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Objective
To review the 10-year clinical experience of a single institu-
tion’s adult lung transplant program.

Methods

Since July 1988, 450 lung transplants have been performed in
443 patients. Recipient diagnoses included emphysema in
229 patients, cystic fibrosis in 70 patients, pulmonary fibrosis
in 48 patients, pulmonary hypertension in 49 patients, and
miscellaneous end-stage lung diseases in 47 patients. Single-
lung transplant was performed in 157 cases, bilateral sequen-
tial lung transplant in 283 cases, en bloc double-lung trans-
plant in 8 cases, and heart-lung transplant in 2 cases. Graft
lungs were obtained from local donors in 24% of cases and
from distant donors in 76% of cases. Ideal donors were used
in 74% of cases; in 26%, the donor was classified as marginal
based on objective criteria.

Results
Four hundred six (91.6%) lung transplant recipients survived
to hospital discharge. There were 37 hospital deaths from

cardiac events (n = 8), primary graft failure (n = 8), sepsis

(n = 6), anastomotic dehiscence (n = 6), and other causes

(n = 9). A diagnosis of chronic rejection (bronchiolitis obliter-
ans syndrome [BOS]) was made in 191 patients (42.5%).
BOS has not been improved by any specific therapy. Rates of
freedom from BOS at 1, 3, and 5 years after the transplant
are 82%, 42%, and 25%. One-, 3-, and 5-year actuarial sur-
vival rate for the entire group are 83%, 70%, and 54%. There
is no statistical difference in survival according to diagnosis or
type of lung transplant. Recipient waiting time was 116 days
in the first 90 patients and 634 days in the most recent 90
patients.

Conclusions

Lung transplantation offers patients with end-stage lung dis-
ease acceptable prospects for 5-year survival. Chronic rejec-
tion and long waiting lists for donor lungs continue to be ma-
jor problems facing lung transplant programs. The use of
marginal and distant donors is a successful strategy in im-
proving donor availability.

Clinical lung transplantation has undergone significansuccessful series @h blocdouble-lung transplantsand in
evolution during the past 15 years. After dozens of attempt989 the Washington University group described the tech-
by multiple surgeons resulting in only a single pattent nique of bilateral sequential single-lung transplant, a proce-
surviving to hospital discharge, Reitz ef eéported the first dure that has required only minor modifications during the
successful pulmonary transplant in 1982 with a series gfast decade.
combined heart-lung transplantation procedures. In 1983, , .

: : . During the era of these early reports, attention was fo-
the University of Toronto group performed successful iso- : .

. . .cused on technical details of the transplant procedure to
lated single-lung transplantation and reported a small Sen%?/oid earlv postoperative complications such as alloaraft
of single-lung transplants conducted for pulmonary fibro- y P P P 9

. _8 . . . - _
sis2 Three years later, the same group described the ﬁrg%/sfugnﬁtzlor? and ischemic dpnor ainway compllca_
tions: Progress was made quickly because the learning

curve was steep for many of the problems faced. Griffith et
Presented at the 119th Annual Meeting of the American Surgical Assocal'® reported a 10-year experience with 232 lung recipients
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experienced was stratified into groups of early=n125)
and recent patients (&= 107). Immunosuppression was
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imprecise; so too were the diagnosis and treatment of acu®onor Harvest Technique

allograft rejection. This situation changed with evolution of .
. . . The technique of lung harvest used by our team has been
technique, better graft preservation, and adoption of trans- . X
reviously reportetf and has not changed in recent years.

bronchial biopsy as the gold standard for the diagnosis OEonors are pretreated with systemic heparin (4 mg/kg) and

. . 4 e . . . _
a}cute aIIoglraft rejectiofi? In gddltlon, opportunistic infec a bolus dose of PGE(500 micrograms) administered di-
tion, especially cytomegalovirus, has been much better con-

) . . ; . rectly into the pulmonary artery immediately before donor
trolled with the routine use of acyclovir, ganciclovir, and . .
) inflow occlusion. Antegrade pulmonary artery flush of 4 to
newer antifungal agents. e .
4 . 6 L modified Euro-Collins (5.6% glucose) (4.7 mmol/L
As a result, in experienced lung transplant centers, earl

morbidity and mortality rates have been decreased. ThXAgSO“)' In the past 2 years, we have added nitroprusside

: . 70 mg/L to the flush solution. After cardiac extraction, the
current challenges facing clinical lung transplant programs, chea is stapled with the lungs at functional residual

are no longer technical; rather, they involve the critical : ) .
. capacity. We had previously demonstrated that hyperinfla-
shortages of suitable donor lungs and the relentless progres- : )
. . Tt lon of donor lungs during storage increased pulmonary
sion of chronic allograft rejectiot?

