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Abstract
Purpose: To assess the benefit-to-risk balance of bronchoalveolar lavage (BAL) in intensive care unit (ICU) patients.

Methods: In 16 ICUs, we prospectively collected adverse events during or within 24 h after BAL and assessed the BAL
input for decision making in consecutive adult patients. The occurrence of a clinical adverse event at least of grade
3,ie, sufficiently severe to need therapeutic action(s), including modification(s) in respiratory support, defined poor
BAL tolerance. The BAL input for decision making was declared satisfactory if it allowed to interrupt or initiate one or
several treatments.

Results: We included 483 BAL in 483 patients [age 63 years (interquartile range (IQR) 53-72); female gender: 162
(33.5%); simplified acute physiology score Il: 48 (IQR 37-61); immunosuppression 244 (50.5%)]. BAL was begun in non-
intubated patients in 105 (21.7%) cases. Sixty-seven (13.9%) patients reached the grade 3 of adverse event or higher.
Logistic regression showed that a BAL performed by a non-experienced physician (non-pulmonologist, or intensivist
with less than 10 years in the specialty or less than 50 BAL performed) was the main predictor of poor BAL tolerance
in non-intubated patients [OR: 3.57 (95% confidence interval 1.04-12.35); P=0.04]. A satisfactory BAL input for deci-
sion making was observed in 227 (47.0%) cases and was not predictable using logistic regression.

Conclusions: Adverse events related to BAL in ICU patients are not infrequent nor necessarily benign. Our findings

call for an extreme caution, when envisaging a BAL in ICU patients and for a mandatory accompaniment of the less
experienced physicians.
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Introduction

Bronchoalveolar lavage (BAL) performed during fiber-
optic bronchoscopy can help in diagnosing a vast array
of lung diseases [1, 2]. In the intensive care unit (ICU), it
is often performed in patients with acute respiratory fail-
ure. The main risk brought by fiberoptic bronchoscopy in
the critically ill is the worsening of hypoxemia [2—4], but
in the few studies focused on fiberoptic bronchoscopy
tolerance and comprising a significant number of BAL
performed in ICU patients, BAL has been considered
well tolerated in most of the cases [5—-11]. Meanwhile,
as less invasive diagnostic methods exist or are emerging
(high-resolution CT scan imaging, molecular microbio-
logical diagnosis on nasopharyngeal swab, or on tracheal
aspirates, etc.), the real utility of BAL for the diagnosis
of pulmonary diseases encountered in the ICU may be
questioned. In immunocompromised patients who rep-
resent a large proportion of patients undergoing BAL
in the ICU, the diagnostic yield of BAL was reported to
be rather low compared to a less invasive approach [12].
Therefore, estimating the benefit-to-risk balance of BAL
in the critically ill would be an appreciable adjunct for
decision making, when BAL is envisaged.

The objectives of this prospective, non-interventional,
multicentre cohort study were to count and describe the
adverse events observed during and after BAL in the crit-
ically ill to estimate the proportion of patients for whom
the BAL fluid analysis allowed therapeutic decision(s)
and to search for predisposing factors for either harm or
benefit.

Methods

The study took place in 16 French medical-surgical ICUs
(from public, university-affiliated [#=10] or non-univer-
sity hospitals [#=6]) from April 4, 2017 to October 2,
2018, complied with French law for observational stud-
ies, was approved by the Comité de Protection des Person-
nes (Approval number: 17.02.08) and was registered with
clinicaltrials.gov (NCT03098888). Patients or next-of-kin
and physicians who performed the BAL gave informed
consent.

Patients were included if (1) they had an indication to
undergo a BAL as decided by their attending intensiv-
ist, (2) cellular analysis of BAL fluid by a pathologist was
planned, and (3) consent had been obtained. Pregnant
women and patients under 18 years of age were excluded.
Mini-BALs, BALs performed without bronchoscopy and
BAL without cellular analysis by a pathologist were not
allowed. Patients were included at time of their first BAL
during the ICU stay.

Each center was asked to include at least 15 patients
and a maximum of 60 patients. We planned to include

Take-home message

In the critically ill, bronchoalveolar lavage (BAL) is an aid for deci-
sion making in less than 50% of the cases and is associated with
frequent, sometimes serious adverse events. Adverse events and
bronchoalveolar fluid of poor quality are observed more frequently,
when BAL is performed by the less experienced physicians.

500 patients and BALs (see Online Resource 1 for sam-
ple size considerations).

Measurements and data collection

Data were recorded using paper case report forms
filled in by local investigators and/or study nurses and
then digitalized in the coordinating center (Orléans).
There was no on-site monitoring, but centers could be
queried for clarification after centralized checking of
data for completeness and consistency. The study was
strictly non-interventional and physicians were asked
not to modify their usual practice.

