
attempts to employ the cardiac-specific isozymes of
CPK have met with only limited success in aiding
the diagnosis (5).

Several recent studies (6â€”8)have indicated that
radiolabeled pharmaceuticals may be of value in
identifying cardiac contusions. At present, however,
there are few quantitative data describing contused
myocardium's ability to concentrate these tracers.
The present study was undertaken, therefore, to
measure this uptake and to see if it, like that in in
farcted myocardium (9,10), varies with the age of
the insult.

METHODS

Acute group (2â€”8hr). Eleven mongrel dogs were
used for the study. They were of either sex and
weighed from 12 to 30 kg. Each was anesthetized
with 4 mg/kg sodium pentobarbital intravenously.
Under positive-pressure ventilation, the chest was
opened in the fifth left â€˜Interspaceand the left
ventricular free wall was exposed by retracting the
ribs and cutting the pericardium. Arterial pressure
was monitored by a catheter inserted through a
femoral artery and into the thoracic aorta. Ven
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Myocardial contusion is probably the commonest
cardiac lesion resulting from non-penetrating trauma.
Although it is a potentially fatal injury, the true
clinical incidence of this lesion remains unknown.
Autopsy studies (1 ) suggest that the frequency of
myocardial contusion is relatively high in patients
who have suffered a decelerative injury or blunt
trauma to the thorax or abdomen. However, the
diagnosis of cardiac contusion has been difficult to
make for two reasons. First, the associated mus
culoskeletal injuries in these patients often mask the
more subtle signs and symptoms of myocardial con
tusion. Second, even if the diagnosis is suspected,

there are no reliable means to confirm the presence
of myocardial contusion unless the more severe mani

festations of cardiac injury appearâ€”such as those
due to valvular injury, or to disturbances of rhythm
or conduction.

Because unanticipated cardiac death may occur
in these patients, however, it is important that early
identification of such lesions be made and appro
priate precautionary measures taken. Electrocardio
graphic criteria are currently the primary means of
diagnosing myocardiai contusion (2 ) . Unfortunately,
the electrocardiographic changes are often nonspe
cific (1 ,2 ) . Serum enzymes have been of little use in
making the diagnosis, since enzymes of cardiac origin
are usually masked by enzymes released from necros
ing skeletal muscle (2 ) . In addition, the most recent
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DogNo.Hours2482448117.1

1138.6 10.310.9 7.48.8 26.4102.777.222.8

1.228.6 2.510.0 7.235.3 29.326.69.9323.0

7.016.6 22.89.0 4.452.2 28.523.411.845.9

8.3511.6

12.9
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the full thickness of the right ventricle.
The tissue samples, approximately Â¼ g apiece,

were each placed in a counting vial containing 2Â½
ml of iO% formalin. The vials were counted in a
well scintillation counter.

Chronicgroup (24 and48 hr) . In this groupsix
dogs were prepared with cardiac contusions, allowed
to recover, and then restudied at 24 or 48 hr after
the initial insult. The dogs were anesthetized with
4 mg/kg of sodium pentobarbital intravenously and
a small thoracotomy in the left fifth interspace was
performed under sterile conditions. A contusion was
made on the left free wall as in the acute group, and
the chest wall was repaired using silk suture. The
animals were returned to the kennels where all re
covered from the operation uneventfully. At 23Â½
or 47Â½ hr after contusion the animals were re
anesthetized and given the labeled pyrophosphate as
an i.v. bolus. One-half hour later the heart was re
moved and prepared as described above. Hemody
namic measurements as described for the acute group
were taken only during the restudy.

RESULTS

Following impact with the paddle, small epicardial
hemorrhages often gave the region a variegated ap
pearance. In all of the acute studies the region
retained a bright red color in situ as if it were in a
hyperemic state. Table 1 relates the uptake of the
pyrophosphate in contused vs non-contused tissue.
The counts per minute per gram of the three non
contused samples were consistently similar for each
of the hearts. These were therefore pooled for each
heart and used as a normalizing standard. The ability
to concentrate the tracer is measured by the ratio of

FIG. 1. Deviceusedto produceopen-chestmyocardialcon
tusion in dogs.

tricular pressure was monitored by another catheter
inserted into the left carotid artery and past the
aortic valve.

