Original Article

The diagnostic yield and complications of open lung biopsies in
kidney transplant patients with pulmonary disease

Daniere Yurie Vieira Tomotani"’, Antoénio Tonete Bafi'’, Eduardo Souza Pacheco', Taini Veras de Sandes-
Freitas’, Laila Almeida Viana®, Edgar Porto de Oliveira Pontes’, Nikkei Tamura’, Hélio Tedesco-Silva Jr?,
Flavia Ribeiro Machado', Flivio Geraldo Rezende Freitas'”

'Anesthesiology, Pain and Intensive Care Department, Federal University of Sio Paulo, Sio Paulo, SP, Brazil; *Hospital do Rim, Nephrology
Division, Sio Paulo, SP, Brazil

Contributions: (I) Conception and design: DY Tomotani, ES Pacheco, AT Bafi, FG Freitas, FR Machado; (II) Administrative support: AT Bafi, FG
Freitas, TV de Sandes-Freitas, LA Viana; (IIT) Provision of study materials or patients: N Tamura, EP de Oliveira Pontes, H Tedesco-Silva Jr,
TV de Sandes-Freitas, LA Viana; (IV) Collection and assembly of data: DY Tomotani; (V) Data analysis and interpretation: DY Tomotani, AT Bafi,
FG Freitas, FR Machado; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Anesthesiology, Pain and Intensive Care Department, Federal University of Sio Paulo, Rua Napoledo de Barros 715 - 5° andar, Sio
Paulo, SP, 04024-900, Brazil. Email: tonybafi@gmail.com.

Background: The purpose of this study was to assess the efficacy of open lung biopsy (OLB) in determining
the specific diagnosis and the related complications in patients with undiagnosed diffuse pulmonary infiltrates.
Methods: This single center, retrospective study included adult kidney transplant patients who underwent
OLB. The patients had diffuse pulmonary infiltrates without definitive diagnoses and failed to respond to
empiric antibiotic treatment. We analyzed the number of specific diagnoses, changes in treatment and the
occurrence of complications in these patients. A logistic regression was used to determine which variables
were predictors of hospital mortality.

Results: From April 2010 to April 2014, 87 patients consecutively underwent OLB. A specific diagnosis
was reached in 74 (85.1%) patients. In 46 patients (53%), their therapeutic management was changed after
the OLB results. Twenty-five (28.7%) patients had complications related to the OLB. The hospital mortality
rate was 25.2%. Age, SAPS3 score and complications related to the procedure were independent predictors
of all-cause mortality.

Conclusions: OLB is a high-risk procedure with a high diagnostic yield in kidney transplant patients with
diffuse pulmonary infiltrates who did not have a definitive diagnosis and who failed to respond to empiric
antibiotic treatment. Complications related to OLB were common and were independently associated with

intra-hospital mortality.
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Introduction compared to dialysis (1). However, the maintenance of

. L. . immunosuppressive therapy leads to an increased risk of
Kidney transplantation is the treatment of choice PP by

for patients with end-stage renal disease. Kidney infection, cancer and drug toxicities (2-8).

transplantation is associated with a substantial reduction The lungs are frequently involved in a variety of
in the risk of mortality and cardiovascular events, as well complications following kidney transplantation. Pulmonary
as a clinically relevant improvement in the quality of life disease can occur in up to 36% of these patients and
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contributes significantly to the increased morbidity and
mortality (9). Infectious diseases are the most common
causes of pulmonary complications. Pulmonary infections
are the main cause of acute respiratory failure (7) and severe
sepsis (10-12), while community-acquired pneumonia is
the leading cause of admission to the intensive care unit
(ICU) (13). The incidence of neoplasia and drug-related
pulmonary toxicity is lower (7,14,15).