We recorded the specialty (pulmonologist or inten-
sivist) of the physician performing the BAL. The physi-
cian’s experience in terms of years in the specialty (<5;
5-10; >10 years) and of number of BAL performed
(<30; 30-50; >50) was recorded. We defined the phy-
sician performing the BAL as an “experienced physi-
cian” when he/she was a pulmonologist or when he/
she was an intensivist with the greatest experience (i.e.,
> 10 years in the specialty or > 50 BAL performed), con-
sidering that pulmonologists, by virtue of their spe-
cialty, are sufficiently trained in the practice of BAL. We
collected patients’ characteristics at inclusion, includ-
ing demographics, time spent in ICU before BAL, exist-
ence of acute respiratory failure before BAL or not,
according to the attending intensivist’s judgment, Sim-
plified Acute Physiology Score (SAPSII) [13], tobacco
use, underlying respiratory diseases, immunosuppres-
sion, and use of anticoagulant or antiplatelet therapy.
We recorded the indication(s) of BAL, vital signs before
BAL (respiratory rate [RR], heart rate [HR], blood pres-
sure [BP]), and arterial blood gases, blood lactate, and
pulse oximetry (SpO,) within the past 6 h. Type of res-
piratory support used, body temperature, BP, HR, RR,
and SpO, were collected at the beginning of bronchos-
copy and at 1, 6, 12, and 24 h, thereafter. The amounts
of fluid instilled for BAL and recovered were recorded.
If sampled, arterial blood gases corresponding to the
lowest PaO,/inspired fraction of oxygen (FiO,) ratio
within 24 h after BAL were also recorded. For patients
under oxygen therapy other than high-flow nasal can-
nula oxygen therapy (HFNC), the FiO, value was
derived from oxygen flow rate [14].



465

Adverse events collection

BAL respiratory tolerance was first assessed by record-
ing the need for modification(s) in respiratory support
as previously described [8] from the beginning of bron-
choscopy to 24 h after, including need of tracheal intuba-
tion, increase by more than 50% in oxygen flow rate, or
use of HFNC in patients under standard oxygen therapy,
increase by more than 20% in gas flow rate or FiO, in
patients initially under HENC, need of non-invasive ven-
tilation (NIV) in patients who initially had no mechani-
cal respiratory support and increase by more than 20%
in inspiratory pressure support or in positive end-expir-
atory pressure or in FiO,, in patients initially treated by
NIV. We added to this list the following events: increase
by more than 20% in inspiratory pressure support or in
positive end-expiratory pressure or in FiO,, or need
of extracorporeal membrane oxygenation therapy in
patients initially treated by invasive mechanical ventila-
tion, and need for switching from pressure support mode
to volume-controlled mode in patients with mechanical
respiratory support.

In addition, the investigators were asked to declare all
clinically significant drops in SpO, and all other clinically
significant events occurring during the 24 h following the
beginning of the bronchoscopy/BAL procedure.

All events were categorized in five grades of increasing
severity (see Table 1).

BAL fluid quality

Pathologists assessed the quality of the BAL fluid. A BAL
fluid containing more than 5% of bronchial (squamous
or ciliated epithelial) cells or less than 50,000 cells/ml or
that was judged non interpretable for other reasons was
said of “poor quality” Otherwise, the BAL fluid was con-
sidered of “good quality”.

Table 1 Classification of adverse event severity

Definitions

BAL input for therapeutic decisions

The attending intensivists were asked, after having col-
lected all analyses made on BAL fluid, to categorize the
BAL according to the highest degree of usefulness it had
reached: Class 1, of no help; Class 2, in line with (but not
definitively confirming) a diagnosis already mentioned;
Class 3, suggesting a diagnosis not previously envisaged;
Class 4, allowing to interrupt one or several treatments;
or Class 5, bringing definitive diagnosis and/or allowing
the initiation a new therapy.

Statistical analysis

Categorical variables are expressed as counts and per-
centages. Continuous variables are expressed as median
and interquartile range (IQR) or mean and SD. Variables
were compared between groups using x* test, Fisher
exact test, Kruskal-Wallis rank sum test, Mann—Whit-
ney U test, one-way analysis of variance, or ¢ test when
appropriate.

For multivariable analyses, missing values were
replaced using multiple imputation by chained equations,
and 100 imputed datasets were pooled and analysed.

Multivariable logistic regressions with centers han-
dled as random effect variable were used to identify pre-
dictors of “poor tolerance” (defined as the occurrence
of at least one adverse event of grade 3 or higher dur-
ing the 24 h-period of the study), and of “good useful-
ness” (degree of usefulness of Class 4 or 5) (See Online
Resource 1 for detailed methods of variables/models
selection).

Regarding BAL tolerance, predictors were also
searched in the framework of an ordinal regression
model (proportional odds model) [15] with mixed effects,
using the highest grade of adverse event reached by each
patient (as defined in Table 1) as an ordered categori-
cal outcome. Odds ratios (OR) are given with their 95%

Grade 0 No adverse event (for coding and analysis purpose, grade allocated to patients with no adverse event)

Grade 1 Isolated drop in SpO, during BAL with no need of change in respiratory support (no change in oxygen flow rate or in FiO, or in ventilator
settings)

Grade 2 Need of change in respiratory support (excluding intubation) but no clinically significant respiratory event declared, or clinical adverse
events that did not lead to changes in therapy, regardless they were judged related or not to the BAL procedure

Grade 3 Clinical adverse events that led to change(s) in therapy, including clinically significant respiratory events that need modification(s) in
respiratory support, regardless they were judged related or not to the BAL procedure

Grade 4 Life-threatening conditions (e.g., need of emergent tracheal intubation; shock with need of vasopressor therapy, bradycardia, ventricular
arrhythmia, resuscitated cardiac arrest, etc))

Grade 5 Death within 24 h

BAL bronchoalveolar lavage, FiO, inspired fraction of oxygen, SpO, blood oxygen saturation measured by pulse oximetry
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confidence intervals (95% CI). Logistic regressions were
re-run in pre-specified subgroups: patients under inva-
sive mechanical ventilation or not; BAL performed only
for suspicion of hospital-acquired lung infection, or not.

