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Open-lung Biopsy in Patients with Acute
Respiratory Distress Syndrome
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Background: It has been suggested that fibrosis present dur-
ing the fibroproliferative phase of acute respiratory distress
syndrome (ARDS) can be treated by corticosteroids. However,
neither clinical nor microbiologic criteria permit differentia-
tion of this fibroproliferative phase from a nosocomial pneu-
monia. The aim of this observational case series was to evalu-
ate the safety and utility of open-lung biopsy (OLB) performed
in patients receiving ventilatory support who had persistent
ARDS despite negative bacterial cultures.

Methods: During a 4-yr period, 37 OLBs were performed in
36 of 197 patients receiving ventilatory support who had
ARDS. The severity of ARDS was assessed by a lung injury score
of 3.1 + 0.4 (mean = SD) and a median ratio of the partial
pressure of oxygen (Pa,) to the fraction of inspired oxygen
(F10,) of 118 mmHg. Histblogic examination; bacterial, fungal,
and acid-fast staining; and cultures of the tissue sample were
performed.

Results: Fibrosis was present in only 41% of the lung speci-
mens obtained by OLB. Only six patients received corticoste-
roids (17%). In 9 of the 15 patients with fibrosis, cytomegalovi-
rus pneumonia precluded the use of corticosteroids. Histo-
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logic cytomegalovirus pneumonia was diagnosed in 18 cases.
Histologic bacterial or mycobacterial pneumonia was diag-
nosed in five cases. No significant change in arterial blood
gases was noted as linked to the biopsy procedure except an
increase of the Pa, /FIO, ratio. One pneumothorax was diag-
nosed on a chest foemgenogram 12 h after OLB. Only one
patient required blood transfusion during the 48-h period after
OLB (for an hemothorax). Five patients had moderate air leaks
from operative chest tubes for 2—10 days.

Conclusions: Open lung biopsy appeared to be a useful and
acceptably safe diagnostic technique in patients with ARDS. It
permitted the diagnosis of unexpected cytomegalovirus pneu-
monia. (Key words: Biopsy; corticosteroids; cytomegalovirus;
pneumonia.)

ACUTE respiratory distress syndrome (ARDS) was first
described in 1967' and since that time has been the
subject of many studies. It has been suggested that the
acute phase is related to an increase in the permeability
of the alveolar capillary membrane, leading to edema,
proteinaceous exudates, hyaline membranes, conges-
tion, and hemorrhage.” Acute interstitial fibrosis will
develop in some of these patients, some of whom will
die. A recent published study’ showed that fibrosis is
strongly correlated with outcome. Others studies have
suggested that this fibrosis is potentially reversible."’
Meduri et al.®” proposed using corticosteroids at the
fibroproliferative phase of ARDS and found, in nonran-
domized studies, a decrease in the mortality rate among
patients treated with corticosteroids.

The sensitivity of the available microbiologic sampling
techniques is not sufficient to determine a cause of
ARDS in all cases.® ' Further, viral agents can be the
cause of certain nosocomial pneumonias.'' Conse-
quently, in these patients with ARDS, negative microbi-
ological cultures, and a clinical picture mimicking noso-
comial pneumonia, it is difficult to separate true infec-
tion from inflammatory response.

The rapid clinical deterioration of patients with ARDS,
who often progress to multiple organ failure, creates a
diagnostic and therapeutic dilemma. Open-lung biopsy
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(OLB) is highly sensitive in diagnosing chronic diffuse
parenchymal disease.'*"’ However, because it is an inva-
sive procedure, some clinicians may be reluctant to
perform OLB in critically ill patients with ARDS. In a
previous study,” we used transbronchial biopsy (TBB)
to rule out the presence or the absence of fibrosis. In
3 of the 25 patients studied, no lung specimen was
obtained. Further, because of the limited size of the
samples, no lung specimen could have been sent to
the microbiology laboratory for processing. Therefore,
despite the good tolerance of this procedure, we de-
cided to use OLB to obtain larger samples for histologic
and microbiological processing.

The aim of this observational case series was to evaluate
the safety and the utility of OLB performed in patients
with ARDS who were thought to be free of bacterial pneu-
monia. This area is potentially important because the fi-
broproliferative phase of ARDS may be steroid responsive
(a hypothesis to be tested in the National Heart, Lung, and
Blood Institute multicenter study), and differentiating that
entity from infection may require, in certain circum-
stances, histologic lung assessment.

Materials and Methods

Study Design

This study was conducted during a 4-yr period (Janu-
ary 1, 1993 to December 31, 1996) in our 14-bed medi-
cosurgical intensive care unit (ICU). After approval by
the institutional ethics committee, informed consent
was obtained from each patient’s family. The decision
to perform an OLB required the agreement of the four
senior physicians in charge of the ICU. Open lung bi-
opsy was indicated, after at least 5 days of evolution of
ARDS, for a lack of improvement in respiratory status
(defined as the absence of decrease of the Lung Injury
Score'") despite negative bacterial cultures and a poten-
tial indication for corticosteroid treatment.

Patients

All patients met the criteria of ARDS defined by the
American - European consensus conference.'” The fol-
lowing data were prospectively recorded and com-
puted: age, sex, diagnosis on admission, Acute Physiol-
ogy and Chronic Health Evaluation III score on admis-
sion,'® the number of organ failures on admission
evaluated by the Organ System Failures score,'” and the
date of onset of ARDS. The following data were re-
corded the day of OLB: temperature, leukocyte count,
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radiologic classification using Weinberg's score,'® and
Lung Injury Score."" At least four arterial blood gas (at
least every 6 h) determinations per day were done be-
fore and after the biopsy procedure. Finally, the dura-
tion of mechanical ventilation, duration of hospitaliza-
tion, and final outcome were recorded.

