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Objective: To compare active (AM) with borderline (BM) myocarditis to verify whether the pathological distinction between the two forms may help to identify patients with different clinical and haemodynamic characteristics and to aid prognosis.
Materials: Myocarditis was diagnosed in 56 patients on endomyocardial biopsy (EMB) within one
year from clinical onset of the disease between 1991 and 1998. Fourteen patients were excluded
because of a lack of adequate and complete information. EMBs and clinical records of the 42 remaining patients were reviewed. Immunohistochemistry on bioptic samples was regularly performed.
Polymerase chain reaction (PCR) for a panel of viruses was performed in 23 patients (55%). Clinicopathological correlations were calculated.
Results: The histological diagnosis was AM in 26 patients (62%) and BM in 16 (38%). Significant differences were found in the following parameters: presence of left bundle branch block on ECG (AM 2
(8%) v BM 5 (31%), p = 0.05); left ventricular volume on echocardiogram (mean (SD) AM 90 (42)
ml/m2 v BM 128 (50) ml/m2, p = 0.002); mass to volume ratio (AM 1.0 (0) v BM 0.8 (0.1), p = 0.03);
time interval between clinical onset of the disease and EMB (AM 40 (55) v BM 90 (93) days,
p = 0.04); and degree of inflammatory infiltrates, scored on a scale of 0 to 3 (AM 1.65 (0.8) v BM
0.85 (0.3), p = 0.004). In 6 of 15 patients (40%) with AM and in 2 of 8 (25%) with BM, a viral
genome was detected by PCR (NS). At follow up, no differences in death or heart transplantation were
detected between the two forms (AM 4 patients (15%) v BM 2 patients (12.5%)). Three of eight
PCR positive patients (37.5%) and 1 of 15 virus negative patients (7%) died or underwent heart
transplantation.
Conclusions: BM seems to encompass inflammatory forms with a less aggressive inflammatory
infiltrate evolving towards left ventricular dilatation. The term “chronic myocarditis” seems to be more
appropriate. The absence of myocyte necrosis does not predict a more favourable prognosis, whereas
the absence of a viral genome seems to predict it.

E

ndomyocardial biopsy (EMB) is the only tool that may
provide a definitive diagnosis of myocarditis, but
interpretation of EMB is controversial.1–4
The Dallas criteria for histological diagnosis were introduced in 1984 to gain higher interobserver concordance. On
the basis of these criteria myocarditis is defined as active (AM)
or borderline (BM) according to the presence or absence,
respectively, of myocardial necrosis or degeneration.5
Practical experience shows that residual interobserver variability and overall low sensitivity are serious limitations of the
Dallas criteria.6 7 These limitations could have contributed to
the failure of the myocarditis treatment trial, in which the
diagnosis of myocarditis was based entirely on histology.8–10
Quantitative criteria for inflammatory infiltrate, immunohistochemical, and molecular biology techniques are now
deemed compulsory.11 Despite much criticism, however, the
Dallas criteria are the only widely accepted guidelines for the
histological diagnosis of myocarditis.
In our study, we analysed whether the histological distinction between AM and BM identifies different forms of the disease in terms of clinical features and outcome.

MATERIALS AND METHODS
Between January 1991 and December 1998, myocarditis was
diagnosed on EMB in 56 patients referred from the cardiology
clinic within one year of clinical onset of the disease. We
reviewed the medical records of all of these patients. Fourteen
patients were excluded because of a lack of adequate and
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complete information. Thus, the retrospective study was
carried out in 42 patients. Follow up EMB were excluded from
the study.
Clinical and haemodynamic study
The following data were collected: age, sex, family or personal
history of heart disease or of autoimmune disorders,
prodromal symptoms and signs, New York Heart Association
(NYHA) functional class on admission, ECG findings, and
echocardiograms. Clinical outcome and NYHA class were
determined in the follow up examination.
Diagnostic right and left heart catheterisation was carried
out by the standard technique. Pressures were measured in all
the cardiac chambers and cardiac output was determined
according to the Fick method. Selective coronary angiography
and right ventricular EMB were performed.
Endomyocardial biopsy
By means of a disposable Cordis bioptome four bioptic specimens from the right side of the interventricular septum were
obtained in each patient, using the long sheath technique and
the femoral vein approach. In a limited number of patients a
sample of frozen tissue was also stored. Tissues were fixed in a
microwave. Each specimen ranged from 1–2 mm2, assuring
that a total surface area of 4–8 mm2 was evaluated.
.............................................................
Abbreviations: AM, active myocarditis; BM, borderline myocarditis;
EMB, endomyocardial biopsy; NYHA, New York Heart Association; PCR,
polymerase chain reaction
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Statistical analysis
Data are expressed as mean (SD). The χ2 and Student’s t test
were used for parametric data and Kruskal-Wallis analysis
was applied to non-parametric data. Probability values of
p < 0.05 were considered significant.

