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ABSTRACT
Background The rapid spread of multidrug-resistant
tuberculosis (MDR-TB) has attracted global concerns.
This study aimed to identify factors contributing to the
high prevalence of MDR-TB in China’s Heilongjiang
province.
Methods A cross-sectional survey following the WHO/
International Union Against Tuberculosis and Lung
Disease guidelines was conducted with consecutive
recruitment of patients with TB in 30 counties selected
at random in Heilongjiang in 2004. A total of 1995
patients were tested for MDR-TB. Factors associated
with MDR-TB were identified through multilevel models
and traditional logistic regression analysis, along with
in-depth interviews with nine patients, five healthcare
managers and four doctors.
Results 241 patients (12%) were identified with MDR-
TB. The retreatment patients were 5.48 times (95% CI
4.04 to 7.44) more likely to have MDR-TB than newly
diagnosed patients. The patients who were treated
with isoniazid and rifampin for >180 days were 4.82
times (95% CI 2.97 to 7.81) more likely to develop
MDR-TB than those treated <180 days. Age and
delay in initiating TB treatment were associated with
MDR-TB. Financial burden, poor knowledge and side
effects of TB treatment were perceived by the
interviewees as influencing factors. Lack of
coordination of services, unsatisfactory supervision of
treatment and infection control jeopardised the control
of MDR-TB.
Conclusions Inappropriate treatment is the most
important influencing factor of MDR-TB. Increasing
people’s awareness of TB, early detection and
appropriate treatment of patients with TB should
become a priority, which requires strong commitment
and collaboration among health organisations and
greater compliance with TB treatment guidelines by
service providers and patients.

INTRODUCTION
The rapid expansion of multidrug-resistant tuber-
culosis (MDR-TB; ie, resistance to isoniazid and
rifampin) has jeopardised global control of TB.1

MDR-TB exacerbates the existing grim TB
epidemic, poses a great threat to global TB control
and incurs a huge burden on developing countries
due to its difficult, expensive, less effective and
toxic treatment.1 2

China carries the greatest burden of MDR-TB.
The number of MDR-TB cases is the highest in the

world despite having the second highest number of
TB cases.3 4 It has been estimated that about
100 000 new MDR-TB cases emerge every year in
China.3 Alarmed by the serious MDR-TB epidemic,
the Chinese government has commenced action.5

Joint TB control programmes with international
partners have been initiated but progress has been
far from satisfactory.6 The prevalence of MDR-TB
has continued to rise.7

It is critical to identify the underlying reasons for
MDR-TB so that more feasible and cost-effective
approaches can be developed to control MDR-TB.
Studies in some countries have identified retreat-
ment, alcohol abuse, age, and immigrant status as
factors influencing MDR-TB.8e11

This study was undertaken in Heilongjiang
province, in northeast China, where the proportion
of MDR-TB (12.1%) was estimated to be one of the
three highest in the country, much higher than the
national average of 8.32% in 2007.12 Unfortunately,
there is a conspicuous gap in research into MDR-TB
between high and low prevalence regions in China.7

Despite some studies carried out in low-prevalence
regions,13 14 the factors influencing MDR-TB in
high-prevalence regions have rarely been investi-
gated. This study aimed to identify the factors
contributing to the high prevalence of MDR-TB in
Heilongjiang province.

METHODS
Study population
Heilongjiang has a population of 38.1 million and is
divided into 113 counties (or districts). Thirty
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counties were selected at random as surveillance sites of drug
resistance in TB.15 The surveillance covered all public and
private facilities in the selected counties and used the guidelines
developed by the WHO and the International Union against
Tuberculosis and Lung Disease.16 From January to December
2004, MDR-TB was detected in 30 surveillance sites through
drug susceptibility testing (DST). At each surveillance site, the
first 56 new patients with TB and all of the retreatment patients
who sought services were monitored for MDR-TB. A new
patient was defined as a patient with TB who had never been
treated for TB or who had received anti-TB drugs treatment for
<1 month. A retreatment patient was defined as a patient with
TB who had a prior history of treatment with anti-TB drugs for
>1 month.17

Drug susceptibility testing
Culture and DST is not routinely done in new patients with TB
in Heilongjiang. In this study, a patient whose sputum sample
was smear positive for acid-fast bacilli was defined as having
sputum smear positive pulmonary TB. A positive sputum smear
for Gram stain was rated from 1+ to 4+, with a higher number
indicating a stronger presence of smear-positive stain. The
culture positive samples were sent to the provincial dispensary
for DST.