Lung biopsies with histopathology and microbiology
analyses are often needed for a specific diagnosis in transplant
recipients (6). An open lung biopsy (OLB) is considered the
best diagnostic method for patients with diffuse lung disease
(16-19). In immunosuppressed patients, specific diagnoses
can be obtained in up to 80% of cases (20). An OLB is
probably more relevant when clinical judgment, laboratory
tests and high quality imaging studies do not allow for an
accurate diagnosis in patients who failed to improve on
broad-spectrum antibiotics (21). However, there are safety
concerns related to the procedure (22,23). As some of the
available evidence suggests that establishing a diagnosis not
necessarily change management or affects clinical outcomes
(16,24), the potential benefits of this invasive procedure
need to be carefully assessed.

The purpose of this study was to assess the role of
an OLB in determining the specific diagnosis in kidney
transplant patients with pulmonary disease of unknown
cause and the complications related to this procedure.

Methods

We conducted a single center, retrospective study in a
16-bed ICU of a kidney transplant center in Brazil (25).
From April 2010 to April 2014, we consecutively assessed
all adult kidney transplant patients (>18 years) admitted
to the ICU who underwent an OLB to investigate lung
disease. We included patients with acute respiratory failure
as well as those who were admitted immediately after an
elective OLB. There were no exclusion criteria. In the case
of multiple procedures on the same patient, only the first
procedure was included. The indication for OLB is not
written in our center’s protocol. However, the procedure is
usually indicated for all patients with deteriorating clinical
or radiologic conditions despite previous investigation and
empiric antibiotic treatment [electronic supplementary
material (ESM)]. The local ethics committee (Comité de
Etica em Pesquisa — Universidade Federal de Sio Paulo)
approved the study under the number 125.965 and waived

© Journal of Thoracic Disease. All rights reserved.

167

the need for informed consent.

Data from electronic medical records were retrospectively
collected by one of the authors (DYVT). We recorded
the following data: patient demographics, transplant
characteristics, the time frame from symptom onset to the
date of the OLB, the simplified acute physiology score 3
(SAPS 3) at ICU admission, the Sequential Organ Failure
Assessment (SOFA) score in the 24 hours before the OLB,
the main radiological characteristics of the pulmonary
lesions on the following day (16,26), and related procedures,
such as bronchial lavage or trans-bronchial biopsies. We
also analyzed the data regarding complications related to
the biopsy, pathologic and microbiologic results, therapeutic
changes after the OLB results (the addition or withdrawal
of drugs), and ICU and hospital mortality rates.

Experienced thoracic surgeons (NT and EPOP) carried
out all of the OLBs. The surgical approach was a lateral
muscle-sparing thoracotomy performed in the operating
room under general anesthesia. The site of the lung
biopsy was previously determined by a review of computed
tomography (CT) studies. In general, two specimens
were obtained from the most affected regions. Each tissue
specimen was divided into two portions and was sent for
microbiologic and histopathological analysis.

We defined Group 1 as those patients who were admitted
electively to the ICU in the immediate postoperative period
of the OLB. Group 2 was defined as those patients who
had an indication of an OLB during their ICU stay because
of acute respiratory failure. The diagnosis was considered
specific when the findings where characteristic enough
to establish an etiology and direct therapy was initiated
by the attending physician (e.g., infections, neoplasms, or
autoimmune diseases). Organizing pneumonia was classified
as specific (27). We define changes in therapy as the addition
or discontinuation of at least one therapeutic strategy in the
current treatment based on the OLB findings.

Complications included arrhythmias with hemodynamic
instability or cardiac arrest during the procedure; the need for
or increase in the noradrenaline dose (>0.1 pg/kg/min) within
the first six hours after the procedure; acute myocardial
infarction, stroke or major bleeding requiring transfusions
or surgical approach within the first 72 hours after the
procedure; reoperations for surgical complications; need
for new chest drainage; prolonged air leak (maintenance
of the chest tube for seven or more days); surgical wound
complications (infection and hematoma) or other late
complications.
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Patients that underwent OLB during the
study period (n=93)
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Figure 1 Study flow chart. OLB, open lung biopsy.

