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There is a resurgence of interest in single- and double-lung 
transplantation for end-stage disease. An experience with six 
double-lung and three single-lung transplants is reported. The 
lungs were procured from a distance of up to 600 miles and the 
heart was shared with another team for transplantation in seven 
of nine instances. The operative mortality rate was 33%. Early 
transplant infections of donor origin were lethal. Late transplant 
pneumonitis was well tolerated and recovery was the mle. Three 
of nine cases had significant tracheal suture line stenosis and 
were managed conservatively. A technique of bronchial artery 
implantation using a conduit tailored from donor aorta is de
scribed. Transplant rejection was easily diagnosed and treated. 
Other notable complications included occasional massive pleural 
fluid loss, temporary space problem, and a delay in the 'resetting' 
of chemoreceptors resulting in moderate post-transplant hyper
carbia accompanied by episodes in which the patient felt hypox
emic despite the maintenance of excellent levels of blood gases. 
A comprehensive rehabilitation program begun before operation 
is essential for success. 

T HE FIRST RECORDED lung transplantation in hu
mans was performed in 1963.1 Even though 
many of the technicaJ2-6 and physiologic7- 15 as

pects of the procedure had been clarified in the experi
mental setting, long-term clinical success was not attained 
until after the advent of cyclosporine. Enthusiasm for the 
procedure was rejuvenated by the successful series re
ported by the Toronto group. 16 Since then an experience 
with more than 175 cases, the majority of them single
lung transplants, has been accumulated worldwide. 17 Even 
though survival statistics at this early stage of experience 
are encouraging, several problems have been identified, 
the resolution of which may further improve the outlook 
for this procedure. 
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Case Material 

In the last 3 years a total of six double- and three single
lung transplantation procedures were carried out at the 
University of Mississippi Medical Center. The indications 
are outlined in Table I. 

Technique 

Donor Procedure 

Two lungs were procured locally and seven others from 
distances of up to 600 miles. The heart was shared with 
another transplant team in six instances. Cold ischemia 
time and details of other organ harvest are detailed in 
Table 2. The entire cardiopulmonary block was harvested 
as a unit in two instances. and the organs were separated 
at the back table. In all others the lungs were harvested 
after excision of the heart by the cardiac team. In either 
case mobilization of the lung block consisted of digital 
retropericardial dissection from the diaphragm to the ca
rina level, proceeding anterior to the esophagus. The tra
chea was identified between the vena cava and the aorta 
in the upper mediastinum and later clamped and divided 
at about five rings above the carina. The main pulmonary 
artery was divided midway between the pulmonary valve 
ring and the bifurcation. The left atrium was divided mid
way between the atrioventricular groove and the conflu
ence of pulmonary veins. When cardioplegia solution was 
used for the cardiac harvest, it was vented through an 
incision in the left atrial appendage and not through an 
incision in the pulmonary vein, as is often done. The azy
gous vein was divided near the right hilum. The ligamen
tum arteriosum was divided and the left pulmonary artery 
was mobilized in the mediastinum. With division of the 
inferior pulmonary ligaments, the entire lung block could 
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TABLE I. Single- and Double-lung Transplants: 
Patient Data and Indications 

Age 
Patient Sex (yrs) Indication 

Single-lung 
Transplantation 

W.B. M 56 Idiopathic pulmonary fibrosis 
J.M. F 49 Idiopathic pulmonary fibrosis 
M.F. M 38 Idiopathic pulmonary fibrosis 

Double-lung 
Transplantation 

K.M. F 29 Bilateral cystic bronchiectasis 
and pulmonary fibrosis 

J.C. M 45 COPD 
D.W. F 27 Cystic fibrosis 
F.S. M 60 COPD 
R.D. M 46 Alpha- I deficiency 
H.K. M 52 COPD 

be excised away from the descending aorta and the esoph
agus by placing gentle traction on the divided trachea from 
above and the diaphragmatic pericardium from below. 
Large pericardia! flaps were retained18 with the specimen 
to avoid disruption of the peribronchial collaterals (Fig. 
I). Throughout the harvesting procedure, a deliberate ef
fort was exercised to minimize handling of the lung pa
renchyma. In the case of single-lung transplantation, the 
left lung was separated from the right at the back table by 
dividing the left bronchus near the carina, the left pul
monary artery at the main pulmonary artery bifurcation, 
and the left atrium at the cuff draining the two left pul
monary veins. Division of the pericardium in the middle 
completed the separation. During implantation, the left 
bronchus was trimmed down to two rings above the take 
off of the left upper lobe bronchus. 

