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Evaluation of mild acute infectious myocarditis
JUHANI HEIKKILA, JOUKO KARJALAINEN
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SUMMARY The diagnosis of acute mild myocarditis is vaguely defined. Therefore we studied 185
consecutive young men in military service with electrocardiographic changes arousing a suspicion of
myocarditis in connection with an acute infectious disease. It was possible to classify 160 patients
into seven electrocardiographic groups; definite or probable myocarditis was observed in 104
patients. The electrocardiographic patterns considered characteristic for acute myocarditis were: ST
segment elevations followed by T wave inversions; gradually changing T wave inversions not

corrected by beta blockade; and ventricular extrasystoles more than 10 per minute triggered by
acute infection. Thirty-nine subjects without myocarditis had "functional" T wave abnormalities
completely normalised by beta blockade, or stable T wave inversions.
The leading symptoms in acute myocarditis were fatigue and chest pains; loud S3 gallop, paradoxi-

cal cardiac pulsation, pericardial friction rub, or enlargement of the heart were noted altogether in
500/% of the patients. Echocardiography disclosed segmental wall motion abnormalities related to the
T wave inversions. Serum creatine kinase MB fraction increased in 70% of the acute myopericarditis
patients during the ST segment elevation stage. In the non-myocarditis groups the clinical and
pertinent laboratory findings remained normal.
Thus, we noted in clinically mild acute infectious myocarditis clear-cut and early signs of myocar-

dial dysfunction, suggesting that the direct and often local viral invasion of the myocardium is the
basic pathogenetic mechanism. The present electrocardiographic classification based on serial trac-
ings and beta blockade proved useful in the evaluation of patients suspected of having mild acute
myocarditis.

Severe acute myocarditis does not usually give rise to
diagnostic difficulties, since gross cardiac enlargement
and often progressive heart failure are clinically self-
evident. Such a course of infectious myocarditis is
rare. In contrast, mild often clinically asymptomatic
myocarditis is common.2 Diagnosing even mild acute
myocarditis is necessary, as these patients may be in
danger of sudden cardiac death,3 or may insidiously
develop congestive cardiomyopathy.4

Diagnosing subclinical viral myocarditis depends
essentially on an electrocardiogram at the initial stage
of the disease.2 5 It is, however, also obvious that
functional electrocardiographic abnormalities noted
in connection with acute infectious disease and fever,
and changes caused by other cardiac disease should
not necessarily indicate acute myocardial involve-
ment.6 7
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This report reviews our experience with the clinical
evaluation ot patients with various electrocardio-
graphic abnormalities arousing a suspicion of acute
myocarditis in conjunction with, for example, an acute
respiratory or gastroenteric infection. We particularly
intend to propose an electrocardiographic
classification, which we have found useful in the
evaluation of patients in whom mild acute myocarditis
may be present.

Methods

PATIENTS
One hundred and eighty-five patients were thoroughly
examined at Central Military Hospital 1 in Helsinki.
The patients were either conscripts in compulsory
military service or young military personnel 18 to 38
years old, median age 20 years. They had been admit-
ted because of electrocardiographic abnormalities
which were noted in the course of an acute infectious

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.47.4.381 on 1 A
pril 1982. D

ow
nloaded from

 

http://heart.bmj.com/


382

disease. This consecutive series was collected during
the period December 1976 to December 1980. There
were two different ways of including patients in the
study series: (1) Patients whose electrocardiograms
were recorded because of clinical symptoms or signs
possibly related to acute myocarditis or pericarditis
(63% of the study population); (2) patients taken for a
prospective study (37% of the study population) initi-
ated in January 1978 to examine the incidence and
clinical picture of acute mild myocarditis in connec-
tion with respiratory or gastrointestinal infection,
irrespective of any cardiac symptoms. In three garri-
sons, a 12 lead electrocardiogram was recorded from
all conscripts with acute infective symptoms, as par-
tially reported previously.5 In the prospective series
an electrocardiogram was recorded on the first and
third days of the disease, and two weeks later.
Each patient was clinically examined within two

weeks of the initial electrocardiographic changes. The
follow-up time was two to 12 months after the acute
stage and always lasted until the electrocardiogram
reverted to normal, or up to 12 months after the acute
stage in the case of permanent electrocardiographic
abnormalities.