Microbiological Examinations Performed before

Open-lung Biopsy

Blind and directed sampling procedures were per-
formed in the three days before OLB. The presence of
bacteria was assessed by blinded bronchial sampling,
bronchoalveolar lavage (BAL), and protected specimen
brush.” The results of these examinations were consid-
ered to be positive when at least one microorganism
grew to a concentration exceeding 10° cfu/ml for pro-
tected specimen brush'” and 10" cfu/ml for BAL" and
blinded bronchial sampling.” Viral cultures for cytomeg-
alovirus (BAL and blood cultures) were performed in
all patients using the shell-vial culture technique. Lung
tissue culture for cytomegalovirus was not performed
in all patients. Specimens for these cultures were inocu-
lated onto MRC-5 cells in tissue culture.* Monoclonal
antibodies directed against immediate early antigen (E
13; Biosoft, Clonatec, Paris, France) were applied 48 h
after inoculation to detect viral antigen expression.>'
When bacterial and cytomegalovirus cultures were neg-
ative, we systematically performed a BAL to diagnose
pneumonia due to the Herpes virus, Legionella, Myco-
plasma pneumoniae, Mycobacteria (direct examina-
tion and culture), Prneumocystis carinii, and aspergillo-
sis. When the results of these examinations were nega-
tive (except for mycobacterial culture, which requires
several weeks), we decided to perform OLB. This proce-
dure was done within the following 24 h.

Open-lung Biopsy

Open lung biopsy was done in the ICU (at the bed-
side) or in the operating room by the same experienced
thoracic surgeon (P.T.). When the ratio of the partial
pressure of arterial oxygen to the fraction of inspired
oxygen (Pay,:F10,) was <120 mmHg, OLB was per-
formed in the ICU. No blood gas value contraindicated
the procedure. In patients with a risk of bleeding, pleu-
ral symphyses (evaluated by the patient’s history and/
or CT scan), or both, the procedure was performed in
the operating room. A sterile operating room technique
was used in the ICU, where each patient stayed in a
separate room with continuous air recycling. All pa-
tients were mechanically ventilated via a cuffed trache-
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ostomy tube and anesthetized with sufentanil and mida-
zolam and paralyzed with vecuronium to manage ARDS.
Anticoagulant therapy was stopped for at least 12 h
before the procedure. The FiO, was increased to 1.0
during the biopsy procedure. Electric activity of the
heart, pulse oximetry, and arterial blood pressure were
monitored continuously. The chest was elevated
slightly with a pad under the homolateral shoulder with
the arm at the side but more posterior and out of the
way. Local anesthesia was not used. A 10-cm lateral
thoracotomy incision was made in the fifth intercostal
space. A rib spreader and atraumatic graspers were
used. The biopsy was obtained using automatic linear
stapling devices (reloadable linear cutter TLC 75; Eth-
icon Endosurgery, Sommerville, NJ). All pleural adher-
ences were freed. After inspection of the lung, biopsy
specimens were taken from the most involved area,
usually in dependent areas of the middle lobe (or lin-
gula) or the lower lobe. Average operative time was 30
min. The biopsy procedure was facilitated by discon-
necting the patient from the ventilator when the stapler
was applied. Once the biopsy specimen was removed,
the ventilator was reconnected immediately. Two chest
tubes were inserted before closing the chest. Chest
roentgenograms were obtained in each patient after the
procedure. Chest tubes were removed once patients
had been weaned from the ventilators. A thoracoscopic
lung biopsy was not attempted in any of these ventila-
tor-dependent patients due to their inability to tolerate
single-lung ventilation. Possible pleural space infection,
air leak, and pneumothorax were recorded during the
patients’ stay in the ICU. The therapeutic impact of OLB
was also assessed. Change in therapy was defined as
the addition or substraction of one or more drugs.

Open-lung Biopsy Processing

Biopsy samples were fixed in 10% buffered formalin
for 24 h at room temperature. Then samples were dehy-
drated in a modified alcohol series: 95% for 15 min,
100% for 15 min, and xylene for 15 min. After dehydra-
tion, samples were embedded in a single paraffin block
and serially cut at 4-ym thickness using standard micro-
tomes with disposable blades. Slides were stained with
hematoxylin-eosin-saffran. Focal fibrosis was not a crite-
ria for the administration of corticosteroids. Corticoste-
roids were indicated when patients had the following
degree of diffuse fibrosis: myxoid interstitial fibrosis,
interstitial and intra-alveolar fibrosis, or a distortion of
the usual pulmonary architecture by dense fibrous tis-
sue (fig. 1). Cytomegalovirus pneumonia was diagnosed
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on pulmonary samples by the identification of large
cells with large nuclei containing a basophilic or eosino-
philic inclusion surrounded by a light halo.?*** These
typical findings were always associated with a diffuse
interstitial pneumonia characterized by the presence of
inflammatory cells (predominantly lymphocytes), thick-
ened alveolar septi, and an interstitial inflammation.
Bacterial pneumonia was defined by the presence of
scattered neutrophilic infiltrates localized to terminal
bronchioles and surrounding alveoli with evident con-
fluence of infiltrates between adjacent lobules.® Bacteri-
ologic investigation performed on open lung biopsy
samples included Gram and Ziehl-Neelsen staining and
culture for bacteria, mycobacteria, and fungi.