Lung preservation was achieved by topical hypothermia 
by instilling ice-cold Collins' solution into both pleural 
cavities through large anterior pleural pericardia! incisions. 
The anesthesiologist was asked to switch over to I 00% 

TABLE 2. Single- and Double-lung Transplants: 
Organ Procurement Data 

Procurement Cold Incidence of 
Distance Ischemia Storage Lung 

Transplant (miles) Time Damage 

Single Lung 
W.B. 200 4 hr 15 min No 
J.M. 550 3 hr 35 min Yes-moderate 
M.F. 400 4 hr No 

Double Lung 
K.M. local 3 hr 35 min No 
D.W. local 2 hr 45 min Yes-severe 
J.C. 600 4 hr 32 min Yes-mild 
F,S. 400 5 hr 35 min No 
H.K. 175 4 hr 10 min No 
R.D. 400 3 hr 30 min Yes-severe 

Preservation method: Static Euro-Collins in ice. 
Hearts: Seven of nine donor hearts were shared for transplantation. 

Donor 
Double Lung 

FIG. I. Donor double lung with retained pleuropericardial flaps and atrial 
cuff around the pulmonary veins. 

FIO2 and clamp the endotracheal tube a few minutes be
fore cardiac arrest. This was done to induce bilateral pul
monary atelectasis, which facilitated rapid pulmonary 
cooling. 16 

Recipient Procedure 

Technique of single-lung transplantation. 19 All single
lung transplantations have been performed on the left 
side, although single right lung transplantation is tech
nically feasible, albeit somewhat more difficult, especially 
with regard to the atrial anastomosis. Generally the pro
cedure can be performed without heparin and without 
cardiopulmonary bypass. Partial bypass through the fem
oral vessels may be required in cases of extreme pulmo
nary hypertension when unilateral pulmonary vascular 
clamping is not tolerated by the patient. Through a left 
thoracotomy, the left lung is mobilized and the left pul
monary artery and veins are divided by stapling instru
ments as far distally from the hilum as feasible. The left 
bronchus is also divided near or at the left upper lobe 
bronchial takeoff. An incision to the left atrium is devel
oped between and including the remaining stumps of the 
two divided pulmonary veins. The donor atrial cuff is 
sewn to this incision with running 4-0 Prolene sutures 
(Ethicon Inc., Somerville, NJ). End-to-end anastomosis 
of the donor and recipient pulmonary arteries is carried 
out after completing the bronchial anastomosis with run
ning Prolene sutures. Airway control is obtained during 
bronchial anastomosis either by introduction of a bron
chial blocker or a double-lumen endotracheal tube. Vas
cular clamps are not released until the left lung is ready 



Vol.211 •No.6 SINGLE- AND DOUBLE-LUNG TRANSPLANTATION 683 

FIGS. 2A-C. Steps in recipi
ent pneumonectomy: (A) di
vision of pericardia! veins 
behind the heart; resection of 
pulmonary artery retaining 
part adjacent to ligamentum 
and recurrent laryngeal 
nerve. (B) Hilar transection 
and pneumonectomy. (C) 
Extraction of tracheal rem
nant through {R} hilum. 

Recipient 
Pneumonectomy 

A 

Recipient 
Pneumonectomy 

B 

to be ventilated to mm1m1ze shunting. The bronchial 
anastomosis is wrapped with an omental pedicle devel
oped through a small upper abdominal incision and 
brought up to the left lung hilum behind the xiphistemum. 

Technique of double-lung transplantation (Fig. 2). The 
technique is modified20 from the one described by Pat
terson et al. 18 The procedure is carried out under total 

cardiopulmonary bypass and moderate hypothermia (25 
to 28°C) without cardioplegia. Separate vena caval can
nulae with snares are used. After bypass is instituted, the 
pericardial sheaths around the pulmonary veins retrocar
dially are dissected out and the veins individually divided 
between staple lines. The right and left pulmonary arteries 
are divided in the mediastinum near the bifurcation. The 
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Extraction of 
c Tracheal Remnant 

FIG. 2. (Continued) 

right side of the heart should be vented at this stage by 
loosening one or both vena caval snares and, if necessary, 
by introducing a sucker into the right ventricle through 
an incision in the main pulmonary artery at the site of 
the proposed anastomosis. Both lung hila can be excised 
at this point with electrocautery after mobilization of the 
lung parenchyma with meticulous coagulation division 
of any adhesions present. The trachea is identified between 
the vena cava and the ascending aorta and divided close 
to the carina without disturbing the adjacent vagi. The 
distal tracheal remnant in the mediastinum is best ex
tracted through the right hilum by traction and electro
cautery. Most of the right pulmonary arterial remnant in 
the mediastinum may have to be extracted to make room 
for the donor hilum. The left pulmonary arterial remnant 
is retained to avoid injury to the recurrent laryngeal nerve. 
It may be necessary to incise the pleuropericardium 
around the hilum further to make room for the donor 
lung. These incisions are well away from the phrenic 
nerve, which should be carefully protected. The donor 
lung is positioned retrocardially in the orthotopic position. 
The anastomoses between donor and recipient structures 
with appropriately sized continuous Prolene sutures are 
carried out in the following order: trachea, left atrium, 
and pulmonary artery. The tracheal anastomosis should 
be wrapped in omentum as previously described (Fig. 3). 
It has generally been possible to maintain cardiac rhythm 
throughout and defibrillation has not been necessary. 
Contractile activity has been relatively muted and has not 
interfered with satisfactory anastomoses. Left atrial vents 
have been used routinely to obtain a dry field during the 

atrial anastomosis. Meticulous evacuation of air is ac
complished in the usual manner before onset of left ven
tricular ejection. 