The time courses of RR, HR, BP, and SpO,, from BAL
time (HO) to 24 h after BAL, were compared between
types of respiratory support used at time of BAL in the
framework of distinct linear mixed models, adjusting
for initial PaO,/FiO, ratio and SAPSII, and patients han-
dled as random effect. In these analyses, p values were
adjusted for multiple comparisons using the Tukey’s test.

All analyses were conducted using R software 3.6.0
(http://www.R-project.org). A two-side p value <0.05
indicated statistical significance.

Results

Among the 1234 BAL performed during the study
period, 483 BAL in 483 patients were included (Fig. 1).
One-third (163/483 [33.7%]) were performed in patients
with chronic pulmonary disease(s) and one half (244/483
[50.5%]) in patients with immunosuppression. Fifty six
(11.6%) were begun under standard oxygen therapy
(with either standard nasal cannula, non-rebreathing,
or rebreathing mask), 45 (9.3%) under HENC, 4 (0.8%)
under NIV, and 378 (78.3%) under invasive mechanical
ventilation. BAL was predominantly performed by inten-
sivists (252/378 [66.7%]) when patients were intubated,
and by pulmonologists (74/105 [70.5%]) otherwise. For
one-third of BAL performed under invasive mechani-
cal ventilation, the only indication was the suspicion
of ventilator-associated pneumonia (125/378 [33.1%]).
Other characteristics of patients and BAL are exposed in
Table 2.

Adverse events

A total of 224 (46.4%) patients needed modification of
the respiratory support within the 24 h after the begin-
ning of BAL, including eight (16.3%) intubations in the
HENC/NIV group and one (1.7%) in the standard oxygen
therapy group. Percentages of patients needing change
in the type of respiratory support are shown in Table S2
Online Resource 1. A total of 710 adverse events of any
grade were observed (Table 3).

Sixty-seven (13.9%) patients reached the grade 3 of
adverse event or higher in the whole population. More
patients in the HFNC/NIV group (17/49 [34.7%]) and in
the standard oxygen therapy group (16/56 [28.6%]) did so
compared to the invasive mechanical ventilation group
(34/378 [9.0%]) (p <0.001).

Grade 3 adverse events occurred more frequently in
non-intubated than in intubated patients (33/105 [31.4%]
vs 34/378 [9.0%]; p<0.0001) (Fig. 2). In non-intubated
patients, the percentage of Grade 3 adverse events was

31619
Patients hospitalized during
the study period

)

1234
Bronchoalveolar lavages
performed?

)

523
Patients and
bronchoalveolar lavages

included®

40 not analysed (inclusion criteria not

fulfilled)
39 with no cellular analysis (including 4
with only mini-BAL performed)
1 with age <18 yrs

v
483

Patients and
bronchoalveolar lavages
analysed

Fig. 1 Study flow chart.a Among the 1234 bronchoalveolar lavages
(BAL) performed during the study period, we did not record whether
they comprised cellular analysis by a pathologist or if they were
mini-BAL or BAL performed with or without bronchoscopy. b Patient
recruitment exceeded the 500 expected, because we anticipated a
number of non-workable case report forms

47.1% (8/17) when BAL was performed by a non-expe-
rienced physician versus 28.4% (25/88) otherwise, but
the difference did not reach statistical significance due to
small subsets sizes. Logistic regression showed a strong
interaction between the variables “invasive mechani-
cal ventilation” and “experienced physician” (p <0.0001)
(Table S3). In the subset of non-intubated patients, a
BAL performed by a “non-experienced physician” was
significantly associated with an increased risk of grade
3 adverse events occurrence (OR: 3.57 [1.04-12.35];
p=0.04) (Table S4). Logistic regression disclosed no sig-
nificant predictor of grade 3 adverse events in the inva-
sive mechanical ventilation group (data not shown).
Proportional odds model analysis performed on
the whole population also showed a strong interac-
tion between the variables “invasive mechanical ven-
tilation” and “experienced physician” (p<0.0001)
(Table S5). In the subset of non-intubated patients,
a BAL performed by a non-experienced physician
was significantly associated with an increased risk of
adverse events (OR: 1.53 [1.01-2.34]; p=0.04) and
SpO, below 94% within 6 h before BAL, when entered
as restricted cubic splines, placed the patients at risk
of adverse events of grade 3 or higher (Figure S1). No
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Table 2 Patients characteristics stratified by type of respiratory support at the beginning of bronchoscopy for BAL

Male sex?

Age (years)®

SAPSII

Acute respiratory failure

Acute respiratory failure for less than 5 days

ICU length of stay before BAL <5 days

Underlying respiratory diseases
Cigarette smoking
Chronic restrictive pulmonary disease
Chronic obstructive pulmonary disease
Asthma
Home oxygen therapy
Sleep apnea syndrome
Home positive pressure ventilation
Immunosuppression
All causes
Active solid organ cancer
Hematological malignancy

Radiotherapy or chemotherapy within the past
6 months

Neutropeniaf

HIV-positive

Solid organ transplantation

Corticosteroid therapy

Others immunosuppressive drugs
Anticoagulant therapy

Curative anticoagulant therapy?