Statistics

Median values and ranges are reported for non-nor-
mally distributed data. For normally distributed data,
values are reported as means * SD.

Results

Characteristics of the Patients at Admission

During the study period, 2,074 patients were admitted
to our medicosurgical ICU. Of these 2,074 patients,
ARDS developed in 197. In all, 37 OLBs were performed
in 36 of these patients with ARDS (mean age, 59 + 15
yr; Acute Physiology and Chronic Health Evaluation IIT
score on admission, 65 *= 25). None of the families
refused OLB. Of these 37 OLBs, 5 cases had also been
included in a previously published study of cytomegalo-
virus pneumonia.'' Six patients were admitted to the
ICU for ARDS, whereas ARDS developed in the other
30 patients during their ICU stay. Among the 36 patients
enrolled in the study, 3 were admitted to the ICU after
multiple trauma, 15 were admitted with postoperative
complications after major surgery, and 18 were admit-
ted for an acute medical illness (community-acquired
pneumonia, 7; aspiration pneumonia, 5; coma, 2; poly-
neuritis, 1; mediastinitis, 1; myocardial infarction, 1;
status asthmaticus, 1).

Characteristics of the Patients at the Time of

Biopsy

Twelve of the 36 patients had computerized axial
tomographic examination of the chest during the 72-h
period preceding OLB. They showed bilateral diffuse
infiltrates predominantly in the dependent regions.

Table 1 shows the clinical and respiratory parameters
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pen lung biopsy (magnification, x40; hematoxy-

lin-eosin-safran stain) showing interstitial septal and diffuse endoalveolar fibrosis with thickening of the alveolar septa. (Bottom

left) Low-power photomicrograph of an open lung biopsy (magnification,

shows interstitial septal and diffuse endoalveolar fibrosis with thickening o
of the usual pulmonary architecture by a dense fibrous tissue. (Bottom
biopsy (magnification, x250; hematoxylin-eosin-safran stain) showing

xX40; hematoxylin-eosin-safran stain). The upper part
f the alveolar septa. The lower part shows a distortion
right) Low-power photomicrograph of an open lung
cellular and nodular septal fibrosis. Also evident is

alveolar lining cell hypertrophy and marked septal thickening with moderate distortion of the usual pulmonary architecture,

including obliteration of the alveoli.

recorded on the day of OLB. The median time for me-
chanical ventilatory support was 14 days (range, 5-89
days). OLB was performed 10 days (range, 5-55 days)
after the onset of ARDS. On the day of OLB, all patients
had a Lung Injury Score >2.5 (mean, 3.1 + 0.4). Fifteen
patients presented at least two visceral dysfunctions as
defined by the Organ Systems Failure scoring scheme.

Clinical presentation was not specific to an infectious
process. The mean temperature was 37.9 + 1°C (range,
36-40.5°C). The mean white blood cell count was 13.6
* 6.7 G/1, with a predominance of neutrophils (82 +
9%). Weinberg'’s radiologic score was 11 + 1.6.
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The platelet count was >100 G/1 in all but six patients.
All patients were hemodynamically stable, but 19 pa-
tients (53%) were receiving cardiovasoactive drugs.
Twenty-six of the 36 patients were receiving volume-
controlled ventilatory support at the time of OLB. The
other 10 patients received ventilatory support ac-
cording to a pressure-controlled mode. Ventilation was
with a positive end-expiratory pressure of at least 5 cm
H,O in all patients. In addition, 21 of these 36 patients
received nitric oxide and 15 of these 21 patients re-
ceived a concomitant continuous infusion of almitrine.

Arterial blood gas samples for gas analysis taken dur-

LR . ! 2 NS of MRS IR S
Fig. 1. Fibrosis at open-lung biopsy. (Top left) Low-power photomicrograph of an open-lung biopsy (magnification, xX100;
hematoxylin-eosin-safran stain) showing diffuse interstitial myxoid fibrosis and fibroblastic and chroni.
infiltration of the interstitium. (Zop right ) Low-power photomicrograph of an o
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Table 1. Clinical and Respiratory Parameters at Time of Biopsy and Pa, /Fi,,, Ratio

after Open Lung Biopsy

Duration Duration

Pag /Fio, Pag /Fi

Patient of ARDS of MV Vit PEEP Pco v, (mmHg) (mmHg)

