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An Outbreak of Bronchoscopy-Related
Mycobacterium tuberculosis Infections
Due to Lack of Bronchoscope Leak
Testing*
Alan H. Ramsey, MD, MPH&TM; Tanya V. Oemig, RM (NRM);
Jeffrey P. Davis, MD; Jeffrey P. Massey, DrPH; and Thomas J. Török, MD

Background: Bronchoscopy-related transmission of Mycobacterium tuberculosis is rarely reported. In
August 1999, five M tuberculosis-positive bronchial washing culture findings were noted in patients
who underwent bronchoscopy in July in a hospital that reported only eight M tuberculosis-positive
culture findings from 1995 to 1998, prompting further investigation.
Methods: A case was defined as a M tuberculosis-positive culture finding from specimens obtained
from patients who underwent bronchoscopy during January to August of 1999. Bronchoscopy and
laboratory records, procedures, and practices were reviewed. M tuberculosis isolates were compared
using restriction fragment length polymorphism (RFLP) analysis.
Results: During July 1999, 19 bronchoscopic procedures were performed in 19 patients. Bronchial
washing specimens for mycobacterial culture were obtained from 18 patients. Ten cases were
identified. Two case patients, including the index patient, had signs and symptoms of active
tuberculosis prior to bronchoscopy. M tuberculosis infections developed in two more case patients
despite starting a standard four-drug antituberculous regimen within 3 weeks after bronchoscopy. Six
case patients had positive culture findings but no evidence of infection. All M tuberculosis isolates
were antituberculosis-drug susceptible, and all but one were indistinguishable by RFLP analysis.
Three bronchoscopes were used during the outbreak period; one bronchoscope was used in 9 of the
10 case patients (relative risk, 8.1; 95% confidence interval, 1.3 to 52). A hole was discovered in the
sheath of this bronchoscope. Leak testing, a critical step in bronchoscope reprocessing, was not
routinely performed at this institution.
Conclusions: M tuberculosis contamination of the bronchoscope occurred during the index patient’s
procedure. The hole in the sheath provided access to a space that was difficult to mechanically clean
and chemically disinfect. The reprocessing recommendations of bronchoscope manufacturers,
including leak testing after each use, should be closely followed. (CHEST 2002; 121:976–981)
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Abbreviations: RFLP � restriction fragment length polymorphism; TB � tuberculosis

B ronchoscopy allows direct access to and visual-
ization of the airways to aid in the diagnosis and

treatment of various respiratory conditions. The
number of bronchoscopic procedures performed
annually has increased substantially since flexible
fiberoptic bronchoscopes became commercially

available in 1967, and at least 500,000 bronchoscopic
procedures are performed each year in the United
States.1 Most are performed to evaluate suspected
infections or abnormal chest radiographic findings.2
Because they come into contact with mucous mem-
branes, bronchoscopes are considered “semi-critical”
under the Spaulding Classification System of pa-
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high-level disinfection between uses.3 A high-level
disinfectant should destroy all microorganisms, with
the exception of high numbers of bacterial spores.3

Reported infections associated with bronchoscopy
are rare; most studies4–8 report incidence rates of
� 1%. However, infectious complications of bron-
choscopy are often difficult to recognize and may be
underreported.6,9–11 Sequestered organic material
poses the greatest contamination risk; thus, bron-
choscopy-related infections are often associated with
improper reprocessing procedures. The most com-
mon reported agents include Pseudomonas species
and mycobacteria.6 While nontuberculous mycobac-
teria usually originate from the aqueous environ-
ment, contamination with Mycobacterium tubercu-
losis generally comes from an infected patient.6 Most
reports of bronchoscopy-related tuberculosis (TB)
outbreaks actually describe pseudoinfections, and
eight true infections have been documented.11–17

This report describes an outbreak in which M tuber-
culosis was transmitted from a patient with active TB
to at least two more patients via a contaminated
bronchoscope.

Materials and Methods

Background

On August 3, 1999, an infection-control practitioner from a
225-bed community hospital notified the Wisconsin Division of
Public Health of M tuberculosis-positive bronchial washing cul-
ture findings from five patients undergoing bronchoscopy be-
tween July 6, 1999, and July 16, 1999. Bronchoscopy was
performed on all five patients with the same flexible fiberoptic
bronchoscope. We conducted a retrospective cohort study to
identify the source and apply infection-control measures.