CLINICAL SYMPTOMS AND SIGNS
Chest pain was recorded as being extracardiac,
pericardial, or mimicked coronary pain. The patients
were asked about other subjective symptoms, such as
palpitations.
A physical examination was made by both authors;

particular attention was paid to palpation of the
cardiac thrust and to auscultation. The cardiac pal-
pation was classified as follows: normal apical beat
only, uncertain asynergic contraction, or distinct
paradoxical precordial motion. The S3 gallop was
classified as none, weak and disappearing in the sit-
ting position, or loud, also in the sitting position. This
positional analysis was thought to help in separating
the normal ventricular rapid filling sound present in
young subjects with hyperkinetic circulation
(physiological S3) from sounds in those with myo-
cardial involvement.

LABORATORY EXAMINATIONS
Serial 12 lead electrocardiograms were usually
recorded daily during the first week of the acute illness
and thereafter at one to two week intervals until the
ST-T changes reverted to normal. The method of
classification for the electrocardiograms is presented
in the results. The beta blockade test was performed to
differentiate the T wave inversions caused by acute
myocarditis or some other organic cause from "func-
tional" T wave inversions.7 An electrocardiogram was
recorded supine at rest and after standing for three
minutes, and was repeated two hours after the oral

Heikkila, Karialainen

administration of the beta-blocking drug, usually
100 mg metoprolol. The test was considered adequate
if the heart rate at rest decreased by 10% or more.
Chest x-rays and serial echocardiograms8 were taken
in all patients.

Positive serological findings indicating a viral or
other specific infectious cause of the acute illness were
found in 47% of the myocarditis patients. These will
be published separately; aetiology was viral in 80% of
the patients, the three most common agents being
adeno, influenza, and vaccinia virus.
The patients' serum creatine kinase (normal level

<220 lU/l), aspartate aminotransferase, and alanine
aminotransferase (normal levels <40 U/I for both)
were determined: in 65 of 160 patients this was pos-
sible during the first week of the infectious disease.
The creatine kinase isoenzymes were assessed elec-
trophoretically and quantified by fluorometric scan-
ning, using the method of Somer and Konttinen9;
0*03 of total creatine kinase was taken as upper limit
of normal.

Results

ELECTROCARDIOGRAPHIC CLASSIFICATION OF
STUDY POPULATION
Of the 185 consecutive patients 160 could be classified
into the following seven groups, based on serial rest-
ing electrocardiograms and on the response of the
ST-T waves to beta adrenergic blocking drugs. Diag-
nosis of definite or probable acute myocarditis, or no
myocarditis, was based on serial electrocardiographic
data only, as described below.

Definite myocarditis (groups I and 2)
Myopericarditis: group 1: the serially changing elec-
trocardiographic ST segment and T wave alterations
were characteristic of the well-established abnor-
malities of "acute pericarditis".'° The initial ST seg-
ment elevation of 0-1 mV or more in several leads is
gradually replaced in this group by an inversion of the
T waves (Fig. 1).
The ST segment elevations were noted in 34

patients and were widely distributed in 56% of the
patients. The subsequent T wave inversions taking
place in these patients, however, were usually only
local, 88% (Table 1). The gradual changes in the ST
segment elevations and T wave inversions generally
had a duration of six to eight weeks, the initial ST
segment elevation returning to normal in one week.
The beta blockade test was performed in 15

patients at the T wave inversion stage. No patient
showed less T wave inversion after beta blockade; it
often became more prominent (Fig. 2). During late
convalescence, however, functional-type, vacillating
T wave variations were also commonly noted before
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Evaluation of mild acute infectious myocarditis

Characteristic sequential electrocardiographic ST-T patterns

Myopericarditis _-v V"J V

Fig. 1 Schematic representation of
serial ST-Tpattens ofmyopericarditis,
myocarditis, and non-myocarditis states.

