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ABSTRACT: In spite of a shortage of available donors, an increasing number
of heart-lung transplantations have been performed within the last decade. This
procedure, first limited to patients with pulmonary vascular disease, has been
successfully extended to patients with end stage lung disease, including cystic
fibrosis. More recently, single lung, double-lung and bilateral single lung trans-
plantation have become other therapeutic options.

Better selection of patients and donors as well as improvement in surgical
techniques and immunosuppression regimens have contributed to the reduction
in the high perioperative mortality experienced in the early stages, Moreover,
the introduction of daily spirometry and transbronchial lung biopsies have
permitted early and reliable diagnosis of opportunistic infection and rejection.

The most serious late complication of lung transplantation is obliterative bron-
chiolitis and further research is urgently required to improve diagnosis and
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Heart-lung transplantation

Since 1981, successful heart-lung transplantation with
long-term survival has been achieved and today more
than 500 have been carried out throughout the world
[1-5]. During the early stages, the perioperative mor-
tality was high, and obliterative bronchiolitis leading
to death or severe functional impairment developed in
half of the long-term survivors [6]. In the past few
years, decreased perioperative mortality and earlier
detection of rejection and infection have permitted
improved survival after heart-lung transplantation and
actuarial survival rates ranging from 60-78% for one
year and from 60-73% for two years have been
reported [4, 7-9]. Between 1981 and 1985, most
recipients had advanced pulmonary hypertension
related to Eisenmenger's syndrome or primary pulmo-
nary hypertension [2, 6, 10]. More recently, an
increasing number of patients with end stage lung dis-
ease have been successfully treated by heart-lung
transplantation (table 1) [3, 4, 7, 11]. The most im-
portant difference distinguishing heart-lung from sin-
gle or double lung transplantation ensues from the
existence in normal individuals of relatively rich
anastomoses between the coronary and bronchial ar-
teries [4, 5]. These coronary to bronchial collaterals
are not disrupted by heart-lung transplantation and the
healing of tracheal anastomoses is more reliable

ported by the Swiss Society of Pneu-
mology, at the National Heart and Lung
Institute, London.

[8, 12]. Double lung and heart-lung transplantation
both ensure the removal of all diseased tissue in
patients with suppurative lung disease. To optimize
the organ supply, the native recipient's heart, when
normal, can be transplanted into another patient, and
this so called "domino procedure" allows two recipi-
ents to benefit from the one original set of donor
organs [4, 13].

Single lung transplantation

Until 1983, no long-term clinical success had been
achieved by unilateral lung transplantation. Most
of the early deaths had been related to infection,
rejection and ischaemic disruption of the bronchial
anastomoses [14, 15]. Successful unilateral lung
transplantation was then carried out in Toronto, the
success being attributed to the following factors:
a) accurate selection of patients; b) withdrawal of
corticosteroids in the early postoperative period and;
c¢) omental pedicle wrapped around the bronchial anas-
tomoses to ensure revascularisation and to avoid
bronchial anastomotic complications [16-21]. How-
ever, more recent clinical experience [22] including a
randomised trial from Harefield have shown no differ-
ence in bronchial healing in patients with or without
bronchial wraps (unpublished data).
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Table 1. — Indications for heart-lung, double-lung and single lung trans-
plantation. Different therapeutic options for the same pathology point out
the divergent opinions between centres
Primary Other
indications options

a) Pulmonary vascular disease:

— Eisenmenger's syndrome HLT SL*

— Primary pulmonary hypertension HLT DL*, SL*

— Thromboembolic pulmonary hypertension HLT

— Complex pulmonary atresia HLT

— Pulmonary veno-occlusive disease HLT*
b) Primary lung disease:

— Cystic fibrosis HLT DL

— Emphysema SL HLT, DL

— Cryptogenic fibrosing alveolitis SL HLT, DL*

— Occupational lung disease SL DL

— Sarcoidosis SL* HLT*

— Bronchiectasis HLT* DL

~ Eosinophilic granuloma HLT* DL*

— Bronchiolitis obliterans SL* HLT*, DL*

— Lymphangioleiomyomatosis SL* HLT*

— Alveolar cell carcinoma HLT*

— Adult respiratory distress syndrome Sk

HLT: heart-lung transplantation; DL: double-lung transplantation; SL: si;gle lung

transplantation. *: limited experience.

Single lung transplantation was first performed
in patients with fibrotic lung disease such as cryp-
togenic fibrosing alveolitis, sarcoidosis and eosinophilic
granuloma. In those patients, increase in elastic
recoil and vascular resistance of the remaining fibrotic
lung ensured a progressive shift of alveolar ventilation
and lung perfusion from the native to the transplanted
lung [17, 23].

In contrast, patients with emphysema were consid-
ered unsuitable recipients for single lung transplanta-
tion [17]. This attitude was founded on the risk of
overexpansion of the remaining emphysematous lung
leading to.compression of the transplanted lung [14].
Furthermore, an early study demonstrated in-
creased perfusion with decreased ventilation of the
implant leading to an unacceptable pulmonary shunt
[24]. However, more recent experimental and cli-
nical studies have not confirmed the occurrence of
ventilation-perfusion imbalance after single lung trans-
plantation in emphysematous recipients unless rejection
or infection developed in the transplanted lung [25-
27]. In particular, it was shown by ventilation-
perfusion scintigraphy that the allograft was perfused
and ventilated adequately with a satisfactory matching
of ventilation to perfusion [26, 27].

The value of single lung transplantation for primary
pulmonary hypertension and Eisenmenger's syndrome
is currently being assessed by several groups [28-31].

Several advantages characterize single lung trans-
plantation. First of all, this procedure allows the sur-
geon to optimize organ utilization since the heart and
the two lungs from a donor can be transplanted into
three different recipients [32]. The risk of intra-
operative and postoperative bleeding is lower since the
surgical procedure is easier, the less affected side can be

chosen in patients with pleural adhesions and cardio-
pulmonary bypass, with its associated complications,
can often be avoided [4, 18, 26, 27, 33]. Disadvan-
tages of single lung transplantation are related to the
remaining diseased lung, the smaller margin of safety
during rejection or infection, and possibly the smaller
improvement in functional capacity. Furthermore, bron-
chial anastomotic complications remain frequent [18,
34, 35]. These issues need to be clarified in the future.

Double-lung transplantation

Patients with obstructive or septic lung disease may
be suitable recipients for double-lung transplantation
providing right ventricular function is adequate or
recoverable [34]. During this procedure, both the
recipient's lungs are removed and replaced by donor
lungs, and the classical "en bloc" bilateral lung trans-
plantation requires a tracheal, an atrial and a pulmo-
nary artery anastomoses [36-39]. To avoid frequent
ischaemic airway complications, this surgical technique
has first been modified by using two main bronchial
anastomoses instead of a tracheal one [34, 40], and
recently, successful bilateral single lung transplantation
has been achieved via either a transverse thoracoster-
notomy or using two lateral thoracotomies [41]. A
valuable advantage of this latter technique is that car-
diopulmonary bypass is not necessary.

Compared to heart-lung transplantation, double-lung
transplantation has the advantage of preserving the
recipient's heart. However, clinical experience with
this procedure is still limited and further development
of the technique should aim to reduce the high incidence
of severe or even fatal airway complications [34].
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Preoperative assessment

Patients disabled by pulmonary vascular disease or
by deteriorating chronic respiratory failure (New York
Heart Association Class III or IV) with a limited
life expectancy, could be suitable candidates for
allograft lung transplantation [5, 42]). Because of the
shortage of suitable donors, lung transplantation should
be offered to patients capable of full rehabilitation
[43]. In most centres, recipient's age at heart-lung
transplantation is around 20-30 yrs [3, 7, 8, 11, 42,
44]. Theoretically, there is no lower age limit, and
very young children have been successfully
transplanted [45]. However, in our own experience the
incidence of obliterative bronchiolitis appears
to be significantly higher in children below the age of
5 yrs. Thus, in this age group lung transplantation
should be considered only when there is no alterna-
tive therapy. The upper age limit may be about 50
yrs for heart-lung and double-lung transplantation,
while patients up to 60 yrs may be assessed for
single lung transplantation, providing they have no
evidence of other serious end organ dysfunction [17,
43]. Patients with end stage lung disease due to
systemic disorders like systemic lupus erythematosus
or systemic sclerosis may theoretically be candidates
for lung transplantation. However, other underlying
abnormalities, in particular renal involvement, often
preclude transplantation.

As immunosuppressive therapy may increase the risk
of malignancies, patients with a history of cancer should
have a disease-free interval of at least five years [17].
A stable social and psychological background is also
essential.

In the early studies, the high operative and postop-
erative mortality rates in heart-lung transplant
recipients were mostly related to bleeding complica-
tions, especially in those with previous thoracic
surgery and pleural adhesions [8, 11]. Today, patients
with a previous thoracotomy still carry a higher risk
of complications during the operation and pleural
adhesions should be carefully assessed by computed
tomography scanning before the transplant [8, 43].
However, patients with a high risk of bleeding may
benefit during the surgical procedure from the use of
aprotinin (Trasylol) [46, 47].

Systemic steroids can induce poor healing
of the tracheal anastomoses and ideally they
should be reduced to less than 7.5 mg-day* of
prednisone or be withdrawn before surgery [1]. How-
ever, there is increasing evidence that people
receiving prednisone up to 15 mg-day! can
be safely operated on, Patients on mechanical
ventilation are generally not accepted for lung
transplantation. Although some patients have been
successfully transplanted from a conventional
ventilator, the perioperative mortality and morbidity
is still high in this particular group. Lung transplanta-
tion is questionable in these patients due to
donor shortage, long waiting lists and financial limita-
tion.

Cystic fibrosis patients

Cystic fibrosis (CF) patients constitute the largest sin-
gle group of people under 50 years of age dying each
year in the United Kingdom and other countries from
respiratory disease, but most transplant centres were
for a long time reluctant to perform lung
transplantation in these patients for fear of infection
[3, 44]. In 1985, the first successful heart-lung trans-
plants in CF patients were carried out in the UK. To-
day, more than 138 have been transplanted in the
world, the majority in the UK. Early experience
and more recent results have confirmed that heart-lung
transplantation is a major therapeutic option for many
patients with CF (fig. 1) [44, 48, 49] with a survival
rate in this group similar to patients transplanted for
other reasons [50, 51]. Indeed, actuarial survival of
78% at 1 year and 72% at 2 years has been reported
by Yacous et al. [50] in CF recipients, with an ex-
cellent quality of life in long-term survivors.
However, particular problems inherent in CF, namely
chronic bacterial chest infection, lung colonization by
Aspergillus organisms; pneumothorax, chronic sinu-
sitis, exocrine pancreatic insufficiency and
malabsorption, diabetes mellitus, meconium ileus
equivalent, liver disease and excess salt loss, require
specific management before and after the transplant
[52-55].