. . . . 3
The adult lung transplant program at Washington Uni_caplllary endothelial injury> Lungs are harvesteen bloc

versity Barnes-Jewish Hospital began operation during th‘é’md separated into separate lung allografts after extraction.

latter stages of the technical development phase of lung

transplantation. The purpose of this report is to review theRecipient Procedure

experience of an adult lung transplant program in a singl

institution during this critical period of lung transplant evo-

lution. All patients receive a pulmonary artery catheter and qua-
druple-lumen venous line in the right internal jugular vein.
Radial artery and right femoral artery catheters are placed in

MATERIALS AND METHODS each patient. A Foley catheter and transesophageal echocar-
diography probe are also placed.

All adult lung transplants performed in our center be-;,.ision
tween July 1998 and November 1998 were included in this
review. A minimum of 3 months of follow-up is availablein ~ The majority of single-lung transplant procedures were

every patient. Retrospective analysis of transplant recordéonducted through a posterolateral thoracotomy. However,
and a computerized database was conducted. recently, an anterolateral fourth intercostal incision or a

median sternotomy have been used in selected cases. For

bilateral procedures, the standard exposure is through a

bilateral anterolateral fourth interspace thoracotomy without

sternal division. For single-lung transplant and the first lung
Our program has used standard criteria for patient sele@xtraction of a bilateral sequential procedure, the lung with

tion and listing for transplant as outlined by the Americanleast function, as judged by quantitative ventilation-perfu-

Thoracic Society and the International Society for Heart andsion scintigraphy, is removed first.

_Lung Transplantatiof‘f:3 The details of our waiting list reg- Technical Details

imen have been published elsewh&té®

Wonitoring Lines

Recipient Selection

The explantation and implantation are performed as pre-
viously described:?*?* During implantation, the lung is
Donor Selection kept cold by topical application of saline with slush (saline
ice slush). The bronchial closure technique has remained
The general selection criteria have been previously pubstandard for the past 5 yed&rsSpecifically, a running suture
lished. The majority of donors were characterized as idetechnique is used to close the posterior membranous wall,
al—in other words, clear chest x-ray, good gas exchangeand the anterior cartilaginous bronchus is opposed with
minimal smoking history, and normal bronchoscopic exam-widely spaced interrupted figure-of-eight sutures. Typically,
ination. Increasingly, we have relied on marginal donorsfour or five figure-of-eight sutures are required to oppose
those whose evaluation reveals surmountable defects in orike anterior airway. Donor and recipient peribronchial soft
or more of the standard criteria listed above. The exactissue is used to cover the anastomosis. The entire bronchial
definition of marginal donors, and our positive experienceanastomosis is performed using 4-0 PDS material. The
with the use of such donor lungs, have been outlined in gulmonary artery anastomosis is constructed with 5-0
report from our group! Donors located within our own polypropylene. The donor and recipient left atrial anasto-
region were considered local; donors from locations outsidenoses are constructed with 4-0 polypropylene, using an
the catchment area of our organ-procurement organizatioeverting technique as much as possible.
were deemed distant. When required, cardiopulmonary bypass is accomplished
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using intrathoracic cannulation: the right atrium and ascend-

ing aorta for right single and bilateral procedures, and the Table 1. TRANSPLANT RECIPIENTS

pulmonary artery and distal aorta for left-sided transplants.  Total Recipients 443
Male: Female 219:224
Age (years) 46.2 =119
General Postoperative Management Diagnosis
Emphysema 235
Ventilation Cystic fibrosis 72
. . . . Pulmonary hypertension 51
In general, patients are ventilated with standard ventila- Pulmonary fibrosis 48
tory techniques. Extubation is performed in accordance with Miscellaneous 44
standard requirements of satisfactory gas exchange and me- 6-min walk test (feet) 890 + SD

chanics. Most patients are extubated within 24 to 48 hours o =+ standard deviation
of transplantation after standard intermittent mandatory’ e

ventilation or pressure support weaning.

