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Introduction

Infections, rejection, and airway complications of the allo-

graft are the major sources of morbidity and death in

lung transplant (LTX) and heart–lung transplant (HLTX)

recipients [1,2]. Fiberoptic bronchoscopy (FOB) with

multiple transbronchial biopsies (TBB) and bronchoalveo-

lar lavage (BAL) is a well-established procedure in the

diagnosis of these major complications in the presence of

radiographic infiltrates, respiratory symptoms, and/or

functional deterioration of the allograft [3–5]. In contrast,

the usefulness of performing surveillance FOBs in asymp-

tomatic recipients remains controversial. Some authors

have found a relatively low diagnostic yield of the proce-

dure and no improvement in survival [6–9].

Bronchoscopy with BAL and/or TBB has an excellent

diagnostic yield for significant opportunistic pathogens

[e.g. Pneumocystis carinii and cytomegalovirus (CMV)]
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Summary

Fiberoptic bronchoscopy (FOB) with bronchoalveolar lavage (BAL) and trans-

bronchial biopsies (TBB) is a widely used method to detect respiratory infec-

tions and to differentiate them from other postoperative complications in lung

transplant (LTX) recipients, but the usefulness of surveillance FOBs is not yet

established. The aim of this study was to evaluate the usefulness of FOB in the

diagnosis and surveillance of infections in LTX recipients. We reviewed all the

consecutive 609 FOBs performed on 40 lung or heart–LTX recipients between

February 1994 and November 2002. The overall diagnostic yield was 115/190

(61%) and 43/282 (15%) for clinically indicated and surveillance FOBs respect-

ively (P < 0.001). Infection was established by bronchoscopic samples in

96/190 (50.5.%) of the clinically indicated FOBs and 34/282 (12.1%) of the

surveillance FOBs (P < 0.001). The diagnostic yield of the clinically indicated

FOBs was highest (72%) from 1 to 6 months post-transplant (P ¼ 0.04). Pneu-

mocystis carinii was detected in 23 (4.9%) of the bronchoscopic specimens and

15 (65%) of the P. carinii infections were detected during adequate chemo-

prophylaxis. To conclude, in LTX recipients clinically indicated FOB has a

good diagnostic yield in detecting infections and other postoperative complica-

tions, whereas the information received from surveillance FOB has remained

less significant. With current prophylaxis and screening strategies FOB is still

required to detect P. carinii infections.
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[10,11]. The prophylaxis used against P. carinii weakens

the role of this organism as pulmonary pathogen in LTX

and HLTX recipients. However, breakthrough P. carinii

infections during adequate chemoprophylaxis have been

reported [12,13]. The surveillance of CMV by peripheral

blood (PB) pp65 antigen detection has proved a useful

method allowing the use of the pre-emptive therapy

[14,15]. The additional value of TBB and bronchoalveolar

lavage fluid (BALF) samples in the era of CMV prophy-

laxis and pre-emptive therapy has not been established.

The need for FOB to detect bacterial and fungal coloni-

zations in asymptomatic LTX and HLTX recipients has

not been widely studied. However, Aspergillus coloniza-

tion has proved a risk factor for airway complications

and invasive aspergillosis leading some authors to recom-

mend the use of pre-emptive antifungal therapy [16–18].

The role of the bacterial airway colonization in LTX and

HLTX recipients is not known, but detecting the Pseudo-

monas species from BALF is associated with increased

inflammatory response of the allograft which may lead to

active Pseudomonas infection or airway damage [19–21].

The aim of the present study was to evaluate the clin-

ical significance and safety of FOB in the diagnosis and

surveillance of respiratory infections with a special

emphasis on P. carinii as well as other postoperative com-

plications in LTX and HLTX recipients.

Patients and methods

Patients

We reviewed all the consecutive FOB performed on

LTX and HLTX transplant recipients at Helsinki Uni-

versity Central Hospital between February 1994 and

November 2002. The study was approved by the Ethics

Committee of the Department of Medicine, Hospital

District of Helsinki and Uusimaa. A total of 51 patients

underwent transplantation during the study period. Ele-

ven recipients died <30 days post-transplant because of

graft failure (three), intestinal perforation/hemorrhagia

(two), heart luxation (one), heart failure (one), pul-

monary embolism (one), intracerebral hemorrhagia

(one), brain anoxia (one) and stenosis of the trachea

anastomosis (one). Forty patients surviving more than

30 days postoperatively were included in the study

population. The patient characteristics are summarized

in Table 1.