Although main sources of sepsis are removed by
heart-lung or double lung transplantation, the trachea,
sinuses and nasopharynx still remain a potential site
of bacterial infection, mainly due to Pseudomonas
aeruginosa, Staphylococcus aureus and Haemophilus
influenzae [55]. Therefore, CF patients are treated
with aggressive antibiotic treatment during the waiting
period and routine post-transplant regimen includes IV
anti-staphylococcus and anti-pseudomonas antibiotics
together with aerosol colomycin [56, 57]. To date,
there is no evidence that the incidence of early and
late serious infectious complications are more frequent
in CF recipients than in other groups of transplanted
patients [3, 48, 50, 51].

Pneumothorax is a frequent complication of CF
and an incidence of 19% has been reported in adults
[52]. Treatment of pneumothorax should aim to avoid
development of extensive pleural adhesions, since they
represent a relative contraindication for subsequent
heart-lung transplantation [44]. PENkETH er al. [52]
treated small, first, asymptomatic pneumothorax
conservatively and intercostal drainage was reserved
for cases of complete collapse or symptomatic
pneumothoraces. However, as a high mortality may
be due to prolonged intercostal drainage, this proce-
dure should not be carried out for more than a week
[52]. In case of persistent air leak, limited surgical
abrasion pleurodesis is the first line of treatment, while
chemical pleurodesis, which is seldom effective in CF
patients, is the second choice. Conventional surgical
pleurectomy or talc pleurodesis may cause extensive
pleural adhesions and should be avoided in potential
lung allograft recipients.
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Fig. 1. - Chest radiographs from a young female with cystic fibrosis immediately before (A) and at one year following heart-lung

transplantation (B).

Aspergillus fumigatus is often transiently cultured
from the sputum in patients with CF [54, 55] and, be-
cause of the risk of severe postoperative opportunistic
infection, aggressive treatment prior to transplantation
is required [4, 50]. When sputum grows significant
colonies of Aspergillus, patients are treated with aero-
sol natamycin and an oral antifungal agent, and trans-
plantation is avoided until cultures are negative.
Occurrence of allergic bronchopulmonary aspergillosis
is likely to be a definitive contraindication, since se-
vere corticosteroid dependent asthma usually coexists.

Insulin dependent diabetes mellitus without chronic
or late complications is not a major contraindication
[44, 49, 50]. Hepatic cirrhosis represents a contrain-
dication. However, selected cases may benefit from
heart-lung and liver transplantation [49, 50]

Donor selection and organ procurement

Development of pulmonary transplantation has been
limited by the shortage of available donors and, in the
early stages, by problems of distant organ procurement
[58-62]. Although there are differences between cen-
tres, the following criteria for donor selection has been
given: a) age <40 years; b) no history of significant
cardiopulmonary disease; c¢) no pulmonary or systemic
infections; d) normal or minor changes on chest
radiograph; e) normal lung compliance and normal
gas exchange is essential; f) no severe chest trauma;
g) satisfactory cardiac function, normal electrocardio-
gram and minimal inotropic support; h) negative
screening for hepatitis B and human immunodeficiency

virus [4, 59, 61-63]. When organs are available,
donors and recipients are matched according to their
ABO blood groups, chest sizes and cytomegalovirus
(CMV) serological status [4, 62, 64, 65].

Several methods have been proposed for ex vivo
preservation and distant organ procurements [4, 58, 60,
62, 66-68]. We employ a technique that involves
cooling the donor using a portable cardiopulmonary
bypass machine before harvesting the organs. In this
way, heart and lungs from donors as far as 1500 miles
from Harefield, with ischaemic times of up to § h,
have been successfully implanted [4].

Immunosuppression regimens

Cyclosporin A, with its selective and reversible
inhibition of immunocompetent T-lymphocytes, is con-
sidered today as the first-line treatment to suppress
allograft rejection [69]. Cyclosporin is absorbed in the
upper small intestine, metabolized by the liver and its
metabolites are mainly eliminated via the bile [70].
Cyclosporin's mean bioavailability is about 30% but
this can be much less in those recipients with gastro-
intestinal disorders (e.g. patients with CF) [70, 71].
Since there are marked individual and interindividual
differences in oral absorption and clearance rates,
monitoring of cyclosporin concentration is imperative
to minimize toxicity and to optimize immunosuppres-
sion [70, 72]. Nephrotoxicity represents the main side
effect of cyclosporin therapy and acute impairment of
renal function can occur in the postoperative period
[73-77]. However, spontaneous recovery is usually
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achieved by withholding or reducing temporarily
the cyclosporin administration [78]. Long-term
treatment with cyclosporin may also lead to chronic
nephropathy. Indeed, reduced glomerular filtration
and renal plasma flow together with tubulointerstitial
injury and focal glomerular sclerosis have been
demonstrated [75]. Hypertension is another frequent
problem in cyclosporin-treated recipients [76].

Table 2. — Immunosuppressive protocol variations in
different heart-fung and lung transplant centres
Transplant unit Perioperative Maintenance
protocols protocols
Harefield C, A, M, ATG C;-A
Papworth C, A, M, ATG C A
Pittsburgh C, A, M, ATG CP
Stanford C, A, M, OKT3 C, AP
Toronto C, A, ALG oA, P

C: cyclosporin; A: azathioprine; M: methylprednisolone;
P: prednisone; ATG: antithymocyte globulin; OKT3:
monoclonal antibody to the T3 receptor on lymphocytes;
ALG: antilymphocyte globulin.

Table 3. -
Royal Brompton Hospitals

F. HERITIER ET AL.

Nifedipine is usually effective and this drug might be
beneficial in preserving renal function [79]. Other
complications include hyperkalaemia, hepatotoxicity,
gingival hyperplasia, hirsutism and convulsions [76,
80, 81]. Apart from cyclosporin, the major forms of
immunosuppression include azathioprine, corti-
costeroids, antithymocyte globulin (ATG), antilym-
phocyte globulin (ALG) and monoclonal antibody to
the T3 receptor on lymphocytes (OKT3) [80, 82-86].
The main side-effects of these drugs have been
reviewed elsewhere [82]. Immunosuppressive regi-
mens vary from one transplant unit to another and dif-
ferences are summarized in table 2. Details of
immunosuppressive protocol used at Harefield Hospi-
tal and the Royal Brompton Hospital are given in ta-
ble 3.

Acute rejection

Acute pulmonary rejection is common following
lung transplantation and rates ranging from 50-87%
have been reported [7, 11, 87]. It appears more

Current immunosuppression regimen for heart-lung and lung transplantation at Harefield and the

Time of
administration

Regimen

Notes

Preoperative

Intraoperative

Postoperative

Maintenance

Acute rejection

C: 2-10 mgkg! P.O.

A: 2 mgkg! P.O.

M: 1000 mg i.v.

C: 4-20 mgkg*-day” P.O.

A: 1-2 mg'kg'-day? P.O.
M: 125 mg i.v. ql12h

ATG: 100 mg i.v. every
other day during the 10
first postoperative days.

C: 4-20 mg-kg'-day™ P.O.
A: 1-2 mg'kg'-day! P.O.

M: 1000 mg daily
x 3 doses

P: 0.5-1 mg-kg'-day* P.O.

ATG or OKT3:

The dose of cyclosporin is reduced if preoperative serum creatinine ranges
between 120 and 170 pmol-/?!. No cyclosporin is given if preoperative
serum creatinine is above 170 pmol-l,

Providing normal white blood cell count and no evidence of significant
impairment of liver function.

On reperfusion.

During the first 24-48 hrs and especially in cystic fibrosis patients,
cyclosporin is often given iv. (2 mg-kg?-day?’). Blood level: 500 ng:ml?
in the first month*. The dose of cyclosporin is reduced for mild impair-
ment of renal function. If serum creatinine level is >200 pumol-l"?, pred-
nisone 1 mg-kg'-day?, progressively reduced to 0.2 mgkg'day!, is used
instead of cyclosporin.

Adjusted to keep white blood cells >4,000-mm™.

Methylprednisolone is stopped as soon as cyclosporin blood level 2300
ng-mlt*,

Blood level: 250-350 ng-ml**,
Adjusted to keep white blood cells >4,000-mm,

Renal dysfunction: same rule as above

To complement methylprednisolone in case of moderate or severe rejection.
The dose is reduced according to clinical outcome.

May be considered for refractory rejection.

For abbreviations see legend to Fig. 2. P.O: per os.

blood.

*: cyclosporin levels are assessed by monoclonal antibody on whole
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frequently during the first three months after surgery
but rejection episodes may arise at any time during
follow-up [4, 7, 11]. Cough, breathlessness and a low
grade of pyrexia are common and auscultation may
reveal wheezes with late inspiratory crackles. In a
series reported by PenketH et al. [87], only 15% of
patients with rejection were symptom free.
Laboratory lung function testing and daily home
spirometry are valuable in post-transplant assessment
and the occurrence of rejection or infection should
always be considered when forced expiratory volume
in one second (FEV,) or forced vital capacity (FVC)
fall by 10% from the usual values (fig. 2) [88-91].

Litres
3.0 7

2.5
2,0 1
1.5 4

1.0 1

0.8 Methylprednisolone 1000 mg daily

1 for 3 days
0.0 +#— T T T T T T T T T v T v 1
10 15 20 25 30 35 40 45

Days post-transplant
Fig. 2, - Typical changes of the forced expiratory volume
in one second (FEV,) and forced vital capacity (FVC) during an
episode of acute pulmonary rejection in a cystic fibrosis heart-lung
transplant recipient. The figure shows a rapid improvement of the
spirometric values following the treatment of methylprednisolone
(arrow).

On the other hand, allograft lung rejection may also
develop without impairment of respiratory functional
parameters [92] and temporary irrelevant fluctuation in
FEV, can sometimes occur [89].

Abnormalities in the chest radiograph may also reveal
acute rejection (fig. 3) [4, 93]. For example, MILLET
et al. [93] found radiographic changes in 74% of
rejection episodes occurring during the first postopera-
tive month, while abnormalities were only seen in 23%
of cases arising later than one month after surgery.
Lung changes may range from interstitial shadowing
to airspace consolidation [4, 93, 94]. Pleural effusion,
alone or in association with lung changes, may also
be due to rejection [93]. Radiographic abnormalities,
when present, are not specific and do not allow dis-
tinction between rejection and infection. However,
they offer a useful indication in guiding transbronchial
biopsy and bronchoalveolar lavage.,

Attempts to use bronchoalveolar lavage cell counts
in diagnosing rejection versus bacterial or viral infec-
tion have recently been made [95-99]. To date, the
precise clinical significance of normal or abnormal
bronchoalveolar cell profiles is still unclear.

By contrast, the role of transbronchial lung biopsies
is well defined and high sensitivity and specificity
in detecting rejection are provided by using this tech-
nique [100-104]. Satisfactory results have been
obtained by taking 3-4 biopsies on each occasion, ei-
ther from areas of pulmonary shadowing or from a
lower lobe in the case of normal radiology [100]. It
has recently been suggested that biopsy of all lobes
of one lung should be undertaken to optimize sensi-
tivity [105-107]. The histological features of rejec-
tion consist of dense perivascular mononuclear
infiltrates with minimal extension into alveolar septa
(fig. 4) [100, 108, 109].