In patients with pulmonary vascular disease, we use a |t has not been our practice to use routine fungal prophy-
prolonged period—48 to 72 hours—of elective ventilation.|axis. If a heavy growth of yeast is identified after the
Patients are kept heavily sedated and often paralyzed fafansplant in the donor bronchial culture, however, the use
that period of time. Tidal volumes are standard, but positiveof prophylactic low-dose amphotericin is justifiééheumo-
end-expiratory pressure of 7.5 to 10 crg@is applied. cystis carinii was an occasional cause of postoperative

In some patients, early graft dysfunction, rejection, orpulmonary infection until the routine use of trimethoprim-
infection necessitates a prolonged period of postoperativeulfamethoxazole prophylaxis eliminated this as a signifi-
mechanical ventilation. We have no hesitation about percant pathogen. Alternative agents, such as inhaled pentam-

forming tracheostomy in these patients to facilitate mobili-idine, are administered when an allergy to sulfa medications
zation of the patient, improve oral nutrition, and generallyjs present.

effect a more positive attitude in the ventilator-weaning
patient.

Immunosuppression

Most clinical lung transplant programs rely on triple-
agent immunosuppression consisting of cyclosporine, aza-
All patients are given routine antibacterial prophylaxis, thioprine, and corticosteroids. In our program, cyclosporine
most recently with cefepime and vancomycin. Administra-administration is delayed, typically until the second postop-
tion of these agents is continued for several days, witterative day. By that time, the patient is generally extubated
adjustments to these empiric antibiotics based on the resulemd taking oral medications, and we have found this avoid-
of donor and recipient bronchial cultures. In the cysticance of intravenous cyclosporine useful in minimizing or

fibrosis population, aerosolized colistin or tobramycin isavoiding perioperative renal dysfunction.
also used. In addition to the broad-spectrum antibiotics, Azathioprine therapy is also commenced during the im-
patients with cystic fibrosis also require specific antipseumediate postoperative period. Patients receive 1 to 2 mg/kg
domonal coverage, as dictated by the sensitivities of theimtravenously daily; when an oral diet is initiated, the same
preoperative sputum cultures. dose level can be administered orally. The dose must be
Herpes simplex was formerly a frequent cause of postadjusted to maintain a white blood cell coun8500.
operative complications because of oral ulcerations as well The early use of perioperative corticosteroids is contro-
as occasional pneumonitis. Routine use of acyclovir proversial. Most physicians have adopted the use of a moderate
phylaxis, however, has eliminated herpes infection as a@ose of corticosteroid—methylprednisolone 0.5 to 1 mg/kg/
frequent postoperative complication. Cytomegalovirus re-day intravenously—for several days before initiating an oral
mains a significant problem in pulmonary transplant recip-dose of prednisone, 0.5 mg/kg/day. We have demonstrated,
ients2® Most programs have adopted the strategy of matchhowever, as reported by Miller et &l that withholding the
ing seronegative donors to seronegative recipients. Thérst few days of prednisone has neither an adverse nor a
highest incidence of severe cytomegaloviral infection oc-beneficial effect on bronchial healing and may, in fact,
curs in seronegative recipients receiving lungs from serolessen the risk of perioperative sepsis. We continue to use
positive donors. In these patients, prophylaxis with intravethe moderate doses described above, and we begin using
nous ganciclovir is used routinely according to thethem on the day of the transplant.
following protocol: weeks 2 to 8, 5 mg/kg intravenously  For most patients, chronic immunosuppression consists
twice daily; weeks 8 to 12, 5 mg/kg intravenously onceof cyclosporine, prednisone, and azathioprine. Doses of
daily; weeks 12 to 16, 5 mg/kg intravenously three timescyclosporine are chosen to maintain blood levels in the
weekly. It is reasonable to apply this prophylaxis regimen inrange of 250 to 300 ng. Prednisone administration is also
any circumstance in which either the donor or the recipiengradually reduced to minimize the complications of long-
is seropositive. term steroid use.

Infection Prophylaxis
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Table 2. INDICATION FOR TRANSPLANT BY ERA

Transplants Dates COPD CF PH PF Miscellaneous
1-90 7/88-9/91 48 13 11 10 8
91-180 9/91-7/93 43 14 16 9 8
181-270 7/93-5/95 41 15 16 13 5
271-360 5/95-6/97 46 12 8 8 16
361-450 6/97-11/98 57 18 0 8 7

CF, cystic fibrosis; COPD, chronic obstructive pulmonary disease; PF, pulmonary fibrosis; PH, pulmonary hypertension.