Contusions were induced by a spring-loaded pad
dle (Fig. 1) . This was constructed from a rat trap
with a 2-cm-square block attached to the bail. To
induce a contusion the bail was pulled back with a
force of 2.5 kg (an angle of i 20Â°), and the base of
the trap was pressed against the free wall of the
left ventricle. The bail was then released, allowing
the paddle to strike the epicardial surface.

From i Â½to 7Â½hr after the contusion was cre
ated, Tc-99m stannous pyrophosphate (3 mCi and
8 mg of material) was injected intravenously as a
bolus; after 30 mm the hearts were removed, rinsed
under tap water, and sectioned. Seven samples were
removed from each heart : two epicardial and two
endocardial samples from the contused region, an
epicardial and an endocardial sample from a non
contused part of the left ventricle, and a sample of

TABLE 1. RATIO OF Tc-99m PP1 PER GRAM OF CONTUSED EPICARDIUM TO THAT IN UNINJURED
MYOCARDIUM FROM SAME HEART*

Mean 10.4 12.8
Range 1.2â€”23.0 2.5â€”28.6
No. of dogs 3 5

0 Eachdog yielded two samples;two ratiosare listed for each.

8.1
4.4â€”10.9

3

30.1
8.8â€”52.2

3

41.9
9.9â€”102.7

3
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Dog
No.KgHeart weight (g)PrecontusionPostcontusionAoPtmmHgLVEDP@ mmHgHeart rateAoPt mmHgLVEDP4 mmHgHeartrateHr@740

768
770

780
796

811
800
819
814
824
2918

17
15

20
11

24

12
24
18
19
30100

â€”

77

128
â€”

121
â€”

91
111

83
195115/95

120/107
118/104
145/112
120/106
160/115
180/80
137/107
130/104

130/110
125/1005

1
10
7
2
4

5

2
1

1
5155

186
126
149
163
144

142
166
181

144
178132/109

132/94
127/105
135/95
135/118
125/95

125/100
115/90
140/100

95/70
115/887

4

5
10
2

15

5

2
1

1
5127

150

144

169
195
184
154
197
208

182
1782

4

8MÂ±s.d.125Â±13/103Â±104Â±3158Â±18125Â±13/97Â±125Â±4171Â±257

11

27
827

821

2520

19

26

26

20

28116

104
117
150
109
155â€”

â€”

â€”

â€”

â€”

â€”â€”

â€”

â€”

â€”

â€”

â€”â€”

â€”

â€”

â€”

â€”

â€”132/107

157/132

139/116

117/95

141/
125/1002

5
6
6

2
1155

158
143
166
217
17524

48MÂ±s.d.143Â±13/110Â±133Â±2169Â±25
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cpm/g for contused myocardial tissue to the cpm/g
for the noncontused, pooled average.

Figure 2 shows the average uptake ratio calculated
for each time interval. The solid bars indicate epi
cardial samples while the open bars represent endo
cardial samples. The epicardial ratios were high,
ranging around 10, even in the earliest samples, and
they remained high, often increasing, even at 48 hr.
The subendocardial samples consistently showed a
lower uptake of pyrophosphate, probably because
less damage was present at that depth.

At necropsy, the contused heart tissue in the 24-
and 48-hr groups had the blanched appearance iden
tical with that of an infarcted heart suffering from a
coronary occlusion of comparable age.

Table 2 shows the hemodynamic data from these
animals. The contusion had no effect on systolic or
diastolic pressure, heart rate, or left ventricular end
diastolic pressure in the 2- to the 8-hr groups. Fur
thermore, the 24- and the 48-hr dogs were found
to have hemodynamic findings within normal limits
on restudy.