The Heilongjiang reference laboratory performed DST with
the sputum cultures from the study participants. DST included
four first-line antibiotics: rifampin, isoniazid, ethambutol and
streptomycin. Validation and quality assurance of the test
results were provided by the Chinese National Reference Labo-
ratory and the WHO Supranational Reference Laboratory. All
DST strictly followed the procedure and methods set out by
WHO and the International Union against Tuberculosis and
Lung Disease.16

Questionnaire survey
Patients were invited to complete a questionnaire administered
by well trained medical workers through face-to-face interviews
when the patients attended the TB services. Data collected
included demographical characteristics of the patients, clinical
features of TB and outcomes of previous TB treatments.

In-depth interview
The interviewees were purposively selected based on their roles
and experience in TB control. Nine retreatment patients, four
physicians and five health administrative officials and TB project
managers completed the interviews. Patients with TB were
asked to answer when, where and why they had received TB
services, how they were treated and how they had managed
their medications. The managers and officials were asked to
answer questions in relation to the arrangements of treatment
regimens and compliance of providers and patients. The physi-
cians were asked to answer questions about their experiences
and problems in treating patients with TB.

The interviews were digitally recorded, transcribed and
thematically coded. The final sample size was determined by
saturation of information when no new categories emerged.

Data analysis
Quantitative analysis
Demographical and clinical characteristics and service patterns
of the patients with MDR-TB were compared with those of
patients without MDR-TB. Because new patients might have
different influencing factors compared with retreatment
patients, two regression models were constructed for new cases

and retreatment cases, respectively. Independent variables tested
in the regression analysis included gender, age, working status,
delay in initiating TB treatment (delay between onset of
symptoms and presenting for treatment in the most recent
episode), cavitary diseases, TB in organs other than lungs and
diabetes. For the retreatment patients, variables about previous
TB treatment were also included, such as the number of
previous treatment regimens (an episode of TB refers to the
period from onset of symptoms to end of treatment; a treatment
regimen refers to all prescribed treatments during an episode of
TB), service providers of the last treatment, and length of
treatment with rifampin and isoniazid (accumulated days of
previous treatment with rifampin and isoniazid). All variables
were entered into the regression models, except for those that
exhibited strong collinearity.
The regression models were determined by intra-class corre-

lation coefficients (ICCs) of the independent variables. A tradi-
tional logistic regression model was applied to the retreatment
cases for which the ICC was not significant. Multilevel models
were applied to the entire sample and the subsample of new
cases because their ICCs were significant. Multilevel models
considered individual level variables and group level variables,18

which helps to avoid underestimating the standard errors,
therefore avoiding overestimation of the significance of the
influencing factors.19

All analyses were performed using SAS V.9.1.

Qualitative analysis
The interview data were analysed thematically. The coding
framework was developed inductively from the data. The initial
coding used open coding (codes derived directly from the data)
and theoretical coding. The initial codes were then refined to
produce a smaller set of themes. The coding framework was
subject to continuing iterative revision during the course of
analysis.

Ethics approval
The study protocol was reviewed and approved by the Research
Ethics Committee of Harbin Medical University.

