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Objective: To describe the diagnostic yields of test strategies
with and without fiberoptic bronchoscopy and bronchoalveolar
lavage (FO-BAL), as well as outcomes, in cancer patients with
acute respiratory failure (ARF).

Design: Prospective observational study.

Setting: Fifteen intensive care units in France.

Patients: In all, 148 cancer patients, including 45 bone marrow
transplant recipients (27 allogeneic, 18 autologous) with hypox-
emic ARF.

Intervention: None.

Resulis: Overall, 146 causes of ARF were identified in 128
patients (97 [66.4%)] pulmonary infections). The cause of ARF was
identified in 50.5% of the 101 patients who underwent FO-BAL and
in 66.7% of the other patients. FO-BAL was the only conclusive
test in 34 (33.7%) of the 101 investigated patients. Respiratory

status deterioration after FO-BAL occurred in 22 of 45 (48.9%)
nonintubated patients, including 16 (35.5%) patients who required
ventilatory support. Hospital mortality was 55.4% (82 deaths)
overall and was not significantly different in the groups with and
without FO-BAL. By multivariate analysis, mortality was affected
by characteristics of the malignancy (remission, allogeneic bone
marrow transplantation), cause of ARF (ARF during neutropenia
recovery, cause not identified), and need for life-sustaining treat-
ments (mechanical ventilation and vasopressors).

Conclusion: In critically ill cancer patients with ARF, a diag-
nostic strategy that does not include FO-BAL may be as effective
as FO-BAL without exposing the patients to respiratory status
deterioration. (Crit Care Med 2008; 36:100-107)

Kev Worbps: mechanical ventilation; bronchoscopy; bronchoal-
veolar lavage; polymerase chain reaction; noninvasive; infection

cute respiratory failure (ARF)
is a dreaded event in patients
with solid tumors or hemato-
logic malignancies (1). ARF may
occur in 10% to 50% of these patients (2, 3)
and carries a mortality rate of about 50%
overall and 75% when mechanical ventila-
tion (MV) is needed (2-7). Over the last
decade, studies have documented an in-
crease in survival rates in patients with ARF
receiving MV (5, 7). Survival was higher
when noninvasive mechanical ventilation

(8) was used for ventilatory support (6, 7,
9), and lower when investigations failed to
identify the cause of ARF, indicating that
both diagnostic and therapeutic strategies
are urgent and worthy (3, 6, 10).

Both invasive and noninvasive diag-
nostic strategies can be used to identify
the cause of ARF in cancer patients (1).
The invasive strategy relies on fiberoptic
bronchoscopy with bronchoalveolar la-
vage (FO-BAL), and the noninvasive
strategy on imaging studies (11, 12) and

*See also p. 344.
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on microbiological studies of blood (13—
16), urine (17, 18), sputum (19), and na-
sopharyngeal aspirates (20). FO-BAL is
currently recommended in nonhypox-
emic cancer patients with pulmonary in-
filtrates (21, 22). However, possible
harmful effects of FO-BAL have been re-
ported, with respiratory status deteriora-
tion in 10% to 40% of cases (1, 23-25).
Furthermore, the diagnostic yield of FO-
BAL has been only 50% at best (1). In
severely hypoxemic patients, FO-BAL has
been described as inadvisable or contra-
indicated because of the risk of deterio-
ration in respiratory status with a subse-
quent need for mechanical ventilation
(26, 27).

The apparent contradiction between
the need to identify the cause of ARF to
improve survival and the risk of compli-
cations related to diagnostic FO-BAL has
generated uncertainty about the best di-
agnostic strategy in hypoxemic cancer
patients with ARF (1, 23-25). No specific
guidelines have been established for this
situation. Neither have studies evaluated
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Table 1. Patient characteristics

