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FOREIGN BODIES IN AND IN RELATION TO
THE THORACIC BLOOD VESSELS AND HEART*

MIGRATORY FOREIGN BODIES WITHIN THE BLOOD VASCULAR SYSTEM

Lirut. Cor. Dwicat E. Harken

MEDICAL CORPS, ARMY

URING the past year, in addition
to cardiac and pericardial foreign
bodies, over seventy missiles have
been removed from the mediastinum or
other positions in relation to the great

vessels of the thorax. In this series three

cases stand out for they represent migra-
tion within intrathoracic blood vessels.
These migratory foreign bodies were
all successfully removed and the patients
have been discharged clinically well. The
three case histories are presented here with
descriptions and illustrations of certain
aspects of the surgical technic involved.
The general comments are based on the
cases presented and on forty-two cases
previously reported. The indications for
the removal of intravascular foreign bodies
are discussed. Clincal support for these
indications 1s cited from the medical
literature and from the author’s experience.

CASE REPORTS

Case 1. This thirty-yvear old white male
officer was wounded in the left infraclavicular
region by a 30 calibre machine-gun bullet while

in action against the enemy December 26, 1944.

The wound was débrided and sutured the same
day at a forward installation. Radiographic
examination ol the chest revealed that the
bullet was located posterior to the hilum of
the left lung. The patient was evacuated to the
128th General Hospital where it was decided

AND Capt. Asuper C. WiLLiams

OF THE UNITED STATES

that the size and proximity of the bullet to the
hilum of the lung were indications for its
surgical removal. He was transferred to this
Chest Center at the 16oth General Hospital on
January 8, 1945.

~Admission. films  (Fig. 1) confirmed the
presence of the 30 calibre machine-gun bullet
in the hilar region of the left lung. The routine
fluoroscopic  studies for precise localization
suggested nothing more remarkable than a
pulsating bullet intimately associated with the
hilar structures. It seemed obvious that this
missile could best be removed through the
conventional posterolateral approach.

On January 19, 1945, a thoracotomy was
performed through the left posterolateral
approach by resecting 12 em. of the seventh
rib. The bullet was immediately palpated in the
central portion of the left upper lobe. This was
confirmed by the first assistant. When the
surgeon again palpated the lung he was
chagrined to find that the missile had vanished.
A thorough search of the entire lung, hilum,
pericardium and posterior mediastinum failed to
discover the bullet. It was then suspected that
the missile had fallen into the tracheobronchial
tree. Immediate bronchoscopy eliminated this
hypothesis. The thorax was closed.

X-rays of the chest taken immediately after
the operation (Fig. 2) were reported as follows:
“Metallic bullet previously reported in the
left chest is now visible lving horizontally just
to the right of the body of p-6 pointing out-
ward and apparently in relation to the pul-
monary artery area.” In view of this shift the
missile seemed definitely in the right pulmonary

* Appreciation is expressed to the Sias Laboratories of the Brooks Hospital, Brookline, Massachusetts, for their
assistance in the publication of this article and for the provision of facilities for further investigation in cardiac

surgery now under way.
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artery. The patient made an uneventful post-
operative recovery. He was out of bed daily
from the first day.

Fig. 1. (
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Case 1.) Admission films, This 30 cal
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(Fig. 3.) The bullet, point outward, was then
digitally manipulated away from the hilum
mnto the pulmonary artery of the upper lobe.

iber bullet in the hilar region

of the left lung was later shown to be within one of the radicles of the left

pulmonary artery.

On February 20, 1945 a thoracotomy was
performed on the right side, through the third
mtercostal space anteriorly. (Fig. 3, inset.) The
third and fourth costal cartilages were divided
close to the sternum. The bullet was palpated in
the hilum of the right lung at and in the
mediastinum posterior to the superior vena
cava. There was no evidence of altered blood
flow in the lung. The right pulmonary artery
was isolated and a tape was placed about it
proximal to the foreign body within the artery.

48 AR e i

Fic. 2. Case 1. Films taken immediately after the left thoracotomy January
10, 1945. The missile is in the hilum of the right lung. The double image of
the bullet in the lateral view is due to its pulsation with the pulmonary
artery.

