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Introduction

Fungal infections are common causes
of mortality and morbidity in organ
transplant recipients (1, 2). Aspergillus
infections have been reported in recipi-
ents of kidney (3, 4), heart (5, 6), and
bone marrow transplants (7) as well as
in heart-lung recipients (8-10). Lung
transplant recipients (heart-lung, single
or double lung) are particularly suscep-
tible to respiratory tract infections as the
lung is the only transplanted organ that
has continuous contact with the extracor-
poreal environment. Fungal infections
are common in this population, particu-
larly during the first month post-trans-
plantation. Aspergillosis accounts for
more than half of these episodes. Death
from invasive aspergillosis was observed
in three (4%) of 75 heart-lung recipients
at Stanford University Hospital.

We report here a new form of locally
invasive aspergillus infection of the up-
per airways that has a propensity for dis-
semination if not treated early. The spec-
trum of airway involvement with asper-
gillus and the various therapeutic options
are reviewed.

Methods

Four patients with heart-lung transplants and
two single-lung transplant recipients devel-
oped severe upper airway infection with
Aspergillus spp. between July 1989 and March
1990. Diagnosis was made in five at Stanford
University Medical Center and in one at
Cedars-Sinai Medical Center. The pertinent
clinical features are shown in table 1. Time
from transplantation to the diagnosis of
aspergillosis ranged from 14 to 84 days (me-
dian, 30 days).

The follow-up in all patients included bron-
choscopic examination and transbronchial bi-
opsies at 1-wk intervals during the first month,
monthly for the first 3 months, and 6 and
12 months postsurgery as part of the routine
protocol after transplantation. Bronchoscopic
examination included bronchoalveolar lavage
(BAL) from both lingula and right middle
lobe (two samples of 30 ml from each side)

552

SUMMARY Invasive aspergillosis is frequently a fatal disease in the setting of immunosuppres-
sion, including organ transplant recipients. The fungus usually affects lung parenchyma and may
disseminate from there. We have recently noted tracheobronchitis in six patients with heart-lung
and lung transplants, three of whom had deep mucosal ulceration and histologic evidence of inva-
sive aspergillosis. This apparently new form of invasive disease is initially limited to the anastomo-
sis site and large airways. Ulceration, necrosis, cartilage invasion, and formation of a pseudomem-
brane are the pathologic features. In two patients subsequent disseminated aspergillosis occurred
with a fatal outcome. In the two single-lung recipients, disease was limited to the transplanted side
emphasizing the importance of abnormal local defense mechanisms in the airways of lung trans-
plant recipients. Routine bronchoscopic examination of the airways is important in early detection
of this complication. Oral therapy with the new, antifungal agent itraconazole was successful in
five of the six patients, with fatal relapse in one. A classification of the various forms of saprophytic,
allergic, and invasive forms of aspergillus tracheobronchitis, to include this new entity, is proposed.
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and four to six transbronchial biopsies from
one lung with an alligator forceps. BAL spec-
imens were cultured for bacteria (including
Legionella), mycobacteria, fungi, and viruses
(including shell vial culture for cytomegalo-
virus [CMV]), and cytologic examinations
performed (including Papanicolaou’s and
Gomori methenamine silver [GMS] stains).
Transbronchial and endobronchial biopsies
were stained with hematoxylin-eosin, GMS,
and elastin Van Gieson stains. Bronchoscop-
ic appearance of the trachea and bronchial
tree was videotaped and comparison was
made between examinations. Aspergillus was

_isolated from tracheal aspirates while patients

were intubated in the intensive care unit, bron-
chial lavage at the bronchoscopic examina-
tion, endobronchial biopsies from tracheae
or bronchi, and, in one patient (Patient 3),
from autopsy as well.

For quantitative recovery of Aspergillus,
the BAL fluid was centrifuged, and all but
3 ml were removed. The remaining 3 ml were
vortex-mixed, and two drops of this material
were placed on each of two agar slants. The
colony count was the sum of the colonies on
the slants.

Therapy with itraconazole (Janssen Phar-
maceutica, Beerse, Belgium) was available as
part of a compassionate use trial by Janssen
Pharmaceutica (four patients), and a National
Institute of Allergy and Infectious Diseases
Mycoses Study Group open trial of itracona-
zole in invasive aspergillosis (two patients).
Each protocol was approved by the relevant
institutional human subject review board.