DISCUSSION

These experiments clearly indicate that contused
myocardium does sequester pyrophosphate in quan
tity. Pyrophosphate has been shown to concentrate
in burned myocardium (1 1 ) and probably has an

Relativeuptake of Tc-99mStannous Pyrophosphate
Contused Myocardium

FIG.2. Histogramshowinguptakeof
phosphate by contused myocardium as a
contusion and myocardial depth.

affinity for dying muscle regardless of the cause of
cell death. What is surprising is the speed with which
the contused myocardium will take up pyrophos
phate. Following occlusion of a coronary artery,

Tc-99m stannous pyro.
function of time after

TABLE 2. HEMODYNAMIC DATA FROM CONTUSED ANIMALS

SPostcontusionmeasurementswere taken just before removalof hearts for sectioning.
t Aortic pressure.
:1:Left-ventricularend-diastolicpressure.
Â§Hoursrefer to time betweencontusionand administrationof tracer.Dogswere killed â€˜,4-hrlater.
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pyrophosphate does not begin concentrating in the
ischemic tissue until about 6 hr after occlusion, and
does not reach peak specificity until after a day or
two (10,12 ) . In the present study, however, even
the initial 2-hr study showed very high concentra
tions.

Figure 2 indicates that the uptake of pyrophos
phate increased with increasing intervals between the
time of contusion and administration of the tracer.
This increase, however, may be only apparent. In
the acute group the contused areas were difficult
to visualize. Though the region struck by the paddle
was hyperemic in situ, the hearts turned a uniformly
dusky color upon removal from the chest. Other
than occasional hemorrhages in the tissue, particu
larly where the edges of the paddle struck the heart,
the affected myocardium often appeared the same
as the non-involved muscle. Thus we had to rely on
epicardial landmarks to remove the samples from
the contused region. The early samples, therefore,
probably contained a mixture of both dead and
viable tissue, which would cause an underestimation
of the true ratio. On the other hand, the 24- and
48-hr groups had clearly visible regions of necrosis,
So it was easy to remove only the necrotic regions

for counting. In any case, the uptake is of sufficient
magnitude for scintigraphic imaging over the entire
range of time periods studied.

Go et al. (8) produced large cardiac contusions
in five closed-chestdogs using a captive-bolt hand
gun. Tc-99m-labeled polyphosphate produced posi
tive scintigrams in all of these animals. Only two of
these, however, were examined to determine the
tissue distribution of the tracer. One of these, 3 hr
after contusion, yielded an injured-to-normal ratio
of i4, whereas the other, 48 hr after contusion,
showed a ratio of only 4.5. In the present study
pyrophosphate gave much higher ratios at all time
intervals, and there certainly was no suggestion of
diminished uptake at 48 hr.

Figure 2 also shows that little subendocardial up
take was realized. The insult was delivered to the
epicardium and apparently did not induce transmural
damage. Gross examination of the 24- and 48-hr
hearts indicated that necrosis was limited to the outer
half of the ventricular wall. When all of the epicardial
samples from all time groups were pooled, a ratio
of i 9.7 resulted for the differential uptake of pyro
phosphate. This is not far from the values of 22â€”28
reported for myocardial infarction in dogs (11,12).

The present model of cardiac contusion seems to
produce reproducibly an injury that results in cell
death, as evidenced by the 24- and 48-hr animals.
Previous models of cardiac contusion have been
described by others for both open chest (13) and

the closed chest (3,6,8) . Though the present model
is the simplest, it seems to be quite adequate. In
fact one of the advantages of this model is that it is
not complicated by depressed pump function. Our
hemodynamic data showed no significant changes.
Previous animal (3,6) and clinical (6,14) reports
indicate that impaired pump function may follow
cardiac contusion. Such was clearly not our finding,
since our contusions were small (@ 4 cm3) and
involved relatively little myocardium. Experimental
occlusions of the left anterior descending coronary
artery of the dog involve about the same volume of
tissue, and in our experience these also cause little
alteration of hemodynamic function (15).