(Fig. 3, inset.) This “milking” process was
continued until the point of the bullet presented
beneath the visceral pleura in the interlobar
fissure. The pleura was then nicked and the
point of the bullet thrust through. This present-
ing tip was grasped with a Kocher clamp and
the missile delivered by slowly stretching the
terminal branches of the pulmonary arterial
tree. Hemorrhage was controlled by circum-
ferential mattress sutures of catgut in the lung
about the point of removal. (Fig. 3, inset.) The
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wound was closed without drainage. The pa-
tient was up and about from the first post-
operative day and made an uneventful recovery.
He was returned to the Zone of the Interior
March 30, 1945, for rehabilitation.
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lumen of the left pulmonary artery at
the time of the first operation and was
dislodged at the time of the exploratory
palpation.

The technic of removing this bullet

-

-

Fic. 3. Case 1. The dissection of the right pulmonary artery and the contained bullet
is shown. The inset at the upper right indicates the bullet being milked out into the
smaller radicles of the pulmonary artery. The left lower inset illustrates the opposing
hemostatic sutures about the site of bullet removal,
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Fic. 4. Case 1. The course of migration of the bullet from the left pulmonary
artery into the main pulmonary artery and then out into the right pulmonary

artery is demonstrated.

The course of migration and the technic
of removal have both been of interest to us.
The migration of a foreign body from the
left pulmonary artery into the main
pulmonary artery and thence to the right
pulmonary artery is illustrated in Figure 4.
The foreign body evidently was in the

seems simple and obvious. Certainly this
procedure was less formidable than open-
ing the right horn of the pulmonary artery,
removing the missile and attempting local
main branch reconstitution of the vessel.
We are not aware of the previous use of
this maneuver.
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Case 1. This soldier was wounded by a
shell fragment that entered the upper part of
his right posterior axillary line October 14,

Harken, Williams—Foreign Bodies
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(4) because there was some question about
fresh bleeding into the right pleural cavity.
The possibility of fresh bleeding suggested

F1c. 5. Case 11. Admission films show the shell fragment posterior to the right
sternoclavicular joint in the region of the innominate artery.

1044, while in action against the enemy in
France. The wound of entry was débrided and
closed the same day at the 6oth Field Hospital.
X-ray studies of the chest revealed a foreign
body in the right upper mediastinum 3 em.
posterior to the right sternoclavicular joint.
(Fig. 5.) A right hemothorax was also noted
and 300 cc. of blood was aspirated. The patient
was evacuated to the 154th General Hospital
where a pericardial friction rub was heard.
On October 21, 1944, a bruit over the right
supraclavicular fossa was discovered and it was
noted that there was abscence of the brachial
and radial pulse in the right arm. Thoracentesis
of the right chest repeated November 7, 1944,
yielded what was thought to be fresh blood
(later found to be old changed blood or so-
called “grape juice blood™).

In view of the above findings the patient was
transferred to this Chest Center on November
10, 1944. On entry it was noted that the right
hand was cooler than the left and waxy yellow
in color. The blood pressure in the right arm
was 102/80 while in the left 1t was 122/68.
Fluoroscopic and x-ray examinations led to the
belief that the foreign body was in relation to
the innominate artery. (Fig. 5.) Surgical
removal was considered advisable because of
(1) the size of the fragment, (2) its proximity
to the large vessels in this region, (3) evident
vascular damage as attested by the bruit and
blood pressure difference in the two arms and,

that such intervention should be instituted
promptly.

On November 12, 1944, under endotracheal
gas-oxygen ether anesthesia a u-shaped incision
was made over the right upper anterior chest
wall. (Fig. 6, inset No. 1.) The sternum was
exposed. The internal mammary vessels were
divided and ligated in the second intercostal
space. The right pleural sac was opened widely,
the deep surface of the sternum was cleared of
underlying structures and the sternum was
split with a power saw longitudinally in the
mid-line from the suprasternal notch down to
the level of and out through the right second
intercostal space. (Fig. 6, inset No. 2.) The
segment of sternum with the clavicle and first
two ribs attached was reflected upward and
outward providing excellent exposure of the
superior mediastinum and base of the neck.
The superior vena cava and the mnominate
veins were retracted with tapes. (Fig. 6, inset
No. 3.) The innominate artery was isolated at
its origin from the aorta and a tape placed
about it for hemostatic control. The artery was
then dissected free up to its bifurcation into the
carotid and subclavion arteries and tapes were
placed about each of these vessels. (Fig. 6,
inset No. 4.) The foreign body was palpated
within the upper portion of the innominate
artery. The arterial wall was intact and free
of scars. The artery was incised longitudinally
and the foreign body removed. The intima in
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relation to the foreign body was destroyed in a