Case Definition and Case Finding

We defined a case as a M tuberculosis-positive culture finding
in specimens obtained from patients undergoing bronchoscopy
from January 1, 1999, through August 31, 1999. We reviewed the
mycobacteriology records of the hospital laboratory from January
1, 1995, through August 31, 1999, to identify patients with
positive culture findings for M tuberculosis. We reviewed bron-
choscopy records, including procedure logs, and patient records.
Tuberculin skin tests were performed on bronchoscopy patients
and staff soon after suspected exposure and again 90 days later
using the Mantoux method with five tuberculin units of tuber-
culin purified protein derivative. Persons with a history of TB or
a previous positive skin test result were not retested.

Procedures Review

We observed specimen-handling practices to assess the poten-
tial for cross-contamination in the laboratory. We observed
bronchoscopy procedures and instrument reprocessing practices
and reviewed written bronchoscope reprocessing protocols.

Laboratory Investigation

Environmental specimens were obtained from the bronchos-
copy suite for mycobacterial culture, including specimens from

bronchoscopes, biopsy forceps, and cytology brushes. Clinical
specimens, including BAL, sputum, or tissue specimens, were
digested with N-acetyl-l-cysteine and decontaminated with so-
dium hydroxide. Environmental and clinical specimens were
concentrated by centrifugation and inoculated into a liquid
medium, incubated at 37°C, and processed using a radiometric
culture detection system (BACTEC model 460; Becton Dicken-
son; Franklin Lakes, NJ). Mycobacterial isolates were sent to a
reference laboratory for speciation. The DNA fingerprints of all
M tuberculosis isolates were compared by restriction fragment
length polymorphism (RFLP) analysis using the PvuII/IS6110
method.18

Results

Case Finding

The hospital laboratory averaged just two positive
M tuberculosis culture findings per year during 1995
to 1998 (range, one to four positive findings per
year). Ten cases were identified, all of which were in
patients undergoing procedures during July (Fig 1).
Eight of the 10 case patients were male, and the
median age was 60 years (range, 33 to 85 years).
Bronchoscopy was performed in the case patients to
evaluate a lung mass or masses in six patients,
chronic cough in two patients, a cavitary lesion in one
patient, and a cavitary lesion and infiltrates in one
patient. The index patient had signs and symptoms of
TB prior to bronchoscopy, and M tuberculosis was
cultured from a bronchial washing obtained during
bronchoscopy on July 6. The nine subsequent case
patients had M tuberculosis cultured from bronchial
washings obtained between July 7 and July 23 (Table
1). All nine isolates had an 11-band RFLP pattern
that was identical to the index case patient’s pattern,
designated M251–99.11. In addition to the positive
bronchial washing finding, the index patient had
“mycobacterial caseating granulomatous pneumoni-
tis” based on examination of a right upper lobe
biopsy obtained during his procedure. Despite treat-
ment attempts, including directly observed therapy,
he died approximately 1 month later. After bron-
choscopy, case patients 2, 5, and 6 had persistent
evidence of M tuberculosis infection. Patient 2 pro-
duced M tuberculosis-positive sputum specimens at
3, 4, and 5 days after bronchoscopy; the RFLP
pattern of the day-3 isolate was also M251–99.11.
Patient 5 had a partial lung resection 6 weeks after
bronchoscopy to remove a malignancy from his right
lower lobe; coincidentally, there were “small miliary
nodules ranging in size from 3 to 6 mm” found in the
resected specimen, as described in the pathology
report. M tuberculosis pattern M251–99.11 was cul-
tured from one of the nodules. Patient 6, a Southeast
Asian immigrant with a history of TB and signs and
symptoms of active TB prior to bronchoscopy, had
M tuberculosis pattern M251–99.11 isolated from
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her bronchial washing. She also produced a
M tuberculosis-positive sputum specimen 1 month
after bronchoscopy; however, this isolate had a one-
band RFLP pattern, designated M270–94.1. She
was the only case patient known with risk factors for
HIV; however, she declined testing. All patients with
a positive M tuberculosis culture finding received a
standard four-drug antituberculous regimen consisting
of isoniazid, rifampin, pyrazinamide, and ethambutol.