Postoperative Care 

Immunosuppression is induced with rabbit anti-human 
anti-thymocyte globulin (A TG) (2 mg/kg/day) and con
verted to cyclosporine around the 7th postoperative day, 
with an overlap of 3 to 4 days until satisfactory cyclo
sporine blood levels are achieved (whole blood trough level 
of approximately 800 ng). Imuran (1.5mg/kg; Burroughs 
Wellcome, Triangle Park, NC) is started on the first post
operative day and dosage is adjusted downward if nec
essary to maintain a white blood count of more than 5000/ 
mm3. Oral prednisone at approximately 0.15 mg/kg (10 
mg adult dose) is started 3 weeks after operation and 
gradually reduced to 7.5 mg 3 months after surgery. Re
jection episodes are mild as a rule and treated by daily 
Solu-Medrol boluses (The Upjohn Co., Kalamazoo, MI) 
(250 to 500 mg/day X 3 days). Patients undergoing lung 
transplantation face a multitude ofhemodynamic, respi
ratory, metabolic, infectious, immunologic, and other 
complications. 19•20 A high level of intensive care is nec
essary for the first few weeks and sometimes much longer 
if success is to be achieved. Protocols for surveillance and 
monitoring of patients undergoing a complex cardiopul
monary procedure and transplantation should be in place. 
After the critical postoperative period, these patients do 
surprisingly well in the long term, with levels of energy 
and activity very similar to those of the general population. 

Omental Patch 

FIG. 3. Omental wrap around tracheal suture line. 
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TABLE 3. Single- and Double-lung Transplants: Transplant lrifection~ 

685 

Patient 

Donor-transmitted Infectionst 
D.W. 

R.D. 

H.K. 
Transplant Infections-Nondonor 

Origin 
K.M. 

J.C. 

I.M. 

F.S. 

* X-ray infiltrate with systemic signs. 

Operative Mortality and Survival 

Onset After 
Operation 

9 days 

7 days 

7 days 

2-1/2 mo 
7mo 

18 mo 

22 days 
2 mo 20days 

I mo 

I mo 

There was an operative mortality rate (less than 30 days) 
of 33% (3 patients: 2 deaths from donor-transmitted in
fections and I death from pulmonary embolus). An ad
ditional patient died at 2 months and 5 days from donor
transmitted infection. Of the five patients discharged from 
the hospital, three are doing well at I year 4 months, I 
year 7 months, and 2 years 5 months, respectively, after 
transplantation. Two others have since died at 4 months 
(unexpectedly from an anesthetic complication during 
transbronchial dilatation of a tracheal stenosis) and 1 year 
(fungus ball and sepsis in the nontransplanted lung), re
spectively. 

Special Problems 

Postoperative /refections 

Lung transplant recipients are subjected to donor
transmitted infections in the early postoperative period 
and later from nondonor sources. Seven of nine trans
plants experienced significant transplant infection from 
a variety of infective agents (Table 3). 

Case 1 

A 27-year-old woman with end-stage lung disease from cystic fibrosis 
underwent double-lung transplantation. Gram stain from donor tracheal 
secretions at the time of harvest revealed white blood cells but no or
ganisms. However, 24 hours later, cultures grew dry and mucoid Pseu-

Organism 

Pseudomonas dry and 
mucoid in sputum 
and blood 

Candida in blood and 
body secretions 

CMV 

Klebsiella in sputum 
Hemophilus and 

Streptococcus in 
sputum 

Pseudomonas in sputum 
and blood 

Proteus in sputum 
Proteus and Klebsiella 

in sputum 
S. aureus in sputum and 

blood 
S. aureus and 

Enterobacter in 
' sputum and blood 

Outcome 

Death from lung abscess and 
empyema 

Death with disseminated candida 
sepsis 

Death from severe CMV pneumonia 

Recovered 
Recovered 

Recovered 

Recovered 
Recovered 

Recovered 

Recovered 

t Organism cultured from donor trachea and subsequently from the 
recipient. 

domonas aeruginosa. The patient was immediately placed on appropriate 
antibiotics. On the ninth postoperative day there was severe respiratory 
deterioration with production oflarge quantities of bloody sputum. Cul
tures grew donor organisms, i.e., dry and mucoid-producing Pseudo
monas aeruginosa. Despite aggressive antibiotic therapy, both by air 
aerosolization and systemically, the patient experienced a downhill course 
and died on the 65th postoperative day. Postmortem examination re
vealed cavitary destruction of the transplant with empyema by the of
fending organism. 