No. (days) (days) OSF LIS (ml) (emH,0) (mmHg) (L/min) before OLB after OLB
1 13 13 1 3.3 460 10 68 8.3 98 105
2 18 21 1 3.3 460 12 L 13.8 118 110
3 30 32 1 207 410 5 42 11 151 211
4 10 25 1 2.7 710 9 38 10.7 189 304
5 20 20 1 2.7 450 5 47 19.6 60 U177
6 13 iz 3 3.0 800 14 38 20 149 118
7 5 40 1 3.3 740 10 33 14.8 105 107
8 26 33 3 3.0 340 9 45 18.2 190 210
9 5 5 2 2T 570 7 47 71 109 127
10 il 11 1 2. 660 6 57 22.4 86 274
11 5 6 2 4.0 240 15 74 12 75 122
12 6 6 3 4.0 500 16 36 26.3 98 110
13 it 8 2 3.3 600 13 35 15.6 91 145
14 6 6 1 2.8 600 10 30 11.4 126 135
15 5 5 2 3.0 500 13 58 8 109 i
16 44 44 2 2.7 550 6 26 1817 99 121
1h7 5 < 2 3.0 500 12 50 8 67 164
18 16 26 1 3.0 500 10 35 11 190 161
e 9 28 1 3.0 600 11 48 18 115 97
20 21 21 1 2.7 500 8 36 1115 135 165
21 10 11 1 3.3 350 14 38 9.8 160 172
22 20 25 1 2.7 400 8 52 12.4 180 248
23 55 56 1 3.3 370 il2 50 10 75 159
24 31 45 2 3.3 450 11 38 14.4 112 161
25 16 21 1 3.0 350 10 49 9.8 161 180
26 5 5 1 3.3 500 11 40 11.0 90 104
27 i {f 1 3.0 515 2 32 10.8 140 220
28 8 14 3 3.7 650 14 48 13.0 87 7
29 6 6 2 3.0 530 10 36 10.6 140 119
30 74 7 2 3.3 550 10 39 13.8 127 136
31 13 13 1 3.3 500 9 52 15.0 134 133
35 35 1 3.0 380 10 74 i15:2 1115) 127
32 6 6 1 3.3 500 10 78 15.0 129 225
33 16 20 2 297 460 10 40 13.8 190 247
34 5 89 1 3.0 450 10 51 8.0 129 115
35 6 6 2 3.7 570 11 42 10.8 85 100
36 8 8 1 3.0 600 10 46 10.2 131 114

MV = mechanical ventilation; OSF = organ system failures score;'® LIS = lung injury score®®; Vt = tidal volume; PEEP = positive end-expiratory pressure; Ve

= minute ventilation.

ing the 24-h period before OLB showed that the most
abnormal Pag,,:F10, ratio was <150 mmHg in 30 cases
and <100 mmHg in 12 of these 30 cases.

At the time of biopsy, 23 patients were receiving anti-
biotic treatment. Antibiotics had been stopped for at
least 48 h in seven other patients. The remaining six
patients had never received antibiotics while they were
in the hospital. All patients had negative bacterial cul-
tures from the samples obtained from protected and
blinded techniques during the 72-h period before OLB.

Anesthesiology, V 88, No 4, Apr 1998

Tolerance of the Biopsy Procedure

Open-lung biopsy was performed at the bedside in
25 cases and in the operating room in the remaining
12 cases. It was performed on the right side in 20 cases
and on the left side in the remaining 17 cases. There
were no intraoperative complications or deaths. One
pneumothorax was diagnosed by chest roentgenogram
and required chest tube drainage 12 h after OLB. Only
one patient required blood transfusion during the 48-h
period after OLB for a hemothorax of 350 ml. In all
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Table 2. Arterial Blood Gas and Ventilator Settings before
and after Open Lung Biopsy (OLB)

Before OLB After OLB

Pao /Flo, (mmHg)
Pco, (mMmHg)

118 (60-190)
44 (26-78)

138 (79-304)*
41 (31-105)

Vit (ml) 500 (240-800) 500 (280-880)
Minute ventilation
(L/min) 12 (8-26) 12 (8-23)

PEEP (cmH,0)
Peak pressure
(cmH,0)

10.8 = 2.6 (5-16)f 10.8°=£ 2.5/(6—16)T

36 + 6 (27-49)t 34 + 5 (25-46)t

Values are median (range).
*P < 0.01 (Wilcoxon signed-rank test).
T Mean + SD.

instances, the FiO, returned to preoperative levels
within a mean of 15 min (range, 5S-22 min). No arrhyth-
mia or hemodynamic instability was precipitated by
OLB. No significant change in arterial blood gases or
ventilator parameters was noted as linked to the biopsy
procedure except the Pa,:F1O, ratio (tables 2 and 3).
As shown in table 2, median values were calculated
from the most abnormal results of blood gas analysis
performed during the 24-h period before and after OLB.
Intraoperative blood gas values were never performed.
Intraoperative monitoring included pulse oximetry,
which always remained greater or equal to the preoper-
ative value. The slight increase of the Pa,:F10, ratio
was probably related to the evacuation of pleural effu-
sions consisting of 80 ml (range, 0-800 ml) of serofi-
brinous exudate. We noted a decrease of the Pag,:F10,
ratio in only 10 cases and an increase in the remaining
27 procedures (table 1). Nitric oxide administration and
almitrine infusion remained constant throughout the
pre- and postbiopsy period. Five patients (14%) had a
moderate air leak from operative chest tubes for at least
24 h that did not require surgery (three in patients with
OLB in the ICU and two with OLB in the operating
room). The air leak lasted from 2-10 days (2 days in
one patient, 3 days in two patients, 4 days in one pa-
tient, and 10 days in one patient).

Diagnostic Results and Changes in Therapy

Table 3 shows the diagnostic results of OLB. Only one
lung biopsy was performed per patient. Dimensions
were 3-5 cm in length, 1.5-3 cm in width, and 0.5-
1.2 em in thickness. All biopsy specimens had abnormal
findings. Fibrosis was noted in 15 cases (41%). Cytomeg-
alovirus pneumonia was diagnosed by histologic analy-
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sis in 18 cases. Lung tissue culture for cytomegalovirus
was performed in 9 of these 18 cases and was positive
for this virus in 4 cases. Immunocytochemical analysis
for cytomegalovirus was performed in only four pa-
tients and was positive in two cases. Cytomegalovirus
pneumonia was always observed in non-immunocom-
promised patients who were not receiving corticoste-
roids at the time of OLB. In 10 patients, cytomegalovirus
was present on BAL, blood, or both (five times before
OLB, five times after OLB). Although OLB could miss
some cytomegalovirus infections because of the small
size of the sample, an OLB demonstrating characteristic
viral inclusions surrounded by a light halo can be con-
sidered the gold standard. This fact allowed us to deter-
mine the operative characteristics of BAL fluid and
blood cultures. The sensitivity rate was 44% for both
techniques. The specificity rate for the diagnosis of cy-
tomegalovirus pneumonia was 95% for BAL fluid cul-
tures and 100% for viremia. Cytomegalovirus pneumo-
nia contraindicated the use of corticosteroids in 9 of
the 15 patients with fibrosis. Corticosteroid therapy was
initiated in only six patients. For one patient (patient
23), corticosteroids were contraindicated by the surgi-
cal team, because of impaired healing of an esophageal
perforation. The results of OLB directly altered the ther-
apeutic management in 34 cases (table 3).