Survivors Nonsurvivors
(n = 66) (n = 82) p Value
Age 61 (50-70) 57 (45-66) 13
Male gender 33 (50) 49 (59.7) 18
Underlying malignancy
Days since diagnosis of the malignancy 243 (57-1112) 202 (44-897) 75
Acute leukemia 21 (31.8) 35 (42.7) 23
Non-Hodgkin’s lymphoma 19 (28.8) 17 (20.7) 33
Myeloma 5(7.5) 6(7.3) .95
Solid tumor 12 (18.2) 14 (17) .86
Chronic myeloid or lymphocytic leukemia 8 (12.1) 9 (11) .82
Complete remission 37 (56) 31 (38) .05
Autologous bone marrow/stem cell transplantation 7 (10.6) 11 (13.4) .62
Allogeneic bone marrow/stem cell transplantation 8(12.1) 19 (23.2) .05
Respiratory symptoms
Hemoptysis 3(4.5) 7 (8.5) 51
Purulent sputum 11 (16.6) 7 (8.5) 20
Chest pain 5(7.5) 10 (12.2) 42
Days from dyspnea onset 3 (0.5-6) 2(1-7) .83
Clinical examination at ICU admission
Respiratory rate, breaths per min 31 (24-37) 30 (22-38) .58
Heart rate, bpm 113 (101-132) 127 (105-140) .02
Temperature, °C 39 (38.7-39.8) 39 (38.5-39.4) 26
Diffuse crackles at lung auscultation 19 (28.8) 26 (31.7) 72
Spo, on room air at admission (%) 85 (75-89) 86 (80-90) 27
LOD Score at admission 4 (2-7) 5(3-8) .08
Neutropenia at ICU admission 18 (27.3) 37 (45.1) .02
Admission to the ICU during neutropenia recovery 19 (28.8) 11 (13.4) 03
Platelet count at ICU admission (10%/mm?) 84 (33-218) 51 (26-97) 02
Ventilatory support
NIMV only 14 (21.2) 6 (7.3) <.0001
Intubation after failed NIMV 15 (22.7) 40 (48.8)
Intubation as the primary method of ventilatory 19 (28.8) 36 (43.9)
support
Days from admission to intubation 0.5 (0-2) 1(0-3) .10
Worst Pao,/F10, during the first day of ventilation 148 (93-195) 86 (62-129) <.0001
Criteria for ARDS 32 (48.5) 69 (84.1) <.0001
Occurrence of pneumothorax 1(1.5) 8(9.7) .04
Other organ failures
Need for vasopressors 25 (37.9) 66 (80.5) <.0001
Days from admission to initiation of vasopressors 0 (0-2) 0(0-2) 94
Need for RRT 15 (22.7) 32 (39) .03
Days from admission to initiation of RRT 1(0-1) 3(1-6) .003
Combination of organ failures
One among invasive ventilation, vasopressors, or 14 (21.2) 11 (13.4) <.0001
RRT
Two among invasive ventilation, vasopressors, or 15 (22.7) 35 (42.7)
RRT
Invasive ventilation plus vasopressors plus RRT 10 (15.1) 31 (37.8)

ICU, intensive care unit; LOD, Logistic Organ Dysfunction score; NIMV, noninvasive mechanical
ventilation; ARDS, acute respiratory distress syndrome; RRT, renal replacement therapy.

the yield of a noninvasive diagnostic
strategy used as an alternative to FO-BAL
(1). We investigated practices in 15 inten-
sive care units (ICUs) to compare diag-
nostic yields and mortality in cancer pa-
tients with ARF managed by noninvasive
or invasive diagnostic strategies.

PATIENTS AND METHODS

The study group comprising 15 closed
ICUs in university or university-affiliated hos-
pitals in France was set up in 2003 to investi-
gate invasive vs. noninvasive diagnostic strat-

Crit Care Med 2008 Vol. 36, No. 1

egies in critically ill cancer patients with ARF.
The observational study reported here was ap-
proved by the appropriate ethics committee
(Pitié-Salpétriere University Hospital, Paris,
France). In each ICU, an investigator used
standardized forms to prospectively collect
data on 10 cancer patients admitted for ARF
after January 1, 2004.

ARF was defined as a respiratory rate of
>30 breaths per min or respiratory distress
symptoms, or Pao, on room air of <60 mm
Hg, or the need for ventilatory support. In
each of the 15 study ICUs, cancer patients are
routinely managed by a multidisciplinary

team that includes the referring oncologist or
hematologist. For each study patient, the data
reported in Tables 1-3 were collected. The
Logistic Organ Dysfunction (28) score was de-
termined at ICU admission (29). Vital status at
ICU and hospital discharge and time in the
ICU and hospital were recorded for all pa-
tients. Antibiotic regimens and life-sustaining
treatments were used according to current
recommendations.