Anticoagulant therapy for venous thromboembo-
lism prevention

Antiplatelet therapy (including aspirin)
Indications for BAL"

Community-acquired pneumonia

Suspicion of hospital-acquired lung infection

Including hospital- or ventilator-associated pneu-

monia as the sole indication

Suspicion of diffuse parenchymal lung disease
Lung infiltrate of possible non-infectious origin
Other indication

Arterial blood gas analysis within 6 h before BAL
pH
PaCO, (mmHg)
PaO, (mmHg)
PaO,/FiO, ratio

Initial clinical characteristics
Lowest SpO, (%) within 6 h before BAL
Highest respiratory rate within 6 h before BAL

Standard oxygen therapy Nasal high-flow oxygen

N=56

1(554)
4 (53-69)
34 (28-45)
5 (80.4)
0(53.6)

46 (82.1)

11(19.6)
4(7.1)
8(14.3)
6(10.7)
0
6(10.7)
2(3.6)

34 (60.7)
6(10.7)

19 (33.9)
22(393)

6(10.7)
3(54)
10(17.9)
13(232)
15(26.3)

9(15.8)
7(30.4)

7(12.3)

25 (44.6)
1(19.6)
6(10.7)

20(35.7)

17 (30.4)

7(125)

Missing values:n=11
745 (742-747)

35.0 (31.6-40)

73.0 (64.8-89)

203 (147-326)'

95 (91-97)
27 (23-30)

therapy or non-invasive
ventilation
N=49°
2(65.3)
8 (56-73)
40 (32-45)
9 (100)
9(59.2)

42 (85.7)

8(16.3)
4(8.2)
13 (26.5)
2(4.1)
1)
3(6.1)
2(4.0)

36 (73.5)
10 (20.4)
14 (28.6)
15 (30.6)

6(122)
1)
9(184)
4(28.6)
24 (49)

4(82)

27 (55.1)
8(16.3)
2(4.0)

29(59.2)

11 (224)

482

Missing values:n=1
746 (7.43-7.48)
36.6 (32.5-41)
75.00 (59.8-97.4)
135 (102-183)

93 (90-96)

25(23-31)
Missing values:n=2

Invasive mechani-
cal ventilation
N=378

258 (68.3)
63 (53-72)
51 (40-63)
359 (95)

198 (52.4)
Missing values:n=1

221 (585)
Missing values:n=1

112 (296)
41(108)
77 (204)
1(2.9)
14 (3 7)
1(8.2)
24 (6 3)
174 (46)
48(12.7)
63(16.7)
77 (20.4)

68 (18)
154 (40.7)

75 (19.9)

141 (37.3)
202 (53.4)
125 (33.1)

104 (27.5)

72 (19)

42(11.1)

Missing values:n=13
7.38(7.31-7.45)

42 (37.0-50.9)

80.6 (67-98)

150 (103-228)

95 (91-98)

25(22-32)
Missing values:n=3

p value®

0.16
047
<0.01
<0.01
0.90

<0.01

0.06
0.62
0.30
0.02
0.30
0.69
061

<0.01

0.27
<0.01
<0.01

0.17
0.56
0.16
0.23
<0.01

047
0.27

0.07

0.04
<0.01
<0.01

<0.01
0.14
0.77

<0.01
<0.01

0.07
<0.01

0.11
0.95
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Table 2 (continued)

Standard oxygen therapy
N=56

Nasal high-flow oxygen
therapy or non-invasive

Invasive mechani-
cal ventilation

p value®

ventilation N=378
N=49"
Blood lactate (mmol/Il) within 6 h before BAL 1.3(0.8-1.8) 1.3(0.9-1.8) 15(1.1-2.2) 0.02
Missing values:n=17 Missing values: n=6 Missing values:n=37
Vital signs at HO
Body temperature (°C) 374 (1) 374(0.8) 37.3(1.1) 0.85
Missing values:n=3 Missing values:n=2 Missing values:n= 12
Respiratory rate (cycles/min) 24 (6) 25 (6) 24 (8) 0.74
Missing values:n=1 Missing values:n=15
Heart rate (b./min) 100 (22) 98 (22) 99 (23) 0.91
SpO, (%) 96 (4) 97 (3) 97 (7) 047
Missing values:n=1 Missing values:n=4
Mean arterial blood pressure (mmHg) 91 (19) 86 (18) 78 (16) <001
Missing values:n=2
BAL procedure
Amount of fluid instilled (ml) 150 (100-150) 150 (120-150) 150 (100-150) 0.15
Missing values:n=11
Amount of fluid recovered (ml) 48 (30-69) 40 (30-70) 45 (30-60) 092
Missing values:n=11
Duration of the BAL procedure (min) 12 (9-15) 10 (8-15) 15 (10-20) <0.01
Missing values:n=2 Missing values:n=1 Missing values:n=19
Time taken for BAL fluid to reach the laboratory Missing values:n=1 Missing values:n=7
Lessthan 2 h 46 (82.1) 45 (91.8) 290 (76.7) 0.58
Between 2 and 4 h 3(54) 102 37(9.8) 014
More than 4 h 6(10.7) 3(6.1) 44 (11.6) 051
Specialty and experience® of the physician performing the bronchoscopy and BAL
Pulmonologist 37 (66.1) 37(75.5) 126 (33.3) <0.01
Intensivist 19 (33.9) 12 (24.5) 252 (66.7) <0.01
Experienced physician' 45 (80.4) 43 (87.8) 205 (54.2) 0.01

