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Use of Gallium 67 
Scintigraphy
to Differentiate Acute Myocarditis 
from Acute Myocardial Infarction

This study was designed to evaluate the role and effectiveness of gallium 67 imaging in the 
diagnosis of acute myocarditis that mimics acute myocardial infarction. Of 315 consecutive 
acute myocardial infarction patients admitted to our institution over a 4-year period, 5 (2 
men, 3 women) were suspected of having acute myocarditis. These 5 patients ranged in 
age from 23 to 69 years (median, 32 yr). All had experienced diarrhea or flu-like symptoms 
within the preceding 4 weeks, and each presented with signs, symptoms, and electrocar-
diographic findings consistent with acute myocardial infarction. Echocardiography revealed 
decreased left ventricular systolic function.

Gallium 67 myocardial scintigraphy was performed in 4 patients, 72 hours after intrave-
nous injection of 9 mCi of gallium citrate Ga 67, and sooner than that in one. In all 5 patients, 
the results were positive, consistent with a diagnosis of acute myocarditis. One patient died 
of progressive heart failure 4 days after admission. Within 1 month of beginning medical 
therapy, the 4 surviving patients experienced resolution of abnormal ventricular function and 
symptoms. During a median follow-up period of 64 months, no cardiovascular events were 
observed, and the prognoses were deemed excellent.

We suggest that gallium 67 scintigraphy is a useful method by which to identify acute 
myocarditis in patients in whom the condition is suspected. To our knowledge, this is the 
1st report of the use of gallium 67 myocardial scanning to differentiate acute myocarditis 
from acute myocardial infarction. (Tex Heart Inst J 2007;34:305-9)

T he clinical spectrum of acute myocarditis ranges from asymptomatic electro-
cardiographic (ECG) abnormalities reported during community outbreaks 
of Coxsackie B viral infection to fulminant heart failure, cardiogenic shock, 

ventricular fibrillation, and death.1,2 A subset of patients may present with chest pain 
and ECG findings that suggest acute myocardial infarction. Acute myocarditis can 
mimic acute myocardial infarction in that the myocarditis is typically focal or multi-
focal in distribution on histologic study, segmental wall motion abnormalities may be 
present, and associated myocyte necrosis often leads to elevation of serum creatine ki-
nase and cardiac troponin I.3,4 The standard diagnostic method, endomyocardial bi-
opsy, is invasive and has a low diagnostic success rate.4-8 Gallium myocardial scanning 
has been suggested as a useful tool in the detection of myocarditis in patients who have 
Kawasaki disease.9 Gallium scanning has shown a sensitivity of 36% and a specifici-
ty of 98% in the detection of myocarditis in patients who have dilated cardiomyopa-
thy.10 However, the role of gallium scanning has not been well established in patients 
who have acute myocarditis that mimics acute myocardial infarction. Differentiation 
between acute myocarditis and acute myocardial infarction is very important, because 
treatment differs markedly. This study investigated the role and effectiveness of gal-
lium citrate 67 (Ga 67) scintigraphy in the diagnosis of acute myocarditis when acute 
myocardial infarction was initially suspected.

Patients and Methods

Patient Selection

From January 1998 through December 2001, we evaluated 315 consecutive patients 
who were admitted to our hospital with a diagnosis of acute myocardial infarction.
This diagnosis required that a patient’s condition satisfy 2 or more of these criteria: 1) 
chest pain suggestive of myocardial ischemia that lasted ≥30 minutes; 2) enzymatic 
evidence of acute myocardial necrosis (an increase in the serum creatine kinase level 
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to ≥2 times the normal value, with a >4% increase in 
the creatine kinase–MB isoenzyme); and 3) new ECG 
changes, including the development of Q waves or ST-
T changes, that lasted ≥48 hours.
 Acute myocarditis was suspected when patients had 
no fever, presented with indistinct heart-failure symp-
toms (onset over a period of weeks to months before ad-
mission), and were hemodynamically stable or required 
only low doses of vasopressors (<5 µg of dopamine or 
dobutamine per kg/min) for the improvement of renal 
perfusion. From this subgroup of patients, study partici-
pants were chosen on the basis of symptoms of upper 
respiratory or gastrointestinal tract infections (such as 
coughing, dizziness, vomiting, or diarrhea) that preced-
ed the apparent acute myocardial infarction.
 Table I shows the baseline characteristics of the 5 pa-
tients who met the criteria, provided written informed 
consent, and underwent Ga 67 myocardial scintigraphy 
for suspected acute myocarditis. There were 3 women 
and 2 men. Their ages ranged from 23 to 69 years (me-
dian, 32 yr). No patient had a cardiac risk factor or ad-
mitted to having used cocaine before the development 
of chest pain. At presentation, all patients had experi-
enced <12 hours of typical anginal chest pain and a pre-
ceding illness that had involved the upper respiratory or 
gastrointestinal tract. One patient also presented with 
cardiogenic shock.