All patients were followed by a surveillance protocol

consisting of spirometry, plain chest radiography, chest

CT scans with high-resolution computed tomography

(HRCT), routine blood tests combined with a CMV-

antigen test, and bronchoscopy with BAL performed

1–4 weeks, 3, 6, 9 and 12 months after transplantation

and once a year thereafter. Moreover, the tests were

performed when clinical suspicion of rejection or infec-

tion was present. Transbronchial lung biopsy (TBB) was

performed 1, 3, 6, 9 and 12 months after transplantation

and when acute rejection (AR) was suspected. Only

bronchoscopies with BAL (±TBB) were accepted for the

analysis.

Surveillance bronchoscopy was defined as a procedure

performed according to a routine protocol in recipients

with no new respiratory symptoms, radiographic infil-

trate or functional deterioration [<10% decline in the

forced expiratory volume in 1 s (FEV1)]. Bronchoscopy

was classified as ‘clinically indicated’ when there were

symptoms referring to infection or rejection (e.g. fever,

purulent sputum production or dyspnea), new radio-

graphic infiltrate or more than 10% decline in FEV1.

In addition to ‘clinically indicated’ FOBs, there were

follow-up bronchoscopies performed during the same

episode of infection or rejection to assess the response

to therapy or to receive more information about the

Table 1. The patient demographics.

No. 40

Gender (M/F) 19/21

Age, mean (range) 45 (18–61)

Indication for transplantation

Emphysema 13 (32)

Congenital heart disease 9 (23)

Pulmonary hypertension 7 (18)

Idiopathic pulmonary fibrosis 5 (13)

Lymphangioleiomyomatosis 3 (7)

Other* 3 (7)

Type of transplantation

Single lung 6 (15)

Double lung 15 (38)

Heart lung 19 (47)

Pretransplant CMV-serostatus

R)/D) 3 (8)

R+/D) or R+/D+ 36 (90)

R)/D+ 1 (2)

Alive in November 2002 23 (58)

Died before November 2002 17 (42)

Time to death, mean (range)� 21 (2–82)

Causes of death

OB or BOS 6

Invasive aspergillosis 2

Airway complication 2

Malignant lymphoma 2

Other� 5

Percentage values are given in parentheses unless otherwise stated.

M, male; F, female; CMV, cytomegalovirus; R, recipient; D, donor;

OB, obliterative bronchiolitis; BOS, bronchiolitis obliterans syndrome.

*Cardiomyopathy (one), Kartagener’s syndrome (one), bronchiolitis

obliterans (one).

�Months after transplantation.

�Septic pneumonia (S. epidermidis), mycobacteriosis (M. abscessus),

CMV pneumonia, pancreatitis, intestinal perforation.
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etiology of the allograft deterioration. These follow-up

procedures were not analyzed in the diagnostic setting

if they did not yield any additional diagnostic informa-

tion.

Immunosuppressive medications and infection

prophylaxis

Antithymocyte globulin (1.25–2.5 mg/kg/day) was given

at induction and continued for 1–5 postoperative days

(POD). The maintenance immunosuppressive regimen

was initiated immediately after transplantation. It consis-

ted of cyclosporine (200–400 ng/ml whole-blood trough

level), azathioprine 1–2 mg/kg/day (WBC > 4000 cells/ll)

or mycophenolate mofetil 2–3 g/day, and methylpredniso-

lone starting with 1 g perioperatively and tapered down

to 0.1 mg/kg/day. Rejection episodes of grade 1 with

symptoms and rejection episodes of grades 2 or higher

were treated with methylprednisolone 0.5–1 g daily for

3 days. One rejection episode not responsive to methyl-

prednisolone was treated with OKT-3 (5 mg/day for

10 days).

Antibiotic prophylaxis (usually third generation

cephalosporins and/or vancomysin) was given for the

immediate perioperative period to prevent bacterial infec-

tions. The first line prophylaxis against P. carinii was 1–2

double strength tablets (160 mg of trimethoprim and

800 mg of sulfamethoxazole) of co-trimoxazole once daily

3 days a week. Inhaled pentamidine every 4 weeks was

given if the patient did not tolerate co-trimoxazole. The

prophylaxis was continued lifelong in all except six recipi-

ents operated during the first 2 years (the prophylaxis was

interrupted after 8, 10, 13, 14, 36 and 37 months because

of side effects).