Myocarditis
gradual T wave
changes

Functional
vacillating T wave

1 day 3-5 days 1 week 2 weeks 9 2 monthschange

Table 1 Site and duration ofST-T changes in 34 patients with myopericarditis (group 1) and 22 patients with myocarditis
(group 2)

Site Duration

Electrocardiographic lead No. of cases Mean days No. of cases

STT T, >1 month <1 month

General: I, II, III, aVL, aVF, V3-6
Myopericarditis ST-T changes 19 4 34 3 1
Myocarditis T wave changes 1 5 1

Inferoapical: II, III, aVF, V3-6
Myopericarditis ST-T changes 9 19 47 15 4
Myocarditis T wave changes 15 17 3 12

Anterolateral: I, II, aVL, V3-6
Myopericarditis ST-T changes 6 11 45 9 2
Myocarditis T wave changes* 5 53 3 2

*One patient had anteroseptal T wave inversions in V2-4.

the permanent return to normal of the electrocardio-
gram.

Myocarditis T wave inversion: group 2: the 22 patients
included in this group had a pattern of gradually
changing T waves in at least two leads, excluding
leads a VR and Vi where the T wave may be normally
negative. First there was a gradual inversion of the T
waves and subsequently their gradual return to nor-
mal. The T wave inversions had to last four days or
more. An equivalent change was considered to have
taken place if the T waves were already initially maxi-
mally inverted but thereafter showed a pattern of
gradual return to normal. In this group it was also
necessary that these gradual T wave inversions did not
improve after an effective dose of beta-blocking drug,
as described in the methods.
T wave inversions were located in the inferoapical

region in the majority of patients (68%), while
anterolaterally located changes showed the longest

duration (Table 1). The most characteristic sequence
of the electrocardiographic abnormalities was an
almost simultaneous inversion of the T waves in leads
II, III, aVF, and V4-6 to maximum negativity as early
as days one to three of the infection. Thereafter the
gradual return to normal always followed the same
sequence: the chest leads first reverted to normal,
followed by leads II and aVF, and finally lead III
(Fig. 2).

Probable myocarditis (groups 3 and 4)
Probable myocarditis T wave inversion: group 3: 34
patients showed a pattern of gradual T wave changes
similar to that described in group 2; in fact the only
difference was that no confirming beta blockade test
was available for this group.

Ventricular extrasystoles of recent onset: group 4: ven-
tricular extrasystoles were first noted during, or soon
after, an acute infection as a presenting symptom in
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On admission 3rd day
Before beta blockade
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Fig. 2 Characteristic sequence of
the gradually changing inferoapical
T wave inversion.
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this group, and the serial electrocardiograms showed
no pronounced ST-T changes. Extrasystoles had an
occasional frequency of at least 10 beats per minute.
Further, the patient himself had to feel that this car-
diac irregularity was a new symptom.
The ventricular extrasystoles were, with only one

exception, unifocal and septal in origin. In four of the
14 patients included in this group, the mechanism was
unequivocally parasystolic; two patients experienced

ventricular tachycardia. In 11 of the 14 patients (79%)
the ventricular extrasystoles either increased in fre-
quency (nine patients) or else were not changed by the
bicycle exercise test. The arrhythmias lasted less than
two months in three patients; the others had extrasys-
toles throughout the follow-up periods of three to 10
months. Five patients also had gradually changing
minor T wave inversions for up to two weeks at the
initial stage of the disease.
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Evaluation of mild acute infectious myocarditis

Short-term myocarditis-type T wave inversions: group 5
The 17 patients included in this electrocardiographic
group had a gradual T wave inversion pattern during
an acute infection. These T wave inversions, how-
ever, were present for only one to three days and no

beta blockade test was available. No "functional",
"vacillating" T wave behaviour was noted. All but
one of the T wave inversions were local: eight
inferoapical and eight local anterior in leads V2, V3,
and/or V4.

