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The goal of organ retrieval must be the maximum effec- 
tive utilization of all suitable donor organs. One of the 
most clever and imaginative strategies for achieving this 
goal has been the ‘domino’ heart-lung transplant proce- 
dure, developed and first applied by the heart transplant 
group a t  Harefield, England, under the direction of Dr. 
Yacoub. This procedure was subsequently introduced into 
the United States by the transplant program at Johns 
Hopkins University. 

The procedure was introduced at a time when a com- 
bined heart-lung transplant was deemed the most safe and 
effective procedure for replacing both lungs in those pa- 
tients with terminal lung disease not suitable for unilateral 
lung replacement, such as patients with cystic fibrosis. 
With this procedure, the heart-lung transplant is per- 
formed on a recipient with lung disease whose cardiac 
function is well preserved. Rather than waste the reci- 
pient‘s heart, it is used as a donor heart for another individ- 
ual in need of a heart transplant. As the heart from an in- 
dividual with end-stage lung disease typically has some 
degree of right ventricular hypertrophy, an especially at- 
tractive feature of the domino procedure was the use of 
the donor heart for recipients with elevated pulmonary 
vascular resistance. In such recipients, the ‘conditioned’ 
donor heart functioned better than would a normal donor 
heart, and thus both the heart-lung and the heart reci- 
pients were well served by this brilliantly pragmatic proce- 
dure. 

However, the use of a heart-lung transplant for an indi- 
vidual with adequate or recoverable cardiac function can 
only be justified if there is no alternative method for re- 
placing only the lungs which provides the same degree of 
success and functional improvement. Thus, replacement 
of the heart along with the lungs for an individual who 
needs only the lungs cannot be considered an ideal ap- 
proach. The use of a heart-lung transplant for such an in- 
dividual has many theoretical and practical drawbacks. 
Unnecessary.replacement of the heart imposes all of the 
disadvantages of a heart transplant including acute and 
chronic rejection, development of accelerated coronary 
sclerosis, and denervation of the heart. Advocates of the 

heart-lung procedure suggest that these may be relatively 
minor considerations but one need not resort to compli- 
cated arguments to conclude that an individual with a suit- 
ably functioning heart is better off keeping it than having 
it replaced with that of another person. Furthermore, the 
recipient of a domino heart-lung transplant must await the 
availability of a suitable heart-lung donor combination. 
Thus, donors with suitable lungs but an unsuitable heart 
are eliminated from consideration, and donors whose 
hearts are used for cardiac transplantation are also not 
available. Given the outstanding success now routinely 
achieved with cardiac transplantation and the more 
limited short- and medium-term success achieved with 
combined heart-lung transplantation, placement of the 
donor heart will inevitably lead to conflict between heart 
and heart-lung teams. It is this very conflict which the 
domino procedure was designed to avoid, by utilizing the 
heart of the heart-lung recipient to ‘pay back’ the system 
for the placement of a usable heart in a recipient who did 
not really need it in the first place. 

We initially employed the combined heart-lung proce- 
dure as the only known method of replacing both lungs in 
certain patients with end-stage lung disease. We soon rec- 
ognized that the heart was being replaced not out of physi- 
ologic necessity but for technical expediency. In 1987 we 
reported our initial experience with the en bloc double- 
lung transplant - a procedure developed in the laboratory 
specifically for individuals requiring replacement of both 
lungs and whose cardiac function was deemed adequate 
or recoverable. This procedure was based upon our ex- 
perience with heart-lung transplantation. It consisted of 
extraction of the donor lungs en bloc and their attachment 
to the recipient by means of the trachea, the common pul- 
monary artery, and a cuff of left atrium containing the four 
pulmonary veins. The technique of lung extraction was 
designed so as not to jeopardize the simultaneous use of , 

the donor heart for a cardiac transplant. Six of the initial 
seven transplants were successful notwithstanding airway 
complications requiring temporary use of an airway stent 
in two of the recipients. Now, with a follow-up period be- 
tween 38 and 48 months, all six of the original successful 
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recipients remain in excellent health with no significant 
deterioration in lung function, confirming the validity of 
bilateral lung replacement without simultaneous cardiac 
replacement. 

Further application of this double-lung procedure, es- 
pecially in older patients and in patients with extensive 
pleural adhesions, revealed that it, too, was associated 
with a number of drawbacks. Ischemic complications at 
the tracheal anastomosis produced a 25% mortality from 
airway dehiscence. The procedure required several hours 
of total cardiopulmonary bypass and a period of ischemic 
cardiac arrest. Partial or complete cardiac denervation re- 
sulted from the extensive mediastinal dissection. Finally, 
like the heart-lung procedure, the double-lung transplant 
was complex and not easy to transmit to other centers 
seeking to initiate lung transplant programs. Even with 
these limitations, however, the double-lung procedure 
achieved approximately the same degree of success as the 
combined heart-lung procedure and had the distinct ad- 
vantages of eliminating the need for heart replacement 
and greatly increasing the chances for a recipient to re- 
ceive a transplant by utilizing the lungs available from car- 
diac donors. However, the high incidence of airway com- 
plications with the double-lung procedure made the issue 
of heart-lung (with or without the domino feature) versus 
double-lung transplant a legitimate subject for debate. 