Statistics

Descriptive statistics were used to characterize the study
population. Continuous variables were described as the mean
+ standard deviation (SD) or the median (25-75% quartiles)
and compared using Student’s 7-test or the Mann-Whitney
U test. These variables were tested for normality using
the Kolmogorov-Smirnov test. Categorical variables were
described as the number (%) and were compared using the
Chi-square test. To assess if the OLB could worsen organ
dysfunctions, we analyzed the SOFA score variation, and
the preoperative score was compared with the postoperative
score using the Wilcoxon test or the paired 7-test.

We also performed a multivariate logistic regression
using the forward likelihood ratio (LR) method to
determine which independent variables were predictors of
hospital mortality. The variables with a P value of <0.10 in
the univariate analysis were selected. The model calibration
was assessed using the Hosmer-Lemeshow test, which was
considered appropriate if P>0.10. We did not include the
variables with missing data greater than 10%. We used
SPSS 19.0 for Windows (SPSS, Chicago, IL, USA) for
statistical analysis.

Results

Ninety-three patients underwent OLB during the study
period. However, we analyzed the data from 87 patients
(Figure 1). Demographic and clinical characteristics of the
study population are shown in 7able 1. Patients in Group
2 were more severely ill and had a shorter duration of
symptoms.

All patients received or were receiving at least one
antibiotic therapy regimen before an OLB and showed no
clinical and radiological improvement. Overall, a diagnosis
was determined from an OLB in 74 (85.1%) patients (Table 2).
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In three cases, the results showed two different diseases:
two patients with tuberculosis and histoplasmosis and one
patient with tuberculosis and cytomegalovirus (CMV)
pneumonia.

Fifty-four patients (62%) were not submitted to a
diagnostic flexible bronchoscopy prior to OLB. By analysis
of medical records, we were not able to identify the reasons
why OLB was the first invasive diagnostic method option in
most patients. Among the 33 (38%) patients who underwent
a previous bronchoscopy, the transbronchial lung biopsy
(TBB) provided specific diagnosis in five patients (four with
organizing pneumonia and one with invasive pulmonary
aspergillosis), but the OLB was indicated because the
patients had an inadequate clinical response (Table S1).
In the four patients with organizing pneumonia, the
new histopathologic exam suggested the diagnosis of
CMYV, necrotizing pneumonia, tuberculosis, and bacterial
pneumonia. The patient with aspergillosis had the same
diagnosis after the OLB. Four patients had a positive result
in bronchoalveolar lavage (BAL) culture for Mycobacterium
tuberculosis. However, the definitive results were delayed,
given the slow growth of Mycobacterium tuberculosis. A
comparison of the results of the TBB, BAL and OLB are
provided in the ESM.

The rate of specific diagnoses was similar in Group 1
(n=48, 89%) and Group 2 (n=26, 79%), P=0.62. Among
the Group 2 patients, pneumocystis was the most common
diagnosis (n=11, 33.3%), while in Group 1 the most
common diagnosis was tuberculosis (n=15, 27.8%).

There was no association between the specific diagnosis and
mortality, with 18 (24.3%) deaths in the group with specific
diagnoses and four (30.7%) deaths in those without a diagnosis
(P=0.2). In 46 patients (53%), the treatment was changed,
a new treatment was introduced in 35 (40.2%) patients and
medications were withdrawn in 17 (19.5%) patients.

Twenty-five (28.7%) patients had complications related
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Table 1 Baseline characteristics
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Variables Total (n=87) Group 1 (n=54) Group 2 (n=33) P value

Age (years) 47.4+12.6 47.0+13.2 47.9+11.7 0.76

Male gender 55 (63.2) 37 (68.5) 18 (54.5) 0.25

Comorbidities
Arterial hypertension 45 (561.7) 28 (51.8) 17 (51.5)

Diabetes mellitus 22 (25.3) 15 (27.8) 7(21.2)
Heart failure 7 (8.0) 3 (5.5) 4(12.1)