RESULTS
AM was diagnosed in 26 patients (62%) and BM in 16 (38%)
(fig 1 and 2). Table 1 summarises clinical data. Mean age was
similar in the two groups. Both AM and BM predominated
slightly in men. A family history of dilated cardiomyopathy
was present in none of the patients with AM and in three of 16
with BM (0 v 19%, p = 0.02). A history of immunological disorders was present in patients with AM (one with ChurgStrauss syndrome, one with ulcerative colitis, and one with

multiple sclerosis) and BM (one with Hashimoto’s thyroiditis
and one with systemic lupus erythematosus). Peripartum
onset occurred in both AM and BM (2 of 26 patients (8%) and
2 of 16 (12%), respectively). The frequency of flu like prodromal symptoms was similar. Clinical features at onset were different: in AM, congestive heart failure, chest pain with ST
segment elevation on ECG mimicking acute myocardial
infarction, and ventricular arrhythmias were seen in equal
frequency (8 (31%), 8 (31%), and 7 (27%), respectively);
cardiogenic shock was present in three patients. In BM,
congestive heart failure was seen in 11 (68.7%) patients,
mimicked AMI in 3 (18.7%), and arrhythmias in 2 (12.5%).
Mean NYHA class on admission was similar: 2.4 in AM and 2.2
in BM. At a mean follow up of 24 months (28 (30) for AM and
18 (8) for BM, NS), no differences were found regarding survival: 4 patients with AM (15%) and 2 with BM (12.5%) died
or underwent cardiac transplantation. NYHA class of the survivors was also similar (1.3 (0.6) v 1.1 (0.4)).
Table 2 summarises ECG, echocardiographic, and haemodynamic data on admission. Left bundle branch block was
present in two patients with AM (8%) and in five with BM
(31%) (p = 0.05). Pathological QS waves were seen in one
patient with AM (8%) and in one with BM (6%). The echocardiogram showed depressed left ventricular performance in
both AM and BM, as expressed by ejection fraction and
contractility index. The left ventricle was more dilated in BM
than in AM (mean left ventricular end diastolic volume 128
(50) v 90 (42) ml/m2, p = 0.002). Hypertrophy was inadequate
in BM but not in AM (mean mass volume ratio 0.8 (0.1) v 1.0
(0), p = 0.03). Haemodynamic study showed a mean normal
cardiac index in both AM and BM (3 (0.7) v 2.9 (1) l/min/m2).
Mean pulmonary capillary and mean pulmonary artery pressures were also similar and within normal ranges.
Table 3 summarises EMB findings. The time interval
between the onset of symptoms and EMB was significantly
shorter in AM than in BM (40 (55) v 90 (93) days, p = 0.04;
range 1–180 for AM and 5–335 for BM). Patients in whom
AMI was mimicked underwent EMB earlier than those with
arrhythmias (5 (4) v 15 (9) days, p = 0.05) or congestive heart
failure (5 (4) v 46 (59) days, p = 0.001).
On haematoxylin and eosin staining, the inflammatory
infiltrate score was significantly higher in AM than in BM
(1.65 (0.8) v 0.85 (0.3), p = 0.004). The infiltrate was
composed of lymphomonocytes in all samples from patients
with BM and in 18 with AM (69%). In the remaining eight
patients with AM (31%), the infiltrate had different features:
in five it consisted of lymphomonocytes, eosinophils, and
neutrophils, in one sample it was granulomatous, and in two
it was composed mainly of multinucleated giant cells without
granulomas. No differences in terms of severity of fibrosis
were detected between the two groups. Histological aspects in
keeping with dilated cardiomyopathy were present in five
patients with AM (19%) and in six with BM (37.5%). On
immunohistochemical analysis, the composition of the
inflammatory infiltrate was similar: in 11 (38%) with AM and
six (37.5%) with BM it was composed mainly of lymphocytes
(CD43 positive); in seven (27%) with AM and six (37.5%) with
BM of an equal amount of lymphocytes and macrophages; and
in seven (27%) with AM and three (18.7%) with BM mainly of