One tuberculin skin test conversion was docu-
mented in a bronchoscopy nurse following the out-
break. She had a negative skin test result (0-mm
induration) in August 1999 and a positive skin test
result (20-mm induration) 3 months later. This nurse
assisted with bronchoscopic procedures for patients
1 and 6, the two patients with evidence of active TB
prior to bronchoscopy, and she received isoniazid for
treatment of latent TB infection.

Table 1—Bronchoscopy-Related M tuberculosis Infections at the Study Hospital, 1999*

Case
No.

Age,
yr Sex

Date of
Procedure

in 1999
Indication for
Bronchoscopy RFLP Pattern

Bronchoscope
Used

Tuberculin Skin
Test Dates, Results TB†

Postbronchoscopy
Diagnosis

1 85 M July 6 Cavitary lesion M251-99.11 A June 1999, 0 mm‡ Yes TB
2 67 M July 7 Lung mass M251-99.11 A July 1999, 0 mm‡ Yes Bronchitis
3 46 M July 9 Lung mass M251-99.11 A March 1999, 0 mm;

October 1999, 0 mm
No Sarcoidosis

4 38 M July 9 Pulmonary
nodules

M251-99.11 A October 1999, 0 mm No Caplan
syndrome

5 70 M July 13 Lung mass M251-99.11 A July 1999, 0 mm Yes Lung cancer
6 33 F July 16 Infiltrate

Cavitary lesion
M251-99.11
M270-94.1

A August 1993, 10 mm; July
1999, 17 mm

Yes TB

7 62 M July 19 Lung mass M251-99.11 A August 1999, 0 mm;
October 1999, 0 mm

No Lung cancer

8 69 M July 20 Cough M251-99.11 B August 1999, 0 mm;
December 1999, 0 mm

No Bronchitis

9 59 F July 22 Cough M251-99.11 A August 1999, 0 mm;
October 1999, 0 mm

No Bronchitis

10 69 M July 23 Hilar mass M251-99.11 A August 1999, 0 mm No Lung cancer

*M � male; F � female.
†Evidence of M tuberculosis infection.
‡Anergic.

Figure 1. Bronchoscopic procedures performed at the study hospital during July 1999 by instrument
used and case status of patient.
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Procedures Review

Laboratory Processing: Specimens were pro-
cessed for mycobacterial culture as they were re-
ceived, and a radiometric culture detection system
(BACTEC model 460) was used. We found no
evidence of cross-contamination in this instrument.
The index case patient’s bronchial wash specimen
was not processed in the BACTEC model 460 with
the other specimens, there was no evidence of
instrument malfunction, and the laboratory staff
adhered to the proper operating protocol. Common
dispensers of reagents with wide mouths were used
during specimen processing, increasing the risk of
cross-contamination.19–21 However, because there
were seven specimens with negative findings pro-
cessed following the positive finding in the index
patient, and because five of these specimens were
processed on the same day as the positive specimen
finding, the likelihood of cross-contamination in the
laboratory was low.

Bronchoscope Reprocessing and Inspection

Nineteen bronchoscopic procedures were per-
formed by four bronchoscopists in July using three
different bronchoscopes. One instrument, broncho-
scope A (model BF Type 1T40; Olympus; Tokyo,
Japan), was used in 9 of the 10 case patients (relative
risk, 8.1; 95% confidence interval, 1.3 to 52). Patient
8 had the only case involving bronchoscopy with a
different instrument, bronchoscope B (model BF
Type P20; Olympus).

The steps in bronchoscope reprocessing include
mechanical cleaning of the lumen and instrument
port with an enzymatic detergent, leak testing, and a
20- to 30-min soak in a disinfectant solution followed
by rinsing and drying steps.22 There are several
chemical sterilants approved for high-level disinfec-
tion of endoscopes23; this hospital used a 7.5%
hydrogen peroxide and 0.85% phosphoric acid solu-
tion (Sporox; Sultan Chemists; Englewood, NJ). A
review of the bronchoscope reprocessing procedures
of the hospital revealed that leak testing was not
routinely performed. Furthermore, the written re-
processing protocol was outdated, no timer was
available for the disinfectant soak, and personal
respirators were not readily available for bronchos-
copy suite staff. Staff did, however, use gloves and
eye protection.