B

Fig. 3. — Chest radiographs from the same patient as in figure 2 before (A) and after (B) treatment with IV methylprednisolone.
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Fig. 4. - Transbronchial biopsy (stained with Haematoxylin and
Eosin) from a patient with acute pulmonary rejection demonstrat-
ing perivascular cuffing by mononuclear cells (arrow).

According to experimental findings [1] and early
clinical experience [110], it was believed that the heart
and lungs would reject synchronously and that endo-
myocardial biopsy would enable diagnosis of both car-
diac and pulmonary rejection in heart-lung transplant
recipients, Further investigations have, however, shown
that rejection of the lung frequently occurs with-
out synchronous cardiac rejection, and that isolated
cardiac rejection is rare [11, 87, 111-113]. Therefore,
the abandonment of routine endomyocardial biopsy in
heart-lung recipients has been suggested [7, 87].
Acute rejection is treated with a transitory augmenta-
tion of immunosuppression, leading frequently to rapid
clinical improvement (table 3).

Obliterative bronchiolitis

In the early Stanford experience [6], high morbi-
dity and mortality rates in long-term survivors with
heart-lung transplants were related to obliterative bron-
chiolitis, a disease characlerized by obstruction and de-
struction of pulmonary bronchioles [114]. This
complication has also been reported after single lung
transplantation [115].

The precise pathogenesis of obliterative bronchioli-
tis is unknown, but it may represent a form of rejec-
tion, related to increased expression of class I and II
major histocompatibility complex antigens on bronchi-
olar and alveolar epithelium and vascular endothe-
lium in the transplanted lung [116-119]. Ischaemic
necrosis due to lack of bronchial arterial supply may
also play a role. Early diagnosis and treatment of pul-
monary rejection as well as optimal maintenance
immunosuppression should lead to improvement in the
long-term prognosis after lung allograft transplantation
[87, 114, 120].

First manifestations may arise several months to 1-2
yrs after surgery and the progression of the disease
can be rapid in approximately 50% of those affected
[121, 122]. Clinically, obliterative bronchiolitis is
characterized by dyspnoea, cough with or without spu-
tum, chest tightness or wheezing [90, 120, 121, 123].

Examination may reveal persistent tachypnoea and
bilateral basal inspiratory crackles with occasional
rhonchi [90, 120]. Pulmonary function testing reveals
obstructive ventilatory impairment with progressive
decrease in flow rates to very low values (fig. 5), and
little or slight improvement is produced by broncho-
dilators [90, 120, 121, 123]. The increasing airflow
obstruction leads to arterial hypoxaemia with concomi-
tant hypocapnia rather than CO, retention [121]. The
chest radiograph may be normal or may demonstrate
hyperinflated lung fields or evidence of basal peribron-
chial infiltration [121].

Litres
4 A

3_

0 i
g T T L T T T 1

5 6 7 8 9 10 11 12
Months post-transplant

Fig. 5. - Progressive decline of the forced expiratory volume in
one second (FEV,) and forced vital capacity (FVC) with time in
a heart-lung transplant recipient with obliterative bronchiolitis. The
patient did not respond to augmented immunosuppression,

The diagnosis of obliterative bronchiolitis can be
confirmed by transbronchial biopsy and in a small
series reported by Yousem et al. [123], a clinical sus-
picion of obliterative bronchiolitis was confirmed in
66% of cases by this method, reaching 100% when
transbronchial biopsy was repeated. Moreover, in
instances where no terminal or respiratory bronchioles
are present for histological evaluation, ongoing obliter-
ative bronchiolitis should be suspected when chronic
inflammation of the bronchi is present [124]. Open
lung biopsy is rarely necessary to confirm this diag-
nosis [101, 108].

Morphological changes related to obliterative bron-
chiolitis are usually panlobar with patchy involvement,
and the histological findings vary according to the
stage of evolution [109, 125]. In the earliest phases,
usually observed at transbronchial biopsy, the changes
consist of plugs of granulation tissue located in the
lumen of terminal and respiratory bronchioles, asso-
ciated with ulcerated bronchiolar epithelium and sub-
mucosal infiltration with chronic inflammatory cells
[121, 123]. Later, a scaring process develops and
a wide range of luminal impairment can be observed.
A common feature is a thickened fibrotic submucosa,
resulting in reduced luminal diameter and a rigid
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bronchiole. In the most severe cases, the bronchiolar lu-
men may be entirely occluded by dense scar tissue
(fig. 6) [109, 125].

Although increased immunosuppression arrests or
prevents progression in approximately 50% of patients,
functional impairment related to obliterative bronchio-
litis is often inexorably progressive [120, 121, 126,
127). The prognosis remains consequently poor, and
patients either die or are severely limited by dyspnoea
[120, 121]. Sometimes, retransplantation is the only
chance of survival [121]. Recent reports suggest never-
theless that the incidence of obliterative bronchiolitis
may be decreased by a close monitoring of lung func-
tion and an early diagnosis of pulmonary rejection by
transbronchial biopsy [87, 123].

Fig. 6. — Transbronchial biopsy (stained with Haematoxylin and
Eosin) from a patient with obliterative bronchiolitis,. Note oblit-
eration of terminal bronchiole by lymphoid and fibrous tissue (ar-
row). An interstitial mononuclear cell infiltration is also present,

Infectious complications

Infectious complications, especially affecting the
transplanted lung, occur frequently after transplantation
and are an important cause of morbidity and mortal-
ity [128-130]. Incidence of infection as high as 86%
was reported in two early series [128, 129] and 75%
of all deaths have been related to infection in the over-
all Pittsburgh experience [130]. In addition to immu-
nosuppression, many other factors affecting lung
defence mechanisms can explain this high tendency
for developing infections. In the early postoperative
period, ischaemic injury, impaired pulmonary drainage
and interrupted lymphatic drainage may predispose to
bacterial pulmonary infection [128, 130-132]. Later,
increase in immunosuppression to treat acute rejection,
structural lung changes related to chronic rejection and
obliterative bronchiolitis, and bacterial airway coloni-
zation are some of the factors which may predispose
to infection (table 4) [90, 128, 129].

During infection, patients are usually symptomatic,
and fever is the main symptom, followed by dyspnoea
and cough [87, 100]. Just as in rejection, infection
can cause an impairment of spirometric values,
and both diagnoses must be considered if FEV, or
FVC fall by 10% of the usual values [88-90].

Table 4. — Main pathogens in heart-lung transplant
infections
Bacterial Pseudomonas sp.

Staphylococcus aureus
Hemophilus influenzae
Pneumococcus
Enterobacteriaceae

Viral Cytomegalovirus
Epstein-Barr virus

Herpes simplex virus

Protozoal Pneumocystis carinii

Toxoplasma gondii

Fungal Aspergillus sp.
Candida albicans

Cryptococcus neoformans

Chest radiographs are often abnormal, but radiographic
changes can be similar to those seen in rejection, and
again distinction between rejection and infection can
rarely be made in this way [93].

When suspicion of infection arises, lung function
testing and chest radiographs should be performed
together with sputum microbiology and blood cultures.
However, sputum and even transtracheal aspiration cul-
tures often grow multiple potential pathogens and the
interpretation of these microbioclogical results is often
problematic [128, 129]. Thus, if these investigations
are inconclusive, bronchoalveolar lavage and trans-
bronchial biopsies should be carried out quickly, since
the combination of these two techniques provides a
high diagnostic yield in diagnosing pulmonary infec-
tion in immunodeficient patients and in lung transplant
recipients [101, 130, 133-139].

Bacterial infections

The transplanted lung is particularly sensitive to bac-
terial infection and a prevalence of bacterial pneumo-
nia greater than 60% has been reported [128, 130].
Bacterial pneumonia can occur at any time after trans-
plantation, but is common in the early postoperative
period [128, 130]. Pseudomonas sp., Staphylococcus
aureus, Hemophilus influenzae, S. pneumoniae and
Enterobacteriaceae are the main pathogens isolated, but
infection related to Mycoplasma hominis, Legionella
pneumophila, and typical or atypical Mycobacteria can
sometimes occur [100, 128-130, 140].

Cytomegalovirus infections

CMYV infection, which frequently occurs during the
first months after surgery, may lead to a high morbi-
dity and mortality in lung allograft recipients [141—
146]. For clinical convenience, it is worth
distinguishing asymptomatic from symptomatic CMV
infection with or without CMV pneumonitis [130,
142]. Fever, myalgias, malaise, abdominal discomfort
as well as leucopenia, thrombocytopenia, atypical
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lymphocytosis and hepatitis are the usual clinical
manifestations of a symptomatic CMV infection [130,
141, 142]). This syndrome is often associated with
CMV pneumonitis in lung allograft recipients [130].
On the other hand, isolation of CMV in
bronchoalveolar lavage (BAL) is not uncommon in
case of asymptomatic CMV infection without evidence
of CMV pneumonitis.

A CMYV seronegative recipient before transplantation,
can acquire a primary CMV infection by receiving
an organ from a CMV antibody-positive donor or via
virus-containing blood products [142-146]. In patients
who are CMV antibody-positive before the transplant,
CMYV infection can be due to reactivation of the
recipient's endogenous strain or, in the case of CMV
antibody-positive donor, to reinfection with a
different donor's strain [145, 147-149].

In the Papworth experience, the reported incidence
of CMV infection was 78% in antibody-negative heart-
lung transplant recipients receiving organs from CMV
antibody-positive donors [145]. This group of patients
as well as a similar group transplanted in Pittsburgh,
were then at high risk of developing a life-threatening
or fatal CMV disease, frequently related to pneumo-
nia [130, 145, 146]. Conversely, in the Papworth
series, CMV antibody-negative recipients experienced
primary CMV infection in only 20% of cases by receiv-
ing organs from a CMV antibody-negative donor and
CMYV infection acquired from blood or blood products
in this group, was usually less severe [145]. A
further reduction of CMV infection in seronegative
recipients can also be achieved by using exclusively
seronegative blood products in addition to seronega-
tive organs [130, 146].

In CMV antibody-positive recipients before the
transplant, incidence of CMV reactivation or reinfec-
tion is usually high, but it seems that the outcome can
be influenced by the donor serological status [130,
145, 146]. Indeed, in the Papworth study [145], all
CMV antibody-positive heart-lung transplant recipients
experienced reactivation or reinfection by receiving
organs from a CMV antibody-positive donor, while the
incidence of CMV infection fell to 57% by receiving
organs from a CMV antibody-negative donor. Further-
more, the severity of CMV disecase was less in this
former group. In the Pittsburgh series, 95% of all
seropositive recipients developed serological evidence
of infection and among these patients 32% developed
a CMV disease, frequently including pneumonia [146].