Case 2 

A 29-year-old woman received double-lung transplantation in July 
1987 for end-stage lung disease caused by repetitive infective bronchitis 
starting in childhood. Postoperative course was smooth and the patient 
was discharged on the 17th day after surgery. She was readmitted on 
three separate occasions at 2.5 months, 7 months, and 18 months, re
spectively, after surgery with dyspnea, fever, and sputum production. 
Transplant pneumonitis was diagnosed based on sputum isolates of 
Klebsiella pneumoniae, Hemophilus, and Pseudomonas on the three 
admissions, respectively. The patient responded to specific antibiotic 
therapy on each occasion, with rapid improvement in blood gases, and 
was discharged after a few days hospitalization in each instance. Currently 
she maintains excellent lung function and exercise tolerance 2 years and 
5 months after operation. 

Comments 

Donor-transmitted infections are associated with a high 
mortality rate while later infections of nondonor source 
appear to be well tolerated by the transplant recipient. 
Donor-transmitted infections can be minimized by careful 
choice of donor material. Organs from donors who have 
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been intubated for more than 72 hours should be rejected. 
Donor bronchoscopy should be done routinely and lungs 
with signs of erythematous bronchitis and/or purulent se
cretions should be rejected. The recipient should be treated 
expectantly with appropriate antibiotics initially based on 
donor sputum gram stain findings and later by actual cul
tures. Candidiasis in the donor warrants low-dose am
photericin treatment of the recipient. We are beginning 
routine administration ofhyperimmune globulin (0.25 g/ 
kg) before operation and at 2-week intervals for 4 to 6 
weeks. Specific anti-cytomeglic virus (CMV) hyperim
mune globulin is being evaluated under experimental 
protocol in some institutions. One death in our series oc
curred from disseminated CMV infection. Among the 
many factors that predispose to CMV infection are trans
plantation oflung from a CMV-positive donor to a CMV
negative recipient, administration ofpolyclonal or mono
clonal A TG, heavy steroid dosage for combating rejection, 
and a debilitated state of the patient. There is general 
agreement that CMV-negative recipients should not re
ceive organs from CMV-positive donors. There is con
scious effort to minimize the use of antithymocyte glob
ulin, especially OKT3. Prophylactic administration of 
acyclovir or gancyclovir may be considered when extended 
use of A TG or large steroid boluses is unavoidable. Even 
when the recipient is CMV positive, reactivation of disease 
can occur and a high index of suspicion is necessary for 
proper diagnosis. Periodic CMV titer determination 
should be carried out and secretions assayed for CMV 
antigen in symptomatic patients. A temporary reduction 
in immunosuppression is usually necessary to minimize 
mortality in affected patients. Sputum is monitored pe
riodically for pathogens, but treatment is not instituted 
after the tracheal or bronchial suture line has healed unless 
there is evidence of invasive infection. Some centers rou
tinely use Bactrim (Roche Laboratories, Nutley, NJ) on 
a chronic basis in immunosuppressed patients as a pro
phylaxis against Pneumocystis. 16 We have not found this 
necessary in our lung and other transplant patients be
cause Pneumocystis incidence has been low (less than 1 % ) 
with low-dosage steroid administration. 

Preservation-related Injury 

The absence of a reliable preservation technique that 
will extend shelf life of the donor lung beyond 4 to 5 
hours is among the more serious impediments to lung 
transplantation. While we and the Toronto group have 
used the much simpler topical hypothermia technique, 
others have resorted to infusion preservation with Euro
Collins solution (Fresenius AG, Bad Homburg, West 
Germany) preceded by prostaglandin administration.21 It 
is our impression that there is no dramatic difference be
tween the two techniques in terms of preservation time 
or quality. In our own experience, the manifestation of 
severe preservation injury has been unpredictable and does 

not correlate with cold ischemia time (Table 2). Un
doubtedly other donor factors immediately before harvest 
play a role in the manifestation of preservation injury. 
Significant storage injury is usually evident within 48 
hours after transplantation and is manifested by deteri
orating blood gases and increasing parenchymal fluid col
lection on serial X-rays. Patients are treated by fluid re
striction, diuresis, and adequate PEEP to maintain oxy
genation. With omental wrap around the tracheobronchial 
anastomosis, 16•18 even high levels of PEEP are surprisingly 
well tolerated for prolonged periods of time. 