In summary, contused myocardium over the pe
riod of 2 to 48 hr was found to concentrate Tc-99m
stannous pyrophosphate in quantities comparable
to those in ischemic injury.

ACKNOWLEDGMENTS

This work was supported by a grant from the American
Heart Association with funds contributed by the Heart
Association of Palm Beach County, Florida, and with intra
mural funds from the University of South Alabama.

REFERENCES

1. PARMLEYLF, MANION WC, MArrINGLY TW: Non
penetrating traumatic injury of the heart. Circulation 18:
371â€”396,1958

2. GOLDRJNGD, BEHRERMR, ANT0NI0u CA, et al: Non
penetrating trauma to the heart. I Pediatr 68: 677â€”692,
1966

3. BECKMANDL, FRIEDMANBA : Mechanics of cardio
thoracic injury in primates. I Trauma 12: 620â€”629,1972

4. LIEBERMANJ, LASKY II, DULKIN SI, et al: Serum
giutamic-oxalacetic transaminase activity in conditions asso
ciated with myocardial infarction. I. Bodily trauma. Ann
lntMed46: 485â€”505,1957

5. BATSAKISJG, BRIERE RO: Interpretive Enzymology.
Springfield, Ill., Charles C. Thomas, Publisher, 1967, p 18

6. Do-rr DB, ANDERSONAE, ROSEEF, et a!: Cardiac
trauma: Clinical and experimental correlations of myocar
dial contusion. Ann Surg 180 452â€”460,1974

7. MARTIN LG, LAROSEJH, SYBERSRG, Ct al: Myocar
dial perfusion imaging with â€˜@mTc-Albuminmicrospheres.
Radiology 107: 367â€”371,1973

8. Go RT, CHIN CL, Do@ry DB, et al: Radionuclide
imaging of experimental myocardial contusion. I Nucl Med
15:1174â€”1175,1974

9. BRUNOFP, COBB FR, RIVASF, et al : Evaluation of
99m technetium stannous pyrophosphate as an imaging
agent in acute myocardial infarction. Circulation 54: 7 1â€”78,
1976

10. BUJA LM, PARKEYRW, DEEs JH, Ct al: Morphologic
correlates of technetium-99m stannous pyrophosphate im
aging of acute myocardial infarcts in dogs. Circulation 52:
596â€”607,1975

11. DAVISMA, HOLMANBL, CARMELAN: Evaluation of
radiopharmaceuticals sequestered by acutely damaged myo
Ã§ardium.JNuclMed 17: 911â€”917,1976

1174 JOURNAL OF NUCLEAR MEDICINE



DIAGNOSTIC NUCLEAR MEDICINE

12. COLEMANRE, KLIEN MS, ARMED SA, et al : Mecha
nisms contributing to myocardial accumulation of techne
tium-99m stannous pyrophosphate after coronary occlusion.
AmJCardiol39: 55â€”59,1977

13. M0RITz AR, ATKINs JP: Cardiac contusion. Arch
Pathol 25: 445â€”462,1938

14. POMERANTZM, DELGADOFL, EISMANB : Unsuspected
depressed cardiac output following blunt thoracic or ab
dominal trauma. Surgery 70: 865â€”871,1971

15. SNYDERR, DOWNEYJM, Knuc ES: The active and
passive components of extravascular coronary resistance.
CardiovascRes9: 161â€”166,1975

Lung Uptake of Tc-99m Sulfur Colloid in Liver and Spleen Imaging.
Accepted 726177.

William C. Klingensmith III. Shirley L. Yang. and Henry N. Wagner. Jr.
Gallium Scanning (Letter to the Editor). Accepted 8/2/77.

Thomas S. Moore and Charles D. Teates
Normal Adrenal Asymmetry: Explanation and Interpretation. Accepted
813/77.