patchy fashion. Thrombi were removed follow-
ing which both proximal and distal bleeding
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from nine to fifteen minutes but going to
forty-five minutes at one time. Immediately
after operation the pulse was barely palpable
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FiG, 6. Case 1. This diagrammatic operative sequence demonstrates the removal of the
missile from the innominate artery.

were free. The artery was then closed with
interrupted No. 0oo silk sutures in two layers.
The first layer included the entire arterial
wall. The second layer was placed through the
adventitia and media, so placed that each
suture took a bite on either side of the incision
but did not pass through the lips of the incision.
(Fig. 6, inset No. 5.) Fibrin foam was tied over
the incision with the second layer of sutures.
The sternum was drilled and approximated
with three interrupted wire sutures. The drill
holes for the wire were staggered, the medial
ones being lower than the lateral so that when
pulled tight, the sternal fragment was drawn
downward and inward affording precise and
stable reconstruction of the pectoral girdle.
(Following operation stability is of great impor-
tance as movement of loosely held sternal
fragments is both painful and shocking). The
pectoralis muscles were approximated with
interrupted No. oo chromic catgut. The
superficial fascia was closed with No. oo
chromic catgut and the skin was sutured with
No. 1 black silk. No drains were used.

The patient was heparinized for three days
following operation, the clotting time averaging

in the right arm. The first postoperative day the
blood pressure was 122/80 in the left but
unobtainable in the right arm. The second
postoperative day, November 14, 1944, the
right stellate ganglion was infiltrated with pro-
caine. The right arm immediately became warm
and a systolic blood pressure of 68 was obtained.
On November 17, 1944, the blood pressure in
the left arm was 132/60 while in the right arm
it was 98/76. Thirteen days after operation the
pressure was 124/86 on the left and 108/64 on
the right. Hoarseness was present for four
weeks following operation due to manipulation
of the right recurrent laryngeal nerve but this
disappeared. The postoperative hemothorax
was evacuated by aspiration. The patient went
on to recover with firm union of the sternum
and suffered no circulatory disturbance. When
the blood pressure was taken January 13, 1945,
it was found to be equal in both arms. He was
returned to the Zone of the Interior March 1,
1045, for rehabilitation.

Inasmuch as the wall of the innominate
artery and adjacent portion of the aorta
were everywhere intact at operation, it
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seems that the course of the missile must
necessarily have been through the right
side of the chest and into the pulmonary
vein or the left side of the heart. It was
then carried as an embolus by the blood
stream into the aorta and thence to the
mnominate artery where it lodged. (Fig. 7.)
The pericardial friction rub noted prior to
operation suggests that the pericardium
was transgressed and.that the foreign body
entered the left side of the heart, thus
entering the arterial circulation. In short,
this case represents a penetrating wound of
the heart or pulmonary vein with arterial
embolism of the foreign body to the
innominate artery.

The sternal splitting incision has been
described i some detail. It has often
proven useful in approaching the structures
of the superior mediastinum or the base
of the neck. No ribs are cut, nothing is
resected and nothing is discarded. When
the sternum is approximated carefully
with wire, it heals rapidly and is function-
ally solid from the time of operation.
The reverse of this incision through the
left side of the sternum has been used in
approaching the base of the left carotid
and subclavian arteries at the aortic arch.

Surgical intervention in injuries of the
innominate artery is perhaps always under-
taken with some misgivings. Circulatory
disturbances in the homolateral arm and a
contralateral hemiplegia are possible com-
plications. These misfortunes are unusual,
particularly i this age group, but none
the less stimulate the surgeon to restore
vascular continuity when possible rather
than ligate the innominate artery. This
approach and technic served our purposes
well.