All patients were immunosuppressed with
monoclonal antibody OKT3 (Ortho, New
Brunswick, NJ) for 14 days and triple immu-
nosuppressive therapy: cyclosporine (4 mg/kg/
day), prednisone (0.2 mg/kg/day), and azathio-
prine (2 mg/kg/day). All patients were receiv-
ing prophylaxis for Pneumocystis with tri-
methoprim-sulfamethoxazole, Rejection epi-
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ULCERATIVE TRACHEOBRONCHITIS AFTER LUNG TRANSPLANTATION

TABLE 1

BRONCHOSCOPIC FINDINGS AND OUTCOME IN SIX ORGAN TRANSPLANT
RECIEIENTS TREATED WITH ITRACONAZOLE
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Bronchoscopy
Age Primary Organ Post
(yr) Sex Diagnosis Transplant Tx Day Finding Outcome
44 M Cystic fibrosis Heart-lung 14 Tracheobronchitis; Resolution
multiple ulcers;
suture line disruption;
necrotic tissue
(cartilage)
43 M Alpha-1 deficiency Heart-lung 22 Tracheobronchitis; Resolution
ulcers; suture line
disruption; necrotic
tissue (cartilage)
34 M PPH Heart-lung 14 Diffuse tracheobronchitis; Dissemination; ampho/
pseudomembrane death
formation
23 F Eisenmenger syndrome Heart-lung 14 Tracheobronchitis; mucus Resolution, sudden death
plugging
30 M PPH Single lung 84 Tracheobronchitis; Resolution, relapse
plugging on Tx side 1 month
only
55 M Pulmonary fibrosis Single lung 83 Tracheobronchitis; ulcers; Resolution, relapse
necrotic tissue 1 month; lung invasion;
(cartilage) Tx side only ampho/death
Definition of abbreviations: PPH = primary pulmonary hypertension; Tx = transplantation; Ampho = amphotericin B.

sodes were treated with three daily doses of
methylprednisolone followed by an increase in
orally administered prednisone, which was then
decreased to the baseline dose within 2 wk.

Itraconazole serum concentrations were
measured in all patients by bioassay as previ-
ously described (11).

Results
Clinical Presentation

In general, patients were asymptomatic.
Mild cough was present in two patients.
Fever and leukocytosis were observed in
one patient only, but they were thought
to be related to a concomitant severe re-
jection episode. Chest radiographs were
clear in four patients. Bilateral intersti-
tial infiltrates were observed in two pa-
tients; one had concomitant CMV pneu-
monitis, and the other had severe lung
rejection.

Bronchoscopic Findings

In the follow-up period, 42 bronchoscop-
ic examinations with transbronchial bi-
opsies were performed (mean of seven
per patient) (table 1). In three patients
multiple ulcers were observed in the
anastomosis area and distal to it. The su-
ture line was disrupted in two of these
patients, and sutures became loose in the
lumen. The ulcers were covered with
necrotic material. In the other three pa-
tients, severe tracheobronchitis was ob-
served with red edematous mucosa. In

one patient a pseudomembrane covered
the trachea and bronchi distal to the
anastomosis. Mucus plugging was seen
in the bronchial segments. Although
bilateral lesions were observed in the
heart-lung transplant recipients, in the
two patients with single lung transplants,
the inflammatory changes were confined
to the transplanted side only, around and
distal to the anastomosis, without any le-
sions on the native lung.

Pathologic Examination

Transbronchial biopsies. Transbronchi-
al biopsies did not show evidence for pa-
renchymal invasive aspergillosis at any
time. In five patients, evidence of rejec-
tion was observed in some biopsies (ta-
ble 2). In four instances, the patients’ re-
jection episodes preceded the aspergil-
lus infection, and in one the diagnosis
of rejection was made after antifungal
therapy had been instituted. In two pa-
tients, concomitant CMV pneumonitis
was observed.

Endobronchial biopsies. In three pa-
tients, endobronchial biopsies of necrotic
material covering the anastomosis or
bronchial ulceration were performed. In
all three, necrotic cartilage was seen in-
vaded by large amounts of septate nar-
row-angle branching hyphae.

Cytologic examination. GMS stain of
BAL fluid was positive for hyphal ele-
ments in all patients.

Microbiologic Studies
Bacterial cultures. In addition to the
Aspergillus spp. cultured, most patients
also had positive bacterial cultures.

Viral cultures. CMV was cultured in
the two patients who showed concomi-
tant CMV pneumonitis histologically in
their transbronchial biopsies.

Fungal cultures. The quantitative re-
sults are shown in figure 1. Higher counts
generally reflected disease severity as de-
termined visually at bronchoscopy.

