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Foreword

Respiratory medicine, like other formally
designated specialties and, in fact, like all
disciplines within medicine at large, is changing
at an exponential pace. Each year brings new
advances and new surprises: ultra-sophisticated
diagnostic methods; powerful new therapeutic
remedies; results of clinical trials that show how
best to treat specific disorders; and even never-
before-heard-of diseases. Traditionally, every few
years, compilations of new knowledge are
packaged into textbooks or specialty monographs
to provide a convenient source of authoritative
and up-to-date information for practicing
physicians, students and registrars in training, and
seekers of reliable professional guidance.
Textbooks, prepared by recognized experts in a
particular field, have been a major way of collating
and transmitting medical knowledge for hundreds
of years. But when I saw the title of this book,
Respiratory Medicine: An Asian Perspective, 1
wondered why go to the huge trouble and expense
of creating a book focused on the problems in
Asia? What is so special about Asian respiratory
medicine that it warrants a separate publication?
Then I read the text and found the answers.
Asia is a big place, the largest continent in
the world by far. Nearly two thirds of the planet’s
inhabitants live in Asia’s numerous countries under
enormously varying circumstances. Some countries
are rich, others are poor; some are huge, others
are tiny; some are in tropical regions, the remainder

in temperate zones; some are at sea level, others
at high altitude; some have outstanding health care
systems, others are much less well endowed.
Nowhere else in the world are there such gigantic
genetic, environmental, cultural, and
socioeconomic differences that affect the kinds of
respiratory diseases that arise in a given region
and that influence the way the local residents react
to them when they occur. These factors alone
provide sufficient material for a textbook of
respiratory medicine with an Asian perspective,
but there is another reason: people don’t stay put.

Within one week after it was carried from
Guangzhou to Hong Kong, severe acute respiratory
syndrome (SARS) spread to 11 countries in three
different continents, by businesspersons and
holiday travellers flying to various destinations.
Every year, millions of people leave their homes,
fleeing famine or wars, or desperately wanting to
start a better life somewhere else. Emigration, legal
and illegal, has distributed people and their
indigenous diseases all over the world. One
obvious example: more than half the newly
diagnosed cases of tuberculosis in the United States
and Canada and in several European countries
occur in people who were born and raised in high-
prevalence countries, including those in Asia, who
took their tubercle bacilli with them when they
emigrated.

Indeed, there are some uniquely Asian
respiratory diseases, though in view of the mobility
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of people just mentioned, it is not surprising that
the conditions show up once in a while in other
parts of the world. One such example is diffuse
panbronchiolitis, which was discovered in Japan
and has been reported in China and Korea. There
are also several important pulmonary infections
predominantly of Asian origin, including
paragonimiasis, tropical pulmonary eosinophilia,
and the complications of Penicillium marneffei and
Shistosoma japonicaum. Southeast Asia has long
been recognized as the crucible for successive
epidemics of influenza and, of course, the outbreak
of SARS in 2002 was traced to Guangdong
province in southern China. Finally, there are the
remarkable concentrations of cases of
bronchogenic cancer in non-smoking women from
mainland China, Hong Kong, and Taiwan, which
seem related to the inhalation of carcinogenic
toxins, perhaps in cooking oil vapors or smoky
coal fumes.

In the chapters on asthma and chronic
obstructive pulmonary disease, the authors
comment on the striking differences in the
prevalence of these diseases that have been

John F. Murray, M.D., FR.C.P
Professor Emeritus of Medicine
University of California San Francisco

reported both among and within different Asian
countries. These are not only clinically relevant to
the people and their physicians who live in these
places, but they provide a special opportunity for
investigators to track down the potential genetic
and environmental factors that account for the
differences. Many other such gaps in existing
background scientific information are pointed out
in the text.

Nothing is overlooked. These and many more
subjects of topical and regional importance are
fully discussed by internationally recognized
experts. The chapters are comprehensive and
thoroughly referenced, which will help those
desiring more information. The book is of
undoubted value to internists and pulmonary
specialists practicing or training in Asia, but it
will also be useful to doctors elsewhere who are
looking for “an Asian perspective” when caring
for their patients. The editors, who are among the
unquestioned leaders in the burgeoning field of
respiratory medicine, are to be congratulated for
an accomplishment that will benefit physicians in
all corners of the world.



Preface

The publication of this book Respiratory Disease:
An Asian Perspective is most timely even though
its inception has been several years earlier. The
emergence of Severe Acute Respiratory Disease
Syndrome (SARS) in 2003 and Avian flu in 2004
with the possibility of a pandemic has focused
international attention on health care in Asia.
Respiratory specialists working in Asia have
always noted that respiratory diseases in Asia are
different in many aspects from other parts of the
world. Unlike Western countries, the prevalence
of cigarette smoking in Asian populations is rising,
thus leading to increasing prevalence of chronic
obstructive pulmonary disease and incidence of
lung cancer. Densely populated urban areas
predispose to infectious diseases that are spread
by droplets or air-borne route such as the long-
standing plague of tuberculosis. The close interface
between human and animals in southern China
has led to newly erupted viral outbreaks in recent
years. Rapid changes in lifestyles in some countries
have resulted in rising prevalence of obesity and
obstructive sleep apnea. Urbanization and
industrialization with air pollution pave the way
for acute exacerbations of chronic obstructive
pulmonary diseases. Changes in environmental
factors are believed to account for the rising
prevalence of asthma seen in many Asian countries.
Furthermore, the standard of health care delivery
for respiratory diseases varies widely in different

Mary Ip
Wah Kit Lam

February 2004

Moira Chan Yeung
Nan Shan Zhong

parts of Asia. While advanced health care systems
are in place in some cities, many regions still have
limited access to health care.

Against this background, we felt that it would
be useful and relevant to put together our collective
knowledge and experience to share with those
practicing in the region and also around the world.
With population migration, diseases prevalent in
Asia are no longer just confined to the continent;
and with modern air travel, infectious respiratory
disease, such as SARS, can reach other parts of
the world within days.

In recent years, the ability to access
information on relevant epidemiology and
management in various parts of Asia is maturing,
such that reasonably accurate data can be
elaborated in this book. The insight and availability
of such information are only possible from authors
of this book, who have high professional standing
in the respective community and have contributed
their wealth of experience and knowledge.

Finally, we wish to express our gratitude to
our respective families whose understanding and
encouragement have made this book possible. We
also wish to thank our colleagues and trainees
whose insightful and stimulating questions have
taught us not to be complacent. We wish to dedicate
this book to young healthcare professionals working
in Asia, on whom we pin our hopes for better health
care in our communities in the future.
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Asthma Epidemiology

Gary W K Wong and Moira Chan-Yeung

Introduction

Asthma has become one of the most common
chronic disorders in the Western world. However,
the a etiology and pathogenesis of asthma are still
not clearly understood. There is considerable
concern over the increase of asthma and related
atopic disorders over the past three decades (1).
Compared to the West, the prevalence of asthma
in the Asia region has been reported to be lower
(2). Epidemiological studies performed in the
region also suggested possible increasing
prevalence of asthma and related atopic disorders
(3-6), but the lack of precise definitions of asthma
makes reliable comparison of reported prevalence
of asthma from different regions very difficult.
During the 1990’s, there have been a number of
large multi-centered epidemiological studies of
asthma in children and adults (7,8). The aims of
these studies were to describe the global variations
of asthma and to evaluate the possible risk factors
for asthma. The European Community Respiratory
Health Survey (ECRHS) studied the geographic
variation in asthma and allergies among the adult
population from 22 countries. The International
Study of Asthma and Allergies in Childhood
(ISAAC) investigated the global variations of
asthma and atopic disorders in children utilizing
questionnaire survey, skin-prick testing and
assessment of bronchial hyperresponsiveness
(BHR) (9-12). Many countries in the Asian region

have participated in the ISAAC. These
epidemiological studies have revealed important
information on the prevalence and burden of
asthma in Asia and have also provided a
framework to investigate the possible determinants
of asthma that might explain the global variations
and trend of asthma prevalence. Because of the
diverse racial, socioeconomic and environmental
background in Asia, epidemiological studies in the
region can explore the potential roles of various
genetic and lifestyle factors in the pathogenesis of
asthma. This chapter reviews the existing data on
asthma epidemiology especially those from the
Asian region and summarizes the existing
knowledge regarding the role of various risk factors
in the development of asthma.

Asthma Epidemiology

Methodology used to study asthma
prevalence

The major problem that hindered progress in the
epidemiology of asthma has been the lack of a
universally accepted definition of asthma. Although
there have been numerous studies on the
prevalence of asthma performed in different
regions of the world, the lack of standardization
of the study methodology made meaningful
comparisons between countries extremely difficult
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or impossible Most eprdemiological studies used
symptom questionnaires to distinguish asthmatics
from non-asthmatics from a population sample
The patients or their parents’ responses are likely
to be affected by their understanding of asthma
symptomatology Studies 1n children are further
complicated by the fact that there are different
phenotypes of wheezing disorders with different a
etiologies and pathogenes:s (13) Identification of
asthma m the elderly 1s also frequently confounded
by simular symptoms due to cardiac failure or
chronic obstructive pulmonary disease and normal
age related decline 1in pulmonary function (14,15)
The choice of diagnostic labels by doctors 1n the
community 1s also likely to influence the results
Studies of 4 European cities by Burney et al (16)
have shown that only half of the subjects with
symptoms compatible with asthma responded that
they had asthma Studies that utihzed “physicians
diagnosis of asthma” to estimate the prevalence
of asthma usually underestimate the prevalence of
disease “Wheeze” 1s the most widely recognized
symptom of asthma and different standardized
questionnaire usually ask for the presence and the
frequency of this symptom (8,9) However, in some
languages such as German and Chinese, there 1s
no equivalent term for “wheeze” such that the
questionnaire may underestimate the true
prevalence of wheezing (16) Furthermore,
validation of the survey instrument 1s difficult
because there 1s no “gold standard” for the defining
asthma (17)

The ISSAC study attempted to circumvent the
linguistic problem of the written questionnaire by
the addition of a video questionnaire, which shows
children and adolescents with different asthma
symptoms and asks the subjects whether they have
similar symptoms and the frequencies of such
symptoms Other investigators included additional
“objective” markers of asthma to define asthma
phenotype BHR has been considered to be one of
the best objective measures of asthma (17), but
there 1s a continuing debate of whether
measurement of BHR would have greater validity
than symptom questionnaires alone (17-19) For
epidemiological studies, the value of measuring
BHR lies 1n 1ts relatively high specificity and low
sensitivity when compared with other clinical
markers of asthma (18) However, due to the poor
agreement between BHR and clinical asthma, 1t

has been suggested that symptoms and BHR
should be analyzed separately (17) The high
tesponse tate and larger sample size obtamable
with symptom questionnaires are of definite
advantages over BHR testing (19) The
interpretation of any epidemuological study of
asthma must take into account the case definition
of asthma as well as the methodology used 1n data
collection

To confirm the validity of the ISAAC
questionnaire 1n the assessment of asthma
prevalence, there have been several validation
studies performed 1n children to assess the accuracy
of the ISAAC written and video questionnaires 1n
predicting asthma associated BHR (20,21) In
Chinese children, a comparative study of the
ISAAC video questionnaire with written
questionnaire for estimating BHR has also been
performed (22) The sensitivity and specificity for
a positive response to the video questionnaire on
the question of wheeze 1n the past {2 months were
0 56 and 0 86 respectively 1n predicting BHR while
having a physician diagnostic label of asthma had
the highest sensitivity (0 88) and specificity (0 90)
in predicting BHR Furthermore, the ISAAC
questionnatre has also been validated to be reliable
in predicting BHR to hypertonic saline 1 a
population of mixed ethnic background including
Asian and European origins (20) Therefore, the
ISAAC questionnatre appears to be a valid tool
for the assessment of asthma prevalence and
symptoms of asthma in children

Prevalence of asthma

Prior to the 1990s, most of the epidemiological
data 1n Asia were collected 1n a non-standardized
fashion with different types of written
questionnaire The majority of the data are n
children and few studies were in the adult
population Table 1 summarizes the available data
of asthma prevalence in Asia As shown, there
1s wide varation 1 the prevalence rates across
dafferent geographical locations Interestingly, the
prevalence of asthma mn the Chinese population
from Hong Kong was much higher than that n
Guangzhou, a Chinese city only 200 km north
of Hong Kong The results of the ECRHS and
ISAAC surveys clearly documented the dramatic
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Table 1. Prevalence of Asthma in Asian Countries as Documented by Studies Using
Different Methodologies
Country/Location Year of Survey Age in years Asthma ever
(range or meantSD)

China

Guangzhou 1988-1989 11-17 2.4%

San Bu 1992 16.4+1.8 1.6%

Hong Kong 1989 16-28 4.8%
1992 7-15 7-10%
1994 17-33 7.2%

Indonesia 1981 7-15 2.3%

Malaysia 1990 7-12 13.8%

Philippines 1991 <15 3.9%

Singapore 1967 4-17 3-5.5%
1987 6-19 13.7%
1991 20-74 4.3-4.7%

Taiwan 1994 7-15 19.7%

Thailand 1987 6-12 4.3%

Data summarnized from references 2-6,21-24

variations of prevalence of asthma symptoms
across different countries and racial background.
The ECRHS investigated representative samples
of 20-44 years old from 22 countries,
predominantly in Western Europe and showed an
eight-fold variation in the prevalence of wheeze
among the participating countries. The highest
prevalence rates were found among the English
speaking countries such as British Isles, New
Zealand, and Australia while lower rates in the
Mediterranean region and Eastern Europe (23).
The prevalence of wheeze in the past 12 months
ranged from the lowest of 4.1% in India to the
highest of 32.0% in Ireland.

The ISAAC is the largest epidemiological
study of asthma. ISAAC Phase One was carried
out between 19941995 and it used standardized
core questionnaires to assess the prevalence and
severity of asthma in representative samples of
school children of two age groups (6-7 and 13-
14 years) from centres in many regions of the
world (7,9). A total of more than 130,000 children
from 20 centres from 8 countries in Asia have
participated in the Phase One of ISAAC. These

countries include China, Indonesia, Japan,
Malaysia, Philippines, Singapore, South Korea and
Thailand. In line with the results of the ECRHS
results, the prevalence of asthma in 13-14 year-
old varies widely across different regions, highest
of 32.2% in the UK and the lowest of 1.6% in
Alcola, India. Figure 1 shows that the twelve-
month prevalence of self-reported asthma
symptoms of 13-14 year-old in Asian countries
were lower than those in the UK and Australia
(7). The wide variations in asthma prevalence
within the Asia region were confirmed. Table 2
shows the prevalence of wheeze in the past 12
months in the 13-14 year-old children as
documented by the written and video
questionnaires. The mean prevalence rates of
wheeze in the past 12 months in the Asian region
were only 8.0% and 5.3% as documented by the
written and video questionnaires respectively. In
general, the more affluent countries such as
Singapore, Japan, and Hong Kong have higher
prevalence rates. However, the prevalence rates
from Japan (10.2%) and Hong Kong (10.1%)
assessed by the video questionnaire were still lower
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Figure 1.
ISAAC Phase | results in 13-14 year-old subjects

than the reported rates from Australia (17.6%) and
New Zealand (18.4%). Table 3 shows the
prevalence of asthma symptoms in the 6-7 year
old children from Asian countries. The variations
in the prevalence rates of asthma symptoms in
this age group mirrored those found in older age
groups. There was a statistically significant
correlation (r = 0.71, P < 0.0001) between the
prevalence rates of wheezing in the past 12 months
in the two age groups that took part in the Phase
One ISAAC study from 90 centres around the
world (7).

Twelve-month prevalence of self-reported asthma symptoms from written questionnaires:

The marked variation in the prevalence of
asthma as shown by the ISAAC study most likely
reflects true differences among the various regions.
Comparison of the results of the ISAAC and
ECRHS study demonstrated a strong correlation
of the two sets of prevalence data (24). The marked
global variation in asthma prevalence, therefore,
appears to be true but the exact reasons for the
variation remain unclear.
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Table 2.

12-Month Prevalence of Asthma Symptoms in 13-14 Year Old Children from the
Asia Region in Comparison with Western Europe and Oceania: ISAAC Phase One results

Location Written questionnaire Video questionnaire

Wheeze Wheeze Severe Wheeze Wheeze Severe

disturbs wheeze disturbs wheeze
sleep limiting sleep
speech

China
Mainiand 4.2 0.3 0.7 2.0 0.6 1.2
Hong Kong 124 0.5 2.4 10.1 3.8 6.9
Indonesia 21 0.8 0.9 13 0.6 0.8
Japan 13.4 0.6 2.1 10.2 3.7 5.3
Malaysia 9.6 0.8 18 5.9 25 3.6
Philippines 12.3 2.0 4.1 9.6 39 4.9
Singapore 9.7 13 24 9.9 3.2 5.0
South Korea 77 0.2 27 3.7 0.5 19
Taiwan 5.2 0.4 0.8 4.6 18 2.8
Thailand 13.0 1.1 35 6.9 21 3.8
Regional (Asia) 8.0 0.6 18 53 18 3.1
Western Europe 16.7 17 4,2 6.7 3.7 37
Oceania* 29.9 3.1 8.1 18.1 14 12.0

*Oceania Includes Australia and New Zealand

Table 3. Asthma Symptoms (Written Questionnaire) of 6-7 Year Old Children in the Asia Region:
ISAAC Phase One Results

Location 12-Month Prevalence
Wheeze Wheeze Exercise Nocturnal Ever had
disturbs sleep wheeze cough asthma
Hong Kong 9.1 0.3 6.9 21.7 77
Indonesia 4.1 0.7 3.1 9.1 6.6
Japan 173 1.2 5.3 9.5 18.2
Malaysia 6.1 0.5 4.3 16.2 104
Philippines 113 14 6.7 30.6 16.4
Singapore 15.7 18 8.2 15.0 18.5
South Korea 13.3 0.5 4.4 174 85
Taiwan 9.6 0.8 6.0 17.0 12.7
Thailand 11.0 0.9 5.1 22.8 9.3
Regional 9.6 0.7 5.0 17.6 10.7
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Secular trends of asthma prevalence

There have been many studies showing an
increasing prevalence of asthma in Western
countries (25,26). However, many of these studies
utilized only questionnaire surveys. Increased
community awareness of asthma and related atopic
disorders are likely to contribute to the increase in
disease prevalence documented by these
questionnaire surveys. To improve the validity of
the questionnaire survey, some investigators
include the additional assessment of more
“objective” markers of asthma such as the
measurement of total IgE and specific IgE, skin-
prick test, and measurement of BHR (27-29). Burr
et al carried out 2 surveys using the same
questionnaire along with exercise provocation test
in schoolchildren from England in 1973 and 1988.
They confirmed that the prevalence rates of asthma
and bronchial hyperresponsiveness have doubled
over the study time period (30). Peat et al studied
8-10 year old children in 2 Australian towns over
the years 1982-1992. The prevalence of wheeze
in the previous 12 months has increased by two-
folds while the prevalence of BHR has also
increased by 1.4 to 2 folds (27). Interestingly, von
Mutius et al (29) performed two surveys in former
East Germany including questionnaire assessment,
skin-prick test and measurement of BHR in 9-11
year old children. The prevalence rates of
symptoms of hay fever and atopic sensitization
have increased by 2 and 1.5 folds, but there was
no significant change in the prevalence of asthma
or BHR.

Within the Asian region, similar increasing
trends of asthma prevalence were observed in a
number of( studies (3-6). A survey of
schoolchildren aged 12-18 years performed in
1992 in Hong Kong revealed that the prevalence
of asthma and wheeze in the past year were 3.7%
and 6.6% (31). In 1995-1996, the prevalence of
asthma and wheeze have increased to 11.2% and
12.4% in 13-14 year old children as shown by
Phase One ISAAC study. Nishima studied children
using the same Japanese translation of the
American Thoracic Society (ATS) questionnaire
and found that asthma prevalence has increased
from 3.5% in 1982 to 4.6% in 1992 (3). Similarly
in Taiwan, two studies using the same methodology
revealed that the prevalence of childhood asthma

has increased from 1.3% in 1974 to 5.07% in 1985
(4). The magnitude of increase was particularly
striking in more affluent countries in the region
such as Singapore where prevalence rates of
asthma have increased from 5.5% in 1967 to 13.7%
and 20.7% in 1987 and 1996 respectively (6).
Although all these surveys suggested an increasing
trend, none of them included any “objective
measure” to support their results (Table 4).
Another way of assessing the possible
changing trend of asthma is to investigate the same
ethnic group living in different environment. There
have been several large comparative studies in the
Chinese population (31-33). Leung and Ho (31)
performed a study of asthma and allergies in
Chinese children aged 12-18 years recruited from
three locations (Hong Kong, San Bu and Kota
Kinabalu) and found the prevalence of asthma and
allergies to be highest in children recruited from
Hong Kong. In line with this early study, data
from Chinese centers participating in the ISAAC
Phase One survey showed that the prevalence of
wheeze was 2 to 4 times higher in schoolchildren
from Hong Kong compared with the centers from
Mainland China (7). The ISAAC Phase Two
protocol included “objective” markers of atopic
disorder such as skin-prick test and bronchial
challenge test. A total of over 10,000
schoolchildren from three Chinese cities (Hong
Kong, Beijing, and Guangzhou) participated in this
survey (33). The prevalence rates of wheeze and
atopic sensitization remained highest in Hong
Kong. Interestingly, the rate of allergic sensitization
was significantly higher in Guangzhou (30.8%)
than in Beijing (23.9%) but the prevalence of
asthma symptoms was similar in these 2 cities.
A comparative study of the prevalence of
asthma in subjects with different ethnic
backgrounds living in Singapore has also been
performed by Ng et al (34) on a total of 2868
adults aged 20 to 74 years. Lifetime physician
diagnosis of asthma was found to be highest in
Indians (6.6%), intermediate in Malaysians (6.0%),
and lowest in Chinese (3.0%). These data
highlighted the importance of genetic factors in
the development of asthma. Furthermore, recent
studies of asthma in farming communities showed
that asthma and allergies are less common in such
rural environments (35-37). Chan-Yeung et al (38)
have performed a study of asthma among adults
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Table 4. Secular Trend of Asthma Prevalence in Asian Countries

Location Year Age (years) Asthma ever Wheeze ever
Hong Kong 1989 8-10 7.4-77% 8.3-10.9%
1992 12-16 6.6% 7.8%
1995 13-14 11% 20%
indonesia 1981 7-15 2.3% - .
1998 13-14 1.6% -
1998 6-7 6.6% -
Malaysia 1990 7-12 8.7% -
2000 7-12 10.3% 12.5%
Philippines 1991 <15 3.9% -
1998 13-14 17.9% -
Singapore 1987 6-19 13.7% -
1996 1215 20.7% 18.6
1996 6-7 18.5% 28.6
Taiwan 1974 7-15 1.3% -
1985 7-15 5.1% -
1998 13-14 9.0% -
Thailand 1987 6-12 4.3% -
1998 6-7 9.5% 17.4%
1998 13-14 14.2% 19.2%

Data summarized from references 2-6, 21-24

in rural Beijing, China using the IUATLD
questionnaire on bronchial symptoms from which
the ECHRS questionnaire was developed. They
found that the prevalence of asthma attacks in the
previous 12 months was only 0.67%, much lower
than those reported from other ECHRS centres.
Further studies are necessary to determine the
protective factors against asthma in the rural
environment. It is conceivable that a rapid change
from a rural to an urban environment is partly
responsible for the increasing trend of asthma in
many communities in the world.