Patients without myocarditis (group 6 and 7)
"Functional" T wave changes: group 6: the alterations
in the T waves did not show the gradually changing
pattern in the serial electrocardiograms described
above, but instead vacillated irregularly between a

normal and an abnormal shape. This group included
25 patients initially suspected of having acute
myocarditis. The T wave abnormality was augmented
without exception during the standing position and
often during sinus tachycardia in supine rest. Even
when the resting tracmg was normal, the "vaso-
regulatory" T wave inversions were always gener-

ated orthostatically. These "vacillating", "func-
tional", or "vasoregulatory" T wave inversions
returned completely to normal as a result of beta
blockade. T wave inversions of this type were never

seen in leads I and aVL. The functional T wave inver-
sions were present only during fever in some patients,
while in others this fluctuation was permanent.

Stable T wave inversions: group 7: permanently nega-
tive T waves, without clinical signs of acute myocar-
ditis, were noted in 14 patients. Such T waves did not
show any gradually changing patterns though minor
variations in the amplitudes of the negative T waves

were possible. Beta blockade either enhanced the T
negativity or else did not have any influence on it.
Some of these patients had aortic valve disease or car-
diomyopathy; in most, no definite organic cardiac
pathology was found.

Exclusions
Of the 185 subjects included in the present study
population in connection with an acute infection, 25
were excluded from the seven electrocardiographic
groups defined above. Three patients may have had
mild myocarditis, one of them developed a new right
bundle-branch block and prolongation of the PQ
interval, while two had ST depressions only during
the bicycle exercise test. The other findings were:
early repolarisation-type ST segment elevation (10
subjects), supraventricular arrhythmias (four), func-
tional T wave changes, not included in group 6
because the beta-blockade test remained insufficient
(three), sport heart (two), ventricular extrasystoles of
long duration (one), mitral valve prolapse (one), and
hypertrophic obstructive cardiomyopathy (one).

Data provided by prospective electrocardiographic
screening
Only a few patients with the myopericarditis type of
electrocardiogram (group 1) or with ventricular
extrasystoles of recent onset (group 4) were identified
in the prospective screening (Table 2). The majority
of the subjects with "functional" T wave changes
(group 6) were naturally detected by this screening
method.

It is worth noting that all the patients who had
electrocardiographic findings, which mainly pointed
to definite or probable myocarditis, already showed
these changes in tracings taken on the first and/or
third day of the onset of the infectious disease.

CLINICAL FEATURES RELATED TO
ELECTROCARDIOGRAPHIC CLASSIFICATION
The occurrence of the symptoms and physical
findings in the different patient groups is summarised
in Table 3. Clinically clear-cut myopericarditis was

usually caused by vaccinia, mononucleosis, myco-
plasma, chlamydia, and Coxsackie B4 infections.
Adenovirus and influenza myocarditis were most
often only detected by serial electrocardiographic
screening.

Table 2 Distribution ofpaents with various electrocardiographic presentations; 59 of160 patients (37%o) emergedfrom prospective
screetting ofpatiens with infection

Group 1 2 3 4 5 6 7

ECG definition Myoperi- Myocarditis-type Extrasystoles Short-term Functional Stable
carditis T wave inversions related to T wave T wave T wave

infection inversions changes inversions

Diagnosis of myocarditis Definite Definite* Probablet Probable Possible Not No*
Total no. of patients 34 22 34 14 17 25 14
Prospective screening (%) 2 (6) 11 (50) 15 (44) 1 (8) 8 (47) 19 (76) 3 (21)

*Beta blockade did not normalise inverted T waves.
tBeta blockade test not performed.
fBeta blockade normalised the inverted T waves.
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Table 3 Symptoms and signs in 160 patients ofstudy series