Time between transplant and OLB (years) 2.5(1.0-8.8) 3.9 (1.1-9.0) 1.4 (0.8-3.0) 0.05

Deceased donor 58 (66.7) 33 (61.1) 25 (75.7) 0.24

Kidney-pancreas transplant 7 (8.0) 4(7.4) 3(9.1) 1.0

Current immunosuppression - - - 0.4
TAC + PRED + MF 30 (34.5) 15 (27.8) 15 (45.5)

TAC + PRED 11 (12.6) 7(13) 4(12.1)
AZA + TAC + PRED 10 (11.5) 7(13) 3(9.1)

MF + PRED 9(10.3) 4(7.4) 5(15.2)
Others 27 (31.0) 21 (38.9) 6(18.2)

Previous acute rejection 17 (19.5) 9(16.7) 8(24.2) 0.4
Time rejection-OLB (days) 195.1+197.7 246.3+226.2 129.1+£142.9 0.25
Time of symptoms (days) 30 (12.0-41.0) 17 (9.0-28.5) 6 (3.0-17.5) 0.02
SAPS3 45.7+10.8 40.7+9.0 53.8+8.3 <0.001
SOFA 3 (2.0-6.0) 2 (1.0-3.0) 7 (5.0-8.0) <0.001
ARDS diagnosis 17 (19.5) 0(0.0) 17 (51.5) <0.001

Main CT scan findings* 0.09
Ground glass opacities 30 (34.5) 13 (24.1) 17 (563.1)

Nodular pattern 27 (31.0) 20 (37.0) 7 (21.9
Consolidation 9(10.3) 7 (13.0) 2(6.3)
Reticular pattern 4 (4.6) 2 (3.7) 2 (6.3)
Cystic pattern 3(3.4) 3(5.6) 0(0.0)
Others 13 (14.9) 9(16.7) 4(12.5)
Previous bronchoscopy 33 (37.9) 26 (48.1) 7 (1.2 0.01

*, one patient did not undergo chest CT scan. The results are expressed as number (%) or median (IQR, 25-75%) or mean +SD. Chi-
squared test, Mann-Whitney U-test, and Student’s t-test, as appropriate. ICU, intensive care unit; OLB, open lung biopsy; TAC, tacrolimus;
PRED, prednisone; AZA, azathioprine; MF, mycophenolate; SAPS 3, simplified acute physiology score 3; CT, computed tomography; SD,

standard deviation.
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Table 2 Results of the open lung biopsy

Diagnosis N (%)
Specific diagnosis 74 (85.1)
Infection 59 (67.8)
Bacterial 25 (28.7)
Tuberculosis 19 (21.8)
Bacterial pneumonia 5(.7)
Nocardiosis 1(1.1)
Fungal 33 (37.9)
Pneumocystosis 14 (16.1)
Cryptococcosis 5(5.7)
Aspergillosis 8(9.2)
Histoplasmoses 6 (6.9)
Viral 4 (4.5)
CMV 4 (4.5)
Neoplasia 4 (4.5)
Lymphomatoid granulomatosis 1(1.1)
Posttransplant lymphoproliferative disease 1(1.1)
Adenocarcinoma 2.3
Others 11 (12.6)
Organizing pneumonia 11 (12.6)
Nonspecific 13 (14.9)
Diffuse alveolar damage 3 (3.4)
Diffuse alveolar hemorrhage 1(1.1)
Inconclusive 9(10.4)

The results are expressed as number (%). CMV, cytomegalovirus.

to the OLB (Table 3). The presence of complications was
associated with a higher mortality rate (44% vs. 17.7%,
P=0.01). There was a higher number of complications in
patients from Group 2, although there was no statistical
significance (39.4% wvs. 22.2%, P=0.09). Overall, the SOFA
score increased after the procedure (4.0£3.1 vs. 5.3+3.4,
P<0.001). The changes in the SOFA score were similar in
both groups [Group 1: 1.0 (0.0-2.0); Group 2: 0.0 (0.0-1.5);
P=0.29].