RESULTS
Characteristics of the study population
A total of 2144 patients were recruited for sputum cultures, 1995
of whom had positive sputum cultures and underwent DST. A
100% response rate was achieved. Missing data accounted for
<5% in any single questionnaire item. The 1995 study partici-
pants had a median age of 43 years and 69.4% were men. MDR
was detected in 241 of the study participants (12.1%, 95% CI
10.7% to 13.5%). More than 58% of the patients were diagnosed
and treated for TB within 60 days of occurrence of symptoms.
About 65% of the sputum smear samples were rated as 4+ for
Gram stain; 37.7% of patients had at least one pulmonary
cavity; 1.7% had TB in organs other than the lungs; 4.0% had
diabetes mellitus; 0.1% had pneumoconiosis; and 0.1% had
mental illness (table 1).
There were 421 retreatment patients, which comprised 21.1%

of the total study sample. The retreatment patients had greater
prevalence of MDR-TB (30.4%, 95% CI 26.0% to 34.8%) than
the new patients (7.2%, 95% CI 5.9% to 8.5%) (p<0.001). The
retreatment patients had received an average of 1.49 treatment
regimens in the past. More than 72% had received #180 accu-
mulative days of treatment with isoniazid and rifampin in the
past.
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The outcome of the last treatment was not satisfactory, with
only 27.8% of patients being cured or completing treatment and
in 21.4% the outcome was unknown. More than 42% did not
complete the treatment regimens (table 2). The patients treated
in general hospitals or other clinics had a higher percentage of
incomplete treatment (50.7%) than those treated in TB
dispensaries (29.9%, p<0.001).

Factors associated with MDR-TB
With the 1972 cases (missing data excluded) entered into the
multilevel model, history of previous treatment became the
strongest association with MDR-TB. The retreatment patients
were 5.48 times (95% CI 4.04 to 7.44) more likely to have MDR-
TB than the newly diagnosed patients (table 3). Other influ-
encing factors included age (adjusted OR (AOR) for being
younger than 45 years¼1.75, 95% CI 1.29 to 2.37) and delay in
initiating TB treatment (AOR for >60 days¼1.43, 95% CI 1.05
to 1.94).

The multilevel model with the 1554 new cases (missing data
excluded) showed that a younger age (AOR¼1.72, 95% CI 1.13
to 2.61) remained statistically significant (table 4).

The logistic regression model with the 418 retreatment cases
(missing data excluded) showed that the pattern of TB services
had a significant impact on the development of MDR-TB.
Patients with >180 accumulative days of treatment with
rifampin and isoniazid were 4.82 times (95% CI 2.97 to 7.81)
more likely to develop MDR-TB than those with <180 days of
treatments. Further analysis showed that, of the patients with

>180 accumulative days of treatment with isoniazid and
rifampin, those who had undergone two or more regimens were
1.82 times more likely to develop MDR-TB than those who had
undergone only one regimen (66.7% vs 47.6%). Delay in initi-
ating TB treatment was the second strongest association with

Table 1 Demographical and clinical characteristics of the
questionnaire respondents

Characteristics
MDR-TB
(n[241)

Non-MDR-TB
(n[1754) p (c2 test)

Sex

Men 171 (71.0) 1214 (69.2) 0.582

Women 70 (29.0) 540 (30.8)

Age, median years (range) 43 (20e83) 44 (16e92)

<45 years 140 (58.1) 909 (51.8) 0.068

‡45 years 101 (41.9) 845 (48.2)

Working status

Working 185 (76.8) 1192 (68.0) 0.006

Not working 56 (23.2) 562 (32.0)

Treated for TB in the past

Yes 128 (53.1) 293 (16.7) <0.001

No 113 (46.9) 1461 (83.3)

Delay in initiating TB treatment

#60 days 114 (47.3) 1045 (59.6) <0.001

>60 days 127 (52.7) 709 (40.4)

Cavitary disease

Yes 100 (41.5) 645 (36.8)

No 140 (58.1) 1090 (62.1)

Missing/unknown 1 (0.4) 19 (1.1)

TB in organs other than lungs

Yes 8 (3.3) 25 (1.4)

No 233 (96.7) 1726 (98.4)

Missing/unknown 0 3 (0.2)

Complicating health conditions

No 227 (94.2) 1630 (93.0)

Diabetes mellitus 10 (4.1) 69 (3.9)

Pneumoconiosis 1 (0.4) 1 (0.1)

Mental illness 1 (0.4) 2 (0.1)

Lung infection 1 (0.4) 35 (2.0)

Others 1 (0.4) 16 (0.9)

Data are numbers (%) of patients unless otherwise indicated.
MDR-TB, multidrug resistant TB.

