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Abstract Objective. To review the 
results of bronchial healing in a con- 
secutive series of 100 isolated pul- 
monary transplants, performed at 
one centre between 1987 and 1994. 
Methods_ A retrospective review of 
123 assessable bronchi (61 in single 
lung and 62 in bilateral lung) trans- 
plants was carried out. All anasto- 
moses were assessed by bronchos- 
copy at 7 - 1 0  days, and follow up 
was from one to seven years. The ef- 
fect on bronchial dehiscence or sten- 
osis requiring endobronchial stent, of 
suture technique, pre and post opera- 
tive steroid administration, bronchial 
wrap, donor ischaemic time and time 
to first rejection episode was as- 
sessed. 
Results. Complications of airways 
healing occurred in four patients: 
stenosis in two and dehiscence in 
two (1.6% of bronchi at risk in both 
groups). Airway complication was 
not affected by steroids, pre-opera- 

rive diagnosis, presence of a wrap 
(34 with pericardium or omentum, 
89 with peribronchial tissue alone) 
or any other variable. There was a 
higher incidence of dehiscence 
(2/36) with continuous rather then 
interrupted (0/87) suture, but this 
was not statistically significant. 
There was one airway-related death. 
Two patients who required anasto- 
motic stenting remain alive and well. 
Conclusions. A very low complica- 
tion rate can be achieved without re- 
course to bronchial wrapping, tele- 
scoping anastomoses or steroid 
avoidance. Combined heart-lung 
transplantation or bronchial revascu- 
larisation are not required to achieve 
reliable bronchial healing. 
[Eur J Cardio-thorac Surg (1996) 
10:521-527] 
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introduction 

Complications of airway healing restricted the advance- 
ment of  pulmonary transplantation in the early 1970s. With 
the advent of new techniques of immunosuppression, and 
bronchial omentopexy, improved bronchial healing re- 
newed surgical interest. However, concern over airway 
healing still determines the transplant procedure of choice 
for certain patient populations, and influences steroid man- 

agement before and after transplantation in many institu- 
tions. The results of the technique of bronchial anastomo- 
sis for both single and bilateral lung transplants are stud- 
ied in this series of patients in which temporal develop- 
ment of clinical practice and surgeon preference of bron- 
chial anastomotic technique allow comparison of the re- 
sults of bronchial healing with differing perioperative man- 
agement. Such an analysis permits examination of certain 
preconceptions about limitations in airway healing follow- 
ing pulmonary transplantation. 
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Material and methods 

The first 100 consecutive pulmonary transplants performed at the 
Freeman Hospital between June 1987 and March 1994 were studied 
by retrospective analysis. 

Pocurement of lungs was performed after pre-treatment with 
methylprednisolone and prostacyclin in a heparinized donor; a sin- 
gle flush technique with 4 °C modified Euro-Collins solution was 
used to establish rapid lung cooling. Explantation of the heart-lung 
block was performed in a standardized fashion separating the trachea 
from the donor oesophagus. Lungs were inflated with 100% oxygen, 
full expansion maintained by positive pressure, and the trachea sta- 
pled prior to tracheal division. Bench dissection of the heart-lung 
block was then performed, with care taken to preserve peribronchi- 
al tissue. Lungs were stored in 4 °C modified Euro-Collins solution 
during transportation. 

The recipient bronchus was prepared for anastomosis by flush di- 
vision with the mediastinum and control of bleeding achieved by 
haemoclip application. The donor bronchus was prepared by divi- 
sion of the bronchus one cartilaginous ring proximal to the upper 
lobe orifice. Meticulous attention was paid to the preservation of 
peribronchial tissue surrounding both the recipient and donor bron- 
chus. Airway anastomoses were fashioned by either continuous cir- 
cumferential 4/0 polypropylene suture, or by continuous suture of 
the membranous bronchus and interrupted figure-of-eight suture of 
the cartilaginous bronchus using 4/0 polypropylene, based on the 
preference of the primary operator. We endeavored to achieve appo- 
sition of donor and recipient bronchial mucosa, and telescoping of 
the bronchus only occurred when there were discrepancies in bron- 
chial size. The techniques used in this series were primarily non-tele- 
scoping end-to-end anastomoses. A pedicled graft was used to fash- 
ion a bronchial wrap during the early stages of this series, including 
omentum, pericardium, and intercostal muscle, but these techniques 
were abandoned later in the series and substituted by apposition of 
donor and recipient peribronchial tissue over the anastomosis. 