CMYV infection can be assessed serologically by
using the complement fixation test (CFT), competitive
enzyme-linked immunosorbent assay (ELISA) and the
detection of specific antibody to CMV (IgM and IgG)
[145, 150]. In patients free of detectable CMV anti-
body before transplantation, primary CMV infection is
diagnosed when a significant rise in CMV antibody is
demonstrated in blood samples taken after transplan-
tation (zfour-fold rise by CFT, >50% inhibition in
competitive ELISA) [142-145]. On the other hand,
CMYV reactivation or reinfection is established when a
significant rise in CMV antibody occurs (zfour-fold

rise by CFT) in patients whose serum already
contained detectable CMV antibody before transplan-
tation [142-145].

To assess a CMV infection or a CMV syndrome,
serology is usually complemented by viral culture in
blood, urine, saliva, while cytological and histological
examination of bronchoalveolar lavage and transbron-
chial lung biopsy are essential tools in diagnosing
CMV pneumonitis [101, 142, 151-157]. Early
studies showed that CMYV isolations from saliva and
urine were not very sensitive and specific in diagnos-
ing a CMV syndrome while a positive blood culture
correlated better [142, 151].

CMV culture carried out in BAL, was found to be
highly sensitive in detecting CMV pneumonitis [153,
154, 156]. However, the lack of specificity of this
method as well as the long interval necessary to detect
the characteristic CMV cylopathic effect, make BAL
culture insufficient in the clinical setting [152, 153,
155, 157, 158]. On the other hand, cytological exami-
nation of lung lavage cells, looking for typical nuclear
and cytoplasmic viral inclusions, was shown to be very
specific but with a poor sensitivity [153, 154]. Thus,
according to the respective sensitivity and specificity
of cytological examination and CMV culture of BAL,
CMV pneumonitis can reasonably be assessed by a
positive culture and a positive cytology, whereas this
diagnosis is unlikely when the culture is negative
[153].

Other techniques, related to fluorescent monoclonal
antibodies against the early CMV antigen (DEAFF test
— detection of early antigen fluorescent foci), DNA
hybridization and centrifugation culture have been
developed to ensure a rapid, sensitive and specific
detection of CMV [153-156, 158-161]. For example,
PARADIS et al. [153], demonstrated a high negative pre-
dictive value in detecting CMV pneumonitis by using
CMV-specific monoclonal antibodies on cells recove-
red by bronchoalveolar lavage. Thus, similarly to
negative viral culture, CMV pneumonitis is improbable
when viral antigen in lung cells are not detected by
this technique. However, clinical suspicion of CMV
pneumonitis must often be confirmed histologically
by taking biopsy samples transbronchially [157]. The
histological features are related to diffuse alveolitis fre-
quently with diagnostic viral inclusions [108].

The high morbidity and mortality associated with
CMV disease and particularly CMV pneumonitis, might
be favourably affected by the use of ganciclovir [162].
The clinical efficacy of this drug has been documented
in other immunocompromised patients [163~165] but
CMV strains resistant to ganciclovir have already
arisen [166]. A combination of ganciclovir and CMV
immune globulin has also been suggested to treat severe
CMYV infection and CMV pneumonia in bone marrow
and liver transplants [167-169]. Moreover, as shown
in renal, heart and bone marrow transplant recipients,
prophylactic use of CMV immune globulin might be
useful in lung allograft recipients with high risk of
developing CMV disease [170-176]. In pulmonary
allograft recipients, treatment of CMV disease and CMV
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pneumonia is currently based on clinical experience.
Ganciclovir with or without CMV immune globulin
are currently used and therapeutic successes have been
reported [130, 144, 145]. The major side effect of
ganciclovir is a reversible and dose-dependent neutro-
penia [164, 165]. Adverse reactions related to treat-
ment with CMV immune globulin seem to be rare
[170, 175, 176].

The policy at Harefield Hospital, is to use ganciclovir
5 mg-Kg? i.v. twice a day for 14-21 days. In cases
of severe CMV disease or CMV pneumonitis, this
treatment is sometimes empirically complemented by
CMYV immune globulin, but clinical trials are currently
in progress.

Other herpesvirus infections

Major problems related to herpes simplex virus (HSV)
and Epstein-Barr virus (EBV) are not uncommon in
lung allograft recipients [109, 128, 129, 177, 178]. In
the Papworth series, for example, symptomatic HSV
infection developed in 18% of 51 heart-lung transplant
recipients [178]. In this study, all patients were HSV
seropositive before the transplant and the clinical mani-
festations were related to mucocutaneous lesions of the
mouth, throat, and nose, frequently combined with
pneumonia [178]. However, involvement of the skin,
viscera and brain may occur [179] and disseminated
HSV infection in seronegative, pretransplant, solid
organ recipients has also been reported [180].
Serology as well as viral culture of mucocutaneous le-
sions, bronchoalveolar lavage and lung tissue are im-
portant tools for the diagnosis of HSV infection.
Furthermore, in cases of HSV pneumonia, histologi-
cal evidence of necrotizing or haemorrhagic pneumo-
nia with characteristic eosinophilic intranuclear
inclusion should be seen in the lung specimens [178,
181]. Acyclovir is the treatment of choice in cases
of symptomatic HSV infection [178, 179, 182].
Moreover, since HSV infection frequently develops
within the first postoperative months [178] and since
effective prophylaxis against HSV can be achieved by
acyclovir [183], prophylactic acyclovir 200 mg four
times daily can be recommended for every lung allo-
graft recipient during the first three months after sur-
gery. A similar regimen should also be considered in
cases where immunosuppression is augmented [178].

In a study carried out by WrecHITT et al. [177],
in 156 heart and heart-lung transplant recipients, pri-
mary EBV infection has been diagnosed in 8% and
secondary EBV infection in 24%. Similarly, in the
Pittsburgh series, primary EBV infection has occurred
in 12% of 60 lung allograft recipients [130]. EBV
infection is frequently asymptomatic, although a mono-
nucleosis syndrome sometimes develops [130, 177].
However, a strong association exists between EBV
infection and post-transplant lymphoproliferative disor-
ders [184] and an incidence of EBV-associated
lymphoproliferative disease of up to 7% has been
reported in heart-lung transplant recipients [185]. Fever,

enlargement of head and neck lymph nodes, tonsillitis,
sore throat as well as abdominal complaints related to
gastrointestinal mass lesions and liver and renal dys-
function are the most frequent signs and symptoms
[184]. Lymphoproliferative disorders primarily located
in the lung allograft can also occur [186]. Where the
lymphoproliferative disorder is related to EBV, reduc-
tion of immunosuppression and particularly cyclosporin
together with high dose acyclovir is required and com-
plete regression of the tumour usually occurs [184,
185, 187].

Protozoal and fungal infections

Serial bronchoalveolar lavage performed in lung
allograft recipients who did not receive effective anti-
biotic prophylaxis has revealed a high incidence
of Pneumocystis carinii infection [138]. Signs and
symptoms of pneumonia can be present, although
patients frequently are asymptomatic with a normal chest
radiograph or complain about upper respiratory tract
symptoms [130, 138]. Prophylactic therapy with
trimethoprim-sulfamethoxazole is effective and occur-
rence of Pneumocystis carinii infection is now rare in
treated patients. As adverse reactions are frequent
with a daily therapy [138], interval prophylactic regi-
mens are currently prescribed, but with large differences
from one centre to another [130, 188]. The Harefield
regimen consists of trimethoprim-sulfamethoxazole 960
mg twice daily every third day. In those patients
intolerant of trimethoprim-sulfamethoxazole, aerosol
pentamidine 600 mg is given twice a month,

Transplant recipients may experience reactivation of
latent Toxoplasma gondii (T gondii) infection or may
acquire primary T gondii infection from seropositive
donor organs [189-193]. In a serological study car-
ried out by WREGHITT et al. [193], on 217 heart and
33 heart-lung patients evidence of T gondii recrudes-
cence has been found in 2% and primary T gondii
infection in 2.4%. Clinical manifestations are mainly
neurological, although myocarditis, pneumonitis or dis-
seminated lesions can also arise [189, 192]. The extent
of the lesions in the central nervous system is vari-
able and histological findings usually consist of granu-
lomatous lesions often accompanied by necrosis of
the parenchyma [194]. Single or multiple hypo-dense
lesions with central noncalcified hyper-dense regions
are characteristic on brain computerised tomography
[195]. Diagnosis can be made by using serological
tests [191, 196, 197] or by assessing the presence of the
Toxoplasma parasites on biopsy specimens [192-194].
Pyrimethamine in combination with sulphonamides
is the current regimen to treat Toxoplasmosis [198].
Furthermore, prophylaxis with pyrimethamine seems to
be effective in preventing severe infection in T gondii
antibody negative transplant recipients receiving organs
from T gondii antibody positive donors [193].

Most fungal infections have been related to Candida
albicans although infections due to Aspergillus species
or Cryptococcus neoformans have also been reported
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[109, 128-130]. The spectrum of clinical
manifestations is wide and may range from tracheal
colonization to tracheal or aortic anastomotic infec-
tions, pneumonitis, mediastinitis or disseminated dis-
ease. Treatment of severe cases is usually started with
intravenous amphotericin B, in spite of the risk of re-
nal failure in cyclosporin-treated patients [109, 199].
Itraconazole and ketoconazole have also been used in
a few cases, but careful monitoring of cyclosporin
levels is necessary to avoid renal function impairment
[200, 201].

Pulmonary function and exercise tolerance

Heart-lung transplant recipients who survive the first
six postoperative months can expect a substantial
improvement in lung function, more than 80% of them
achieving a normal FEV, at 12 months [50, 202, 203].
Furthermore, providing the allografts remain free
of complications, long-term survivors may have well
preserved lung function [6, 204]. In the same way
normal lung function can be obtained by double-lung
transplantation [39, 202]. After single lung transplan-
tation, a persistent restrictive ventilatory defect has
been reported in patients transplanted for endstage
restrictive lung disease, whereas recipients with
obstructive lung disease may remain with an obstruc-
tive ventilatory defect [202]. At rest, either normal
or near-normal blood gases can be obtained by single,
double and heart-lung transplantation [31, 39, 50, 202].
During exercise, the maximum workload after heart-
lung transplantation is lower than in normal subjects,
but is similar to that after cardiac transplantation [205].
Heart-lung transplant recipients show evidence of an
altered pattern of breathing during exercise [205, 206]
probably due to pulmonary denervation. Single lung
and double-lung transplantation also improve exercise
performance. However, maximum oxygen consump-
tion remains below normal values [202, 207].

Conclusion

The development of surgical techniques together with
immunosuppression with cyclosporin have allowed
lung transplantation to become an effective treatment
in carefully selected patients with pulmonary vascular
disease and end stage lung disease. After successful
transplantation, functional results are excellent and
recipients may achieve a good quality of life. However,
scarcity of suitable donors is an important limiting
factor, and opportunistic infection, rejection and
obliterative bronchiolitis are still a major cause of mor-
bidity and mortality. Thus, further research is urgently
required into prevention and treatment of early and late
post-transplant complications.

References

1. Reitz BA, Burton NA, Jamieson SW, ef al. — Heart
and lung transplantation: Autotransplantation and allotrans-
plantation in primates with extended survival. J Thorac
Cardiovasc Surg, 1980; 80: 360-372.