Table 2 Patterns of tuberculosis (TB)-related clinical services received
by the 421 retreatment patients

Characteristics Value

Numbers of previous treatments, median (range) 1 (1e9)

1 294 (69.8)

>1 127 (30.2)

Provider of last treatment

TB dispensary/TB hospital 202 (48.0)

General hospital/others 219 (52.0)

Outcome of last treatment

Unknown 90 (21.4)

Cured 100 (23.8)

Treatment completed 17 (4.0)

Failure 25 (5.9)

Treatment uncompleted 178 (42.3)

Transferred out 9 (2.1)

Data missing 2 (0.5)

Length of treatment with rifampin and isoniazid (n¼420)

#90 days 151 (36.0)

91w180 days 152 (36.2)

181w240 days 41 (9.8)

>240 days 76 (18.1)

Data are numbers (%) of patients unless otherwise indicated.

Table 3 Multivariable analysis for estimation of prevalence of MDR-TB
in the entire sample* (n¼1972)

Variable
Prevalence of
MDR-TB (%) AOR (95% CI) p Multilevel

Sex

Men 12.3 1.06 (0.77 to 1.47) 0.714

Women 11.5 1 (reference)

Age

<45 years 13.3 1.75 (1.29 to 2.37) <0.001

$45 years 10.7 1 (reference)

Not working

Yes 9.1 0.76 (0.53 to 1.09) 0.136

No 13.4 1 (reference)

Delay in initiating TB treatment

>60 days 15.2 1.43 (1.05 to 1.94) 0.024

#60 days 9.8 1 (reference)

Treated for TB in the past

Yes 30.4 5.48 (4.04 to 7.44) <0.001

No 7.2 1 (reference)

Cavitary disease

Yes 13.4 1.21 (0.89 to 1.66) 0.222

No 11.4 1 (reference)

TB in organs other than lungs

Yes 24.2 2.23 (0.88 to 5.66) 0.092

No 11.9 1 (reference)

Diabetes mellitus

Yes 12.7 1.39 (0.66 to 2.90) 0.383

No 12.1 1 (reference)

ICC 0.084

The associations between multidrug-resistant tuberculosis (MDR-TB) and independent
variables are expressed as adjusted OR (AOR) with 95% CI.
*Multilevel model was fitted using SAS PROC GLIMMIXED.
ICC, intra-class correlation coefficient.
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MDR-TB. Patients diagnosed and treated after 60 days from the
onset of symptoms were 2.64 times (95% CI 1.61 to 4.30) more
likely to have MDR-TB than those treated more promptly. The
AOR of MDR-TB for TB dispensaries was 1.84 (95% CI 1.14 to
2.97) compared with general hospitals (table 4).

Reasons for intermittent TB treatment
The findings of the survey were supported by the interviews
with patients, health managers and physicians.

The patients confirmed that dropout from TB treatment
regimens was common. The top three reasons for failure to
complete the TB treatment regimens were financial burden, poor
knowledge and treatment side effects. TB treatment was usually
free at the designated TB dispensaries; however, such a free
treatment policy seldom extended to general hospitals and
clinics, where 45.1% of the retreatment patients obtained their
last treatment. Even for those who received free treatment at TB
dispensaries, patients were out of pocket for extra costs for drugs
to combat side effects of the treatment and second-line drugs
when needed. Moreover, due to insufficient knowledge about the
serious consequences of interrupted and intermittent treatment,
many patients tended to give up treatment when symptoms
disappeared, side effects kicked in or social support was difficult
to obtain.