The hospital mortality rate was 25.2%, and the rate
was higher in Group 2 than in Group 1 (45.5% wvs. 13%,
P=0.001). One patient in Group 2 died in the first 24 hours
after the procedure from sepsis-related multiple organ

© Journal of Thoracic Disease. All rights reserved.

Tomotani et al. Open lung biopsy in kidney transplant patient

dysfunctions. The univariate analysis of risk factors for
hospital mortality is shown in Table S2 in the ESM. Age, the
SAPS3 score and complications related to the procedure
were independent predictors of all-cause hospital mortality
in the multivariable regression model (7able 4).

Discussion

In our single center and observational study, the OLB
was successful in reaching specific diagnoses in kidney
transplant patients with undiagnosed diffuse pulmonary
infiltrates and who failed to respond to empiric antibiotic
treatment. However, OLB complications were common and
were associated with increased hospital mortality.

The diagnostic yield of OLB, which does not specifically
address solid organ transplant patients, ranges between
34% and 100% (16,17,19,28-41). In solid organ transplant
patients, Defranchi et 4l. reported that 29% had a change
in clinical management as a result of the OLB findings (16).
In a heterogeneous group of immunocompromised
patients with acute respiratory distress syndrome of
unknown etiology, the biopsy resulted in major changes in
management in 89% of the patients (39). Our study, which
was conducted exclusively in kidney transplant recipients,
showed that OLB resulted in a specific diagnosis in 85%
of the patients and led to changes in treatment in 53% of
the patients. The variability of OLB in impacting clinical
management among these studies may be secondary to a
number of methodological factors, including the use of a
convenience sampling, the differences in study populations,
the criteria used to define specific diagnoses and changes
in treatment. We should also consider differences in the
settings and time-dependent changes in management, as
some of these studies are outdated.

The high rate of specific diagnoses and the changes
in treatment with an OLB can be partially attributed to
infection as a major cause of the pulmonary disease in our
study. This finding was expected, as infection is highly
prevalent among immunosuppressed patients who have
undergone solid-organ transplantation (16). Others factors
that could explain the high rates of infection are regional
epidemiological characteristics, such as endemic infectious
diseases (42), and the lack of laboratory assays utilizing
molecular techniques or antigen detection that could
facilitate early diagnosis and avoid invasive procedures (6).
Another reason for our high rate of specific diagnosis
is the low percentage of patients submitted to flexible
bronchoscopy with BAL and TBB prior to OLB. In clinical
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Table 3 Clinical outcomes
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Variable Total (n=87) Group 1 (n=54) Group 2 (n=33) P value
OLB complications 25 (28.7) 12 (22.2) 13 (39.4) 0.086

Major bleeding 7 (8.0) 4(7.4) 3(9.1)

Increase in vasopressor requirement 6 (6.9) 1(1.8) 5(15.1)

Reoperations for surgical complications 4 (4.6) 2 (3.7) 2 (6.1)

Myocardial infarction 1(1.1) 1(1.8) 0(0.0)

Persistent air leak 9(10.3) 4 (7.4) 5(15.1)

Surgical wound complications 4 (4.6) 3(5.5) 1(3.0)

New chest drainage 2 (2.3) 2 (3.7) 0 (0.0)

Other late complications 3(3.4) 1(1.8) 2(6.1)
Length of ICU stay (days) 5(2.0-14.0) 2 (2.0-5.0) 15 (9.0-31.5) <0.001
Change in therapy 46 (52.9) 14 (42.4) 32 (59.3) 0.13
Hospital mortality 22 (25.3) 7(13) 15 (45.5) 0.001

The results are expressed as number (%) or median (IQR, 25-75%). Chi-squared test and Mann-Whitney U-test, as appropriate. OLB,

open lung biopsy; ICU, intensive care unit.