Bronchoscopy and BAL Procedure. Fiber-
optic bronchoscopy and BAL were performed
routinely as described elsewhere (30, 31). The
gross appearance of the recovered fluid was
noted, with special attention to signs of hem-
orrhage. The fluid was placed on ice and pro-
cessed immediately. Following centrifugation,
the cell pellet was resuspended in cell culture
medium, and smears were prepared. The
smears were stained for differential cell
counts, Perl Prussian blue for hemosiderin-
containing alveolar macrophages (31, 32),
Grocott stain for Pneumocystis jiroveci (Tolu-
idine blue O and May-Grunwald-Giemsa), and
the Papanicolaou stain. A specific immunoflu-
orescence test for P. jiroveci was done, as well
as immunostaining for cytomegalovirus (33).
Specific polymerase chain reaction techniques
were used to detect herpes viruses, syncytial
respiratory viruses, and adenoviruses. Viral
antigens in BAL samples were detected by a
direct immunofluorescent staining method
using a monoclonal antibody pool (influenza
viruses A and B; parainfluenza viruses 1, 2, and
3; respiratory syncytial virus; adenovirus; and
herpes simplex virus). BAL fluid aliquots were
stained using Gram and Ziehl-Neelsen meth-
ods, then cultured for bacteria, mycobacteria,
and fungi.

The noninvasive diagnostic strategy con-
sisted of variable combinations of the investi-
gations listed in Table 2 (1, 11, 13-20). Nearly
all of the patients managed with FO-BAL also
underwent at least one noninvasive investiga-
tion, on the basis of clinical symptoms and at
the clinician’s discretion.

Criteria for each Etiologic Diagnosis. Di-
agnoses were based on clinical, radiographic,
microbiological, and cytologic findings. They
were validated in each ICU by the multidisci-
plinary team based on predefined criteria (3,
19, 34).

Criteria for Conventional and Noninvasive
Mechanical Ventilation. When use of a high-
concentration oxygen mask was not associated
with a significant clinical improvement (sus-
tained high respiratory rate [>30] or oxygen
saturation below 92%), noninvasive mechani-
cal ventilation (NIMV) was delivered to the
patient through a full-face mask, as previously
described (7). NIMV was stopped when signif-
icant clinical improvement was documented.
Patients in whom NIMV was not successful
underwent endotracheal intubation and re-
ceived conventional MV on predefined criteria
3, 7).
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Table 2. Noninvasive and invasive diagnostic investigations performed

Noninvasive Investigations
(At Least One Investigation Performed)

(121 with Positive Results/105 with

141 (100) Patients

Diagnostic Results)

Statistical Analysis. Results are reported as
medians and quartiles (25th-75th percentiles)
or numbers and percentages. Patient charac-
teristics in the subgroups managed with non-
invasive investigations vs. FO-BAL were com-
pared using the chi-square test or Fisher’s