Immunosuppression was achieved conforming to a standard reg- 
imen administering oral preoperative cyclosporin A (Sandimmunl; 
2-6 mg/kg, depending on renal function) and azathioprine (Imuran2; 
4 mg/kg). Anti-thymocyte globulin (Lymphoglobuline (equine)- 

3 Antihuman lymphocyte immune globulin) was used as a short in- 
duction regimen postoperatively, maintaining an absolute lympho- 
cyte T-cell count below 50,000/ml. Intravenous cyclosporin A was 
given twice daily for the first 5 days post-transplant to attain whole 
blood trough levels of 400 ng/ml, following which oral cyclosporin 
A was administered to achieve similar levels. Azathioprine was ad- 
ministered to maintain an absolute white blood cell Count of approx- 
imately 5,000 × 103/ml. The regimen for steroid usage developed over 
the course of this series of pulmonary transplants_ All patients in the 
entire series received steroids immediately post-transplant; methyl- 
prednisolone 125 mg 8 hourly for the first 24 h. However, recipients 
in the initial third of this series received no subsequent routine post- 
operative prednisolone although acute rejection episodes were treat- 
ed with a three-dose pulse of methylpredmsolone (10 mg/kg) fol- 
lowed by a rapidly reducing course of oral prednisolone from 
1 mg/kg to 0.2 mg/kg over 10 days. In the latter part of the series 
routine oral prednisolone was administered commencing at 1 mg/kg 
per day and reducing by 0.2 mg/kg per day every 2nd day down to 
a maintenance dose of 0.2 mg/kg per day. Acute rejection episodes 
were once again treated with a three-dose pulse of methylpredniso- 
lone (10 mg/kg), but the weaning regimen to 0.2 mg/kg oral pred- 
nisolone was undertaken over a 1-month course. 

Surveillance bronchoscopy was performed on all patients 1 week 
postoperatively to assess airway healing and to perform routine trans-  

1 Sandoz Ltd, Basle, Switzerland 
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bronchial lung biopsy and bronchoalveolar lavage. Airways in pa- 
tients dying or retransplanted within 7 days of the pulmonary trans- 
plant were therefore unable to undergo complete assessment and were 
excluded from analysis. Routine surveillance bronchoscopy was 
subsequently performed on all patients at 1 month, 3 months and 
6 months postoperatively, and at 6 monthly intervals thereafter. 
Bronchoscopy was also performed readily in response to a subjec- 
tive change in symptoms or an objective change in respiratory func- 
tion tests at any time during the post-transplant follow-up. 

Data was collected retrospectively from case notes on all patients 
undergoing single or bilateral sequential lung transplant during the 
designated period. The following variables were studied: suture tech- 
nique, bronchial wrap technique, preoperative and postoperative 
steroid usage, ischaemic time, time to first rejection episode, and air- 
way complication. 

The results are expressed as the mean + standard deviation. Paired 
data were compared with either a Z 2 or Fisher's exact test, and non- 
parametric data were compared using the Wilcoxon rank test. 

Results 

One hundred  pu lmonary  t ransplant  procedures  were  per-  
fo rmed  on 97 pat ients:  68 single lung t ransplants  and 
32 b i la te ra l  sequent ia l  lung t ransplants .  The mean  age at 
the t ime of  s ingle lung t ransplant  was 47 _+ 10 years  (range 
21 -60  years)  compared  to 31___ 11 years (range, 15-51 years) 
for b i la te ra l  sequent ia l  lung t ransplanta t ion,  ref lec t ing  the 
different  d iagnoses  in each t rea tment  group. The  30-day 
mor ta l i ty  of  the entire series was 18.6%; s ingle  lung trans- 
plant  recipients  exper i enced  a 30-day mor ta l i ty  of  18.5% 
(12/65 pat ients)  whi ls t  b i la te ra l  sequent ia l  t ransplant  re- 
c ipients  demons t ra ted  a s imi lar  mor ta l i ty  rate of  18.8% 
(6/32 pat ients) .  A i r w a y  compl ica t ions  accounted  for only  
one death  in the entire series (1.0%). 