Case3 

A 49-year-old woman received single4ung transplantation for idio
pathic pulmonary fibrosis. After operation severe preservation injury 
manifested by pulmonary edema, deteriorating blood gases, and opaci
fication of the transplant lung on chest X-ray occurred as early as 6 hours 
after transplantation. The manifestations became worse in the ensuing 
several days, requiring aggressive therapy with PEEP of up to 20 mm Hg, 
with the patient being paralysis-maintained on a Norcuron drip (Organon 
Pharmaceuticals, West Orange, NJ). The patient experienced rhabdo
myolysis (probably induced by Norcuron) requiring tracheostomy and 
ventilator support for 3 months, at which time muscle recovery was 
complete and the patient was weaned from the respirator. During much 
of this interval, there was bronchiopleural fistula with considerable air 
leakage through the chest tubes. However, with cessation of PEEP and 
removal of ventilator support, air leakage stopped and chest tubes were 
removed without incident. Now 19 months after operation, the patient 
maintains a clear transplant on chest x-ray, with an arterial P02 of 80 
mmHg on room air. Her exercise tolerance is good and she maintains 
a normally active lifestyle. 

Comments 

Experience with the above case illustrates that even se
vere storage injury is completely reversible with time. A 
major reduction in preservation-related injury awaits the 
development of better storage techniques. In the interim 
the problem may be minimized by careful choice of do
nors and by reducing the cold ischemia time as much as 
feasible. Donors with less than optimal blood gases (less 
than 400 mmHg on 1.0 FI02 at 5 cm PEEP) should be 
rejected. Infiltrates or other radiographic abnormalities in 
the potential donor lung are also cause for rejection. Sig
nificant smoking history or other points in the history 
that would suggest a less-than-optimal lung are negative 
factors in choice of a suitable donor. More recently we 
have selectively used fructose diphosphate22 and PGEl 
administration in treating overt preservation injury. 
Placement of a left atrial catheter at the time of surgery 
may allow more aggressive administration of PGE 1 into 
the pulmonary circulation with simultaneous epinephrine 
administration into the left atrium to maintain systemic 
pressure. The pulmonary artery pressure and left • atrial 
pressure should be kept as low as possible, and the oncotic 
pressure maintained by administration of fresh frozen 
plasma and other colloids. 
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FIG. 4. Severe tracheal stenosis in a patient 4 months after double-lung 
transplantation. 

Transplantation Complications 

Tracheobronchial Suture Line Problems 

With the routine use of omental wrap around the tra
cheobronchial anastomosis, we have not experienced se
rious suture line problems in the early postoperative pe
riod. However three patients developed significant late 
tracheal stenosis within several months after transplan
tation. In two of these the stenosis was approximately 
50% reduction in luminal diameter and was easily treated 
by dilatation during bronchoscopy with partial trans
bronchial resection of the constricting cicatrix. One patient 
(Fig. 4) who was otherwise doing well died at 4 months 
from sudden Joss of airway as a result of bleeding during 
transbronchial resection. Such lesions can be successfully 
treated with transbronchial placement of chronic in
dwelling silicone stents across the stenosis. 16 

Early tracheal dehiscence can be avoided by meticulous 
suture technique, use of monofilament sutures, and the 
omental wrap, which provides early vascularization to the 
suture line. Peak airway pressures should be kept as low 
as feasibly consistent with proper oxygenation. Unnec
essary peritracheal or bronchial dissection should be 

avoided both in the donor and recipient to preserve blood 
supply. Better lung preservation and consequently reduced 
use of PEEP will enhance bronchial microcirculation in 
the postoperative period. In constructing the tracheo
bronchial suture line, excessive inversion, which tends to 
produce a shelf and later stenosis, should be avoided. De
spite these precautions (Fig. 4 ), late tracheal stenosis can 
develop, which is presumably ischemic in origin, aug
mented by rejection episodes that may further compro
mise an already tenuous microcirculation. A suitable par
allel exists in renal transplantation in which the terminal 
portion of the transplanted ureter with tenuous blood 
supply is known to undergo stenosis from rejection and 
vascular compromise. 23 The low incidence of tracheal su
ture line complications in heart-lung transplantation due 
to preservation of coronary-bronchial collaterals suggests 
that the problem may be solved if bronchial arteries can 
be reimplanted during isolated lung transplantation. 
While a Carrell patch of aorta around the bronchial artery 
can be harvested with the lung, reimplantation is seldom 
possible in double-lung transplantation either because the 
patch does not reach the descending aorta or access to the 
posterior mediastinum becomes limited when the major 
suture lines are in place. A technical modification can 
resolve this difficulty (Figs. 5 and 6). The lungs are har
vested with the distal aortic arch and much of the de
scending thoracic aorta by dividing this structure between 
staple lines at the upper and lower portions of the posterior 
mediastinum. The esophagus is similarly stapled and di
vided at the diaphragm and at the level of tracheal division. 
The lung block may now be excised with the attached 
posterior mediastinal segment of esophagus and aorta. At 
the back table, the esophagus is carefully excised without 
injury to the bronchial vessels. The aorta is opened pos
teriorly and the opening of the bronchial arteries (usually 
two in number) is identified near the tracheal bifurcation. 
Using a 3- or 4-mm Haegar dilator as a stent, a stapling 
device can be used to construct an appropriate-sized con
duit from the aorta feeding into the bronchial arteries. It 
is more suitable to construct such a conduit from the upper 
thoracic aorta in double-lung transplantation and from 
the distal descending thoracic aorta in single-lung trans
plantation. When the major suture lines of double-lung 
transplantation are completed, the conduit can be anas
tomosed easily to the ascending aorta, similar to a saphe
nous-coronary artery bypass graft. In single-lung trans
plantation, the conduit is easily anastomosed to the de
scending thoracic aorta. We have used this concept in two 
recent patients, but the long-term value of this technique, 
if any, remains to be assessed. 