2, Reitz BA, Wallwork JL, Hunt SA, et al. — Heart-
lung transplantation: Successful therapy for patients with
pulmonary vascular disease. N Eng J Med, 1982; 306:
557-564.

3. Penketh A, Higenbottam T, Hakim M, Wallwork J. —
Heart and lung transplantation in patients with end stage
lung disease. Br Med J, 1987; 295: 311-314.

4, MH Yacoub, NR Banner, — Recent developments in
lung and heart-lung transplantation. In: PJ Morris, NL
Tilney eds. Transplantation Reviews, London, Bailliere
Tindall 1989; 3: 1-29.

5. Bonser RS, Jamieson SW. - Heart-lung transplanta-
tion. Clin Chest Med, 1990; 11: 235-246.

6. Burke CM, Theodore J, Baldwin JC, et al. — Twenty-
eight cases of human heart-lung transplantation. Lancel,
1986; i: 517-519.

7. Hutter JA, Despins P, Higenbottam T, Stewart S,
Wallwork J. — Heart-lung transplantation: Better use of
resources. Am J Med, 1988; 85: 4-11.

8. McCarthy PM, Starnes VA, Theodore J, Stinson EB,
Oyer PE, Shumway NE. - Improved survival after heart-
lung transplantation. J Thorac Cardiovasc Surg, 1990; 99:
54-60.

9. Fragomeni LS, Kaye MP. — The Registry of the
International Society for Heart Transplantation: Fifth offi-
cial report - 1988. J Heart Transplant, 1988; 7: 249-253.
10. Jamieson SW, Baldwin J, Reitz BA, er al. -
Combined heart and lung transplantation. Lancer, 1983; i
1130-1132.

11. Griffith BP, Hardesty RL, Trento A, et al. — Heart-
lung transplantation: Lessons learned and future hopes. Ann
Thorac Surg, 1987; 43: 6-16.

12. Jamieson SW, Stinson EB, Oyer PE, Baldwin JC,
Shumway NE. — Operative technique for heart-lung trans-
plantation. J Thorac Cardiovasc Surg, 1984; 87: 930-935,
13. Cavarocchi NC, Badellino M. - Heart/heart-lung
transplantation. The domino procedure. Ann Thorac Surg,
1989; 48: 130-133,

14, Wildevuur CRH, Benfield JR. - A review of 23
human lung transplantations by 20 surgeons. Ann Thorac
Surg, 1970; 9: 489-515,

15. Nelems JMB, Rebuck AS, Cooper JD, Goldberg M,

Halloran PF, Vellend H. - Human lung transplantation,
Chest, 1980; 78: 569-573.
16. Toronto Lung Transplant Group. - Unilateral lung

transplantation for pulmonary fibrosis. N Engl J Med, 1986;
314: 1140-1145.

17. Grossman RF, Frost A, Zamel N, et al. — Results of
single-lung transplantation for bilateral pulmonary fibrosis.
N Engl J Med, 1990; 322: 727-733.

18. The Toronto Lung Transplant Group. - Experience
with single-lung transplantation for pulmonary fibrosis.
JAMA, 1988; 259: 2258-2262,

19. Lima O, Cooper JD, Peters WI, et al. - Effects of
methylprednisolone and azathioprine on bronchial healing
following lung autotransplantation. J Thorac Cardiovasc
Surg, 1981; 82: 211-215.

20. Morgan E, Lima O, Goldberg M, Ayabe H, Ferdman
A, Cooper JD. - Improved bronchial healing in canine
left lung reimplantation using omental pedicle wrap, J
Thorac Cardiovasc Surg, 1983; 85: 134-139.

21. Goldberg M, Lima O, Morgan E, et al. - A compari-
son between cyclosporin A and methylprednisolone plus
azathioprine on bronchial healing following canine lung
autotransplantation. J Thorac Cardiovasc Surg, 1983; 85:
821-826.

22. Calhoon JH, Grover FL, Gibbons WI, er al. — Single



LUNG ALLOGRAFT TRANSPLANTATION IN HUMANS 1273

lung transplantation: Alternative indications and technique.
J Thorac Cardiovase Surg, 1991; 101: 816-825.

23. McLeod DT, Stone TN, Hawkins T, Dark JH, Corris
PA. - Ventilation-perfusion relationships after single lung
transplantation for pulmonary fibrosis (abstract). Am Rev
Resp Dis, 1989; 139: A265.

24. Stevens PM, Johnson PC, Bell RL, Beall AC Jr, Jenkins
DE. - Regional ventilation and perfusion after lung trans-
plantation in patients with emphysema. N Engl J Med,
1970; 282: 245-249.

25. Veith FJ, Koerner SK, Siegelman S8, et al. — Single
lung transplantation in experimental and human emphysema.
Ann Surg, 1973; 178: 463-476.

26. Mal H, Andreassian B, Pamela F, et al. -~ Unilateral
lung transplantation in end-stage pulmonary emphysema.
Am Rev Respir Dis, 1989; 140: 797-802.

27. Trulock EP, Egan TM, Kouchoukos NT, et al. -
Single lung transplantation for severe chronic obstructive
pulmonary disease. Chest, 1989; 96: 738-742.

28. Fremes SE, Patterson GA, Williams WG, et al. -
Single lung transplantation and closure of patent ductus
arteriosus for Eisenmenger's syndrome. J Thorac Cardiovasc
Surg, 1990; 100: 1-5.

29. Levine SM, Gibbons WJ, Bryan CL, et al. — Single
lung transplantation for primary pulmonary hypertension.
Chest 1990; 98: 1107-1115.

30. Starnes VA, Stinson EB, Oyer PE, et al. - Single
lung transplantation: A new therapeutic option for patients
with pulmonary hypertension. Transplant Proc, 1991; 23:
1209-1210.

31. Maurer JR, Winton TL, Patterson GA, Williams TR.
- Single lung transplantation for pulmonary vascular dis-
ease. Transplant Proc, 1991; 23: 1211-1212.

32. Brodman RF, Veith FJ, Goldsmith J, Sisto DA,
Montefusco CM. — Maultiple organ procurement from one
donor. Heart Transplant, 1985; 4: 254-257.

33. Egan TM, Cooper JD. - Surgical aspects of sin-
gle lung transplantation. Clin Chest Med, 1990; 11: 195-
205.

34, Patterson GA, Todd TR, Cooper ID, et al. — Airway
complications after double lung transplantation. J Thorac
Cardiovasc Surg, 1990; 99: 14-21.

35. Schafers H-I, Haydock DA, Cooper ID. — The preva-
lence and management of bronchial anastomotic complica-
tions in lung transplantation. J Thorac Cardiovasc Surg,
1991; 101: 1044-1052.

36. Dark JH, Patterson GA, Al-Jilaihawi AN, Hsu H, Egan
T, Cooper ID. — Experimental en bloc double-lung trans-
plantation. Ann Thorac Surg, 1986; 42: 394-398.

37. Patterson GA, Cooper ID, Dark JH, Jones MT and the
Toronto Lung Transplant Group. — Experimental and clini-
cal double lung transplantation. J Thorac Cardiovasc Surg,
1988; 95: 70-74.

38. Patterson GA, Cooper D, Goldman B, et al. - Tech-
nique of successful clinical double-lung transplantation. Ann
Thorac Surg, 1988; 45: 626-633.

39. Cooper JD, Patterson GA, Grossman R, Maurer J, To-
ronto Lung Transplant Group. - Double-lung transplant
for advanced chronic obstructive lung disease. Am Rev
Respir Dis, 1989; 139: 303-307.

40. Metras D, Noirclerc M, Vaillant A, Brunet CH,
Kreitmann B, - Double-lung transplant: The role of bi-
lateral bronchial suture. Transplant Proc, 1990; 22: 1477-
1478.

41. Pasque MK, Cooper JD, Kaiser LR, Haydock DA,
Triantafillou A, Trulock EP. - Improved technique
for bilateral lung transplantation: Rationale and initial

clinical experience, Ann Thorac Surg, 1990; 49: 785-791.
42, Theodore J, Lewiston N. — Lung transplantation comes
of age. N EngJ Med, 1990; 322: 772-774.

43. Morrison DL, Maurer JR, Grossman RF. -
Preoperative assessment for lung transplantation. Clin Chest
Med, 1990; 11: 207-215.

44, Geddes DM, Hodson ME. - The role of heart and
lung transplantation in the treatment of cystic fibrosis. J
R Soc Med, 1989; 82 (Suppl. 16): 49-53.

45. Smyth RL, Scott JP, Whitehead B, et al. - Heart-lung
transplantation in children. Transplant Proc, 1990; 22:
1470-1471.

46, Bidstrup BP, Royston D, Sapsford RN, Taylor KM, -
Reduction in blood loss and blood use after cardiopulmo-
nary bypass with high dose aprotinin (Trasylol). J Thorac
Cardiovasc Surg, 1989; 97: 364-372.

47. Hunt BJ, Yacoub M. — Aprotinin and cardiac surgery:
Reduces perioperative blood loss. Br Med J, 1991; 303:
660-661.

48. Scott J, Higenbottam T, Hutter I, et al. — Heart-lung
transplantation for cystic fibrosis. Lancet, 1988; ii: 192-
194,

49. Smyth RL, Higenbottam T, Scott J, Wallwork J. — The
current state of lung transplantation for cystic fibrosis. The-
rax, 1991; 46: 213-216.

50. Yacoub MH, Banner NR, Khaghani A, et al. — Heart-
lung transplantation for cystic fibrosis and subsequent
domino heart transplantation. J Heart Transplant, 1990; 9:
459-467.

51. Smyth RL, Higenbottam TW, Scott JP, ef al. — Mor-
tality and morbidity following heart-lung transplantation for
cystic fibrosis (abstract). Am Rev Respir Dis, 1990; 141:
AB8S,

52. Penketh ARL, Knight RK, Hodson ME, Batten JC. -
Management of pneumothorax in adults with cystic fibro-
sis. Thorax, 1982; 37: 850-853.

53. Hodson ME. — Managing adults with cystic fibrosis.
Br Med J, 1989; 298: 471472,

54. Nelson LA, Callerame ML, Schwartz RH. - Aspergil-
losis and atopy in cystic fibrosis. Am Rev Respir Dis, 1979;
120: 863-873.

55. Penketh ARL, Wise A, Mearns MB, Hodson ME, Bat-
ten JC. - Cystic fibrosis in adolescents and adults. Tho-
rax, 1987; 42: 526-532.

56. Hodson ME. — Antibiotic treatment: Aerosol therapy.
Chest, 1988; 94: 1568-1608S.

57. Dinwiddie R. — Management of the chest in cystic
fibrosis. J R Soc Med, 1986; 79 (Suppl. 12): 6-9.

58. Hardesty RL, Griffith BP. — Autoperfusion of the heart
and lungs for preservation during distant procurement. J
Thorac Cardiovasc Surg, 1987; 93: 11-18.