]SBIO(;d CUltureS_a tion for bacteti 141 §51)207)/?107 (231437))//2162((12%‘ 453) exact test, as appropriate, for categorical vari-
putum examination for bacteria W ) ~
ELISA aspergillosis assay, blood 104 (73.7)/9 (8.6)/7 (6.7) :Ef;gfotffhre“’f;fjsrﬁ;?mﬁl‘ﬂlgfgﬁ iofgrl:
Sputum examination for aspergillosis 29 (20.6)/13 (44.8)/11 (37.9) iabl To i ticat ati
Sputum examination for other fungi 29 (20.6)/6 (20.7)/6 (20.7) uous variables. 10 1NVeS _lg‘:i € associations
Induced sputum for Pneumocystis 2% (17)/3 (12.5)/3 (12.5) between patient characteristics and ho§p1tal
Urine Legionella pneumophila antigen 94 (66.7)/3 (3.2)/3 (3.2) death, use of FO-BAL, and use of conventional
Urine Streptococcus pneumoniae antigen 26 (18.4)/4 (15.4)/4 (15.4) MV, we first performed bivariate analyses to
CMV circulating antigen 87 (61.7)/3 (3.4)/2 (2.3) look for a significant influence of each variable
Nasopharyngeal aspiration 18 (12.8)/4 (22.2)/4 (22.2) on hospital mortality by logistic regression, as
Echocardiography 113 (80.2)/25 (22.1)/23 (20.3) measured by the estimated odds ratio (OR)
Thoracentesis, 53 patients with pleural effusions” (37 7)/4 (7.5)/4 (7.5) with a 95% confidence interval (CI). Variables
FO-BAL 101 (100) Patients yielding p values no greater than .20 in the
Time from ICU admission to BAL 1(0-3) bivariate analyses were entered into a multiple
Bronchoscopy (range) logistic regression model in which hospital
Normal 26 (25.7) mortality was the outcome variable of interest.
Edema 28 (27.7) Finall timated actuarial probabilities of
Bloody secretions 23 (22.7) ly, we estimated actuarial probabilities o
Purulence 11 (10.9) survival .accordlng to the Kaplan-Meier
White coat adherent to the bronchi 4 (4) method with log-rank tests. All tests were two-
Tumoral infiltration 2(2) sided, and p values smaller than .05 were con-
Amount of fluid recovered/injected 0.5 (0.3-0.6) sidered statistically significant. Analyses were
Gross appearance of BAL fluid done using the SAS 9.1 software package (SAS
Turbid or purulent 21(20.8) Institute, Cary, NC).
Clear 40 (39.6)
Bloody 40 (39.6)
Alveolar cells in BAL fluid
Total number of alveolar cells, 1000 cells/mm?® 90 (40-275) RESULTS
0 .
fz%f%? es?ézggsﬁ:ggacmphageS/lymphOCytes 18 25396)1)/53 (20-87)/8 (3-15) The characteristics of the 148 patients
Blasts or malignant cells 5 (4.9) (122 with hematologic malignancies and
Positive bronchial biopsies, 34 biopsies performed 2(5.9) 26 with solid tumors) are reported in
Impact of BAL analysis ~ 0 :
BAL yielded a pathogen 51 (50.5) Tabl.e lci ]E‘Ol‘ty five (30.4%) platlentigl\f/l[il;i
BAL was the only conclusive investigation 34 (33.7) receive Oljle marrow transplants ( ’
BAL fluid allowed initiation of adequate treatment 36 (35.6) 27 allogeneic and 18 autologous). Chest
BAL fluid allowed withdrawal of useless treatments 30 (29.7) radiograph disclosed a focal alveolar
Respiratory complications after FO-BAL in 45 pneumonia in 22 (14.9%) patients, an
patients not intubated at the time of BAL interstitial pattern in 41 (27.7%), a dif-
Increased oxygen for >12 hours 6(13.3) f Iveol in 67 (45 3‘? d
Initiation of NIMV after FO-BAL 4(8.9) use alveolar pattern in 67 (45.3%), an
Intubation after FO-BAL 12 (26.7) nodules in eight (5.4%). Ten (6.7%) pa-

tients with neutropenia had a normal
chest radiograph. High-resolution com-
puted tomography was performed in 90
patients and disclosed ground glass opac-
ities in 55 (61.1%) patients, nodules in 23
(25.5%), septal lines in 17 (18.9%), con-
solidations in 63 (70%), excavations in
seven (7.8%), and halo sign in six (6.7%).
Pleural effusion was found in 60 (67%)
patients.

The Logistic Organ Dysfunction

ELISA, enzyme-linked immunosorbent assay; CMV, cytomegalovirus; FO, fiberoptic bronchoscopy;
BAL, bronchoalveolar lavage; NIMV, noninvasive mechanical ventilation.

“Four patients had blood cultures positive for Candida species; ’thoracentesis led to the diagnosis
of complicated parapneumonic effusion and pleural empyema.

Table 3. Independent determinants of hospital mortality by multivariable analysis

95% Confidence

Odds-ratio Interval p Value score at admission was 5 (3—8). During

the ICU stay, 75 (50.7%) patients re-

Rellfted to the fmilignarllcy 030 0.09-0.93 03 quired NIMV, 55 (37.2%) conventional

emission of the malignancy . .09-0. . 0
Allogeneic bone marrow or stem cell 5.95 1.48-23.90 .01 MV, ?1 (61.5%) vasopressors, and 47
¢ . (31.7%) renal replacement therapy. ICU
ransplantation . 0 .

