may be an option in patients

not responding to conventional therapy.

D 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Dilated cardiomyopathy is a myocardial disease of

unknown aetiology [1,2]. The clinical course is character-
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ized by chronic progressive heart failure, with a markedly

reduced ventricular ejection fraction [3]. In symptomatic

patients the course usually is one of progressive deterio-

ration, with one quarter of newly diagnosed patients dying

within a year and half dying within 5 years [4]. Prognosis

within some subgroups is reported to be even worse, and

greater ventricular enlargement and worse dysfunction tend

to correlate with poorer prognosis [5,6]. In contrast, an

enormous potential of left ventricular recovery exists in case

of fulminant myocarditis [7].

Although the pathogenesis of DCM remains unclear,

interest has focussed on three basic mechanisms: firstly,
logy 104 (2005) 92 – 100
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genetic factors, secondly, viral infection and thirdly,

immunological abnormalities. Familial linkage is common.

In about 20% of patients, a first degree relative also shows

evidence of DCM [8,9]. Viral infection is the most common

cause of acute myocarditis. Subclinical viral myocarditis

may initiate an autoimmune response that causes dilated

cardiomyopathy. Particularly, entero- and adenoviruses are

an important cause of left ventricular dysfunction [10–13].

The reported frequency of viral genome varies greatly

[10,12,14], but the presence of virus within the myocardium

is obviously associated with a poorer prognosis [15].

Abnormalities of both, humoral and cellular immunity have

been demonstrated in dilated cardiomyopathy patients [16–

22]. The reported frequency of inflammation varies and

depends on patient selection and diagnostic criteria [23].

Recently, diagnostic markers including HLA I, HLA II,

CD19, CD54 and the lymphocyte and macrophage markers

CD2 and CD68 have been established to be ubiquitously

present in the inflamed myocardium. By use of these

markers, in almost 50% of patients with dilated cardiomy-

opathy a chronic inflammatory process is detectable [24,25].

Thus far only little information exists on whether myocar-

dial biopsy findings correlate with outcome in dilated

cardiomyopathy.

Treatment of dilated cardiomyopathy still relies on

symptomatic therapy and conventional medication includ-

ing ACE inhibitors, diuretics, digitalis, beta-blockers,

aldosterone antagonists, etc. The value of immunosuppres-

sive and antiviral therapy is not proven, because different

studies revealed inhomogeneous results [26–34]. In some

studies, patients with dilated cardiomyopathy were treated

with immunosuppressive agents [26–29,32,33], and in

others with interferon [28,30,31,34]. The very different

success rates reported may have two major reasons: Firstly,

viral infection was not excluded before immunosuppressive

treatment [29,33]. Secondly, most of the studies applied

light microscopy only for the diagnosis of inflammation.

In this study we retrospectively analyzed 82 patients with

dilated cardiomyopathy who underwent myocardial biopsy

in our hospital between 2000 and 2002. Immunohistochem-

istry of inflammatory markers and virological analysis of

myocardial biopsies were used as a basis for diagnostic

classification. According to this analysis patients not

responding to conventional treatment received additional

treatment with prednisolone or interferon h1b. We inves-

tigated whether evaluation of myocardial biopsies for

inflammation and viral genome is helpful for determining

clinical outcome in individuals with dilated cardiomyopathy.
2. Materials and methods

2.1. Patients

Eighty two patients with dilated cardiomyopathy admit-

ted to Ulm University Medical Centre between 2000 and
2002 were included. Patients presented with symptoms of

right or left sided heart failure. Acute myocarditis was

clinically excluded by physical examination, lack of newly

developed ECG changes and blood analysis.

Diagnostic evaluation included NYHA classification,

ECG, echocardiography and cardiac catherization. Ejection

fraction and right ventricular function were evaluated by left

ventriculography and dextrocardiography. Coronary artery

disease and valvular, congenital and hypertensive heart

disease were excluded. Patients required a complete dataset

of NYHA classification, ECG and echocardiography at the

time of first diagnosis and for most recent follow up. Patients

were seen in our outpatient’s department in 3 to 6 months

intervals depending on the course of disease and patient

compliance. The median follow up period was 7 months

(group A), 11 months (group B) and 14.5 months (group C).