A matter of considerable controversy is the use of postComplications
operative cytolytic therapy with antithymocyte globulin or
OKT3. We use Atgam (Upjohn, Kalamazoo, MI) in our
clinical program. It has been argued that these agents, In the majority of patients, acute rejection episodes were
particularly OKT3, predispose patients to a higher incidenceonfirmed histologically by transbronchial biopsy. Rejec-
of cytomegaloviral infection. This experience was accumudion was graded according to the International Society for
lated, however, at a time when cytomegalovirus matchingteart-Lung Transplantation (ISHLT) grading systéi’
was not widely practiced and cytomegalovirus prophylaxisChroniC allograft rej_ection (bronchiolitis. obliterans syn-
was not routine. It is probable that the early use of cytolyticdrome [BOS]) was diagnosed on the basis of a progressive
therapy does reduce the frequency and severity of eari,zll in one secoqd forced V|_tal capacity from a prior post-
postoperative rejection episodes. We also favor the early ugkansplant baselllne, as defined and graded by the ISHLT
of ATGAM because it allows us to withhold the initial grading syster:
intravenous doses of cyclosporine, thereby enhancing earlgtirway Complications
renal function.

Rejection

Recipients were judged to have an airway complication
Infection-Rejection Surveillance when some surgical interventioe.§, dilatation, stenting,
laser fulguration) was used to manage the complication.
As discussed by Truloc the use of radiographic, clin- Death
ical, and physiologic criteria has been insufficient to delin-
eate infection from rejection in the early posttransplant lung Deaths from any cause are included in this analysis.
recipient. For this reason, we perform routine fiberopticPerioperative mortality included all deaths during the trans-
bronchoscopy whenever there is a clinical indication in thePlant admission or during the first 30 days after the trans-
absence of recently identified, untreated organisms identPlant in patients discharged from the hospital.
fied by sputum culture. The advantage of routine flexible
bronchoscopy is that it enables performance of bronchoaRESULTS

veolar lavage and transbronchial biopsy. Although bron- L | i ; din 443 pati ith
choalveolar lavage has not proven useful in the diagnosis of ung transplantation was performed in patients, wit

rejection, it is invaluable in the identification of opportunis- / patients receiving transplants on two occasions, for a total

tic infection, which is commonly encountered in transplantOf 450 total transplant procedures. The data for these pa-

- s . tients are summarized in Table 1. The patients were evenl
recipients. Transbronchial biopsy has proven to be the major P y

tool in the diagnosis of pulmonary rejection. We have used
this procedure frequently: both for routine surveillance and
in patients with unexplained pulmonary infiltrates. Routine

Table 3. OPERATIONS PERFORMED

bronchoalveolar lavage and transbronchial biopsies are per- Bilateral

formed at 3 weeks, 3, 6, 9, and 12 months, and on an annual Bilateral sequential 283

basis thereafter. _En-bloc double 8
Regardless of the method of diagnosis, if rejection is S'nsi'gem 23

indeed the problem, a dramatic improvement in clinical Left 84

findings, radiographic evidence, andoRavill be observed Heart-Lung 2

within 8 to 12 hours after administration of 15 mg/kg of

. Total 450
methylprednisolone.
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Table 4. ORGAN WAITING LIST BY ERA Table 6. AIRWAY ANASTOMOTIC
COMPLICATIONS
Mean Wait Range
Transplants Dates (days) (days) Prevalence of Airway
Transplants Dates Complications
All (1-450) 7/88-11/98 403 3-1364
1-90 7/88-9/91 116 3-532 1-90 7/88-9/91 19 (21.1%)
91-180 9/91-7/93 241 10-663 91-180 9/91-7/93 16 (17.8%)
181-270 7/93-5/95 423 92-1298 181-270 7/93-5/95 7 (7.8%)
271-360 5/95-6/97 571 4-1364 271-360 5/95-6/97 7 (7.8%)
361-450 6/97-11/98 633 12-1234 361-450 6/97-11/98 7 (7.8%)

distributed by sex. The breakdown by diagnosis was domhas been steadily lengthening throughout the period of these
inated by emphysema (both chronic obstructive pulmonarybservations. Table 4 lists the mean waiting times for each
disease and alpha-1 antitrypsin deficiency), with more thaiblock of 90 patients, showing that the waiting time for donor
half of the patients falling into this group. The remainder oflungs has increased substantially in each successive block.
the patients were fairly evenly distributed among the re- The impact of different strategies in lung allograft pro-
maining diagnostic classifications. Preoperative functionaturement is summarized in Table 5. Recipient survival was
status has been well described in previous publicafféns. assessed according to stratification based on donor quality
No single measured parameter captures the functional statisleal vs. marginal), donor location (locals. distant), and

of all recipients, but the 6-minute walk comes closest toprocurement teams (Barnes. others). As depicted, there
approaching a diagnosis-independent descriptor of impaimwas no statistical difference in recipient survival with any of
ment. these stratifications.