Asthma morbidity
In addition to increase prevalence of asthma,

available data also suggest a worldwide increase
in the rate of hospitalization for asthma starting in

1960s (39). These trends could not be explained
by changes in diagnostic categories or medical
practice and probably reflect an increase in the
prevalence of severe asthma (40-41). Most of the
data on asthma hospitalization came from Western
countries.

Asthma mortality

Asthma mortality rates had remained relatively
stable during the first half of the century (42).
However, during the last half of the century, there
has been a gradual increase in asthma mortality in
the 5- to 34- year-old group in many countries
(39). During 1960s, there was a marked increase
in asthma mortality in at least 7 countries. In New
Zealand there were two “epidemics”, in the 1960s
and the 1980s (39). Available evidence indicates
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that the major cause of these “epidemics” was the
use of high-dose preparations of beta-2-agonists,
isoproternol in the 1960s and fenoterol in the 1980s
(39). When these preparations were withdrawn
from the market in New Zealand, the epidemics
ended. Since the late 1980s, asthma mortality rates
have gradually fallen in some, but not all, countries.
The reduction in mortality has been attributed to
the greater use of inhaled corticosteroids; however,
the time-trend evidence is not conclusive (43—45).

There have been only a few studies on the
trend of asthma mortality in Asia. A study in Japan
(46) has shown an increase in asthma mortality in
the 10-24 and 15-44 year-old age groups between
1984 and 1996. However, asthma fatality rate
peaked in 1987 in most age groups (10-24, 15-44
and 45-64 years) suggesting that the increase in
asthma mortality in the two younger age groups
was due to the increase in asthma prevalence in
that country (46). In Singapore, an increase in
asthma mortality was observed in children aged 4
to 14 years from 0.21/100,000 person years in
1976-80 to 0.72 /100,000 person years in 1991-
95 but no increase was noted in other age groups
(47). Marked ethnic differences in mortality rates
were observed in those aged 5-34 years, lowest in
Chinese, and highest in Malay subjects. In Hong
Kong, asthma mortality of the 5-44 year old group
showed a gradual decline between two periods,
1984-86 and 1992-94; this was associated with
an increase in anti-asthmatic medications especially
the use of inhaled steroids (48).

Risk Factors in Asthma
Atopy

Atopy is the most important risk factors for asthma
in both children and adults. In children, the odds
ratio for the association between increased
nonspecific bronchial hyperresponsiveness (the
characteristic in asthma) and skin test reactivity
range between 1.5-9.2 in children and 0.6-2.6 in
adults indicating that atopy plays a more important
role in children than adults (49). In children, there
is a relationship between the size of the wheal
diameter to relevant allergens, representing the
intensity of atopy, and the likelihood of asthma.
However, studies of Chinese population in different

parts of Asia have demonstrated striking
differences in asthma prevalence despite similar
prevalence of sensitization supporting that other
risk factors are important in the development of
asthma (2).

Family history and genetics

Asthma and other atopic disorders are familial in
nature. Parental history of asthma has been found
to be an important risk factor for asthma after
adjusting for atopy (50). Even in nonatopic
children, a positive family history of asthma
increases risk of asthma by 2 to 3 times (50). The
prevalence of asthma in subjects whose parents
were not atopic was 8%, 15.8% when one parent
was atopic and 28.6% if both parents were atopic.
It is difficult to determine how much can be
attributed to genetic predisposition and how much
to environment.

Research in the last two decades has shown
that these conditions are complex genetic disorders
that do not conform to a simple Mendelian patterns
of inheritance. In addition to the familial
concordance of allergic disorders, there is evidence
to suggest that specific end-organ manifestations
such as allergic rhinitis (nose), atopic dermatitis
(skin) or asthma (airways) are in part familial.
Presumably separate genes predispose to specific
clinical manifestations of the allergic phenotype.

In 1989, Cookson et al (51) first reported
identification of a locus containing an atopy gene
on chromosome 11q but other investigators were
not able to confirm their results. Since then six
loci have been implicated by independent
investigators (52,53). On chromosome 6q21, there
is an important region that contains the genes for
the major histocompatibility (MHC) molecules and
the tumour necrosis factor a gene (TNF ). On
chromosome 5q, there are many candidate genes
for asthma and allergy such as interleukin
4 (IL-4) and P, -adrenergic receptor genes.
Chromosome 11q13 has been linked to a variety
of different phenotypes and the B chain of the
high affinity IgE receptor. Chromosome 13q and
12q have also been linked to asthma and related
phenotypes. Linkages have been replicated in all
these regions and for most of them, multiple
candidate genes have been suggested as the reason
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for the linkage. However, no DNA sequence
variations that alter protein expression have been
definitely incriminated as “asthma mutations”.

Of the multiple candidate genes located in
these regions a few specific polymorphisms have
been reported to be associated with asthma and
allergic phenotypes. Of these, IL-4, IL-4 receptor
o, B, adrenergic receptor, TNF o, HLA and o,
antitrypsin genes are more closely associated with
allergy and asthma phenotypes (52,53). ADAM33
gene, expressed in lung fibroblasts and bronchial
smooth muscles, has recently been linked to asthma
(LOD, 2.94) and bronchial hyperresponsiveness
(LOD, 3.93) by a genome wide scan on 460
Caucasian families (54). Functional analysis has
yet to be carried out to determine the significance
of the ADAM gene variants. The majority of these
studies have been conducted among Caucasian
populations; only a few were conducted among
other ethnic groups. In each ethnic group, several
linkages were identified but the linked genes were
not the same for each group.

There have been a few studies carried out in
Japan showing the association of atopic asthma
with polymorphism of the IgE receptor gene
(55,56) and one study demonstrating the
association of the IL4Ra variant (Ile50Val) with
atopy (55). In Singapore, significantly higher
prevalence of asthma was found among Indian
and Malay population than the Chinese suggesting
possible genetic differences (6). No association
between Ile50Val and atopy was found in all three
ethnic groups in Singapore (56). Among Hong
Kong Chinese, the prevalence of IL-4 promoter
C590T polymorphism was very high but the
polymorphism was not associated with asthma
(57). A study in Hong Kong failed to establish
any links between HLA-DQ and HLA-DR
genotypes and skin test reactivity or the degree of
bronchial reactivity (58). It is likely that more data
on genetics and asthma and allergy of the Asian
population will become available in the near future.

Indoor aeroallergens

Exposure to indoor allergens is an important risk
factor for sensitization and asthma (59).

House dust mite

There are four major species of house dust mites:
Dermatophagoides spp., Euroglyphus maynei,
Bloomia tropicalis, Lepidoglyphus destructor (60).
They thrive best in places with high humidity,
moderate temperatures and an adequate supply of
food that are provided amply by human skin scales.
There are two major groups of mite allergens.
Group I allergens (Der p I and Der f I) are
proteolytic enzymes secreted from the digestive
tract of mites and are found in high concentrations
in their fecal pellets. Group I (Der p II and Der
f IT) allergens are found both in the fecal pellets
and mite bodies. Panels of monoclonal antibodies
have been produced against most of the allergens
(61). These monoclonal antibodies have been used
extensively for measuring environmental exposure
to these allergens using an ELISA assay. The
climate of Hong Kong is favourable for the
proliferation of house dust mite. Over 80% of
children with asthma react on skin testing to the
mite allergen (62).

There have been many studies providing
evidence that sensitization to house dust mites is
an important risk factor for asthma in many parts
of the world (63). There is a dose-response
relationship between the level of exposure to house
dust mite allergen and the risk of sensitization
(64). The threshold level of allergen for
sensitization in atopic children is 2 pg/g dust while
the comparable level for nonatopic children is
approximately 50 to 80 pg/g dust (65). The risk
for sensitized children having current asthma
doubled with every doubling levels of Der pl
between 0.7 and 50 pg/g dust. The odds ratios for
developing asthma in those sensitized compared
to those not sensitized vary between 2 to 21 (65).
In a prospective study, Sporik and colleagues (66)
have shown that exposure to high levels of mite
allergens during the first year of life is associated
with subsequent increased risk for sensitization
and for asthma. In asthmatic children, exposure to
house dust mite allergen is linked to disease
severity (67-69).

The above studies provided good evidence that
exposure to house dust mites is causally related to
asthma. On the other hand, some recent studies
indicated that while dust mite allergen exposure
results in sensitisation, the relationship with asthma
development is less clear. Peat et al (64) studied
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school children in 6 different regions in Australia.
In these regions, house dust mite allergen exposure
ranged from undetectable to very high levels,
depending on climatic conditions. Sensitization to
house dust mite was more frequently found among
children living in high house dust mite allergen
regions than in children living in low house dust
mite region. However, children living in low mite
allergen regions had a higher prevalence of
sensitisation to other allergens and the prevalence
of asthma was similar in all 6 regions. Similar
observations were made in Tucson and New
Mexico in the United States (70,71). In 3
prospective cohort studies in the United Kingdom
(72), United States (73) and Norway (74) involving
large number of children, no significant association
was found between early exposure to house dust
mite allergen and the development of wheeze in the
first 2 years of life. A study in Germany did not
observe any association between early exposure to
house dust mite allergen at 6 months of life and the
risk of doctor-diagnosed asthma at age 7 years (75).

There is also no evidence to suggest that the
increase in prevalence of asthma during the last
three decades in many parts of the world is due to
an increase in exposure to house dust mite allergen.

Pet allergens

Pets are found in 40-50% of homes in many
Western countries (76). Surveys in Western
countries have shown that 5 to 15% of the general
population and 40 to 70% of patients with asthma
have positive immediate skin test reaction to cat
and/or dog (77).

Both cat and dog allergens have been
identified (63). Cat allergen has been well
characterised and studied. The most important cat
allergen is Fel d I as most of the IgE antibodies
in cat-sensitive subjects are directed against this
allergen (63). Fel d I is present in salivary glands,
hair follicles, saliva, and lacrimal fluid. There have
been few studies of sensitivity to dog allergen and
its relationship with asthma until very recently.
The aerodynamic characteristics of Can f I, the
important dog allergen, are similar to Fel d I (78).
Levels of 8 pug Fel d I/gm and 10 pg Can f I/gm
dust have been proposed as significant exposures
leading to attacks of asthma (79). There is a dose-
response relationship between exposure to cat
allergen and the prevalence of sensitisation (79).

In Western countries, measurable amounts of
Fel d T are found in almost every home, even in
homes without cats (80). Studies in Scandinavian
schools have shown that while dust mite allergen
levels were low in classrooms, high levels of both
cat and dog allergens were found on both smooth
and carpeted floors, with approximately 11 times
more on carpeted floors (81). Levels of cat and
dog allergens were much higher on chairs than on
floors, suggesting that students and teachers
brought in allergens on their clothing.

In developing countries, especially in cities,
fewer families have pets because of overcrowding.
There have been very few studies measuring pet
allergens in Asian countries. In Hong Kong, only
7.5% of families have a pet and cat allergen levels
are low in the homes (82). Sensitization to cat
occurred in 15 % of children with asthma in Hong
Kong (83). Measurements of allergens in public
places have not been carried out in Asian countries.

Published literature on the effects of exposure
to pets in the home on the risk of asthma has been
contradictory. While some studies have shown an
increase in risk of asthma and wheezing in children
(84), others found exposure to pets in early life to
be protective (85-87). A meta-analysis was carried
out by Apelberg et al (88) who reviewed 32 articles
that fulfilled the criteria of focusing on exposure
within the first two years of life or exposure
preceding the outcome. The authors came to the
conclusion that exposure to pets appears to be
associated with an increase risk of asthma and
wheezing in older children (> 6 years) but a lower
risk in younger (< 6 years) exposed children
compared to nonexposed children and that this
finding could not be explained by selection bias.

Cockroach allergen
Cockroaches are ubiquitous and are also highly
allergenic. Two major groups of cockroach
allergens have been identified: Blatella germanica
and Periplaneta americana. The allergen, Bla g II,
is an aspartic protease, which is a digestive enzyme
secreted by cockroach in the faeces (89).
Cockroach populations are highest in crowded
urban areas. Almost all studies relating cockroach
allergen exposure and asthma have been conducted
in industrialized countries. In a study of dust
samples collected from homes of 87 children with
moderate to severe asthma, 26% of bedroom dust
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samples had detectable levels of cockroach
allergens (90). Over 80% of the children whose
bedroom Bla g I or Bla g II level greater than 1
U/gm demonstrated skin sensitivity to the
cockroach allergen. The prevalence of sensitization
was directly related to the level of bedroom
exposure. In inner city areas in Chicago, exposure
to cockroach allergen is also an important cause
of hospitalization for acute asthma (91).
Rosentreich et al (92) have also shown that
immediate hypersensitivity to cockroach allergens
is common among children with asthma in a large
cohort living in seven cities in the Northeast and
Midwest of the United States. The degree of
exposure in children with positive skin tests to
cockroach allergen is correlated with their risk of
hospitalization. Thus, there is considerable
evidence to support that cockroach is another
important indoor allergen in asthma.

The role of exposure to cockroach allergens
and asthma in Asian countries has yet to be
defined. In Hong Kong, cockroach is the second
most common allergen that patients with asthma
reacted to (31).

Moulds or fungi

In subtropical areas in Southeast Asia, humidity is
high and is conducive to the growth of not only
house dust mites but also moulds. Home dampness
has been used as a surrogate for mould level. A
study in Taiwan has demonstrated an association
of home dampness with asthma (93), similar to
those published in industrialized countries (94).
The role of indoor moulds in asthma has not been
studied extensively because of the lack of
standardized allergens.

Food allergens

Food allergens are mainly responsible for atopic
dermatitis, gastrointestinal disturbance and
urticaria/angioedema. However, children with
atopic dermatitis have a higher prevalence of
asthma and allergic rhinitis (95-97). Studies on
prophylactic measures including breast-feeding,
delay introduction of solids, dietary restrictions
by mothers of high risk infants either prenatally
or after birth up to 12 months of age, have
demonstrated a significant reduction in the
prevalence of these atopic disorders (atopic
dermatitis, urticaria and gastrointestinal disturbance

due to food allergy), but no reduction in allergic
rhinitis or asthma (95-97).

Infections

While there is overwhelming evidence for viral
infections leading to acute exacerbations of asthma,
the role of viral infection in the induction of
childhood asthma and atopy is not known. Children
with bronchiolitis due Respiratory Syncytial Virus
(RSV) infection have a higher prevalence of BHR
and wheeze but not the rate of atopic sensitization
compared with controls (98). A longitudinal
follow-up study of a birth cohort in Tucson,
Arizona has found an increase in recurrent wheeze
in children with RSV infection at the age of 6;
however at the age of 13, the difference between
groups no longer exist (99). Thus wheezing
associated with viral infection may have a better
prognosis than atopic asthma.

Several studies have found an inverse
relationship between viral infection and the
development of atopy and asthma. Children who
had measles had about half the rate of atopic
sensitization than those who had been vaccinated
(100). Italian military recruits who were
seropositive for hepatitis A had a significantly
lower prevalence of positive skin test reaction to
common allergens and atopic disease compared
with the seronegative recruits (101). Moreover,
among recruits with negative hepatitis A serology,
those from a large family were at the lowest risk
for developing atopic diseases presumably from
frequent childhood viral infections (102).

Other infections were also found to be
protective. Shirakawa et al (103) reported that
among BCG-vaccinated Japanese school children,
those with a positive tuberculin reaction had less
atopic disorders than those with a negative
tuberculin reaction. Those with a positive
tuberculin reaction also had a higher level of IFN-
a suggesting possible suppression of Th2 cells.
Among Finnish children and young adults with
active tuberculosis, the prevalence of subsequent
allergic disease was lower compared with a group
of matched controls; however, the prevalence of
asthma was slightly higher (104). Among
Norwegian adults who routinely received BCG
vaccination as adolescents, the size of reaction to
tuberculin testing was not related to total or specific
IgE or positive skin test reaction to common
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aeroallergens (105). In Hong Kong where BCG
vaccination at birth is the usual practice, no
correlation was found between tuberculin reactivity
and asthma or asthma symptoms in school children
(106).

The number of siblings correlated inversely
with the prevalence of self-reported inhalant
allergy, hay fever, atopic dermatitis, and immediate
skin test reactivity (107). The relationship is
stronger with the presence of older siblings than
with younger brothers and sisters. It has been
postulated that infection in early childhood,
transmitted by contact with older siblings, may
provide protection against the development of
atopic disorders (108,109). Over the past century,
declining family size, improved household
conditions and higher standards of personal
hygiene, have reduced the opportunity for cross-
infection in young families. More recently, inverse
relations have also been reported between day care
attendance in early life and the development of
atopic sensitisation, total IgE and asthma in later
childhood (110). Strachan was the first one to
propose the hygiene hypothesis to be responsible
for the increase in prevalence of allergic diseases
in recent decades (108). This hypothesis fits well
in the Th1/Th2 paradigm for allergic diseases
(111).

In most of the developing countries in Asia,
the prevalence of asthma and asthma-like
symptoms is low compared to Western countries.
This difference cannot be explained by genetic
differences between ethnic groups. Even among
Chinese of the same ethnic background living in
different parts of Asia, significant differences were
found in the prevalence of asthma, being lowest in
rural China and highest in Hong Kong (31). A more
recent study comparing the prevalence of asthma
and other allergic disease in children in Urumqi,
Beijing and Hong Kong has found that the
prevalence of these disorders — highest in Hong
Kong and lowest in Urumgi— is inversely related
to the standard of living (112). These findings are
compatible with the “hygiene hypothesis”.

Endotoxin

Several cross-sectional studies have shown that
children who grew up on a farm have less allergic

diseases and asthma (36,37,113-115). Children
who lived on farms with livestock had the lowest
prevalence of allergen diseases. Because farm
animals are a rich source of endotoxin, it has been
suggested that exposure to endotoxin protects
against the development of atopy and allergic
diseases (116). Endotoxin strongly stimulates the
production of IL-12 leading to upregulation of
IFN-gamma (117). Braun-Fahrhander et al (118)
recently reported a cross-sectional study of 812
schoolchildren from Europe showing that
endotoxin levels in dust samples from the child’s
mattress were inversely related to the occurrence
of atopic asthma and allergic sensitization.

Exposure to air pollution

There is no doubt that air pollution aggravates
pre-existing asthma. In the laboratory, almost all
major air pollutants including respirable suspended
particles (PM, ), ozone, oxides of nitrogen and
sulphur dioxide can cause acute broncho-
constriction in asthmatics (119).

There have been many studies from different
parts of the world showing a direct relationship
between levels of air pollutants and hospitalization
visits to emergency room and unscheduled visits
to doctors for treatment of asthma (120).
Significant relationships between levels of air
pollutants and indices of severity of asthma such
as the peak expiratory flow rate (121). Urban traffic
pollution has become a major problem in most
cities in Asia including Hong Kong. Several studies
have been carried out on the effects of air pollution
on asthma in Hong Kong. A direct relationship
was found between hospital admission with asthma
and the levels of each air pollutant, PM,, ozone
and nitrogen dioxide (122-123). A consistent and
strong relationship between emergency room visits
for asthma and the level of ozone and nitrogen
dioxide while the relationship with PM,, was not
so evident after adjustment for ozone and nitrogen
dioxide (124). However, the recent study, Pollution
Effects on Asthmatic Children in Europe (PEACE),
involving 14 European centres on two panels of
at Jeast 75 children between 6 to 12 years of age
with chronic respiratory symptoms followed for
at least 2 months failed to show significant
correlation between changes in PM, , black smoke,
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SO,, NO, and change in respiratory health (125).
This finding is at variance with the results of other
panel studies conducted in the USA and in Europe
(126). The only possible reason for the discrepancy
in the finding is the relatively short period of
observation in the PEACE study.

While there is no doubt that air pollution
exacerbates asthma, there is no evidence to suggest
that air pollution is responsible for the induction
of asthma. However, recent literature suggest that
increasing exposure to traffic pollutants may be
of relevance to the inception of allergic diseases.
In Japan, an increase in prevalence of cedar
pollinosis (allergic rhinitis) was found in areas with
high traffic exposure and high pollen counts (127).
The prevalence of wheeze, chronic cough and
phlegm were higher in women living close to
major roads in the Dutch and Japanese studies
(128-130) but no objective measurement of disease
was available. A more recent study in Dresden,
East Germany confirmed the association of high
levels of air pollution and increased prevalence of
cough and phlegm but not hay fever, BHR and
atopy (131). Wang et al (132) conducted a large-
scale epidemiological study of 165,173
schoolchildren aged 11 to 16 years in Taiwan as
part of the ISAAC. They found a significant
association between outdoor air pollution and
asthma after controlling for potential confounding
variables. Total suspended particulates, nitrogen
dioxide, carbon monoxide and ozone all displayed
an independent association with asthma.