2.2. NYHA classification

NYHA functional classification followed the guidelines

of the Criteria Committee of the New York Heart

Association [35].

2.3. ECG

The 12-lead ECG was analyzed for rhythm, QR-axis,

heart rate, bundle branch block, ST deviation and Sokolow

index I. Pacemaker triggered conduction was not assessed.

2.4. Echocardiography

Echocardiography was carried out according to interna-

tional standards [36]. Left ventricular function (LVF) was

assessed qualitatively in the apical view and classified as

either normal, mildly, moderately or severely decreased.

Fractional shortening (FS) was calculated by M-mode. Left

ventricular enddiastolic diameter (EDD, mm) and endsys-

tolic diameter (ESD, mm) were obtained from the para-

sternal view.

2.5. Follow up

The following parameters were assessed:

(A) NYHA-classification (I–IV)

(B) ECG-parameters:

– rhythm: for follow up within groups (Table 4):

sinus rhythm (yes or no); for comparative follow up

between groups (Table 5): from sinus rhythm to

arrhythmia (�1), stable rhythm (0), from arrythmia

to sinus rhythm (+1)

– QR-axis: for follow up within groups (Table 4):

�30- to 60- (yes or no); for comparative follow up

between groups (Table 5): change (+1), no change

(�1)

– heart rate: absolute values



Table 1

PCR/nPCR primers

Primer name Forward 5¶Y3¶ Reverse 5¶Y3¶

GAPDH TACATGGTCGGGGTGTTG AA AAGAGAGGCATCCTCACCCT

Adenovirus ACTACAA(CT)ATTGGCTACCAGG CAAAACATAAAGAAG(GT)GTGGG

Adenovirus-nested AACTTCCAGCCCATGAGC(AC)G CTCAAAAGTCATGTC(GCT)AGCGC

Enterovirus CGGTACCTTTGTGCGCCTGT CAGGCCGCCACCGCAGCC

Enterovirus-nested CCCCGGACTGAGTATCAATA GGCCGCCAACGCAGCCACCG
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– bundle branch block: for follow up within groups

(Table 4): bundle branch block (yes or no); for

comparative follow up between groups (Table 5):

from normal to bundle branch block (�1), no change

(0), from bundle branch block to normal (+1)

– ST-deviation and/or Sokolow index I: for follow up

within groups (Table 4): ST-deviation and/or

Sokolow index I (yes or no); for comparative

follow up between groups (Table 5): from normal

to ST-deviation and/or Sokolow index I (�1), no

change (0), from ST-deviation and/or Sokolow

index I to normal (+1)

(C) Echocardiography: for qualitative assessment of left

ventricular function (LVF), a rank was applied to each

echocardiography: normal (0), mildly decreased (1),

moderately decreased (2), severely decreased (3); for

qualitative assessment of right ventricular size (RV) a

rank was applied to each echocardiography: normal
Table 2

Main clinical characteristics of patient population

No inflammation/

no virus A (n =39)

Age (years) 54 (21;73)

Sex (m:f) 27:12

Clinical manifestation to biopsy (months) 3 (0;252)

Duration from diagnosis to biopsy (months) 1 (0;96)

Diagnosis=biopsy 27

Follow up period (months) 7 (1;30)

EF at biopsy (%) 37 (14;69)

Clinical manifestation

Symptomatic arrhythmia 10

Decompensated heart failure 21

Chronic progressive heart failure 7

Random 1

Administered drugs

ACE-inhibitor/AT II receptor blocker 35Y30

Diuretics 31Y31

Digitalis 18Y21

h-receptor blocker 32Y34

Prednisiolone –

Interferon h1b –

Quantitative parameters: median (range). Qualitative parameters: absolute number
(0), mildly enlarged (1), moderately enlarged (2),

severely enlarged (3), for fractional shortening (FS),

left ventricular enddiastolic/-systolic diameter and left

atrial diameter, absolute values were considered (see

also Table 7).

2.6. Myocardial biopsies

All procedures were performed in accordance with the

institutional committee on human research and patients gave

informed consent. The study protocol conforms to the

ethical guidelines of the 1975 Declaration of Helsinki as

reflected in a priori approval by the institution’s human

research committee. We used percutaneous transvenous

femoral approach with a 1.8-mm Pilling Weck bioptome.