Irrational prescriptions, poorly formulated medications,
insufficient dosage and length of treatment, and inadequate
administration of drugs were believed to be the most common
practices that might promote drug resistance. The physicians

acknowledged inappropriate treatment of TB occurred as
a result of a lack of proper training and poor compliance with TB
treatment guidelines.
Although there is a policy requirement for TB to be treated in

designated TB dispensaries and TB hospitals, an effective referral
system is missing. Consumers have the freedom to seek medical
services from any providers. Unfortunately, the directly observed
treatment, short-course (DOTS) strategy had not been strictly
followed by hospitals. This was believed to have exacerbated the
interrupted and intermittent TB treatment. In addition, a lack of
targeted training and supervision, ignorance of standard TB
treatment guidelines and unsatisfactory infection control in
some hospitals also contributed to the development of MDR-TB.
The healthcare managers pointed out that a lack of relevant
legislation and regulations, limited public funding and poor
cooperation among healthcare providers had formed a bottle-
neck for the continuing and coordinated care of patients with
TB.
Factors associated with the high prevalence of MDR-TB in

Heilongjiang are illustrated in figure 1, which combines the
findings from the quantitative and qualitative analysis. The
influencing factors are grouped into three categories: environ-
ment, host and pathogen. The environmental category, which
includes the policy and service delivery system and public atti-
tudes towards TB, might have a significant impact on the
behaviour of patients with TB. System failure and poor perfor-
mance of healthcare providers were found to lead to potential
delays in TB treatment and exacerbate poor compliance of

Table 4 Multivariable analysis for estimation of prevalence of MDR-TB in the new cases* (n¼1554) and retreatment casesy (n¼418)

Variable

New cases (n[1554) Retreatment cases (n[418)

% of MDR-TB AOR (95% CI) p Multilevel % of MDR-TB AOR (95% CI) p

Sex

Men 7.9 1.45 (0.91 to 2.31) 0.114 28.1 0.72 (0.43 to 1.21) 0.213

Women 5.5 1 (reference) 36.1 1 (reference)

Age

<45 years 8.5 1.72 (1.13 to 2.61) 0.012 36.9 1.44 (0.91 to 2.30) 0.122

$45 years 5.5 1 (reference) 25.6 1 (reference)

Not working

Yes 5.0 0.71 (0.43 to 1.18) 0.184 27.4 0.68 (0.39 to 1.16) 0.158

No 8.2 1 (reference) 31.5 1 (reference)

Delay in initiating TB treatment

>60 days 6.8 1.09 (0.71 to 1.66) 0.692 38.6 2.64 (1.61 to 4.30) <0.001

#60 days 7.4 1 (reference) 21.4 1 (reference)

Cavitary disease

Yes 6.9 1.05 (0.68 to 1.61) 0.835 34.3 1.14 (0.72 to 1.83) 0.575

No 7.4 1 (reference) 27.8 1 (reference)

TB in organs other than lungs

Yes 13.6 2.40 (0.66 to 8.76) 0.183 45.5 1.03 (0.26 to 4.05) 0.966

No 7.1 1 (reference) 30.1 1 (reference)

Diabetes mellitus

Yes 6.7 1.39 (0.48 to 4.03) 0.544 31.6 1.45 (0.49 to 4.32) 0.507

No 7.2 1 (reference) 30.3 1 (reference)

Provider of last treatment

TB dispensary/TB hospital 35.6 1.84 (1.14 to 2.97) 0.012

General hospital/others 25.6 1 (reference)

Length of treatment with rifampin and isoniazid

>180 days 56.0 4.82 (2.97 to 7.81) <0.001

#180 days 20.7 1 (reference)

ICC 0.113 0.023

The associations between multidrug resistant tuberculosis (MDR-TB) and independent variables were expressed as adjusted OR (AOR) with 95% CI.
*Two-level multilevel model was fitted using SAS PROC GLIMMIXED.
yBinominal regression model was fitted using PROC LOGISTIC.
ICC, intra-class correlation coefficient.
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patients undergoing TB treatment. Meanwhile, young and
financially disadvantaged patients and those with poor knowl-
edge about TB were found to be likely to develop MDR-TB.