Group no. 1 2 3 4 5 6 7

Total no. ofpatients 34 22 34 14 17 25 14

Fatigue 15 7 12 11 4 6 4
Pain
None 8 12 25 8 10 15 9
Extracardiac 5 5 3 2 4 8 4
Pericardial 14 4 4 2 1 1 1
Coronary mimicking 7 1 2 2 2 1 0

Palpation
Normal 12 13 21 5 11 21 12
Borderline 11 3 7 6 5 4 1
Paradoxical 11 6 6 3 1 0 1

S3
None 10 15 15 7 9 11 9
Physiological 7 3 10 4 5 13 3
Abnormal 17 4 9 3 3 1 1

S4
Present 2 0 0 0 0 0 0

Pericardial rub
Present 10 4 5 0 0 0 0

Heart size
Enlarged 7 2 8 6 1 0 0

Exceptional fatigue continuing after the initial stage
of the infection appeared to be more common (38%)
in the patients with myocarditis (groups 1 to 3) than in
groups 6 to 7 (26%) with no myocarditis. The patients
with recent ventricular extrasystoles felt prolonged
fatigue very often (79%). The pericardial type of chest
pain and "coronary mimicking" pain were most com-
mon in the myopericarditis group (41% and 21%,
respectively).
A pathological cardiac palpatory finding was noted

in 25% of patients with definite or probable acute
myocarditis; a borderline abnormal finding was noted
in a further 26%. The paradoxical cardiac thrust did
not have as high an amplitude as is found in acute
myocardial infarction, but it was commonly pansys-

On admission

ECG

DCG

PCG

tolic (Fig. 3). It was an initial physical finding; in only
two patients did it appear two weeks after the first
electrocardiographic findings. An S3 gallop was a fre-
quent auscultatory finding (52%). In the myocarditis
groups the S3 gallop was frequently loud and also
persisted in the sitting position (300% of the 104
patients); it was rare (5%) in the 39 patients without
myocarditis. A pericardial rub was heard only in
patients with the ST and/or T wave changes classified
as indicating myopericarditis or myocarditis. A rub
was heard in 290/o of the patients with ST segment
elevations, and in 16% of the patients with gradual T
wave changes. No patient in this series of infectious
myocarditis developed congestive heart failure.

Altogether, one or several findings of a loud S3 gal-
lop, cardiac palpatory asynergy, or pericardial rub
was present in 52 of the 104 patients in the myocar-
ditis groups 1 to 4.

CHEST X-RAYS
The cardiac size was normal and did not show any
enlargement in the hospital follow-up in the non-
myocarditis patients (groups 6 and 7). The heart
became enlarged in only one of the 17 patients in
group 5 with short-term T wave changes. An abnor-
mal heart size was seen in 22% of the 104 myocarditis
patients (groups 1 to 4). Notably, this abnormality
occurred most often in the ventricular arrhythmia
group: in six of the 14 patients (43%). Conspicuous
pulmonary venous congestion did not occur in these
patients.

SERUM ENZYMES
Serum aspartate aminotransferase activity was
increased during the first week only in the patients
with myopericarditis ST segment changes (Fig. 4).

4 weeks Later

I 4

Fig. 3 Kinetocardiogram in an acute stage of myocardits, confirming the palpable paradoxical cardiac pulsation. This method
of recording the precordial displacement curve gives absolute precordial motion, not relative motion as with the apexcardiogram.
The normal curve is mainly negative. Four weeks later the asynergic motion is less. Note also the third sound.
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Fig. 4 Serum aspartate aminotransferase (AS
were noted only during the initial days in the pi
myopericarditis but not in those with myocarditi
changes only. After thefirst week, however, neo
were noted, probably reflecting hepatic involve?

The highest values were noted in thos(
also had the highest creatine kinase
levels. Abnormal values lasting over th
the disease were noted in nine patien
alanine aminotransferase was increased
time; this late increase was observed
patients with T wave changes only.