59. Harjula A, Baldwin JC, Starnes VA, er al. — Proper
donor selection for heart-lung transplantation: The Stanford
experience. J Thorac Cardiovasc Surg, 1987; 94: 874-880.
60. Hakim M, Higenbottam T, Bethune D, ef al. — Se-
lection and procurement of combined heart and lung grafts
for transplantation. J Thorac Cardiovasc Surg, 1988; 95:
474479,

61. Smyth RL, Higenbottam TW, Scott JP, Wallwork J. -
Transplantation of the lungs. Respiratory Medicine, 1989;
83: 459-466.

62. Griffith BP, Zenati M. — The pulmonary donor. Clin
Chest Med, 1990; 11: 217-226.

63. Zenati M, Yousem SA, Dowling RD, Stein KL, Griffith
BP. — Primary graft failure following pulmonary transplan-
tation. Transplantation, 1990; 50: 165-167.

64. Otulana BA, Mist BA, Scott JP, Wallwork I,



1274 F. HERITIER ET AL.

Higenbottam T. — The effect of recipient lung size on lung
physiology after heart-lung transplantation. Transplantation,
1989; 48: 625-629.

65. Festenstein H, Banner N, Smith J, ef al. — The influ-
ence of HLA matching and lymphocytotoxic antibody sta-
tus in heart-lung allograft recipients receiving cyclosporin
and azathioprine. Transplant Proc, 1989; 21: 797-798.
66. Baldwin JC, Frist WH, Starkey TD, et al. - Distant
graft procurement for combined heart and lung transplanta-
tion using pulmonary artery flush and simple topical hypo-
thermia for graft preservation. Ann Thorac Surg, 1987; 43:
670-673.

67. Baumgartner WA, Williams GM, Fraser CD Ir, et al.
— Cardiopulmonary bypass with profound hypothermia: An
optimal preservation method for multiorgan procurement.
Transplantation, 1989; 47: 123-127.

68. Bando K, Teramoto S, Tago M, Teraoka H, Seno S,
Senoo Y. — Successful extended hypothermic cardiopul-
monary preservation for heart-lung transplantation. J
Thorac Cardiovasc Surg, 1989; 98: 137-146.

69. Borel JF. — The cyclosporins. Transplant Proc, 1989;
21: 810-815.

70. Kahan BD. -~ Pharmacokinetics and pharmacodynam-
ics of cyclosporine. Transplant Proc, 1989; 21 (Suppl. 1):
9-15.

71. Cooney GF, Fiel SB, Shaw LM, Cavarocchi NC. -
Cyclosporine bioavailability in heart-lung transplant candi-
dates with cystic fibrosis. Transplantation, 1990; 49: 821-
823,

72. Kahan BD, Grevel J. — Optimization of cyclosporine
therapy in renal transplantation by a pharmacokinetic strat-
egy. Transplantation, 1988; 46: 631-644.

73. Bennett WM, Pulliam JP. - Cyclosporine nephrotox-
icity. Ann Intern Med, 1983; 99: 851-854.

74. Egel J, Greenberg A, Thompson ME, et al. - Renal
failure in heart transplant patients receiving cyclosporine.
Transplant Proc, 1983; 15: 2706-2707.

75. Myers BD, Ross J, Newton L, Luetscher J, Perlroth M.
— Cyclosporine-associated chronic nephropathy. N Engl J
Med, 1984; 311: 699-705.

76. Cohen DJ, Loertscher R, Rubin MF, Tilney NL, Car-
penter CB, Strom TB. - Cyclosporine: A new immuno-
suppressive agent for organ transplantation. Ann Intern
Med, 1984; 101: 667-682.

77. Trento A, Griffith BP, Hardesty RL, Kormos RL,
Thompson ME, Bahnson HT. - Cardiac transplantation:
improved quality of survival with a modified immunosup-
pressive protocol. Circulation, 1987; 76 (Suppl. V): V48—
51.

78. Barros EJG, Boim MA, Ajzem H, Ramos L, Schor N.
— Glomerular haemodynamics and hormonal participation
on cyclosporin nephrotoxicity. Kidney Int, 1987; 32: 19-
25.

79. Kirk AJB, Omar I, Bateman DN, Dark JH. -
Cyclosporine-associated hypertension in cardiopulmonary
transplantation: The beneficial effect of nifedipine on renal
function. Transplantation, 1989, 48: 428-430.

80. Griffith BP, Hardesty RL, Bahnson HT. — Powerful
but limited immunosuppression for cardiac transplantation
with cyclosporine and low-dose steroid. J Thorac
Cardiovasc Surg, 1984; 87: 3542,

81. Joss DV, Barrett AJ, Kendra JR, Lucas CF, Desai S.
— Hypertension and convulsions in children receiving
cyclosporin A. Lancet, 1982; i: 906.

82. Council on Scientific Affairs. — Introduction to the
management of immunosuppression. JAMA, 1987; 257:
1781-178s.

83. Morris PJ. — Single or multiple drug therapy. Trans-
plant Proc, 1989; 21: 820-822.

84. Bristow MR, Gilbert EM, Renlund DG, De Witt CW,
Burton NA, O'Connell JB. — Use of OKT3 monoclonal
antibody in heart transplantation: Review of the initial
experience. J Heart Transplant, 1988; 7: 1-11.

85. Renlund DG, O'Connell JB, Gilbert EM, - A pro-
spective comparison of murine monoclonal CD-3 (OKT3)
antibody-based and equine antithymocyte globulin-based
rejection prophylaxis in cardiac transplantation: Decreased
rejection and less corticosteroid use with OKT3. Transplan-
tation, 1989; 47: 599-605.

86. Copeland JG, Icenogle TB, Williams RJ, et al. -
Rabbit antithymocyte globulin: A 10-year experience in car-
diac transplantation. J Thorac Cardiovasc Surg, 1990; 99:
852-860.

87. Penketh ARL, Higenbottam TW, Hutter J, Coutts C,
Stewart S, Wallwork J. — Clinical experience in the man-
agement of pulmonary opportunist infection and rejection
in recipients of heart-lung transplants. Thorax, 1988; 43:

762-769.
88. Otulana BA, Higenbottam TW, Scott JP, Clelland C,
Hutter JA, Wallwork J. — Pulmonary function monitoring

allows diagnosis of rejection in heart-lung transplant recipi-
ents. Transplant Proc, 1989; 21: 2583-2584.

89. Otulana BA, Higenbottam T, Ferrari L, Scott J, Igboaka
G, Wallwork J. — The use of home spirometry in detect-
ing acute lung rejection and infection following heart-lung
transplantation. Chest, 1990; 97: 353-357.

90. Neill P, Gascoigne AD, Stone TN, Dark JH, Gibson
GJ, Corris PA. - Value of pulmonary function test-
ing in the diagnosis of lung rejection or infection follow-
ing lung transplantation (abstract). Thorax, 1990; 45,

316P.
91. Otulana BA, Higenbottam T, Scott J, Clelland C,
Igboaka G, Wallwork J. — Lung function associated with

histologically diagnosed acute lung rejection and pulmonary
infection in heart-lung transplant patients. Am Rev Respir
Dis, 1990; 142: 329-332.

92, Le Roy Ladurie F, Cerrina J, Bavoux E, et al. -
Asymptomatic allograft lung rejection after heart lung and
double lung transplantation (abstract). Am Rev Respir Dis,
1990; 141: A408.

93, Millet B, Higenbottam TW, Flower CDR, Stewart S,
Wallwork J. — The radiographic appearances of infection
and acute rejection of the lung after heart-lung transplanta-
tion. Am Rev Respir Dis, 1989; 140: 62-67.

94. Herman SJ. — Radiologic assessment after lung trans-
plantation. Clin Chest Med, 1990; 11: 333-346.

95. Holland VA, Windsor N, Brousseau K, et al. — Serial
changes in bronchoalveolar lavage following heart-lung and
single lung transplantation (abstract). Am Rev Respir Dis,
1989; 139: A240.

96. Clelland C, Higenbottam TW, Smyth RL, Scott JP,
Stewart S, Wallwork J. — Lymphocyte counts in broncho-
alveolar lavage (BAL) during acute lung rejection and
infection in heart-lung transplantation (HLTx) (abstract).
Am Rev Respir Dis, 1989; 139: A242.

97. Maurer JR, Gough E, Chamberlain DW, Patterson
GA, Grossman RF. - Sequential bronchoalveolar
lavage studies from patients undergoing double lung and
heart-lung transplant. Transplant Proc, 1989; 21: 2585-

2587,
98. Hosker HSR, McArdle P, Shenton B, Kirby J, Dark JH,
Corris PA. - Bronchoalveolar lavage cell counts during

acute rejection and infection following lung transplantation
(abstract). Thorax, 1990; 45: 317P.



LUNG ALLOGRAFT TRANSPLANTATION IN HUMANS 1275

99. Corris PA, Hosker HSR, McArdle P, Shenton BK,
Kirby JA, Dark JH. - The use of bronchoalveolar lavage
(BAL) in monitoring acute rejection following lung trans-
plantation. Am Rev Respir Dis, 1990; 141: A407.

100. Higenbottam T, Stewart S, Penketh A, Wallwork J. -
Transbronchial lung biopsy for the diagnosis of rejection in
heart-lung transplant patients. Transplantation, 1988; 46:
532-539.

101. Higenbottam T, Stewart S, Wallwork J. ~ Trans-
bronchial lung biopsy to diagnose lung rejection and infec-
tion of heart-lung transplants. Transplant Proc, 1988; 20
(Suppl. 1): 767-769.

102. Sleiman Ch, Groussard O, Mal H, et al. - Clinical
use of transbronchial biopsy to diagnose lung rejection in
single lung transplantation (abstract). Am Rev Respir Dis,
1990; 141: A407.

103, Ross DI, Waters P, Marchevsky A, Jordan S, Koerner
SK. - Rejection in lung transplantation: Diagnosis with
transbronchial biopsies (TBB) and prophylaxis with OKT,
(abstract). Am Rev Respir Dis, 1990; 141: A 408,

104. Ettinger NA, Trulock EP, Cooper JD, Washington Uni-
versity Lung Transplant Group. - Transbronchial lung
biopsy for the diagnosis of rejection and infection after lung
transplantation (abstract). Am Rev Respir Dis, 1990; 141:
A408.

105. Igboaka G, Higenbottam TW, Scott JP, Smyth RL,
Wallwork J. = The distribution of lung rejection and
infection in heart-lung transplantation (HLTx) (abstract).
Am Rev Resp Dis, 1989; 139: A242.

106. Scott JP, Higenbottam TW, Smyth RL, McGoldrick IP,
Wallwork J. — Use of lung biopsies in lung transplant
recipients. Transplantation, 1990; 49: 234,

107. Scott JP, Higenbottam TW, Clelland CA, Smyth RL,
Solis E, Wallwork J. — A prospective study of 204 bron-
choscopies in 52 heart-lung and lung transplant recipients
using transbronchial biopsies (abstract). Am Rev Respir Dis,
1990; 141: A408.

108, Stewart S, Higenbottam TW, Hutter JA, Penketh ARL,
Zebro TJ, Wallwork J. - Histopathology of transbronchial
biopsies in heart-lung transplantation. Transplant Proc,
1988; 20: 764-766.