Four  patients undergoing single lung t ransplant  and two 
pat ients  undergoing  bi la tera l  sequential  lung t ransplant  d ied  
within 7 days of  the operat ion whi ls t  one pat ient  undergo-  
ing single lung t ransplant  required re t ransplanta t ion within 
the first  7 days for p r imary  organ dysfunct ion.  A i rway  heal-  
ing in these pat ients  was deemed  unassessable  by the crite- 
r ia  es tabl ished for this study and they were  therefore  ex- 
c luded f rom subsequent  analysis .  Consequent ly ,  123 anas- 
tomoses  were suitable for assessment  as the study group; 
no a i rway compl ica t ions  were  found in pat ients  undergo-  
ing procedures  which ~vere exc luded  f rom analysis .  

The  median  length of  fo l low-up  for  the s tudy group was 
18 months  (range,  9 d a y s - 7  years).  Compl ica t ions  of  anas-  
tomot ic  heal ing arose in four  a i rways;  b ronchia l  dehis-  
cence in two and bronch ia l  s tenosis  at the level  of  the anas-  
tomosis  in two. The inc idence  of  a i rway compl ica t ions  was 
s imi lar  in s ingle  and b i la te ra l  sequent ia l  lung t ransplanta-  
t ion (2 of  63 and 2 of  60 anas tomoses  at risk, respect ively ,  
Table 1). The ae t io logy  of  end-s tage  lung d isease  did  not 
inf luence  the rate of  compl ica t ion  in a i rway heal ing 
(Fig. 1); one a i rway in the e m p h y s e m a  group underwent  
stenosis ,  one a i rway in the cyst ic  f ibrot ic  group dehisced,  
whi ls t  two a i rways  in the f ibros ing  a lveol i t i s  group c o r n -  
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Table 1 Rate of complication 
of airway healing described in 
various patient variable sub- 
groups. Figures represent the 
number of airways whilst fig- 
ures in parentheses represent 
the number as a percent of air- 
ways at risk of complication. 
"Ischaemac tame" and "Time to 
first rejection episode" are rep- 
resented as the mean_+ standard 
deviation, with the range in 
parentheses 

Patient variables Bronchial Bronchial No airway 
stenosis dehiscence complication 

Procedure 

Suture technique 

Bronchial 
wrap 

Preoperative 
steroids 

Postoperative 
steroids 

Ischaemic time 
(minutes) 

Time to first 
rejection episode 
(days) 

Single lung 1 (1,6) 1 (1.6) 6l (96.8) 
Bilateral sequential lung 1 (1.7) 1 (1_7) 58 (96.6) 

Continuous 1 (2.8) 2 (5.6) 33 (91.6) 
Interrupted 1 (1.2) 0 (0) 86 (98.8) 

Omentum pedicle 1 (6.7) l (6.7) 13 (86.6) 
Pericardium pedicle 0 (0) 0 (0) 18 (100) 
Intercostal muscle pedicle 0 (0) 0 (0) 1 (100) 
Peribronchial tissue 1 (1.1) 1 (1.1) 87 (97.8) 

No 2 (2.1) 2 (2.1) 92 (95.8) 
Yes 0 (0) 0 (0) 27 (100) 

Acute rejection l (2.7) 1 (2.7) 37 (94.6) 
Routine 1 (1.2) 1 (1.2) 82 (97.6) 

275 ___49 258 + 3 286 _+ 82 
(240-310) (256-260) (105-515 

123 + 144 13 +_ 11 64___ 189 
(21-225) (5-21) (4-1406) 

plicated healing with one stenosis and one dehiscence (rep- 
resenting 2.5%, 2.4%, and 8.7% of  airways at risk, respec- 
tively). No correlation was found between the date of  op- 
eration and the occurrence of  complicat ions and there was 
no difference in airway complicat ions when comparing 
anastomoses undergoing pedicle wrapping during the early 
part of  the series and those covered by peribronchial  tis- 
sue apposition alone (P=0 .30 ,  Fischer 's  exact test). Nei- 
ther the use of  preoperative steroids nor routine postoper-  
ative steroids influenced the incidence of  complicat ions in 
airway healing ( P = 0 . 5 9  and P = 0 . 3 1 ,  respectively, 
Fischer 's  exact test). Similarly, surgical technique failed 
to significantly influence the incidence of  airway compli-  
cation, al though there was a trend to impaired anastomotic 
healing in the bronchi undergoing continuous suture 
(P = 0.08, Fischer 's  exact test). There was no difference in 
lung ischaemic time during transplantation or interval to 
first rejection episode fol lowing transplantation between 
those airways complicat ing and those healing without com- 
plication (P=  1.0 and P=0_4,  Wilcoxon rank test)_ 