Treatment and Outcome

All patjents were treated with itracona-
zole orally 200 mg twice a day after a
loading dose of 200 mg three times a day
for 4 days. Two patients (Patients 2 and
4) received some amphotericin B prior
to itraconazole therapy (total dose of 336
and 30 mg, respectively). Two patients
were given amphotericin after discon-
tinuation of itraconazole (see below).

Steady-state itraconazole serum con-
centrations ranged between 0.3 and 21
pg/ml. In Patient 1, concentrations were
low (< 2 pg/ml), and the dose was in-
creased to 300 mg twice a day, whereas
in Patient 6, concentrations were high
(> 20 ug/ml), and the dose was adjusted
to 100 mg twice a day.

Resolution was seen endoscopically
after 4 to 12 wk in all patients (except
Patient 3), with resolution of the inflam-
mation and mucus plugging and disap-
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TABLE 2
PROPOSED CLASSIFICATION OF TRACHEOBRGNCHIAL ASPERGILLOSIS
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Disease Entity

Clinical Features

Pathologic Features

Invasive
Aspergillus bronchitis or
tracheobronchitis

Ulcerative aspergillus bronchitis

Pseudomembranous aspergillus
tracheobronchitis

Saprophytic
Mucoid impaction of the bronchi

Obstructing bronchial aspergillosis

Allergic
Allergic bronchopulmonary
aspergillosis

Dyspnea, wheezing, cough, and
hemoptysis; slight inflammation of
bronchi or trachea with mucus
exudate containing heavy growth of
Aspergillus spp.

All the above together with focal
ulceration, single or multiple

Severe dyspnea because of airway
obstruction by membrane. Extensive
grey/white/black membrane
extending over most of trachea or
fungal casts that overlie friable
hemarrhagic necrotic mucosa

Asthma, cough, upper respiratory
infection, fever, chest pain,
production of casts, hemoptysis,
dyspnea; upper lobe involvement;
chronic onset

Cough, dyspnea, hemoptysis, chest
pain, fever, production of fungal
casts; lower lobe involvement;
subacute onset in AIDS

Asthma, cough, production of fungal
casts, eosinophilia, central
bronchiectasis, and variable
radiologic findings

Acute or chronic inflammatory cell

infiltrates, hyperemia and
squamous metaplasia;
superfical hyphae noted

As above with areas of ulcerative

necrosis; often debris reveals

hyphae invading degener
cartilage or other tissue

Membrane a mass of myce

necrotic material containing
mucus and red and white cells;

extensive necrosis in underlying

tissue

Secondary or tertiary bronchial

involvement with bronchial wall
thinning, inflammation with

gosinophils (50%), distal

bronchiectasis, and chronic

pneumonitis

Multiple fungal casts probably in

all bronchial divisions; no
histologic data

Bronchi contain mucus, fibrin,

Curschmann’s spirals,
Charcot-Leyden crystals,

eosinophils, and mononuclear

Bronchocentric granulomatosis
Group |

Group I

Asthma and eosinophilia frequent,
fever, cough, wheezing, dyspnea,
and chest pain in young adult;
elevated ESR™

Fever, cough, wheezing, dyspnea, and
chest pain in clder patients;
elevated ESR

cells

Granulomas with necrotic zones
containing large numbers of
eosinophils and some with
Charcot-Leyden crystals and

fungal hyphae, some with mucus
plugs in small bronchi and/or
distal eosinophilic pneurnonia

eosinophils

Granulomas with necrotic zones
containing neutrophils and few

Serologic Features References
No data This article,
19, 20, 21
No data This article, 20
ate
lia with No data This article,
17, 19, 20,
23, 24
None 25
No data 23
Elevated IgE, 26
Aspergillus-specific
IgE and 1gG
Negative 22, 27
Negative 2227

" ESR = erythrocyte sedimentation rate.

pearance of the ulcers. Cultures for As-
pergillus spp. from bronchoscopic exami-
nation were negative in these patients
after 4 to 12 wk of initiating therapy with
itraconazole. The sutures remained loose
in the lumen in one patient, but the
anastomosis did not dehisce. Patient 3
developed respiratory failure and required
mechanical ventilation, which prevent-
ed administration of itraconazole. Am-
photericin was therefore given at a dose
of 0.5 mg/kg/day. This failed to arrest
his infection, and he died 4 wk later with
disseminated aspergillosis in lungs, brain,
heart, and liver. Patient 6 had deteriora-
tion of chronic hepatitis after 12 wk of
therapy, and therefore itraconazole was
discontinued. BAL cultures were nega-

tive for Aspergillus spp. at that time. Six
weeks later, after an episode of rejection,
Aspergillus was again cultured from
BAL, and amphotericin was instituted.
The patient died 4 wk later from hemor-
rhagic pulmonary aspergillosis, poly-
microbial sepsis, and renal failure. Pa-
tient 4 died suddenly at home. Autopsy
as well as fungal cultures showed no evi-
dence of fungal disease. The cause of
death remains unknown.