Transplant Rejection 

Almost all transplant patients undergo at least two or 
more rejection episodes in the first 2 months after trans
plantation. Rejection episodes are rare before 4 days or 
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FIGS. 5A and B. Construction of conduit from (A) upper thoracic aorta (for double-lung transplant) and from (B) {L} lower thoracic aorta (for 
single-lung transplant) to facilitate bronchial artery revascularization. 

after 3 months. Early rejection at 5 to 7 days will aggravate 
any existing preservation-related injury and ventilation
perfusion abnormality. Rejection crises respond readily 
to administration of steroid boluses. Rapid improvement 
in blood gases is the rule, frequently within 2 to 3 hours 
after administration of steroids. None of the deaths in our 
experience were primarily due to rejection. It is our 
impression that lung transplants can be maintained 
chronically at an immunosuppression level somewhat less 
than is required for other organs, such as the heart, the 
liver, and the kidney. In the cumulative experience of 
centers performing lung transplantation at present, 17 the 
incidence of bronchiolitis obliterans appears to be signif
icantly less than is reported for combined heart-lung 
transplantation. 24 The reason for this marked discrepancy 
is unclear. 

Nutritional and Physical Problems 

Patients with long-standing pulmonary disease undergo 
significant deterioration in nutritional status, muscle mass, 

and muscle function. An aggressive preoperative program 
to improve nutrition and muscle function is an integral 
part of a lung transplant program. Patients who are losing 
weight should not be considered for transplantation until 
the weight has stabilized and preferably begun to improve 
on an appropriate nutritional program. Physical condi
tioning and exercise tailored to increase strength and en
durance enhance the overall condition of the patient be
fore operation and improve his or her outlook to withstand 
the rigorous postoperative period. Failure to adhere to 
this aspect of rehabilitation in an early case resulted in a 
successful transplant in a patient who nevertheless re
mained an invalid due to his refusal to enter a exercise 
program after surgery. In this context an appropriate psy
chologic evaluation before operation is of considerable 
importance in recipient evaluation. 

High-frequency Ventilation 

Enthusiasm for high-frequency jet ventilation has 
waned recently. However it may be useful in select situ-
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FIGS. 6A and B. Conduit implanted in (A) ascending (double-lung trans
plant) or (B) descending aorta (single-lung transplant). 

ations of significant transplant dysfunction in which ad
equate oxygenation by other means is difficult or un
available. Extracorporeal membrane oxygenation, a 
theoretical option in similar situations, has not been of 
practical use in our experience during periods of transplant 
dysfunction. 

Pleural Fluid Loss 

Massive loss offluid through chest tubes from exudation 
into the pleural cavity is sometimes encountered in the 
early postoperative period. This may be related to division 
oflymphatics at the lung hilum or to inability of recipient 
lymphatics to absorb the exudate (due to sclerosis from 
repeated previous infections or disruption during the sur
gical procedure). Other factors, such as excessive exuda
tion from the lung surface as a result of preservation
related injury, may play a part. In one patient fluid loss 
due to this cause rose to 600 mL per hour and lasted 
several days after transplantation. Adequate fluid and 
colloid replacement is necessary under these circum
stances. 

Space Mismatch 

We have generally tried to match the donor and recip
ient chest sizes based on longitudinal and transverse chest 
measurements from radiographs. Height, weight, and sex 
of the patient are also accounted for in donor/recipient 
matching. More than a 15% discrepancy in chest mea-

surements (length between 1st to 10th vertebra, and 
transverse chest diameter at 10th vertebra) has been a 
cause for concern. In situations in which this rule was 
violated (usually because the emphysematous recipient 
had a large chest cavity), the temporary space problem 
evident in early postoperative chest X-rays rapidly dis
appeared in the ensuing days. Others16 have reported the 
opposite situation in which a lung larger than the patient's 
chest cavity was placed successfully as the diaphragm and 
the mediastinum moved to accommodate the increased 
lung mass of the transplant. 