Outcome

The mean duration of mechanical ventilation of these
36 patients was 40 = 23 days, and the mean duration
of hospitalization in the ICU was 46 + 26 days. Despite
changes in therapy, the survival rate was low (table 3).
Only 18 patients (50%) survived to be discharged from
the ICU and from the hospital. Survival was not modi-
fied when we considered only those patients in whom
therapeutic changes resulted from OLB (53%). When
only the six patients with fibrosis evident on OLB and
who subsequently received corticosteroids were con-
sidered, four of them survived and were discharged
from the hospital. For those patients who died in the
ICU, survival time after OLB was 7 days (range, 4-37
days). The most common cause of death was multiple
organ failure in 13 patients (72%), followed by cardiac
failure in 2 (11%) and pulmonary failure in 3 (17%).
Autopsy was performed in six patients (33%). The post-
mortem histologic examination of the lung parenchyma
corresponded with the pathologic findings of OLB in
five patients (patients 5, 8, 10, 11, and 26). The re-
maining autopsy (patient 19) revealed a bacterial super-
infection (6 days after OLB). The ICU mortality rate for
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Table 3. Open Lung Biopsy Diagnoses and Survival to Hospital Discharge

Patient No. Histological Result

Therapeutic Alterations Outcome
1 Foreign body reaction/fibrosis Corticosteroid therapy Survived
2 Cytomegalovirus pneumonia/fibrosis Ganciclovir Survived
3 Cytomegalovirus pneumonia Ganciclovir/stop antibiotics Survived
4 Cytomegalovirus pneumonia/fibrosis Ganciclovir Survived
5 Diffuse alveolar damage No modification Dead
6 Bacterial pneumonia (abscess) New antibiotics Dead
G Cytomegalovirus pneumonia Ganciclovir/stop antibiotics Dead
8 Cytomegalovirus pneumonia Ganciclovir Dead
9 Cytomegalovirus pneumonia/fibrosis Ganciclovir Dead
10 Cytomegalovirus pneumonia/fibrosis Ganciclovir Dead
11 Cytomegalovirus pneumonia Ganciclovir Dead
12 Cytomegalovirus pneumonia Ganciclovir/stop antibiotics Dead
13 Cytomegalovirus pneumonia/fibrosis Ganciclovir/stop antibiotics Dead
14 Diffuse alveolar damage Stop Ganciclovir Survived
s Diffuse alveolar damage No modification Dead
16 Systemic lupus erythematosus Corticosteroid therapy Survived
17 Bacterial pneumonia New antibiotics/stop Ganciclovir Survived
18 Herpetic pneumonia Acyclovir Survived
19 Fibrosis Corticosteroid therapy/stop antibiotics Dead
20 Diffuse alveolar damage Stop antibiotics Survived
21 Diffuse alveolar damage Stop corticosteroid therapy/stop antibiotics Survived
22 Cytomegalovirus pneumonia Ganciclovir/stop antibiotics Survived
23 Fibrosis Stop antibiotics Dead
24 Cytomegalovirus pneumonia/fibrosis Ganciclovir Survived
25 Fibrosis Corticosteroid therapy Survived
26 Intravascular bronchioloalveolar tumor No modification Dead
27 Cytomegalovirus pneumonia Ganciclovir/stop antibiotics Survived
28 Bacterial pneumonia-fibrosis New antibiotics Dead
29 Mycobacterial infection New antibiotics Dead
30 Cytomegalovirus pneumonia/fibrosis Ganciclovir Dead
31 Cytomegalovirus pneumonia/fibrosis Ganciclovir Survived
Fibrosis Corticosteroid therapy Dead
32 Cytomegalovirus pneumonia Ganciclovir Dead
33 Cytomegalovirus pneumonia/fibrosis Ganciclovir Survived
34 Tuberculosis New antibiotics Dead
35 Wegener’s granulomatosis Corticosteroid therapy Survived
36 Cytomegalovirus pneumonia Ganciclovir Survived

the 161 ARDS patients who did not require OLB was
48%. The reasons for not performing OLB in the 77
patients with ARDS who died in the ICU were related
to the presence of a bacteria on at least one of the
various sampling procedures, the evolution of the ARDS
toward multiple organ failure (without an increase in
Lung Injury Score), an extrapulmonary cause of death,
a rapidly fatal underlying disease, and do not resuscitate
orders (in five patients).