The frequency of each of the diagnoses leading to trans- Table 6 reports the prevalence of airway complications
plantation has evolved over the course of our experiencehat required intervention in each of the blocks of 90 trans-
Table 2 lists the frequency of the major diagnoses for eaclplants. As shown, the initial half of our experience was
block of 90 transplants. The rise in emphysema as a reasanarked by a relatively high rate of airway complications, as
for transplant and the virtual disappearance of pulmonaryhe fine points of the surgical technique were evolving. Both
hypertension as an indication are notable. Cystic fibrosi®ur techniques and the surgical results have been stable over
and pulmonary fibrosis have remained stable in their prothe past 6 years and nearly 300 transplants.
portional representation throughout the decade. The prevalence of BOS for each block of 90 transplants

The 450 separate operations included 157 single-lungs listed in Table 7. The progressive increase in the preva-
transplants, 291 double-lung transplants, and 2 heart-lungnce continues without evidence of plateau throughout the
transplants. These procedures are summarized in Table 8ntire experience.

The bilateral experience includes eigimt blocdouble-lung The perioperative deaths are described in Table 8. The 37
transplants in which the airway anastomosis was made ideaths occurred in the initial hospitalization or, if the patient
the distal trachea, an approach that we discarded early was discharged, within the first 60 days after surgery. The
this experience. deaths occurred on the day of surgery in two cases and as

Although the mean time on the waiting list was 403 dayslate as postoperative day 103 in one patient. Cardiac-related

for the entire experience, that statistic is deceptive in that ideaths and primary graft failure were the leading causes of

Table 5. DONOR LUNG CHARACTERISTICS

Survival
P
Number Percent 1-year 5-year Value
Quality Ideal 332 74 81% 53% 0.69
Marginal 118 26 85% 51%
LLocation Local 106 24 85% 61% 0.25
Distant 344 76 82% 49%
Procurement team Barnes 368 82 82% 53% 0.88
Other 82 18 85% 48%

p Values reflect comparison of overall survival between subgroups (ideal versus marginal; local versus distant; Barnes versus other team) as determined by log-rank
statistic.
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Table 7. PREVALENCE OF Table 8. PERIOPERATIVE DEATHS AFTER
BRONCHIOLITIS OBLITERANS SYNDROME 450 TRANSPLANTS IN 443 RECIPIENTS
Transplants Dates Prevalence Cause of Death Frequency
1-90 7/88-9/91 60 (67%) Myocardial infarction, cardiac arrest 8
91-180 9/91-7/93 59 (66%) Reperfusion injury, primary graft failure 8
181-270 7/93-5/95 46 (51%) Anastomotic dehiscence 6
271-360 5/95-6/97 26 (29%) Sepsis, bacterial pneumonia 6
361-450 6/97-11/98 3 (3%) Cerebral anoxia, neurological injury 5
Multiple organ system failure 3
Hyperammonemia syndrome 1

death, with eight deaths attributed to each of these problOTAL: 37(8.35%)

lems. Anastomotic dehiscence, sepsis, and neurologic injury
were each noted as the cause of death in several patients.
These 37 patients represented 8.35% of the entire cohort of In the international experiencdchronic obstructive lung
443 transplant recipients. disease is the most frequent indication for adult lung trans-
The long-term survival of lung transplant recipients is plantation. This is also the case in our program. One reason
described in Figures 1, 2, and 3. Figure 1 is the Kaplanfor this predominance of emphysema may be that our pro-
Meier actuarial survival curve for the entire experience (450gram evaluates a larger number of patients with chronic
transplants in 443 patients). Figure 2 shows survival brokembstructive lung disease as a result of our close association
down according to primary diagnosis (emphysema, cystigvith a well-established lung-volume reduction surgery pro-
fibrosis, pulmonary fibrosis, pulmonary hypertension, andgram®* In addition, the current algorithm for recipient pri-
other diagnoses). Figure 3 depicts the survival of emphyerity on the waiting list is based largely on waiting time. It
sema patients stratified according to procedure type (singldias been well documented that patients with chronic ob-

lung transplantss. bilateral sequential transplant). structive lung disease have a higher survival rate on trans-
plant waiting lists than do patients with pulmonary fibrosis,
cystic fibrosis, or pulmonary hypertensighBecause of
DISCUSSION y P y yp