Table 4 Variables associated with hospital mortality

Variables OR (95% Cl) P value
OLB complications 0.20 (0.05-0.82) 0.025
Age 1.10 (1.03-1.18) 0.003
SAPS3 1.17 (1.07-1.29) <0.001

Forward LR stepwise multiple logistic regression model. Final
model was tested with Hosmer-Lameshow Goodness-of-fit
test (P=0.12). OR, odds ratio; Cl, confidence interval; SAPS3,
simplified acute physiology score 3; LR, likelihood ratio.

practice the number of patients submitted to flexible
bronchoscopy prior OLB may be less than expected (43-46).
Some of the potential explanations include lesions
localization, conditions that could increase the risk of
complications such as high levels of positive end-expiratory
pressure, risk of bleeding, and pulmonary hypertension,
and the general believe in the low diagnostic yield of the
procedure (43).

Actually, the overall diagnostic yield of flexible
bronchoscopy is variable, ranging from 30% to 73% in
solid organ transplant recipients; it is generally highest
for pneumonia caused by Preumocystis and lowest for
mycobacterial or fungal etiologies (47). However, recent
studies suggest that flexible bronchoscopy has a high
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diagnostic yield in immunocompromised patients with
pulmonary infiltrates (48-50). Some studies suggest a
higher diagnostic yield with OLB compared to flexible
bronchoscopy, most of them old studies including patients
previously submitted to TBB (36,51-53). In AIDS
patients, OLB had a higher chance of reaching a specific
diagnosis and changing therapy, as compared with the
flexible bronchoscopy (40). Moreover, the diagnostic
yield of flexible bronchoscopy may be lowest in critically
ill patients, in exams performed late in the course of
pulmonary infiltrates assessment and after initiation of
antimicrobial therapy (47). There is a general belief that
OLB should be the preferred method for lung biopsy
in kidney transplant recipients with severe respiratory
impairment (54). Actually, the likelihood that a procedure
provides the information needed to establish a diagnosis
probably depends on the diagnostic workup used by
pathologists and microbiologists rather than on the
methods used to obtain the tissue sample (54).

We need to take into account the risk associated with
OLB in this population and balance both the potential
benefits and risks. In our study, 28.7% of the patients had
OLB complications, a finding that was similar to a solid
organ transplant patient study (28%) (16). A recent meta-
analysis demonstrated that the complication rate for an
OLB in ARDS patients was 22% (55). Clearly, the different
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definitions of complications and population heterogeneity
preclude direct comparisons among these studies. OLB
complications occurred more frequently in patients with
acute respiratory failure in our study, although there was
no statistical significance. A similar finding was reported in
patients with diffuse pulmonary infiltrates (31). Previous
reports describing the high mortality in patients who
underwent an OLB has raised safety concerns regarding the
procedure (22). We found that OLB complications were
independently associated with intra-hospital mortality.
Our results suggest that this is a procedure that should be
considered only after all other diagnostic attempts have
failed. However, it is important to state that our study
design does not allow for the assessment of causality.

Although we included only kidney transplant recipients,
our study has two different group of patients. The group of
patients admitted to the ICU with acute respiratory failure
who underwent an OLB was more severely ill, had a shorter
duration of symptoms and half of the patients fulfilled the
diagnostic criteria for ARDS. These patients had a higher
mortality rate than those admitted after an elective OLB.
This finding was expected as a retrospective study showed
that the 28-day mortality in kidney transplant patients with
ARDS can reach up to 52.1% (56). These findings suggest
that, for patients with acute respiratory failure, invasive
diagnostic techniques should be conducted early in the
clinical course before the patient’s condition progresses to a
point where such procedures can no longer be performed.
The OLB is justified to enhance the chance for effective
therapy and to minimize side effects (6). Although we did
not assess the impact of an OLB on mortality, survival
improved in ARDS patients when an OLB led to definitive
diagnoses and changes in the treatment (57). It is important
to note that patients with specific diagnoses had lower
mortality rates in our study, although there was no statistical
significance.