Related to the cause of acute respiratory failure mqrtallty was 45.9% and hospital mor-
Admission during neutropenia recovery 0.13 0.03-0.57 .006 tality was 55.4%.

}Jndgterm}ined déafrwfifs 8.65 1.39-53.56 .02 Cause of Acute Respiratory Failure. At

Related to the need for life-sustaining interventions et : _

Need for conventional mechanical ventilation 8.18 1.16-57.36 .03 ad.m.lssmr}[’ ?ll btUt three Iz?)tl e?ts Vz)ere rﬁ

Need for vasopressors 5.09 1.07-24.18 .04 ceving at least one an.I 10 }C. .Vera ’

146 causes of ARF were identified in 128
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148 patients admitted in 15
ICUs over a 1-year period

141 (95.3%) patients managed with a non-
invasive diagnostic strategy (at least one test)

101 (68.2%) patients underwent Fiberoptic
bronchoscopy and BAL (FO-BAL)

[1 21 (85.1%) tests were positive

[64 (63.4%) tests were positive J

105 diagnoses were made
in 94 (66.7%) patients

58 diagnoses could be made
in 51 (50.5%) patients

/ 88 diagnoses established only by \
Non invasive tests in 77 (54.6%) patients

Bacterial infection: 29 cases
Aspergillosis: 13 cases
Candida pneumonia: 4 cases
Other fungal infection: 4 cases
Pneumocystis pneumonia: 2 cases
Viral pneumonia: 3 cases
Tuberculosis: 3 case

Cardiac pulmonary edema: 23 cases
Malignant pneumonia: 4 cases

\Drug—related pulmonary toxicity: 3 casesJ

/17 diagnoses established b noninvasive\

tests and FO-BAL in 17 patients

Bacterial infection 6 cases
Aspergillosis: 2 cases
Other fungal infection: 2 cases
Pneumocystis pneumonia: 2 cases
Viral pneumonia: 1 case

Malignant pneumonia: 4 cases

\_ /

/ 41 diagnoses established only b
FO-BAL in 34 (33.7%) patients

~

Bacterial infection: 13 cases
Aspergillosis: 3 cases
Mucormycosis (zygomycosis) pneumonia: 1 case
Pneumocystis pneumonia: 6 cases
Viral pneumonia: 3 cases

Malignant pneumonia: 3 cases

Drug-related pulmonary toxicity: 3 cases
Diffuse alveolar hemorrhage: 9 cases

_/

hd

20 patients had no diagnosis

12 patients had two diagnoses and 3 patients had three diagnoses

146 diagnoses in 128 patients

Figure 1. Diagnostic yield of invasive or noninvasive diagnostic procedures. ICU, intensive care unit; BAL, bronchoalveolar lavage.

patients, leaving 20 (13.5%) patients with
an undetermined diagnosis (Fig. 1). Of
the 146 identified causes, 97 were pulmo-
nary infections, in 90 (60.8%) patients. In
23 patients, echocardiography allowed
the diagnosis of cardiac pulmonary
edema, and in nine recipients of hemato-
poietic stem cell transplantation, FO-BAL
led to a diagnosis of idiopathic alveolar
hemorrhage. Tests other than FO-BAL
allowed the diagnosis of pulmonary in-
volvement by the malignancy in eight
patients, including five patients with pul-
monary infiltration at the earliest phase
of acute monocytic leukemia, two pa-
tients with bulky mediastinum and pul-
monary atelectasis at the inaugural phase
of lymphoma diagnosed using sternal
puncture, and one patient with carcinoid
lymphangitis in whom malignant cells
were identified in both sputum and BAL
fluid. Three patients were diagnosed with
methotrexate-induced pneumonia (lym-
phocytic alveolitis), and in three patients
beta lactam—-induced pneumonia was di-
agnosed based on eosinophilia in the

Crit Care Med 2008 Vol. 36, No. 1

blood smears and evidence of toxic vas-
culitis in a skin biopsy.