Case 11 This twenty-two year old white
soldier was struck in the right axilla at the
level of the fifth rib by a machine-gun bullet
July 15, 1944, while in action against the enemy
in France. He was evacuated to the 159th Gen-
eral Hospital. Routine chest films taken there
on July 17, 1944, were entirely within normal
limits. (Fig. 8.) The lateral film adequately
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established the retrocardiac zone as free of
metallic missiles.

He was sent to the rehabilitation barracks
symptom free. He had been there about three
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F16. 7. Case 11. The probable course of
the missile from the left auricle,
through the left ventricle and aorta to
the innominate artery is represented.

weeks, enjoying a vigorous athletic program
when, on the morning of August 13, 1944, at
2 A.M., he was awakened by agonizing pain in
the lower part of the lelt side ol his chest. This
was accompanied by dyspnea, orthopnea,
cough and hemoptysis. There were riles and
diminished breath sounds over the left axilla.

On August 15, 1944, x-ray studies of the
chest (Fig. ¢) revealed a foreign body (30
calibre bullet) in the region of the hilum of the
left lung. Bronchoscopy performed on August
oth revealed “edema and an injected bleeding
point on the posterolateral wall of the left main
bronchus.” The continued hemoptysis and
bronchoscopic findings indicated erosion of the
bullet from the pulmonary artery into the left
main or descending bronchus and transfer of the
patient to this Chest Unit was thought advisa-
ble. This was done on August 22, 1944.

At this Chest Center it was agreed that the
eroston of this bullet from the pulmonary artery
mto the bronchus constituted an urgent indica-
tion for surgical intervention.

Thoracotomy was performed on August
28th, through a posterolateral approach by
resecting a 16 cm. segment of the left seventh
rib. Exploration revealed discoloration of the
lingular portion of the left upper lobe and to a
lesser extent the anterior basic segment of the
left lower lobe. Through the interlobar fissure
the missile was palpated in the lower lobe and
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hilum intimately associated with the artery. A
fluctuant area about 1 cm. in diameter was
noted over the base of the bullet. The hilum

stream issued from the defect. This was at all
times completely under control as attested by
voluntary release and then compression with

i

Fi6. 0. Case 111, Films taken August 15, 1044. Two days after the sudden

onset of pain in the left lower hemithorax a 30 caliber bullet is visualized
in hilar region of the left lung. The missile was found in the left inferior

branch of the pulmonary artery.

was exposed so that compression of the pul-
monary artery could be effected by grasping
the hilar structures from above downward
between the surgeon’s left index and middle
fingers. This finger compression was not only
hemostatic but served to stabilize the missile.
Thus controlled, the fluctuant area was
mcised and the butt of the bullet found to lie
in an abscess cavity anterior to and including
the anterior surface of the lower branch of the
left pulmonary artery. The body and point of
the bullet, however, lay within the artery and
when the missile was extracted the full arterial

hemostasis. The abscess cavity was carelully
débrided and mattress sutures placed through
its wall and the subjacent artery. Fibrin foam
impregnated with penicillin was placed under
the mattress sutures and the sutures tied, thus
effecting a good closure of the wvessel. The
gangrenous lingular process was resected. The
line of resection was closed with mattress
sutures of No. 0o chromic catgut. The anterior
basic segment of the lower lobe was considered
viable and not disturbed. The lung re-expanded
readily. Penicillin, 100,000 units, and 50 cc. of
2.4 per cent sodium citrate solution were
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instilled in the pleural space and the chest wall
was closed. The patient was up and about the
ward within forty-eight hours. The postopera-
tive left hemothorax was aspirated. The patient
was discharged to a Rehabilitation Hospital
December 1, 1944.

This case is striking because of the
embolic nature of the foreign body as
supported by sy mptomatolog} x-ray stud-
ies and operative findings. There can be no
question of confusion in the x-ray films
as the patient’s identification tags were
included on the film at each x-ray exposure.
Furthermore, his left first rib is character-
istic in shape. The exact portal of entry
into the circulation can only be surmised
but as the chest is clear in the original
films and the wound of entry in the lower
axilla, 1t follows that the portal of entry
was most likely in the liver. The bullet
then began its course in the inferior vena
cava, was carried to the right auricle,
then to the right ventricle and out into
the pulmonary artery. (Fig. 10.) The bul-
let entered the left branch of the pul-
monary artery and lodged i the branch
to the lower lobe and lingula in such a way
as to occlude the arterial supply to the
lingula as it arises from the lower lobe
artery in this region. It is interesting that
occlusion of the pulmonary circuit was
associated with parenchymal change.