macrophages (CD68 positive).
As shown in table 4, AM was significantly more frequent
within 30 days from clinical onset, whereas BM was more frequent after 30 days.
PCR results
PCR was performed in 23 patients (55%). It was positive in 6
of 15 (40%) in the AM group and in 2 of 8 (25%) in the BM
group (fig 3). Timing of EMB in relation to clinical onset was
not different between PCR positive and negative groups (31
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Four micrometre thick paraffin embedded serial sections
were cut and routinely stained with haematoxylin and eosin
and the trichrome Heidenhein technique.
The histopathological study was performed as follows. We
evaluated the degree of inflammatory infiltration and the
extension of fibrosis with a semiquantitative method, on a
scale of 0 to 3 (a score of 0 is absence of infiltrate or fibrosis, a
score of 1 is mild inflammation or fibrosis, a score of 2 is moderate inflammation or fibrosis, and a score of 3 is severe
inflammation or fibrosis). The composition of the infiltrate
(lymphocytes, macrophages, monocytes, eosinophils, neutrophils, and multinucleated giant cells) was also evaluated.
The extension and distribution (focal, multifocal, and diffuse)
of myocyte necrosis were evaluated as well. Particular
attention was paid to the possible coexisting presence of histopathological features suggestive of dilated cardiomyopathy
(hyperchromic, dysmetric, bizarre nuclei, and perinuclear
halos of myocytes).
All samples underwent immunohistochemical analysis to
characterise inflammatory cell infiltration by using the
following antibodies: CD45 (Dako 1:20), CD43 (Dako 1:40),
CD45RO (Dako 1:100), CD20 (Dako 1:100), CD68 (Dako 1:50),
and factor VIII (Dako 1:100). The positivity of the antigen–
antibody reaction was tested with the avidin-biotin peroxidase complex method. Sections of formalin fixed lymph nodes
served as positive controls. Immunohistochemically stained
sections were independently evaluated by two pathologists.
Type and severity of infiltrate were assessed.
According to the Dallas criteria, myocarditis was classified
as active if myocardial necrosis or degeneration (vacuolisation,
irregular cellular outlines, and cellular disruption with
lymphocytes closely applied to the sarcolemma) associated
with inflammatory infiltration was present. Myocarditis was
classified as borderline if necrosis and degeneration were
absent.5 We took degenerative changes into consideration only
when they were associated with inflammatory infiltrate,
ruling out artefactual contraction bands. However, in addition
to the Dallas criteria, in all cases we used immunohistochemistry to evaluate more correctly the presence or absence of
myocardial inflammatory infiltrates.
Molecular analysis using polymerase chain reaction (PCR)
or reverse transcriptase PCR was carried out in 23 of the 42
patients (55%) to detect the main cardiotropic viral genomes
(enteric, adeno-, herpes- (Epstein-Barr, cytomegalo-,
varicella-zoster), influenza, and mumps viruses). Total RNA
and genomic DNA were isolated simultaneously from fresh
frozen (when possible) or formalin fixed paraffin embedded
myocardial samples by using Tris saturated phenol (pH 6.6)
RNAzol solution as previously described.12 The final product of
nucleic acid extraction was checked by using glyceraldehyde3-phosphate dehydrogenase primers for RNA and β globin
primers for DNA.13 14 Primer pairs that had previously been
designed to detect the main cardiotropic viruses were used for
nucleic acid amplification.15–21
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(52) v 47 (70) days, respectively). At follow up (20 (22)
months for PCR positive and 19 (17) months for PCR negative
patients, NS), 3 of 8 virus positive patients (37.5%) died or
received a transplant, whereas only 1 of 15 (7%) virus negative
patients died (NS).