this inequitable attrition on the waiting list, allocation of

The adult lung transplant program at Washington Uni-organs by waiting time favors the patient with chronic
versity Barnes-Jewish Hospital was conceived and impleebstructive lung disease.
mented as a multidisciplinary program. Rigorous recipient Our use of bilateral transplants in patients with chronic
selection criteria, preoperative preparation, intraoperativebstructive lung disease is controversial. Many other pro-
detail, and standard postoperative protocols have contriblgrams favor the single-lung option for these patients. How-
uted to the low 8.4% perioperative mortality rate. In our ever, our data suggest that bilateral recipients have a supe-
experience, there has been no significant difference in thaor survival rate. Further, their perioperative management

perioperative mortality rate by transplant indication. is simplified by the presence of bilateral grafts. Finally, the
100 W
n=341(83.6%)
=261(77.3%
80 + n=261( )
n=213(70.1%)
§ 60 n=154(59.8%)
Figure 1. Lung transplantation :E; n=112(52.9%)n=7s(4s %
performed on 443 recipients at the b e .
Washington University School of S n=46(39.8%)
Medicine (July 1988-November g 40 T
1998). Actuarial survival by time. o
20 +
0 t t t t t t {

Years
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100 +

80 -
i - .
2 60 4 Figure 2. Survival of lung trans-
g plantation performed on 443 recip-
n ients at the Washington University
€ ] School of Medicine (July 1988—-No-
S 40+ vember 1998), stratified according
H ——Emphysema to underlying diagnosis leading to
e —a—Cystic Fibrosis transplant. Actuarial survival by
20 4+ ——Pulmonary Fibrosis time.
—a«— Pulmonary Hypertension
- m -Other
0 t t t t i
1 2 3 4 5

Years

bilateral option enables the use of marginal donor lungs, aotion. Early and late results demonstrate that survival is
strategy that would not be acceptable in a single-lung prounaffected by long-distance harvest. In addition, we previ-
cedure. ously demonstrated that the functional outcome of long-
We have accumulated significant experience in the use alistance harvest by other teams is equivalent to that ob-
marginal lung graft$* We have previously demonstrated tained by our team harvesting lungs at a distatfce.
that marginal donor lungs produce both early and late out- Although lung allograft reperfusion injury represented a
comes that are not different from those in ideal grafts. Thifrequent cause of death and complications in the early days
observation has been confirmed in this current review of ouof transplant, this problem has been less frequently encoun-
entire experience and supports our continued use of lunggred in recent years. This is in all likelihood the result of
allografts that do not meet the standard criteria for acceptimprovements in preservation and implantation techniques.
ability. In addition, we have found inhaled nitric oxide to be of
It is also evident from this review that our program is in particular value in the treatment of early allograft dysfunc-
large part dependent on donors from distant sites. Snell ¢ton.3® In our program, extracorporeal membrane oxygen-
al®® reported that survival is adversely affected by long-ation (ECMO) has not been frequently employed. However,
distance harvest if the distance causes the ischemic time olur small experience suggests that the early application of
the lungs to exceed 5 hours. Our data do not support thiECMO in patients with reperfusion injury refractory to

100
n=117(86.9%)
_____ n=89(83.4%) ~ .
80 + n=67(87.1%) LTI .“_‘,7‘_’(_?‘1 %)
_ n=54(80.0% Tt n=54(69.6%)
g n=43(71.8%) LEEE n=41(63.4%)
"~ g |
E 60 + Figure 3. Single (n = 78) versus
n n=29(54.9%) pllateral (n=152) lung transplgnta—
- tion performed on 235 recipients
q:, 40 + . with emphysema at the Washing-
e 1=22(41.1%) ton University School of Medicine
(] _ -
o - -» - Bilateral (ngy 1985 November 1998). Actu
arial survival by time.
20 + ]
——Single
0 } f f } {
1 2 3 4 5

Years
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maximum medical therapy provides the best likelihood of15.
success. Patients in whom ECMO was used immediately in
the course of their reperfusion injury had a uniformly better,
outcome.

