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THE basic methods for transplanting ca-
nine lungs have been well defined for sev-
eral years. Nevertheless, in most labora-
tories, technical problems result in a high
mortality and impaired function in a large
proportion of experimental lung transplants
even when autografting eliminates the
problem of allograft rejection. Thrombosis
at the atrial suture line and necrosis of the
transplant bronchus with leakage have
been the most common complications.
Human lung transplant recipients will

have impaired function in the remaining
lung and thus will be dependent on func-
tion of the allograft. A method which per-
mits allotransplantation of the lung with
a high degree of technical success and
which places total functional dependence
on the transplant would facilitate experi-
mental evaluation of immunosuppressive
methods and tissue preservation technics.
The present report describes improve-

ments in anastomotic technics involved in
pulmonary transplantation. These improve-
ments facilitate allografting in the dog with
almost total elimination of left atrial throm-
bosis and bronchial leakage and permit
total functional dependence to be placed
on the graft.
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Methods
Technic of Transplantation. Dogs weigh-

ing more than 15 Kg. were used although
the procedure has been performed success-
fully in animals as small as 7 Kg. In the
prospective recipient animal, a standard
left thoracotomy is performed through the
fifth intercostal space. The inferior pulmo-
nary ligament is divided. The left pulmo-
nary artery is dissected free of all adven-
titia from its first branch to its origin. The
pericardium is opened over the main pul-
monary artery and a clamp is placed on
the visceral pericardial reflection overlying
the main pulmonary artery. Traction on
this clamp laterally and anteriorly facili-
tates dissection of the right main pulmo-
nary artery (Fig. 1). Extensive posterior
and superior exposure of this vessel per-
mits circumferential dissection and encir-
clement with a ligature. The pericardial
incision is then extended inferiorly expos-
ing the anterior aspect of the left atrium
and the right inferior pulmonary vein
which drains the large diaphragmatic lobe
of the right lung (Fig. 1). By traction ex-
erted superiorly on the left lower lobe, it
is possible to develop bluntly the avascular
plane between the left mainstem bronchus
and the left atrium. The posterior bronchial
dissection is limited to division of the vis-
ceral pleura. With the exception of expo-
sure of the right pulmonary artery, a simi-
lar dissection is carried out on the donor
lung which should be of a comparable size
or slightly larger than that of the recipient.

Paired straight or angled atraumatic
clamps are placed across the left pulmo-

553



554 VEITH AND RICHARDS

FIG. 1. Anterior view of completed dissection
of the major hilar structures of the left lung. Note
the ligature around the cleanly dissected right
pulmonary artery and the short distance between
the pulmonary veins of the left and right lungs.
The arrow shows the direction of traction which
facilitates dissection of the right pulmonary artery.

nary artery. Care is taken to place these
clamps loosely to avoid intimal fractures.
The recipient pulmonary artery is divided
distally and the transplant artery proxi-
mally to provide adequate vessel wall for
the subsequent anastomosis. These vessels
should be divided obliquely as in Figure
3 although they may be cut transversely
as in Figure 4. In either situation, a linear
incision 3-5 mm. in length is made at the
opposite angles of the recipient and trans-
plant pulmonary arteries to facilitate cre-
ation of a distensible arterial anastomosis.
The recipient left mainstem bronchus is

occluded with an angled atraumatic clamp
and then divided just proximal to the ori-
gin of the upper lobe. Bronchial arteries
transected with the bronchus are ligated
with fine sutures. The bronchus of the
transplant donor is divided 2 mm. proxi-
mal to the level of division in the recipient.
This assures that the transplant bronchus
will be slightly smaller than that of the
recipient.

After division of the recipient pulmonary
artery and bronchus, the pericardium over-
lying the posterior wall of the left atrium
is incised. The left atrium is further mobi-
lized by dividing the fat and visceral peri-
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cardium along the superior border of the
left atrium. A thin bladed Satinsky-type
atraumatic clamp is placed across the left
atrium as far medially as possible without
occluding the right inferior pulmonary
vein. The left pulmonary veins are then
transected at their junction with the left
atrium, and the intervening tissue incised
over a clamp (Fig. 2). This provides the
maximal amount of tissue distal to the
clamp and facilitates subsequent intima-to-
intima anastomosis. The transplant atrium
is divided as close as possible to a simi-
larly placed Satinsky clamp. Two everting
mattress sutures of 6-0 silk are placed supe-
riorly and inferiorly in the atria and tied
(Fig. 3). The anterior wall of the anasto-
mosis is completed as a continuous evert-
ing mattress suture and then reinforced by
a second over-and-over continuous suture.
The posterior layer of the atrial anasto-
mosis is performed with two similar con-
tinuous sutures (Fig. 4). This method pre-
vents thrombosis by assuring intima-to-
intima approximation and excluding intra-
luminal muscle.
The bronchial anastomosis is performed

next. Two sutures of 4-0 dacron are placed
as shown in Figure 5A. The inferior suture
is tied and continued superiorly so as to
draw or telescope the anterior wall of the
transplant bronchus into the recipient
bronchus. This suture is tied superiorly to