In Hong Kong, a study of school children
living in a heavily polluted district by traffic has
demonstrated a significantly higher prevalence of
sorethroat, cough, wheeze and BHR compared with
those living in a less polluted district (133,134).
‘When legislation was implemented to reduce fuel
sulphur content, there was a significant reduction
in sulphur dioxide levels and sulphate
concentration in respirable particles. The reduction
in pollutant level was associated with a reduction
in respiratory symptoms and BHR in children in
the polluted district (135) and cardiorespiratory
mortality (136).

In the laboratory, diesel exhaust particles have
been shown to act as adjuvants and increase the
production of specific IgE antibodies. Furthermore,
exposure to diesel particles after nasal allergen
challenge has resulted in increased expression of

Th2 type cytokines and enhanced eosinophil
adhesion to nasal epithelial cells (137). Diesel
exhaust is the major contributor to particulate
matter in most urban areas. It is more harmful
than other types of particles because of its small
size (< 2 um), allowing penetration to peripheral
airways (138). Diesel particles can also absorb
allergens from grass pollen onto their surface and
may act as potential carriers to increase the
deposition in the lung.

Exposure to environmental tobacco
smoke (ETS)

There is consistent evidence that exposure to ETS
increases the risk for lower respiratory tract
infections in infancy and childhood (139,140).
Asthmatic children whose mothers smoked were
found to have more severe asthma compared with
those whose mothers did not smoke (141,142).
Several large cohort studies have shown that ETS
exposure was a risk factor for the inception of
asthma in children (143-146). In the British birth
cohort study (144), follow up of children to the
age of 10 years has demonstrated a 14% increase
in childhood wheezy bronchitis when mothers
smoked more than 4 cigarettes/day; this increased
to 49% when mothers smoked more than 14
cigarettes/day. Maternal smoking during pregnancy
increased the risk for developing asthma about
2-fold (144). Thus there is convincing evidence of
a link between exposure to ETS and the
development of childhood asthma. However, the
evidence of exposure to ETS and atopic
sensitization is conflicting.

Lifestyle factors

One explanation for the increase in the prevalence
of asthma in developed countries is the sedentary
lifestyle and concomitant increase in obesity
among children. There have been a number of
recent reports on decreasing physical activity and
increasing body mass among American children
(147,148). A direct correlation has been shown
between obesity and hours spent in passive, visual
entertainment (148). The question is whether
decreased physical activity, for which obesity is a
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surrogate measure, could directly influence asthma
(149). Support for this notion is the observation
that full expansion of the lungs can decrease lung
resistance. It is hypothesized that by reducing the
extent to which bronchial muscle is stretched,
reductions in deep breathing associated with a
sedentary lifestyle may contribute to airway
narrowing and asthma (150). Positive associations
have been found between body mass index (BMI)
and lower ventilatory function (151), wheeze,
asthma or BHR (152). However the findings were
not consistent, especially for boys.

Breast feeding

Breastfeeding protects infants from both respiratory
and gastrointestinal infections and reduces
exposure to allergens in cow’s milk (153,154).
There is now accumulating evidence that
breastfeeding may protect against the development
of asthma (155,156). A recent meta-analysis
showed that children who are breast fed for at
least 3 months of age are protected from
development of asthma with an odds ratio of 0.80
(95% CI 0.66-0.97) (157).

Dietary factors

Omega-3-fatty acid intake is associated with
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Summary

Epidemiological studies of asthma performed in
the past 2 decades have provided important
information with respect to the occurrence of
asthma in different regions of the world. Multi-
centred studies using standardized methodology
have allowed meaningful comparison across
countries and accurate monitoring the trends of
asthma prevalence. These studies have also
generated several hypotheses relating to the
development of asthma and related allergic
disorders. Studies from different regions of the
world have provided important information on the
many possible genetic and environmental factors
for asthma. Given the diverse socioeconomic and
ethnic background along with the rapid changing
economy and modernization, the Asian region
provides ample opportunities to explore the roles
of various genetic and environmental factors in
the pathogenesis of asthma and related atopic
disorders.
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Asthma Management
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Diagnosis

The classical symptoms of asthma are episodic
cough, wheeze and dyspnoea, which are often
brought on by certain precipitating factors such as
weather change, upper respiratory tract infections,
exposure to irritants and exercise. However, not
all symptoms are present in all patients and some
may only present with persistent cough (1). In
other patients, particularly older patients,
symptoms are more insidious rather than episodic
and tend to be more persistent.

The diagnosis of asthma is based on the
demonstration of airflow obstruction which
improves either spontaneously or after
bronchodilator in a patient with compatible
symptoms. Measurement of lung function test over
time is important for monitoring the course of
disease. In asthma, the essential lung function
parameters to be determined comprise of forced
expiratory volume in one second (FEV ) and forced
vital capacity (FVC) and their ratio measured by
spirometry. The variation of these parameters over
time or improvement of these parameters with
treatment, such as bronchodilators or a course of
steroids, confirms the diagnosis. The American
Thoracic Society defines “reversibility” as a
change of FEV, of at least 12% and 200 mls (2).
A simpler test is the measurement of peak
expiratory flow rate (PEFR) by a simple device,
the peak flow meter. However, measurement of

PEFR do not always reflect accurately the degree
of obstruction, especially in children when air-
trapping can be severe without much change in
PEFR (3,4). A 15% change in PEFR in response
to bronchodilator or a course of steroids or a
spontaneous fluctuation of over 20-30% favour
the diagnosis of asthma (5). Home measurement
of PEFR allows patients, particularly those with
severe asthma, to monitor the degree of airflow
obstruction at home and adjust medications
according to self-management plans (6).

Both spirometry and PEFR are effort
dependent, and proper performance of the tests is
important. Interpretation of test results requires
reference values for the specific population since
“normal” lung function values vary in different
ethnic groups even after adjustment for sex, age
and height (see chapter on Lung Function Testing).

In patients with mild asthma, spirometry may
be normal when it is done during symptom-free
periods. Some patients may have no wheeze or
rhonchi on auscultation but have significant airflow
obstruction on objective testing. Furthermore,
patients who have had the disease for a long time
may not have a reversible element on
bronchodilator testing, and may be confused to be
suffering from irreversible airflow obstruction due
to other conditions such as smoking-related chronic
obstructive pulmonary disease (COPD) or even
bronchiectasis.

Other tests that may be helpful in the diagnosis
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of asthma include measurements of nonnallergic
bronchial hyperresponsivenesss (BHR) with
bronchial challenge tests or determination of atopic
status (7), but these tests have low specificity for
a diagnosis of asthma. Although nonallergic BHR
is a characteristic feature in asthma, it may be
present in other diseases such as allergic rhinitis,
COPD, bronchiectasis and cystic fibrosis (8) while
atopy may be present in the absence of asthma.
Measurement of nonallergic BHR is used to
establish the diagnosis of asthma in patients who
present atypically, such as only having persistent
cough.

Atopy can be determined by performing
allergen skin prick tests to a battery of common
allergens or by measuring specific IgE antibodies
in the serum; the latter is more expensive. It is
well known that subjects can be atopic without
having asthma, and adult-onset asthma is usually
not associated with specific allergic sensitization.
Moreover, the presence of specific sensitization
does not necessarily mean that it is the cause of
the patient’s asthma. The causal relationship has
to be established with careful history taking of the
association of symptoms and allergen exposure.

Chest radiograph does not have not much
diagnostic value in asthma, but it is useful for
exclusion of other diseases. This is especially
important when patients present with chronic
cough. Some specific causes of asthma such as
allergic bronchopulmonary aspergillosis may have
special features on chest radiographs.

Diagnosis of asthma is particularly difficult in
children and elderly who have difficulty performing
lung function tests. In such circumstances, the
diagnosis is often based on clinical judgement of
the characteristic symptoms and/or physical
findings of wheezing when a patient presents during
an acute attack. Other causes similating such
features need to be considered such as foreign
body inhalation or viral bronchiolitis in children,
and COPD, left ventricular failure, or even
endobronchial tumour in adults.

Management of Asthma

Once the diagnosis of asthma has been established,
it is necessary to assess the severity of asthma and
to determine the triggers of attacks for each patient.

It is important to determine the severity of asthma
according to current international consensus
guidelines based on expert opinion for the
implementation of stepwise asthma management
plans (9). Determination of asthma triggers is
important for prevention of acute episodes.

The goals for asthma management include the
following: to relieve symptoms; to prevent
continuing symptoms, altered lifestyle due to
asthma, development of irreversible airflow
obstruction and premature death; and to achieve the
above goals with minimal side effects of drugs. The
management of asthma consists of pharmacologic
treatment and environmental control.

Pharmacologic Treatment

Medications in asthma are essentially classified
as either relievers or controllers, although some
drugs may have both properties.

Relievers

Relievers are drugs that give instant symptomatic
relief and hence they all have bronchodilating
properties.

Beta,-agonists

Short-acting beta,-agonists These drugs are
probably the most long-standing medications
available for asthma treatment. The drugs in use
nowadays are mostly beta 2-selective (eg.
salbutamol, terbutaline) and have less cardiac
stimulation, although some countries in Asia still
use non-selective beta,-agonists such as
isoproterenol in Japan. Both oral and inhaled
preparations are available, but the inhaled route is
preferred because it is faster in onset of action
and it carries much fewer side effects.

Inhaled bronchodilators have a rapid onset of
action in several minutes, and the duration of
bronchodilating action is about 46 hours although
this is markedly shorter during severe asthma
attacks. They are usually recommended on an “as
necessary” basis for symptomatic relief, and the
frequency of use becomes a good indicator of
disease control. They are also useful when taken
before exercise to prevent exercise-induced asthma.
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Long-acting beta,-agonists Long acting oral
beta -agonists have been available for a long time,
usually as slow release preparations, eg. salbutmol
SR, or bambuterol, the pro-drug of terbutaline.
More recently, inhaled preparations of long acting
beta,-agonists have been widely marketed. These
drugs (eg. formoterol, salmeterol) have a longer
duration of bronchodilating action of 12-24 hours.
This class of drugs is considered very convenient
as they provide longer duration of symptom
control, but this also leads to concern that its
regular use may mask the severity of asthma, and
may also cause tolerance due to down regulation
of beta-receptors. So far, although there have been
some conflicting studies of attenuation of
bronchoprotective effect or bronchodilating action
in long-term use of these drugs (10,11), there is
no clinically observed decrease in efficacy. The
use of long-acting beta, -agonists also reduces
exercise induced bronchospasm (11).

Since this class of drugs does not have any
significant anti-inflammatory effect, they are
recommended to be ALWAYS combined with the
use of inhaled corticosteroids (ICS) (9, 12,13). In
various national and international guidelines, they
are positioned as add-on therapy when asthma
control is not adequate even after ICS has been
given (9). Adding long-acting beta -agonists to
patients with suboptimally controlled asthma while
on low or moderate doses of ICS resulted in better
control of airway inflammation and clinical
symptoms of asthma, equivalent if not better than
increasing the dose of ICS (13-17). These findings
have led to the development of fixed dose
combinations of long acting beta,-agonists and ICS
which are usually more convenient leading to
greater compliance. However, such fixed
combinations do pose limitations in dosing
flexibility eg. during acute exacerbation increase
use of the combination preparation to give more
ICS will inevitably increase the dose of long-acting
beta -agonists which may not be desired.

Due to its long duration and slower onset of
action, long-acting beta,-agonists were previously
not recommended as acute relievers, but to be used
on a regular basis. Recent studies suggest that
certain preparations such as formoterol can
function effectively and safely as an acute reliever
during acute exacerbations of asthma (18).

Both oral and inhaled long-acting beta, -

agonists have side effects similar to short-acting
beta,-agonists. As expected, the oral form has more
side effects and less consistent bronchodilatation.

Anti-cholinergic drugs
These are not recommended routinely in chronic
treatment of asthma except in those with co-
existent smoking-related COPD, or the few
asthmatics who really cannot tolerate the side-
effects of beta -agonists (9).

Theophyllines

Oral slow release preparations of theophylline have
been popular in the past, but have fallen out of
favour in developed countries due to its relative
toxicity and the advent of the inhaled long acting
beta -agonists.

Side effects of theophyiline include
gastrointestinal upset and palpitation. Toxicity of
theophylline may result in headache, confusion or
even convulsion. When given in high doses,
plasma levels need to be monitored periodically
especially when there are potential interactions
with other drugs or conditions affecting
theophylline metabolism. At low doses, side effects
are of concern only in a minority of subjects. There
is some evidence that theophyllines may have anti-
inflammatory effects at a dose lower than that
required for optimal brochodilatation (19,20).
Currently, it is recommended to be added when
asthma is not well controlled on low/moderate
doses of ICS (9). In this capacity, it shares the
same position as long-acting beta,-agonists and
leukotriene antagonists. It has the advantage of
being much less expensive than the other two
classes of agents. It is useful especially when given
for control of persistent nocturnal symptoms
despite regular anti-inflammatory therapy (21), and
in this situation, the one dose given at night usually
does not require plasma level monitoring.

Controllers

Asthma is now known to be a disease with
persistent airway inflammation. Full control of
asthma in most subjects, other than those with
very mild disease, will require regular use of
medications with anti-inflammatory properties.
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Corticosteroids

Inhaled corticosteroids (ICS) are now considered
the cornerstone in the treatment of persistent
asthma. There is strong evidence for its clinical
efficacy in reducing asthma symptoms, frequency
of exacerbations, risk of fatal asthma as well as
improving the quality of life (22-26). They also
result in improvement and preservation of lung
function (22-24). In parallel with improvement in
these clinical parameters, there is also strong
evidence for its anti-inflammatory effects based
on studies of cellular and cytokine profile of airway
secretions or airway biopsies, as well as tests of
airway hyperresponsiveness (27,28). Although
there is evidence that changes in inflammatory
cell profile occur in the asthmatic airway even
after one dose of ICS (29), the clinical effects of
ICS on symptoms and lung function are observed
after one to two weeks while the improvement
usually peaks at about two to four weeks,
depending on the severity of asthma and the dose
and potency of ICS used (24). Since there are
inter-individual variations in asthma severity and
intra-individual variations in asthma severity over
time, the dose-response curves differ and thus
dosages should be tailored in individuals and in
the same individual over time. Being a
“preventive” medication, it has to be used on a
regular long-term basis.

Chronic oral steroid use is notorious for its
side effects. This has caused much concern over
the possibility of side effects, especially systemic
side effects, with the prolonged continuous use of
ICS, sometimes for life, in asthmatics. Most of
the studies of side effects of ICS have been
conducted in adults.

Local side effects of ICS include oral thrush,
dysphonia and throat irritation with cough. Oral
candidiasis can be significantly reduced through
the use of spacer devices and mouth-rinsing to
decrease deposition of the drug on the tongue and
pharynx. Treatment with local anti-fungal agents
is effective. Hoarseness of voice is much more
difficult to resolve. Dose reduction of ICS and the
use of spacers may decrease the problem.

Systemic absorption of ICS may occur through
mucosa of the airways and the oral cavity, and the
risk of systemic side effects is always worrisome.
The side effect profile varies with different generic
formulae of ICS, and studies have demonstrated

that budesonide and fluticasone propionate have
less systemic effects than beclomethasone
diproprionate (BDP) and triamcinolone (24,30).
Systemic absorption and side-effects may be
reduced with the use of large volume spacers
(31,32). In general, no significant side effects are
observed at doses below the equivalent of 400-
500 ug BDP per day in adults or 100-200 pg
BDP per day in children (9,24,30,33). At higher
doses, there may be biochemical markers of
depressed bone turnover and decreased bone
mineral density, but there is no established
evidence of osteoporosis in adults (24,30,34). In
children, short term decrease in bone growth has
been reported but the ultimate height attained by
asthmatic children taking ICS has not been less
compared with those not taking ICS (33,35,36). It
is important to bear in mind that uncontrolled or
severe asthma itself affects growth adversely.
There is little data on the risk of side effects of
ICS in infants and very young children. Laboratory
evidence of adrenal suppression is seen with high
doses of ICS, but its clinical relevance is not
established (24,30,32).

In a minority of subjects with very difficult
asthma, chronic oral steroids in low dose may
still be required to achieve relative stabilization
of disease. It is important to optimize all other
aspects of asthma management as well as other
medications in such individuals so as to keep the
oral steroid dependency to a minimum.

Chromones

This group of drugs includes sodium
chromoglycate, which has been used in children
for many year, and nedocromil sodium. They have
been shown to reduce symptoms, BHR, frequency
of exacerbation and to improve lung function
(37,38). However, they are less efficacious than
ICS. Few side-effects have been reported with
this class of agents.

Leukotriene antagonist
This is a new class of anti-asthma drugs that
include the cysteinyl leukotrine-1 receptor
antagonists (eg. Monteleukast, Pranleukast,
Zafirleukast), and the 5-lipoxygenase inhibitors
(eg. Zileuton). They are all only available in the
oral form.

Leukotriene antagonists are considered to be
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a group of preventive agents. They have been
shown to decrease airway inflammation, improve
asthma control and lung function, and they also
have variable bronchodilating properties that are
seen over a few hours of taking the drug (39-41).

Leukotriene antagonists are now considered
as an option in add-on therapy for asthma not
optimally controlled by low, moderate or high dose
of ICS (9,39,41-44). Some studies have shown
that leukotriene antagonists allow tapering of ICS
(42) or improve asthma control (43,44) while
others did not demonstrate any benefit (45). It
may be of particular value in aspirin intolerant
asthma (46). Its use as monotherapy in place of
low dose ICS in mild asthma has been studied but
such a role is not yet established.

These drugs have relatively few side effects.
Liver toxicity has been reported with the 5-
lipoxygenase inhibitors. Churg-strauss syndrome
has been also reported with the use of monteleukast
but the general consensus is that the drug probably
unmasked the vasculitic syndrome by allowing oral
steroid withdrawal.

Anti-allergic agents

H-1 antagonists and other oral antiallergic agents
have been used for treatment of asthma. There is
no evidence to support their efficacy, except for
some benefit in those with rhinitis as well (47).
Astemizole and terfenadine have been rarely
reported to be associated with arrhythmias (9).

Systemic steroid-sparing agents

Immunomodulating drugs such as methotrexate,
cyclosporin and gold have been tried. There is no
conclusive evidence of their benefits and they may
cause significant adverse side-effects, hence
they are only indicated in highly individualized
difficult patients and their use must be closely
monitored by specialists (9,48-50). Macrolides
(oleandromycin) act by decreasing metabolism of
glucocorticosteroid (51). and may not be steroid
sparing in the true sense.

Immunotherapy

Allergen-specific immunotherapy has been popular
in some countries for the treatment of allergic
diseases, especially rhinitis. Its benefit in asthma
is controversial, and a recent Cochrane review has
shown this therapy to be of some efficacy (52).
However, the effect is relatively small compared
with the currently available anti-inflammatory
drugs, especially ICS. Immunotherapy does carry
significant potential adverse effects, including
fatality from severe asthma exacerbations or
anaphylactic reactions. There are still many
unanswered issues, such as the subset of patients
to benefit most, the possible variation in efficacy
of various allergen-specific therapy, long term
effectiveness, and the difference in various
outcome measures (9). Hence it should only be
considered when strict environmental preventive
measures and pharmacologic therapy have failed
to control asthma (53). Immunotherapy is only to
be practiced by specialists experienced in the
procedure and in a venue medically equipped for
dealing with acute adverse reactions.

Routes and devices for drug
administration

Both oral and inhaled preparations are available
for bronchodilators and steroids. For chromones,
only metered dose inhalers are available, while
theophyllines are not available in inhaled form.

Side effect profile is obviously much better
in the inhaled preparations of beta,-agonists and
steroids. This is particularly relevant for steroids
where inhaled preparations are doubtlessly the
route of choice in management of chronic asthma.

There are several kinds of inhaled devices,
including metered dose aerosol inhalers (MDI),
MDI with spacers, dry powder inhalers (DPI) and
nebulizers. Spacers have the advantage of
improving airway deposition without great need
for coordination, but the large volume spacers are
clumsy especially for young ambulatory
asthmatics.

Metered dose inhalers previously contained
chloroflurocarbon (CFC) as the propellent, which
is beginning to be phased out due to its
environmental unfriendliness. Alternatives are



30 Mary Ip and Moira Chan-Yeung

DPIs or MDIs using propellants such as
hydrofluroalkanes (HFA), which have been shown
to be effective and safe (54-56). The phasing out
process of CFC MDIs is slower in Asia compared
to western countries, and the cost of different
replacement formulations is likely a major
determining factor.

Nebulizers are not advocated for chronic use
in most asthmatics, but they are very popular in
some places in Asia, likely related to wide publicity
from commercial advertisement. Most subjects use
it for delivery of bronchodilators for symptomatic
relief, which can be dangerous as subjects may
delay using appropriate anti-inflammatory drugs
or seeking treatment for acute severe asthma. For
home use, they should be reserved for some young
asthmatics when parents find the use of face mask
for applying MDI aerosols difficult, or for older
asthmatics who are well educated in recognizing
their own disease severity and who live far away
from medical help. The nebulizer device may help
these asthmatics to buy time in seeking treatment
or to get over minor episodes.

Alternative and complementary
therapy

Although the benefits of alternative and
complementary medicine have not been adequately
researched, their use is very popular in many
communities for health maintenance and treatment
of diseases, and asthma and allergies are among
the common indications (57,58). There is no proper
documentation of their use in asthma in Asian
communities, but personal observations suggest
that they are not uncommonly used as adjunct to
accepted western medical treatment or even
sometimes as the only form of regular treatment
in mild asthma. More well described therapeutic
methods include acupuncture, herbal medicine,
ayurvedic medicine, buteyco, hypnosis and
homeopathy (9,57-61). These methods, including
acupuncture, have not been subjected to rigorous
applied or basic research (58-61) and good
evidence for their efficacy is lacking. Considering
their popularity and the amount of healthcare
expenditure they accounted for, more rigorous
research to prove facts and dispel myths are called
for.