To remedy the ischemic complications of the tracheal 
anastomosis, bilateral bronchial anastomoses were sub- 
stituted based upon the favorable experience with the 
single-lung transplant procedure which utilizes this type 
of airway connection. With this modification airway com- 
plications were greatly reduced. 

Once i t  was recognized that two bronchial anasto- 
moses were indeed considerably safer than the tracheal 
anastomosis of the double lung procedure, the next logical 
step quickly followed, namely, replacement of each lung 
as a separate unit, i. e. bilateral single-lung transplants. 
This procedure, which we refer to as a bilateral lung trans- 
plant. is performed via bilateral anterolateral thoraco- 
tomies connected by means of a transverse sternotomy. 
This incision, used in the early days of open heart surgery, 
provides superb exposure of both pleural spaces from 
apex to diaphragm. With the bilateral lung procedure, the 
need for ischemic arrest of the heart is eliminated. As for 
single-lung transplants, partial cardiopulmonary bypass 
may be utilized to facilitate placement of either lung if 
necessary, but bypass has not been required in 75% of the 
cases. The absence of mediastinal dissection eliminates 
cardiac denervation, and the ability to completely mobi- 
lize both lungs with good exposure and with avoidance of 
prolonged cardiopulmonary bypass has virtually elimi- 
nated hemorrhagic complications. Finally, the procedure 
is conceptually and technically straightforward, and thus 
easily transmitted from one center to another. 

The results achieved with this procedure reflect its sim- 
plicity. In the past 12 months, since the initiation of this 
procedure, we have performed bilateral lung transplants 
in 21 recipients. Nineteen of these patients (91%) are cur- 

rently alive and well and have been discharged from hos- 
pital. Although the ischemic time for the second im- 
planted lung has extended up to 9.5 h, the mean arterial 
oxygen tension (on 100% oxygen) following the proce- 
dure has been 560 mmHg and has exceeded 500 mm Hg in 
all but two recipients. The majority of recipients have 
been extubated and have normal blood gases on room air 
by the third or fourth postoperative day. The mean hospi- 
tal stay (22days) is similar to our experience with 
28 single-lung transplants performed over approximately 
the same time period (with an overall survival of 96%). 
The goal of developing a safe and effective procedure for 
replacement of both lungs without the heart has, in our 
opinion, now been achieved. 

In light of these developments, the continued use of 
the domino transplant procedure raises serious ethical 
considerations. The recipient with end-stage lung disease 
should receive the donor lungs while the donor heart is 
utilized for an appropriate cardiac recipient. To require 
the lung recipient to give up his ‘conditioned’ heart as the 
price of receiving lungs in the form of a domino trans- 
plant simply can no longer be justified on a scientific 
basis. 

Change, though inevitable, is often accepted with re- 
luctance. In the case of domino heart-lung transplants, this 
means abandonment of a procedure that was a dramatic 
and technical tour-de-force. Continued use of the domino 
procedure potentially distorts the organ distribution pro- 
cess in favor of centers employing this technique. It is com- 
mon for the domino transplant center to retain control 
over the use of the ‘domino’ heart which may not be sub- 
ject to the same distribution procedures as would the orig- 
inal donor heart. Furthermore, in some jurisdictions the 
rules of thoracic organ distribution are drafted so as to 
favor the placement of the combined heart-lung bloc as 
the first priority over the separate placement of the donor 
heart and lungs. In this situation utilization of the domino 
heart-lung procedure confers an added advantage to that 
transplant center, a practice that is indefensible in view of 
present donor availability. 

The combined heart-lung transplant procedure was de- 
veloped for those individuals thought to have irreversible 
failure of the heart and the lungs. Its current use should be 
restricted to those recipients for whom it is judged to be 
the best, or the only, possible remedy. The selection of 
such recipients, once thought to be clear-cut, is being re- 
evaluated due to the successful application of single-lung 
transplants €or patients with primary pulmonary hyper- 
tension and for patients with Eisenmenger’s syndrome, in 
conjunction with simultaneous repair of the cardiac de- 
fect. Further experience is required before the appropri- 
ate role of each type of transplant is defined. For patients 
with irreversible pulmonary failure, but not cardiac 
failure, the domino procedure, in its time, served well to 
bridge the gap until a more appropriate method for re- 
placing both lungs could be developed. Its continued use, 
in this writer’s opinion, would displace its rationale from 
pragmatism to piracy. 