DISCUSSION
Myocarditis is a disease characterised by a polymorphic clinical presentation. Among patients in whom hospitalisation is
required, a high mortality rate at follow up is reported. It is the
second most frequent EMB diagnosis at our centre, after
dilated cardiomyopathy. This is in keeping with other reported
surveys.22 23 EMB has been considered to be the yardstick for
the in vivo diagnosis of myocarditis and the Dallas criteria are
internationally accepted.2 5
The presence of inflammatory cells infiltrates in the
interstitium of “normal” myocardium is still a controversial
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Figure 2 Borderline myocarditis. (A) Haematoxylin and eosin
staining shows absence of myocardial necrosis and a few
inflammatory cell infiltrates. Immunohistochemical staining for (B)
CD43 (T leucocytes) and (C) CD68 (macrophages) shows the
presence of leucocytes within the myocardium. Original
magnification ×180.

issue. This is partly due to the difficulties in recruiting
myocardium not affected by a disease. Previously reported
studies examined myocardial tissue from patients with
disease other than myocarditis or from donor hearts and
found very few lymphocytes in the interstitium in normal
conditions (table 5).9 24–29 A cut off of five lymphocytes per high
power field has been proposed for positive inflammatory cell
infiltrate.26 The Marburg group suggested 14 cells/mm2 at
immunohistochemisty as a quantitative criterion for
inflammation.29 30 Others considered 17 cells/mm2 in the interstitium of donor hearts to be the cut off.28 Immunohistochemistry increases specificity for inflammatory cells detection and
decreases interobserver variability.11 In addition, it can provide
information potentially relevant to immunopathogenesis and
treatment.11 28 31–35 In our study, immunohistochemistry was
therefore used as a fundamental tool for EMB interpretation.

Heart: first published as 10.1136/heart.87.3.210 on 1 March 2002. Downloaded from http://heart.bmj.com/ on April 18, 2021 by guest. Protected by copyright.

Figure 1 Active myocarditis. (A) Haematoxylin and eosin staining
shows focal myocyte necrosis and inflammatory infiltrates.
Immunohistochemical staining for (B) CD45 (leucocytes) and (C)
CD43 (T lymphocytes) confirms the presence of inflammatory cells
within the myocardium. Original magnification ×240.
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Comparison between active and borderline myocarditis: clinical data
Borderline

26 (62%)
37 (15) (range 14–77)
16/10
0 (0%)
2 (8%)
2 (8%)
10 (38%)

16 (38%)
40 (13) (range 20–61)
9/7
3 (19%)*
2 (12.%)
3 (19%)
6 (37.%)

8 (31%)
8 (31%)
7 (27%)
3 (11%)
2.4 (1.3)

11 (68.7%)
3 (18.7%)
2 (12.5%)
0 (0%)
2.2 (1.2)

1.3 (0.6)
4 (15%)

1.1 (0.4)
2 (12.5%)

Data are mean (SD).
*p = 0.02.
AMI, acute myocardial infarction; CHF, congestive heart failure; CT, cardiac transplantation; NYHA, New
York Heart Association; VT, symptomatic ventricular tachycardia.

Our investigation was meant to compare the clinical and
pathological profiles of AM and BM. To obtain homogeneous
data, we considered only those patients who had undergone
EMB within one year from the onset of symptoms.
The clinical profile of the two groups was different. Patients
with BM were slightly older—though not significantly—and
on average underwent EMB later than did patients with AM.
Nineteen per cent of patients with BM had a family history of
dilated cardiomyopathy. These patients may have a peculiar
familial form of dilated cardiomyopathy, which has been
reported to be associated with inflammatory cell infiltrate in
the interstitium, a feature considered to be a non-specific
finding by some authors.27 36 Patients with BM presented more
often than AM patients with congestive heart failure, with a
more heterogeneous clinical presentation, including cardiogenic shock.
One third of the patients with BM had a left bundle branch
block at ECG compared with two (8%) patients with AM. This
finding is in keeping with the echocardiographic data, which
show that in BM the left ventricles are more dilated with a
decreased mass to volume index. In these patients, the cell
infiltrate was less severe in the pathological substrate and
myocytes often showed the histological features of dilated