The three bronchoscopes used during the out-
break period were sent to the manufacturer for
inspection. A routine leak test was performed on
each instrument by submerging the insertion tube in
water and forcing air at low pressure through the
insertion tube interstitium, looking for air bubbles to
identify leaks. A small leak was discovered in bron-

choscope A. It was located in the external sheath of
the maneuverable tip, very close to the end.

Laboratory Results

Environmental culture findings from the three
bronchoscopes, the biopsy forceps, and the cytology
brushes were negative for mycobacteria; however, in
response to the outbreak, the infection-control de-
partment of the hospital processed the broncho-
scopes in an ethylene oxide gas sterilizer before
specimens were collected.

Discussion

We conclude that M tuberculosis contamination of
bronchoscope A occurred during the index patient’s
procedure. The hole in the bronchoscope sheath
provided access to a space that was difficult to
mechanically clean and chemically disinfect. Be-
cause the hole was located very close to the distal
end of the insertion tube, M tuberculosis from the
index case was potentially delivered directly to the
distal airways of subsequent patients. The hole was
not detected because bronchoscope leak testing was
not routinely performed at this institution. We found
no common exposures other than bronchoscopy in
the case patients.

Most prior reports of bronchoscopy-related TB
outbreaks actually describe pseudoinfections; there
appear to have been eight previously reported true
infections.11–17 In this outbreak, M tuberculosis was
transmitted from the index patient to two subse-
quent patients via the contaminated bronchoscope
with resulting infection, as evidenced by the culture-
positive sputum specimens from patient 2 and the
tubercle-laden lung specimen from patient 5. The
culture-positive sputum specimens from patient 2
were collected 3 to 5 days after bronchoscopy. While
we believe that M tuberculosis was transmitted from
the bronchoscope to patient 2, it is not clear whether
3 to 5 days is sufficient time to develop infection.24

While patient 6 had evidence of persistent
M tuberculosis infection, we believe that M tubercu-
losis was not transmitted from the index patient to
patient 6 because she had signs and symptoms of
active TB prior to bronchoscopy and because the
RFLP pattern of her follow-up sputum culture did
not match that of the index patient’s pattern.

Six patients were exposed to the contaminated
bronchoscope but apparently did not develop infec-
tion with the outbreak strain, while the case status of
another patient is undetermined because specimens
were not obtained for culture. Rather than consid-
ering the initial bronchial washing culture findings as
false-positives, which is appropriate during pseudo-
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outbreaks,21,25–27 we believe that true infection in
these patients may have been masked or prevented
by prompt initiation of four-drug antituberculous
therapy, particularly when active infection developed
in two individuals despite four-drug therapy.

Why patient 8 was affected despite undergoing
bronchoscopy with a different bronchoscope is not
clear. One possible explanation is laboratory cross-
contamination resulting in carryover of mycobacteria
from one sample to another. During our laboratory
review, we identified the use of common reagent
dispensers with wide mouths as a possible source of
cross-contamination.19–21 Furthermore, the BACTEC
model 460 uses a common needle to sample multiple
specimens and has been associated with specimen
cross-contamination previously.28,29 However, if there
were cross-contamination in the laboratory, we would
expect more cases among patients in whom broncho-
scopes B and C were used. Another explanation is that
the instrument identifier was incorrectly entered in the
bronchoscopy log. While the study hospital followed
guidelines from the Association for Professionals in
Infection Control and Epidemiology, Inc., which rec-
ommend that facilities performing endoscopy should
maintain a log indicating for each procedure the pa-
tient’s name and medical record number, the endosco-
pist, and the serial number or other identifier of the
endoscope used,22 it is possible that bronchoscope A
was used in patient 8 and erroneously recorded as
bronchoscope B.

One nurse was also infected, presumably via aero-
sol transmission. While engineering controls in the
bronchoscopy suite were adequate, the nonavailabil-
ity of personal respirators may have contributed to
her infection.