Treatment of acute asthma

The first line drug for treatment of acute asthma
is high doses of short-acting beta -agonists given
by nebulization or multiple doses of aerosol MDI
or DPIL Continuous nebulization or repeated doses
may be useful in severe attacks (9). The recent
outbreak of severe acute respiratory syndrome
(SARS) due to coronavirus has prompted a change
in hospital practice of nebulization to spacer device
in some places in Asia (see Chapter on SARS).
The addition of anti-cholinergic drugs in a
significant exacerbation has been shown to
improve the magnitude and duration of
bronchodilation or to reduce hospital admission
(62,63).

When there is indication that asthma control
deteriorates, self management plans suggest that
subjects should increase, usually double, the dose
of ICS (9), although there is no good evidence for
this dosage nor its efficacy in preventing the full
exacerbation. However, in those attending
emergency departments for acute asthma, studies
have shown that giving high doses of ICS may
prevent relapse following discharge (64), or help
early recovery and decrease need of hospitalization
(65).

It is advocated that systemic steroids be given
early in the course of an acute attack, as they can
prevent progression of severity of the attack,
decrease the need for emergency room visit or
hospital admission, and reduce early relapse (9).
Depending on severity, oral or intravenous route
may be used, and it has been shown that the oral
route is as effective as the intravenous route. The
exact benefits of adding ICS in those already given
systemic steroids have not been clarified, although
one would surmise that early introduction or
increase of ICS may allow better control after
stopping the short course of systemic steroids.

The use of intravenous aminophylline in acute
attacks has become less popular since inhaled
bronchodilators are often effective and relatively
safe even in large doses. Systematic review of
literature did not find evidence of additional benefit
of intravenous aminophylline compared to standard
care with beta,-agonists in adults, and side-effects
are increased (66). There has been a study that
demonstrated some benefit of aminophylline in
children who are not responding to large doses of
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inhaled beta,-agonists, inhaled ipratropium and
intravenous steroids (67). Toxicity of
methylxanthines is anticipated to be higher in ill
patients on multiple medications and loading doses
should not be given in those who have been taking
maintenance oral theophyllines.

In patients who do not respond to initial
treatment in the emergency department, intravenous
magnesium sulphate may be considered (68).

Oxygen supplement should always be given
if available in those who are hypoxaemic. High
flow rates of oxygen should be given if indicated.

Most of the asthmatic exacerbations are not
related to bacterial infections, and antibiotics
should not be “routinely” given (9). Mucolytics
have not been shown to be of benefit although
patients often request to have treatment for viscous
sputum which is indicative of underlying airways
inflammation.

Intubation and mechanical ventilation remain
the final treatment option for very severe acute
asthma refractory to drug treatment. The role of
non-invasive ventilation in acute asthma has not
been established since the airway pressure in acute
severe asthma is usually very high. Non-invasive
ventilation is mainly used in subjects who do not
have severe asthma and whose respiratory failure
is due to underlying COPD or restrictive lung
disease.

Environmental Control

The most common factors affecting asthma patients
include allergens, respiratory irritants and viral
infections. Allergens and irritants are encountered
both indoors and outdoors.

Indoor aeroallergens

Indoor aeroallergens are the most important risk
factors responsible for asthma (69,70), and the most
common are house dust mite, pets (cat and dog)
and cockroaches. Numerous studies have
demonstrated the relation between the risk of
sensitization and the level of exposure to allergen
(71,72). Atopic subjects tend to be sensitized to
house dust mite allergen at a lower level than
nonatopic subjects. Thus it is important to reduce

exposure to these allergens as much as possible

by avoidance measures.

In general, there are 3 approaches to control

of exposure to indoor allergens (73):

1. control of reservoirs of allergen in beds,
carpets, furnishings, and clothing which are
the main source of exposure;

2. control of source of new allergens; and

3. direct control of aeroallergens.

A combination of effective measures directed
at different sites is required.

House dust mites

House dust mites live on human dander and
proliferate best in hot and humid climates. The
allergens are present mainly in the fecal pellets.
They are present in high concentrations among
mattresses, duvets, soft furnishing, and clothing.
Mite allergens, after dust disturbance, are mainly
associated with large particles (> 10 \m diameter)
(74); only 10 to 20% of the allergens remain
airborne 15 minutes after disturbance. Thus
measurement of airborne dust mite allergen has
not been very successful and dust mite allergen
level has been estimated from settled dust samples.
The current method of expressing allergen
exposure, pg allergen/gm dust, is practical for
epidemiologic studies, but has limited value in
relating symptoms to exposure.

Table 1 shows the measures of reducing mite
allergen levels from different places in the home
(75). For bedding, the most effective method is to
use an impermeable mattress cover and to wipe
the encasing each week with a damp cloth to
remove any allergen. Pillows, blankets, and duvets
should be encased or washed very regularly with
hot water (temperature > 130°F).

Carpets are major reservoirs of many indoor
allergens. Carpets yield more dust on vacuuming
and have a higher concentration of allergen in the
dust samples than those collected from smooth
floors. There is no way of rendering a carpet
completely free of allergen. The use of acaricides
such as tannic acid and benzyl benzoate has not
been proven to be useful on a long-term basis.

Hard surface cleaning with a damp cloth can
remove about 90% of allergens. Damp dusting
should be done at least once a week. Vacuum
cleaning is useful to remove excess dust and to
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Table 1.

Recommended Avoidance Measures for Mite Allergens™

Beds

« Mattress: encasement with vapour impermeable vinyl cover
» Blankets/duvets: encasement or washing every 1 to 2 months in water greater than 130° F to kill

mites; remove allergen by washing
« Pillows: encasement

Floor

* No fitted carpets

» Smooth floors cleaned by damp mopping

* Loose rugs: 3 hours direct sunlight kill mites

Soft furnishings

* Replace with furniture that can be cleaned easily

Clothing
*  Wash regularly

Acaricides
* Not recommended for long term use

Mechanical devices

« Vacuum cleaners: use good air filter and double thickness bags

* Air filters: minor role

House design
+« To ensure a dry indoor climate

reduce reservoirs of allergens. To be effective,
vacuum cleaners should have good air filters and
have a double layer of bags for collecting dust.
Air cleaning alone with devices has not been
proven to be effective. Mite allergens settle quickly
after disturbance and are not affected by an air
filtering device at a distance.

Although it is likely that house dust mite
allergen levels are high in many homes in Asian
countries, studies on effectiveness of avoidance
measures have not been carried out.

Pet allergen

Cat and dog allergens can be detected in almost
all houses, even in those without the animals in
many communities (76). Cat allergen is found in
small particles < 5 wm and a high proportion
remains airborne after disturbance (77). The
allergen is being carried on people’s clothing from
homes to public places and schools (77). The only
way to reduce exposure to cat allergen is to remove
and relocate the cat. When cats are removed from
rooms, allergen levels drop by 70% and when they
are removed permanently, the levels in reservoirs

decline slowly over months and years. This can
be accelerated by removing the reservoirs such as
contaminated carpets, rugs and soft furnishing. A
combined strategy of washing the cat, washing
the hard flooring and increasing air filtration has
been found to be helpful in reducing exposure
(78).

Because of overcrowding in most Asian cities,
a smaller proportion of homes has pets (79). Again,
there have not been studies carried out to assess
the degree of compliance in giving up pets.

Cockroach allergen
Cockroach allergy has been found to be strongly
associated with asthma in studies of inner-city
population in the United States and in France
(80,81). Cockroach allergens are found in most
settled dust especially in kitchens. It is difficult to
reduce cockroach allergen except by extermination
with insecticides and meticulous house keeping
and cleaning (82).

There are very few studies on the role indoor
aeroallergens on asthma in Asian countries with
very few exceptions (see chapter on Asthma
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Table 2. Recommended Avoidance Measures for Furred Pet Allergens™

Control source
+ Eviction of pets from home
+ Confine animal outdoors

+ Confining animals to certain parts of the home usually does not work
» Allergen is very persistent after eviction of animals; aggressive cleaning and removal of

contaminated items required

Washing of pets
« Allergen returns to cats within days

«  Wash cat-contaminated clothing regularly is better than washing the cat.

Control of reservoir

+ Bed: encasing and wash;

« Furnishing: use those that can be cleaned
» Carpets: remove

+ Clothing: wash regularly

Mechanical device

« Air filters more useful because cat allergen remains airborne for longer time

Epidemiology). As the findings of studies done in
western countries may not be applicable to Asian
countries, researchers are encouraged to collect
data in their own locality.

Outdoor aeroallergens

The most important outdoor aeroallergens include
pollen and moulds (83). During pollen or mould
season, it is advisable for patients with asthma or
rhinitis to remain indoors and to close windows
and doors.

Outdoor air pollution

Outdoor air pollutants such as respirable particles,
oxides of nitrogen, sulphur dioxide and ozone may
exacerbate asthma. In many industrialized
countries, considerable efforts have been made in
reducing industrial air pollution. However, at
present, in many major cities in industrialized or
developing countries, traffic pollution becomes a
major problem. Increase in air pollution has been
found to be associated with increase in mortality
and morbidity from asthma, other respiratory and
cardiovascular diseases (84). Diesel exhaust from
traffic pollution is responsible for a high proportion

of fine particles, which are most harmful (84).
Exposure to diesel particles has been associated
with increase in respiratory symptoms and
sensitization to allergens. There should be
concerted efforts from both governments and
citizens to reduce air pollution from both industrial
and traffic pollution by using energy sources other
than fossil fuels.

Indoor air pollution

Indoor irritants such as environmental tobacco
smoke, are health risks (85). Every effort should
be made to reduce exposure of asthmatics
(particularly children) to environmental tobacco
smoke by making at least the home a smoke-free
place. Parents and other caregivers, if they cannot
give up smoking, should refrain from smoking
inside the home or in the presence of the children
when outside.

Food allergy

Manifestations of food allergy are mostly on the
skin giving rise to atopic dermatitis, urticaria or in
the gastrointestinal tract giving rise to abdominal
colic, nausea, vomiting or diarrhea. Food allergy
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may present as angioedema of the larynx causing
difficulty in breathing. Some patients complain
that alcohol aggravates asthma. Avoidance of food
to which the patient is allergic is essential in the
management of asthma.

Aspirin sensitivity

About 15% of patients with nonallergic adult-onset
asthma give a history of aspirin sensitivity and
sinusitis. Sensitivity to aspirin can lead to severe
anaphylaxis and severe asthma. The pathogenesis
of aspirin induced asthma is not entirely clear.
Recent studies suggest that it is due to continued
and relentless formation of arachidonate products
(86). Patients who are sensitive to aspirin may
also be sensitive to other nonsteroidal anti-
inflammatory drugs (NSAID). Thus avoidance of
NSAID drugs is recommended.

A program of desensitization has been carried
out in aspirin sensitive subjects with significant
improvement of nasal symptoms, better control of
asthma and reduce requirement of oral steroids
(86). Leukotriene antagonists have been found to
be useful in patients with aspirin sensitivity (46).

Exercise induced asthma

It is important to keep patients as active as possible.
In patients with exercise induced asthma, the best
method of prevention is to keep asthma under good
control. The use of beta,-agonist before exercise
has been recommended to prevent exercise-induced
bronchoconstriction.

Prevention

The ideal way to prevent a disease is to prevent
its onset (primary prevention). If not possible, the
next aim is to induce remission (secondary
prevention). Finally in those with persisting chronic
disease, the aim is directed at reducing the severity
of disease and avoiding severe adverse outcomes
(tertiary prevention).

Primary prevention

So far, there have been only 2 published
randomized controlled trials of allergen avoidance
in the primary prevention of asthma (87,88). In
the Isle of Wight study (87), intervention measures
of food and dust mite avoidance were applied at
birth on high-risk infants (those with history of
asthma or allergies among the first-degree
relatives). A significant reduction in “asthma” was
found during the 12 months of life; however, the
difference in the incidence of asthma between the
intervention and the control group was no longer
significant at 2 years of life (89) In the study
conducted in Japan (90) high-risk infants were
identified on the basis of early manifestation of
atopy and then randomized into two groups with
one group receiving house dust mite avoidance
measures. Significant reductions in house dust mite
sensitization and incidence of wheezing episodes
were found in the intervention group at one-year
follow-up. Several such trials are still in progress
(91-93).

It should be pointed out that it is very difficult
to make a diagnosis of asthma in infants at one or
two years of age because wheeze can occur with
viral infections in infants in this age group and
may not be due to asthma. Only long-term follow-
up studies of these cohorts can determine the
effectiveness of allergen avoidance in the primary
prevention of asthma.

Secondary prevention

It has been shown that between 30 to 70% of
children with asthma or wheezing illness in
childhood would experience remission during
adolescence (75). It is not known whether any
therapeutic intervention can improve the chance
of remission. Long-term clinical trials of allergen
avoidance or the use of ICS have not yet been
carried out for secondary prevention in asthma.

Tertiary prevention
At present, most of the measures directed towards

asthma prevention are tertiary, i.e. preventing acute
exacerbation of asthma. The most important
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measure for tertiary prevention is to control asthma
well with appropriate use of medications, educate
patients how to use these medications and the
reasons for doing so and how to increase or reduce
medications according to the severity of asthma.
The triggering factors for asthma attacks and the
appropriate measures to reduce exposure should
be identified, if at all possible, for each patient.
There have been many studies of house dust mite
avoidance resulting in improvement in asthma
control in both children and adults (75).

Patient Education

In the management of asthma, education of patient
is mandatory. The goal of education is control of
asthma by increasing patients’ knowledge and
thereby changing the behaviour and improving
self-management skills of the patients. Asthma
education is effective only in the presence of
effective asthma therapy and should be provided
at each patient contact.

Patients should learn how to take medications
correctly, understand the differences between
“quick-relief” and “long-term preventive”
medications, avoid triggers, monitor their own
status using symptoms, recognize signs that asthma
is worsening and take action, and to seek medical
help as appropriate.

Self-management plan

Many asthma treatment guidelines have included
self-management action plans which give specific
instructions for patients to increase or initiate
medications based on changes in symptoms or in
PEFR (94-99). Many studies have demonstrated
the usefulness of asthma self-management plan in
reducing health care utilization (hospitalization,
emergency room visits and unscheduled visits to
doctors for asthma treatment), improving quality
of life, reducing courses of oral steroids and
improving lung function (100-103).

A written asthma action plan should be
prepared with the patient with the following
information:

1. the daily medication to take — list the names
and doses of bronchodilators and steroids

2. how to recognize and treat worsening asthma
— when to increase medications and by how
much.

3. how and when to seek medical attention —
list indicators such as PEFR reading below a
specified value, shortness of breath at rest;
list the name, telephone number of the
physician or clinic.

Guidelines for Asthma
Management — An Asian
Perspective

Many countries have established their own

guidelines for management of asthma (95,97-99). In

1992, the National Heart, Lung and Blood Institute

and the World Health Organization established the

Global Initiatives for Asthma (GINA) (104). An

international panel was established to determine a

global strategy for asthma management’and

prevention including guidelines for asthma
management, which have been since then
periodically updated (9). The workshop report has
been translated into many languages and
disseminated to many parts of the world including
many Asian countries where the GINA guidelines
were modified and adapted for use (105). The
differences of the individual guidelines lie mainly in
the prioritization of use of standard medications.
In China, as early as 1992, many doctors in

Shanghai, Guangzhou, Beijing and other cities

have adapted and adopted the GINA guidelines

(105). The asthma education program for the

medical profession and for the public has improved

asthma care in China. One of the key strategies
for asthma management in the GINA guidelines is
the use of inhaled steroids. Although more and
more physicians and paediatricians have accepted
this therapy in China, the proportion of patients
receiving ICS was is far less than that in western

countries. Inhaled steroids only constituted 19%

of total sales of anti-asthmatic drugs while in

Canada it was 51% in the same year. The reasons

for not using steroids were as follows:

1. patients prefer oral medications and they
believe that inhaled medications are only used
in severe situations;

2. inhaled steroids are ineffective because of poor
inhalation techniques;
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3. inhaled steroids are ineffective because it takes
two to three weeks for maximal effects;

4. inability in obtaining inhaled steroids from
hospital pharmacies;

5. the high cost of the drug.

The latter is a major impediment since the
annual income of many people in China is still
very low (annual GDP in 1995 < 765 USD) and
cannot afford inhaled steroids. Theophylline in
combination with low dose inhaled steroids has
been found to be effective and as a result,
theophylline has been introduced into the
guidelines for the management of asthma in China.

A recent study regarding asthma symptoms,
healthcare utilization and management has been
conducted in § areas in Asia, including China,
Hong Kong, Korea, Malaysia, Philippines,
Singapore, Taiwan and Vietnam (Asthma insights
and reality in Asia-Pacific, AIRIAP) (106). Of the
3207 subjects with physician-diagnosed asthma,
daytime symptoms and sleep disturbances in the
past four weeks were reported by about half of
the subjects. Unscheduled healthcare visits,
including emergency room visits and
hospitalization, has occurred in at least 44% of
subjects in the past 12 months. There were
significant differences among the various places
with the highest rate in Hong Kong at 82%. Even
in those with severe persistent asthma, a third of
them regarded their disease as being well or
completely controlled. The findings confirmed the
impression that overall asthma control in many
communities in Asia is suboptimal.

The use of ICS or other preventive
medications was lower than that recommended by
international guidelines for the degree of asthma
severity based on the reported symptoms, and the
underuse was particularly apparent in those with
severe persistent asthma. The overall rate of ICS
use at 3.6% was lower than that reported by
Europeans at 23% (107) and similar to that in
USA (108). Again the pattern of ICS drug usage
varied among countries, with the highest in Taiwan
(26.3%) and lowest in Korea (1.2%). Reasons for
failure to follow physicians’ instructions on
medications were similar to those reported
previously, including fear of side effects, concern
over long term use, lack of immediate effect, lack
of effective over time, lack of symptoms and cost.

The study also showed a general lack of
patient knowledge about the nature of asthma and
the drugs, a low utilization of lung function testing
with only one third of the subjects having had a
spirometry done in the past year, and a very low
knowledge of peak flow monitoring.

A similar study in Japan has reported similar
findings (109). It demonstrated that over half of
the patients had persistent symptoms and 60-70%
had some limitation of activities of daily life, with
a large gap between subjective perception of
asthma and objective findings in those with severe
asthma. There was a very low knowledge of the
disease nature of asthma, and the use of ICS was
low at 12% in adults and 5% in children. 50% of
adults and only 20% of children reported ever
having undergone any lung function test.

A recent report from Thailand on asthma
management in children also observed underuse
of objective assessment measure, frequent use of
theophylline and antibiotics and late introduction
of systemic corticosteroids in acute asthma (110).
Preference for oral beta,-agonists and theophyllines
as bronchodilators, and preference for ketotifen as
the preventive medication were noted (110).

In summary, asthma management has evolved
globally over the past two decades, with emphasis
on patient education of the various aspects of
asthma, use of inhaled medications, emphasis on
the use of preventive medications, and the use of
new drugs such as long acting beta,-agonists and
leukotriene antagonists as well as combined drug
preparations. Such practices have been adapted
and adopted by many countries in Asia, even
though they may not yet be fully compliant with
international recommendations. Improved outcome
in morbidity and mortality have been attributable
to such management changes (105,111-114). It
should be noted, however, that much less attention
has been placed on environmental control in Asian
countries compared to Western countries to prevent
acute exacerbations (115). Outdoor air pollution
and indoor air pollution due to environmental
tobacco smoke are major problems in many Asian
urban cities.

Adherence to international recommendations
is more prevalent in teaching hospitals or specialist
practice than district hospitals or general practice
(116,117). Asthma, being a very common disease,
is often treated and followed up by general
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practitioners. It is imperative that dissemination
and promotion of update information on asthma
management should be carried out widely among
various sectors of the profession (118). Cost is a
major factor that hinders the use of some
medications that are considered to be highly
recommended by international consensus — eg. the
higher cost of inhaled medications compared to
their oral counterparts, preventive medications
compared to relievers, DPIs and HFA MDIs

compared to traditional MDIs. The high cost of
new drugs and limited healthcare budget are very
important issues in the Asian region (119). It
remains the task of the healthcare profession to
lobby the government as well as the industry to
make the drugs more available to asthmatics as
better control of asthma has been shown to reduce
both the direct and the indirect cost of asthma
care.
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Bronchiectasis

Kenneth Tsang, Clara Ooi and Mary Ip

introduction

Bronchiectasis is defined pathologically as
permanent dilatation of one or more bronchi.
Although nicknamed as an “orphan” disease in
the West, it is nevertheless a very common disease
among the Chinese and other Orientals. The precise
prevalence of bronchiectasis is not known, but it
is likely to be under-diagnosed with many of the
sufferers being erroneously diagnosed as suffering
from COPD, particularly if they have been
smokers.

Epidemiology

Following the epidemics of influenza and pertussis,
bronchiectasis was a very common disease in the
West after World War 1. However, its incidence
has declined in developed countries over the last
few decades. In Hong Kong, bronchiectasis is a
common disease. Hospital authority statistics show
a hospital admission rate of about 32.9 per 100,000
of the population, and a mortality rate of on 1.95
per 100,000 population in 1997 (1). As most
patients with bronchiectasis are managed as
outpatients and many cases are under-diagnosed,
the prevalence is likely to be under-estimated.
Cystic fibrosis (CF), the commonest inherited
lethal disease, is the predominant cause of
bronchiectasis in Western countries, and afflicts

about one in 2000-4500 live births in Caucasians.
It is extremely uncommon in Chinese or other
oriental populations.

Aetioclogy

The aetiology of bronchiectasis is diverse, and
bronchiectasis is the final common path of a
number of very different diseases. A recent study
in Hong Kong showed that most patients, like their
counterparts in the West, suffer from idiopathic
bronchiectasis (2). Intensive investigation of
patients with bronchiectasis revealed etiological
factors, which have implications for prognosis or
specific treatment, such as immunodeficiency,
aspiration or ciliary defects, in 15% of patients
(3). It is likely that in areas with high prevalence
of pulmonary tuberculosis, which is less intensively
treated, and where the use of antimicrobial agents
is less liberal for severe lower respiratory tract
infection, that post infective causes are more
prominent. Some of the causes of bronchiectasis
are listed in Table 1.

Post-infective

Infections such as tuberculosis, pertussis
(whooping cough) and measles cause necrosis and
weakening of the bronchial wall, and were
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Table 1.

Actiology of Bronchiectasis?