Discussion

The present study shows that OLB is an acceptably
safe and useful technique in patients with ARDS who
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are receiving ventilatory support before corticosteroids
are prescribed. Further, we found a particularly high
percentage of cytomegalovirus pneumonia in these pa-
tients with ARDS. The mechanisms that regulate fibrosis
after ARDS are not entirely understood. As described
by some authors,””** corticosteroids could improve the
oxygenation status and the outcome of ARDS at the
fibroproliferative phase. Although a recent study”” has
shown that determination of type III procollagen pep-
tide in BAL fluid is highly correlated with an increased
risk of fatal outcome, to our knowledge no study has
demonstrated a correlation between the presence of
fibrosis assessed by lung histologic analysis and the level
of type III procollagen peptide in BAL fluid in patients
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with ARDS. Biopsy not only establishes the diagnosis
of fibrosis but also provides valuable information to
rule out pulmonary infection as the continuing cause
of respiratory distress. It is well recognized that nosoco-
mial pneumonia is a major complication of ARDS; and
the use of corticosteroids, if sepsis is the cause of con-
tinuing ARDS, would be contraindicated. On the other
hand, the false-negative rate of all sampling procedures
in the diagnosis of bacterial nosocomial pneumonia in
ventilated patients could require the use of the gold
standard —the histologic assessment of lung paren-
chyma.® '° Even the more sensitive technique (blinded
bronchial sampling) is associated with a high false-nega-
tive rate: 28% for a threshold at 10" cfu/ml.” Further, in
a previous study, we found that, in patients receiving
ventilatory support, nosocomial pneumonia could be
due to virus, especially cytomegalovirus.'' During a 5-
yr period, cytomegalovirus pneumonia was diagnosed
by histologic analysis in 25 non-immunocompromised
patients. We also reported a low sensitivity of BAL using
shell-vial culture technique with fluorescein-labeled an-
tibody E13 (53%). Although in patients with acute lung
injury, reactive type II pneumocytes can assume un-
usual sizes and shapes (they may have huge reactive
nucleoli that can be mistaken for viral inclusions), the
fact that, in the present work, histologic signs of cyto-
megalovirus pneumonia coincided with positive blood,
BAL, or lung tissue culture or with positive immunocy-
tochemical results tends to indicate that the histologic
modifications were related to cytomegalovirus. The in-
cidence of cytomegalovirus could appear surprising in
the late stages of ARDS. Recognition of typical inclu-
sions may be difficult in lungs that are inflamed. Cyto-
megalovirus may be the initiating factor in some cases
of ARDS. However, without longitudinal studies, it is
impossible to determine whether ARDS or cytomegalo-
virus infection occurs first. Tuxen et al.*° described the
association of the herpes simplex virus and ARDS in
1982. They reported an incidence of 30% in patients
with ARDS, whereas no case was diagnosed in patients
receiving ventilatory support who did not have ARDS.
However, identification of the herpes simplex virus was
performed by cytologic analysis of lower respiratory
secretions and not by histologic lung assessment. Specu-
lation regarding the effect of cytomegalovirus on out-
come in the present study is not valid, but the strong
predilection for patients with ARDS, which was pre-
viously unrecognized, indicates the need for further
study. OLB is associated with an underestimation of
bacterial lung infection, but viral infections and fibrosis
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are probably less heterogenous and could be diagnosed
in a lung tissue sample. However, to assess the accuracy

of OLB for the diagnosis of lung infection caused by

cytomegalovirus, the technique should be compared
with extensive lung histologic results in patients who
die in the ICU. In all, we found that in patients with an
established ARDS and a potential indication for cortico-
steroids, fibrosis was present in only 41% of the lung
specimens obtained by OLB. Further, in 9 of the 15
patients with fibrosis, the presence of histologic hall-
marks of cytomegalovirus pneumonia contraindicated
the use of corticosteroids. Finally, only six patients re-
ceived corticosteroids (17%). However, to our knowl-
edge, no data exist (although this does seem reasonable)
indicating that the response to steroid therapy is spe-
cific to patients with fibrosis on biopsy. We think that
blinded and directed sampling procedures cannot give
complete and precise information on underlying infec-
tious processes, specific lung diseases, and the presence
of fibrosis.

Some studies have been devoted to the use of OLB
in immunocompromised patients.””** All these studies.
however, showed that the procedure can be done with
a low mortality rate, even in seriously ill patients. The
question of the performance and the tolerance of OLB
in patients with ARDS has received little attention.?’
Concerning the tolerance and the morbidity related to
OLB, our study favors the use of this technique in pa-
tients with ARDS. Furthermore, this surgical technique
can be performed at the bedside in the ICU when OXy-
genation status contraindicates any transport of the pa-
tient. We had no deaths from this procedure, and our
only complication was a minor hemothorax and the
development of low-grade air leak in five patients. One
of these five patients had a pneumothorax that required
pleural space drainage. To minimize these complica-
tions, we disconnected the patient from the ventilator
during the stapling procedure. In addition, we used two
pleural chest tubes rather than one. Every effort was
made to ensure complete pneumostasis before closure.

There were no deaths related to OLB and only minimal
complications in the series by Ashbaugh and Maier.>*
Meduri et al.” noted the same result and reported only
one persistent air leak after OLB in 13 patients. Potter
et al.” noted a high incidence of complications (71%)
that they attributed directly to the need for general
anesthesia, mechanical ventilation, and the surgical pro-
cedure in patients undergoing OLB. It appeared that
our study differed from that by Potter et al.*° in two
important ways: Our patients were not immunocom-
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promised (except for one lung transplant recipient),
whereas those of Potter ef al. had non-neutropenic can-
cer; and our patients were all mechanically ventilated
before OLB, whereas those of Potter ef al. were sponta-
neously breathing.