Six right ventricular (septal) endomyocardial biopsies were

obtained from each patient. Myocardial biopsies were

placed in liquid nitrogen immediately, and 5 specimen were
Inflammation B

(n =33)

Virus C

(n =10)

p value

54 (20;73) 54 (40;68) A–C p =0.953

24:9 7:3 A–C p =0.947

3 (0;84) 1.5 (0;72) A–C p =0.617

0 (0;38) 0 (0;72) A–C p =0.710

25 6 A–C p =0.606

11 (1;35) 14.5 (6;30) A–C p =0.022

A vs. B p =0.055

A vs. C p =0.015

B vs. C p =0.262

29.5 (7;48) 32 (12;61) A–C p =0.013

A vs. B p =0.003

A vs. C p =0.172

B vs. C p =0.594

9 3 A–C p =0.960

15 4 A–C p =0.652

8 3 A–C p =0.656

1 0 A–C p =0.860

33Y30 10Y9 –

30Y27 8Y8 –

19Y15 5Y6 –

30Y30 8Y10 –

2 – –

– 3 –

of patients. A–C: overall test. ‘‘vs.’’ indicates pairwise tests. Y: follow up.
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cryofixed. One sample was paraffin embedded and sub-

jected to histomorphological analysis. Three specimens

were used for virus PCR (2 for enterovirus and 1 for

adenovirus), and 1 for immunohistochemical analysis. One

biopsy remained as back-up.

Dilated cardiomyopathy was histomorphologically diag-

nosed by examination of interstitial fibrosis, cellular

infiltrates, cellular hypertrophy and myocardial cell degen-

eration [37]. Active myocarditis was excluded according to

the Dallas criteria [38].

Immunohistochemical analysis included staining for

HLA I, HLA II, CD2, CD68 and CD54 (DAKO, Germany).

Five sections from a single biopsy were analyzed. Perox-
Fig. 1. Endomyocardial biopsy evaluation. Group A: no virus/no inflammation.

staining for CD2 (left) and nPCR (right). n: negative control; p: positive contro

analysis.
idase-conjugated horse anti-mouse antibody (Vector, Ger-

many) served as secondary antibody. A semiquantitative

score system [staining intensity from no discernible to

strongly abundant immunoreactivity (0 to +++)] was applied

for HLA I, HLA II and CD54. CD2 and CD68 positive cells

were counted under the light microscope (cells/mm2).

Biopsies were classified as borderline inflammation (3 to

10 CD2 positive cells/mm2, subgroup B1) or inflammatory

cardiomyopathy (> 10 CD2 positive cells/mm2, subgroup

B2). Diagnostic classification was not based on CD68 count.

Virological analysis for enteroviral RNA and adenoviral

DNA was performed by PCR (primers see Table 1) and

confirmed by Southern blot analysis. Total RNA/DNA was
Group B: inflammation/no virus. Group C: virus. Immunohistochemical

l; s: sample. Bottom right shows virus positive sample and Southern Blot



Table 3

Correlation of CD2 and additional markers of inflammation

CD2<3

cells/mm2

CD2: 3–10

cells/mm2

CD2>10

cells/mm2

p value

A (n =39) B1 (n =25) B2 (n =8)

HLA I 1 (0;3.5) 1 (0;5) 3 (0,5;5) A–B2 p =0.081

HLA II 2 (0;5) 2 (0;4) 3 (1;4) A–B2 p =0.013

A vs. B1 p =0.017

A vs. B2 p =0.032

B1 vs. B2 p =0.437

CD54 0.5 (0;2.5) 1 (0;2) 1 (0.5;3.5) A–B2 p =0.015

A vs. B1 p =0.015

A vs. B2 p =0.059
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extracted using RNeasy\-Protect-Mini-Kit/QIAamp\-

DNA-Mini-Kit (Qiagen). For RNA viruses, RT-PCR was

used to obtain cDNA. PCR products were amplified using

HotStar\-Master-Mix-Kit (Qiagen). PCR was followed by

nested PCR (nPCR). The GAPDH gene was used to

demonstrate loading of intact DNA. Adenovirus DNA

(Type 2) from GIBCOBRL (Cat. No. 15270-010) and a T-

easy cloned enteroviral template kindly provided by

Professor Dr. H.P. Schultheiss (Berlin, Germany) were used

as positive controls.