Cytomegalovirus prophylaxis was used since January

1995. Twenty-nine CMV-seropositive recipients (R+/D+

or D)) received ganciclovir 5 mg/kg twice a day

through POD 7–21 and then 5 mg/kg/day for 5 days a

week through POD 22–28 continued with high-dose acy-

clovir (800 mg four times/day p.o.), valacyclovir (1 g

three times/day p.o.) or oral ganciclovir (1 g three

times/day) through POD 29–90. Oral ganciclovir (1 g

three times/day) from POD 7 to 90 was given to two

CMV-seropositive patients. The only CMV-seronegative

recipient receiving a transplant from a CMV-seropositive

donor (R)/D+) was given ganciclovir 5 mg/kg i.v. twice a

day through POD 7–60 and then 5 mg/kg/day for 5 days

a week through POD 61–90. Six patients were operated

on before ganciclovir prophylaxis was instituted, and

three CMV-seronegative recipients with CMV-seronega-

tive donors (R)/D)) received acyclovir (200 mg three

times/day) until POD 90 to prevent other herpes virus

diseases.

Fiberoptic bronchoscopy, BAL and TBB

The bronchoscopic procedure was performed with a fiber-

optic bronchoscope (Olympus model BF IT20 or BF 20,

Olympus, Japan).

Before BAL bronchial brushing with a protected speci-

men brush (PSB) was performed. BAL was performed by

wedging the tip of the bronchoscope into the segmental

or subsegmental bronchus of the area with the greatest

radiologic abnormality. In case of no new radiologic infil-

trates or if the infiltrates were diffuse, BAL was usually

performed in the lingula or in the right middle lobe.

About160–200 ml of sterile physiologic saline warmed to

the body temperature was instilled in 20 ml aliquots.

Gentle manual suction was applied to retrieve the saline.

The TBBs were taken under fluoroscopic guidance by

using alligator forceps from the areas of maximal paren-

chymal involvement detected by HRCT. In case of no

parenchymal infiltration the samples were taken from

every lobe of the allograft. Five to six TBB samples were

collected per procedure. Endobronchial biopsies (EBB)

were performed concomitantly with the TBBs and if any

abnormalities were detected in the examination of the tra-

cheobronchial tree.

BALF and TBB specimens and demonstration of CMV

Bronchoalveolar lavage fluid was collected in non-

siliconized glass containers and carried on ice to the

laboratory within 30 min. The following microbiological,

cytological and histological specimens formed the routine

BALF and TBB samples for LTX and HLTX transplant

recipients at our institution during the study period. The

BALF and PSB samples were cultured semiquantitatively

for bacteria and fungi. Air-dried smears of BALF were

examined by microscopy after Calcofluor white staining

for fungal diagnostics. Cultures for mycobacteria, legio-

nellae and viruses were also made from BALF. Varicella

zoster, herpes simplex, and common respiratory viruses

were identified by antigen detection. Direct immunoflu-

oresence was employed for the detection of Legionella

pneumophilia. Giemsa silver-methenamine stain and anti-

gen detection with the immunofluorescent technique were

used to detect P. carinii. CMV was demonstrated in BALF

by detection of pp65CMV antigen-positive cells and/or

typical viral inclusions in pneumocytes and alveolar macr-

ophages and rapid shell vial culture. All the BALF left

from the microbiological studies was used for cytological

investigations. Papanicolaou-stained Millipore filter or

Cyto-Tek preparations as well as native May–Grünwald–

Giemsa-stained cytocentrifuge slides were utilized to

determine the total and differential cell count, viral inclu-

sion bodies, microbes, and atypical cells.
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The TBB specimens were fixed in 10% buffered forma-

lin, processed routinely, and examined histologically after

sectioning and staining with Mayer’s hematoxylin–eosin,

toluidine blue, Masson’s trichrome, and Unna Pappen-

heim to detect any evidence of rejection or infection.

CMV-pp65 and P. carinii antigen expressions were also

investigated from TBB specimens.

The demonstration of CMV antigen in PB was based

on the standard CMV pp65 antigen test [22].

Diagnostic criteria

The bacteria in BALF or PSB samples were considered sig-

nificant if they were known respiratory pathogens and the

sample was taken from a patient with new respiratory

symptoms (productive cough, dyspnoea, and/or fever) and

a new or increasing radiologic infiltrate (pneumonia) or

bronchoscopic appearance of purulent secretions and/or

membranes (bronchitis). Staphylococcus epidermidis was

accepted as a causative agent only if cultured repeatedly

from BALF and/or PSB samples during the same infectious

episode without any other pathogenic bacteria present. The

bacteria cultured from the BALF/PSB samples and blood/

pleural fluid at the same time were always considered signi-

ficant. Isolated growth of bacteria belonging to the mouth

flora (e.g. Streptococcus viridans) in the BALF or PSB speci-

mens was not considered of diagnostic value. The bacteria

cultured from the surveillance bronchoscopic samples were

considered significant if the patient later developed a symp-

tomatic infection caused by the same organism. Coloniza-

tions with Pseudomonas aeruginosa or Stenotrophomonas

maltophilia were considered clinically significant if an anti-

biotic therapy was initiated by the clinician.

