
Vol. 211 * No. 5 CARDIAC ]

27. Ricks RK, Howell JF, Beall AC, DeBakey ME. Gunshot wounds of
the heart: a review of 31 cases. Surgery 1965; 57:787-790.

28. Waitt PM, Lawrance K. Steinmetz EF. Foreign bodies in the heart:
case report. Ann Surg 1965; 162:43-47.

29. Bland EF, Beebe GW. Missiles in the heart. A twenty-year follow-
up report of World War II cases. N Eng J Med 1966; 274:1039-
1046.

30. Holdefer WF, Lyons C, Edwards WS. Indications for removal of
intracardiac foreign bodies: Review and report offour cases. Ann
Surg 1966; 163:249-256.

31. McLaughlin JS, Herman R, Scherlis L, Yeager G. Sterile pericarditis
from foreign body. Acute tamponade one month following gun-
shot wound. Ann Thor Surg 1967; 3:52-56.

32. Padula RT, Sandler SC, Camishion RC. Delayed bullet embolization
to the heart following abdominal gunshot wound. Ann Surg 1969;
169:599-602.

33. Samaan HA. Intracardiac foreign bodies. Br J Surg 1970; 57:685-
687.

34. Morton JR, Reul GJ, Arbegast NR, et al. Bullet embolus to the right
ventricle. Report of three cases. Am J Surg 1971; 122:584-590.

35. Smiley WH, Walter WH, Parisi A. Aeromedical evaluation of an
asymptomatic patient with a bullet in the heart. Aerospace Med
1972; 43:207-208.

36. Kones RJ, Phillips JH. Foreign body of the heart complicated by
papillary muscle necrosis located by echocardiography. Report
of a case and review of the literature. Chest 1972; 62:52-57.

37. Abbott JA. An intrapericardial tumbling bullet. J Amer Med Assoc
1973; 223:196.

38. Barlett H, Anderson CB, SteinhoffNG. Bullet embolism to the heart.
J Trauma 1973; 13:476-479.

39. Kronzon I, Zelefsky M, Laniado S. Jordan A. Coronary angiography
as an aid in localizing myocardial foreign bodies: a case report.
J Trauma 1974; 14:429-434.

40. Hiebert CA, Gregory FJ. Bullet embolism from the head to the
heart. J Amer Med Assoc 1974; 229:442-443.

41. Fordham SD. Bullet embolism. International Surg 1976; 61:481-
483.

42. Alter BR, Wheeling JR, Martin HA, et al. Traumatic right coronary
artery right ventricular fistula with retained intramyocardial bullet.
Am J Cardiol 1977; 40:815-819.

43. Rich NM, Collins GJ, Andersen CA, et al. Missile emboli. J Trauma
1978; 18:236-239.

44. Moncada R, Matuga T, Unger E, et al. Migratory traumatic cardio-
vascular foreign bodies. Circulation 1978; 57:186-189.

MISSILES 647

45. Mattox K, Beall AC, Ennix CL, DeBakey ME. Intravascular migra-
tory bullets. Am J Surg 1979; 137:192-195.

46. Mautner RK, Giles TD. Angina pectoris associated with a metallic
fragment in the heart. Chest 1979; 75:605-606.

47. Van Eeden AF, Du Plessis HJC. Shrapnel wound of the heart. A
case report. SA Med J 1980; 57:1052-1054.

48. Hartzler GO. Percutaneous transvenous removal of a bullet embolus
to the right ventricle. J Thorac Cardiovasc Surg 1980; 80:153-
155.

49. Graham JM, Mattox KL. Right ventricular bullet emobolectomy
without cardiopulmonary bypass. J Thorac Cardiovasc Surg 1981;
82:310-313.

50. Harrison LH, Kisslo JA, Sabiston DC. Extraction of intramyocardial
foreign body utilizing operative ultrasonography. J Thorac Car-
diovasc Surg 1981; 82:345-349.

51. Roehm EF, Eilen SD, Crawford MH. Two dimensional echocar-
diographic demonstration of a bullet in the heart. Am Heart J
1985; 109:910-912.

52. Hassett A, Moran J, Sabiston DC, Kisslo J. Utility of echocardi-
ography in the management of patients with penetrating missile
wounds of the heart. Am Coll Cardiol 1986; 7:1151-1156.

53. Fyfe DA, Edgerton JR, Chaikhouni A, Kline CH. Preoperative lo-
calization ofan intracardiac foreign body two dimensional echo-
cardiography. Am Heart J 1987; 113:210-212.

54. Fragomeni LS, Azambuja PC. Bullets retained within the heart: di-
agnosis and management in three cases. Thorax 1987; 42:980-
983.

55. Abdo F, Massad M, Slim M, et al. Wandering intravascular missiles:
report of 5 cases from the Lebanon War. Surgery 1988; 103:376-
380.