FIG. 2. Method for preparing the allograft re-
cipient left atrial cuff with maximal preservation
of atrial wall. The vascular clamp is placed so
as to avoid occlusion of the right inferior pul-
monary vein. The left pulmonary veins are divided
just proximal to their junction with the atrium.
Intervening tissue bridges are incised over a right
angled clamp.
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FIG. 3. Anterior view of allograft implantation
which is begun by placing two horizontal mat-
tress sutures at each end of the left atrial cuff.
Note spatulation of donor and recipient pulmonary
arteries which have been transected diagonally in
this instance.

the corner suture which is continued, as

shown in Figure 5B, so that the posterior
wall of the transplant bronchus is drawn
1.0-1.5 cm. into the recipient bronchus. A
second row of simple continuous sutures
joins the end of the recipient bronchus to
the peribronchial connective tissue of the
transplant bronchus. This row can be
placed superiorly, posteriorly and inferi-
orly. Anteriorly, however, this second layer

pulmonary
artery

FIG. 4. Posterior view of allograft left atrial
anastomosis. The posterior continuous horizontal
mattress suture is being placed. Donor and re-

cipient left pulmonary arteries have been spatu-
lated but transected transversely in this instance.
The atraumatic clamp occluding the recipient left
mainstem bronchus has been omitted for clarity.

FIG. 5. A. Placement of corner sutures for tele-
scoped bronchial anastomosis. B. Method for plac-
ing posterior continuous suture so that transplant
bronchus is drawn within recipient bronchus. C
& D. Details of distensible pulmonary artery
anastomosis.

must be incomplete because the left atrium
obscures exposure. As soon as the bron-
chial anastomosis is completed, the bron-
chial clamp is removed allowing expansion
and ventilation of the transplant.
The spatulated donor and recipient pul-

monary arteries are then approximated
with 6-0 silk as shown in Figure 5C and
SD. Care is taken to place the sutures
through all layers less than 1.0 mm. apart
and less than 1.0 mm. from the vessel edge.
Any distortion of the anastomosis by ad-
ventitial bands is avoided. The atrial and
distal pulmonary artery clamps are re-

moved, permitting the lung to be perfused
in retrograde fashion. This prevents air
embolization and distends the pulmonary
artery at low pressure thus demonstrating
any leaks or distortions which should be
corrected at this point. The proximal pul-
monary artery clamp is then removed. Af-
ter ten minutes the ligature around the
right pulmonary artery may be tied. To
prevent subsequent recanalization of this
vessel a second ligature is placed and tied
2-5 mm. distal to the first. After expanding
the lungs, the chest is closed in layers with-
out drainage.
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FIG. 6. Photomi-
crogaphs of well-
healed telescoped
bronchial anasto-
moses. In both in-
stances the trans-
plant bronchus is
on the left and the
epithelial surface
is on the top. A.
From a dog re-
ceiving a lung al-
lograft 7 days ear-
lier (X5, H&E).
B. From a dog re-
ceiving a lung al-
lograft 57 days ear-
lier (X12, H&E).

Thirty-seven dogs received lung allo-

grafts and underwent simultaneous right
pulmonary arterial ligation by this method.
Another 32 animals had the identical op-

eration with the exception that the bron-
chial continuity was restored by a simple
end-to-end anastomosis of continuous da-
cron suture.

All animals received some form of im-
munosuppression. Several animals under-
went pulmonary angiography after opera-

tion by a previously described technic.5
All animals underwent postmortem exami-
nation. Care was taken to examine the vas-

cular anastomoses for antimortem clot or

fibrin deposition and the bronchial anasto-
moses for leakage. Longitudinal samples
of tissue from the area of the bronchial

anastomosis were fixed in 10% formalin
and stained with hematoxylin and eosin.