Chronic lung allograft rejection or BOS remains the
major cause of late complications and death. Our group hak’-
previously reported that all patients, followed for a long
enough period, will demonstrate some evidence of BOS;g
Management of this condition is complicated by our inabil-
ity to predict which patients are destined to develop severe
BOS, and the lack of effective treatment for the condition®®-
once it occurs. The Pittsburgh group has demonstrated thag
frequent and severe early lung allograft rejection episodes
predict the subsequent development of BO® addition,  21.
our group recently reported a higher frequency and greater
severity of BOS in patients in whom donor-specific anti-
HLA antibodies develop during their postoperative
course’? It is possible that identification of such antibodies
might enable an adjustment in immunosuppressive strate3.
gies that may affect the subsequent development of BOS.

This question is under study by our group. o4,

25.
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37. Shiraishi Y, Ochoa L, Richardson G, et al. Retrieval by other procure-But | believe that the perioperative care of these patients is made
ment teams provides favorable lung transplantation outcome. Anrmych simpler.

. Ehoraﬁ S_IEJr_g 19?”7; 6‘/::2_?3720|S-E | Inhaled nitric oxide red Furthermore, we use a lot of marginal donors. And virtually all
- Date H, Triantafillou A, Trulock E, et al. Inhaled nitric oxide reduces of these marginal donors are utilized in patients with emphysema

human lung allograft dysfunction. J Thorac Cardiovasc Surg 1996; . . . . .
111:913-919. undergoing bilateral transplantation. It is an easy group to utilize

39. Bando K, Paradis IL, Similo S, et al. Obliterative bronchiolitis after these marginal donors in.
lung and heart-lung transplantation. J Thorac Cardiovasc Surg 1995; When we evaluate an emphysema patient, we view them as
110:4-14. potential candidates for lung volume reduction surgery or trans-
40. Smith M, Sundaresan S, Mohanakumar T, et al. Effect of deVelOpmel"mantation_ With respect to transp|ant, we favor the Sing|e_|ung
‘;;‘airt‘gtki’;’r?igﬁrf,‘i)v;'-aAmgnge\clggg‘r’sgi";’;r‘éforr:‘;ﬁigﬁ:icsh O‘Lrl‘it':rgis”zgi' option for older patients of smaller stature and reserve the bilateral
drome. J Thorac Cardiovasc Surg 1998 116:812—820. option for younger patients of Iarggr stature for whom it is unlikely
we would be able to get an oversized donor lung.
The patients who are ideally suited for volume reduction at any
. . age receive that option, because | think it is a far preferable option,
Discussion with much better long-term survival than we see in our transplant
patients. For those patients who are entering into their sixth decade

Dr. LARRY R. Kaiser (Philadelphia, Pennsylvania): It is a real . . . .
. . . . of life we favor transplant—if they are not an ideal candidate for
honor for me to be asked to discuss this paper as it really brings me

full circle. | was privileged to be part of the Washington University volume reduction, we favor transplant because it will give them

Lung Transplant Program at its inception in 1988 when Dr. Cooperbette_r physiologic r.es'ults quh sooner. " ) o
and | first came to Barnes Hospital. | remained a part of that With respect to listing patients, we utilize standardized listing

program until 1991, when I left to assume my current position. (criteria. So that the majority of patients with, for example, emphy-

note both in the manuscript and in the presentation that the first 98€Ma who are listed have an FEM the 25% range or less. I will
or so transplants correspond to my tenure and then the results seiy, however, that one of the possible explanations for the large
to get significantly better. | hope it is not causal, that relationship,number of emphysema patients in our program is the fact that,
but it gives me some cause for concern. given the current algorithm for donor allocation and lung trans-
The series that you presented is a remarkable one, not only fd¥lantation being based solely on waiting time, that favors the
its sheer size but for the superb results. It is a testimony to th@mphysema patient. If we look at the wait-list survival, patients
vision and insight of Drs. Cooper and Patterson and the team thewith cystic fibrosis, pulmonary hypertension, and pulmonary fi-
have assembled. Dr. Patterson, | have a couple of questions fdrosis have a much higher waiting list mortality. So those emphy-
you. sema patients, even though they are ill when they are first listed,
You have been a major proponent of bilateral lung transplantshey are still going to be there 2 years, 3 years later when a suitable
for patients with emphysema despite the scarcity of donor organdonor becomes available.
and the track record of single lung transplants for this disease. Wwith respect to the long-term survival rate, | do think there is
Your results justify this bias, but to what do you attribute the going to be progress made in the problems of bronchiolitis
survival differential between those emphysema patients receivingpljiterans, and there are a couple of intriguing ideas. We have
one lung or two, since there really is no difference in earlyigentified the presence of HLA antibodies in our group of
mortality? _ ) _ ) _ patients suffering from OB and we think that predicts the
How do you decide which patients with emphysema will get aghsequent development of bronchiolitis. There are a number of