DISCUSSION
Besides the major biological factors leading to the prevalence of
MDR-TB, such as the fitness of drug-resistant mycobacterium
TB strains,20 mutation ability21 and virulence variation,22 TB-
related service patterns have a significant impact on the devel-
opment of MDR-TB. Not surprisingly, retreatment was identi-
fied as the strongest association with MDR-TB, which is
consistent with previous studies.3 9 11 More than 30% of
retreatment patients were identified with MDR-TB in our study.
Poor outcomes of previous treatments and the relapse of TB
might have contributed to the high prevalence of MDR-TB.
China has a very high relapse rate of TB. The TB relapse rate of
patients in Shanghai was reported to be 61.5%.23 This would
inevitably lead to prolonged treatment and increase the chance
of developing MDR-TB.24

Patients treated with isoniazid and rifampin for >180 days
were more likely to have MDR-TB than other patients. A lack of
qualified DST is perhaps one of the potential causes of MDR-TB.
As in many other developing countries, many patients with TB
in China are treated empirically without DST. Failure to respond
to first-line drugs is sometimes the only way to identify drug
resistance,3 25 which requires observations for an extensive

period of time. Lacking an effective and rapid detection system
for drug resistance, many developing countries offer stand-
ardised treatment as an expedient for all patients regardless of
their drug resistance profile.26

Delay in initiating treatment prolongs the time that patients
carry the TB bacteria and allows the disease to progress without
proper intervention.27 Reasons for the delay might be due to the
patients or the healthcare providers. Patients might not seek
medical services because of poor knowledge about TB, mild
symptoms, financial burden and poor accessibility to TB
dispensaries. Chen’s study found that 26.4% of patients with TB
delayed their treatment, mostly because of mild symptoms
(54.4%) and financial burden (33.3%).28 Although the Chinese
government has a policy of free diagnosis and treatment of TB,
this policy applies only to the first two treatment regimens
except ancillary drugs. Some physicians, especially those who
work in rural clinics, do not have sufficient knowledge of TB,
which often results in delays in diagnosis and treatment.29

Some patients might give up their treatment due to side
effects. A systematic review found that 12.62% of patients with
TB in China have side effects from the treatment drugs.30 In
addition, social stigma and a lack of social support have created
barriers preventing patients from obtaining and maintaining
treatment. A lack of time to seek medical services has often been
used as an excuse by patients for delaying services for fear of
social discrimination. This is particularly true in younger
patients.3 13 Yan and Jiang’s study found that young people

Figure 1 Factors associated with
multidrug-resistant tuberculosis
(MDR-TB).
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tended to postpone their treatment for fear of discrimination,
dismissal and difficulty in finding a partner and getting
married.31

Successful control of MDR-TB depends on collaboration
between multiple service providers. According to the policy of
TB control, patients have been required to obtain free treatment
at designated TB dispensaries or TB hospitals since 1995.
However, this study showed that as many as 51.8% of retreat-
ment patients received their last treatment at general hospitals
and clinics. Such hospitals and clinics compete to attract more
patients to earn extra profits.32 Even with a confirmed diagnosis
of TB, they are reluctant to refer patients with TB to the
designated TB dispensaries. Patients whose condition failed to
respond to previous treatment were likely to be referred to
designated TB dispensaries as the last TB treatment provider,
which may result in them developing MDR-TB.