2.7. Treatment protocol

Patients continuously received standard medication

according to ACC/AHA guidelines [39]. Specific therapy

with interferon h1b (virus positive) or prednisolone

(inflammatory dilated cardiomyopathy) was applied to

patients showing either no improvement or worsening of

clinical symptoms, NYHA classification and echocardiog-

raphy after 3 months.

Prednisolone (Decortin\ H, Merk KGaA, Germany) was

applied at an initial dose of 1 mg kg�1 body weight daily.

Every 2 weeks the dose was reduced stepwise by 20 mg

down to a maintenance dose of 7.5 mg/day. Treatment was

continued until week 24.

2�106 units interferon h1b (Betaferon\, Schering AG,

Germany) were applied subcutaneously three times a week

during the first week. During the second week 4�106 units

were applied per subcutaneous injection. At week 3 patients

received the maintenance dose of 6�106 units per subcuta-

neous injection thrice weekly until week 24.

2.8. Statistical analyses

Statistical analysis was performed using SigmaStat

version 2.0 software. Tests included One-Way Analysis of

Variance (ANOVA), Kruskal–Wallis One-Way Analysis of

Variance on Ranks, Mann–Whitney Rank Sum Test,

Wilcoxon Signed Rank Test, McNemar’s Test, t-Test and

Chi-square Test. Tests were calculated two-sided. Paired

tests were performed for follow up within groups (Table

4A), unpaired tests for comparative follow up between

groups (Table 5). In Tables 2, 3, 5 and 6 overall tests were

performed first. If these tests revealed a p <0.05, pairwise

tests were calculated. Statistical significance (as highlighted

in red colour) was assumed only in case of a p <0.05 for

both, overall and pairwise analysis.
B1 vs. B2 p =0.784

CD68 13 (0;58) 32 (0;75.2) 24 (0;700) A–B2 p =0.003

A vs. B1 p <0.001

A vs. B2 p =0.102

B1 vs. B2 p =0.817

Quantitative parameter (interstitial CD68 cells/mm2): median (range).

Semiquantitative staining for HLA I, HLA II and CD54 on cardiomyocytes

and interstitial cells: no (0), mildly (1), moderately (2), severely (3); 0.5

indicates intermediate staining: median (range). A–C: overall test. ‘‘vs.’’

indicates pairwise tests.
3. Results

3.1. Endomyocardial biopsy evaluation and clinical

characteristics

Main demographic characteristics of the patient

population are shown in Table 2. According to biopsy
results patients were attributed to groups A to C. The

following classification was applied to the results of

biopsy analysis: (A) no virus and no inflammation (B)

inflammation (borderline inflammation and inflammatory

cardiomyopathy) but no virus (C) virus with or without

inflammation. 39 (48%) patients belonged to group A,

33 (40%) patients to group B and 10 (12%) patients to

group C. Within group C, the only virus detected was

enterovirus. Six patients in group C showed borderline

inflammation, one patient showed inflammatory cardio-

myopathy, and three patients showed no inflammation.

Fig. 1 depicts an example of biopsy analysis for each

group.

Age, male:female ratio, clinical manifestation and

median duration of symptoms before biopsy were not

different between groups. Ejection fraction was worse for

group B compared to group A at the time of myocardial

biopsy ( p =0.003). The follow up period was longer for

group C compared to group A ( p=0.015). Two patients in

group B were treated with prednisolone and three patients in

group C with interferon h1b.

3.2. Correlation of CD2 and additional markers of

inflammation

Table 3 demonstrates the correlation between lymphocyte

count and additional markers of inflammation. In general, a

similar trend was observed in all groups showing an

association between lymphocyte count and HLA I, HLA

II, CD54 and CD68. This trend revealed statistical signifi-

cance for group A versus group B1 (borderline inflamma-

tion) concerning HLA II, CD54 and CD68 and for group A

versus group B2 (inflammation) concerning HLA II.