Table 2 Comparison between borderline and active
myocarditis: instrumental data

Electrocardiogram
LBBB
Necrosis
AV conduction disturbances
Echocardiogram
LVEDV(ml/m2)
LVEF (%)
M:V
P:ESV
Haemodynamic study
CI (l/min/m2)
PCWP (mm Hg)
PAP

Active

Borderline

2 (8%)
2 (8%)
2 (8%)

5 (31%)*
1 (6%)
0 (0%)

90 (42)
34 (12)
1 (0)
2.21 (1.46)

128 (50)***
34 (15)
0.8 (0.1)**
1.7 (0.5)

3 (0.7)
10.6 (6.7)
17 (7.4)

2.9 (1)
9.85 (6.7)
14.7 (7)

Data are mean (SD).
*p = 0.05; **p = 0.03; ***p = 0.002.
AV, atrioventricular; CI, cardiac index; LBBB, left bundle branch
block; LVEDV, left ventricular end diastolic volume; LVEF, left
ventricular ejection fraction; M:V, mass to volume ratio; PAP, mean
pulmonary artery pressure; P:ESV, pressure end systolic volume ratio;
PCWP, pulmonary capillary wedge pressure.

cardiomyopathy. BM seems to have forms with a chronic evolution, in which inflammation is ongoing but the pattern of
idiopathic dilated cardiomyopathy is already present. Fibrous

Table 3 Comparison between borderline and active
myocarditis: pathological data from the
endomyocardial biopsy (EMB)

Number of patients
Days from onset to EMB
Inflammatory infiltrate on HE
Quantification (0-3)
Composition
Lymphomonocytes
Polymorphic
Fibrosis
Present
Quantification (0–3)
Histological aspects of DCM
Immunohistochemistry
Mainly CD43
CD43 and CD68
Mainly CD68
Only CD45
PCR positive
Enterovirus
Herpesvirus
Adenovirus
Influenza virus
Mumps virus

Active

Borderline

26 (62%)
40 (55)
(range 1–180)

16 (38%)
90 (93)
(range 5–335)*

1.65 (0.8)

0.85 (0.3)**

18 (69%)
8 (31%)

16 (100%)
0 (0%)

18 (69%)
1.1 (1)
5 (19%)

11 (69%)
0.93 (0.7)
6 (37.5%)

11 (38%)
7 (27%)
7 (27%)
1 (4%)
6/15 (40%)
3
2
0
1
0

6 (37.5%)
6 (37.5%)
3 (18.7%)
1 (6.3%)
2/8 (25%)
0
1
1
0
0

Data are mean (SD).
*p = 0.04; **p = 0.004.
DCM, dilated cardiomyopathy; EMB, endomyocardial biopsy; HE,
haematoxylin and eosin stain; PCR: polymerase chain reaction.

Table 4 Occurrence of active and
borderline myocarditis according to
biopsy timing
EMB timing (days)

Myocarditis
Active
Borderline

<7

8–30

> 31

11
9 (82%)*
2 (18%)

13
9 (69%)
4 (31%)

18
8 (44%)*
10 (56%)

*p = 0.05.
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Number of patients
Age (years)
Men/women
Familial history of dilated cardiomyopathy
Peripartum onset
Personal history of autoimmune disease
Flu like syndrome
Clinical features at onset
CHF
AMI-like
VT
Cardiogenic shock
NYHA functional class at onset
Follow up
NYHA functional class
Death/CT

Active
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Table 5

Histological quantitative criteria for inflammatory infiltrate in myocarditis from other studies
Specimen

Number of
patients

Patient age
(years)

Yutani et al (1981)25
Edwards et al (1982)26
Linder et al (1985)24
Tazelaar et al (1986)9
Kuhl et al (1995)27
Holzinger et al (1995)28
Maisch et al (1998)29

Kawasaki
Heart disease
Normal
Heart transplant donors
DCM
Heart transplant donors
–

201
170
20
86
176
7
56

< 18
29
61
23

Cells per field

Magnifying power

IHC

10–20

200×
400× (20 fields counted)
500× (20 fields counted)
80×
400× (10 fields counted)
400×
400×

