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Abstract

Objective: At the time of lung transplant, we routinely perform bronchoalveolar lavage (BAL) of the donor lungs on the recipient

operating table immediately before implantation, for bacterial and fungal cultures. We sought to determine whether the results correlate with

the outcome. Methods: We retrospectively analysed 115 consecutive cadaveric lung transplants (single lung: 42; bilateral lung: 63; heart–

lung: 10) performed over 4 years. Results: Fifty-three (46%) grafts had positive BAL (bacteria: 33; fungus: 10; mixed: 10) and 62 (54%)

were negative. Recipients with donor BAL culture positive for bacteria had lower mean oxygenation index in the first 6 h compared with

those with negative bacterial culture (36.5 ^ 14.73 vs. 44.1 ^ 16.79 kPa) (P ¼ 0:019). They also had longer median intensive treatment unit

stay (2.5 vs. 1.5 days) (P ¼ 0:035), and median time of mechanical ventilation (37.5 vs. 23.0 h) (P ¼ 0:008), as well as inferior 6-month,

1-year, 2-year and 4-year cumulative survival (79, 77, 74, 60% vs. 93, 92, 88, 79% respectively) (P ¼ 0:04). There was no difference in the

above parameters between recipients with Gram-negative (n ¼ 18) and recipients with Gram-positive bacteria (n ¼ 19) in the donor BAL.

Incidence of acute rejection within the first 2 weeks and time of onset of bronchiolitis obliterans syndrome (BOS) were similar in the bacteria-

positive and bacteria-negative groups. Recipients with donor BAL positive for fungi alone had similar outcome with the negatives. There was

no difference in the donor oxygenation index and age, recipient age, transplant type and ischaemic time between compared groups. There was

a significant difference in the median length of donor mechanical ventilation between donors with Gram-positive and donors with Gram-

negative bacteria in the BAL (24 vs. 48 h) (P ¼ 0:01), as well as between donors with fungi alone in the BAL and donors with negative BAL

(67 vs. 48 h) (P ¼ 0:04). Conclusions: Donor lungs with lower airways colonized with bacteria result in inferior recipient outcome. Bacterial

colonization of the donor lower airways could therefore be used as a marker of donor lung injury, but evidence from a prospective study is

necessary.

q 2003 Elsevier B.V. All rights reserved.
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1. Introduction

To increase the number of donor lungs used for

transplantation and improve the postoperative results,

attention needs to be paid to donor selection [1]. Identifi-

cation of sensitive markers of donor lung injury and accurate

predictors of graft function post-transplantation has always

been a challenge. One of the considerations in donor

selection is the presence or absence of infection in the

donor lungs. As intrapulmonary infection has been a major

cause of early morbidity and mortality in lung transplant

recipients, utilization of lungs from donors with a positive

Gram stain of tracheal secretions has been avoided [2].

However, with the use of aggressive antibiotic treatment for

donors and recipients the incidence of recipient pneumonia

has recently decreased significantly [3] and the results of

Gram stain of donor tracheal secretions no longer correlate

with the recipient outcome [4]. Positive Gram stain of

tracheal aspirates may not reflect ongoing pneumonia, but

simply a collection of purulent secretions in the upper

airways. Therefore, in the modern era of pulmonary
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transplantation, the significance of organisms in the donor

lungs has to be re-examined.

Bronchoalveolar lavage (BAL) is an accurate method of

assessing the lungs of brain-dead donors. The results of the

BAL culture have been found to correlate with the

histological findings better than the results of lung tissue

culture or protected specimen brush biopsy [5].

In our centre, routine BAL is performed on all donor

lungs when they arrive at the recipient operating theatre

immediately before implantation. The fluid is sent for

Gram-staining and bacterial and fungal cultures. We sought

to determine whether the result of the donor BAL fluid

cultures correlates with the recipient outcome.

2. Materials and methods

2.1. Study population

We retrospectively reviewed our Transplant Database,

Intensive Treatment Unit (ITU) Database, Microbiology

Database and the clinical notes of 115 consecutive

cadaveric pulmonary transplants (single lung: 42; bilateral

lung: 63; heart–lung: 10) performed in 114 patients from

September 16, 1997 to August 31, 2001.

2.2. Perioperative management

2.2.1. Microbiology

All recipients received perioperative antibiotic prophy-

laxis with flucloxacillin for 48 h and metronidazole for 1

week. If the patient was allergic to penicillin, clindamycin

was used instead. Patients with chronic bronchial sepsis also

received an antibiotic active against Gram-negative organ-

isms based on preoperative sensitivities. In addition, such

patients also received nebulized colomycin, unless colo-

nized with resistant organisms. In the case of colonization

with Aspergillus, Itraconazole was administered for anti-

fungal prophylaxis.