56. Robison RJ, Brown JW, Caldwell R, et al. Management of asymp-
tomatic intracardiac missiles using echocardiography. J ofTrauma
1988; 28:1402-1403.

57. Symbas PN, Picone AL, Vlasis-Hale SE. Missiles in the heart. Ann
Thorac Surg 1989; 48:192-194.

58. Symbas PN, Hatcher CR Jr, Mansour KA. Projectile embolus of
the lung. J Thorac Cardiovasc Surg 1968; 56:97-103.

59. Symbas PN, Harlaftis N. Bullet emboli in pulmonary and systemic
arteries. Ann Surg 1977; 185:318-20.

60. Frit JM, Newman MM, Jampolis RW, Adams WE. Fate of cardiac
foreign bodies. Surgery 1949; 25:869-79.

61. Decker HR. Foreign bodies in the heart and pericardium: should
they be removed? J Thorac Surg 1939; 32:1-9.

DISCUSSION

DR. WArrs R. WEBB (New Orleans, Louisiana): We are indebted to
Dr. Symbas and his associates for their manuscript and the definitive
data on intracardiac and cardiac injuries.

In their 20 years' experience they saw about one case per year. That
is about what we see, and it is nice to have this total data accumulated
so we can get some actual idea of what goes on, and thereby have some
true data on which to base our therapy.
We do much as they do. We ignore pellets unless they are seen at the

time we have to operate for other reasons.
Our own experience with shrapnel might be considered that of two

cases, one a bit of barbwire thrown by a lawn mower and the other a
coat hanger that extended into the heart. We operated to remove the
hanger, although it extended outside and required nothing but very simple
extraction, as with a tooth.
The bullets, we agree, should be extracted, particularly if they are

intracavitary. We do not wait for them to embolize. If they are on the
right side, we go ahead and cardiopulmonary bypass and it is very simple,
of course, to retrieve them.

Let me give you one illustration of a bad experience. The woman had
a bullet embolized to the left lung. We turned her in the right lateral
position to remove the embolus from the left lung, and as we did, the

bullet fell into the right lung. I encourage you, if you turn a patient on
his or her side, be sure that you get a cross table lateral before you make
an incision on the upside.
The missiles protruding into the myocardium or the chambers seem

to be the most difficult, and I would like to ask Dr. Symbas how he
handles those.
We use echo extensively. We have not found that injection of contrast

gives us any information at all. The CT scan has so much scatter that it
is very difficult to know what is going on. What are your indications for
operation and timing in this particular group?

Pericarditis resulting from missiles in the pericardium is also a problem.
However the pericarditis and development oftamponade can be observed
and followed and you can detect it and take care of it very easily, as long
as you follow them by frequent echos. This problem is usually over in
about 2 weeks.
The cardiac neurosis is interesting and this has been addressed in the

literature. We have not seen it, and I think it relates primarily to trans-
mission to the patient of the doctor's neurosis rather than anything in-
trinsic to the patient.

DR. A. L. PICONE (Closing discussion): In answer to Dr. Webb's ques-
tions, the main methodology for evaluating the patients in our series was
angiocardiography.

In terms of the timing for operation in these patients, obviously, in
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the early postinjury period they were operated on for their acute symp-
toms. That is a difficult question to answer in terms of timing, except
for the acute patients.

I would like to expound a bit on the analysis of our data, and if I
could have the first discussion slide, please, and the lights down.
A further insight into the management ofcardiac missles can be gained

by analyzing the results of the nonintramyocardial missiles based on
whether they are located in the circulatory right or left side of the heart.
One hundred thirteen patients in the combined Grady Memorial and
literature review series had retained missiles that were not completely
intramyocardial or, in other words, were either located completely in-
tracavitary or partially intramyocardial. These patients were subgrouped
into those with bullets, shrapnel, or undefined missiles.
The group of patients with right-side retained bullets formed the only

subgroup with no major complications. In 12 patients with left-sided
bullets there were two strokes, one resulting in death.
Of the shrapnel subgroup, major complications of sepsis and death

occurred in instances of either right- or left-sided retained missiles. Again,
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in the undefined missile subgroup, one case ofendocarditis from a retained
right-sided missile and two nonfatal strokes from retained left-sided mis-
siles occurred.

In the total group of 76 patients with retained right-sided missiles
there was a 20% rate of minor complications as compared to a 27% rate
for 37 patients with retained left-sided missiles which was not significantly
different.

However, when we looked at the rate of major complications, on the
right side there is a 4% rate ofmajor complications, including the deaths,
and on the left side is a 16% rate of complications, including the two
deaths. This was significantly different at p is less than 0.025.
We conclude that although it appears that all left-sided missiles should

be removed and right-sided missiles might be retained, we must remember
that it was only the retained right-sided bullet subgroup that had no
major complications. Therefore bullets retained in this position must be
left in place if the bullet has not reached the heart, having first traversed
the intestinal viscus. All other noncompletely intramyocardial missiles
should be removed.