Discussion
Invasive aspergillosis is one of the most
devastating opportunistic infections en-
countered in the transplant setting (1-7).
Symptoms are often minimal or absent
initially, leading to delay in diagnosis and

therapy. The diagnosis usually requires
one or more invasive procedures (12, 13).
Pulmonary infection is the most frequent
disease and commonly involves lung pa-
renchyma. Renal, heart, as well as bone
marrow transplant recipients are com-
monly affected, with high fatality rates
(4-7). At Stanford University Hospital,
aspergillus infection was encountered in
15% of all heart-lung transplant recipi-
ents (unpublished data).

Pulmonary infections are more com-
mon in lung transplant recipients than
in other organ recipients. Transferring
lungs from donor to recipient with cur-
rent techniques results in denervation of
the lungs and airways, thus abolishing
important reflexes. Cough reflex is ab-
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sent distal to the tracheal or bronchial
anastomosis (14). Mucociliary clearance
is also impaired (15). The anastomosis
site is particularly vulnerable to local
pathogen colonization, as suture mate-
rial is present that initiates a local im-
mune response (16). Ischemic cartilage
is particularly susceptible to bacterial and
fungal infections. Rejection episodes
leading to airway inflammation results
in a good milieu for colonization and in-
fection, particularly as rejection treat-
ment also increases the intensity of im-
munosuppression. Other specific prob-
lems that affect lung transplant recipients
are acquisition of infection from the
donors’ lungs or autocontamination
from the native lung in single lung re-
cipients. In our patients, all donor cul-
tures were negative for Aspergillus spp.
immediately prior to transplantation.

The new entity we describe here of in-
vasive ulcerative tracheobronchial asper-
gillosis is probably an early form of in-
vasive disease that, undetected, can easi-
ly disseminate and be fatal. This form
of infection appears to be highly specif-
ic to lung and heart-lung transplantation
apart from other rare instances in other
host groups (17, 18).

Fiberoptic bronchoscopy has allowed
both study and localization of these in-
fections that were previously studied at
autopsy. Three morphologic forms of
disease were seen in our patients: tracheo-
bronchitis, ulcerative bronchitis, and
psuedomembranous bronchitis. It is pos-
sible that all three forms represent a
progressive spectrum of disease ranging
from mild bronchitis through an ulcera-
tive form to a widespread pseudomem-
branous diffuse disease. All three forms
of disease were invasive as is confirmed
by the histologic examination of endo-
bronchial biopsies from these areas. The

biopsies showed hyphae invading carti-
lage under the necrotic material cover-
ing these ulcers or inflamed mucosa.

Tracheal and bronchial invasive asper-
gillosis have been previously reported un-
der various descriptive terms: aspergil-
lus bronchitis (10), pseudomembranous
necrotizing bronchial aspergillosis (17),
necrotizing tracheobronchial aspergillo-
sis (18), aspergillary bronchitis (19), tra-
cheopulmonary mycosis (20), and bron-
chocentric mycosis (21). The vast majori-
ty of these lesions are recognized only
at autopsy, and the terms used to describe
each reflect a pathologic bias. Based on
the comparison of our cases with those
previously described, we suggest that the
term invasive bronchial aspergillosis be
used to convey all of these entities (table
2). When the pathologic or bronchoscop-
ic appearance is known, one of the three
terms should be used: aspergillus bron-
chitis/tracheitis or, with the appropriate
features, ulcerative aspergillus bronchi-
tis/tracheitis or pscudomembranous as-
pergillus bronchitis/tracheitis.

Invasive aspergillus bronchitis occur-
ring in heart-lung transplant recipients
has been mentioned briefly in the litera-
ture previously. The cause of death in one
patient was attributed to “aspergillus
bronchitis,” but no further data were
provided (10). More recently (21), a patho-
logic entity “bronchocentric mycosis” was
described in three transplant patients
(two were heart-lung recipients). In one
of the patients, bronchoscopic examina-
tion showed bronchitis with mucus plug-
ging, and the other two had invasive fun-
gal pneumonia with features resembling
bronchocentric granulomatosis.