BAL was performed on all donor lungs on arrival at the

recipient operating table immediately before implantation.

Under sterile conditions a catheter was wedged into a

segmental lower lobe bronchus through which BAL was

performed with 50 ml of normal saline. The BAL fluid was

sent to the microbiology department for Gram-staining and

bacterial and fungal cultures. Results were available within

24–48 h post-transplantation and antibiotic treatment was

adjusted accordingly.

2.2.2. Immunosuppression

Immediately preoperatively the patients received oral

cyclosporine (dose adjusted according to glomerular

filtration rate) and azathioprine (4 mg/kg). Intraoperatively,

before graft reperfusion, 500 mg of methylprednisolone was

administered intravenously, followed postoperatively by

three doses of methylprednisolone 125 mg 8-hourly and

then prednisolone 1 mg/kg daily reduced by 0.2 mg/kg

every other day. Postoperative immunosuppression also

included: rabbit anti-thymocyte globulin 2.5 mg/kg (dose

adjusted to maintain absolute T-cell count . 0:05 £ 109=l)

daily for the first 3 days, cyclosporin (dose adjusted to

maintain serum trough level of 250–350 ng/ml) and

azathioprine at a maximum dose of 4 mg/kg (dose adjusted

to maintain white blood cell count . 4:0 £ 109=l). Surveil-

lance transbronchial lung biopsy and BAL was performed

on the 7th and 30th postoperative day and at regular

intervals thereafter. Acute rejection was treated with

intravenous methylprednisolone 10 mg/kg daily for 3 days.

2.3. Outcome variables

Recipient outcome was assessed by the following

variables. (a) Mean of the recipient partial arterial oxygen

pressure/inspired oxygen fraction ratios (PaO2/FiO2) at 1 and

6 h postoperatively. (b) Length of mechanical ventilation in

hours. (c) Length of ITU stay in days. (d) Incidence of acute

rejection within the first 2 weeks (grade $ A2-mild or

clinical evidence of rejection treated with intravenous

steroids). (e) Time of freedom from bronchiolitis obliterans

syndrome (BOS) (decrease in FEV1 $ 20% from baseline on

two measurements taken at least 3 weeks apart, in the absence

of other causes). (f) Cumulative recipient survival.

2.4. Statistical analysis

Data were statistically analysed using the Statistical

Package for Social Sciences v.11. Data with a normal

distribution are presented as mean ^ standard deviation.

For data with non-parametric distribution the median and

range are given. Comparisons between two independent

groups of observations was performed with Student’s t-test

for parametric and the Mann–Whitney test for non-

parametric distribution. Comparisons between groups for

categorical variables were performed using the chi-square

test. Analysis of survival and time of freedom from BOS

were done with the Kaplan–Meier method and groups were

compared with the log-rank test. Differences were con-

sidered significant at the level of P , 0:05.

3. Results

The age of the recipients ranged from 14 to 62 years

(mean: 39.7 ^ 14.41; median: 42.0). The donor age ranged

from 9 to 61 years (mean: 35.1 ^ 14.45; median: 36). The

donor cause of death is shown in Table 1. The median time

of donor ventilation was 48 h (range: 12–240). The mean

donor PaO2/FiO2 was 60.7 ^ 11.57 kPa (median: 60.0;

range: 30–88). The mean ischaemic time was 308 ^ 60.3

min. Indications for transplantation are shown in Table 2.

The donor BAL culture was positive in 53 (46%) and

negative in 62 (54%) transplants. Thirty-three (29%) were
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positive for bacteria, 10 (9%) for fungi and 10 (9%) for both

(Table 3).

3.1. Positive (n ¼ 53) vs. negative (n ¼ 62)

The recipient PaO2/FiO2 was lower in the positive group

(36.9 ^ 13.92 vs. 44.8 ^ 17.53 kPa) (P ¼ 0:01). There was

no difference in median ITU stay (2.5 days; range:0.5–61.0

vs. 1.5 days; range:0.5–46.0) (P ¼ 0:1), median time of

ventilation (30.8 h; range:1–1392 vs. 24.0 h; range:1–

1020) (P ¼ 0:18), incidence of early acute rejection (32 vs.

39%) (P ¼ 0:6) and time of onset of BOS (P ¼ 0:3)

between the positive and the negative groups. Cumulative

survival was also similar for both groups (P ¼ 0:15) (Fig. 1).