SAPSII Simplified Acute Physiology Score, ICU intensive care unit, BAL bronchoalveolar lavage

2 Including 45 (80.4%) patients under oxygen therapy via standard nasal cannula or non-rebreathing mask, and 11 patients (19.6%) under oxygen therapy via

rebreathing mask

® Including only four patients (8.2%) under non-invasive ventilation

¢ Groups were compared using x? test for proportions, Kruskal-Wallis rank sum test or one-way analysis of variance for continuous variables. p values were non
adjusted for multiple testing and should be considered exploratory

d Categorical variables are expressed as count and (%)

¢ Continuous variables are expressed as median (interquartile range) or mean (SD)

f Absolute neutrophil count < 1000/uL

9 Anticoagulant therapy for either recent thromboembolic event or for prevention of arterial thromboembolism (e.g., atrial fibrillation, mechanical heart valve, etc.)
" More than one indication could be present for each BAL

I Significantly higher than in the nasal high-flow oxygen therapy or non-invasive ventilation group (p <0.001), and then in the invasive mechanical ventilation group
(p=0.001)

J HO indicates the time at which BAL has began
K Experience in years in the specialty and in terms of number of BAL performed are detailed in Table S1 of the Online resource 1

' We defined the physician performing the BAL as an “experienced physician” when he/she was a pulmonologist or when he/she was an intensivist with the greatest
experience (i.e., > 10 years in the specialty or > 50 BAL performed)

Quality of BAL fluid collected

The median amount of fluid instilled during BAL did
not differ between BAL performed only for suspicion of
hospital-acquired infection (140 ml [100-150]) or not

statistically significant predictor of adverse events
could be identified in the invasive mechanical ventila-
tion group (data not shown).
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Table 3 Counts and percentages of adverse events

Standard oxygen High-flow nasal cannula oxygen Invasive mechanical p value®
therapy therapy or non-invasive ventilation ventilation

N=56 N=49° N=378

Highest grade of adverse event reached?

Grade 0 (no adverse event) 4(7.0) 8(16.3) 56 (14.8) 027
Grade 1 6(10.7) 1(2) 44 (11.6) 0.12
Grade 2 30 (53.6) 23 (46.9) 244 (64.6) 0.025
Grade 3 15 (26.8) 9(184) 19 (5) <0.001
Grade 4 1(1.8) 7(14.3) 3(0.8) <0.001
Grade 5 (death within 24 h) 0 12 12(3.2) 037
Grade reached =3 or higher 16 (28.6) 17 (34.7) 34 (9) <0.001
Details of adverse events
Modification in respiratory support® 17 (30.4) 29 (59.2) 178 (47.1) 0.01
Including tracheal intubation 1(1.7) 8(16.3) - 0.01
Events during BAL procedure
Agitation 4(7.1) 0 6(1.6) 0.01
Respiratory distress? 8(14.3) 4(8.2) 13(34) <0.01
Bronchospasm 2(3.6) 0 4(1.1) 0.20
Cough 12 (214) 4(8.2) 10 (2.6) <0.01
Laryngospasm 0 102 - 047
Significant drop in SpOE‘ 14 (25) 2(4.1) 48 (12.7) <0.01
Arrhythmia or tachycardia> 150 b./min 0 0 2(0.5) 0.76
Hypotension (systolic BP <90 mmHg) 0 0 16 (4.2) 0.10
Hypertension (systolic BP > 180 mmHg) 2(3.6) 2(4.1) 10 (2.6) 0.81
Epistaxis 1(1.8) 0 0 0.02
Vomiting 2(3.6) 0 0 <0.01
Mild bronchial hemorrhage 1(1.8) 2(4.1) 6(1.6) 048
Severe bradycardia 0 0 1(0.3) 0.87
Cardiac arrest 0 0 1(03) 0.87
Events within 24 h after BAL
1 °Crise in body temperature 10(17.9) 11 (22.4) 82 (21.7) 0.79
Body temperature increase above 38.5 °C 9(16.1) 12 (24.5) 52(13.8) 0.14
Agitation 1(1.8) 0 7(1.9) 063
Significant drop in SpOQ 9(16.1) 5(10.2) 46 (12.2) 0.63
Tachycardia > 150 b./min 1(1.8) 1) 11(29) 085
Hypotension (systolic BP <90 mmHg) 12(214) 14 (28.6) 132 (34.9) 0.11
Hypertension (systolic BP > 180 mmHg) 5(8.9) 3(6.1) 13(34) 0.14
Need of ECMO therapy 0 0 13(34) 0.20
Death 0 1(2) 12 (3.2) 0.37

BAL bronchoalveolar lavage, BP blood pressure, ECMO extracorporeal membrane oxygenation

2 Including 45 (80.4%) patients under oxygen therapy via standard nasal cannula or non-rebreathing mask, and 11 patients (19.6%) under oxygen therapy via
rebreathing mask