R 

Bronchiectas 

Obstructive 39 

23 

CF 42 

Fig. 1 Pie diagram documenting the aetiology of end-stage lung dis- 
ease requiring pulmonary transplantation in the airway anastomos- 
es formed. Primary pulmonary hypertension is represented as PPH, 
cryptogenic fibrosing alveolitis is represented as CFA and cystic fi- 
brosis as CF. The cut pie segments represent airway complications 
occurring within the patient subpopulations. Bronchial stenosis oc- 
curred in one airway in a patient undergoing pulmonary transplan- 
tation for obstructive airways disease, bronchial dehiscence occurred 
in one airway of a cystic fibrotic patient, and two airway anastomos- 
es in the cryptogenic fibrosing alveolitis group resulted in airway 
complicatmn. CF complication rate 2.4%; CFA complication rate 
8.7%; obstructive complication rate 2.5% 

Airway dehiscence 

Bronchial  dehiscence resulting in clinically recognizable 
sequelae occurred in two patients on postoperative day 9 
and 21, respectively, representing 1.6% of  anastomoses at 
risk. Both involved greater than 50% of the circumference 
and were associated with full thickness necrosis of  the air- 
way. The first patient successfully underwent  emergency 
bronchial  resuture and a pedicled pericardial anastomotic 
wrap [10], whilst the second died as a consequence of  ce- 
rebral anoxia subsequent to a tension pneumothorax fol- 
lowing bronchial  anastomotic dehiscence. None of  the 

aforementioned variables was associated with significant 
differences between those airways healing without com- 
plication and those undergoing bronchial  dehiscence (see 
Table 2), al though there was a trend to increased bronchial  
dehiscence in those anastomoses fashioned using a contin- 
uous study (P=0.08) .  

Airway stenosis 

Bronchial  stenosis at the level of  the anastomosis was rec- 
ognized in two patients at 42 and 127 days post-transplant, 
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Table 2 Comparison of the rate of bronchial stenosis and bronchi- 
al dehiscence in various patient variable subgroups. Figures repre- 
sent P values calculated by Fischer's exact test 

Patient variables Bronchial Bronchial 
stenosis dehiscence 

Procedure Single lung vs 0.92 1.0 
Bilateral sequential lung 

Suture technique Continuous vs 0.50 0.08 
Interrupted 

Bronchial Pedicle protection vs 0.80 0.30 
wrap Peribronchial tissue 
Preoperative No versus 0.53 0.52 
steroids Yes 
Postoperative Acute rejection vs 0.51 0.53 
steroids Routine 

respectively. This represented an incidence of 1.6% of the 
airways at risk. The first anastomotic stricture was pre- 
ceded by a more than 50% partial thickness necrosis doc- 
umented on day 13 post-transplant, which healed by gran- 
ulation resulting in more than 50% narrowing of the bron- 
chial lumen. This was initially treated by repeated bron- 
chial dilatation. The stenotic anastomoses subsequently 
progressed on to a fibrotic stricture with more than 50% 
narrowing of the bronchial lumen over a length of 1 cm by 
day 42 post-transplant and required management with a sil- 
icone elastomer stent. This was in place for 3 years but has 
now been replaced by an expandable metal stent. The sec- 
ond anastomotic stricture presented initially as partial 
thickness necrosis with <50% of the bronchial anastomotic 
circumference involved. Granulation resulted in >50% nar- 
rowing of the airway at the level of the anastomosis over 
a length of 1.5 cm documented 127 days post-transplant. 
This was initially by dilatation and subsequently by ex- 
pandable metal stent insertion after restenosis. 

Study of the variables involved in this series failed to 
demonstrate any difference between airways undergoing 
stenosis and airways healing without complication (see 
Table 2). 