John E. Freitas. James H. Thrall. Dennis P. Swanson. Ayman Rifai. and
William H. Beierwaltes

Detection of Lipoid Tumors by Xenon-l33. Accepted 8/3/77.
E. Edmund Kim. Frank H. DeLand. Yosh Maruyama, and Edmund Ho

[@2P} Diphosphonate Dose Determination in Patients with Prostatic

Carcinoma. Accepted 8/4/77.
Majic S. Potsaid. Robert J. Irwin, Jr.. Frank P. Castronovo. George R.
Prout. Jr.. William J. Harvey. Marion D. Francis. Andrew J. Tofe. and
Robert G. Zamenhof

Permissible Concentration in Air of Xenon-l27 (Concise Communication).
Accepted 8/9/77.

David L. George
Studies on Gallium Accumulation in Inflammatory Lesions I. Gallium
Uptake by Human Polymorphonuclear Leukocytes. Accepted 8/9/77.

Min-Fu Tsan. William Y. Chen, Ursula Scheffel. and Henry N. Wagner. Jr.
Accumulation and Localization of Ga-67 in Various Types of Primary Lung
Carcinoma. Accepted 8! 10/77.

C. W. Thesingh.0. M. J. Driessen.W.Th. Daems.C. Franken.E. K.J.
Pauwels. E. Schaffer. J. Vermeij. and E. Wisse

Minimum Detectable Gray-Scale Differences in Nuclear Medicine Images.

Accepted8/11/77.
Frank R. Whitehead

Clinical Radionuclide Imaging Studies. Chest Tomography by Gamma
Camera and External Gamma Source (Concise Communication). Accepted
8/12/77.

Massimo Pistolesi. Stefano Solfanelli. Riccardo Guzzardi, Maurizio Mey.
and Carlo Giuntini@

Tc-99m Pyridoxylidene Glutamate in the Investigation ofJaundiced Patients.
Accepted 8/23/77.

E. Lubin. M. Rachima, V. Oren. J. Weininger. J. Trumper, 1. Kozenitzky.
and Y. Rechnic

Studies on Gallium Accumulation in Inflammatory Lesions II. Accepted
8/ 16/77.

Shameen Menon, Henry N. Wagner. Jr.. and Min-Fu Tsan
Scintigraphy in the Followup of Pediatric Splenic Trauma Treated without
Surgery, Accepted 8/ 19/77.

Keith C. Fischer. Angelo Eraklis, Pedro Rossello, and S. Treves
Evaluation of Diseases of the Thyroid Gland with the In Vivo Use of
Radionuclides. Accepted 8/22/ 77.

Eugene Saenger (Task Force on Short-Lived Radionuclides for Medical
Applications).

Problems in the Interpretation of the In Vivo Measurement ofCalcium by the
Argon-37 Method: An Investigation of Inert Gas Elimination in Humans.
Accepted 8 I22/ 77.

C. M. J. Bell.M. 0. Leach,J. T. Dabek, D. R. Chettle,H. James,B.J.
B.J. Thomas.and J. H. Fremlin

Left-Ventricular Ejection Fraction and Segmental Wall Motion by Peripheral
First-Pass Radionuclide Angiography. Accepted 8/22/77.

Harvey S. Hecht, Stuart G. Mirell, Ellis L. Rolett, and William H. Blahd
A Model for RegionalCerebralOxygenDistributionDuring Continuous
Inhalation of @O2,C'50. and Câ€•02. Accepted 8/22/77.

Rajeshwari Subramanyam. Nathaniel M. Alpert, Bernard Hoop. Jr.,
Gordon L. Brownell, and Juan M. Taveras

The Increasing Incidence of Hypothyroidism Within One Year After
Radioiodine Therapy for Toxin Diffuse Goiter. Accepted 8/22/77.

Stanley E. Von Hofe, Steven G. Dorfman, Robert F. Carretta, and Robert
L. Young

An lodinated Catecholamine Congener for Brain Imaging and Metabolic
Studies. Accepted 8/24/ 77.