An alternative approach for invasive diagnosis, TBB,
has commonly been limited to autonomously ventilat-
ing patients. Only a few reports’”'** have evaluated the
feasibility of TBB during mechanical ventilation. How-
ever, there are factors that may limit the utility of TBB.
These factors are generally believed to be related to its
small size or nonrepresentativeness of the tissue speci-
men or both. Fraire et al.> identified a statistically sig-
nificant association between the specific pathologic di-
agnosis of infection and biopsy specimens containing
a greater number of alveoli. Further, Burt e al.*' per-
formed synchronous TBB and OLB in 20 patients. The
open procedure yielded a diagnosis in 94% compared
with 59% for TBB. In our study, the number of samples
necessary for pathologic examination and microbiologi-
cal cultures underscores the need for large samples.
Further, hemorrhage and pneumothorax are the poten-
tially life-threatening complications of TBB. Two pneu-
mothoraces (15%) were encountered in the study of
Pincus et al.** and one by Papin et al.’' in their series
of 15 patients. In a previous study,” we did not observe
pneumothorax in a series of 25 patients undergoing
TBB. However, the respiratory status of the patients
included in the present study was much more altered
than that of the patients included in our previous work.
For example, at the time of biopsy, the Pa,,:F10, ratio

was 187 = 64 mmHg in the TBB study compared with
123 + 36 mmHg in the present investigation.

In the present series of patients with ARDS, the find-
ings of OLB enabled the initiation or the discontinuation
of therapy in 34 cases. However, the principal findings
of this study remains that OLB is an acceptably safe and
useful technique in a disease process as serious as ARDS.
Nevertheless, although OLB is undoubtedly valuable in
making or confirming diagnoses, the design of the pres-
ent study did not allow us to show that this information
improves overall patient survival rates.

References

1. Ashbaugh DG, Bigelow DB, Petty TL, Levine BE: Acute respira-
tory distress in adults. Lancet 1967; 2:319-23

2. Wright JL: Adult respiratory distress syndrome, Pathology of the
Lung. Edited by WM Thurlbeck, AM Churg. New York, Thieme Medi-
cal Publishers, 1995, pp 385-99

Anesthesiology, V 88, No 4, Apr 1998

3. Martin C, Papazian L, Payan MJ, Saux P, Gouin F Pulmonary
fibrosis correlates with outcome in adult respiratory distress syn-
drome. A study in mechanically ventilated patients. Chest 1995;
107:196 - 200

4. Lamy M, Fallat RJ, Koeniger E, Dietrich HP, Ratliff JL, Eberhart
RL, Tucker HJ, Hill JD: Pathologic features and mechanisms of hypox-
emia in adult respiratory distress syndrome. Am Rey Respir Dis 1976;
114:267 -84

5. Mittermayer C, Hassenstein J, Riede UN: Is shock-induced lung
fibrosis reversible? A report on recovery from shock-lung.” Path Res
Pract 1978; 162:73-87

6. Meduri GU, Belenchia JM, Estes RJ, Wunderink RG, El Torky M,
Leeper KV Jr: Fibroproliferative phase of ARDS. Clinical findings and
effects of corticosteroids. Chest 1991: 100:943 -52

7. Meduri GU, Chinn AJ, Leeper KV, Wunderink RG, Tolley E,
Winer-Muram HT, Khare V, Eltorky M: Corticosteroid rescue treat-
ment of progressive fibroproliferation in late ARDS. Patterns of re-
sponse and predictors of outcome. Chest 1994; 105:1516-27

8. Torres A, El-Ebiary M, Padro L, Gonzalez ], Puig De La Bellacasa
J, Ramirez J, Xaubet A, Ferrer M, Rodriguez-Roisin R: Validation of
different techniques for the diagnosis of ventilator-associated pneu-
monia. Comparison with immediate postmortem pulmonary biopsy.
Am ] Respir Crit Med 1994; 149:324-31

9. Papazian L, Thomas P, Garbe L, Guignon I, Thirion X, Charrel
J, Bollet C, Fuentes P, Gouin F: Bronchoscopic or blind bronchial
sampling techniques for the diagnosis of ventilator-associated pneu-
monia? Am J Respir Crit Care Med 1995; 152:1982-91

10. Marquette CH, Copin MC, Wallet F, Neviere R, Saulnier F,
Mathieu D, Durocher A, Ramon P, Tonnel AB: Diagnostic tests for
pneumonia in ventilated patients: Prospective evaluation of diagnos-
tic accuracy using histology as a diagnostic gold standard. Am J Respir
Crit Care Med 1995; 151:1878-88

11. Papazian L, Fraisse A, Garbe L, Zandotti C, Thomas P, Saux P,
Perrin G, Gouin F: Cytomegalovirus: An unexpected cause of ventila-
tor-associated pneumonia in adults. ANESTHESIOLOGY 1996; 84:280-7

12. Wall CP, Gaensler EA, Carrington CB, Hayes JA: Comparison
of transbronchial and open biopsies in chronic infiltrative lung dis-
cases. Am ] Respir Crit Care Med 1981; 123:280-5

13. Gaensler EA, Carrington CB: Open biopsy for chronic diffuse
infiltrative lung disease: Clinical, roentgenographic, and physiologic
correlations in 502 patients. Ann Thorac Surg 1980; 30:411-26

14. Murray JF, Matthay MA, Luce JM, Flick MR: An expanded defi-
nition of the adult respiratory distress syndrome. Am Rev Dis 1988;
138:720-3