® Including only four patients (8.2%) under non-invasive ventilation

¢ Groups were compared using x° test or Fisher exact test. p values were not adjusted for multiple testing and should be considered exploratory

d SeeTable 1 for definitions of grades of adverse events

€ See text for definitions

f Including seven intubations in patients under nasal high-flow oxygen therapy and one in the four patients under non-invasive ventilation

9 “Respiratory distress” as declared by the investigators. In all cases, “respiratory distress” needed modification of the respiratory support (see “Methods” section for
definition)

" Dropin SpO, as declared by the investigators. In all cases, drop in SpO, needed modification of the respiratory support (see “Methods” section for definition)
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Comparison of Grade 3 Adverse Event(s) occurrence
between EXPERIENCED PHYSICIANS* or NOT,
according to the type of initial respiratory support

o SEE—
2 Grade 3 adverse event reached
| Yes
O No
2 5 (Global x? = 38.9; P<0.0001)
g &
o
NS (P=0.21) NS (PE0.73)
o _|
wn
20 9.8% 8.3%
47.1% bl il
I — Il

Less experienced Experienced Less experienced Experienced

Not invasively ventilated Invasive mechanical ventilation

Fig. 2 Counts and percentages of grade 3 adverse event(s) during
or after BAL according to physician's experience and type of initial
respiratory support. NS not significant. We defined the physician
performing the BAL as an “experienced physician”when he/she was
a pulmonologist or when he/she was an intensivist with the greatest
experience (i.e, > 10 years in the specialty or > 50 BAL performed)

(150 ml [100-150]) (»=0.60), and did not differ across
the different types of respiratory support used (Table 2).
The median amount of BAL fluid recovered was 45 ml
(IQR 30-62) (range 5-200) and did not differ across the
different types of respiratory support used (Table 2).

The pathologists declared the BAL fluid as of good
quality in 327/483 (67.7%) cases (Table 4). This percent-
age was significantly higher when the physician was a

pulmonologist (156/200 [78%]) than when he/she was
an intensivist (171/283 [60.4%]) (p<0.001). Logistic
regression showed that the variable “experienced physi-
cian” (OR 2.17 [1.35-3.50]; p=0.002) and the amount
of BAL fluid (in ml) recovered handled as a linear pre-
dictor (OR 1.02 [1.01-1.03] per 1 ml increase; p<0.01),
were statistically significant predictors of a BAL fluid
of good quality (Table S6). Transforming the amount of
BAL fluid in restricted cubic splines to take into account
potential non-linearity gave a slightly better model fit
and showed a biphasic relationship between the amount
of BAL fluid recovered and the probability of obtaining a
BAL of good quality (Fig. 3). The same biphasic relation-
ship was also founded in intubated patients (Figure S2),
in non-intubated patients (Figure S3), and in patients for
whom the BAL was not performed only for suspicion of
hospital-acquired lung infection (Figure S4). No statisti-
cally significant predictor of a BAL of good quality could
be identified in patients for whom a suspicion of hospital-
acquired lung infection was the sole indication of BAL
(data not shown).

BAL input for diagnosis and decision making

Diagnoses retained for explaining the lung disease that
justified the performance of BAL are exposed in Tables
S7, S8, S9, and S10 in the Online Resource 1. BAL input
was classified in Class 1 (not useful) in 185 patients out
of 483 (38.3%) (Table 4) and in more than one-third of
patients with BAL performed only for suspicion of hospi-
tal-acquired lung infection (45/133 [38.3%]). In the whole

Table 4 Bronchoalveolar lavage input for diagnosis and decision making

High-flow nasal cannula oxygen
therapy or non-invasive ventilation

Invasive mechani- p value®
cal ventilation

Standard oxy-
gen therapy
N=56°
BAL fluid of good quality® as declared by the pathologist 42 (75)
Highest class of BAL input reached
Class 1: brings no useful information 19 (33.9)
Class 2:in line with a diagnosis already mentioned 3(54)
Class 3: suggests a diagnosis not previously envisaged 2(3.6)
Class 4: allows discontinuing one or several treatments 11 (19.6)
Class 5: brings definitive diagnosis and/or allows new 21 (37.5)
therapy initiation
Class 4 or 5 reached® 32 (57.1)

36 (73.5) 249 (65.9) 0.26
17 (34.7) 149 (39.4) 063
6(12.2) 48(12.7) 0.28
1(2) 11(2.9) 0.90
6(122) 20 (5.3) <0.01
19 (38.8) 150 (39.7) 0.95
25(51) 170 (45) 0.20

Numbers indicate counts and (%)
BAL bronchoalveolar lavage

2 Including 45 (80.4%) patients under oxygen therapy via standard nasal cannula or non-rebreathing mask, and 11 patients (19.6%) under oxygen therapy via

rebreathing mask
® Including only four patients (8.2%) under non-invasive ventilation
¢ Groups were compared using x? test

9 See text for definition of “good quality” for BAL fluid

€ Class 4 or 5 BAL contribution to diagnosis and decision making was used as the outcome measure in logistic regression; see text for details
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Probability of BAL of good quality

1.0

0.6

Probability
0.4

0.2
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Amount of BAL fluid recovered (ml)

Fig. 3 Predicted probability of obtaining a BAL of good quality
according to the amount of BAL fluid recovered in the whole study
population. BAL bronchoalveolar lavage. For this estimation of the
probability of obtaining a BAL of good quality, logistic regression
adjusted for all covariables (see Table S6 in Online Resource 1) was
used. The amount of BAL fluid recovered was transformed in cubic
splines to account for non-linearity. The biphasic shape of the figure
shows that below 60 mL of BAL fluid recovered, the estimated prob-
ability declines in parallel with the amount of fluid recovered

population, BAL classified as Class 1 showed a frequency
of adverse events of grade 3 or higher not different from
that of BAL not classified Class 1 (21/185 [11.4%)] vs.
46/298 [15.4%], respectively; p=0.20).