Evaluation of Clinical 
and Left Ventricular Function
Clinical presentations, coronary risk factors, ECG find-
ings, durations of illness, and the locations and extent 
of left ventricular wall motion abnormalities were eval-
uated. Histories of smoking were determined by asking 
whether the patients had smoked more than 10 ciga-
rettes per day for a year or more during their lifetimes. 
Diabetes mellitus was defined as diabetic disease that 

required dietary or medical therapy. Hypercholester-
olemia was defined as a serum total cholesterol level 
of >200 mg/dL. Hypertension was defined as a blood 
pressure >140/90 mmHg or as a history of having re-
ceived medical therapy for the condition. Initial left 
ventricular ejection fractions and segmental wall motion 
abnormalities were evaluated serially by 2-dimension-
al echocardiographic studies as recommended by the 
American Society of Echocardiography.11 Left ventricu-
lar dysfunction was def ined as an ejection fraction 
<0.50.

Electrocardiographic Findings
The varied ECG findings on admission included ST-
segment elevation in the anterior precordial leads in pa-
tients 1, 2 (Fig. 1A), 3, and 5 (Fig. 2A). Also noted were 
ST-segment depression in patient 4 and pathologic Q 
waves in patient 5 (Fig. 2A). All patients had persistent 
anterior T-wave inversions during admission (Fig. 1B).

Evaluation of the Coronary Arteries
Intracoronary methylergonovine maleate (Methergin®, 
Novartis International AG; Basel, Switzerland) testing 
was performed as previously described12 in order to ex-
clude the possibility of coronary vasospasm in patients 
who exhibited no evidence of hemodynamically signi-
ficant coronary artery disease (defined as >50% stenosis 
in the lu men diameter of the major coronary arteries). 
A positive finding of intracoronary ergonovine provo-
cation testing for coronary vasospasm was defined as 
a decrease >70% in the diameter of an arterial lumen, 
with concurrent chest pain and ischemic ST-segment 
changes during testing. Examination included lumen 
reduction, evaluation of chest pain, detection of simul-
taneous ST-segment changes in leads I and II by aVR 
ECG during intracoronary ergonovine testing, and (in 
patient 3 only) angiography. All 5 patients refused cardi-

TABLE I. Baseline Characteristics, Results of Positive Gallium 67 Myocardial Scanning in the LV Myocardium, and 
Outcomes of 5 Patients

       Long-Term Outcome
 Patient Age (yr),  Troponin I Peak CK  NYHA Follow-Up
 No. Sex ECG Findings (ng/mL) (U/L) LV Function Class (mo)

 1 23, F ST↑ V1–V4 NA 775 Anterior and anteroseptal hypokinesia I 84
      (EF, 0.48)
 2 24, F CAVB; CRBBB; NA 906 Anteroseptal hypokinesia (EF, 0.39) I 64
   ST↑ V1–V3    
 3 32, F ST↑ V2–V4 NA 320 Global hypokinesia (EF, 0.41) I 45
       
 4 60, M ST↓ II, III, aVF 0.286 NA Global hypokinesia (EF, 0.19) I 64
       
 5 69, M CAVB; Q-wave; NA 2,184 Global hypokinesia (EF, 0.22) – Died (4 d)
   ST↑ V1–V3    

CAVB = complete atrioventricular block; CK = creatine kinase; CRBBB = complete right bundle branch block; ECG = electro-
cardiographic; EF = ejection fraction; F = female; LV = left ventricular; M = male; NA = not available; NYHA = New York Heart 
Association; Q-wave = pathologic Q-wave; ST↓ = ST-segment depression; ST↑ = ST-segment elevation
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ac biopsy. Only patient 3 consented to undergo cardiac 
catheterization, which showed normal coronary arter-
ies and no vasospasm.
 After hospitalization and before Ga 67 scintigraphy, 
complete atrioventricular block occurred in patient 2 
(Fig. 1A) and patient 5 (Fig. 2A). Patient 2, who also 
experienced right bundle branch block, required trans-

venous temporary pacemaker insertion via a femoral ap-
proach. Patient 5 experienced a return to sinus rhythm 
after 8 hours without intervention. Peak creatine kinase 
levels ranged from 320 to 2,184 U/L, with rise and fall 
following the pattern typical of acute myocardial infarc-
tion. Echocardiography revealed decreased left ventricu-
lar systolic function in all patients; ejection fractions 
ranged from 0.19 to 0.48.