The DOTS strategy has been proven to be one of the most
effective strategies for managing TB. DOTS coverage in China
rapidly increased from 68% in 2000 to 100% in 2005.33 However,
our study showed that loopholes exist in the healthcare system,
which undermine the effective detection and management of
TB. Patients with TB treated at general hospitals and clinics
were found to be rarely exposed to DOTS supervision. The
healthcare managers interviewed believed that irregular and
incomplete treatment has contributed to the poor outcome of
patients with TB. Evidence from other studies also supports this
argument.34 As a result of an inefficient system, <50% of TB
cases were detected in 2004 in China (74% in Heilongjiang)
despite an overall 85% success rate in treatment.33 The DOTS
strategy in China has been implemented by the designated TB
dispensaries. Despite a reported 100% DOTS coverage, the
outcome of the strategy is not satisfactory. Our study showed
that 29.9% of patients treated at TB dispensaries did not
complete their recent treatment regimen.

Our study has several limitations. First, data about people’s
contact with TB or MDR-TB were not available. TB contact
history has been found to be associated with drug resistance in
other studies.13 Second, DST of second-line drugs was not
performed. As a result, extensive drug resistant TB could not be
included in the analysis. Third, due to a very low HIV prevalence
(0.5/100 000) in Heilongjiang in 2004,35 the association between
HIV infection and MDR-TB was not analysed. Despite the
limitations, this study provides important findings for better
planning of TB management in regions where MDR-TB preva-
lence is high.

In conclusion, inappropriate treatment of TB is the most
important factor contributing to the development of MDR-TB.
There is an urgent need to increase people’s awareness of the
threat of MDR-TB. Early detection, diagnosis and treatment of
patients with TB should become a priority in the control of
MDR-TB. Strong commitment and collaboration among health
organisations, continuing and coordinated care for patients with
TB, together with greater compliance by service providers and
patients with TB treatment guidelines are key to success in the
battle against MDR-TB.
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Exhale airway bypass stents for emphysema
Existing treatment options for severe homogenous emphysema are limited, with dynamic
airways collapse and gas trapping minimising the benefits of drug therapy. There has been
interest in therapies that address these features more directly. The bronchoscopic lung volume
reduction with Exhale airway stents for emphysema trial study group recently reported
their findings in The Lancet. The group undertook a multicentre, double-blind, randomised,
sham-controlled trial at 38 specialist respiratory centres worldwide. Three hundred and fifteen
patients with severe homogenous emphysema were randomised to have sham bronchoscopy
(n¼107), or up to six Exhale paclitaxel-eluting stents implanted bronchoscopically (n¼212).
These stents create artificial airways connecting central airways with the emphysematous
lung parenchyma and serve as conduits which allow trapped gas to escape thereby reducing
both static and dynamic hyperinflation. Unlike lung volume reduction surgery or lung volume
reduction using endobronchial valves, this approach does not involve loss of functioning lung
tissue by resection or atelectasis.
On day 1 following the procedure, a difference in the reduction of the residual volume of

26% and an increase in the forced vital capacity of 27% were seen between the two groups.
Significant differences were also seen in CT-measured lobar volumes and forced expiratory
volume in one second between the groups. Unfortunately, these benefits were not maintained,
with lung function measures and CT-measured lobar volumes returning to baseline by
3 months following treatment. This is primarily due to airway bypass stent occlusion by
mucus, granulation tissue or stent expectoration.
This study serves as a ‘proof of principle’ that bronchoscopic airway bypass can be

a successful approach to treat lung hyperinflation and gas trapping in homogenous
emphysema. However, novel methods of maintaining stent patency need to be developed
before moving forward with this approach. Valuable lessons can be learnt from this trial’s
robust and novel study design, which has set a new benchmark for future trials evaluating
bronchoscopic and clinical procedures or novel medical devices. This study demonstrates that
it is possible to undertake randomised, double-blind, sham-controlled trials of interventional
procedures safely in this high-risk patient population.

< Shah PL, Slebos DJ, Cardoso PF, et al; EASE trial study group. Bronchoscopic lung-volume reduction with Exhale airway stents
for emphysema (EASE trial): randomised, sham-controlled, multicentre trial. Lancet 2011;378:997e1005.
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