The method of controlling hemorrhage
by hilar compression between the fingers
of the surgeon’s hand and the technic of
closing the defect in the pulmonary artery
were simple and functional.

COMMENTS

Strauss collected thirty-two cases of
intravascular migratory foreign bodies
and added one himself in a review of the
medical literature in 1942.° The authors
have found nine additional cases in the
literature prior to 1942, which, with
those of Strauss, make a total of forty-
two. Unquestionably, there have been
other cases reported, especially in recent
years. The following comments are based
on these forty-two cases and the three
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IF1G. 10. Case 111. The course of migra-
tion of the bullet from its entry into
the inferior vena cava, through the
right auricle and ventricle and out in-
to the left pulmonary artery is indi-
cated.

foreign bodies that migrate within the
blood wvascular system. The subject is
interesting because of the infrequency of
such incidents, also, the bizarre embolic
course and dramatic developments that
have characterized many of the cases on
record. The majority of these cases have
been associated with war wounds. The
foreign bodies in almost all instances have
been bullets or shell fragments.

Migration has occurred about equally
in the arterial and venous circulations,
depending on which the missile happened
to enter.

In the arterial circulation the course of
migration of foreign bodies and resultant
clinical pictures vary with the portion of
the arterial tree involved. In eleven of the
forty-two cases the missile entered one
of the larger arteries and passed periph-
erally as an embolus.!® There were
five instances in which the projectile
entered the left ventricle and was swept
out into the aorta to lodge within this
vessel or its branches.®1%1112 In two cases
the foreign body is said to have entered one
of the pulmonary veins and passed into
the left ventricle!*'® while in one patient
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such a foreign body passed on through the
left ventricle to become embolic to the
right femoral artery.” In two instances,
missiles entered the ascending aorta and
fell downward against the arterial stream.
One came to rest in the sinus of Valsalva®
and the other in the left ventricle.” One
missile entered the pulmonary artery,
migrated downward into the right ventricle
and, seven days later, became embolic to
the right pulmonary artery causing sudden
death.” It is apparent that there is con-
siderable latitude in the possible patterns
of migration.

Varying degrees of arterial insufficiency
due to embolic missiles have been ob-
served. The extreme is the above fatal
pulmonary embolus.? O’Neill observed
transient blueness and coldness of the left
leg caused by a shell fragment embolic from
the left ventricle to the left common iliac
artery.” In one of the authors’ cases
(Case 111) an embolic bullet in the lower
lobe branch of the left pulmonary artery
led to gangrene of the lingular portion of
the left lung. This patient experienced
severe pain in his chest when the migration
occurred. In another of these cases (Case
11) a diminished pulse and blood pressure
were noted in the right arm following em-
bolism of a shell fragment to the right
innominate artery.

When the foreign body involved the
venous circulation, in the majority of
instances, the missile entered one of the
larger veins, migrated to the right auricle
and came to rest in the right ventricle.
This occurred in nine of the group of
forty-two cases."%13:21:22 There were three
instances in which the projectile entered
one of the larger veins, was carried into
the right auricle and then travelled down
the vena cava to come to rest in one
of the tributaries of this vessel.#%? In
another case a bullet entered the inferior
vena cava and migrated to the junction of
the common iliac veins.!* There was one
instance of the missile entering the right
ventricle and then passing into the pul-
monary artery.!” In the case that Strauss
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reported, a bullet entered the right com-
mon iliac vein and travelled to the left
pulmonary artery.? Death occurred four
days later but was not due to the embolic
missile. Walcher described a case in which
the projectile entered the long dural sinus
and then migrated into the sigmoid sinus.™
In another instance the missile entered
the venous circulation through a thigh
wound and was found at autopsy in the
left ventricle of the heart.” There was a
widely patent foramen ovale.

Without going into exhaustive detail
we have made an effort to point out the
great variety of migratory patterns that
have occurred in these cases as well as the
relative frequency with which they are
encountered. The possibilities are legion.