Table 4

Follow up within groups

A: Overall evaluation

NYHA ECG Echocardiography

Sinus rhythm HR (min) QR-axis Bundle branch block ST-deviation/Sokolow I LVF (qual.) LVF (quant.)/FS (%)

A I: 1Y6 24Y29 83 (52;250) 23Y21 15Y16 26Y21 0: 5Y8 20 (5;44)

II: 3Y20 Y 1: 2Y9 Y

III: 17Y12 69.5 (44;100) 2: 9Y14 25 (8;50)

IV: 18Y1 3: 23Y8

p�0.001 p =0.063 p�0.001 p =0.683 p =0.813 p =0.206 p�0.001 p�0.001

B I: 2Y9 23Y23 88 (50;160) 24Y23 10Y9 24Y16 0: 0Y13 17 (8;32)

II: 1Y21 Y 1: 4Y6 Y

III: 10Y3 70 (50;172) 2: 7Y9 28.5 (15;39)

IV: 20Y0 3: 20Y3

p�0.001 p =1.000 p =0.001 p =1.000 p =0.813 p =0.058 p�0.001 p�0.001

C I: 0Y1 8Y7 80.5 (65;135) 6Y7 3Y4 8Y7 0: 0Y1 16 (8;21)

II: 2Y4 Y 1: 0Y5 Y

III: 4Y4 70.5 (44;106) 2: 2Y0 20 (9;31)

IV: 4Y1 3: 8Y4

p =0.094 p =1.000 p =0.322 p =1.000 p =0.750 p =0.750 p =0.031 p =0.004

B: Conventional and specific therapy vs. conventional therapy only

Patient NYHA LVF (qual.) FS (%) therapy

Prednisolone

R.B., male, 65 years 4Y2 3Y3 20Y16 conventional+prednisolone

W.U., female, 64 years 3Y3 3Y3 20Y15 conventional+prednisolone

Others 4Y2 3Y1 17Y29 conventional only

Interferon b1b
N.H., male, 52 years 4Y2 3Y3 16Yn.a. conventional+interferon

A.H., male, 56 years 4Y2 3Y3 16Y16 conventional+interferon

W.H., male, 69 years 3Y3 3Y3 8Y9 conventional+interferon

Others 3Y3 3Y1 18.5Y24 conventional only

Quantitative parameters: median (range). Semiquantitative parameters: absolute numbers; for left ventricular function (qual.): normal (0), mildly decreased (1),

moderately decreased (2), severely decreased (3). Paired tests within the same group (time of diagnosis and most recent follow up).

FS: fractional shortening; LVF: left ventricular function. Single patients: absolute numbers. Others: median. n.a.: not assessable. Y: follow up.
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3.3. Follow up results

Table 4 shows the follow up results within groups.

Overall evaluation of groups (Table 4A) revealed that: For
Table 5

Comparative follow up between groups

NYHA ECG

Sinus rhythm HR (min) QR

Overall

test

A–C p =0.012 p =0.038 p =0.311 p =

Pairwise

tests

A vs. B �1 (1;�2) vs.

�2 (0;�3)

p =0.023

0 (0;1) vs.

0 (�1;1)

p =0.364

�19 (�169;30) vs.

�16 (�92;62)

9 v

A vs. C �1 (1;�2) vs.

�0.5 (1;�2)

p =0.280

0 (0;1) vs.

0 (�1;0)

p =0.134

�19 (�169;30) vs.

�5 (�60;23)

9 v

B vs. C �2 (0;�3) vs.

�0.5 (1;�2)

p =0.026

0 (�1;1) vs.

0 (�1;0)

p =0.390

�16 (�92;62) vs.

�5 (�60;23)

11

FS: fractional shortening; LVF: left ventricular function. First line (A–C): overall t

of the differences between time of diagnosis and most recent follow up. Qualitative
NYHA classification, groups A and B improved signifi-

cantly, whereas patients in group C reported no statistically

significant improvement in clinical symptoms. For ECG

parameters, the only significant results were observed for
Echocardiography

-axis Bundle branch

block

ST-deviation/

Sokolow I

LVF (qual.) LVF (quant.)/

FS (%)

0.111 p =0.682 p =0.709 p =0.037 p =0.026

s. 11 0 (�1;1) vs.