CK MB
Fig. 5 shows the CK MB activities it
myopericarditis patients (group 1).
patients, however, was the determinat
during the first six days, at the stage
elevation. Increases in CK MB occurrt

the first days of the disease; values
normal upper level 0-03 of the total c

1851

100-

m
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0

MB<0 03 of total CK 0

MB>0.03 ot total CK

0

0

0
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Days from the onset of cardiac s

ECG ST+

Fig. 5 Serum creatine kinaseMB fraction (
studied from 18 patients with myopericarditis (
abnormal only during the initial days, at the stz
elevations.

,1) a were noted in seven patients. These seven patients all
2-3) o had chest pains, initial ST segment elevations, and

thereafter deep T wave inversions lasting several
weeks (Fig. 6). The highest level, 186 IU/1, was
measured in a patient with repetitive bursts of ven-
tricular tachycardia during the first two days of
myopericarditis (see Fig. 8). No CK MB abnor-
malities occurred during the later T wave inversion

o stage.
--noIn groups 2 and 3 (myocarditis-type T wave inver-

sions only) CK MB determinations were available
0 during the first six days of the disease in 28 patients.

Only three patients had an activity greater than 0-03
15 20 fraction of the total CK level. All CK MB. determina-

tions made after the first week of the disease remained
iT) elevations negative.
atients with In groups 4 to 7 the CK MB activities were deter-
i-type Twave mined in 27 patients within six days: they always
w increases remained normal.
ment.

RECOVERY FROM MYOCARDITIS
e patients who Electrocardiographic abnormalities lasted more than
MB (CK MB) 100 days in only three of the 56 patients in the definite
Le first week of myocarditis groups; 11 patients complained of easy
Its and only if fatigue, tiredness, sharp chest pains, and palpitation
I at the same when they were re-evaluated six months later. Such
Lalso in some symptoms were persistently present in four of 34

patients in group 3, and in four patients in the
extrasystolic group. Altogether 16-8% had these
symptoms. Notably, the new extrasystoles persisted

n18 of the 34 at this time in 10 of the 14 patients.
In only 10

ion performed Discussion
of ST segment
ed only during ELECTROCARDIOGRAPHIC PATTERNS IN MILD
exceeding the ACUTE MYOCARDITIS
creatine kinase The clinical diagnosis of myocarditis is often a prob-

lem.' I This is reflected by such general statements as:
"there are no established clinical criteria in the diag-
nosis of myocarditis", or "the clinical features of viral
myocarditis are variable".

Electrocardiographic criteria for acute myocarditis
are also vague and non-specific. Most of the difficul-
ties are caused by various ST-T alterations appearing
during fever and in subjects showing functional T
wave inversions in vasoregulatory lability.7 1213 In
this sense the relevance of the electrocardiographic
classification suggested here is discussed below.

DO_ ,OeOQ O
8 11 14 Myopericarditis group

symptoms The electrocardiographic pattern of "acute pericar-
T_ ditis" with serially changing ST segment elevations

and subsequent T wave inversions is easiest to assess.'0CK MB) levels
(group 1) were The essential role of the myocardial damage itself in
ageofSTsegmene causing the characteristic ST-T changes in these

patients is pointed out by the ventricular gallop sound
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* CK upper limit of normnl

O CK MB normal value=0
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r-L -t rE rr^-

Fig. 6 Serial electrocardiogramsfrom patient with myopericarditis are related to serial
total creatine kinase (CK) andMB fraction (CK MB) enzyme levels. On admission the
patient had chest pains and negative T waves in inferior leads, followed in a couple of
days by pericarditis-type ST segment elevations. Note the very early occurrence of the
enzyme elevations, which returned to normal during the first week. CK MB remained
abnormal during two days when total creatine kinase had already retumed to normal.

and palpable ventricular asynergy, observed in two-
thirds of our patients in this group. Further, serum

enzymes were raised during the first days of the
disease, as in acute myocardial infarction. While the
ST segment elevations were usually widespread, the
subsequent T wave inversions were local, indicating

the focal nature of the myocardial damage in mild
myocarditis. This conclusion is supported both by our

echocardiographic findings on regional left ventricular
asynergy8 and by recent radionuclide techniques
indicating local myocardial damage in Coxsackie and
echo virus myocardial disease.'4 '5
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Evaluation of mild acute infectious myocarditis