There were 227/483 (47.0%) BAL classified as of good
usefulness (i.e., Class 4 or 5) in the whole population.
This frequency was not statistically different between
intubated and non-intubated patients at time of BAL or
between patients with BAL performed only for suspicion
of hospital-acquired lung infection or not (Table S11).

The quality of the BAL fluid collected was not statisti-
cally associated with the BAL usefulness: 49.5% (162/327)
of BAL judged of good quality were classified in Class 4
or 5, versus 41.7% (65/156) when BAL was not judged of
good quality by the pathologist (p=0.12).

Multivariable logistic regression did not identify sta-
tistically significant predictors of a BAL of Class 4 or 5
(data not shown), either in the whole population or in
pre-specified subsets.

Course of vital signs and blood gases during the 24-h study
period

Linear mixed model analysis showed that baseline and
further SpO, values were lower in the standard oxygen

group than in the two other types of respiratory support.
Other details of analyses are reported in Figure S5.

Discussion

In this multicenter cohort of critically ill patients, numer-
ous adverse events were observed during or after BAL
and grade 3 adverse events affected 13.9% of the study
population. The association of the noninvasiveness of res-
piratory support used with a BAL performed by a non-
experienced physician was a strong predictor of adverse
events occurrence. The experience of the physician per-
forming the BAL and the amount of BAL fluid recovered
were the main predictors of a BAL fluid judged as of good
quality by the pathologist. The BAL input for decision
making was satisfactory (i.e., allowed discontinuing a
treatment and/or initiating a new one) in less than 50%
of the cases. Even when BAL was indicated only for sus-
picion of hospital-acquired lung infection, a case where
BAL fluid quality might have less importance since most
often mainly microbiological information is expected, the
BAL input was satisfactory in 53% (71/133) of the cases.

Interestingly, among the 49 non-intubated patients
with the most severe respiratory failure, for whom clini-
cians had judged standard oxygen therapy was not suf-
ficient, only 4 (8.2%) had BAL performed under NIV,
while the remaining patients had BAL performed under
HENC therapy. In high-risk patients, NIV for fiberoptic
bronchoscopy with BAL has been shown feasible [16, 17]
and recently, in one small-size randomized trial, safer
than HENC therapy [18]. In counterpart, HENC therapy
has been shown safer than NIV in patients with severe
hypoxemic respiratory failure [19] and has the advan-
tage to be easy to use for care providers. This probably
explains the predominant use of HENC therapy in our
study cohort. However, while some recent studies sug-
gested that HENC is safe for performing fiberoptic bron-
choscopy and BAL [20-22], large randomized trials are
still needed.

In the present study, adverse events collected were
more frequent than in several previous studies [5-8, 10].
This discrepancy may be due to differences in methods
used for collecting and defining adverse events. However,
while the non-comparative design of this study does not
allow firm conclusions regarding the cause-effect rela-
tionship between BAL and the collected adverse events,
the high frequency of adverse events should prompt cau-
tion when performing BAL in ICU patients, especially in
non-intubated patients. The high frequency of adverse
events might account for the increased hospital mortal-
ity recently observed in non-ventilated immunocom-
promised patients who underwent a bronchoscopy as
compared to those who did not [23]. Given the high fre-
quency of adverse events we observed in non-ventilated
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patients, one may wonder if systematically intubating the
sickest patients (e.g., those with profound hypoxemia)
could not be a safer option for performing BAL. How-
ever, although this is a common concern in ICUs, to our
knowledge, no comparative trial has yet been conducted
to answer this question. It is worth noting that in the few
available prospective studies focused on BAL tolerance
that showed rather low adverse event rate [6—8], bron-
choscopies and BAL were mostly performed by pulmo-
nologists [6] or by experienced ICU physicians [7, 8]. The
present study highlights the importance of the physician’s
experience and training, which have often been empha-
sized in recommendations [2, 24, 25] for bronchoscopy
but have never been demonstrated for ICU patients
undergoing BAL so far.

Although we could not show a direct link between
the quality of the BAL fluid recovered and the diagnos-
tic yield of BAL, the fact that the variable “experienced
physician” was also a strong predictor of a BAL of good
quality suggests that the greater the experience of the
physician performing the BAL, the better the chance of
performing a safe and useful BAL.