Aetiology

Idiopathic

Congenital
« Deficiency of bronchial wall elements
* Pulmonary sequestration

Bronchial obstruction

» Intrinsic (post-TB stenosis, foreign body, benign tumour etc)

+ Extrinsic {tumour or lymph node compression)

Gastroesophageal reflux

Granulomatous (TB etc)

Traction (pulmonary fibrosis of any cause including fibrosing alveolitis)

Immunodeficiency

+ Primary (panhypogammaglobulinaemia or selective immunoglobulin deficiency)

+ Secondary (AIDS or malignancy)

Diffuse panbronchiolitis

Primary ciliary dyskinesia (including Kartagener’s syndrome)

Post-infective (pertussis, measles etc) and post-pneumonic (Klebsiella pneumoniae,

Staphylococcus aureus etc)

common causes of bronchiectasis. However, with
the introduction of vaccination and effective
anti-tuberculous drugs, bronchiectasis is arising
less frequently from these causes. Other infections
include pneumonias caused by Klebsiella,
Staphylococcus, and certain viruses.

Idiopathic

The majority of bronchiectasis in Hong Kong and
the West are idiopathic in aetiology (2). In a series
of 100 patients with bronchiectasis, 83% of patients
suffer from idiopathic disease in Hong Kong (2).
It is possible that an episode of infection has set
the stage for development of bronchiectasis,
although these patients can seldom recall a well-
defined initial infective episode. It is highly
probable that many patients develop idiopathic
bronchiectasis via poorly understood
immunological mechanisms (2,4-7). It is most
likely that this large subgroup of patients will be
further refined into subgroups of “known causes”
when understanding in the pathogenesis advances.

Congenital causes

Cystic fibrosis

This genetic condition is the commonest cause of
bronchiectasis in the West. Whilst this has been
reported among Asians (Indians and Pakistanis),
it is very infrequently encountered among the
Chinese or other oriental ethnic groups.
Bronchiectasis is the usual cause of death in these
patients.

Primary ciliary dyskinesia

It has been recognised long ago that some patients
with dextrocardia and sinusitis are prone to develop
bronchiectasis (Kartagener’s syndome). These
patients develop chronic upper and lower
respiratory tract infections due to ciliary
abnormalities.

Cilia are present on the mucosal surface of
the respiratory tract, nasal sinuses, Eustachian
tubes, lining of the spinal cord and ventricles in
the brain, and the oviducts and vas deferens
(Figure 1). The co-ordinated beating of these
microscopic cilia in the respiratory tract serves to
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Figure 1.
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a) Scanning electron micrograph of the surface of human airway showing cilia orientated in a

coordinated fashion (2000x), and b) A schematic sketch of the “9+2" microtubular arrangement of a cilium.

maintain sterility of the airways (8). These cilia
could malfunction (immotile or dyskinetic) when
the ultrastructure is abnormal. The result is the
syndrome of primary ciliary dyskinesia in which
a full spectrum of diseases including sinusitis,
bronchiectasis, deafness, infertility, and sometimes
situs inversus could result (9). Kartagener’s
syndrome. a triad of dextrocardia, sinusitis and
bronchiectasis, is the most commonly recognized
subset of primary ciliary dyskinesia (9.10). Whilst
up to 25% of patients with dextrocardia might
have bronchiectasis (11), some patients without
dextrocardia could also suffer from primary ciliary
dyskinesia.

Both Kartagener's syndrome and primary
ciliary dyskinesia are rare with an estimated
incidence of 1/15,000-1/35,000 (12) and 1/12,500
(13) respectively. Kartagener's syndrome is most
frequently associated with the absence of dynein
arms (site of ATPase activity), which can be readily
confirmed at transmission electron microscopy
examination of cilia, conveniently sampled from
the nose (10.14).

Hypoglobulinaemia
Hypogammaglobulinaemia, IgA deficiency, IgG
subclass deficiency.

Others
Bronchial cartilage deficiency etc.

Allergic bronchopulmonary
aspergillosis (ABPA)

There is hypersensitivity reaction to Aspergillus
in the airways, leading to bronchial asthma and
bronchiectasis. The latter occurs predominantly in
the proximal airways and upper lobes. A case series
of this condition has been reported from India
(15). while our experience at the University of
Hong Kong suggests that ABPA is exceptionally
rare in Hong Kong.

Proximal airway obstruction

Bronchiectasis may develop in the lungs distal to
chronic obstruction by foreign body or enlarged
lymph nodes due to chronic infections, particularly
tuberculosis and slow growing tumours. Foreign
body aspiration into the lower respiratory tract in
adults is uncommon. The commonest foreign body
found in the lower respiratory tract. among the
Chinese and some other Orientals, is bone
fragments, particularly chicken bone (16). This is
probably related to the Chinese and Oriental
preference of consuming cooked meat on the bone.
Common symptoms of foreign body aspiration
include chronic cough, haemoptysis, and fever.
Complications include obstructive pneumonitis,
atelectasis, bronchiectasis, lung abscess, lung
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torsion. and very occasionally endobronchial
infection by relatively non virulent organisms such
as actinomycosis (17).

Recurrent aspiration

Aspiration into the tracheobronchial tree can
sometime be clinically silent and presents as
insidious onset of bronchiectasis. Over one third
of the population in USA suffers from symptoms
of gastro-oesophageal reflux and probably 10%
of these subjects might suffer from respiratory
symptoms due to the reflux process (18). Gastro-
oesophageal reflux has been implicated as the
cause of many respiratory diseases particularly
asthma, chronic bronchitis, pulmonary fibrosis and
bronchiectasis (19-21). Chronic aspiration of
stomach contents could cause airway damage via
an acidity-mediated erosive process as well as
chronic inflammation triggered by aspirated
substances (22).

Gastro-oesophageal reflux (GOR) typically
presents as heartburn and acid regurgitation and is
a commonly encountered condition in the general
population. Up to 32% of bronchiectatic patients
suffered from upper gastrointestinal symptoms
(22). Patients with acid regurgitation or upper
abdominal distension have significantly lower
FEV, and FVC, when compared with their
counterparts. The presence of upper abdominal
pain and distension is also associated with more
extensive bronchiectasis (22). Although the
presence of acid regurgitation or heartburn
correlates well with acid reflux (23), the absence
of symptoms does not exclude the occurrence of
GOR. The current gold standard in the
investigation of GOR is 24h oesophageal pH
monitoring which allows accurate assessment of
reflux frequency, severity and duration at both
upper and lower oesophagus (24). However, it
would be impractical to perform this invasive test
on all patients. Studies need to be undertaken to
define the clinical and other profiles of patients
who have GOR-related bronchiectasis, so that these
patients are identified to undergo confirmatory 24h
oesophageal pH monitoring.

Traction bronchiectasis

In conditions such as idiopathic pulmonary fibrosis
when the airways become dilated under traction
from contracting scar tissue in the lung
parenchyma. This is often seen in later stages of
lung fibrosis such as that encountered in usual
interstitial pneumonitis. Most of these patients,
however, appear to produce less sputum than their
counterparts with idiopathic bronchiectasis.

Diffuse panbronchiolitis

Diffuse panbronchiolitis (DPB). which
predominantly affects the Japanese, is a recently
recognized idiopathic chronic progressive
suppurative and obstructive airway disease, which
has distinct pathological and radiological features
(9,25). Bronchiectasis is present in advanced
disease in diffuse panbrochilitis. Pulmonologists
should actively exclude this condition in patients
with chronic bronchial sepsis and obstructive lung
diseases because it responds well to long term
macrolides (see Chapter on Diffuse
Panbronchiolitis).

Post transplantation

Bronchiectasis may develop in transplanted lungs
in association with bronchiolitis obliterans, which
also occurs as a complication of chronic graft
versus host disease (GVHD) after bone marrow
transplantation (26,27,28). These patients have
classical symptoms of bronchiectasis.

Others

A number of conditions have been reported to
have a higher association with the occurrence of
bronchiectasis, including bronchial asthma (apart
from ABPA) (29.30). rheumatoid arthritis.
ulcerative colitis, and HIV infection (21).
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Figure 2. Thoracic high resolution computed tomography of a bone marrow transplant patient who
suffers from chronic graft versus host disease, and bronchiolitis obliterans with bronchiectasis. This scan
was performed at expiration showing the “mosaic pattern” which indicates air-trapping, along with

bronchiectasis.

Pathophysiology and
Pathogenesis

Bronchiectasis is a chronic infective and
inflammatory disease of the tracheobronchial tree
and affected patients suffer from recurrent sputum
production, hemoptysis, and exacerbations. The
pathogenesis of bronchiectasis is poorly understood
(7). Although many known causes of
bronchiectasis have been identified, between 60—
80% of cases are regarded as idiopathic (2,21).
Despite the disappearance of the original causative
assault to the respiratory tract, such as pertussis,
these patients continue to produce significant
amounts of sputum, which indicates an underlying
active tracheobronchial inflammation.

However, studies in the last two decades have
identified infective, inflammatory and enzymatic
elements, which are distinct and yet inter-related
pathogenic components in the pathogenesis of
bronchiectasis. These act together to perpetuate
continued airway damage and clinical deterioration
in bronchiectasis. While most clinicians recognize
the presence of the infective component in the
pathogenesis of bronchiectasis, many do not
appreciate the need to also address the
inflammatory and enzymatic activities. Our recent

studies have strongly suggested that the latter two
pathogenic components also play very important
role in the pathogenesis of bronchiectasis (4—
6.31,32.33).

The most frequent isolated respiratory
pathogen in early bronchiectasis is Haemophilus
influenzae. However, more severely affected
patients, such as those with copious sputum
production and very impaired spirometry, the
predominant pathogen is Pseudomonas
aeruginosa. P. aeruginosa is a versatile bacterium,
which is virtually impossible to eradicate despite
intensive antibiotic therapy. P. aeruginosa infection
causes considerable morbidity and leads to
recurrent exacerbations among patients with
bronchiectasis. Both of these pathogens produce
exotoxins, which are harmful to the respiratory
mucosa and perturb mucociliary clearance (34.35).

Recent studies on the immunopathology of
bronchial mucosa in bronchiectasis have revealed
an increase in activated CD-8 T-lymphocytes,
neutrophils and macrophages in the epithelial,
lamina propria and submucosal layers (4,7). This
suggests an important role for cell mediated
immune response in the progressive airway
destruction in bronchiectasis (Figure 3). Intense
neutrophil infiltration into the tracheobronchial tree



48  Kenneth Tsang, Clara Ooi and Mary Ip

Figure 3.
showing a) relatively low density of neutrophils in the airways of a healthy subject, and b) extensive
neutrophil infiltration of the bronchial mucosa of a patient with bronchiectasis. Neutrophils (arrow) are
clearly seen to be “gathering” at the subepithelial areas and “migrating through” the epithelial cells
(original magnification 250x).

occurs in bronchiectasis. which also aggravates
the underlying tracheobronchial damage.
Neutrophil-derived toxic products, such as elastase,
cause ultrastructural and functional damage and
release of pro-inflammatory mediators in the
tracheobronchial tree. These elastase and matrix
metalloproteinases are likely to further damage
the airways, by direct lytic actions on collagen
and other connective tissue components, and
provoke more inflammatory activities thus
perpetuating this vicious circle of events (5.31).
There is ample evidence to suggest that this
neutrophil influx into the bronchiectatic airways
is mediated by pro-inflammatory mediators (4.36).
For instance, leukotriene B4 promotes neutrophil
migration and degranulation (37); interleukin-13
mediates airway inflammation and fibrosis (38):
tumor necrosis factor mediates elastolytic
degradation of lung proteoglycans (32) and
interacts synergistically with interleukin-1 in
prostaglandin induction (39): and interleukin-8 is
one of the most potent chemoattractants which
also degranulates neutrophils in bronchiectatic
airways (40.41).

Neutrophil mediated degradation of bronchial
matrix is an important pathogenetic factor in
disease progression in bronchiectasis and patients
with bronchiectasis ultimately die from progressive
lung function impairment and respiratory failure.
Neutrophil elastase in the airways would not only

(b)

Immunohistograph of human bronchus, stained for elastase (brown colour) to identify neutrophils,

degrade lung elastin and collagen. but also
proteoglycans which normally maintain the
integrity of the lung extracellular matrix (32).
Recent work also demonstrates that neutrophil
elastase in bronciectatic sputum may complex with
heparan sulfate/syndecan |, proteoglycans present
in airway secretions, and this could compromise
the inhibitory efficiency of prevailing anti-elastases
(42).

H. pylori has been recently identified in the
tracheobronchial aspirates in mechanically
ventilated patients and the possibility that it might
cause ventilator-associated pneumonia has been
raised (43). In addition, other bacteria found in
the gastric juice have been isolated from the
respiratory tract in situations, which favoured
bacterial colonization of the stomach and where
regurgitation of gastric contents into the respiratory
tract can occur (44). A recent study shows a high
sero-prevalence of H. pylori infection in Chinese
patients with bronchiectasis (76%), and this
prevalence is significantly higher than that of the
normal volunteers (54.3%) and tuberculous patients
(52.9%). It is very likely that the abnormally high
sero-prevalence is specific to bronchiectasis as
there is no association with tuberculosis. another
chronic infective and inflammatory lung condition
(22). Among the bronchiectatic patients, the
sputum producers have significantly higher H.
pvlori sero-prevalence than that of the non-
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producers. and there is a correlation between H.
pylori 1gG levels and sputum volume. Further
studies are warranted to further evaluate the
pathogenic role of H. pvlori in bronchiectasis.

Clinical Features
Symptoms and signs

Nowadays, the age of onset of non-CF
bronchiectasis is usually in adulthood. In the pre-
antibiotic era, symptoms of bronchiectasis usually
began in the first decade of life after an infective
event.

The clinical spectrum varies widely from mild
or intermittent to chronic troublesome symptoms
of productive cough with copious purulent sputum.
Wheezing is commonly reported and may be due
to airflow obstruction subsequent on structural
destruction of bronchial tree or the co-existence
of asthma. Pleuritic pain is not uncommon and
may be the first sign of infective flare-up. Many
patients also suffer from rhinosinusitis.

There is also a subset of patients with recurrent
haemoptysis. Among 176 patients with
bronchiectasis, patients with recurrent haemoptysis
were reported to be more likely to have a lower
24h sputum volume, higher FEV , less cough, and
less likely to be a smoker or ex-smoker. than their
counterparts (unpublished data).

Those with severe disease develop dyspnoea
from loss of lung function and eventually
respiratory failure.

The classical physical signs are coarse crackles
with or without rhonchi in the chest. Clubbing is
not a uniform feature and is present in those with
more severe chronic sepsis. Cachexia and signs of
respiratory failure are seen in those with long-
standing severe disease.

Investigations

The diagnosis of bronchiectasis hinges on the
demonstration of a presence of one or more
pathologically dilated bronchi, as demonstrated by
appropriate imaging, usually in the form of a high
resolution CT (HRCT) of the Thorax (45). Clinical
diagnosis is difficult as the typical features of

sputum production, recurrent exacerbations and
occasional haemoptysis could also occur in COPD
and tuberculosis. Patients with bronchial carcinoma
and COPD could also have some of these
symptoms although those from bronchiectasis tend
to be more longstanding.

The absence of characteristic features on a
plain chest X-ray does not rule out the presence
of bronchiectasis as chest X-ray is not a sensitive
imaging modality for the diagnosis. Blood tests
are unhelpful to make the diagnosis, but could be
useful in the evaluation of aetiology of
bronchiectasis.

Imaging

Although bronchiectasis may be suspected on
clinical grounds from history and physical
examination, the diagnosis should be confirmed
with imaging.

Chest radiograph

Plain chest X-rays often show findings suggestive
of bronchiectasis such as the tram-lines of
thickened bronchi but except in cases of cystic
diseases, they have no specific diagnostic value
and are unreliable.

High resolution computed tomography
of the thorax (HRCT)

This is the modality of choice for the morphologic
evaluation and diagnosis of bronchiectasis with
sensitivity and specificity of 97-98% and 93-99%
respectively (46—48). Cardinal features of
bronchiectasis on HRCT are: internal bronchial
diameter larger than the adjacent pulmonary artery,
lack of normal bronchial tapering and presence
of peripheral airways within 1 ¢cm of the costal
pleura (Figure 4). Other HRCT signs of
bronchiectasis include bronchial wall thickening,
fluid or mucus filled bronchi, mosaic attenuation
(alternating areas of hypo and hyperattenuating
lung tissue), centrilobular nodules which may have
tree-in bud appearance, and air trapping on
expiratory scans. Bronchiectasis associated with
post-tuberculosis infection is inevitably due to
traction from fibrosis (Figure 5). and the presence
of granulomata, which are often calcified, can be
found.



50 Kenneth Tsang, Clara Ooi and Mary Ip

Figure 4. HRCT scan showing bronchiectasis in the right lower lobe. Note internal bronchial wall diameter
larger than accompanying artery (arrowheads), lack of bronchial tapering (long arrow) and presence of
dilated peripheral airways within 1 cm from the pleura (short arrows).

Figure 5. HRCT scan through the upper lobes of a 62-year old man with previous history of tuberculosis
showing apical fibrosis with traction bronchiectasis (black and white arrowheads).
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HRCT can quantify disease severity according
to extent of involvement based on either number
of bronchopulmonary segments (49) or percentage
of lobar involvement (50-52). Studies have shown
that extent of bronchiectasis, bronchial wall
thickening and mosaic attenuation are related to
lung function indices of obstruction (FEV ,
FEF,, ., and FEV /FVC) (50,51,53). In one study,
bronchial wall thickening was shown to be an
independent determinant of airflow obstruction in
bronchiectasis (50).

Bronchography

The diagnostic role has virtually been completely
replaced by HRCT.

Sputum
Gram’s smear and bacterial culture/sensitivity

Smear and culture for AFB Mycobacterium
tuberculosis infection may complicate
bronchiectasis and requires treatment. Atypical
mycobacterium not infrequently colonizes
damaged airways, and the need for specific
treatment requires individual assessment of
pathogenicity of the organism concerned.

Smear and culture for fungus Aspergillus is
found in cases of ABPA. Candida or occasionally
aspergillus may be grown in those who have
received a lot of antibiotics, but the pathologic
significance of these organisms is not known.

Lung function test

This varies from normal to mixed obstructive-
restrictive pattern. Bronchodilator response is often
present in the airflow obstruction. There may be
co-existing asthma. Prevalence of reversibility of
airflow obstruction ranges from 5-40% (29).

Bronchoscopy

This may be needed in those who present with

new-onset haemoptysis or when other diseases are
suspected. It is probably worth performing
bronchoscopy to ensure there is no localized lesion
causing obstruction, be it partial or complete, to a
single or localised segments of bronchiectasis,
especially if the CT scan does not permit complete
confidence. Endobronchial lesions such as mucosal
swelling, or even sometimes the presence of a
small foreign body could significantly contribute
to the development of chronic infection and
subsequently bronchiectasis, and can sometimes
can only be diagnosed at bronchoscopy (17).

Specific tests for underlying causes

Serum globulin

Usually, total serum immunoglobulin level is
elevated due to polyclonal increase. It would be
decreased in those with hypoglobulinemia as the
underlying cause of bronchiectasis and serum
levels of Ig G, A, M, D should be checked. Ig G
subclass levels are done if indicated.

Sweat test
Since cystic fibrosis lead to bronchiectasis, this
test would be done if cystic fibrosis is suspected.

Ciliary study

Ciliated epithelium can be obtained for light
microscopy assessment for beat frequency and
motility, and transmission electron microscopy
assessment, from the inferior nasal turbinate (54).
Ciliary assessment should comprise functional and
structural evaluation of the cilia as these
abnormalities might not occur concomitantly (54).
Functional impairment can be classified as
immotility, slowing of ciliary beat, and dyskinesia
when neighboring cilia beat in different directions
1.e. an uncoordinated fashion. Ciliated epithelium
can be examined under light microscopy where
the percent ciliation can be examined. In addition,
most authorities also utilize transmission electron
microscopy in the assessment of ciliary
ultrastructure.

Aspergillin precipitin and skin prick
test
These are useful only when ABPA is suspected.
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Blood and sputum eosinophil counts
These are useful particularly in cases when ABPA
or asthma (concomitant) are suspected.

Management

There is no cure, nor any effective treatment to
reverse the disease process, in bronchiectasis.
Unfortunately, alternative treatment has not been
shown to be effective in these aspects either. Most
patients will go on a slow decline in lung function
and worsening of the disease over decades.
However, a small group of individuals, who are
younger and often very thin individuals, appear to
run a more rapidly deterioration course which
warrant aggressive treatment.

Conceptually, treatment aims to prevent or
reduce the frequency of exacerbations, limit
damage to preserve the lung and airways, and
maintain good quality of life

General considerations

Good nutrition, regular exercise, no
smoking strategy, and fresh air

These are given as general advice to all respiratory
patients.

Chest physiotherapy

All patients must be taught to do at least once
daily chest physiotherapy, usually in the form of
postural drainage. Postural drainage is of utmost
importance in bronchiectasis and is not emphasized
strongly enough by most medical and nursing
personnel. It is particularly important for patients
with primary ciliary dyskinesia as these patients
have little or no mucocilary clearance, and have
to completely rely on coughing and postural
drainage for removal of secretions etc from the
bronchiectatic airways.

Bronchodilators

It is important to detect and treat concomitant
asthma, which is not uncommon in bronchiectasis
(29,30). B-agonists such as salbutamol increases
ciliary beat frequency in the laboratory and could
therefore be theoretically beneficial.

Mucolytics

Mucolytics are often prescribed in Hong Kong
and world wide in an effort to facilitate sputum
clearance by reducing sputum viscosity. However,
there is no proven efficacy except in the use of
recombinant DNase for patients with severe cystic
fibrosis (55,56). Administration of rhDNase,
despite its proven efficacy in CF, could actually
increase exacerbation frequency and cause FEV,
decline in non-CF bronchiectasis (57). In addition,
excessive thinning or reduction in viscosity of
sputurn could make it harder to expectorate. Hence,
mucolytics should not be prescribed routinely in
bronchiectasis.