Results

Three of the 69 animals succumbed from
left atrial thromboses. In these animals,
exposed muscle was present in the lumen.
No animal died from a pulmonary arterial
thrombosis.
Whereas 6 of 32 animals having standard

bronchial anastomoses developed bronchial
leaks or dehiscences, neither of these oc-

curred in the 37 animals with telescoped
anastomoses. There was no significant
anastomotic narrowing in animals having
telescoped bronchial anastomoses although
some lived as long as 57 days. The histo-
logic appearance of two typical telescoped
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FIG. 7. Pulmonary an-
giograms from a single
dog. A was taken prior
to operation and B was
taken 6 weeks after trans-
plantation of the left
lung and ligation of the
right pulmonary artery.
Note the postoperative
dilatation of the left pul-
monary artery. Numbers
indicate in millimeters
the actual measurements
of vessel diameters on
the original x-rays.

anastomoses is shown in Figure 6. Com-
plete mucosal healing was commonly seen.

The importance of the distensible pul-
monary artery anastomosis is shown in
Figure 7. Pulmonary angiography before
and after operation demonstrates the de-
gree of widening of the anastomotic area

of the left pulmonary artery which occurs

with ligation of the right pulmonary artery.

Discussion
Technical complications resulting in high

mortality and functional impairment are

recognized features of lung transplantation
in experimental animals.1, 4 Thrombosis
originating at the left atrial suture line has
been encountered by many investigators,
and various measures surch as hepariniza-
tion 2,8 and everting anastomoses 1, 4 have
been advocated to eliminate this complica-
tion. These simple measures have not been
totally satisfactory. If muscular tissue is
excluded from the atrial lumen as it can

be by the present method, left atrial anas-

tomotic thrombosis can be avoided. The
second row of sutures prevents leakage
which may otherwise be difficult to control.

Several workers have commented on the
high incidence of ischemic bronchial necro-

sis in experimental lung transplants.1'4 and
a similar complication has occurred in
man.7 Numerous methods have been pro-

posed to eliminate this complication. Tran-

section of the transplant bronchus as close
to the lung parenchyma as possible has
been recommended, as has reinforcement
of the bronchial suture line with peribron-
chial connective tissue.' 4 Because of the
marginal nature of the retrograde perfu-
sion of the nutrient bronchial arteries of
the transplant via collaterals from the pul-
monary artery, neither method has been
totally satisfactory in preventing necrosis
and leakage. Some authors advocate su-

turing a button of donor aorta containing
the bronchial artery orifice into the re-

cipient aorta.3 This, however, is unneces-

sarily complex and time consuming. Al-
though the telescopic technique is not as

applicable to thicker less flexible human
bronchi, we have carried it out without
difficulty in two cadavers.
The present work confirms previous ob-

servations that a distensible pulmonary ar-

tery anastomosis prevents fixed vascular
resistance in pulmonary transplants and
allows survival with transplantation of one

lung and ligation of the opposite pulmo-
nary artery.5'6 Such a procedure places
maximal stress on the transplanted lung
since it must provide total respiratory and
vascular function for the recipient animal.
Thus, the distensible pulmonary artery
anastomosis is the key to providing a

method for evaluating the efficacy of im-
munosuppression since recipient survival
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depends entirely on allograft function. For
similar reasons, this method of transplanta-
tion with occlusion of the contralateral
pulmonary artery can be used to evaluate
ischemic tolerances of the lung and meth-
ods of tissue preservation designed to pro-
long these tolerances.
The angiographic observation that trans-

plantation of the left lung and ligation of
the right pulmonary artery is associated
with an increase in the diameter of the left
pulmonary artery confirms previous direct
measurements.5 Both observations under-
score the importance of large vessel disten-
sibility in the vasodilatation that accom-
panies increased blood flow in the lung.
Technical refinements outlined in this

report may not be necessary in transplanta-
tion of human lungs in which larger sized
structures provide greater technical ease.
However, that a single experimentally
transplanted lung can provide adequate
total pulmonary function from the moment
it is inserted supports the feasibility of
transplanting a single lung in patients with
vascular and respiratory insufficiency in
both lungs.

Summary
An improved method for allotransplanta-

tion of the canine left lung is reported.
Key features include: 1) a two-layered
everting atrial anastomosis which excludes
atrial muscle from the lumen and prevents
thrombosis, 2) a telescoped bronchial anas-
tomosis which prevents leakage in the
event of bronchial necrosis, and 3) a dis-
tensible pulmonary artery anastomosis
which permits simultaneous ligation of the
opposite pulmonary artery thereby placing

total functional dependency on the trans-
plant. All these features were employed in
37 dogs which received left lung allografts
and underwent right pulmonary artery li-
gations. All recipient animals survived at
least 5 days. None developed bronchial
leak or stenosis. Complete healing of the
bronchial mucosa was observed in many
instances. The importance of pulmonary
arterial distensibility and widening in the
vasodilatation of increased flow is demon-
strated by angiograms.
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