Psychological Problems 

Patients undergoing transplantation who have been on 
the verge of death before undergo a series of mood changes 
after operation ranging from elation to depression and 
anxiety, and exhibit other frankly abnormal psychological 
behavior. Most of these resolve with time. 

Resetting of Chemoreceptors 

With the replacement of the diseased lung by the trans
planted lung, resetting of the receptors that control oxy
genation, pH, and carbon dioxide tension appears to take 
several weeks. Most patients have experienced mild to 
moderate hypercarbia for the first several weeks after 
transplantation that gradually normalizes later. Either be
cause of inadequate feedback signals from respiratory 
muscles due to the reduced respiratory effort required after 
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transplantation or because there is delay in resetting the 
central chemoreceptors, patients frequently experience a 
sense of hypoxia in the postoperative period and will often 
respond by hyperventilation. Repeated blood gas deter
minations during these episodes are frequently in the nor
mal range and have not shown hypoxemia. These distor
tions in respiratory mechanisms subside gradually with 
the passage of time. 

Discussion 

The diagnosis of lung rejection in our experience has 
been relatively easy with systemic signs of malaise, fever, 
and slightly elevated white cell count similar to that seen 
in other organ transplants. Significant and rapid deteri
oration in the arterial blood gases with X-ray infiltrates 
visible a day or so later in the perihilar region completes 
the 'classic' picture ofrejection. Variations are common. 
When suspected, an initial bolus of 250 to 500 mg steroids 
should be administered intravenously. Significant im
provement in blood gases ( often more than 25 mmHg) 
within 2 to 3 hours after such administration is a strong 
presumptive evidence for rejection. Other groups21 have 
used aggressive transbronchial biopsy to distinguish re
jection from infection. This appears to be particularly 
useful in combined heart-lung transplantation in which 
rejection appears to occur more frequently and much later 
than we have seen in our lung transplant group. Because 
the procedure is apparently attended with minimal risk 
and morbidity, it may have significant diagnostic value 
in differentiating rejection from infection. 

Enough experience has been gathered worldwide 16•17 to 
establish single-lung transplantation as the procedure of 
choice for end-stage interstitial pulmonary fibrosis. Such 
patients rapidly achieve ventilation-perfusion match in 
the transplanted lung approaching 80% to 90% of total 
ventilation and perfusion. The largest segment of pul
monary cripples, i.e., emphysema in the western world, 
before now have been considered as unsuitable for single
lung transplantation. Severe postoperative ventilation
perfusion mismatches were feared in this group. In a lim
ited experience initiated in France and confirmed in a 
small group of patients in this country,25 single-lung 
transplantation appears to be surprisingly well tolerated, 
with minimal mortality and morbidity. The ventilation
perfusion mismatch is abnormal in the early postoperative 
period but rapidly improves with about 75% of ventilation 
and perfusion going to the transplanted lung at 4 months. 
These are remarkable findings and, if substantiated, will 
open lung transplantation to a group of patients, especially 
those older than 60 years, who cannot tolerate double
lung transplantation under cardiopulmonary bypass. 

For other conditions, such as cystic fibrosis or infective 
end-stage Jung disease in which bilateral pneumonectomy 
is necessary to clear infection, a controversy has erupted26 

as to whether heart-lung or double-lung transplantation 

is the procedure of choice. Considerable experience with 
heart-lung transplantation has been accumulated world
wide and the procedure has become standardized with a 
low incidence of tracheal problems. However initial hopes 
that the status of lung rejection could be monitored by 
periodic myocardial biopsies have not materialized. It is 
clear that either organ can and does undergo separate re
jection episodes.21 •24 In addition a surprisingly high inci
dence of bronchiolitis obliterans (approaching 50% in the 
experience of one center)2 1 is being reported with heart
lung transplantation despite the use of heavy immuno
suppression. For reasons that are unclear, the incidence 
appears to be very much lower after lung transplantation. 
In addition the principle of limiting transplantation to 
the diseased organ only has considerable appeal in favor 
of performing double-lung transplantation for purely pul
monary diseases. Also, in a era of acute organ shortage, 
it appears wasteful to sacrifice a perfectly healthy heart in 
recipients with disease confined to the lungs for the per
formance of heart-lung transplantation. The successful 
use of 'domino' transplantation of the excised recipient 
heart may mitigate this argument somewhat against the 
use of combined heart-lung transplantation for primary 
lung problems. Double-lung transplantation is at a more 
primitive stage of evolution compared to heart-lung 
transplantation and further improvements in technique 
and results are to be expected. The authors anticipate that 
in the future heart-lung transplantation will be limited 
to combined cardiopulmonary pathology, such as Eisen
menger's syndrome and end-stage cor pulmonale. The 
potential scarce supply of heart-lung blocks compared to 
lung blocks should further propel practice in this direction. 
Some centers25 have already attempted single-lung trans
plantation for pulmonary hypertension and for Eisen
menger's syndrome with concomitant correction of the 
cardiac defect. Until recently these conditions were 
thought to be amenable only to heart-lung transplanta
tion. Thus there is an expansion of options in transplan
tation varying from single-lung, double-lung, or heart
lung combination to treat end-stage cardiopulmonary pa
thology. Ultimately each technique dictated by the logis
tics of donor supply and other considerations will find its 
proper niche in the armamentarium of the transplant sur
geon. 
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DISCUSSION 