The frequency of invasive tracheobron-
chitis in lung transplant recipients sug-
gests that the unusual local host factors
peculiar to lung transplantation promote
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this pattern of infection. This hypothe-
sis 1s strongly supported by the two sin-
gle lung recipients in whom the patho-
logic process seemed to be limited to the
transplanted lung. In both cases the
anastomosis site was involved as well as
the large airways distally.

Invasive aspergillosis of the tracheo-
bronchial tree has also been reported in
a nontransplant immunocompromised
population. A case of necrotizing pseu-
domembranous bronchitis was reported
in a patient with acquired immunodefi-
ciency syndrome (AIDS) (17). Two leu-
kemic patients who developed airway ob-
struction caused by necrotizing tracheo-
bronchitis with aspergilloma (mycetoma)
formation in the bronchial lumen have
been reported (18). It thus appears that
in the setting of intense immunosuppres-
sion (AIDS, leukemia/granulocytope-
nia), aspergillus infection can, although
rarely, involve the tracheobronchial tree.

In less immunocompromised and non-
immunocompromised settings the find-
ing of Aspergillus spp. in the airways is
considered on many occasions to repre-
sent saprophytic colonization. Defining
the line between pathogen and commen-
sal is sometimes difficult. Noninvasive
diseases include allergic bronchopulmo-
nary aspergillosis (ABPA) (22) and the
newly described entity, obstructing bron-
chial aspergillosis in patients with AIDS
(23). We feel it is useful to classify and
provide a more detailed description of
the various forms of airway involvement
with Aspergillus to allow direct compari-
son with invasive aspergillus bronchitis
and for uniformity in future publications
(table 2).

The treatment of invasive aspergillosis
remains problematic (28). Although in-
travenously administered amphotericin
B treatment is frequently successful in
renal and cardiac transplant recipients if
the diagnosis is made early (4, 7), there
is the problem of synergistic nephrotox-
icity with cyclosporine (29). We tried to
avoid this problem by using orally ad-
ministered itraconazole. This agent has
shown promising results, comparable
with amphotericin B, in uncontrolled tri-
als for invasive pulmonary aspergillosis
in nonneutropenic patients (30-33). In
this study, in four patients who could take
itraconazole by mouth, therapy was suc-
cessful. In one patient in whom therapy
failed, its administration was stopped
during the period when he was intubat-
ed. In the sixth patient, therapy was
stopped because of possibly associated
hepatitis, with subsequent recurrence and
pulmonary invasive aspergillosis. Data
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from published (32) and unpublished ob-
servations suggest that serum itracona-
zole concentrations are important in de-
termining efficacy; a serum concentra-
tion of > 5 pg/ml is associated with
clinical efficacy. Caution, however,
should be exercised when administering
cyclosporine with itraconazole as we have
documented a significant interaction (in-
crease in cyclosporine concentration) be-
tween the drugs (34).

The appropriate duration of therapy
for invasive aspergillosis is not known.
We have treated our patients with itra-
conazole for 4 to 6 months until repeat-
ed bronchoscopic examinations were
negative. In two patients (Patients 5 and
6) therapy was stopped after 3 to 4 months.
Recurrence of mild aspergillus bronchi-
tis was noted in one, but endobronchial
biopsies did not show invasive disease.
In the other, we noted fatal lung tissue
invasion after increased immunosuppres-
sion. We feel that at least 6 to 12 months
of treatment is probably necessary to
eradicate the fungus.

The high incidence of aspergillus in-
fection in the first month posttransplan-
tation suggests that the disease is noso-
comially acquired. Prophylactic therapy
for prevention of aspergillus infection is
probably justified in centers with high
aspergillus infection rates, particularly in
the early posttransplantation period.
Further studies are necessary in order to
evaluate this.

In conclusion, we have described a new
form of invasive aspergillosis that in-
volves the large airways. This entity ap-
pears to be common in lung transplant
recipients and is probably related to ab-
normalities in the local defense mecha-
nisms of the airways. Early detection by
routine bronchoscopic examination is
crucial for successful therapy. The new,
antifungal oral agent itraconazole has the
potential of curing this disease without
significant toxicity.

Note added in proof: Two relevant ar-
ticles recently appeared that describe syn-
dromes related to those in our study. A.
Clark, J. Skelton, R.S. Fraser, e al. Fun-
gal tracheobronchitis. Report of 9 cases
and review of the literature. Medicine
1991; 70:1-14. DW. Hines, M. Haber, L.
Yaremko, et al. Pseudomembranous
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tracheobronchitis caused by Aspergilius.
Am Rev Respir Dis 1991; 143:1408-11.
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