109. Tazelaar HD, Yousem SA. — The pathology of com-
bined heart-lung transplantation: An autopsy study. Hum
Pathol, 1988; 19: 1403-1416.

110. Reitz BA, Gaudiani VA, Hunt SA, et al. - Diagno-
sis and treatment of allograft rejection in heart-lung trans-
plant recipients. J Thorac Cardiovasc Surg, 1983; 85:
354-361.

111, McGregor CGA, Baldwin JC, Jamieson SW, ef al. -
Isolated pulmonary rejection after combined heart-lung
transplantation. J Thorac Cardiovasc Surg, 1985; 90:
623-626.

112. Griffith BP, Hardesty RL, Trento A, Bahnson HT.
— Asynchronous rejection of heart and lungs following car-
diopulmonary transplantation. Ann Thorac Surg, 1985; 40:
488-493,

113. Parquin F, Rain B, Cerrina J, et al. - Clinical
aspects and diagnostic approach of early and late rejection
in heart-lung transplant (HLT) (abstract). Am Rev Resp Dis,
1989; 139: A241.

114. Theodore I, Starnes VA, Lewiston NJ. — Obliterative
bronchiolitis. Clin Chest Med, 1990; 11: 309-321.

115. LoCicero III J, Robinson PG, Fisher M. - Chronic
rejection in single-lung transplantation manifested by
obliterative bronchiolitis. J Thorac Cardiovasc Surg, 1990;
99: 1059-1062.

116. Burke CM, Glanville AR, Theodore J, Robin ED. -

Lung immunogenicity, rejection, and obliterative bronchioli-
tis. Chest, 1987; 92: 547-549.

117. Taylor PM, Rose ML, Yacoub M. - Expression of
Class I and Class II MHC antigens in normal and trans-
planted human lung. Transplant Proc, 1989; 21: 451452,
118. Taylor PM, Rose ML, Yacoub MH. — Expression of
MHC antigens in normal human lungs and transplanted
lungs with obliterative bronchiolitis. Transplantation, 1989;
48: 506-510.

119. Yousem SA, Curley JM, Dauber J, et al. — HLA-
class II antigen expression in human heart-lung allografts.
Transplantation, 1990; 49: 991-995.

120. Scott JP, Higenbottam TW, Clelland C, et al. — The
natural history of obliterative bronchiolitis and occlusive
vascular disease of patients following heart-lung transplan-
tation. Transplant Proc, 1989; 21: 2592-2593,

121. Burke CM, Theodore J, Dawkins KD, et al. - Post-
transplant obliterative bronchiolitis and other late lung
sequelae in human heart-lung transplantation. Chest, 1984;
86: 824-829,

122. Burke CM, Morris AJR, Dawkins KD, ef al. — Late
airflow obstruction in heart-lung transplantation recipients.
J Heart Transplant, 1985; 4: 437-440.

123. Yousem SA, Paradis IL, Dauber JH, Griffith BP. -
Efficacy of transbronchial lung biopsy in the diagnosis of
bronchiolitis obliterans in heart-lung transplant recipients.
Transplantation, 1989; 47: 893-895.

124. Yousem SA, Paradis IL, Dauber JA, et al. - Large
airway inflammation in heart-lung transplant recipients - Its
significance and prognostic implications. Transplantation,
1990; 49: 654-656.

125. Yousem SA, Burke CM, Billingham ME. - Patho-
logic pulmonary alterations in long-term human heart-lung
transplantation. Hum Pathol, 1985; 16: 911-923.

126. Allen MD, Burke CM, McGregor CGA, Baldwin JC,
Jamieson SW, Theodore J. - Steroid-responsive bronchi-
olitis after human heart-lung transplantation, J Thorac
Cardiovasc Surg, 1986; 92; 449-451,

127. Glanville AR, Baldwin JC, Burke CM, Theodore I,
Robin ED. — Obliterative bronchiolitis after heart-lung
transplantation: Apparent arrest by augmented immunosup-
pression. Ann Int Med, 1987; 107: 300-304.

128. Brooks RG, Hofflin JM, Jamieson SW, Stinson EB,
Remington JS. - Infectious complications in heart-lung
transplant recipients. Am J Med, 1985; 79: 412-422.

129. Dummer JS, Montero CG, Griffith BP, Hardesty RL,

Paradis IL, Ho M. - Infections in heart-lung transplant
recipients. Transplantation, 1986; 41: 725-729,
130. Dauber JH, Paradis IL, Dummer JS. - Infectious

complications in pulmonary allograft recipients. Clin Chest
Med, 1990; 11: 291-308.

131. Todd TR]. - Early postoperative management follow-
ing lung transplantation. Clin Chest Med, 1990; 11: 259-
267.

132. Shankar S, Fulsham L, Read RC, et al. — Mucociliary
function after lung transplantation. Transplant Proc, 1991;
23: 1222-1223,

133. Ognibene FP, Shelhamer J, Gill V, et al. - The
diagnosis of Pneumocystis carinii pneumonia in patients
with the acquired immunodeficiency syndrome using sub-
segmental bronchoalveolar lavage. Am Rev Respir Dis,
1984; 129: 929-932,

134, Stover DE, White DA, Romano PA, Gellene RA., -
Diagnosis of pulmonary disease in acquired immune
deficiency syndrome (AIDS): Role of bronchoscopy and
bronchoalveolar lavage. Am Rev Respir Dis, 1984; 130:
659-662.



1276 F. HERITIER ET AL.

135.Rosen MJ, Tow TW, Teirstein AS, Chuang MT,
Marchevsky A, Bottone EJ. - Diagnosis of pulmonary
complications of the acquired immune deficiency syndrome.
Thorax, 1985; 40: 571-575.

136. Golden JA, Hollander H, Stulbarg MS, Gamsu G. -
Bronchoalveolar lavage as the exclusive diagnostic modal-
ity for Pneumocystis carinii pneumonia: A prospective study
among patients with acquired immunodeficiency syndrome.
Chest, 1986; 90: 18-22.

137. Orenstein M, Webber CA, Cash M, Heurich AE. -
Value of bronchoalveolar lavage in the diagnosis of pulmo-
nary infection in acquired immune deficiency syndrome.
Thorax, 1986, 41: 345-349,

138. Gryzan S, Paradis IL, Zeevi A, et al. - Unexpect-
edly high incidence of Pneumocystis carinii infection after
lung-heart transplantation. Am Rev Respir Dis, 1988; 137:
1268-1274.

139. Miller RF, Leigh TR, Collins JV, Mitchell DM. -
Tests giving an aetiological diagnosis in pulmonary disease
in patients infected with the human immunodeficiency vi-
rus. Thorax, 1990; 45: 62-65.

140. Trulock EP, Bolman RM, Genton R. — Pulmonary
disease caused by Mycobacterium chelonae in a heart-lung
transplant recipient with obliterative bronchiolitis. Am Rev
Respir Dis, 1989; 140: 802-805.

141. Sissons JGP, Borysiewicz LK. - Human cytomega-
lovirus infection. Thorax, 1989; 44: 241-246.

142. Dummer JS, White LT, Ho M, Griffith BP, Hardesty
RL, Bahnson HT. - Morbidity of cytomegalovirus in-
fection in recipients of heart or heart-lung transplants
who received cyclosporine. J Infect Dis, 1985; 152: 1182-
1191,

143. Wreghitt TG, Hakim M, Gray JI, Kucia S, Wallwork
J, English TAH. - Cytomegalovirus infections in heart and
heart and lung transplant recipients. J Clin Pathol, 1988,
41: 660-667.

144. Hutter JA, Scott J, Wreghitt T, Higenbottam T,
Wallwork J. - The importance of cytomegalovirus in
heart-lung transplant recipients. Chest, 1989; 95: 627-631.
145. Wreghitt T. — Cytomegalovirus infections in heart and
heart-lung transplant recipients. J Antimicrob Chemother,
1989; 23 (Suppl. E): 49-60.

146, Duncan AJ, Dummer JS, Zenati M, et al. — Cytome-
galovirus (CMYV) infection and survival following heart-lung
and double lung transplantation (abstract). J Heart Trans-
plant, 1990; 9: AS9,

147.Chou S. - Acquisition of donor strains of cytomega-
lovirus by renal-transplant recipients. N Engl J Med, 1986;
314: 1418-1423.

148. Chou S. — Cytomegalovirus infection and reinfection
transmitted by heart transplantation. J Infect Dis, 1987,
155: 1054-1056.

149. Grundy JE, Lui SF, Super M, et al. — Symptomatic
cytomegalovirus infection in seropositive kidney recipients:
reinfection with donor virus rather than reactivation of
recipient virus. Lancet, 1988; ii: 132-135.

150. Wreghitt TG, Gray JJ, Chandler C. - Prognostic
value of cytomegalovirus IgM antibody in transplant recip-
ients, Lancet, 1986; i: 1157-1158. ’

151. Meyers JD, Spencer HC, Watts JC, et al. — Cytome-
galovirus pneumonia after human marrow transplantation.
Ann Intern Med, 1975; 82: 181-188.

152. Stover DE, Zaman MB, Hajdu SI, Lange M, Gold J,
Armstrong D. - Bronchoalveolar lavage in the diagnosis
of diffuse pulmonary infiltrates in the immunosuppressed
host. Ann Intern Med, 1984; 101: 1-7.

153, Paradis IL, Grgurich WF, Dummer JS, Dekker A,

Dauber JH. - Rapid detection of cytomegalovirus
pneumonia from lung lavage cells. Am Rev Respir Dis,
1988; 138: 697-702.

154. Crawford SW, Bowden RA, Hackman RC, Gleaves
CA, Meyers JD, Clark JG. — Rapid detection of cytome-
galovirus pulmonary infection by bronchoalveolar lavage
and centrifugation culture. Ann Intern Med, 1988; 108:
180-185.

155. Emanuel D, Peppard J, Stover D, Gold J, Armstrong
D, Hammerling U. - Rapid immunodiagnosis of cyto-
megalovirus pneumonia by bronchoalveolar lavage using hu-
man and murine monoclonal antibodies. Ann Intern Med,
1986; 104: 476—481.

156. Cordonnier C, Escudier E, Nicolas JC, et al.
— Evaluation of three assays on alveolar lavage fluid
in the diagnosis of cytomegalovirus pneumonitis after
bone marrow transplantation. J Infect Dis, 1987; 155:
495-500.,

157. Scott JP, Higenbottam TW, Smyth RL, et al. - The
presence of cytomegalovirus (CMV) or herpes simplex
virus (HSV) on culture of bronchoalveolar lavage (BAL) or
transbronchial biopsy (TBB) does not diagnose viral pneu-
monitis in heart-lung transplant (HLT) patients (abstract). J
Heart Transplant, 1990; 9: A74.

158. Griffiths PD, Panjwani DD, Stirk PR, ef al. - Rapid
diagnosis of cytomegalovirus infection in immunocompro-
mised patients by detection of early antigen fluorescent foci.
Lancet, 1984; ii: 1242-1245.