Thornton Sargent III, Thomas F. Budinger, Gisela Braun, Alexander T.
Shulgin, and Ulrich Braun

The Scintigraphic Investigation of Sacroiliac Disease (Letter to the Editor).
Accepted 8/32/77.

J. Dequekerand M. Dc Roo
Reply. Accepted 8/31/77.

B. C. Lentle,A. S. Russell,J. S. Percy,and F. I. Jackson
Radiometric Detection of Herpes Simplex Viruses. Accepted 9/ I /77.

Nancy L. D'Antonio, Min-Fu Tsan. Diane E. Griffin, Patricia A.
Charache, and Henry N. Wagner. Jr.

Imaging the Bowel with Technetium. an Aid in Gallium Studies (Case
Report). Accepted 9/2/77.

Owen Van Kirk, Neil Chafetz, Steven Cooke, Andrew Taylor. Jr.. and
Steven M. Larson
[1-' â€˜C]DL-Valine, a Potential Pancreas-Imaging Agent. Accepted 9/2/77.

Lee C. Washburn, Bruce W. Wieland. Tan Tan Sun, Raymond L. Hayes.
and Thomas A. Butler

Cerebral Pefusion Deficit Masked by Paget's Disease of SkuIl(Case Report).
Accepted 9/2/7.7.

Kenneth R. Hofstetter, Dennis D. Patton, and Robert E. Henry

Liquid-Scintillation Vial for Radiometric Assay of Lymphocyte Carbo
hydrate Metabolism in Response to Mitogens (Preliminary Note). Accepted
9/6/77.

Ngo Tran and Henry N. Wagner, Jr.
The Monitoring of Renal Dysfunction in Renal Emphysema by Dual Radio
pharmaceutical Scintiscanning. Accepted 9/6/77.

Tapan K. Chaudhuri, R. Venkatesan, and J. V. Bohbitt
The Monitoring of Renal Dysfunction in Renal Emphysema by Dual
Radiopharmaceutical Scintiscanning. Accepted 9/6/77.

Tapan K. Chaudhuri, R. Venkatesan. and J. V. Bobbitt
Biodistribution of Intravenously Injected [â€œC]Doxorubicin and [â€œC]
Daunorubicin in Mice (Concise Connumication). Accepted 9/6/77.

Katharine Harrison and Henry N. Wagner, Jr.
Cardiac Chamber Imaging@ A comparison of Red Blood Cells Labeled with
Tc-99m In Vitro and In Vivo. Accepted 9/7/77.

Frederick N Hegge. Glen W. Hamilton, Steven M. Larson. James L.
Ritchie. and Powell Richards

Thallium-20l Imaging in Thyroid Carcinoma-Appearance ofa Lymph-node
Metastasis (Case Report). Accepted 9/7/77.

Minoru Fukuchi. Keizo Tachibana, Keiji Kuwata, Akiharu Nishikawa,
Kayo Hyodo. Eizo Okamoto, and Kiyoyasu Nagai

Liver Scintigraphic Features Associated with Alcoholism. Accepted 9/9/77.
David E. Drum and Judith 0. Beard

SNM Drug Problem Reporting System (Letter to the Editor). Accepted
9/13/77.

Leonard Ford. Arvin Schroff. Walter Benson, Harold Atkins. and Buck A.
Rhodes

Effect of Cytomegalovirus infection on Metabolism of WI-38 Cultures
(Concise Communication). Accepted 9/14/77.

Evelyn M. Hurlburt, Ping F. Ki, and Henry N. Wagner. Jr.
Radionuclide Study in pulmonary Sequestration (Case Report). Accepted
9/14/77.

Kenji Kawakami, Shimpei Tada, Naofumi Katsuyama, and Sachio
Mochizuki

Extraosseous Accumulation of Tc-99m Pyrophosphate in Soft Tissue after
Radiation Therapy (Letter to the Editor). Accepted 9/ 16/77.
A. Bekier

1175

AcceptedArticlesto AppearIn UpcomingIssues

Volume 18, Number 12