Aspergillus airway colonization was defined as isolation

of the Aspergillus species from BALF or PSB specimens

without evidence of an invasive disease or tracheobronch-

itis. If characteristic membranes and ulcerations were

detected together with Aspergillus airway colonization

without an alternative diagnosis or invasive parenchymal

disease, the diagnosis was Aspergillus tracheobronchitis.

Invasive aspergillosis was defined as a histopathologic or

cytopathologic finding showing hyphae in the transtho-

racic needle aspiration or biopsy specimen with associated

tissue damage [23]. The Candida species cultured from

bronchoscopic samples were not considered significant

unless histopathologic evidence of invasive fungal pneu-

monia or positive blood culture was present.

Pneumocystis carinii and non-CMV viruses were con-

sidered clinically significant pathogens when detected in

BALF or TBB specimens.

The CMV pneumonia was defined as the presence of

respiratory symptoms and radiologic infiltrate combined

with the detection of characteristic intracellular inclusion

bodies on BALF or TBB or CMV antigen-positive cells on

the TBB specimens.

The histologic diagnosis of AR was based on the pres-

ence of perivascular mononuclear infiltrates on the TBB

specimens. The severity of AR was graded from 0 to 4

according to the International Society for Heart and Lung

Transplantation criteria [24].

The airway complication was defined as endobronchial

stricture or granulation tissue resulting in symptoms or

functional impairment of the recipient and necessitating

an intervention (e.g. laser, balloon dilatation or stent

placement).

Statistical methods

The diagnostic yield and complication rate of bronchoscopy

in different situations were compared using the chi-square

test. A statistical significance was accepted for P < 0.05.

Results

During the study period 40 transplant recipients under-

went a total of 609 FOBs. The number of FOBs analyzed

in the diagnostic setting was 472 (190 clinically indicated

and 282 surveillance FOBs). The remaining 137 FOBs

were follow-up procedures analyzed only to detect any

potential complications of the procedure.

Utility of bronchoscopies

The overall diagnostic yield was 115/190 (61%) and 43/

282 (15%) for clinically indicated and surveillance FOBs,

respectively (P < 0.001). Infection was established by

bronchoscopic samples in 96/190 (50.5%) of the clinically

indicated FOBs and 34/282 (12.1%) of the surveillance

FOBs (P < 0.001). The diagnoses in both FOB groups are

presented in Table 2. The procedure caused a change in

Table 2. Diagnoses established by bronchoscopic specimens.

Diagnoses

Clinically indicated

FOBs (% of FOBs)

Surveillance

FOBs (% of FOBs)

Infection 96 (50.5) 34 (12.1)*

AR 21 (11.1) 8 (2.8)*

Airway complication 12 (6.3) 1 (0.4)*

Other� 4 (2.1) –

No diagnosis 75 (39.5) 239 (84.8)*

FOB, fiberoptic bronchoscopy; AR, acute rejection.

Eighteen of the clinically indicated FOBs established two diagnoses

[infection + AR (11), infection + airway complication (six) and

AR + airway complication (one)].

*P < 0.001.

�Eosinophilic pneumonia (two), COP (one) and bronchiolitis obliterans

(one).
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the medical therapy in 105/190 (55%) of the clinically

indicated FOBs, while 16/282 (6%) of the surveillance

FOBs altered the previous treatment of the patient. The

utility of FOBs at different time intervals after transplan-

tation is presented in Fig. 1. The diagnostic yield was

highest from 1 to 6 months post-transplant when com-

pared with other time intervals, although the difference

was statistically significant only in the group of clinically

indicated FOBs (P ¼ 0.04).