Discussion 

Healing of the bronchus following pulmonary transplanta- 
tion has been the predominant limiting factor in the suc- 
cess, and thereby the acceptance, of pulmonary transplan- 
tation as treatment for end-stage lung disease [8, 22, 23]. 
Healing, defined as "to form healthy flesh again", or "to 
unite after being cut or broken", is restricted following the 
formation of bronchial anastomoses by the lack of systemic 
blood supply to the donor bronchus during early healing. 
This is a situation unique to the bronchus in solid organ 
transplantation_ The precarious nature of donor bronchial 

circulation was demonstrated by laboratory research dur- 
ing the early years of pulmonary transplantation [13] and 
initially determined that the treatment of choice for end- 
stage lung disease was heart-lung transplantation [18], 
since adequate tracheobronchial blood supply had been 
demonstrated to pass through coronary to bronchial arte- 
rial collaterals [3, 11, 13]. More recent canine studies have 
shown that bronchial blood supply following pulmonary 
transplantation exists by retrograde pulmonary artery to 
bronchial collaterals [2], a state in which bronchial artery 
flow is low-pressure and oxygen haemoglobin saturations 
equate to mixed venous levels. It is estimated that systemic 
neovascularization of the bronchial arterial network re- 
quires 3--4 weeks [20]. Inadequacies of this circulation dur- 
ing early bronchial healing appear likely to be the final 
common pathway in which reported factors influence the 
incidence of airway complications, such as long length of 
donor bronchus, reperfusion injury with peribronchial 
oedema, prolonged ventilation, rejection, low cardiac out- 
put and dehydration [5]. This study does not allow flaw- 
less statistical analysis of the various perioperative vari- 
ables studied because of the lack of randomization and lack 
of controls, the temporal changes in certain techniques 
superimposed upon a learning curve, and the relatively 
small numbers in the groups studied. However, it does 
allow an assessment of the various proposed risk factors 
within this single institution experience. 

The incidence of complications in airway healing vary 
by institution, as do the techniques in perioperative man- 
agement. Recent studies utilizing an end-to-end anastom- 
osis with omental wrapping showed a 33% incidence of 
anastomotic complications, with 5 % experiencing circum- 
ferential necrosis, and 25% with a bronchial stricture on 
long-term follow-up [6]. However, in a report of the use of 
telescoping anastomoses, performed without a pedicled 
wrap, no complications were reported in 23 consecutive 
patients [4]. Data in the present study suggests that excel- 
lent results in airway healing can be achieved using the 
technique of i) flush division of the recipient bronchus with 
the mediastinum, preserving recipient peribronchial tis- 
sues, ii) distal division of the donor bronchus one ring prox- 
imal to the upper lobe division, reducing the bronchial seg- 
ment that depends on retrograde pulmonary blood flow 
[15] and iii) end-to-end anastomosis. Telescoping of the 
anastomosis, although used when a large discrepancy oc- 
curred between the donor and recipient bronchi, did not 
arise in most bronchial anastomoses, yet the results of this 
series compare favourably with those reported with that 
technique. A recent review recorded that the risk of any 
kind of airway complication after pulmonary transplanta- 
tion was from 12% to 17% per anastomosis, with a related 
mortality rate of 2%-3% [19], interventional bronchos- 
copy being required in 9% of non-lethal complications [9]. 
The results of the present study are superior to these data. 
The authors recognize that bronchial stenoses usually 
appear 6 months following transplantation and note that 
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only five anastomoses in the study group were less than 
6 months old when these data were formulated. None of 
these anastomoses had subsequently undergone compli- 
cated healing to the present time; the shortest duration of 
follow-up is now 8 months. 

This study demonstrates that there is no perceptible ad- 
vantage to bronchial healing incurred by bronchial wrap- 
ping with a pedicled graft during the current era of pulmo- 
nary transplantation. Initial canine experiments with om- 
entopexy to bronchial anastomoses demonstrated that neo- 
vessels appeared as early as the 4th postoperative day and 
invaded the donor bronchus progressively thereafter [14]. 
This indirect revascularization of the bronchus during the 
immediate postoperative period, the time at which the 
bronchus is potentially most susceptible to reductions in 
blood flow, was reported to be associated with improved 
bronchial healing. However, many of the clinical studies 
demonstrating improved airway healing were performed 
before more recent technical changes in perioperative man- 
agement were adopted [7, 21]. The present study suggests 
that, under the conditions encountered using the protocol 
adopted at Freeman Hospital, indirect revascularization is 
not important in satisfactory healing of the bronchus. Such 
a statement supports previous canine studies which dem- 
onstrated satisfactory healing of bronchial anastomoses 
without any peri-anastomotic wrap [1]. Direct revascular- 
ization of the bronchus could not be studied in this series 
but the low incidence of airway complication encountered 
suggests that attempts at re-establishing systemic bron- 
chial artery flow with microsurgical techniques are un- 
likely to have a large impact on early complication rates. 
The effect such techniques might have on long-term graft 
function are as yet unknown. 