No
No
No
No
Yes
Yes
Yes

25–30/mm2
Focus of at least 5 cells
> 2 (> 7 cells/mm2)
> 17 cells/mm2
> 14 cells/mm2

IHC, immunohistochemistry (No: not used, Yes: used).

tissue was present in both AM and BM and it was mild in both
groups.
The time interval between onset of symptoms and EMB
correlates with the histological diagnosis: the likelihood of
diagnosing BM increases with time. This finding is strengthened by the observation that EMB is performed earlier and the
diagnosis is most often AM (81% in cases mimicking acute
myocardial infarction and 100% in cardiogenic shock) when
the clinical presentation is acute.
Despite the clinical differences, follow up of AM and BM did
not differ in terms of NYHA class and outcome (death or heart
transplantation). The inadequacy of the Dallas criteria needs
to be considered. Myocarditis is classified as active only on the
basis of the presence of necrosis and inflammation. Other
morphological aspects of myocytes and interstitium that are
highly suggestive of an evolution towards a chronic form have
not been considered. The presence of myocyte necrosis is not
an unfavourable prognostic indicator, as one could expect.
Histological diagnosis, namely AM versus BM, does not influence the prognosis, while the presence of a viral genome seems
to do so. In active forms viral genomes can be detected more
frequently in the myocardium, although not significantly. This
is in keeping with some previous reports.12 Larger studies are
required to confirm this first observation.
Conclusion
BM seems to encompass ongoing forms with a less aggressive
inflammatory infiltrate. The absence of myocyte necrosis does
not predict a more favourable outcome in terms of death or
heart transplantation, whereas the presence of viral genome
seems to carry a more powerful negative prognostic value. The
Dallas criteria have many ambiguities and are not of real value
in identifying patients with a worse outcome.

Figure 3 Borderline myocarditis. Immunohistochemistry shows
interstitial inflammatory cell infiltrate composed of CD68 positive
cells (macrophages). Polymerase chain reaction performed on
endomyocardial biopsy was positive for adenovirus (M, marker lane;
C+, positive control lane; C−, negative control lane; Myoc,
adenovirus myocarditis).
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IMAGES IN CARDIOLOGY.............................................................................
Atrioventricular septal defect with cor triatriatum

A

25 year old man with Down’s syndrome
(trisomy 21) was evaluated for dyspnoea.
Physical examination revealed cyanosis
(systemic saturation 60%), clubbing, oedema,
accentuated pulmonary component of second
heart sound, and hepatomegaly. Chest x ray
demonstrated cardiomegaly and pulmonary
venous congestion. ECG revealed a sinus
rhythm, QRS axis of 240°, first degree atrioventricular block (P-R interval 260 ms), and right
ventricular hypertrophy. Transoesophageal
echocardiography demonstrated a complete
common atrioventricular canal (below left)
with undivided anterior bridging leaflet. Cor
triatriatum was present with a 5 mm ostium in
the membrane partitioning the left atrium
(RA, right atrium; LA, left atrium; RV, right

ventricle; LV, left ventricle; CPV, common pulmonary vein; arrow, ostium of the left atrial
membrane) resulting in obstruction to pulmonary venous return to left atrium (below
centre). Right and left pulmonary veins were
visualised and dilated. The patient expired
following an episode of ventricular tachycardia. Postmortem examination revealed a
balanced, complete common atrioventricular
canal anomaly with a fibromuscular membrane (below right: LUPV, left upper pulmonary vein; LLPV, left lower pulmonary vein;
arrow, ostium of left atrial membrane) partitioning the left atrium resulting in pulmonary
venous obstruction. An isolated right upper
pulmonary vein branch drained directly into
the right sided superior vena cava.

Coexistence of cor triatriatum and atrioventricular canal anomalies is rare. The haemodynamics of complete common atrioventricular
canal with cor triatriatum and pulmonary
venous obstruction may be misinterpreted as
non-reactive pulmonary vascular disease secondary to the atrioventricular canal anomaly.
It is uncertain whether the presence of
pulmonary venous obstruction with cor triatriatum has a salutary effect that delays
evolution of pulmonary vascular changes in
patients with complete common atrioventricular canal defects.
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