3.2. Bacteria-positive (n ¼ 43; 33 positive for bacteria plus

10 mixed) vs. bacteria-negative (n ¼ 72)

Recipients of lungs with donor BAL culture positive for

bacteria had significantly lower PaO2/FiO2 compared with

recipients of lungs negative for bacteria (36.5 ^ 14.73 vs.

44.1 ^ 16.79 kPa) (P ¼ 0:019). They also had longer

median ITU stay (2.5 days; range:0.5–61.0 vs. 1.5

days; range:0.5–46.0) (P ¼ 0:035) and median time of

mechanical ventilation (37.5 h; range:1–1392 vs. 23.0 h;

range:1–1020) (P ¼ 0:008), as well as inferior 6-month,

1-year, 2-year and 4-year cumulative survival (79, 77, 74

and 60% vs. 93, 92, 88 and 79%) (P ¼ 0:04) (Fig. 2). There

was no significant difference in the outcome for the above

parameters between recipients with Gram-negative

(n ¼ 18) and recipients with Gram-positive bacteria

(n ¼ 19) in the donor BAL (Table 4) (Fig. 3). Incidence

of early acute rejection (31 vs. 38%) (P ¼ 0:5) and time of

onset of BOS (P ¼ 0:8) were similar in the bacteria-positive

and bacteria-negative groups.

3.3. Positive for fungi alone (n ¼ 10) vs. negative (n ¼ 62)

The recipients with donor BAL culture positive only for

fungi (n ¼ 10) had similar PaO2/FiO2 (39.1 ^ 9.06 vs.

44.8 ^ 17.53 kPa) (P ¼ 0:37), median ITU stay (1.25 days;

range: 1–7 vs. 1.5 days; range: 0.5–46.0) (P ¼ 0:82) and

median time of ventilation (16.5 h; range: 2–123 vs. 24 h;

range: 1–1020) (P ¼ 0:12), as well as similar incidence of

early acute rejection (40 vs. 39%) (P ¼ 1:0), time of onset

of BOS (P ¼ 0:16) and survival (P ¼ 0:62) with the

negative patients (Fig. 4).

There was significant difference in the median length of

donor mechanical ventilation between donors with Gram-

positive (24 h; range: 12–192) and donors with Gram-

negative bacteria (48 h; range: 24–240) in the BAL

(P ¼ 0:01), as well as between donors with fungi alone in

the BAL (67 h; range: 24–120) and donors with negative

BAL (48 h; range: 12–168) (P ¼ 0:04). Otherwise, there

was no difference in the recipient age, donor age, donor

cause of death (traumatic vs. non-traumatic), donor PaO2/

FiO2, donor length of mechanical ventilation, transplant type

and ischaemic time between compared groups (data not

shown).

Table 1

Cause of death in 115 donors

Cause of death No. of donors (%)

Traumatic 41 (35.7)

Primary traumatic head injury 41 (35.7)

Non-traumatic 65 (56.5)

Subarachnoid haemorrhage 34 (29.6)

Intracerebral haemorrhage 17 (14.8)

Primary cerebral tumour 2 (1.74)

Overdose 1 (0.9)

Carbon monoxide poisoning 1 (0.9)

Acute hydrocephalus 1 (0.9)

Hypoxic brain injury 2 (1.7)

Primary intracranial infection 4 (3.5)

Cerebral infarct 3 (2.6)

Unknown 9 (7.8)

Table 2

Indication for transplantation in 115 pulmonary transplants

Indication No. of transplants (%)

Cystic fibrosis 44 (38)

Emphysema 24 (21)

Interstitial lung disease 16 (14)

Bronchiectasis 8 (7)

Primary pulmonary hypertension 6 (5)

Obliterative bronchiolitis 5 (4)

Histiocytosis X 3 (3)

Congenital anomaly 3 (2)

Lymphangioleiomyomatosis 2 (2)

Sarcoidosis 2 (2)

Asthma 1 (1)

Bronchoalveolar carcinoma 1 (1)

Table 3

Organisms isolated in bronchoalveolar lavage cultures from 53 donors

Organism No. of donors

(% out of positives)

Staphylococcus aureus

[Methicillin-resistant]

21 (40)

[2 (4)]

Haemophilus influenzae 13 (25)

Streptococcus pneumoniae 5 (9)

Escherichia coli 3 (6)

Pseudomonas aeruginosa 2 (4)