Invasive and Noninvasive Diagnostic
Strategies. Figure 1 reports the yields of
the invasive and noninvasive diagnostic
strategies. Almost all (95.3%) of the pa-
tients underwent at least one noninvasive
diagnostic test, whereas FO-BAL was per-
formed in 101 (68.2%) patients (Table 2).
Patients had a median of four (3-6) non-
invasive tests within 24 hrs after ICU ad-
mission.

FO-BAL was performed at ICU admis-
sion in 25 (24.7%) patients, within 24 hrs
after ICU admission in 38 (37.6%) pa-
tients, and later during the ICU stay in 38
(37.6%) patients. Of the 45 (44.5%) pa-
tients who underwent FO-BAL while not
intubated, 16 had the procedure with
NIMV and 29 with a high-flow oxygen
mask. Patients managed with FO-BAL
were younger, more frequently treated
for hematologic malignancies (including
allogenic BMT) than solid tumors, and
more frequently had diffuse pulmonary
disease with severe hypoxemia. Noninva-

sive diagnostic tests had a diagnostic
yield of 66.7% and FO-BAL of 50.5%.
FO-BAL was the only investigation that
provided a diagnosis in 34 (34/101;
33.7%) patients. Table 2 describes each
noninvasive diagnostic test and each step
of the FO-BAL. After FO-BAL, 22 (48.9%)
of the 45 nonintubated patients experi-
enced respiratory status deterioration, in-
cluding 16 (35.5%) patients who required
ventilatory support (four required NIMV
only, six conventional MV after NIMV fail-
ure, and six primary conventional MV).
Respiratory status deterioration occurred
in 13 (44.8%) patients who underwent
FO-BAL with high-flow oxygen and in
three (18.7%) patients who had FO-BAL
with NIMV (p = .02). Use of FO-BAL
independently predicted a need for con-
ventional MV (OR 14.73, 4.27-50.83; p <
.0001).

Determinants of Hospital Mortality.
As reported in Figure 2, survival varied
with the type of ventilatory support
needed. Overall mortality in the 110 pa-
tients treated with conventional MV was
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Figure 2. A, survival as a function of the type of ventilatory support needed, or B, of associated organ dysfunctions. ICU, intensive care unit.

69% (76 deaths). Three factors signifi-
cantly influenced mortality in this sub-
group: a history of BMT (81% vs. 66%
mortality; p = .04), time of intubation
(admission, 61.8%; day 1 or day 2, 73.3%;
and day 3 or later, 80%; p = .05), and
number of life-sustaining interventions
(MV only, 47.6% 10/21; MV plus vasopres-
sors or renal replacement therapy; and
MV plus vasopressors and renal replace-
ment therapy, 75.6%; p < .0001) (Fig.
2B).

Mortality was not significantly differ-
ent between the groups with and without
FO-BAL, and within the FO-BAL group,
between the patients with and without a
diagnosis (Fig. 3). Among the 20 (13.5%)
patients with an undetermined diagnosis
(six in the noninvasive group and 14 in
the FO-BAL group), 14 (70%) died. In
addition, patients with invasive aspergil-

104

losis had a trend toward increased mor-
tality (15.8% vs. 7.5%, p = .07).

As reported in Table 3, hospital mor-
tality was independently affected by the
characteristics of the malignancy (being
higher in BMT recipients and in patients
with active malignant disease), the cause
of ARF (being lower in ARF during neu-
tropenia recovery and higher in patients
with an undetermined diagnosis), and the
nature of life-sustaining interventions
(being higher in patients who needed
conventional MV or vasopressors).

DISCUSSION

In this multicenter prospective obser-
vational study, diagnostic yields and out-
comes were compared between cancer
patients with ARF managed using inva-
sive vs. noninvasive investigations. FO-

BAL was the only conclusive investiga-
tion in only one third of patients and
induced respiratory status deterioration
in about half of the cases. The noninva-
sive strategy had a higher diagnostic yield
with no complications. Even when FO-
BAL provided the diagnosis, performing
this investigation did not decrease mor-
tality but independently predicted a need
for conventional MV.