Anti-tussive

Similar to mucolytics, many patients with chronic
cough receive anti-tussive therapy in the form of
cough mixtures. Cough suppression can be harmful
as expectoration of sputum is a vital process,
particularly in patients with primary ciliary
dyskinesia who have bronchiectasis (58). Anti-
tussives should not be prescribed routinely in
bronchiectasis.

Antibiotics

This remains the mainstay of treatment. However,
bronchiectasis is not a mere infective process and
therefore prescription of antibiotics does not cure
the disease (59,60). While there is little doubt on
the benefits of antibiotics in bronchiectasis, there
are many uncertainties on their usage. The
following regimens may be adopted, depending
on severity of disease.

Intermittent administration of
intravenous antibiotics for severe
infective exacerbations

Exacerbation is defined as the deterioration in
respiratory symptoms in bronchiectasis and is not
formally defined. It is generally accepted that the
deterioration in respiratory symptoms, with or
without a fever or other systemic disturbances,
constitutes an exacerbation. This generally takes
the form of subacute increase in sputum volume
and purulence, accompanied by increase in cough,
dyspnoea and fatigue. Most authorities accept
haemoptysis as an exacerbation. Exacerbations
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could be very insidious and sputum volume could
deteriorate slowly over months.

Regular elective administration of
intravenous antibiotics

Irrespective whether or not there is an
exacerbation, this mode of therapy is useful for
patients who have very severe and progressive
disease who have frequent exacerbations. Indeed,
by regularly administering “prophylactic” courses
of antibiotic therapy, the “total hospitalization and
antibiotic treatment time” becomes less in the long
run.

Long term nebulized antibiotics
This is usually administered as long-term
maintenance nebulized aminoglycoside (e.g.
tobramycin) twice daily (61). This is useful in
improving sputum volume and purulence,
exacerbation frequency, and general well being
for many patients who are affected by severe
bronchiectasis. Nebulization of antibiotics,
however, is not considered as effective treatment
in exacerbations. Treatment with nebulized
aminoglycoside therapy improves sputum P.
aeruginosa density, lung function and
hospitalization in CF (62), and reduces sputum P,
aeruginosa density and myeloperoxidase in non-
CF bronchiectasis (63). However, even prolonged
treatment with potent antibiotics cannot eradicate
P. aeruginosa from the bronchiectatic airway or
delay the disease progression in bronchiectasis.
Total eradication of the airway bacteria is
seldom achieved despite prolonged intensive
antibiotic treatment, and the goal of treatment
should be to reduce the total microbial load. This

reduction in microbial load is beneficial and might
also reduce the airway inflammation, which is
independently harmful in bronchiectasis (21,31).
Over 20% of H. influenzae isolates in Hong Kong
produce b-lactamase, and are therefore
theoretically resistant to amoxycillin. Most oral
antibiotics, apart from quinolones, are clinically
ineffective for P. aeruginosa. Unfortunately,
antibiotic resistance is now a widespread problem,
and both H. influenzae and Streptococcus
pneumoniae are now also resistant to most of the
commonly used antibiotics, albeit at a low to
moderate level of resistance (64).

The choice of antibiotics to treat patients with
bronchiectasis is not straight forward as many
patients have no pathogens isolated in their sputum
even during exacerbations. In addition, the
presence of respiratory pathogen in sputum does
not necessarily imply a pathogenic role as chronic
colonization of the airways occurs in
bronchiectasis. A study in bronchiectasis in Hong
Kong over a decade ago using quantitative cultures
of protected catheter brush and bronchoalveolar
lavage identified that H. influenzae and P.
aeruginosa and other Gram negative organisms
predominated, as opposed to that of mainly H
influenzae, S. pneumoniae and S. aureus reported
from the west (65). A more recent study of sputum
pathogens from Hong Kong demonstrated an even
greater prevalence of P. aeruginosa (Table 2), and
this is similar to the pattern reported from another
Asian country, Thailand (66).

We have recently compared clinical
parameters between patients with positive isolation
of P. aeruginosa in sputum, with those without
the organism. Some clinical parameters, including

Table 2. Sputum Pathogen amongst 100 Bronchiectasis Patients in Hong Kong®

Respiratory pathogen

% frequency

Pseudomonas aeruginosa

Haemophilus influenzae

Streptococcus pneumoniae

Staphylococcus aureus

Other Gram-negative bacilli

Non-tuberculous Mycobacteria (7 pathogenic)
Moraxella catarrhalis

Yeast (? pathogenic)

33
10

S NWOOT®
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FEV /FVC of < 60% and sputum volume of > 20
ml, are independently associated with a positive
sputum isolation of P. aeruginosa (67). It,
therefore, follows that patients with usually (i.e.
pre-morbid) little sputum and good lung function
require non-Pseudomonal, while the others require
anti-Pseudomonal antibiotics for treatment. The
former group includes third generation
cephalosporins (intravenous), and b-lactams with
lactamase inhibitor such as Augmentin or
macrolides (oral). The latter group comprises
ceftazidime or aminoglycosides (intravenous), and
quinolones such as ciprofloxacin (oral). We have
also shown that 10-day course of oral quinolone
(e.g. levofloxacin 300 mg b.i.d.) is as effective as
intravenous ceftazidime in the empirical treatment
of exacerbation in broncheictasis (68). Needless
to say, treating exacerbation on an out-patient basis
is clearly advantageous in terms of psychological,
social as well as economical considerations.

Treatment of haemoptysis in
bronchiectasis

Haemoptysis, in the form of frank blood
expectoration or production of blood-stained
sputum is not an uncommon event for patients
with bronchiectasis. Although an alarming
symptom, the vast majority of patients with
haemoptysis settle on conservative treatment
including bed rest, adequate hydration, and
antibiotic therapy. Whilst haemoptysis is
commonly part of an exacerbation, the presence
of blood in the bronchiectatic airway predisposes
to further infection in bronchiectasis. The following
should be considered:

Bed rest
This often stops haemoptysis or spontaneous
resolution has occurred.

Antibiotic treatment
As suggested above.

Tranexamic acid

Although commonly prescribed, there are
potentially very serious consequences in the use
of “clotting-enhancing” therapy including

thrombosis of the cerebral and coronary arteries.
In addition, large clots may form in the
tracheobronchial tree, which could cause lung
collapse, precipitate infection, and other long term
sequalae. Most patients with moderate to severe
haemoptysis do not require tranexamic acid
treatment.

Bronchial artery arteriogram and
embolization

This is indicated for massive life-threatening
haemoptysis not responding to the above therapy.
This entails localization of the bleeding vessel with
bronchial arteriography, and then embolizing it
with steel-coil or gelfoam material. However, the
procedure imposes significant risks and the effect
is not permanent. Therefore, it is reserved for
management of episodes of life-threatening
haemoptysis particularly in patients with
generalized bronchiectasis and thus not unsuitable
for resection.

Bronchial arteriogram is an invasive procedure
requiring transarterial puncture, usually of the
common femoral artery. A vascular sheath is placed
within the common femoral artery to maintain
vascular access, and a catheter inserted and passed
in a cephalad direction into the aorta. Selective
catheterisation of the right and left bronchial
arteries is then performed and non-ionic contrast
medium injected to obtain an arteriogram.
Arteriographic features suggestive of
bronchiectasis include hypertrophied and tortuous
bronchial arteries (Figure 6). Evidence of active
bleeding is sought, and if found, the catheter is
placed as selectively as possible within the
bleeding artery avoiding other arterial branches
and transcatheter embolization performed with
particulate matter or coils. Complications include
allergic reactions to contrast media, misplacement
of emboli and infection of infarcted lung.

Resection of the bleeding segment

This is only contemplated when the above are
ineffective in a patient who is judged to be at high
risk of dying from the episode. This will require
location of bleeding segment by bronchoscopy,
CT scan of the chest, and bronchial arteriography
before the operation.
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Figure 6. CT scan of a 38-year old woman with repeated haemoptysis showing peribronchial cuffing
{arrows), thick-walled bronchus (arrowheads) and patchy ground glass opacification consistent with

haemorrhage.

Specific therapy for underlying cause:

«  Diffuse panbronchiolitis responds well to long
term low dose macrolides (see Chapter on
Diffuse Panbrochiolitis), although late stage
disease complicated by bronchiectasis will
require treatment targeted to bronchiectasis
as well

*  Globulin replacement is very effective in
controlling infections in
hypogammaglobulinaemia.

*  Oral steroid is indicated in cases with ABPA
to control the inflammatory response that is
the cause of the asthma and bronchiectasis.

»  There have been patients whose bronchiectasis
symptoms improved tremendously after
treatment of coexistent gastroesophageal with

those with

reflux proton pump blockers such as
omeprazole.

*  Progression of bronchiectasis associated with
broncholitis obliterans after bone marrow
transplant  may be reduced by

immunosuppression or corticosteroid
treatment to control the underlying graft-
versus-host disease (26,27) and systemic
corticosteroid therapy has been reported to
reduce sputum production (26).

* Somatic gene therapy for cystic fibrosis is
still in the experimental stage.

Treatment of severe bronchiectasis

Long term oxygen therapy

This should be given to patients with significant
hypoxaemia with or without cor pulmonale.
However, there is no parallel data on improved
survival, which was found in COPD patients who
were given long term oxygen therapy.

Long term nocturnal mechanical
ventilation

In those patients with severe chronic respiratory
failure, nocturnal non-invasive ventilatory support
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may be tried although experience is limited and
results are probably not as good as in non-infective
conditions. There is also always a worry that
secretions might be blown more distally into the
airways and thus could worsen retention of infected
secretions.

Lung transplantation

Patients with bronchiectasis, majority of them due
to cystic fibrosis, have undergone heart-lung or
double-lung transplantation successfully with two
year survival rates of 50-60%. It is hoped that,
with public education, more donor lungs will
become available in Asia in the future

Anti-inflammatory agents

New therapeutic approaches based on proposed
pathogenic mechanisms have been put forward.
The rationale of this treatment is to modify the
inflammatory response so that tissue damage is
minimized. However, there is still no conclusive
data on the long-term efficacy of any anti-
inflammatory agents, which should not be used
routinely.

Inhaled corticosteroid therapy (ICS) appears
to be efficacious as an anti-inflammatory agent in
bronchiectasis. We have shown that treatment with
an 8-week course of high dose (1 mg daily) inhaled
fluticasone therapy improves sputum inflammatory
indices including leukocyte density and levels of
IL-1, IL-8 and LTB4 in steady state bronchiectasis.
Treatment does not appear to cause deterioration
in infective status, as assessed by sputum bacterial
densities (6). Medium and long term effects of
ICS therapy in bronchiectasis, however, remain
largely unexplored.

We have just completed the first double-blind
placebo-controlled randomized study to evaluate
the clinical efficacy of medium-term administration
of ICS therapy in a cohort of 86 patients with
stable bronchiectasis. Treatment with inhaled
fluticasone was associated with significantly more
patients showing improvement in 24h sputum
volume, but not exacerbation frequency, FEV ,
FVC or sputum purulence score, when compared

with placebo. It is of note that patients with P
aeruginosa infection appear to benefit particularly
more as they exhibited significant improvement
in 24h sputum volume and exacerbation frequency
(unpublished data).

Surgery

The traditional role of surgery in bronchiectasis
has declined, although a new role in lung
transplantation has emerged. Surgical resection of
bronchiectatic lung should be confined to patients
who have very localized but troublesome disease
(i.e. frequent intractable exacerbations, severe
recurrent haemoptysis, or harbouring problematic
orgnaisms such as multi-resistant M. tuberculosis
or M. avium complex) or those with massive
haemoptysis (if not responsive to conservative
treatment) (69.70.71). A bronchiectatic segment,
if not causing intractable issues, should not be
resected even if it is localized as bronchiectasis
could develop in other segments later.

Others

Low-dose long-term erythromycin
Erythromycin (EM) is clinically effective in
reducing sputum production on patients with
idiopathic or secondary bronchorrhoea (72). EM
inhibits respiratory mucus secretion by reducing
pulmonary macrophage mucus secretagogue
production (72) and reduces P. aeruginosa
exotoxin(s) production which slow human
respiratory ciliary beat in vitro (73). We have
recently shown, in a double-blind placebo-
controlled manner, that 8-week administration of
low dose EM (500 mg twice daily) significantly
reduces sputum volume and improves lung
function in steady state severe idiopathic
bronchiectasis (74). However, long term use of
these drugs should be individually assessed for
each patient.
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introduction

According to the WHO/World Bank (1,2) COPD
is projected to rise worldwide, from the 7th to the
5th position in terms of economic and social
burden of the disease in the next 20 years, largely
driven by two factors: the rise in tobacco related
mortality and morbidity and the aging population.
As these factors are most rapidly increasing in the
developing world which constitutes a significant
part of the Asia Pacific region, this region will
therefore face one of its toughest public health
challenges, which will exert huge demands on the
economic and health care resources, and have an
important negative impact on the social and
economic progress of the individual countries.

The concept of the total burden of a disease
is traditionally described by computing its
prevalence and incidence, morbidity and mortality.
In recent years, quantification of the economic
and social burden caused by the disease has
become part of the concept of epidemiology and
increasingly relevant in an age of rapidly escalating
health care expenditure and changing population
demographics.

Under-recognition of the
Burden of COPD

The overall burden of COPD is not adequately

appreciated worldwide (3). This is due to a number
of problems in concept, in communication and in
attitude. These difficulties of concept are universal,
but are commonly encountered in countries in Asia.
They are obstacles in the early diagnosis of the
disease and in estimating prevalence, quantifying
morbidity and mortality and assessing trends.

Difficulty in detecting early COPD

COPD is often not recognized as symptoms of
cough are frequently attributed to the acceptable
irritant effects of smoking itself or to other
respiratory diseases, or even to aging. These
beliefs, which appear to be widely prevalent in
Asia, hinder the early diagnosis of the disease (4,5).

Inconsistency in the use of the term
COPD

The term COPD has been used in two ways: as a
disease entity and as a functional disorder. The
more common use of the term COPD had been
for describing a functional disorder which affects
several diseases, such as bronchiectasis, chronic
asthma, panbronchiolitis, bronchiolitis obliterans
and post tuberculosis chronic lung disease that are
characterized by chronic airflow limitation.

The introduction of the term COPD to describe
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the disease entity of chronic bronchitis and
emphysema due largely to smoking dates back to
1969 in the UK (6) and 1972 in the USA (7).
COPD as a smoking related entity was officially
introduced in Japan as recently as 1995 (5).

Even when COPD is considered as a clinical
entity due to chronic exposure to inhaled particles
and gases largely from tobacco smoke,
occupational dusts and biomass combustion
indoors, the impact is lost by the frequent and
prevalent use of two other synonyms, namely
chronic bronchitis (an epidemiological term) and
emphysema (a pathologic description). In many
countries in Asia, the clinical term COPD is
unfamiliar to the public and to even physicians.
Rather, “asthma” is used generically to describe
all types of chronic airway diseases. Alternatively,
COPD is referred to as “cough and dyspnoea”
which is also used to refer to asthma and cardiac
failure, hence adding to the confusion and poor
recognition of the disease (4).

Poor understanding of the risk factors
of COPD and the benefits of treatment

Knowledge of COPD is poor among patients and
healthcare personnel worldwide (3) including Asia
(4,5). This coupled with disinterest and pessimism
towards the condition have diverted research away
(8) from better understanding of the pathogenesis
and pathophysiology of COPD, both of which are
essential for a proper appreciation of growing
trends in the burden of the disease.

Definition

With the publication of international guidelines,
the consensus worldwide is to an affirmation of
COPD as a distinct clinical entity (9-13).
According to the recent international Guidelines
of the Global Initiative for Chronic Obstructive
Disease, COPD refers to a disease state due to
noxious particles or gases, characterized by chronic
airflow limitation that is not fully reversible. The
airflow limitation is usually both progressive and
associated with abnormal inflammatory response
of the lungs (9).

Natural History of COPD

COPD has a variable course in individuals, but is
generally a progressive disease, especially if the
exposure to noxious particles or gases continues.

Although it is widely stated that 15-20% of
smokers develop clinically significant COPD
(FEV,< 50% predicted), the proportion of
continuously smoking individuals with abnormal
lung function is much higher (14-16). The
cessation of exposure at any stage of the disease
can ameliorate the steep decline in lung function
which then returns to a normal decline due to the
physiological effects of aging.

There is little information on the natural
history of COPD combined with the effects of
other coexisting chronic respiratory diseases such
as post pulmonary tuberculosis and chronic asthma.
In many Asian countries, the occurrence of
concomitant pulmonary tuberculosis and COPD
is a significant problem, as risk factors for both
diseases are prevalent. In patients with both
diseases, the lung function abnormality and the
disability due to either disease interact and can be
quite complex and difficult to differentiate. There
is little recent information on the clinical and
functional abnormalities for this combined
pathophysiology (17). Early studies indicate that
the degree of obstructive airway changes in treated
patients with pulmonary tuberculosis increases
with age, the amount of cigarettes smoked, and
the extent of the initial tuberculous disease (18—
20). Studies from hospital records in Indonesia
suggest that some patients with mild tuberculosis
may develop significant airway obstruction (21).

Epidemiology of COPD

Most of the available information on disease
burden of chronic lung diseases comes from
developed countries (established market
economies) (9). Furthermore, comparison of
published epidemiological data on prevalence,
morbidity and mortality from the developed world
is difficult as they vary appreciably due to different
methodologies and definitions for COPD.
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Prevalence

Methods used in studies of COPD prevalence are
based either on self-reported respiratory symptoms,
or presence of airflow limitation, or physician
diagnosis of COPD. Despite these limitations, all
available data show that COPD is a leading cause
of morbidity and mortality worldwide and is
projected to be the fifth most important cause of
morbidity and mortality in the world by 2020 (1).

In the developing world which comprises a
large part of the Asia Pacific region,
epidemiological data is either patchy or localized
or published in the native language (22-27). It is
generally felt that the burden of COPD is
underestimated in Asian countries due to poor
recognition and understanding of the disease (4)
or to different terminology and the recent
introduction of the term COPD (5).

Global burden of disease study

The most authoritative source for estimates of the
burden of respiratory disease for the Asia Pacific
region comes from the Global Burden of Disease
Study initiated in 1992 by the World Bank in
collaboration with the WHO (1,2).

World prevalence of COPD was estimated at
9.34/1000 for males and 7.33/1000 for females of
all ages. The estimate was 26.20/1000 for China.
The main message is that respiratory diseases
represent a major cause of death and disability for
all age groups and races in the world.

Study on model estimates of COPD in
Asian countries

Although exact figures for prevalence based on
actual studies are unavailable, a recent study has
generated estimates of prevalence for Asian Pacific
countries for comparison and discussion (28). In
the absence of epidemiological studies, this interim
simplified study was undertaken by the Asia
Pacific Round Table Group / Asia Pacific Task
Force using a statistical model (29) to project the
prevalence of COPD in individual countries of
the Asia Pacific region for comparison.

The results of the study suggest that the

prevalence of COPD in the region may be
significantly greater than previously anticipated.
The combined prevalence of 63/1000 for these
countries is considerably higher than the overall
rate of 39/1000 extrapolated from WHO data (1,2).
The estimated rate for China was 65/1000 in this
study, 2.5 times greater than that estimated in the
WHO study. The COPD prevalence rates projected
by the model reflect the high prevalence of risk
factors for the disease in Asia (cigarette smoking,
exposure to high risk occupations, biomass fuels
indoors and air pollution outdoors). The data
generated by this study await confirmation by
actual studies but can be used to assist policy
makers as the first step in determining COPD
expenditures and establishing resource allocation
priorities.

The BOLD study

The BOLD (Burden of Obstructive Lung Disease)
initiative is an ongoing epidemiological study
which has been developed as a spin off from the
GOLD initiative (9). The primary objective of the
BOLD study is to develop a standardized
methodology, which can then be used to measure
the prevalence and burden of COPD in all
countries. Secondary objectives include
determination of the prevalence of risk factors for
COPD, burden of disability and variations in
management of the disease.

Phase 1 of BOLD involved developing both
a standardized “cookbook” for estimating COPD
prevalence and a model for estimating the burden
of COPD. Phase 2, comprising of pilot studies to
revise and validate the “cookbook”, is being
undertaken in one developing country, China, and
one developed country, the USA. Once the manual
has been validated and published it will enable
individual countries to initiate epidemiological
trials using a standardized methodology to generate
prevalence data for inter-country and inter-region
comparisons.

Mortality

Mortality from COPD is considerable. The WHO
estimated that there were 2.74 million deaths from
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COPD worldwide in 2000 and the trend is
increasing. In 1990, COPD was 6th leading cause
of death but by 2020, it is projected to rank 3rd.
In the USA, it is the only common disease
(including stroke and coronary heart disease) in
which death rate is increasing instead of falling (9).

Statistics from Asian countries are shown in
Figures 1-2 and Tables 1-3. However, it is
generally felt that there is an underestimation and
misclassification due to a number of factors: the
late introduction of the term COPD as a separate
disease entity in deaths statistics; the listing of
deaths under alternative terms such as chronic
bronchitis and emphysema; and the changes in
ICD classification (5). Despite these difficulties
in terminology, mortality rates from national
statistics are the only epidemiological data that
are more readily available for comparison. A
survey of these figures showed that they are similar
or even higher than in those in the west.