Gallium 67 Myocardial Scintigraphy
The patients received a 9-mCi intravenous injection of 
Ga 67 on the 3rd day after admission, and Ga 67 myo-
cardial scintigraphy was performed in 4 patients 72 
hours after the injection. Due to the unstable condi-
tion of patient 5, who was experiencing refractory car-
diogenic shock, the Ga 67 imaging of that patient was 
performed earlier, on day 4 after admission. The imag-
es were taken with a gamma camera with a large field of 

Fig. 1  Patient 2. A) Baseline electrocardiogram shows complete 
right bundle branch block, complete atrioventricular block, and 
ST-segment elevation in leads V1 through V3. B) Follow-up elec-
trocardiogram (4 days later) shows sinus rhythm and resolution 
of the ST-segment elevation. C) Gallium 67 myocardial scanning 
in anterior–posterior projection shows diffuse uptake in the left 
ventricle (arrows).

Fig. 2  Patient 5. A) Baseline electrocardiogram at presentation 
shows complete atrioventricular block, along with ST-segment 
elevation and a pathologic Q-wave in leads V1 through V3. There 
was associated cardiogenic shock. B) Gallium 67 imaging (left 
anterior–oblique 30° projection) shows diffuse and intense myo-
cardial uptake (arrows).
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view (Varicam, GE Healthcare–Elscint; Haifa, Israel). 
The camera was capable of detecting the 93, 185, and 
300 keV Ga 67 peaks to 625,000 counts.
 For the whole-body survey, anterior and posterior 
views were obtained. If the results were ambiguous, 
right and left lateral views and single-photon-emission 
computed tomographic images of the chest were ob-
tained, with most of the liver excluded from the region 
of interest. All images were processed by use of a nu -
clear medicine computer with a 128 × 128 matrix (XPert 
Workstation, GE Healthcare) and enhanced by less 
than 20% of the maximal pixel. The activity of gallium 
uptake in the heart was compared with that in the ster-
num. Scans were interpreted as positive when the heart’s 
uptake activity was equal to or greater than that in the 
sternum; had the activity been less than that in the ster-
num, a scan would have been considered equivocal.

Results

The Ga 67 myocardial imaging in all 5 patients was 
positive for acute myocarditis (Figs. 1C and 2B). Table 
I shows the scan results and the outcomes of the pa-
tients.
 Patient 5 died 4 days after admission due to rapid-
ly progressive heart failure and irreversible cardiogen-
ic shock. Follow-up data on the surviving patients were 
obtained from the outcomes of their monthly visits to 
staff physicians in the outpatient clinic, and from hospi-
tal records and telephone interviews. The events record-
ed in this analysis were death (cardiac or noncardiac), 
nonfatal reinfarction, and recurrent angina.
 The left ventricular ejection fractions of the 4 surviv-
ing patients returned to normal within 1 month after 
treatment with captopril, carvedilol, isosorbide dinitrate, 
and furosemide. During a median follow-up period of 
64 months (range, 45–84 mo), the patients remained 
in New York Heart Association functional class I.

Discussion

This study found Ga 67 myocardial scintigraphy to be 
an invaluable means of differentiating acute myocarditis 
from acute myocardial infarction when endomyocardial 
biopsy and coronary angiography were not performed. 
To our knowledge, this is the 1st report of the use of Ga 
67 myocardial scintigraphy to differentiate acute myo-
carditis from acute myocardial infarction.