Several single-center studies evalu-
ated the diagnostic and therapeutic im-
pact of FO-BAL in patients with various
types of immunodeficiency (10, 19). In
our study, the diagnostic yield of FO-BAL
was in agreement with previous reports
(1). The rate of respiratory deterioration
associated with FO-BAL was at the higher
end of the range reported at other centers
in non ICU-patients, indicating a need for
alternatives to FO-BAL in critically ill hy-

Crit Care Med 2008 Vol. 36, No. 1
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poxemic patients (23-25). Furthermore,
our results suggest that FO-BAL may
have been unnecessary in 70% of the
patients or could, at the least, have been
reserved for patients with inconclusive
results of noninvasive investigations. The
lack of improvement in survival of pa-
tients who underwent FO-BAL, even
when this investigation provided the di-
agnosis, further supports greater reliance
on noninvasive investigations.

The noninvasive diagnostic strategy
included several investigations that have
been evaluated individually in cancer pa-
tients (1, 11, 13-20). In addition to eval-

Crit Care Med 2008 Vol. 36, No. 1

uating each noninvasive investigation, we
measured the diagnostic impact of a non-
invasive strategy, defined as a variable
combination of noninvasive investiga-
tions without FO-BAL (1). Given the ob-
servational study design and the use of
clinical judgment to select investiga-
tions—no guidelines being available—
none of the investigations was performed
routinely. Nevertheless, the noninvasive
strategy yielded the diagnosis in 66.7% of
patients and induced no adverse events,
suggesting not only that clinicians per-
formed only those noninvasive tests that
were likely to confirm their clinical diag-

nosis, but also that in these high-risk
patients, a noninvasive diagnostic strat-
egy may help to reduce the need for FO-
BAL with the attendant respiratory dete-
rioration. Conceivably, routine use of the
full range of noninvasive investigations
may have a higher diagnostic yield, obvi-
ating the need for FO-BAL in a higher
number of patients than in the present
study. A study comparing patients man-
aged with FO-BAL or with noninvasive
investigations only would be of consider-
able interest. In addition, continuing ad-
vances in noninvasive diagnostic tests on
various biological samples can be ex-
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pected to increase the diagnostic yield of
noninvasive strategies in these high-risk
hypoxemic patients (16, 35).

Our results confirm that mortality is
higher when the cause of ARF remains
undetermined. The corollary to this fact
is that recommendations should focus on
the diagnostic strategy rather than on
empirical treatment (3, 6, 36). An autopsy
study in BMT recipients showed that only
27 of 96 pulmonary complications were
diagnosed antemortem, indicating a need
for better diagnostic strategies (37).

Our study has several limitations.
First, as mentioned above, the use of FO-
BAL was at the clinician’s discretion, and
not all noninvasive investigations were
performed routinely. However, previous
studies also found no survival benefit
with FO-BAL (3, 38). Moreover, FO-BAL
was independently associated with failure
of NIMV and with a need for MV, support-
ing an adverse effect of the invasive strat-
egy, as previously reported (1). Second,
we have focused our efforts to identify
adverse events of FO-BAL in nonintu-
bated patients. Indeed, respiratory status
deterioration and subsequent need of
ventilatory support clearly shifts patients’
outcomes to a group with higher mortal-
ity. Third, BMT patients with pulmonary
complication need to be treated aggres-
sively, and the underlying etiology must
be identified as early as possible. FO-BAL
may not be the right choice, and studies
are needed to investigate safety and diag-
nostic yield of pulmonary biopsies in this
subset of patients.

In summary, in hypoxemic cancer pa-
tients with ARF, a noninvasive diagnostic
strategy provides an etiologic diagnosis in
a significant number of cases. FO-BAL
may have an important role in the diag-
nostic work-up of selected critically ill
cancer patients, but should be per-
formed only after diligent analysis of its
risks and benefits. Further controlled
studies in nonintubated cancer patients
with ARF are needed to evaluate the
diagnostic yield of routinely performing
the full range of noninvasive investiga-
tions, as well as the number of FO-BAL
procedures and of intubations avoided
with this strategy.

IN MEMORIAM

This manuscript is dedicated to Dr.
Arnaud de Lassence, who was a friend, a
colleague, and an artist. Dr. de Lassence
taught us how to manage alveolar hem-
orrhage and other disorders in hematol-
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ogy patients. There will remain a lot of
things that we could have learned from
him.
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