In Japan, mortality from COPD in 1999 was
10.4/100,000, making it the 7th leading cause of
death (5). In China, deaths from chronic respiratory

disease rank first as the cause of all deaths. In
1994 the mortality rate for the whole population
was 161.57/100,000 in the rural areas and 94.4/
100,000 in cities, with a rising trend (30). In Hong
Kong, COPD ranked as the 5th most common
cause of death, accounting for 31.1/100,000 of
the whole population in 1997 (31). In Singapore,
between 1991-1998, COPD deaths occurred in
163/100,000 population aged over 55 years, with
four times higher rates in men (28.2 per 10,000)
than in women (6.9 per 10,000}, and more deaths
in the minority ethnic groups (32,33) (Table 2). In
Thailand, the mortality is reported to be 500 to
4400/100,000 for men aged 51 and older, and 600
to 3400/100,000 in women (26). In Korea,
according to national statistics the overall death
rates for COPD have risen from 0.4/100,000 in
1983 to 6.7/100,000 in 2000 (4). However,
misclassification into asthma is likely to have
accounted for this apparently low rate, as
traditional doctors who make up 20% of the
medical profession often classify COPD as asthma

.
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Age standardized mortality rates for chronic obstructive pulmonary disease versus asthma,
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Figure 2. Tobacco consumption {per year per adult) (O} and the rate of death due to chronic obstructive
pulmonary disease (COPD) (e) in Japan®

Table 1. Mortality Rate of Chronic Respiratory Diseases in China (1984-1994)%

Year Rank in cause Rural area Mortality % Total Rank in cause Cities Mortality % Total

of death rate/100 000 death of death rate/100 000 death
1987 1st 143.06 20.83 4th 91.82 15.08
1994 1st 161.57 25.27 3rd 94.40 16.00

Table 2. COPD Hospitalization and Mortality in Population Aged 55 Years and Above, by Gender
and Rthnicity, Singapore 1991-98%

Characteristics Hospitalization Mortality
Rates* per Rate ratio (95% Cl) Rates* per Rate ratio (95% Cl)
10,000 10,000
Overall 52.4 16.3
Gender
Females 18.2 1.00 6.9 1.00
Males 94.1 5.15 (1.07-1.68) 28.2 4.05 (3.40-4.84)
Age groups
55-64 17.56 1.00 35 1.00
65-74 68.0 3.90 {3.44-4.41) 15.4 4.40 (3.35-5.78)
75+ 129.5 7.41 {6.56-8.38) 55.9 16.00 (12.4-20.5)
Ethnicity
Chinese 53.9 1.25 {1.04-1.50) 16.4 1.48 (1.03-2.14)
Malays 45.1 1.07 (0.86-1.34) 19.3 1.76 (1.15-2.68)
Indians 43.9 1.00 10.7 1.00

*Adjusted for gender and age.
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Table 3 Disabilities and Mortality in Different Age Groups in Thailand?®

Age (yrs) Khon Kaen Hospital 1994-1998 MR (%)
OPD IPD
{per person) {per person)
per year per year
Male Female Male Female Male Female

40-50 16 14 06 04 1 0
51-60 23 15 13 04 05 14
61-70 26 18 12 08 08 06
70+ up 3 27 13 11 44 34

Abbreviations OPD = outpatient department IPD = in patient department MR = mortality rate

Morbidity

This 1s usually studied by analyzing health care
use such as hospitalization and clinic visits The
problem 1s that data on health service use are not
helpful for assessing burden of disease in an area
where utilization 1s strongly influenced by the
supply of medical services However, data that

are routinely available, even though not validated,
may provide useful information Hospitalization
records from most Asian countries have shown a
steady increase imn COPD patients over the years,
with higher demands on the use of intensive care
services, thus increasing the health care burden
(Fagures 3 and 4) (4,5,26,31-34)

(1991-1999 N = 1530)

250

200

150

100

50

ol 0 T

L

i/
1

i

Lb 3 [

91 92 93 94

95

96 97 98

<]

9 yr

Figure 3 Number of admissions with chronic obstructive pulmonary disease in Seoul National University

Hospital*



Chronic Obstructive Pulmonary Disease: Epidemiology 67

25000

20000 -

15000

10000 F

5000

0 1

. L

1996 1997

1998 1999

Figure 4. No. of Admissions of COPD via A&E Department (ICD 490, 491, 492, 496) to HA Hospitals (Hong

Kong)®!

Economic and Social
Burden of COPD

Data on the direct (cost of health care utilization)
and indirect (cost of the consequences of the
disability) of COPD are only available from
developed countries in the west. They show that
total cost for COPD is greater than other common
respiratory diseases such as asthma, influenza,
pneumonia and tuberculosis (9). The World Bank/
WHO study designed a new measure for
quantifying the economic and social burden of a
particular disease which can be compared with
other diseases, called the disability adjusted life
years (DALY). This is a composite of the number
of years lost through premature death and the
number of years lived with disability adjusted for
the severity of the disability. By this measure it is
estimated that respiratory diseases account for 20%
of the global burden for all diseases today.

The World bank/WHO also projected that the
situation will worsen over the next 20 years.
COPD, which is currently the 7th leading cause
of death and disability world wide, will rise to the
5th position by the year 2020 (1,2).

These dramatic trends in respiratory diseases
are attributable to two factors: the rise in tobacco
related mortality and morbidity and the aging
population. As these factors are most rapidly

increasing in the developing world which
constitutes a significant part of the Asia Pacific
region, this region will therefore face one of its
toughest public health challenges, which will exert
huge demands on the economic and health care
resources, and have an important negative impact
on the social and economic progress of individual
countries.

Aetiology / Risk Factors

There are four definite known risk factors for
development of COPD. These are tobacco
smoking, alpha, antitrypsin (o, AT) deficiency,
occupational exposure to dusts and fumes and
indoor air pollution caused by combustion of
biomass / traditional fuels. In developing countries
such as rural India and China (35-37), COPD
occurs not uncommonly in non-smokers and this
is attributed to environmental exposure to smoke
from domestic fuels in poorly ventilated living
areas. Other potential contributory risk factors
include outdoor air pollution, allergy and bronchial
hyperresponsiveness, and recurrent childhood
respiratory infections. There is some evidence to
suggest that these risk factors could be additive
for development of COPD.
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Smoking

Cigarette smoking is the major factor responsible
for the development of COPD. The decline in lung
function of susceptible smokers is twice that of
non-smokers. This causal relationship is well
established for 40 years in both cross-sectional
(14) and longitudinal studies (15,16). The
cumulative amount of tobacco smoke is related to
its adverse effects in a dose-dependent manner. It
is expressed as pack years (20 cigarette/pack; no
of packs per day x number of years smoked). This
index correlates with decline in lung function.

Different types of tobacco smoking are
practised in Asian countries. Tobacco can also be
sucked, chewed, sniffed, rubbed on the gums,
smoked in water pipes, cigars, “rolled-your-own”
cigarettes and bidis. The relative risk of these
practices to the regular cigarettes smoking has not
been reported.

The pattern of cigarette smoking is changing
globally (38): it is slowly decreasing in the
developed world at a rate of 1% annually and
rising in developing countries at a rate of 2%. For
example in China, the rates of smoking are
extremely high both in the urban and rural areas,
the respective rates being 60% and 64% in men
and 15% and 9% in women (39). In a comparative
study using an algorithm model to estimate the
prevalence of COPD in 12 Asian countries, the
rates of cigarette smoking extracted from national
statistics showed that the overall smoking
prevalence rates vary considerably between these
countries (15% in Hong Kong to 36% in Japan
and Vietnam), Table 4. The striking pattern is the
wide discrepancy between men and women. The
rates for women range from 2—4% for most of the
Southeast Asian countries to 14% for women in
Japan. In men the lowest rate was 27% in
Singapore and Hong Kong, the highest is 73% in
Vietnam, with intermediate high rates 63% in
China and South Korea, and 52% in Indonesia. In
Asia, Japan has the highest rate for women.
Although smoking is still mainly a male habit,
details from these national statistics indicate that
there is an increase in the trend of smoking in
women, especially those in their early twenties.
These augur badly for the future, as many countries
in Asia are developing in status and can ill afford
the health, social and economic burden of smoking-

Table 4. Most recent Smoking Prevalence
(%) by Country/region and Gender®

Males  Females Overall
Australia 28 21 24
China 63 4 34
Hong Kong 27 3 14
Indonesia 51 2 25
Japan 57 14 36
South Korea 63 3 33
Malaysia 49 4 25
Philippines 53 1 31
Singapore 27 3 15
Taiwan 55 3 30
Thailand 39 2 20
Vietnam 73 4 36

related diseases in general and rising number of
COPD patients in particular.

Occupational exposure to dust and
fumes

Occupational exposure to dusts and chemicals
(vapours, irritants and fumes) can also cause
COPD, an association, which is not often fully
appreciated as diseases caused by these risk factors
are often considered separately under the category
of occupational lung diseases or pneumoconioses
(40,41). The obstructive functional abnormality
resulting from single dust exposure alone is well
documented (42). The multiplicative effect of a
combination of exposure to dust, gas and fumes
has also been shown (43).

Indoor air pollution

The association of indoor air pollution from
domestic fuel combustion in poorly ventilated
houses and the development of COPD in non-
smoking women has been widely reported in India,
Nepal, Arabia, Mexico and China (35-37,44-45)
and is considered as an important non-smoking risk
factor, especially in the developing countries (37).
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Outdoor air pollution

The harmful effects of high levels of outdoor air
pollution in causing worsening in patients with
chronic cardiopulmonary diseases are well
documented (46,47). The role of cumulative effects
of outdoor air pollution in the development of
COPD is unclear (48). This question is especially
pertinent in many Asian countries, which
experience consistent high levels of urban air
pollution and recurrent high peak levels of
pollution, or haze due to forest fires (49).

Alpha, antitrypsin deficiency

o, AT deficiency is the only known genetic factor,
which is definitely linked to the development of
emphysematous lung changes of COPD even in
non-smokers. o, AT is a major circulating inhibitor
of serine proteases. Compared with non-affected
individuals, people who carry the o, AT deficiency
gene have a 40-fold increased risk of developing
COPD. It most often occurs in the people of
Northern European origin, but is considered not
to be a significant problem in Asians. In Japan, o,
AT deficiency is rare and is due to the variant
Siiyama (50).

In China, studies reported no definite
relationship between o, AT deficiency and COPD
in Chinese patients as defined by serum o AT
level (51). Furthermore, studies involving
genotyping of o, variants AT alleic gene and
electrophoretic phenotyping found no cases of PiZ
or PiS in Chinese. Small number of variants such
as ME Tokyo and ME irare have been reported
but the pathogenetic relevance is unclear (52,53).

Airway hyperresponsiveness

Airway hyperresponsiveness, a hallmark of asthma
has also been linked to increased risk of
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Chronic Obstructive Pulmonary
Disease: Pharmacological Treatment

Wan Cheng Tan

introduction

Renewed interest in the approach to managing
chronic obstructive lung disease (COPD) is a
recent phenomenon. A nihilistic attitude towards
COPD has long existed among clinicians due to:
1. limited success at primary and secondary
prevention (both primary and secondary
prevention are aimed at the disease by
removing risk factors) of the main causative
risk factors;
2. the belief that COPD is a largely irreversible,
progressive and self-inflicted disease; and
3. the dearth of effective treatment options.

As a consequence, the overall management
of chronic obstructive lung disease has failed to
receive adequate attention from the health care
community in contrast to the enthusiasm directed
at better asthma care including the publication of
national and international asthma consensus
statements, guidelines and strategies for its
treatment.

In the past 5 years, guidelines for management
of COPD were published in Europe, the United
States, United Kingdom and Australia (1-4)
followed by publication of similar guidelines in a
few countries in Asia (5-7). The publication and
dissemination of the Global Initiative for chronic
obstructive pulmonary disease, GOLD guidelines
(8), have encouraged several countries to define

or update their national consensus on COPD
treatment.

The GOLD guidelines adopt the overall
approach characterized by a stepwise increase in
treatment depending on the severity of the disease.
Although largely based on practical considerations,
the main advantage of this approach is the proper
pre-treatment evaluation of the patient based on
clinical and functional parameters in an attempt to
detect individuals who are at risk for the disease
and should be specifically targeted for preventive
intervention. By this approach, the treatment can
be systematic, comprehensive, intensive,
preventive, and at the same time rationalizes the
use of medication in COPD patients who have
long been suboptimally treated as if they were
suffering from asthma.

To date, smoking cessation is the only
modality that can slow the progression of the
disease (9). Non-pharmacological treatment is
important and essential for a truly comprehensive
management plan for COPD patients. It includes
pulmonary rehabilitation for all stages of the stable
disease; and oxygen therapy, ventilatory support
and surgical treatment for the alleviation of end-
stage COPD.

Although drug therapy has limited benefits in
COPD, in clinical practice it is by far the most
readily available form of treatment for COPD
patients. In most countries in Asia, it is often the
only form of treatment as the availability and
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accessibility of non-pharmacological treatment
may be limited by the type of health care coverage,
the national health care resources and the
competition for funds and manpower for all
chronic diseases.

This chapter deals with the medications used
in the management of stable COPD and its acute
exacerbations.

Overview of the Medications

Despite the irreversibility of airway obstruction,
as defined by spirometric measurement of forced
expiratory volume FEV , clinicians and patients
recognize that medications can prevent and control
symptoms and improve effort tolerance.

The GOLD guidelines recommend the follow
general principles for pharmacological treatment
(8):

1. A stepwise increase in treatment depending
on the severity of the disease.

2. Regular long-term maintenance treatment once
frequent symptoms are controlled.

3. Individualization of treatment with monitoring
and adjustment for disease worsening.

In many Asian countries, regular follow-up
monitoring is often restricted to patients who have
severe COPD, (usually FEV < 50% predicted)
with frequent hospitalizations and clinic visits for
exacerbations and complications of COPD, while
patients with mild to moderate disease may be
seen intermittently during infective exacerbations
only.

Bronchodilators

The growing realization in recent years that airflow
limitation in COPD can be significantly relieved
with the use of bronchodilators has changed the
clinical approach to treating this disease. This
improvement in airflow limitation, if maintained
by patient compliance, can result in a sustained
improved level of stable lung function. To achieve
this goal, inhaled bronchodilators are the most
efficient and hence the recommended therapy in
most recent algorithms of pharmacological
treatment for COPD (1-7).

Bronchodilators are the mainstay of treatment
of COPD because of several beneficial effects and
are used in two ways: either on an as-needed basis
for relieve of persistent or worsening symptoms
or on a long-term regular basis to prevent or reduce
symptoms. The demonstrated effects are:

1. all categories of bronchodilators have been
shown to increase exercise capacity in COPD
without necessarily producing an improvement
in FEV, (10-12) by improving in lung
mechanics through reduction in hyperinflation
13,

2. regular treatment with short-acting
bronchodilators is cheaper but less convenient
than long-acting bronchodilator.

On the other hand, long-acting beta,-agonist
and ipratropium bromide have been shown to
improve health status/quality of life significantly
(13,14).

The choice between beta,-agonist,
anticholinergic, theophylline or combination
therapy depends on the availability and individual
responses in terms of symptom relief and adverse
side effects (8). Combination bronchodilators are
a method for improving bronchodilation without
increasing the dose-dependent adverse side effects
of a single drug. A logical approach is the use of
bronchodilator according to an algorithm based
on increasing disease severity (Table 1 and
Figure 1).

Oral bronchodilators

In principle, most of the national guidelines support
the recommendation for wider use of inhaled
therapy. Inhaled bronchodilators is recommended
based on solid evidence that it has a more rapid
onset, is more effective and produces fewer side
effects because of the smaller dose relative to the
oral preparations (8). The GOLD guideline
recommends inhaled bronchodilator as the
preferred mode of delivery for symptomatic
management in stable COPD but does not exclude
the use of oral bronchodilators.

In real-life, knowledge does not necessarily
lead to clinical implementation as other factors
may predominate. The acceptance of any form of
therapy by both patients and doctors is a key
determinant in the actual usage of the drug. Oral
bronchodilators are still widely used for COPD in
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Table 1. Therapy at Each Stage of COPD?
Stage Characteristics Recommended treatment
All « Avoidance of risk factor(s)
* Influenza vaccination
0: At Risk * Chronic symptoms
(cough, sputum)

« Exposure to risk factor(s)

« Normal spirometry
I: Mild COPD « FEV,/ FVC < 70% « Short-acting bronchodilator when needed

* FEV, = 80% predicted

* With or without symptoms
HA:

« FEV, / FVC < 70%

ll: Moderate COPD

+ 50% < FEV, < 80% predicted

« With or without symptoms
IB:
* FEV, / FVC < 70%

+ 30% < FEV, < 50% predicted

* With or without symptoms

lil: Severe COPD -+ FEV, / FVC < 70%
* FEV, < 30% predicted or

presence of respiratory

failure or right heart
failure

» Regular treatment e Inhaled glucocortico-
with one or more  steroids if significant
bronchodilators symptoms and lung

* Rehabilitation function response

» Regular treatment - Inhaled glucocortico-
with one or more  steroids if significant
bronchodilators symptoms and lung

* Rehabilitation function response or

if repeated
exacerbations

+ Regular treatment with one or more
bronchodilators
* Inhaled glucorticosteroids if significant

symptoms and lung function response or if
repeated exacerbations

« Treatment of complications

» Rehabilitation

* Long-term oxygen therapy if respiratory
failure

« Consider surgical treatments

many Asian countries because they are culturally
acceptable, less expensive and do not require the
patient to be educated on the inhaler technique.
Often the trade-off is between the compliant use
of a simple regimen, for example, an inexpensive
and familiar drug (e.g. theophylline) that has, albeit
a weak bronchodilator effect, against the irregular
or improper use of a pharmacologically more
potent and more expensive inhaled medication,
which requires some skill to administer. As COPD
patients are often elderly, they may have reduced
dexterity and coordination and hence find it harder
to use a simple metered dose inhaler (MDI) than
a younger and healthy person. Thus oral
medications are often preferred by COPD patients

and their doctors and commonly used in
maintenance treatment, despite a lower efficacy
and greater side effects. There is a need to prescribe
simple MDIs with specific and clear training in
inhaler usage for the elderly.

Beta,-agonist

Inhaled beta-2-adrenergic agonists are effective
bronchodilators with a relatively rapid onset of
action. They reduce airway smooth muscle tone
and improve expiratory flow, hence reducing
dyspnoea. They also improve emptying of the
lungs, reduce dynamic hyperinflation at rest and
during exercise and hence improving exercise
performance (12,15,16). The improvement in FEV1
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PHARMACOLOGICAL TREATMENT FOR STABLE COPD PATIENTS

Inhaled B2-agonists (MDI £ spacer) 2-4 puffs QID as needed

Inadequate
response

Regular inhaled ipratropium (MDI + spacer) 2-4 puffs QID
PLUS
Inhaled B2-agonists as needed

Inadequate
response

Regular inhaled B2-agonists and ipratropium (MDI £ spacer)

Regular combination of 2-agonists and ipratropium

Inadequate
response

Steroid trial

ADD A/ \A ADD

Negative response

Long acting theophylline
300-600 mg/day

v
Inadequate
response

Positive response

Inhaled steroid

Inadequate
response

Add
Long acting theophylline

/ 300-600 mg/day

Specialist referral for further evaluation

Outcome is measured in terms of improvement in FEV,, FEV, / FVC, peak expiratory flow rate,
increased six-minute walking distance, decreased dyspnoea or symptom score, and improved

quality of life measures.

Figure 1. Hong Kong guideline®

does not reliably predict symptomatic improvement
from long-term bronchodilator use.

Anticholinergics

Inhaled ipratropium bromide, the only inhaled
anticholinergic agent in Asian countries, has been
shown to be an effective bronchodilator with a
longer action than short acting beta,-agonists. It
is more effective in COPD and is associated with

a low incidence of side effects because of poor
local absorption of the drug. It is often combined
with or added to beta,-agonist for treatment of
COPD (13). The use of the combination of these
two classes of inhaled bronchodilators provides
superior bronchodilation than treatment with either
of the individual components without added side
effects or loss of the positive effects of
ipratropium bromide namely that of reduced
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exacerbation frequency and lack of tachyphylaxis
(15-17).

The management of COPD is likely to receive
a boost with the introduction of the new
anticholinergic drug, tiotropium, widely anticipated
but currently not available yet in Asian countries.
This drug shows significant advantages in terms
of its prolonged action (> 24 hours) and relative
receptor selectivity (blocks M1 & M3, not M2)
(18). Once-daily tiotropium has been shown to
have superior efficacy to ipratropium bromide four
times daily on measures of spirometry, dyspnoea,
health status and exacerbations, and also greater
improvement in lung function than salmeterol
twice daily (10). Furthermore, it is associated with
a low incidence of adverse effects of which
transient dry mouth is the most frequent.

Combination therapy

Combinations of different types of bronchodilators

are aimed at increasing the degree of

bronchodilation for equivalent or lesser side effects

(13,15-17,20-21).

Examples of such combinations are:

1. metered dose inhalers containing salbutamol
and ipratropium bromide; or salmeterol and
ipartropium bromide;

2. nebulized solution of salbutamol and
ipratropium bromide for acute exacerbation;

3. oral theophylline and inhaled salbutamol (20);
and

4. long-acting beta -agonist and theophylline
(21).

Inhaler devices

Inhaled bronchodilator treatment is delivered as a
dry aerosol from the pressurized metered dose
inhaler (pMDI) or the dry powder inhaler (DPI)
or as a wet aerosol by nebulization. There is no
evidence of any preference by patients for any
type of inhaler other than cost consideration.
Patients who had experienced the effect of
nebulized bronchodilator in a previous severe
exacerbation may pressurize their doctor to
prescribe nebulized solution for long-term
treatment. Wet nebulizers are not recommended
for regular treatment because they are expensive,
require appropriate maintenance, and may increase
adverse effects due to the high dose delivered (8).
However, in Asian practice this mode of treatment

may be preferred by patients with severe COPD
who had previously received large dose nebulized
bronchodilator for severe exacerbations.

Theophylline

In most Asian countries, theophylline is widely
used as a bronchodilator for the treatment of
COPD. The consensus among physicians is that it
is a comparable or less potent bronchodilator than
inhaled beta,-agonist or anticholinergic. The
additional potential benefits from the other
therapeutic effects of theophylline, such as cardiac
output increase, systemic and pulmonary
vasodilation, increased salt and water excretion,
central nervous system stimulation, improved
respiratory muscle function, and anti-inflammatory
effects (7) have drawn more attention than is
justified from outcome of clinical trials.

There is no report in the English literature
(22,23) of systematic clinical evaluation of the
use of theophylline in Asian patients with COPD
(24), although there are a few pharmacokinetic
studies in patients with asthma (25-28) which
suggest that lower dosages may suffice in Asian
patients who may have a decreased metabolism
for the drug compared with that reported in the
West. However, unpredictable variations in
metabolism may occur in Asian patients due to
the frequent concomitant use of herbs in holistic
preventive therapy or as food (29). Theophylline
level is reduced by smoking, alcohol, and the anti-
tuberculous drug rifampicin and raised in the
elderly, heart failure, liver dysfunction and the
concomitant use of cimetidine, macrolide antibiotic
(erythromycin) and fluoquinolone (ciprofloxacin).
Therapeutic monitoring for target blood levels of
theophylline between 5 and 15 pg/ml is
recommended (7).