15. Bernard GR, Artigas A, Brigham KL, Carlet J, Falke K, Hudson
L, Lamy M, Legall JR, Morris A, Spragg R, and the Consensus Commit-
tee: The American-European consensus conference on ARDS. Am ]
Respir Crit Care Med 1994; 149:818-24

16. Knaus WA, Wagner DP, Draper EA, Zimmerman JE, Bergner
M, Bastos PG, Sirio CA, Murphy DJ, Lotring, Damiano A, Harrell FE

Jr: The APACHE III prognostic system. Risk prediction of hospital

mortality for critically ill hospitalized adults. Chest 1991; 100:1619 -
36

17. Knaus WA, Draper EA, Wagner DP, Zimmerman JE: Prognosis
in acute organ-system failure. Ann Surg 1985; 202:685-93

18. Weinberg PF, Matthay MA, Webster RO, Roskos KV, Goldstein
IM, Murray JF: Biologically active products of complement on acute
lung injury in patients with the sepis syndrome. Am Rev Respir Dis
1984; 130:791-6

19. Chastre J, Fagon JY, Soler P, Bornet M, Domart Y, Trouillet JL,

202 Yoie €} uo 3sanb Aq 4pd-€1000-00070866 L -27S0000/2ESEBE/SEB/7/88/4Pd-ajon1e/ABOjOISaUISBUR/WOD IIBYIIBA|IS ZESE//:dRY WO papEojUMOq




944

PAPAZIAN ET AL.

Gibert C, Hance AJ: Diagnosis of nosocomial bacterial pneumonia in
intubated patients undergoing ventilation: Comparison of the use-
fulness of bronchoalveolar lavage and the protected specimen brush.
Am J Med 1988; 85:499-506

20. Martin IT W], Smith TF: Rapid detection of cytomegalovirus in
bronchoalveolar lavage specimens by a monoclonal antibody method.
J Clin Microbiol 1986; 23:1006-8

21. Mazeron MC, Jahn G, Plachter B: Monoclonal antibody E-13
(M-810) to human cytomegalovirus recognizes an epitope encoded
by exon 2 of the major immediate early gene. ] General Virol 1992;
73:2699-703

22. Smyth RL, Scott JP, Borysiewicz LK, Sharples LD, Stewart S,
Wreghitt TG, Gray JJ, Higenbottam TW, Wallwork J: Cytomegalovi-
rus infection in heart-lung transplant recipients: Risk factors, clini-
cal associations, and response to treatment. ] Infect Dis 1991;
164:1045-50

23. Miller RR: Viral infections of the respiratory tract, Pathology
of the Lung. Edited by WM Thurlbeck, AM Churg. New York, Thieme
Medical Publishers, 1995, pp 195-222

24. Ashbaugh DG, Maier RV: Idiopathic pulmonary fibrosis in adult
respiratory distress syndrome. Diagnosis and treatment. Arch Surg
1985; 120:530-5

25. Clark JG, Milberg JA, Steinberg KP, Hudson LD: Type III procol-
lagen peptide in the adult respiratory distress syndrome. Ann Intern
Med 1995; 122:17-23

26. Tuxen DV, Cade JF, McDonald MI, Buchanan MRC, Clark RJ,
Pain MCE: Herpes simplex virus from the lower respiratory tract in

Anesthesiology, V 88, No 4, Apr 1998

adult respiratory distress syndrome. Am Rev Respir Dis 1982;
126:416-9

27. McKenna RJ Jr, Mountain CF, McMartney MJ: Open lung biopsy
in immunocompromised patients. Chest 1984; 86:671 -4

28. Matthay RA, Moritz ED: Invasive procedures for diagnosing
pulmonary infections: A critical review. Clin Chest Med 1981; 2:3-
18

29. Hill JD, Ratliff JL, Parott JCW, Lamy M, Fallat RJ, Koeniger E,
McGee Yaeger E, Whitmer G: Pulmonary pathology in acute respira-
tory insufficiency: Lung biopsy as a diagnostic tool. ] Thorac Cardio-
vasc Surg 1976; 71:64-70

30. Potter D, Pass HI, Brower S, Macher A, Browne M, Thaler M,
Cotton D, Hathorn J, Wesley R, Longo D, Pizzo P, Roth JA: Prospective
randomized study of open lung biopsy versus empirical antibiotic
therapy for acute pneumonitis in nonneutropenic cancer patients.
Ann Thor Surg 1985; 40:423-8

31. Papin TA, Grum CM, Weg JG: Transbronchial biopsy during
mechanical ventilation. Chest 1986; 89:168-70

32. Pincus PS, Kallenbach JM, Hurwitz MD, Clinton C, Feldman
C, Abramowitz JA, Zwi S: Transbronchial biopsy during mechanical
ventilation. Crit Care Med 1987; 15:1136-9

33. Fraire AE, Cooper SP, Greenberg SD, Rowland LP, Langston
C: Transbronchial lung biopsy. Histopathologic and morphometric
assessment of diagnostic utility. Chest 1992; 102:748-52

34. Burt ME, Flye MW, Webber BL, Path FF, Wesley RA: Prospec-
tive evaluation of aspiration needle, cutting needle, transbronchial
and open biopsies in chronic infiltrate lung diseases. Ann Thorac
Surg 1981; 32:146-51

202 YoIe €} uo 3sanb Aq 4pd-€1000-00070866 L -27S0000/2ESEBE/SEB/7/88/4Pd-ajon1E/ABOjOISaUISBUR/WIOD JIBYIIBA|IS ZESE//:dRY WO papEOjUMOQ]