0 (�1;1)

0 (�1;1) vs.

0 (�1;1)

�1 (1;�3) vs.

�1 (0;�3)

p =0.016

2 (�11;20) vs.

10 (�7;27)

p =0.014

s. 6 0 (�1;1) vs.

0 (�1;1)

0 (�1;1) vs.

0 (�1;1)

�1 (1;�3) vs.

�1 (0;�3)

p =0.358

2 (�11;20) vs.

2.5 (�1;12)

p =0.926

vs. 6 0 (�1;1) vs.

0 (�1;1)

0 (�1;1) vs.

0 (�1;1)

�1 (0;�3) vs.

�1 (0;�3)

p =0.403

10 (�7;27) vs.

2.5 (�1;12)

p =0.105

est. Following lines: pairwise tests. Quantitative parameters: median (range)

parameters: changes (QR-axis). Results relate to the changes from baseline.



Table 6

Cardiac events during follow up

No

inflammation/

no virus A

(n =39)

Inflammation

B (n =33)

Virus C

(n =10)

p value

ICD implantation 2 2 3 A–C

p =0.034

A vs. B

p =1.000

A vs. C

p =0.051

B vs. C

p =0.073

Pacemaker

implantation

1 4 0 A–C

p =0.166

Cardiac

resynchronisation

(biventricular

pacemaker)

1 1 0 A–C

p =0.860

Cardiac

decompensation

3 5 2 A–C

p =0.455

Symptomatic

arrhythmia

12 6 4 A–C

p =0.294

Death 1 0 0 A–C

p =0.572

Absolute number of patients is described. One patient may belong to more

than one event group. A–C: overall test. ‘‘vs.’’ indicates pairwise test.
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reduction in heart rate within group A and B. Concerning

echocardiographic parameters, a significant improvement

was observed for all groups.

Table 4B shows an assessment of results for patients who

received conventional and specific therapy vs. results for

patients who received conventional therapy only.

Table 5 shows comparative follow up between groups.

For NYHA classification, comparison between first diag-
Table 7

Additional echocardiographic parameters

Echocardiographic parameter No inflammation/no virus

A (n =39)

LVEDD 62 (44; 91)

Y

59 (46; 87)

p =0.034

LVESD 49 (26; 82)

Y

44.5 (26; 69)

p =0.007

LA size 45.5 (32; 59)

Y

42 (29; 62)

p =0.128

RV size (qual.) 0 (0; 3)

Y

0 (0; 2)

p =0.820

LVEDD, left ventricular enddiastolic diameter; LVESD, left ventricular endsysto

follow up; Y, follow up. ‘‘vs.’’ indicates pairwise test.
nosis and most recent documentation revealed a better

outcome for group B compared to group A ( p =0.023) and

group C ( p=0.026). For ECG, no significant differences

were observed. Regarding echocardiography, comparison

between first diagnosis and most recent documentation

revealed a better outcome for group B compared to group A

( p =0.016 for LVF qual.; p =0.014 for FS).

3.4. Cardiac events during follow up

Table 6 shows cardiac events during follow up. No

significant differences were observed for all parameters

listed. One patient only died of cardiac death.

3.5. Additional echocardiographic parameters

Table 7 shows an evaluation of additional echocardio-

graphic parameters (left ventricular endsystolic and end-

diastolic diameter, left atrial diameter and right ventricular

diameter).
4. Discussion

Eighty two patients with dilated cardiomyopathy were

retrospectively analyzed. According to myocardial biopsy

findings, patients were classified, outcome was evaluated

and specific therapy was considered.