Haemophilus parainfluenzae 2 (4)

b-Haemolytic Streptococcus spp. 2 (4)

a-Haemolytic Streptococcus spp. 1 (2)

Pseudomonas spp. 1 (2)

Klebsiella pneumoniae 1 (2)

Serratia marcescens 1 (2)

Enterobacter cloacae 1 (2)

Candida albicans 19 (36)

Aspergillus fumigatus 1 (2)
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Initial perioperative antibiotic prophylaxis had covered

the organisms in the donor BAL culture in 79% of the cases

with positive bacterial culture and in 15% of the cases with

positive fungal culture. After the donor BAL culture result

was available, adjusted antimicrobial treatment covered

93% of the patients with positive bacterial culture and 65%

of the patients with positive fungal culture.

From the recipients of lungs with a positive BAL culture,

13 (21%) patients had growth of the donor organism in at

least one postoperative culture of tracheal aspirates, sputum,

Fig. 1. Kaplan–Meier survival curves for the groups with positive and negative donor BAL. A and þ mark censored cases.

Fig. 2. Kaplan–Meier survival curves for the groups with donor BAL positive and negative for bacteria. A and þ mark censored cases.
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BAL or intrathoracic collection. Only one patient developed

clinical intrathoracic infection due to the donor BAL

organism proven with cultures, but was treated successfully.

None of the patients died of an infection from the donor

BAL organism. Early causes of death in patients with

a positive donor BAL bacterial culture were: primary graft

failure (n ¼ 4); infection (n ¼ 3); pulmonary embolism

(n ¼ 1); technical/surgical complications (n ¼ 1). Late

causes of death were: non-specific graft failure (n ¼ 1);

BOS (n ¼ 4).

4. Discussion

Selection of suitable lung donors in pulmonary trans-

plantation has always been a major challenge. The criteria

used for donor selection are rather weak in predicting graft

function post-transplantation [6]. Most transplant units have

‘relaxed’ their selection criteria, as there is growing

evidence that lungs considered as ‘marginal’ can be

transplanted with good results [7,8]. Expansion of

the donor pool by such means is desirable, as the availability

of lungs cannot meet the demand [1].

Currently, one of the donor selection issues that remains

controversial, is the significance of the presence of organisms

in the donor lungs. In the early days of pulmonary

transplantation, early intrathoracic infection was recognized

as one of the major causes of recipient mortality [9]. Studies

had shown that the presence of organisms in donor tracheal

cultures was associated with early infection and decreased

survival in the recipient [9]. Transplantation from donors

with a positive Gram stain of tracheal secretions was strongly

discouraged [2]. Subsequent clinical use of combined

intravenous and aerosolized antibiotics in donors and

recipients reduced the incidence of recipient pneumonia

dramatically [3]. Recent studies have now shown that a

positive Gram stain of donor upper airway secretions does

not predict recipient outcome [4]. An Australian study

provides evidence that even utilization of donors with

pulmonary infection has no adverse effect on the transplant

outcome [8].

To our knowledge, no previous studies have been

published reporting routine use of BAL on the donor

Table 4

Comparison of recipient outcome between groups with Gram-positive and Gram-negative bacteria in the donor BAL culture

Bacteria in BAL culture Gram-positive (n ¼ 19) Gram-negative (n ¼ 18) P-value

Range Median Mean ^ SD Range Median Mean ^ SD

Recipient PaO2/FiO2 (kPa) 16.6–62.5 39.1 40.4 ^ 13.85 10.9–61.8 34.8 35.8 ^ 15.11 0.2

Recipient ITU stay (days) 0.5–61 2.0 6.0 ^ 13.51 0.5–20.5 5.0 5.7 ^ 5.56 0.3

Recipient length of ventilation (h) 6–1392 28.0 118.4 ^ 312.65 1–440 55.0 106.3 ^ 120.30 0.2

Fig. 3. Kaplan–Meier survival curves for the groups with Gram-negative and Gram-positive bacteria in the donor BAL. A and þ mark censored cases.
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lungs before implantation. As a result, our study gives a

different dimension to the significance of donor organisms.

The advantage of BAL is that it provides information

about the microorganisms colonizing the lower airways of

the donor, as opposed to tracheal aspirates, which are

obtained from the upper airways. The upper airways of the

intubated and mechanically ventilated donor are prone to

contamination and their microbiological status may not

reflect the condition of the lung parenchyma.

Our main finding is that transplantation of lungs with

donor BAL positive for bacteria results in poor outcome,

with poor early graft function and inferior survival. These

results suggest that donor lungs with lower airways

colonized with bacteria are of inferior quality.