Our study shows how important it is to adhere to
the reprocessing procedures specified by broncho-
scope manufacturers. This includes conducting leak
testing after each procedure.22 If a leak is detected,
the bronchoscope should be sent to the manufac-
turer for repair or replacement. Furthermore, bron-
choscopy is a cough-inducing and aerosol-generating
procedure and should not be performed in patients
with active TB unless absolutely necessary.30 Finally,
if TB is known or suspected, bronchoscopy-suite
personnel should wear personal respirators.30

ACKNOWLEDGMENT: We thank Ida Onorato, MD, for her
thoughtful input, Michelle Black and Kathy Stromberg for their
work in the field, and Michelle Bussen and Laura Mosher for
their laboratory expertise.

References
1 Centers for Disease Control and Prevention. Vital and health

statistics: ambulatory and inpatient procedures in the United
States, 1996. Hyattsville, MD: US Department of Health and

Human Services, CDC, National Center for Health Statistics,
1998; DHHS publication No. 99–1710

2 Pue CA, Pacht ER. Complications of fiberoptic bronchoscopy
at a university hospital. Chest 1995; 107:430–432

3 Spaulding EH. Chemical disinfection of medical and surgical
materials. In: Lawrence CA, Block SS, eds. Disinfection,
sterilization and preservation. Philadelphia, PA: Lea & Fe-
biger, 1968; 517–531

4 Credle WF, Smiddy JF, Elliot RC. Complications of fiberop-
tic bronchoscopy. Am Rev Respir Dis 1974; 109:67–72

5 Pereira W, Kovnat DM, Snider GL. A prospective collabora-
tive study of complications following flexible fiberoptic bron-
choscopy. Chest 1978; 73:813–816

6 Spach DH, Silverstein FE, Stamm WE. Transmission of
infection by gastrointestinal endoscopy and bronchoscopy.
Ann Intern Med 1993; 118:117–128

7 Suratt PM, Smiddy JF, Gruber B. Deaths and complications
associated with fiberoptic bronchoscopy. Chest 1976; 69:747–
751

8 Suratt PM, Gruber B, Wellons HA, et al. Absence of clinical
pneumonia following bronchoscopy with contaminated and
clean bronchofiberscopes. Chest 1977; 71:52–54

9 Centers for Disease Control and Prevention. Bronchoscopy-
related infections and pseudoinfections–New York, 1996 and
1998. MMWR Morb Mortal Wkly Rep 1999; 48:557–560

10 Martin MA, Reichelderfer M. APIC guideline for infection
prevention and control in flexible endoscopy. Am J Infect
Control 1994; 22:19–38

11 Michele TM, Cronin WA, Graham NM, et al. Transmission of
Mycobacterium tuberculosis by a fiberoptic bronchoscope:
identification by DNA fingerprinting. JAMA 1997; 278:1093–
1095

12 Wheeler PW, Lancaster D, Kaiser AB. Bronchopulmonary
cross-colonization and infection related to mycobacterial con-
tamination of suction valves of bronchoscopes. J Infect Dis
1989; 954–958

13 Bezel R, Salfinger M, Brandli O. Transmission von Mykobak-
terien durch das Fiberbronchoskop. Schweiz Med Wochen-
schr 1985; 115:1360–1365

14 Agerton T, Valway S, Gore B, et al. Transmission of a highly
drug-resistant strain (strain W1) of Mycobacterium tubercu-
losis. JAMA 1997; 278:1073–1077

15 Nelson KE, Larson PA, Schraufnagel DE, et al. Transmission
of tuberculosis by flexible fiberbronchoscopes. Am Rev Re-
spir Dis 1983; 127:97–100

16 Leers W. Disinfecting endoscopes: how not to transmit
Mycobacterium tuberculosis by bronchoscopy. Can Med As-
soc J 1980; 123:275–283

17 Wenzel R, Edmond M. Tuberculosis infection after bron-
choscopy [editorial]. JAMA 1997; 278:1111

18 van Embden JDA, Cave MD, Crawford JT, et al. Strain
identification of Mycobacterium tuberculosis by DNA finger-
printing. J Clin Microbiol 1993; 31:406–409

19 Nitta AT, Davidson PT, de Koning ML, et al. Misdiagnosis of
multidrug-resistant tuberculosis possibly due to laboratory-
related errors. JAMA 1996; 276:1980–1983

20 Centers for Disease Control and Prevention. Multiple misdi-
agnoses of tuberculosis resulting from laboratory error–
Wisconsin, 1996. MMWR Morb Mortal Wkly Rep 1997;
46:797–801