Myocarditis T wave inversions
The serial T wave inversions in patient groups 2 and 3
were classified as organic changes because of their
appearance with acute infection, the gradually chang-
ing pattern of the repolarisation changes, and finally
their unresponsiveness to beta blockade. Several clini-
cal features indicate that this electrocardiographic
manifestation usually reflects a milder degree of
myocarditis than is the case in patients with "classic"
ST-T patterns. Thus, while the pathological S3 gallop
and palpatory cardiac asynergy and pericardial rub
were also noted frequently in these patients, they
occurred less frequently than they did in group 1 (16
to 39%). Myocardial enzyme increases were rare in
these patients. Furberg7 found that the "organic" T
wave inversions were not returned to normal by beta
blockade. Our series confirms completely his early
findings, that is no return to normal, often even
worsening, of the T wave inversions.

Recent ventricular extrasystoles
The following features in the patients with new and
electrocardiographically ventricular extrasystoles may
indicate underlying acute myocarditis: new appear-
ance in connection with an acute infectious disease,
extraordinary fatigue during convalescence, a
pathological S3 gallop, and cardiac asynergy on palpa-
tion during normal heart beats (in 23% of this group).
In most patients, the ventricular extrasystoles were
increased by physical exercise. Cardiac enlargement
was noted in the chest x-rays of43% of these patients,
while this change occurred in less than 200/o in all the
other groups.

Abnormalities in the upper septal ventricular re-
gion may cause only minor electrocardiographic
changes,'6 so that the only evidence of involvement
may be arrhythmia. The site of the extrasystoles was
indeed most often septal, and our echocardiographic
evaluation also usually indicated septal abnormalities,
as will be reported separately.

Short-term myocarditis-type T wave inversions
This group is most difficult to assess: some patients
may have minor myocarditis, while others probably
have other reasons for the transient nonspecific
repolarisation changes, such as functional T wave
changes. Though some of the patients may have had
minor myocardial involvement, it nevertheless gave
an impression of being clinically insignificant.

Functional T wave changes
"Functional", "vasoregulatory", "vacillating" T
wave inversions were characteristically always
augmented in the standing position but beta blockade
completely restored to normal the T wave inversion.
Functional T wave changes are not uncommon among
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healthy persons but may inadvertently arouse a suspi-
cion of myocarditis during an acute infection.6 13 17
Functional T wave changes also commonly occur dur-
ing later convalescence after mild myocarditis,'8 19 as
observed also in the present series. In fact, Taggart
and co-workersl3 have reported that the mechanism
of the "vasoregulatory" T wave changes is an
increased sensitivity of the heart to sympathoad-
renergic drive instead of an increased level of circu-
lating catecholamines. Acute myocarditis would thus
be one sensitising factor.

SERUM ENZYMES
This clinical series of acute mild myocarditis is the
first documentation of the release of abnormal
amounts of CK MB enzyme in a group of patients.
This finding indicates acute myocardial damage. Not-
ably, this occurred at the very initial stage of an acute
infection complicated by myocarditis. In the
myopericarditis patients, the enzyme leak occurred
only during the early phase of the ST segment eleva-
tions. The acute myocardial damage in the
myopericarditis patients is further disclosed by
echocardiographic evidence of clear-cut local myocar-
dial contraction abnormalities.8 In myocarditis, the
enzyme increases remained smaller than those in
acute myocardial infarction, while the release may be
somewhat more prolonged, up to six days (Fig. 6 and
7).
Our findings indicate that in mild acute myocarditis

the presence and perhaps degree of myocardial dam-
age can be estimated by serial CK MB determina-
tions; most clearly in patients with ST segment eleva-
tions (in 700/o of the patients). In patients with
myocarditis without an initial ST segment elevation,
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CK MB

Asportote aminotransferase

Myocardial
2 3 (weeks)