Previous studies have reported that the diagnostic yield
of BAL was within the range of 34-59% in ICU patients
[8, 11, 12]. In line with these results, using a pragmatical
classification in an unselected population, we found that
the BAL showed good usefulness for decision making in
one half of the cases. Additionally, we found that the BAL
input for decision making was not easily predictable. This
uncertainty associated with the BAL input for decision
making again justifies the caution with which BAL should
be performed to ensure the best possible benefit-to-risk
balance. Although the BAL usefulness of 47% observed in
this study may appear rather low compared to the num-
ber of adverse events brought about, it should be placed
in perspective with other diagnostic, invasive procedures
such as open lung biopsy. In a recent meta-analysis in
acute respiratory distress syndrome patients [26], open
lung biopsy was reported to yield definitive diagnosis in
nearly 100% of the cases, allowing to change therapy in
73%, while causing complications in 22%, resulting in a
more favorable benefit-to-harm ratio than the one we
observed for BAL. However, great variability of diagnos-
tic yield (40-100%), impact on therapy (40-100%) and
complications (0-60%) of lung biopsy existed between
the published cohort studies [26], preventing any defini-
tive conclusion. Moreover, as those studies were mostly
retrospective, it is highly probable that many adverse
events were not collected. Therefore, prospective studies
that could help in deciding which procedure is riskier or
more beneficial to patients are still lacking. In addition,
although open lung biopsy may have proved beneficial
to some immunosuppressed patients such as after bone

marrow transplantation [27], it cannot reasonably be
offered to all patients for whom BAL currently appears
to be the most appropriate diagnostic tool, either because
it may be disproportionate for patients with low severity
of disease or because surgical procedures are a real chal-
lenge for cancer patients with pancytopenia. Undoubt-
edly, if there is one alternative to the BAL that could be
less risky for immunosuppressed patients, it is the com-
bination of non-invasive tests on sputum, nasopharyn-
geal secretions, urine, and blood that may dramatically
restrict the number of patients for whom BAL is abso-
lutely needed [12]. This might become increasingly true
in view of the current development of molecular diagnos-
tic tools [28-30], the knowledge acquired in chest high-
resolution computed tomography imaging [31, 32], and
perhaps future progress in the human volatilome analysis
[33].

This study has several limitations. First, because we did
not study any control group in parallel, the adverse events
collected cannot be attributed to bronchoscopy or to the
BAL with certainty. However, all the events collected are
known side effects of bronchoscopy or BAL and the close
temporal relationship between BAL and adverse events
suggests that a non-negligible part of these events were
related to the BAL. Second, we did not record the anes-
thesia regimen used during bronchoscopy and could not
differentiate local from general anesthesia. Some adverse
events (e.g., hypotension) probably were side effects of
intravenous anesthesia. Anyway, our aim was to record,
in real-life conditions, adverse events possibly related to
the BAL procedure, of which anesthesia is an integral part
[2]. Conversely, the occurrence of adverse events such
as hypertension, agitation, cough, or bronchospasm, at
least in intubated patients, may reflect suboptimal anes-
thesia and leaves room for improvement. This suggests
that in addition to an experienced physician performing
the BAL, the systematic presence of a second physician
adjusting anesthesia, adapting ventilatory support and
taking care of the hemodynamic status, might improve
the patient safety. Third, as there are no published spe-
cific classifications of adverse events and of diagnostic
yield of BAL, we used our own classifications. Regard-
ing the adverse events (Table 1), it is noteworthy that the
main predictor of adverse events identified (non-expe-
rienced physician performing a BAL in a non-intubated
patient), not only was strongly associated with grade
3 adverse events, but also by proportional odds model
analysis was associated with an increased probability
of observing any grade of adverse event above a certain
value versus observing any grade of adverse event below
the same value. In our view, this would tend to validate
the adverse events classification we proposed. Fourth, we
used a “home-made” classification of the BAL input for
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decision making. This may have introduced bias in the
estimation of the diagnostic yield of BAL. In particular
for the diagnosis of ventilator-associated pneumonia, it
is possible that the culture of the BAL fluid identified a
microorganism already identified by other means (e.g.,
tracheal aspirate with semi-quantitative culture) and did
not lead to modification of the antibiotic regimen already
in place. Although some may argue that in this case the
diagnostic yield of BAL might have been declared as very
good, there is an ongoing debate about the bacteriological
samples to be used for accurately diagnosing ventilator-
associated pneumonia [34, 35]. Also, in some instances
despite no formal respiratory diagnosis was retained, the
input of BAL was classified as Class 5 (i.e., the best pos-
sible) by the attending intensivists, because BAL not only
has allowed ruling out some diagnoses, but also allowed
trying another treatment such as diuretics or corticoster-
oids. This may have slightly distorted the classification of
the BAL input. Fifth, in the French ICUs involved in this
study, the bronchoscopy and BAL could be performed
either by pulmonologists or intensivists. Therefore, our
results may not be found in countries, where perform-
ing bronchoscopy is a prerogative exclusively reserved for
pulmonologists.

Conclusion

Our findings suggest that in real-life conditions, adverse
events during or following BAL in ICU patients are not
infrequent nor necessarily benign. The lack of experience
of the physician performing the BAL was identified as the
main predictor of clinically significant adverse events in
non-intubated patients. On the other hand, the diagnos-
tic yield of BAL could be considered satisfactory in less
than one half of the cases. Altogether, these findings call
for an extreme caution when considering the indication
of BAL in ICU patients and for a mandatory accompani-
ment of the less experienced physicians.
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