The use of steroids was avoided in the early phase of 
this study because of the preconception that steroid use for 
induction of immunosuppression impaired bronchial heal- 
ing [ 12]. However, in response to reports of improved bron- 
chial healing with postoperative steroid administration 
routine, postoperative steroid usage was commenced in 
mid-1991. There was no change in the incidence of airway 
complication utilizing this protocol but the end-points of 
this study are too coarse to be able to identify all differ- 
ences between the two groups. It is recognized that better 
control of rejection and amelioration of reperfusion injury 
[16] may counter the detrimental catabolic actions of ster- 
oids which have been shown to delay wound healing in 
general_ No attempt to quantify reperfusion injury has been 
made in this series, so its affects on bronchial healing can- 
not be assessed. The importance of reperfusion injury-me- 
diated impairment of retrograde bronchial perfusion on 
bronchial healing is unknown; such an injury may be as- 
sociated with impaired primary organ function requiring 
prolonged positive pressure ventilation, which may itself 
reduce bronchial mucosal blood flow. However, none of 

the patients developing complications of airway healing 
underwent prolonged postoperative ventilation. Similarly, 
although the extended ischaemic times associated with bi- 
lateral sequential lung transplantation might have exposed 
those lungs to greater reperfusion injury, the incidence of 
airway complications was no different in bilateral or sin- 
gle lung transplants in the present study. 

Two patients in our series developed stenoses distal to 
the bronchial anastomoses; a process clearly distal to the 
suture line. Bronchial healing in this study was defined as 
anastomotic repair and these distal bronchial complica- 
tions were not considered to be a consequence of a com- 
plication of this process. Both of the distal bronchial ste- 
noses developed within the bronchus intermedius and pre- 
sented late, with recognition on the 60 Lh and 105 th postop- 
erative days. Distal stenoses were never encountered on 
the left side. These stenoses were seen during the early 
phase of the experience of this series and no others have 
not occurred since the commencement of routine steroid 
use for induction of immunosuppression (P--0.08, 
Fischer's exact test). The reason for their occurrence in the 
bronchus intermedius is unknown and further experience 
is required to determine whether steroid usage has really 
affected the incidence of their occurrence. In both cases 
bronchial stenting was achieved to satisfactory effect. 

In contrast to previous studies, preoperative diagnosis 
was not related to varying rates of airway complication in 
the present series. The retention of purulent secretions in 
cystic fibrotic patients has been postulated as an initial 
cause of excessive granulation at the anastomotic site, con- 
tributing to the development of micro-abscesses along the 
suture line, and leading to complications of airway heal- 
ing [24]. This has been supported by a series in which a 
peri-anastomotic airway necrosis rate of 11.7% and a clin- 
ically important bronchial stenosis rate of 23.5% were re- 
corded in a cystic fibrotic group of patients [17]. The com- 
plication rate in cystic fibrotic patients in our study was 
low however, with only one bronchial dehiscence occur- 
ring in the 42 bronchi at risk, 2.4% of airways at risk. Op- 
erative technique may play a large part in attaining these 
results. 

This study demonstrates that good results in airway 
healing can be achieved in all diagnostic groups undergo- 
ing pulmonary transplantation with the use of bronchial 
anastomoses undertaken in the manner described in this 
manuscript. Such anastomoses may be performed without 
the need for a protective pedicle wrap, on patients on pre- 
operative steroids, and utilizing an immunosuppressive re- 
gime incorporating the use of high dose steroids. With air- 
way healing comparable to the tracheal healing in heart- 
lung transplantation, airway complications need no longer 
restrict advancement of pulmonary transplantation. The 
era of simultaneous heart transplantation to secure safe air- 
way healing has thereby passed. 
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Discussion 

Dr. H. J. Schafers (Hannover, Germany): 
As you have already stated, the incidence 
of airway complications in your series is 
very similar to that published for heart- 
lung transplantation, so I think you are fi- 
nally taking one of the last arguments in fa- 
vor of heart-lung or the domino procedure 
away. 