Hepotic

Fig. 7 Characteristic enzyme patterns in viral myocarditis
patients. The initial rises indicate myocardial enzyme release.
The later secondary peak of aspartate aminotransferase
coincides with a rise of alanine aminotransferase, probably
indicating persistence of simultaneous hepatic involvement.
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Fig 8 RePetive bursts of ventricular tachycardia in a patiet with acute myopericarditis. He had severe
Pericarditis-tyPe chest Pains but did not feel any cardiac irregularity. Tachycardias disappeared in twvo days with
procainamide whinch was adnnmtstered for one week. CK MB value was 186 IUll.

the serum CK MB increased in only 100/o of the
patients, probably indicating only minor myocardial
pathology. In addition to an increase in CK MB, the
serum aspartate aminotransferase is often also
increased in patients with myopericarditis, again at
the initial stage of ST segment elevation. High values,
however, were often noted at the later stage as well,
when CK MB was normal. In these patients there was
always a simultaneous increase in alanine aminotrans-
ferase, the obvious cause being hepatocellular damage
(Fig. 7). Thus, viral myocarditis may often be
accompanied by slight hepatitis, a well-known exam-
ple being infectious mononucleosis.
On the basis of these data we propose that enzyme

diagnostics be performed serially at the very initial
stage of suspected myocarditis, as is the case with
patients with acute myocardial infarction.

CLINICAL CORRELATIONS AND IMPLICATIONS
The general view is that myopericarditis usually
develops one to two weeks after the onset of an acute
respiratory infection.20 The close follow-up of most
patients in our series, however, clearly indicates that
clinical, electrocardiographic, myocardial enzymatic,
and echocardiographic signs of myocardial involve-

ment are present from the first days of a viral infec-
tion. In the majority of the patients, myocardial dam-
age was local. This course of the disease reflects a
direct and often local viral invasion of the myocar-
dium,1 21 instead of immunopathogenetic mechan-
isms. Certainly, the latter mechanism may contribute
later to a persisting disease state in some patients. ' 4
Further, mild myocarditis was usually completely
cured in a few weeks to months.

In our experience, the characteristic electrocardio-
gram of "acute pericarditis" seems to reflect the very
initial stage of myocarditis. In fact, our data indicate
that myocardial damage in viral myopericarditis
seems to be the basic pathology, Aot "isolated"
pericarditis. In the presence of pericarditis the diag-
nosis of underlying myocarditis may be overlooked;
the latter is suggested by the presence of clinical and
echocardiographic ventricular asynergy, S3 gallop,*
subsequent local T wave inversions, and early enzyme
release. The concomitant pericarditis may actually be
a secondary irritation of the subepicardial myocardial
lesion, as is the case in acute myocardial infarction.
Even in mild acute myocarditis serious cardiac

arrhythmias, that is atrioventricular block or ven-
tricular tachycardia, are possible. These arrhythmias
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Evaluation of mild acute infectious myocarditis

may predict sudden death in myocarditis. Though
rare,3 this possibility of a serious complication war-
rants the careful observation of these patients during
the first days of the disease (Fig. 8), and an avoidance
of physical exercise during this period.22
The patients in this study population recovered

quickly, with only a few exceptions. In reports of
similar patients, the long-term prognosis is good. 18 19
The pathogenesis of severe and fatal myocarditis,
leading to intractable heart failure and pronounced
histological inflammatory changes,4 23 24 seems to be
different from that of acute mild myocarditis. Con-
tinuing long-term clinical and echocardiographic
follow-up will reveal if any of these patients with mild
myocarditis will later develop chronic congestive car-
diomyopathy.
The use of corticosteroids has aggravated experi-

mental viral myocarditis.25 Corticosteroids would
therefore be contraindicated in the acute stage of viral
uncomplicated myocarditis. Instead, other non-steroi-
dal anti-inflammatory drugs can be used successfully
and more safely to relieve pericardial pain. We did not
use steroids in this series, and neither did we see pro-
gressive deterioration of cardiac involvement.
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