DR. JOHN C. McDoNALD (Shreveport, Louisiana): It is a pleasure for 
me to comment on this major presentation. This is the latest of many 
contributions to transplantation by Dr. Raju, his teacher Dr. Hardy, and 
their colleagues. 

The manuscript is a compendium of the knowledge relative to lung 
transplantation and the lessons learned from nine patients, which is cer
tainly not a small clinical experience in this field. In fact I believe it to 
be the largest experience yet reported in the United States. 

As you know lung transplantation has lagged behind the development 
of the transplantation of other extrarenal organs. I wish to address only 
a few points made in this paper. 

The first relates to infection, which historically has been the major 
obstacle to success of lung transplantation. The patients themselves are 
usually infested, if not infected, and the donor lung is rarely sterile. The 
patients in this series are no exceptions and almost all of them suffered 
some form of infection during their hospital course. 

The principal reason cyclosporin has revolutionized extrarenal trans
plantation lies in its capacity to suppress alloimmune responses while 
sparing pre-existing immunity and natural host defenses, including 
phagocytosis. Thus I wish to inquire how this group, as well as the Toronto 
group, selected the immunosuppressive protocol, which was to use ATG 
and Imuran from the onset while cyclosporin was added only 4 to 5 
days after the transplant procedure. 

Theoretically this would appear to be the worst of possible worlds 
because, teliologically, it seems best to start the cyclosporin and add the 
more toxic agents after the patient has had time to clear the microbial 
infestation. 

Second, I would like to hear some discussion concerning the predict
ability of the health of the lung implant. 

It appeared to me that you were entirely unable to predict how well 
the organ would function, no matter what the variation in organ-pres
ervation time. 

This problem is a thread that runs throughout the field of transplan
tation. Clearly it is true in liver and kidney transplantation, in which 
I 0% ofliver and kidney transplants go through a period of primary graft 
nonfunction, which is totally unpredictable in relation to· donor char
acteristics. Dr. Raju, how you are approaching this problem? 
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Finally, although this comment may be presumptuous on my part 
and perhaps out of place, I would like to express my admiration of Dr. 
Raju for his continuing contributions to transplantation. Dr. Raju has 
worked quietly, reliably, and consistently in this field now for almost 20 
years and has proved himself to be one of Dr. Hardy's most brilliant 
students. We are indebted to him for scholarly work regarding small 
bowel transplantation, organ preservation, lung transplantation, and 
many other areas of thoughtful studies in this field. 

DR. GEORGE JOHNSON, JR. (Chapel Hill, North Carolina): I reviewed 
the manuscript with Dr. Frank Veith of New York and Dr. Thomas 
Egan of Toronto and now of Chapel Hill, both reknown transplant sur
geons who are unable to be with us. 

There is little doubt that this study represents another major contri
bution to this field from Mississippi. With Dr. Hardy's pioneering efforts 
and Dr. Raju's persistence in the laboratory and his clinical efforts, they 
now have one of the largest series in North America. 

The manuscript warrants a few comments. Excision of the lung in 
situ rather than en bloc incision of the heart and lung and cold emersion 
of the lung rather than flushing, as Dr. Raju presented it, although con
troversial subjects, were thought to be appropriate by my colleagues. 

There were some technical questions, however, regarding the manu
script. Do continuous sutures for tracheal anastomosis lead to more 
postoperative stenosis than would interrupted sutures? 

Is performing the left atrial anastomosis without cardioplegia difficult? 
Are you concerned about air embolus in this setting and, similar to 

Dr. McDonald, why don't you introduce cyclosporin therapy immediately 
because it can be given intravenously? 

You have developed an ingenious method to create a vascular conduit 
in an attempt to establish bronchial artery arterial systemic blood supply. 
Do you have proof that this stays open? 

As a nontransplant surgeon, I think I am on the bank of a mountain 
stream watching some skilled fishermen haggling over the best lure to 
use. The real question I would ask: Are there any fish in the stream? 

With 175 lung transplants having been done and a 40% long-term 
survival rate, as reported by Dr. Raju, does this presentation herald the 
next stage of lung transplantation? Have the pioneering efforts of Dr. 
Hardy 26 years ago finally matured to where transplantation of the lung 