As a rule intravenous foreign bodies
are asymptomatic. One patient who had a
missile that had migrated mto his right
ventricle complained of pain over his
heart.”

The case reported by Lyle serves to
emphasize the danger of infection associ-
ated with intravascular foreign bodies.
This patient died of a generalized gas
bacillus infection. The wound of entry
in the thigh showed no evidence of infec-
tion at autopsy. The foreign body, with
fragments of clothing adherent to it, was
found in the cavity of the right ventricle.
There was a fibrinopurulent pericarditis
and gas bubbles were noted in the myo-
cardium. The missile with attached cloth-
ing was the apparent source of infection.

The patterns of migration in the three
cases that are reported here deserve men-
tion. The shift of a missile from one pul-
monary artery to the other, and the
migration of a missile to the innominate
artery are both unique among cases known
to us. Pulmonary embolism of a missile
coming from the venous circulation has
been reported.®1*

Though one’s fancy is stirred by the
unusual nature of these cases, a pes-
simistic attitude is engendered as most of
them have ended fatally. Among the
thirty-three cases in Strauss’ report only
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six patients survived. The pathologist
has generally been the one to remove the
foreign body and to establish the course of
migration.

Bearing in mind the possibility of mis-
siles migrating in the blood stream, a care-
ful search should be continued until the
missile is located in all cases of penetrating
wounds. If such a patient develops un-
explained symptoms, use should be made
of the fluoroscope and x-ray to ascertain
whether or not a migratory mussile 1s
responsible.

With the progress of vascular and
thoracic surgery and the tremendous ad-
vances in anesthesia of the past twenty
years there will be few intravascular for-
eign bodies that cannot be attacked
surgically. These advances have brought
the thoracic blood vessels and the heart
within the province of safe surgery. Such
a viewpoint is supported by the three
cases reported in this communication.

There are four cardinal indications for
removing intravascular foreign bodies: (1)
To avoid the hazards of vascular occlusion;
(2) to diminish the dangers of sepsis
(local and systemic); (3) to prevent erosion
and hemorrhage; and (1) to remove the
possibility of embolism.

Each of the above tenets has adequate
support in the medical litérature reviewed
in this communication as well as direct
confirmation within the experience of the
authors. Tenet No. 1 1s well demonstrated
in the gangrenous lingular portion of the
left upper lobe in Case 111. (This theoreti-
cally should not have occurred in the
presence of a normal bronchial circulation.)
Tenet No. 2 is represented by Lyle’s
case in which there was a fatal septicemia.
The embolic missile, found in the right
ventricle of the heart, was the source of
infection.” Tenet No. 3 has been abun-
dantly emphasized. Recently one instance
each of fatal hemorrhage from erosion of
the aorta and pulmonary artery has come
to the authors’ attention. Tenet No. 4 has

its elaboration in the substance of this

article.
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In closing, the authors would like to
emphasize four simple technical points
that have been helpful in these and a
number of other operations on the medi-
astinum: First, the liberal use of sternal
splitting with firm craftsman-like fixation
at the end of the procedure has provided
good exposure at operation and has
minimized this source of postoperative
pain and shock. Second, manipulation of
the missile from the right main pulmonary
artery to the periphery in Case 1 has the
advantage of surgical intervention in the
relatively safe peripheral zone rather than
in the more hazardous hilar region of the
pulmonary artery. Third, the finger tourni-
quet grip used for hemostasis in Case 111
is a useful maneuver whenever bleeding
from a lung is encountered. Fourth, the
use of the patient’s position on the operat-
ing table and direct fixation of the missile
to prevent migration during the operative
manipulation have been illustrated.

Unquestionably the surgical experience
of this war will broaden our knowledge
of this field and point out important
technical aids in the surgical management
of indrvidual cases.

SUMMARY

1. Three cases are reported in which
migratory missiles were successtully re-
moved from mtrathoracic blood vessels.

2. Salient aspects of the surgical technic
employed are presented.

3. Forty-two cases of previously re-
ported foreign bodies that have migrated
within the blood vascular system are
reviewed and commented upon.

4. Four cardinal indications for the
removal of intravascular foreign bodies are
presented with clinical support for each.
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