Bacteria

The infectious agents detected in the bronchoscopic speci-

mens are presented in Table 3. Bacteria were the most

frequently detected microbes by the clinically indicated

FOBs, and 20/57 (35%) of the bacterial infections

occurred <6 months after transplantation. In five cases

(9%) the bacteria were also cultured from blood [S. epi-

dermidis (three), Staphylococcus aureus (one), Enterococcus

faecalis (one)]. The bacteria cultured from the surveil-

lance bronchoscopic samples were clinically significant in

nine cases. Three patients had the same bacteria [P. aeru-

ginosa (one), S. maltophilia (one), and Haemophilus influ-

enzae (one)] cultured from the bronchoscopic samples

preceding (surveillance FOB) and during the symptomatic

respiratory infection (clinically indicated FOB). Six bac-

terial colonizations (P. aeruginosa (four) and S. malto-

philia (two)] detected by surveillance FOB were treated

with antibiotic therapy.

Fungi

Aspergillus was isolated in the BALF collected from 16

recipients and 17 bronchoscopies [Aspergillus fumigatus
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Figure 1 Utility of bronchoscopies at dif-

ferent time intervals after transplantation.

(Cl. FOB, clinically indicated fiberoptic bron-

choscopy; Su. FOB, surveillance fiberoptic

bronchoscopy). *P ¼ 0.04 when compared

with all the other time intervals.

Table 3. Significant microbes detected in bronchoscopic specimens.

Pathogens

Clinically indicated

FOBs (% of FOBs)

Surveillance

FOBs (% of FOBs)

Bacteria 57 (30.0) 9 (3.2)

P. aeruginosa 11 5

P. aeruginosa + S. pneumoniae 1

S. maltophilia 7 3

S. aureus 10

S. aureus + S. pneumoniae 1

S. pneumoniae 6

H. influenzae 3 1

M. catarrhalis 4

Nocardia 3

S. epidermidis 3

Klebsiella oxytoca 2

L. pneumophila 2

Other* 4

Aspergillus 7 (3.7) 10 (3.5)

P. carinii 18 (9.5) 5 (1.8)

CMV� 27 (14.2) 7 (2.5)

Viruses other than CMV 11 (5.8) 6 (2.1)

HSV 1 2

VZV 1

RSV 4

RSV + VZV 1

Influenzavirus 2 2

Parainfluenzavirus 2

Parainfluenzavirus + HSV 1

Adenovirus 1

Mycobacteria� 2 (1.1)

CMV, cytomegalovirus; HSV, herpes simplex virus; VZV, varicella zoster

virus; RSV, respiratory syncytial virus.

*Enterococcus faecalis (one), Escherichia coli (one), Serratia marces-

cens (one), Mycoplasma (one).

�pp65 antigen or viral inclusions.

�Mycobacterium abscessus (one), Mycobacterium tuberculosis (one).
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(13), Aspergillus ustus (three) and Aspergillus flavus (one)].

Two patients with Aspergillus detected by clinically indica-

ted FOB had a histologically proven invasive Aspergillus

infection (Aspergillus pneumonia confirmed by autopsy

specimens and Aspergillus tracheobronchitis diagnosed by

EBB). All the other cases revealed Aspergillus airway colon-

ization four of them occurring <6 months after transplan-

tation. Anastomotic complication [stricture (three) or

dehiscence (one)] occurred in the airways of three of 16

(19%) of the patients with Aspergillus cultured from BALF.

None of the Candida species cultured from the broncho-

scopic samples were related to invasive Candida infection.

Pneumocystis carinii

Pneumocystis carinii was detected in 23/472 (4.9%) of the

bronchoscopic specimens in 11/40 (28%) of the patients.

The characteristics of the episodes with P. carinii detected

in bronchoscopic samples are presented in Table 4. Pneu-

mocystis carinii was detected in five asymptomatic recipi-

ents (surveillance FOBs), while all the remaining patients

had symptoms or radiographic infiltrate. Two recipients

had P. carinii detected in the BALF before the initiation

of prophylaxis during the first postoperative week and

another two after the first postoperative year because of

interrupted chemoprophylaxis. Of the infections 19/23

(82%) were detected during P. carinii prophylaxis.

Three episodes occurred during the first 7 days after the

initiation of co-trimoxazole and one before the recipient

had received two doses of inhaled pentamidine (i.e. dur-

ing the first 8 weeks of prophylaxis). Thus, 15/23 (65%)

of the cases were breakthrough infections during adequate

chemoprophylaxis (eight during co-trimoxazole and seven

during inhaled pentamidine). When calculated within the

whole study population, the frequency of P. carinii break-

through infection was one infection in 91 months for

patients receiving co-trimoxazole and one infection in

67 months for patients receiving inhaled pentamidine.