Three major observations were made:

(1) The best outcome was observed for patients with

inflammatory dilated cardiomyopathy, although these

patients presented with the worst left ventricular

ejection fraction at the time of myocardial biopsy.
Inflammation Virus p value

B (n =33) C (n =10)

66.5 (51; 76) 59.5 (53; 87) A–C (FD) p =0.121

Y Y

58 (43; 76) 57 (48; 86) A–C (FU) p =0.584

p<0.001 p =0.005

56 (40; 70) 53 (43; 73) A–C (FD) p =0.166

Y Y

42 (29; 61) 43 (33; 72) A–C (FU) p =0.427

p<0.001 p =0.007

48 (34; 67) 49 (37; 59) A–C (FD) p =0.329

Y Y

45 (28; 64) 46 (34; 62) A–C (FU) p =0.739

p =0.014 p =0.128

0 (0; 2) 1.5 (0; 3) A–C (FD) p =0.003

Y Y A vs. B p =0.218

A vs. C p =0.004

0 (0; 2) 0 (0; 3) B vs. C p =0.019

p =0.018 p =0.031 A–C (FU) p =0.328

lic diameter; LA, left atrium; RV, right ventricle; FD, first diagnosis; FU
,
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(2) Independently from biopsy results all groups showed

a significant improvement of echocardiographic

parameters during follow up on standard oral treat-

ment. Despite the bad prognosis attributed to dilated

cardiomyopathy [4], only one death was reported in

our study population.

(3) 48% of the patients had neither virus nor inflamma-

tion, 40% had inflammation without virus, and 12%

had viral infection (enterovirus).

The observed distribution of patients is in line with earlier

reports on the prevalence of inflammation and viral genome

[2,10,11,21–24]. The fact that patients with inflammatory

cardiomyopathy (group B) showed the best outcome

concerning echocardiographic parameters and NYHA clas-

sification is a novel observation. Though it is possible that

the greater extent of improvement could be related to a

greater opportunity for improvement based solely on the

initially greater severity of symptoms and dysfunction, the

medians for fractional shortening after therapy support our

interpretation that the greater extent of improvement is not

only a relative, but an absolute advantage of group B.

As it is not possible to predict classification of patients in

groups A–C from clinical symptoms, myocardial biopsy

may provide important prognostic information. So far, only

few information exists on that issue [40]. The observation is

especially surprising in view of the fact that patients in

group B started with a significantly worse ejection fraction

at the time of myocardial biopsy. Up to now, in dilated

cardiomyopathy greater ventricular enlargement and worse

dysfunction were thought to correlate with poorer prognosis

[5]. Inflammatory activity, however, may indicate repair

mechanisms in the myocardium that support improvement

under adjuvant treatment [7].

The benefit of immunosuppressive and antiviral therapy

is discussed controversially, which may be explained either

by lack of exclusion of viral infection before applying

immunosuppressive drugs [29,33] or by use of light

microscopy for the diagnosis of inflammation only.

This is the first study applying prednisolone and

interferon h1b in addition to conventional treatment

depending on biopsy results and clinical course within one

study population. As only those patients who failed to

improve or deteriorated under conventional medication

received additional treatment with interferon h1b (virus

positive) or prednisolone (inflammation without virus), few

patients needed additional treatment. Concerning adverse

drug effects we would like to refer to previous studies

[31,32]. Patients reported flu-like side effects of interferon

h1b during the first 3 weeks of treatment. During immu-

nosuppressive therapy patients reported an increase in body

weight. In order to evaluate the benefit of specific therapy,

prospective multicenter studies in larger populations are

warranted.

Our study has several limitations: (i) The retrospective

study design. (ii) The relatively low number of patients
with prevalent viral genome. As for these patients the

longest follow up period was documented (most likely due

to a better compliance in awareness of the biopsy

findings) whereas the follow up was significantly shorter,

in other groups a substantial bias for the statistical analysis

of cardiac events can be assumed. (iii) Other studies used

prednisolone in combination with azathioprine which may

lead to more beneficial results of immunosuppressive

treatment. (iv) As our data are limited to patients with

dilated cardiomyopathy with enteroviral infection, no

conclusions for other cardiotropic viruses such as adeno-

virus, parvovirus B19, Epstein-Barr virus, etc. can be

drawn. Methodically, analysis for viral genome was

limited to detection of adeno- and enterovirus. (v) The

number of patients that received specific therapy is too

small to draw valid conclusions on the outcome. Pro-

spective multicenter studies in larger populations are

warranted.

These limitations notwithstanding, our study demon-

strates for the first time that patients with inflammatory

cardiomyopathy show the best outcome. Myocardial biopsy

based differential therapy may be an additional option in

patients not responding to conventional treatment.
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