21 Small PM, McClenny NB, Singh SP, et al. Molecular strain
typing of Mycobacterium tuberculosis to confirm cross-
contamination in the mycobacteriology laboratory and modi-
fication of procedures to minimize occurrence of false-
positive cultures. J Clin Microbiol 1993; 31:1677–1682

22 Alvarado CJ, Reichelderfer M. APIC guideline for infection

980 Bronchoscopy

Copyright © 2002 by American College of Chest Physicians 
 on September 26, 2008 chestjournal.orgDownloaded from 

http://www.chestjournal.org


prevention and control in flexible endoscopy. Am J Infect
Control 2000; 28:138–155

23 Rutala WA, Weber DJ. Disinfection of endoscopes: review of
new chemical sterilants used for high-level disinfection. In-
fect Control Hosp Epidemiol 1999; 20:69–76

24 Iseman MD. A clinician’s guide to tuberculosis. Philadelphia,
PA: Lippincott, Williams and Wilkins, 2000; 64–65

25 Gubler JGH, Salfinger M, von Graevenitz A. Pseudoepidemic
of nontuberculous mycobacteria due to a contaminated bron-
choscope cleaning machine: report of an outbreak and review
of the literature. Chest 1992; 101:1245–1249

26 Dunlap NE, Harris RH, Benjamin WH Jr, et al. Laboratory
contamination of Mycobacterium tuberculosis cultures. Am J
Respir Crit Care Med 1995; 152:1702–1704

27 Maloney S, Welbel S, Daves B, et al. Mycobacterium absces-
sus pseudoinfection traced to an automated endoscope wash-
er: utility of epidemiologic and laboratory investigations.
J Infect Dis 1994; 169:1166–1169

28 Conville PS, Witebsky FG. Inter-bottle transfer of mycobac-
teria by the BACTEC 460. Diagn Microbiol Infect Dis 1989;
12:401–405

29 Vannier AM, Tarrand JJ, Murray PR. Mycobacterial cross
contamination during radiometric culturing. J Clin Microbiol
1988; 26:1867–1868

30 Centers for Disease Control and Prevention. Guidelines for
preventing the transmission of Mycobacterium tuberculosis in
health care facilities. MMWR Morb Mortal Wkly Rep 1994;
43(RR-13):1–132

CHEST / 121 / 3 / MARCH, 2002 981

Copyright © 2002 by American College of Chest Physicians 
 on September 26, 2008 chestjournal.orgDownloaded from 

http://www.chestjournal.org


DOI 10.1378/chest.121.3.976 
 2002;121;976-981 Chest

Thomas J. Török 
Alan H. Ramsey, Tanya V. Oemig, Jeffrey P. Davis, Jeffrey P. Massey and

 Infections Due to Lack of Bronchoscope Leak Testing
Mycobacterium tuberculosisAn Outbreak of Bronchoscopy-Related 

This information is current as of September 26, 2008 

 & Services
Updated Information

 http://chestjournal.org/cgi/content/full/121/3/976
figures, can be found at: 
Updated information and services, including high-resolution

 References

 http://chestjournal.org/cgi/content/full/121/3/976#BIBL
free at: 
This article cites 24 articles, 13 of which you can access for

 Citations
 http://chestjournal.org/cgi/content/full/121/3/976

This article has been cited by 2 HighWire-hosted articles: 

 Open Access Freely available online through CHEST open access option 

 Permissions & Licensing

 http://chestjournal.org/misc/reprints.shtml
tables) or in its entirety can be found online at: 
Information about reproducing this article in parts (figures,

 Reprints
 http://chestjournal.org/misc/reprints.shtml

Information about ordering reprints can be found online: 

 Email alerting service
sign up in the box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article

 Images in PowerPoint format

online article figure for directions. 
for teaching purposes in PowerPoint slide format. See any 
Figures that appear in CHEST articles can be downloaded

Copyright © 2002 by American College of Chest Physicians 
 on September 26, 2008 chestjournal.orgDownloaded from 

http://chestjournal.org/cgi/content/full/121/3/976
http://chestjournal.org/cgi/content/full/121/3/976#BIBL
http://chestjournal.org/cgi/content/full/121/3/976
http://chestjournal.org/misc/reprints.shtml
http://chestjournal.org/misc/reprints.shtml
http://www.chestjournal.org