There were no precise treatment protocol for the

breakthrough P.carinii infections. The treatment regimen

chosen for the patient depended on the severity of the

infection. Seven of the eight breakthrough infections dur-

ing co-trimoxazole prophylaxis were treated with high

doses of parenteral or oral sulfamethoxazole–trimeth-

oprime for 2–3 weeks. One asymptomatic recipient recov-

ered without therapy, but had a recurrent infection after

10 months. The seven breakthrough infections detected

during inhaled pentamidine chemoprophylaxis were trea-

ted with high doses of sulfamethoxazole–trimethoprime

(two cases), parenteral or daily inhaled pentamidine for

2 weeks (two cases), doubling the frequency of inhaled

pentamidine prophylaxis (two cases) or oral primaqu-

ine + clindamycine for 3 weeks (one case). The eight

recipients without adequate chemoprophylaxis and P. car-

inii infection received sulfamethoxazole–trimethoprime

and pentamidine in four cases each. All recipients demon-

strated a good clinical and microbiological response to

therapy, but six of 11 recipients had recurrent P. carinii

infections and two of them had even several recurrences

despite adequate therapy and secondary prophylaxis.

In seven of 23 (30%) episodes a concomitant pathogen

together with P. carinii was detected in BALF [bacteria

(three), CMV (two), respiratory syncytial virus (one) and

A. fumigatus (one)], and in three of 23 (13%) of the cases

an AR (grades 2–3) was present.

Non-CMV viruses

Seventeen non-CMV virus infections were detected by

FOB. Two herpes simplex virus infections and one vari-

cella zoster virus infection developed during the immedi-

ate postoperative period. All the patients with non-CMV

virus infection survived over 30 days, and none of the

later deaths was related to the viral infection.

Cytomegalovirus

The CMV was demonstrated by a positive antigen test and

culture in 32/472 (6.8%) and 135/472 (28.6%) of the BAL-

Fs respectively (Table 5). The positive predictive values for

CMV pneumonia (the proportion of BALFs with a positive

Table 4. Pneumocystis carinii detected in bronchoscopic specimens.

P. carinii prophylaxis
Total (% of P. carinii

infections)TMP–SMZ IP None

No. 11 8 4 23 (100%)

Type of FOB

Clinically indicated FOB 9 5 4 18 (78)

Surveillance FOB 2 3 0 5 (22)

Infiltrate on HRCT or chest radiograph

Infiltrate 7 4 2 13 (57)

No infiltrate 4 4 2 10 (43)

Time after transplantation

<30 days 3 0 2 5 (22)

31–360 days 5 3 0 8 (35)

361–720 days 2 3 1 6 (26)

>720 days 1 2 1 4 (17)

P. carinii detected in

BALF+/TBB not done 7 4 3 14 (61)

BALF+/TBB+ 1 1 1 3 (13)

BALF+/TBB ) 1 3 0 4 (17)

BALF)/TBB+ 2 0 0 2 (9)

TMP-SMZ, co-trimoxazole; IP, inhaled pentamidine; FOB, fiberoptic

bronchoscopy; HRCT, high-resolution computed tomography; BALF,

bronchoalveolar lavage fluid; TBB, transbronchial lung biopsy.

Lehto et al. Bronchoscopy in respiratory infections

Transplant International 18 (2005) 562–571 ª 2005 European Society for Organ Transplantation 567



test result and CMV pneumonia present) by CMV antigen

test and CMV culture in BALF from symptomatic recipi-

ents (clinically indicated FOB) were 24.0% and 9.7%

respectively. Of the seven asymptomatic recipients with

CMV demonstrated by a positive antigen test in BALF

(surveillance FOB) five recovered without therapy, one was

already receiving pre-emptive ganciclovir treatment, and

the remaining patient developed CMV pneumonia despite

the initiation of i.v. ganciclovir therapy because of the pos-

itive CMV antigen test in PB. The latter patient had also

positive CMV culture from BALF, while none of the

remaining asymptomatic recipients with CMV cultured

from BALF developed CMV pneumonia in 30 days.

TBBs

Altogether 192 TBBs were performed (70 clinically indica-

ted, 92 surveillance, and 30 follow-up TBBs).

The CMV-pp65 and P. carinii antigen were detected in

three and five of the clinically indicated TBBs, respect-

ively. However, all CMV pneumonias and three of five

P.carinii infections were also diagnosed by BALF samples.