Following some initial unsatisfactory 
results in our experience, we changed our 
drug regimen to improve microcirculation, 
and actually that has kept our incidence of 
airway complications in a similar range, 
that is, currently approximately 3%. How- 
ever, with this change in protocol we have 
seen a change in the morphology of bron- 
chial complications. Now they are not so 
often located at the anastomotic site, but 

we have seen a few cases of stenosis of the 
right intermediate bronchus. So I would 
suggest the use of the term airway compli- 
cation rather than bronchial anastomotic 
complication for this situation. In all in- 
stances where we have seen these problems 
we had an association with local infection 
either due to Aspergilhts or oxacillin-resist- 
ant Staphylococcus aureus. As far as man- 
agement is concerned, we have been very 
happy switching from stenting to reoperat- 
ing the stenosis with satisfactory early and 
long-term results. 

This brings me to a couple of questions. 
Have you observed any stenosis in the 
more distal airways and, if so, could you 
comment on prevalence and management? 
Second, have you looked into possible as- 

sociation between specific infectious 
pathogens and the occurrence of airway 
complications? Third, have you found that 
there is a difference between the degree of 
ischemia between the right and the left 
lung, especially in the double lungs? And 
finally, do you have any experience, apart 
from that one case of immediate re-anas- 
tomosis, for dehiscence in the surgical 
management of these problems? 

Mr. Wilson: I will answer the questions in 
order. Two patients in our lung transplant 
programme developed a bronchus interme- 
dius stricture. In fact both of these patients 
were in our series before 1991, which, as I 
said, was before our routine use of postop- 
erative steroids. Statistical analysis has 
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demonstrated a trend to a significant reduc- 
tion in the incidence of bronchus intermedi- 
us stricture since the use of routine postop- 
erative steroids. We have not seen that 
complication since 1991. The two patients 
with bronchus intermedius stricture in our 
series were successfully treated by place- 
ment of an endobronchial stent as opposed 
to re-operation and on each occasion a 
Gianturco expandable metal stent was used. 

From the point of view of infection, the 
number of complications in the present se- 
ries is small but we have found no evidence 
of associated infection with the bronchial 
complications reported. 

Our routine for bilateral sequential lung 
transplantation is to implant the right lung 
first and, analyzing the results of bronchial 
healing following left and right lung trans- 
plantation, we have not seen a significant 
difference in anastomotic healing when 
comparing the two sides Nor have we seen 
a difference when comparing sequential 
and single lung transplants. Our impression 
is that the varying duration of ischaemia 

seen with these procedures does not appear 
to influence bronchial healing. 

Finally, other than our reported case of 
emergency resection and repair of bronchi- 
al dehiscence, we have no further experi- 
ence in the surgical management of compli- 
cations of bronchial healing. 

Dr. G. Pe t te rsson  (Copenhagen, Den- 
mark): I don' t  think we can talk about 
bronchial complications without mention- 
ing bronchial revascularization, which is 
the natural way of preventing airway prob- 
lems. I would like to ask you about your 
main argument against bronchial revascu- 
larization. Is it because you think it is 
harmful, or to you think it is unnecessary, 
or do you think it is too difficult? When the 
bronchial arteries are there and the mam- 
mary arteries, there is a good conduit. 

Mr. Wilson: I think the advantages of 
bronchial revascularization have yet to be 
established; but when we have a bronchial 
complication rate of 3% following pulmo- 

nary transplantation it is going to be very 
difficult to improve on that by bronchial re- 
vascularization. 

Dr. A. Chapel ie r  (Le Plessis Robinson. 
France): After a decade of lung transplan- 
tation and regarding the different options 
offered for double-lung transplantation, 
your presentation clearly shows that a short 
length of donor airway is the best standard- 
ized option. Now my question is, what is 
your technique at the moment when there is 
a major discrepancy of the bronchus be- 
tween the donor and the recipient? 

Mr. Wilson: The circumstance that you de- 
scribed is the only time at which telescop- 
ing of the bronchial anastomosis was used 
in this series. As I said during the presenta- 
tion, our technique is an end-to-end anas- 
tomosis, but when there is a large discrep- 
ancy of size between the airways, we are 
prepared for telescoping to occur. 
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