Our study has some strength. In contrast to other studies
that evaluated the role of OLBs in a heterogeneous group
of immunosuppressed patients, we included a consecutive
larger sample of kidney transplant patients. We studied
two different groups of patients, which included patients
who electively underwent an OLB and those in the ICU
with acute respiratory failure. However, there are also
several limitations. First, our study is a single center and
retrospective study. Second, the preliminary investigation
of pulmonary disease and the indication for an OLB was
not standardized. We do not know the reasons why some
patients were submitted to OLB before been submitted to
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bronchoscopy. In settings with widespread use of molecular
diagnostics tools along with a systematic use of flexible
bronchoscopy, the type of patient who still has a non-
diagnostic workup and proceeds to OLB might be quite
different, with different diagnostic yield and procedural
risk. Thus, the generalizability of our results may be
limited. Third, we did not have a control group of patients
in whom empirical treatment was continued without an
OLB or a control group of patients submitted only to
flexible bronchoscopy. Thus, our paper was not able to
address a common clinical conundrum, namely: should
kidney transplant patient with diffuse lung disease go to
open lung biopsy (OLB)? Fourth, a minimally invasive form
of thoracic surgery (percutaneous transthoracic lung biopsy
or video assisted thoracoscopic surgery) was not evaluated
in our study.

Conclusions

In conclusion, the aspect most worth highlighting in our
study is the risk associated with OLB in kidney transplant
patients with diffuse pulmonary infiltrates, who did not have
definitive diagnoses, and who failed to respond to empiric
treatment. The complications related to the procedure were
common and were independently associated with intra-
hospital mortality. This is particularly relevant in settings
where flexible bronchoscopy is not performed systematically
prior to OLB. As expected, OLB has high diagnostic yield
in this population.
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Supplementary

The diagnostic yield and complications of open lung
biopsies in kidney transplant patients with pulmonary
disease—routine diagnostic tests used to investigate
infectious lung diseases

The indication for OLB is not written in our center’s
protocol. However, invasive diagnostic methods are usually
indicated for all patients with deteriorating clinical or
radiologic conditions despite previous investigation and
empirical wide-spectrum antibiotics*. Preoperative workup
includes the following exams:

+ Blood culture;

% Sputum (or suctioned secretions) culture;

% Sputum (or suctioned secretions) samples examined

for tuberculosis, fungi, and helminths;
% Legionella urinary antigen test;
% Immunofluorescence for respiratory viruses;

< PCR for Influenza A and B;

% PCR and antigenemia for CMV;

% Serum cryptococcal antigen;

% Serological tests to detect fungal infections.

Fiber-optic bronchoscopy with BAL and transbronchial
biopsy is the first invasive diagnostic method option. Open
lung biopsy is reserved for cases in which the attending
physician judge that flexible bronchoscopy would have a low
diagnostic yield or bronchoscopy is not indicated because of
the localization of the lesions, or because of the presence of
conditions that could increase the risk of complications (high
levels of positive end-expiratory pressure, risk of bleeding,
and pulmonary hypertension).

*, empirical antibiotic therapy is based on clinical and
radiological presentation, epidemiological factors, and
previous prophylactic treatments.

Table S1 Comparison of the results of the transbronchial biopsy, BAL and open lung biopsy