Rejection was detected in 22/70 (31%) and eight of 92

(9%) of the clinically indicated and surveillance TBBs,

respectively. All eight asymptomatic rejections diagnosed

by surveillance TBBs were of grade 1 and none of the

recipients received therapy. Two diagnoses were achieved

by one TBB sample in four cases [P. carinii + AR (three)

and CMV + AR (one)].

Thus, the overall diagnostic yield was 26/70 (37%)

and eight of 92 (9%) for clinically indicated and surveil-

lance TBBs, respectively (P < 0.001). None of the sur-

veillance TBBs, but 19/70 (27%) of the clinically

indicated TBBs directly changed the therapy chosen for

the recipient.

Airway complications

Airway complications necessitating endobronchial inter-

vention were detected in seven of 40 (18%) of the recipi-

ents and 13/472 (3%) of the bronchoscopies [anastomotic

stricture (eight), endobronchial granulation tissue (three)

and anastomotic dehiscence (two)]. Endobronchial

obstruction was dilated with balloon and/or lazer in 10

cases and a stent was inserted in four occasions. Aspergil-

lus was detected in the bronchoscopic samples of three of

seven (43%) and 13/33 (39%) of the patients with and

without anastomotic complications, respectively.

Complications

There were no fatalities associated with the FOBs. The

complication rate for all the FOBs was 2.1% (13/609).

Five recipients suffered from transient respiratory insuffi-

ciency demanding ventilatory assistance after the proce-

dure and one patient had severe hypoxemia disturbing

the FOB. Two pneumothoraces were detected after TBB

(complication rate 1%), but both healed spontaneously

without insertion of a chest tube. Four FOBs were prema-

turely interrupted because of bleeding and one local pul-

monary hemorrhage was detected in CT scan after TBB.

All bleeding episodes resolved without interventions and

none led to hypotension or blood transfusion.

Discussion

We report data from all the consecutive bronchoscopies

performed on LTX and HLTX recipients in a single insti-

tution over an 8-year period. The primary goal of this

study was to evaluate the usefulness of FOB in the diag-

nosis and surveillance of respiratory infections. The pro-

cedures were classified as surveillance or clinically

indicated FOBs based on a clinical, radiographic (CT

scan) and functional (spirometry) evaluation of the recip-

ients.

Clinically indicated FOB had a relatively high overall

diagnostic yield of 61% and majority of the diagnoses

were respiratory infections (50.5% of the FOB). This is in

concordance with previous studies in which FOB with

TBB and BAL samples revealed the diagnosis in 48–67%

of LTX recipients with clinical suspicion of infection or

rejection [3,4]. In contrast, only 15% of the surveillance

FOBs established a specific diagnosis. None of the surveil-

lance TBBs established grade ‡2 AR or respiratory infec-

tion. In the studies by Hopkins et al. [9], Baz et al. [4],

and Guilinger et al. [25] the diagnostic yield for surveil-

lance FOBs varied between 19% and 26%. The utility of

FOB was highest from 1 to 6 months after transplanta-

tion. It can be explained by the high occurrence of

Table 5. CMV detected by antigen test and culture from BALF.

Clinically indicated FOBs

Surveillance

FOBs (n ¼ 282)

(%)

CMV-Pn.

(n ¼ 7)

(%)

No CMV-Pn.

(n ¼ 183)

(%)

Total

(n ¼ 190)

(%)

CMV antigen test in BALF

Positive 6 (86) 19 (10) 25 (13) 7 (3)

Negative 1 (14) 161 (88) 162 (85) 269 (95)

NA – 3 (2) 3 (2) 6 (2)

CMV culture* in BALF

Positive 7 (100) 65 (36) 72 (38) 63 (22)

Negative 0 (0) 107 (58) 107 (58) 208 (74)

NA – 11 (6) 11 (6) 11 (4)

CMV, cytomegalovirus; CMV-Pn., cytomegalovirus pneumonia; BALF,

bronchoalveolar lavage fluid; NA, not available.

*Shell vial culture.
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opportunistic respiratory infections as well as by ARs dur-

ing this time interval. However, the diagnostic yield of

surveillance FOB remained low in all time intervals.

Bacterial pneumonia is reported to be the most com-

mon infection after transplantation and its prevalence has

been highest during the first 6 months after transplanta-

tion [19,26]. In our material bacteria were causative agents

in 57/96 (59%) of all the symptomatic respiratory infec-

tions and 20 (35%) of them occurred <6 months after

transplantation. Pseudomonas aeruginosa and S. aureus

were the most common microbes detected in the present

study. This is in line with the international reports [26].