single lung? Which patients with emphysema do you Choose.f%[)ther centers around the world looking at bronchiolitis obliter-

lung volume reduction surgery, to bring up a controversial topic?, 5 < | do think that we will make progress in that area over
With the increasing time spent on the waiting list, when do YOUipo next few years

list a patient who has emphysema? It sounds like you ought to list '

them at the ime of their first cigarette. Dr. MarLoN Levy (Dallas, Texas): An excellent presentation
Can you comment on your philosophy regarding retransplanta- ) . R

tion? and a wonderful series. | was intrigued by your report that mar-
Filnally do you think we can ever expect to see 5-year survivalginal donors didn't yield different results than ideal donors. |

rise above 50% in light of the problem with obliterative bronchi- wonder yvhy that is, since we don't see that in other organs. |

olitis? wonder if these results have led your group to be even less
Needless to say, | enjoyed this paper very much and congratJ—esmCt'Ve in the quality of the donors that they approve.

late the authors on a superb job. . )
Dr. PatTERSON Well, yes, we have liberalized our donor selec-

PReSENTERDR. G. ALEXANDER PATTERSON (St. Louis, Missouri): tion criteria enormously. The majority of donors that we utilize in
| should also mention that Dr. Kaiser and | were involved in the 0Ur Program have already been turned down by other sites. We are
Toronto program when Dr. Kaiser did his training there and | wascompletely dependent on donors from distant regions. As | said,
a junior faculty member. So Dr. Kaiser's transplant experience/5% of our donors come from outside our region. That is just a
goes back quite a long time. geographic fact. If you take the City of St. Louis out of our region,

The large number of bilateral transplants predominating in oumo one lives there. Itis a fairly rural environment. So we do depend
program reflects my own personal bias that it is a better operatioriypon donors that are judged to be of inadequate quality. And these
It takes longer and is, | suppose, theoretically associated with avork just fine. As | said, we use these donors in the most easy
somewhat higher risk, having twice the number of anastomosesases, that is, the emphysema patients.
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Dr. Davip M. HemvBacH (Seattle, Washington): What sort of rejection during the early postoperative period. | don’t have any
quality of life do your patients have, particularly after they start to doubt that if we could somehow make more selective and more
get the bronchiolitis? individualized our immunosuppression protocols, we would see

less bronchiolitis obliterans. But unfortunately, we are not at that

Dr. PatTERSON All these patients preoperatively have a terrible point yet.
quality of life. We certainly inform them that they are trading one
disease for another disease, of their underlying lung disease for Dr. Davip E. R. SyTHERLAND (Minneapolis, Minnesota): Bron-
immunosuppression. Nonetheless, | think in the early postop folehiolitis obliterans, a manifestation of chronic rejection, is a major
low-up all of these patients, the survivors, and the majority ofproblem. You made no mention of the new drug, mycophenolate
patients have a marked improvement under quality of life. mofetil (CellCept), that might have an effect on chronic rejection.

Even patients who have relatively low rates or low grades ofAre you using this drug?
bronchiolitis obliterans still have a very good quality of life.  You also mentioned that patients who have detectable HLA
Patients who develop severe bronchiolitis obliterans, particularlyantibodies also have a higher incidence of bronchiolitis obliterans.
those with single-lung grafts, have a terrible quality of life. For- Are the relevant antibodies detectable pretransplant or posttrans-
tunately, in most patients that doesn’t happen for several yearplant? Do you require a negative crossmatch pretransplant on
after their transplant. individuals who have reactivity to a panel of potential donors?

Dr. AsHokkumAR B. Jain (Pittsburgh, Pennsylvania): | have a  Dr. PaTTERsON Yes, we do a prospective crossmatch on all of
question. Some people believe obliterative bronchiolitis is a part obur potential recipients, and those with a high PRA are separately
chronic rejection. Do you have any personal experience on thisrossmatched prior to transplant. Those are the negative PRA. We
issue? utilize just routine blood type and body size as the only matching

requirement.

Dr. PaTTERSON | don't have anything particularly to add to what ~ We have a small experience with mycophenolate. There is a trial
you have suggested. It is generally accepted that bronchiolitiongoing. This series terminated in November of last year, and
obliterans is a manifestation of chronic rejection. It is seen moresince that time we have had an increased experience with that
frequently in patients who have early or persistent episodes o&gent. But it is not incorporated in this data.