159. Chou S, Merigan TC. - Rapid detection and quanti-
tation of human cytomegalovirus in urine through DNA hy-
bridization. N Engl J Med, 1983; 308: 921-925.

160. Myerson D, Hackman RC, Nelson JA, Ward DC,
McDougall JK. - Widespread presence of histologi-
cally occult cytomegalovirus. Hum Pathol, 1984; 15: 430-
439,

161. Hilborne LH, Nieberg RK, Cheng L, Lewin KJ. -
Direct in situ hybridization for rapid detection of cytome-
galovirus in bronchoalveolar lavage. Am J Clin Pathol,
1987; 87: 766-769.

162. Tyms AS, Davis IM, Jeffries DI, Meyers JD., -
BWB759U, an analogue of acyclovir, inhibits human cyto-
megalovirus in vitro. Lancet, 1984; ii: 924-925.

163. Shepp DH, Dandliker PS, de Miranda P, et al. -
Activity of 9-[2-Hydroxy-1-(hydroxymethyl)ethoxymethyl]-
guanine in the treatment of cytomegalovirus pneumonia.
Ann Intern Med, 1985; 103: 368-373.

164. Collaborative DHPG Treatment Study Group. — Treat-
ment of serious cytomegalovirus infections with 9-(1, 3-
dihydroxy-2-propoxymethyl)-guanine in patients with AIDS
and other immunodeficiencies. N Engl J Med, 1986; 314:
801-805.

165. Watson FS, O'Connell JB, Amber 1J, et al. - Treat-
ment of cytomegalovirus pneumonia in heart transplant
recipients with 9-(1, 3-dihydroxy-2-proproxymethyl)-guanine
(DHPG). J Heart Transplant, 1988; 7: 102-105.

166. Erice A, Chou S, Biron KK, Stanat SC, Balfour HH
Jr, Jordan MC. — Progressive disease due to ganciclovir-
resistant cytomegalovirus in immunocompromised patients.
N Engl J Med, 1989; 320: 289-293.

167. Emanuel D, Cunningham I, Jules-Elysee K, er al. -
Cytomegalovirus pneumonia after bone marrow transplanta-
tion successfully treated with the combination of ganciclovir
and high-dose intravenous immune globulin. Ann Intern
Med, 1988; 109: 777-782.

168. Reed EC, Bowden RA, Dandliker PS, Lilleby KE,
Meyers JD. - Treatment of cytomegalovirus pneumonia
with ganciclovir and intravenous cytomegalovirus



LUNG ALLOGRAFT TRANSPLANTATION IN HUMANS 1277

immunoglobulin in patients with bone marrow transplants.
Ann Intern Med, 1988; 109: 783-788.

169. D'Alessandro AM, Pirsch JD, Stratta RJ, Sollinger HW,
Kalayoglu M, Belzer FO. - Successful treatment
of severe cytomegalovirus infections with ganciclovir
and CMV hyperimmune globulin in liver transplant
recipients, Transplant Proe, 1989; 21: 3560-3561.

170. Snydman DR, Werner BG, Heinze-Lacey B, ef al. -
Use of cytomegalovirus immune globulin to prevent cyto-
megalovirus disease in renal-transplant recipients. N Engl
J Med, 1987; 317: 1049-1054.

171. Schiifers H-J, Haverich A, Wahlers T, et al. — Cyto-
megalovirus prophylaxis after heart transplantation using
specific hyperimmunoglobulin. Transplant Proc, 1987; 19:
4061-4062.

172. Winston DI, Ho WG, Lin CH, et al. - Intravenous
immune globulin for prevention of cytomegalovirus infec-
tion and interstitial pneumonia after bone marrow transplan-
tation. Ann Intern Med, 1987; 106: 12-18.

173. Metselaar HJ, Rothbarth PH, Brouwer RML, Wenting
GJ, Jeekel J, Weimar W. - Prevention of cytomegalo-
virus-related death by passive immunization: A double-
blind placebo-controlled study in kidney transplant
recipients treated for rejection. Transplantation, 1989; 48:
264-266.

174. Metselaar HJ, Balk AHMM, Mochtar B, Rothbarth Ph
H, Weimar W. — Cytomegalovirus seronegative heart
transplant recipients: Prophylactic use of anti-CMV immu-
noglobulin. Chest, 1990; 97: 396-399,

175. Steinmuller DR, Novick AC, Streem SB, Graneto D,
Swift C. — Intravenous immunoglobulin infusions for the
prophylaxis of secondary cytomegalovirus infection. Trans-
plantation, 1990; 49: 68-70.

176. Metselaar HJ, Velzing J, Rothbarth PH, Balk AHMM,
Mochtar B, Weimar W. - Prophylactic use of anti-CMV
immunoglobulins in heart transplant recipients:
A study on its safety. Transplant Proc, 1989; 21:
2504-2505.

177. Wreghitt TG, Sargaison M, Sutehall G, et al. - A
study of Epstein-Barr virus infections in heart and heart and
lung transplant recipients. Transplant Proc, 1989; 21:
2502-2503.

178. Smyth RL, Higenbottam TW, Scott JP, et al. -
Herpes simplex virus infection in heart-lung transplant
recipients. Transplantation, 1990; 49: 735-739.

179. Corey L, Spear PG, ~ Infections with herpes simplex
viruses. N Engl J Med, 1986; 314: 749-757.

180. Goodman JL. — Possible transmission of herpes sim-
plex virus by organ transplantation. Transplantation, 1989;
47: 609-613.

181. Ramsey PG, Fife KH, Hackman RC, Meyers JD, Corey
L. - Herpes simplex virus pneumonia: Clinical, virologic,
and pathologic features in 20 patients. Ann Intern Med,
1982; 97: 813-820.

182. Wood MIJ, Geddes AM. -
Lancet, 1987; ii: 1189-1193.
183.Hann IM, Prentice HG, Blacklock HA, et al. -
Acyclovir prophylaxis against herpes virus infections in
severely immunocompromised patients: randomised double
blind trial. Br Med J, 1983; 287: 384-388.

184. Nalesnik MA, Jaffe R, Starzl TE, et al. -
The pathology of post-transplant lymphoproliferative
disorders occurring in the setting of cyclosporine A-pred-
nisone immu-nosuppression. Am J Pathol, 1988; 133:
173-192,

185. Armitage JM, Griffith BP, Hardesty RL, Kormos
RL, Dummer JS. - Lymphoproliferative disease in

Antiviral therapy.

heart and lung transplant recipients: The University of
Pittsburgh experience (abstract). J Heart Transplant, 1990;
9: A60.

186.Randhawa PS, Yousem SA. - Epstein-Barr
virus-associated lymphoproliferative disease in a heart-lung
allograft: Demonstration of host origin by restriction frag-
ment-length polymorphism analysis. Transplantation, 1990;
49: 126-130.

187. Starzl TE, Nalesnik MA, Porter KA, ef al. — Revers-
ibility of lymphomas and lymphoproliferative lesions devel-
oping under cyclosporin-steroid therapy. Lancet, 1984; i:
583-587.

188. Maurer JR. ~ Therapeutic challenges following lung
transplantation. Clin Chest Med, 1990; 11: 279-290.

189. Ruskin J, Remington JS. - Toxoplasmosis
in the compromised host. Ann Intern Med, 1976; 84:
193-199.

190. Ryning FW, McLeod R, Maddox JC, Hunt S, Remington
JS. - Probable transmission of Toxoplasma gondii
by organ transplantation. Ann Intern Med, 1979; 90:
47-49.

191. Luft BJ, Naot Y, Araujo FG, Stinson EB, Remington
JS. - Primary and reactivated Toxoplasma infection in
patients with cardiac transplants: Clinical spectrum and
problems in diagnosis in a defined population. Ann Intern
Med, 1983; 99: 27-31.

192. McGregor CGA, Fleck DG, Nagington J, Stovin PGI,
Cory-Pearce R, English TAH. - Disseminated toxoplas-
mosis in cardiac transplantation. J Clin Pathol, 1984; 37:
74-77.

193. Wreghitt TG, Hakim M, Gray JJ, et al. — Toxoplas-
mosis in heart and heart and lung transplant recipients, J
Clin Pathol, 1989; 42: 194-199,

194. Ghatak NR, Poon TP, Zimmerman HM. - Toxoplas-
mosis of the central nervous system in the adult: A light
and electron microscopic study of three cases. Arch Path,
1970; 89: 337-348.

195. Weisberg LA, Greenberg J, Stazio A. - Computed
tomographic findings in cerebral toxoplasmosis in adults.
Comput Med Imaging Graph, 1988; 12: 379-383,

196. Wreghitt TG, Gray 1J, Balfour AH. - Problems with
serological diagnosis of Toxoplasma gondii infections
in heart transplant recipients. J Clin Pathol, 1986; 39:
1135-1139.

197. Balfour AH, Fleck DG, Hughes HP, Sharp D. -
Comparative study of three tests (dye test, indirect haemag-
glutination test, latex agglutination test) for the detection of
antibodies to Toxoplasma gondii in human sera. J Clin
Pathel, 1982; 35: 228-232.

198. McCabe RE, Oster S. — Current recommendations and
future prospects in the treatment of Toxoplasmosis. Drugs,
1989; 38: 973-987.

199. Murray JF, Mills J. — Pulmonary infectious compli-
cations of human immunodeficiency virus infection. Am
Rev Respir Dis, 1990; 141: 1582-1598.

200. Girardet RE, Melo JC, Fox MS, et al. - Concomi-
tant administration of cyclosporine and ketoconazole for
three and a half years in one heart transplant recipient.
Transplantation, 1989; 48: 887-890.

201. Kramer MR, Marshall SE, Denning DW, ef al. -
Cyclosporine and itraconazole interaction in heart and
lung transplant recipients. Ann Intern Med, 1990; 113: 327-
329,

202. Williams TJ, Grossman RF, Maurer JR. - Long term
functional follow-up of lung transplant recipients. Clin
Chest Med, 1990; 11: 347-358.

203.Dennis C, Higenbottam T, Sharples L, Otulana T,



1278

Wallwork J. — Pronostic value of lung function measure-
ments following heart-lung transplantation (HLT) (abstract).
Am Rev Respir Dis, 1992; 145: A702.

204. Theodore J, Marshall S, Kramer M, Duncan S, Lewiston
N, Starnes V. — The "natural history" of the transplanted
lung: rates of pulmonary functional change in long-term
survivors of heart-lung transplantation. Transplant Proc,
1991; 23: 1165-1166.

205. Banner NR, Lloyd MH, Hamilton RD, Innes JA, Guz

F. HERITIER ET AL,

A, Yacoub MH. - Cardiopulmonary response to dynamic
exercise after heart and combined heart-lung transplantation,

Br Heart J, 1989; 61: 215-223,
206. Sciurba FC, Owens GR, Sanders MH, et al.

Evidence of an altered pattern of breathing during exercise
in recipients of heart-lung transplants, N Engl J Med, 1988;

319: 1186-1192.
207. Fishman RS, Laderberg RK, Systrom DM, et al
(abstract). Am Rev Respir Dis, 1992; 145: A701,