Previous Studies
Despite the limited sensitivity and specificity of endo-
myocardial biopsy, it remains the gold standard for di-
agnosis of acute myocarditis.4-8 This method has been 
criticized, however, for its disadvantages (associated 
morbidity, cost, and sampling error). Diagnosis of acute 
myocarditis depends in large part on clinical suspicion13 

and should not be made on the basis of histologic find-
ings alone.
 It should be emphasized that Ga 67 scintigraphy de-
tects areas of inflammation. Although early studies 
suggested that Ga 67 could be used to identify inflam-
matory components of myocardial infarction or bacteri-
al endocarditis, this procedure has not proved clinically 
useful.14 Strain and associates15 found that a positive Ga 
67 scan appeared to be concordant with a biopsy-proven 
diagnosis of inflammatory myocarditis. They found 
that Ga 67 scanning had a sensitivity of 44%, speci-
ficity of 100%, and a positive predictive value of 58% 
in detecting inflammatory myocarditis when endomyo-
cardial biopsy was used as the diagnostic standard. Sim-
ilar sensitivity and specificity of Ga 67 scanning were 
also reported in patients who were found to have dilat-
ed cardiomyopathy.10

 Creatine kinase levels are often elevated in acute myo-
carditis. Smith and colleagues4 showed that measure-
ment of cardiac troponin I more accurately detected 
myocyte injury in acute myocarditis than did inter-
pretations of creatine kinase–MB isoenzyme levels. 
Myocardial infarction remains a relatively uncommon 
occurrence in patients younger than 40 years of age. 
Histologically verified myocarditis has been detected in 
a high proportion of patients younger than 40 years of 
age who have angiographically normal coronary arter-
ies, but acute myocarditis that presents as acute myo-
cardial infarction can also occur in older persons.16 In 
a study of younger patients aged 26.3 ± 10.0 years in 
whom myocarditis was suspected but had not been ver-
ified by biopsy, Paillard and coworkers17 found more 
abnormal regional wall motion on echocardiography 
than did Dec and associates.16

Present Study
In our series of patients, features suggestive of acute 
myocarditis included young age at presentation (3 pa-
tients were <35 years old), a history of diarrhea or flu-
like symptoms within the preceding 4 weeks, and a 
paucity of conventional risk factors for accelerated 
atherosclerosis despite clinical signs, symptoms, and 
ECG findings that were highly suggestive of acute myo-
cardial ischemia or infarction. In comparison with the 
patients of Dec and associates,16 our patients had a sim-
ilar incidence of anterior ECG findings, higher creatine 
kinase elevation, and more wall motion abnormalities. 
The higher creatine kinase levels, which indicate a larger 
area of myocardial injury, are consistent with our find-
ings of more wall motion abnormalities.
 Because inflammation in myocarditis is potential-
ly reversible, effective attempts to modify the natural 
course of this illness depend upon early identification of 
the myocardial infiltrates. Early Ga 67 imaging, espe-
cially when (as in our study) coronary angiography and 
endomyocardial biopsy are not performed, can identify 
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acute myocarditis. Although Ga 67 imaging is useful in 
screening for inflammation, several technique-depend-
ent sources of error can decrease its sensitivity. Scans 
should be performed 72 hours after injection of the iso-
tope, because if imaging is performed at 24 hours, the 
Ga 67 may not clear the blood pool, and false-positive 
Ga 67 imaging will result. Also, imaging the heart with 
high background (inadequate clearance of Ga 67 from 
the cardiac blood pool) may decrease sensitivity if the 
imaging is performed at 48 hours. From our limited ex-
perience in patient 5, we speculate that Ga 67 imaging 
may be performed within 48 hours after isotope injec-
tion in patients who are responding poorly to medical 
treatment.
 Positioning of the gamma camera is very important. 
Scanning should be performed in both the anterior and 
the oblique projections so that localized uptake can be 
confirmed as myocardial in origin. Most of the liver 
should be excluded from the field of view, because Ga 
67 tends to accumulate in reticuloendothelial elements 
of the liver and bone marrow. This may introduce ambi-
guities into regions of the scan where these tissues are 
adjacent to the left ventricle. A potential source of con-
fusion is inadequate separation of normal activity in the 
liver from activity in myocarditis, especially when the 
latter is diaphragmatic in location.
 Although immunosuppression has been reported to 
ameliorate autoimmune myocarditis,18 it is not recom-
mended for the routine treatment of patients who have 
myocarditis.19 Supportive care remains the 1st line of 
therapy for patients who have acute myocarditis.13 We 
found that all of our surviving patients experienced a re-
turn to normal left ventricular function under support-
ive care within 1 month after Ga 67 scanning identified 
acute myocarditis.

Conclusion

The limited experience gained as a result of this study 
suggests that Ga 67 scintigraphy is a useful screening 
method by which to identify patients who have acute 
myocarditis that mimics acute myocardial infarction.
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