Patient number TBB BAL OLB

1 Inconclusive Inconclusive Cryptococcosis

2 Inconclusive Streptococcus viridans Aspergillosis

3 Not performed Inconclusive Inconclusive

4 Inconclusive Inconclusive Nocardiosis

5 Organizing pneumonia Inconclusive CMV disease

6 Inconclusive Streptococcus viridans/Candida kefyr CMV disease/Tuberculosis

7 Inconclusive Coagulase-negative staphylococci Histoplasmosis

8 Inconclusive Pseudomonas aeruginosa Cryptococcosis

9 Inconclusive Inconclusive Tuberculosis

10 Inconclusive Inconclusive Organizing pneumonia

Rl Not performed Inconclusive Organizing pneumonia

12 Inconclusive Inconclusive Pneumocystosis

13 Inconclusive Tuberculosis Tuberculosis

14 Diffuse alveolar damage Candida albicans Organizing pneumonia

15 Inconclusive Moraxella species/Haemophilus species CMV disease

16 Inconclusive Coagulase-negative staphylococci/Candida albicans Pneumocystosis

17 Inconclusive Inconclusive Organizing pneumonia

18 Inconclusive Inconclusive Inconclusive

19 Organizing pneumonia Candida guilliermondii/Coagulase-negative staphylococci Bacterial pneumonia with lung
abscess

20 Organizing pneumonia Moraxella species/Streptococci viridans Tuberculosis

21 Organizing pneumonia Inconclusive Necrotizing pneumonia

22 Aspergillosis Inconclusive Aspergillosis

23 Inconclusive Inconclusive Tuberculosis/Histoplasmosis

24 Inconclusive Tuberculosis Tuberculosis

25 Inconclusive Tuberculosis Tuberculosis

26 Inconclusive Candida albicans Diffuse alveolar damage

27 Inconclusive Inconclusive Tuberculosis/Histoplasmosis

28 Inconclusive Inconclusive Tuberculosis

29 Inconclusive Inconclusive Organizing pneumonia

30 Inconclusive Candida albicans Tuberculosis

31 Inconclusive Tuberculosis/Streptococcus viridans Tuberculosis

32 Inconclusive Inconclusive Aspergillosis

33 Inconclusive Candida albicans/Streptococcus viridans PTLD

TBB was not performed in one patient because of low plaquettes count. TBB, transbronchial lung biopsy; BAL, bronchoalveolar lavage;
OLB, open lung biopsy; PTLD, posttransplant lymphoproliferative disease; CMV, cytomegalovirus.



Table S2 Univariate analysis of factors associated with in-hospital mortality

Variable Survivors (n=65) Non survivors (n=22) P value
Male gender 42 (64.6) 13 (69.1) 0.642
Age (years) 44.6+11.2 55.4+13.2 <0.001
Median time from symptoms (days) 22 (11.0-38.0) 28 (17.0-38.0) 0.642
ICU admission for acute respiratory failure 18 (27.7) 15 (68.2) 0.001
Previous bronchoscopy 27 (41.5) 6 (27.3) 0.233
Deceased donor 40 (61.5) 18 (81.8) 0.081
Time from transplantation to OLB (years) 2.8 (1.0-8.8) 1.8 (1.0-8.5) 0.756
Combined kidney-pancreas transplant 7 (10.8) 0 (0.0) 0.184
Kidney retransplantation 9(13.8) 0(0.0) 0.104
Treatment for acute rejection 13 (20.0) 4(18.2) 1.000
Median time from acute rejection to OLB (days) 200.4+210.4 179.0+£180.6 0.859
SAPS 3 42.5+9.4 55.1+9.2 <0.001
Pre-OLB SOFA 3.4+2.7 5.8+3.6 0.001
Delta SOFA 1(0-2.0) 1(0-2.25) 0.757
ARDS diagnosis 10 (15.4) 7 (31.8) 0.121
PaO,/FiO, 174.8 £ 50.5 182.0+56.4 0.786
OLB complications 14 (21.5) 11 (50.0) 0.011
Specific diagnosis 56 (86.2) 18 (81.8) 0.731
Change in therapy 36 (55.4) 10 (45.5) 0.420
Median length of ICU stay (days) 10.2+18.9 17.9+17.2 0.095

The results are expressed as number (%) or median (IQR, 25-75%) or mean + SD. Chi-squared test, Mann-Whitney U-test, and Student’s
t-test (univariate analysis) as appropriate. OLB, open lung biopsy; SAPS 3, simplified acute physiology score 3; SOFA, Sequential Organ
Failure Assessment; ARDS, acute respiratory distress syndrome; PaO,/FiO,, ratio of partial pressure of arterial oxygen to fraction of
inspired oxygen; ICU, intensive care unit; SD, standard deviation.