One possible explanation for our findings is that bacteria

initiate subclinical infection and local injury in the donor

lung, which is amplified by the process of ischaemia-

reperfusion and results in poor recipient outcome. Previous

investigators found that although the risk of recipient

pneumonia is high when the donor lungs are colonized with

bacteria, the recipient infection is usually by different

organisms [9,10]. They suggested that subclinical donor

infection results in lung injury, which makes the lung prone

to infection by different organisms in the recipient. In our

study also only one patient developed an infection by the

donor organism and therefore donor-transmitted infection

cannot be the cause of poor outcome in the recipients with

donor BAL positive for bacteria. The explanation of lung

injury associated with bacteria-induced subclinical donor

infection is more likely.

A second explanation is that bacteria tend to grow in donor

lungs, which are injured by other causes and therefore

become a marker of donor lung injury. It has been observed

that patients with acute lung injury/acute respiratory distress

syndrome are prone to nosocomial pneumonia [11]. In vitro

studies triggered by these observations confirmed that

bacterial growth is enhanced by the presence of cytokines

at high concentrations [12]. Staphylococcus aureus is one of

the organisms reported to show enhanced growth in the

presence of cytokines [12]. As in previous studies [9,15–17],

S. aureus was the most common organism also isolated from

our donors. The presence of injury and proinflammatory

cytokines in some donor lungs is highly likely. The donor is at

high risk of lung injury due to trauma, mechanical

ventilation, aspiration, infection, but also due to the process

of brain death. Brain death causes a systemic inflammatory

response with up-regulation of cytokines in peripheral organs

including the lung [13,14]. Cytokine levels in the BAL were

not routinely measured in our donors.

Recipient and donor age, donor PaO2/FiO2, donor length

of mechanical ventilation, transplant type and ischaemic

time were similar between the bacteria-positive and

bacteria-negative groups in our study. The BAL culture

result was the only obvious difference between these groups.

Bacteria in BAL culture may be a sensitive marker of

subclinical donor lung injury and an accurate predictor of

graft outcome post-transplantation.

Donors with Gram-negative bacteria in the BAL

culture had been ventilated for longer than those with

Gram-positive bacteria. Donors with fungus had also been

Fig. 4. Kaplan–Meier survival curves for the group with donor BAL positive for fungus alone and the group with negative donor BAL. A and þ mark censored

cases.
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ventilated for longer than those with a negative BAL

culture. The finding of a positive association between

longer donor mechanical ventilation and colonization with

Gram-negative bacteria and fungus is expected, as these

organisms are known to colonize patients ventilated in ITU.

However, no difference in the outcome was found between

the recipients of these donor subgroups.

In this study, patients who received lungs with fungus

alone in the donor BAL had similar outcome to those who

received lungs with sterile BAL. Because of this, no

statistical differences were found in the outcome between

the positive and negative groups, as the fungus subgroup

reduced the differences created by the positive for bacteria

subgroup. The good results in the fungus subgroup could be

explained by our policy to administer antifungal treatment

to the recipients, if there is significant growth of fungus in

the donor BAL. However, the number of recipients with

donor BAL positive for fungus alone is too small to make

any definite conclusions.

Our study has the limitations of retrospective data

collection and analysis. We did not determine the incidence

of early recipient pneumonia. To do this we would have had

to set criteria such as white cell count in the blood, chest

X-ray findings and sputum or BAL culture results. However,

in a retrospective study, the collection of such data from the

case notes and databases could lead to inaccurate con-

clusions. The difficulty in distinguishing between different

pathologic processes in lung transplant recipients is well-

recognized [16]. For these reasons, we chose to set objective

outcome measures i.e. oxygenation index, length of ITU

stay and ventilation, incidence of acute rejection, time of

onset of BOS, as well as survival.

The finding of poor early oxygenation index, prolonged

mechanical ventilation and ITU stay and inferior survival in

patients who received lungs with lower airways colonized

with bacteria, indicates that these organs could have been

injured in the donor. Our study, although retrospective,

contributes to the generation of new hypotheses regarding

the relevance of the donor organisms to the donor lung

injury and the transplant outcome. We believe that further

research is worthwhile in order to determine: (a) whether

bacterial colonization of the donor lower airways correlates

with cytokine levels in the donor BAL and whether these

lungs have true histopathological evidence of injury; and

(b) whether bacteria are the cause of the injury or simply a

marker. An answer to these questions could have a

significant impact on donor management and selection and

could be given by a prospective study.
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