Aspergillus was cultured from BALF and/or PSB sam-

ples in 10 of the surveillance FOBs and in seven of the

clinically indicated FOBs, while only two of the isolates

were associated to a proven invasive disease. Anastomotic

complications occurred slightly more frequently in recipi-

ents with Aspergillus colonization, but did not reach sta-

tistical significance in our material. However, previous

studies have shown that sole Aspergillus airway coloniza-

tion without invasive aspergillosis is a risk factor for air-

way/anastomotic complications and possibly also for an

invasive disease especially when present within 6 months

after transplantation [16–18]. This may warrant the sur-

veillance of bronchoscopic samples by fungal cultures in

LTX recipients at least in the first six postoperative

months for the early detection of Aspergillus and initi-

ation of pre-emptive antifungal therapy.

Pneumocystis carinii was detected by bronchoscopic

samples with a surprisingly high frequency (28%) in LTX

and HLTX recipients, and the organism was often detected

even in patients with adequate chemoprophylaxis. While

P. carinii pneumonia (PCP) may occur in up to 80% of

LTX recipients not receiving prophylaxis, co-trimoxazole,

and to a lesser extent, inhaled pentamidine have been

accepted as highly effective in preventing PCP [27–30].

However, a previous study by Halme et al. [12] from our

own institution and a case report by Faul et al. [13] have

shown that breakthrough infections may occur in LTX

and HLTX recipients. Pneumocystis carinii was detected in

the BALF from surveillance FOB in five asymptomatic

recipients with no radiographic infiltrate present. The clin-

ical significance of detecting P. carinii in asymptomatic

patients is not known. It could be argued that these cases

represented the result of airborne transmission of the

organism and/or colonization of the recipient’s airways

rather than infection. All the remaining patients with

Pneumocystis carinii detected in the bronchoscopic samples

had respiratory symptoms and/or radiographic infiltrates

and in nine of these episodes P. carinii was the only organ-

ism detected. Thus it is likely that most of the cases repre-

sented PCP. Significant mortality rates in PCP have been

reported in patients without prophylaxis [31]. In contrast,

all patients in our study responded to therapy suggesting

that previous P. carinii prophylaxis may modify the clin-

ical picture of PCP. Pneumocystis carinii was detected from

the immediate postoperative period to more than 2 years

post-transplantation. The result is in line with the recent

recommendation to use lifelong P. carinii prophylaxis in

LTX and HLTX recipients [27]. The prophylaxis should be

initiated immediately after the transplantation. Break-

through infections occurred more frequently in recipients

with inhaled pentamidine. As co-trimoxazole has been

shown to be the most effective agent in preventing PCP

also in other immunocompromised patients, co-trimoxa-

zole should be the first-line agent for P. carinii prophylaxis

in LTX and HLTX recipients [27,30].

The role of community-acquired respiratory virus

infections in LTX recipients is not clear, but some of the

previous studies have shown a significant mortality and

morbidity related to these infections [32–34]. None of the

community-acquired respiratory virus infections in our

study was fatal and three of them were asymptomatic.

Isolation of these viruses in the BALF from surveillance

FOBs may provide valuable information, as it is possible

that there is an association to the development of bron-

chiolitis obliterans syndrome [19].

Detecting CMV by antigen test or culture in BALF had

a poor positive predictive value for CMV pneumonia.

CMV screening from PB by the antigen test or with other

techniques (e.g. PCR) has allowed early diagnosis of

CMV infection and initiation of pre-emptive antiviral

therapy without invasive procedures [35]. When CMV

antigen screening from PB is used, surveillance of CMV

from BALF in asymptomatic recipients seemed to be of

little additional value also in our material.

Only 13 (2.1%) clinically significant complications of

FOB occurred. In the reports by Hopkins et al. [9] and

Baz et al. [4] the complication rate was 4.4% and 6.4%,

respectively, and bleeding was the most common compli-

cation in both studies. We did not routinely calculate the

bleeding volume after the FOB in the study period, which

may underestimate the complication rate in the present

study compared with previous reports. However, bleeding

leading to premature cessation of the procedure is inclu-

ded and none of the bleeding episodes led to major com-

plication.

To conclude, FOB with BAL and/or TBB is a useful

and safe tool in diagnosing infection in symptomatic LTX

and HLTX recipients. The significance of surveillance

FOBs remains controversial. Surveillance TBBs in partic-

ular, yield only little clinically significant information to

support the performing of them. Pneumocystis carinii

infections still occur despite the chemoprophylaxis justify-

ing the use of FOB in the diagnosis and the surveillance

of this organism.
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