Sustained-release theophylline is often used
in combination with inhaled therapy for moderate
to severe COPD in Asian countries (7).

Glucocorticosteroid therapy

Unlike in asthma, the role of corticosteroids in
COPD is limited by specific indications. There is
a no evidence that systemic glucocorticosteroids
are beneficial in the long term treatment of patients
with COPD while the chronic toxicity of systemic
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steroids are well known. Hence, oral corticosteroid
is not recommended for COPD (7).

On the other hand, the combined results from
four large randomized controlled trials have shown
that moderate to high dose of inhaled corticosteroid
can benefit symptomatic patients with a
documented lung function response to inhaled
corticosteroid or those with FEV, < 50% predicted
and repeated exacerbations, by reducing symptoms,
improving lung function and exercise capacity, and
reducing the number of severe exacerbations (30—
33). However, the long-term safety of high-dose
inhaled corticosteroid in COPD patients is not
known. The safety data of inhaled corticosteroids
have been derived from the large databases of
younger asthmatic patients. It is unclear whether
these would equally apply to the elderly, physically
deconditioned patients with severe COPD, who
have weight loss and muscle wasting. Additionally
in many Asian countries, there is the intuitive
concern over the reactivation of quiescent
pulmonary tuberculosis with the use of long-term,
high-dose inhaled corticosteroid for moderate to
severe COPD (34).

Other pharmacological treatment

Mucolytic [mucokinetic /
mucoregulator] agents

Examples of this group of medications are
ambroxol, carbocystein, iodinated glycerol. The
regular, long term use of this group of agents
remains controversial. A Cochrane meta-analysis
(35) cautiously concluded that there may be a
reduction in episodes of cough and sputum in mild
to moderate COPD patients observed for 2-6
months, and that patients with viscous sputum may
benefit from mucolytics. However, the evidence
is derived largely from clinical experience and
consensus (7).

Despite a lack of firm evidence, mucolytics
is a common medication for cough in COPD in
Asian countries. The reasons for the popularity
are unclear, but may be related to the fact that
they are oral medications, the concept of treatment
is attractive, simple to understand and culturally
acceptable, and the drugs are free from any serious
side effects.

Antioxidants

Based on limited data, antioxidants, such as N-
acetyl cysteine, have been shown to reduce the
frequency of exacerbations and may have a
possible role in the treatment of patients with
recurrent exacerbations (8). These impressions
await the result from ongoing trials.

Just as with mucolytics, this group of drugs
has certain holistic appeal to patients. Some
guidelines advocate its use for cough together with
traditional herbal mucolytic agents (7).

Antitussive

The regular use of antitussive is contraindicated
in stable COPD (8). Despite a lack of evidence of
any benefit, it is often prescribed. The reason is
unclear but may be due to a misconception of the
disease process and a lack of consistently effective
drugs in COPD.

Vaccines

The role of influenza vaccination in reducing
complications and death from influenza in elderly
COPD is well established. The recommendation
is to use vaccine containing killed or inactivated
viruses, administered once or twice each year,
before the peak of the anticipated outbreak. WHO
has two vaccination formulations per year
containing the appropriate virus strains, and made
available in February and September. There is no
regional study on the effectiveness of influenza
vaccine in the tropics. In temperate countries with
a single peak, vaccination is given two months
before winter. In tropical countries (e.g. tropical
Asia: Singapore, Thailand) bimodal peaks may
occur, while in other countries, such as Vietnam,
there is no seasonality. It is unclear how often and
what vaccination formulations should be
recommended for tropical Asia. Malaysia has
instituted a mandatory influenza vaccination for
annual Haj pilgrims departing for Mecca. Overall,
vaccination is not widely practiced because of the
above uncertainties and because they are not
reimbursable (34).

Antibiotics

There is no role for long-term prophylactic
antibiotic in stable COPD as shown by many
studies (8) and similar recommendations are
adopted by most Asian countries (5—7). The main
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use of antibiotic is in the treatment of acute
infective exacerbations of COPD. There are
£egional preferences but overall a broad-spectrum
antibiotic is given, which is active against S.
pneumoniae, H. influenza and M. catarrhalis (7).

Nicotine replacement therapy

Smoking cessation is the only method, which has
been shown to slow the progression decline in
lung function in COPD patients. However, many
patients with COPD have tried and failed smoking
cessation on their own and will require the support
of a structured program. The mainstay of any
smoking cessation program is effective and
sustained practical counseling, behavioural therapy
and social support, supplemented by
pharmacotherapy if necessary. Nicotine
replacement products in any form (gum, inhaler,
nasal spray, transdermal patch, sublingual tablet,
or lozenges) when used in the setting of a smoking
cessation program can produce a quite rate of 35%
at 1 year and sustained rate of 22% at 5 years.
Another type of drug, the antidepressant bupropion,
has also been shown to increase long-term quit
rates. These medications are expensive, may not
be readily available in all Asian countries and are
prescribed selectively only if counselling and
support fail.

Mianagement of Chronic
Stable COPD

As COPD is a progressive disease, the clinical
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introduction

About 10-15% of patients with chronic obstructive
lung disease (COPD) develop respiratory failure,
and Cheng et al have shown that 23.1% of 2020
patients with COPD have cor pulmonale (1).
COPD is often associated with acute exacerbations
of symptoms. In moderate to severe COPD, an
exacerbation is associated with not only increased
cough, sputum production and breathlessness, but
often acute respiratory failure. The mortality of
COPD patients admitted to hospital for an acute
exacerbation is approximately 10%, and the long-
term outcome is poor. Hospitalization for acute
exacerbations leads to a significant healthcare
burden. Ventilatory support, one of the active
medical intervention measures, is of great
importance in the management of COPD patients
with acute exacerbation.

Rationale for Mechanical
Ventilation in COPD

COPD is characterized by the presence of chronic
airflow obstruction often associated with
emphysema. This airflow obstruction is caused in
part by airway inflammation and in part by the
loss of alveolar septal tethering of small airways
that accompanies the destructive changes of
alveoli. During the chronic process, recurrent acute

Non-invasive Mechanical Ventilation in
COPD

Rong Chang Chen and Nan Shan Zhong

exacerbations lead to a progressive increase in
dyspnoea and even development of respiratory
failure due to the deterioration of airflow
obstruction.

In patients with COPD, inspiratory muscles
fatigue may contribute to the development of
respiratory failure. In moderate to severe COPD,
inspiratory muscles often function poorly for a
number of reasons. First, increased airway
resistance increases the workload of respiratory
muscle. Second, diaphragm flattening and over-
inflation of the chest cavity often occur as
emphysema is worsening. Because of elevated
functional residual capacity, dynamic
hyperinflation has been frequently observed in
COPD patients not only during exercise but also
during breathing at rest (2). Both emphysema and
dynamic hyperinflation put the inspiratory muscles
to mechanical disadvantage leading to increase in
workload and decrease in force. Our study
demonstrated that both increased lung volume and
threshold loading caused by dynamic
hyperinflation contributed to the development of
dyspnoea (3). Other factors contributing to the
weakness of the diaphragms include malnutrition,
muscle atrophy, hypoxaemia and hypercapnia. It
has been shown that patients with moderate COPD
failed to generate higher transdiaphragmatic
pressure in response to increased ventilatory
demand (4). They developed abdominal
paradoxical breathing during incremental maximal



84 Rong Chang Chen and Nan Shan Zhong

exercise suggesting diaphragmatic fatigue (4). The

imbalance between mechanical load and

inspiratory muscle capacity predisposes to
inspiratory muscle fatigue and pump failure. As
lung function deteriorates, hypoxaemia and
hypercapnia develop, further reducing the force
of inspiratory muscles. The presence of
hypercapnia often indicates task failure of the
inspiratory pump. Based on the above findings,
assisted mechanical ventilation may eliminate
inspiratory muscle fatigue and lung volume
reduction surgery may improve the inspiratory
muscle function in selected patients.

The goals of mechanical ventilation in COPD
are as following:

1. to reverse hypoxaemia that has not been
corrected with supplemental oxygen delivered
either by nasal cannula or face mask;

2. to reverse severe respiratory acidosis and

3. to relieve respiratory distress and respiratory
muscle fatigue.

Methods of noninvasive mechanical
ventilation

Noninvasive mechanical ventilation (NIMV)
consists of intermittent negative pressure
ventilation (NPV) and noninvasive positive
pressure ventilation via face or nasal mask
(NIPPV). Both NPV and NIPPV have been used
for the management of COPD patients. In general,
although NPV is effective in reducing electrical
excitation and mechanical activities of inspiratory
muscles as well as improving dyspnoea and arterial
blood gases in COPD patients (6), NPV is less
effective than NIPPV. The main disadvantage of
NPV is that it limits patients’ activities. Other

Table 1.

complications, such as sleep disturbance and
oesophageal sphincter dysfunction, have been
reported with NPV. We have observed that a few
patients may develop obstructive apnoea with very
short inspiratory time. NIPPV is by far the most
commonly used method in the management of
COPD. It is more effective because it is easily
triggered by and better synchronized with the
patient’s breathing effort.

Comparison of NIPPV With
invasive Mechanical
Ventilation (IMVY)

Almost all ventilators and modes of ventilation
used for IMV could be used for NIPPV. Table 1
summarizes the difference between IMV and
NIPPV in clinical practice. It is important to
improve the efficacy by reducing dead space,
improving seal condition and facilitating secretion
clearance.

The role of NIPPV in COPD

Endotracheal intubation and IMV have been
proven to be effective life-support measures in
the management of respiratory failure in COPD.
However, criteria for intubation are not well
defined as yet and the artificial airway may lead
to discomfort and complications such as respiratory
infection and tracheal injury. Intubation itself
increases the mortality of COPD, probably due to
nosocomial pneumonia (7,8). In clinical practice,
it 1s difficult for physicians to determine the ideal
time for intubation and initiate IMV. NIPPV is an
alternative modality to provide ventilatory support.

Comparison of NIPPV with Invasive Mechanical Ventilation.

Non-invasive

Invasive

Interface

Dead Space Increased
Seal Security Poor
Triggering Poor

Secretion Clearance Cough

Mask/Mouth Piece

Intubation/Tracheotomy
Decreased

Good

Better

Suction
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Table 2. Indications and Contra-indications for NIPPV.

Indications

Contra-indications

1. Respiratory distress with
moderate-severe dyspnoea,
use of accessory muscles
of respiration, abdominal
paradoxical breathing.

2. PH < 7.35 with
PaCO, > 45mmHg.

3. Breathing frequency
> 25 breaths/min.

PNO O AW

1. Respiratory arrest.

2. Cardiorespiratory instability (eg, hypotension with
impared perfusion, serious dysrhythmia, myocardial
infarction with pulmonary oedema.

Uncooperative patients.

Recent facial, oesophageal and gastric surgery.
Craniofacial trauma or burn.

High risk of aspiration (inability to manage secretion).
Inability to protect airway.

Fixed anatomic abnormalities of the nasopharynx (eg,

severe pharyngomalacia)

Relative contra-indications:

1. Extreme anxiety.

2. Massive obesity.

3. Copious secretion.

4. Acute respiratory distress syndrome (ARDS) as the
aetiology of acute respiratory failure

In addition, patients with severe COPD often have
repeated acute exacerbations with development of
respiratory failure at times. In this circumstance,
it will be difficult to intubate the patient during
each episode. As NIPPV could be initiated and
weaned more easily, it is used commonly in the
management of early stage of respiratory failure
or in the weaning process in COPD. The
indications and contra-indications for NIPPV are
shown in Table 2. Although proper selection of
patients may improve the efficacy of NIPPV, the
response to NIPPV is more valuable in predicting
the success of such treatment. Thus, a trial of
NIPPV for 1-2 hours and monitoring the response
through arterial blood gases and clinical
assessment, will help to select proper candidates
for this therapy.

Clinical Applications of NIPPV
Acute exacerbations of COPD

COPD with respiratory failure is the most common
disease requiring mechanical ventilation. More
than 80% COPD patients develop respiratory
failure during acute exacerbations. The frequency
of use of mechanical ventilation in COPD patients

during an acute exacerbation varies widely,
between 3% to 74%, in different studies due to
variation in severity of the studied populations
(8). In most of the studies, mortality was higher in
the intubated group. Although the substantial
increase in mortality in intubated patients was
related to the severity of the underlying disease,
infection related to intubation also contributed to
the higher mortality (8). NIPPV is an effective
modality of treatment with less morbidity than
intubation for selected COPD patients with
respiratory failure. Meduri et al (9) were the first
to report that NIPPV improves arterial blood gases
(ABG) in COPD patients. Since then, there have
been many publications on the application of
NIPPV in acute exacerbation of COPD. NIPPV
not only relieves dyspnoea and improves ABG,
but also reduces mortality and intubation rate (6—
8). Chen et al (10) conducted a trial on 21 COPD
patients with hypercapnic respiratory failure; 11
patients received NIPPV while 10 received
conventional therapy as controls. They showed that
in those received NIPPV, PaCO, dropped from
11.3+1.1 kPa to 9.0+ 1.8 kPa after two hours
ventilation. The overall reduction of PaCO, in
NIPPV group was significantly greater than the
control group in the 1st and 7th day after treatment.
None of the patients in the NIPPV groups required
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intubation compared with 5 patients in control
group.

In open clinical trials. the success rate of
NIPPV was between 51% and 91%. In randomized
controlled trials, NIPPV reduced intubation rate
by 67%-86% (11-12) as well as the length of
ICU stay and mortality (11-13). A meta-analysis
reviewed seven randomized. controlled studies of
NIPPV in patients with acute respiratory failure
but not requiring immediate intubation (14). Most
patients in these studies had acute exacerbations
of COPD and were randomized to either the early
use of NIPPV or the standard care group. Patients
in the NIPPV group had a lower rate of intubation
(odds ratio 0.20; 95 percent Confidence Interval,
% CI, 0.11 to 0.36) and a lower risk of death
(odds ratio 0.29; 95 % CI 0.15 to 0.59). In
conclusion, NIPPV relieves dyspnoea, improves
arterial blood gases, diminishes the need for
intubation and reduces mortality and length of
hospitalization in selected patients with acute
exacerbation of COPD.

Weaning from invasive mechanical
ventilation

Patients with end stage of COPD often require
invasive mechanical ventilation during acute
exacerbation. Although mechanical ventilation has
been proven to be an effective life-saving measure,
weaning failure often occurs in some patients due
to weakness of respiratory muscles. Prolonged
mechanical ventilation increases intubation-
associated complications, such as ventilator-
associated pneumonia. Nava and co-workers (8)
conducted a prospective controlled study on the
use of NIPPV in facilitating early weaning from
IMV. A T-piece weaning trial was attempted 48
hours after intubation of COPD patients with acute
hypercapnic respiratory failure. 50 patients who
failed in the T-piece weaning trial were randomly
assigned into two groups: returning to IMV or
extubation followed by NIPPV. The success rate
of weaning on 60th day was 88% in the NIPPV
group as compared with 68% in the IMV group
and the mortality rate was 8% vs 28% (p < 0.05)
respectively. They concluded that NIPPV during
weaning reduced weaning time, shortened duration
of ICU admission, decreased the incidence of

nosocomial pneumonia, and improved 60-day
survival rates.

Wang et al (13) investigated the feasibility of
using NIPPV to assist early extubation in COPD
patients. Eleven intubated COPD patients with
severe hypercapnic respiratory failure due to
respiratory infection were enrolled in the study.
When infection was under control clinically,
patients were extubated followed by NIPPV even
though the “standard criteria” of weaning (tidal
volume, 8-10ml/Kg; maximum inspiratory
pressure (MIP), 18cm H,O; vital capacity/tidal
volume (VC/Vt), 1.6, Frequency/tidal volume
(F/Vt) < 105) were not met in most of the patients.
Ten patients were successfully extubated. They
compared the results with another group of patients
with similar clinical condition but NIPPV was not
used. Early extubation followed by NIPPV reduced
the duration of IMV (7.1+2.9 vs 23.0£14.0
days), the total duration of ventilatory support
(13£7 vs 23+ 14 days) and the incidence of
ventilator-associated pneumonia (0/11 vs 6/11). Li
et al (15) reported that of the 23 ventilated patients
(17 with weaning difficulty and 5 with accidental
extubation) 16 (73%) were successfully managed
with NIPPV. Our clinical experience suggested that
patient selection was critical for early successful
extubation. Among patients with well controlled
respiratory infection, little airway secretion and
no malnutrition, the success rate of NIPPV assisted
weaning was around 70% even when their
condition did not meet the “standard criteria” of
weaning. Patients should be carefully monitored
during the weaning process. If there is any
deterioration, they should be re-intubated
immediately. In conclusion, NIPPV could be used
to assist weaning from IMV.

Stable severe COPD

The efficacy of NIPPV in the management of
stable severe COPD remains controversial (16,17).
As inspiratory muscle fatigue might contribute to
the development of respiratory failure, regular
intermittent NIPPV has been postulated to rest the
chronically fatigued respiratory muscles, and thus
improved dyspnoea. Other indications for the use
of NIPPV in stable COPD are nocturnal
hypoventilation in patients with severe COPD (8)
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and sleep apnoea complicating COPD. Nocturnal
hypoventilation and sleep fragmentation may
create detrimental consequences to respiratory
muscles, heart, threshold value of respiratory centre
for CO, and general health condition.

In 1984, Braun and Marino (18) first published
their clinical trial using negative ventilator (Wrap
type) in the management of 16 COPD patients.
The use of negative pressure ventilation 5 hours
per day for 5 months improved patients’ respiratory
muscles function, FVC and daytime PaCO,.
Thereafter, there have been many reports
describing the effects of noninvasive positive or
negative pressure ventilation in stable COPD
patients with conflicting results. The differences
in studied populations and methodology used made
it difficult to compare the results. Zhang and Zhong
(19) reported that daily use of NIPPV, delivered
with bi-level positive airway pressure (BiPAP) 2
to 3 hours daily for 3 weeks, to rest the respiratory
muscles improved dyspnoea in 67% of COPD
patients. Compared with the control group, those
who received BiPAP ventilation showed
improvement in dyspnoea, which were related to
improvement of respiratory muscles strength and
not to improvement in lung function (Table 3).
Meecham-Jone and colleagues (20) evaluated the
efficacy of long-term nasal positive pressure
ventilation (NIPPV) together with oxygen therapy
in COPD. They found significant improvement in
daytime arterial PaO, and PaCO,, total sleep time,
sleep efficiency, and overnight PaCO, following 3
months of oxygen plus NIPPV and also when

compared with those receiving oxygen therapy
alone. The quality of life of the patients also
improved significantly. Improvement in daytime
PaCO, was correlated with improvement in
overnight PaCO,. Clini and co-workers (21) also
reported that NIPPV plus oxygen therapy reduced
ICU admissions and improved exercise capacity
in severe COPD with hypercapnia, but did not
improve long term survival. Zhang and Zhong (22)
conducted sleep polysomnography in 25 severe
hospitalized COPD patients. These patients had
normal daytime arterial blood gases (Sat O,,
93.8 +3.88%; Pa0, 10.08 £2.3 kPa and PaCO,
6.43 + 3.81 kPa) but all showed oxygen
desaturation (Sat O,<90% and A Sat O, > 4%)
during sleep with 10 (40%) meeting the criterion
of obstructive sleep apnoea (over-lap syndrome).
Oxygen therapy alone partly improved desaturation
but worsened respiratory disturbance. NIPPV
together with oxygen therapy not only rectified
sleep apnoea, but also ameliorated oxygen
desaturation as well as daytime symptoms. On the
other hand, there were reports on the lack of effect
of NIPPV in stable COPD. Casanova et al (23)
compared the efficacy of NIPPV together with
long term oxygen therapy (LTOT) with LTOT
alone in 52 stable severe COPD in a one year
randomized study. The main outcomes measured
included rate of acute COPD exacerbations,
hospital admissions, intubations, mortality,
dyspnoea, gas exchange, pulmonary function and
cardiac function. It was shown that there was no
difference between the NIPPV and the control

Table 3. Improvement of Dyspnoea after Respiratory Muscle Rest Therapy with NIPPV
NIPPV (n = 15) Control (n = 15} P
FVC% 67.5 £ 19.1 62.3 + 14.8 NS
FEV.% 37.7+£17.0 39.9+ 179 NS
TDI 47 +29 0.3+06 < 0.01
12 Min walk distance 838 + 225 820 + 146 NS
Plmax{cmH,0) 100 + 17 82 + 16 < 0.01
Pdimax(cmH,0) 127 £ 35 97 + 24 < 0.005
Tlim{min}) 20+17 16 £ 0.6 NS

Note TDI! transition dyspnoea index
Plmax maximal inspiratory pressure

Pdimax maximal transdiaphragmatic pressure

Thm Diaphragm tolerance time
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group except that the Borg dyspnoearating dropped
from 6 to 5 (p < 0.039) in NIPPV group. In our
experience, mask leakage and sometimes together
with upper airway obstruction during sleep are
almost inevitable, and these will complicate the
evaluation of the efficacy of NIPPV in stable
COPD. In summary, the overall efficacy of NIPPV
in stable COPD is controversial. COPD patients
with hypercapnia, nocturnal hypoventilation or
oxygen desaturation might be a sub-group who
will benefit from the use of NIPPV.

Technical Problems
Contributing to Clinical
Efficacy

In general, most of the published studies found
that NIPPV improved PaO,, respiratory muscle
strength and symptom scores. However, it remains
controversial if NIPPV could lower PaCO, and be
well accepted by the patients. Some technical
considerations are raised in terms of CO,
elimination and compliance during NIPPV in the
following discussion.

CO, elimination in NIPPV

During spontancous breathing, the extent of
alveolar ventilation is the main determinant of
PaCO, level. Many factors, such as tidal volume,
minute ventilation, inspiratory effort (pressure) and
the impedance of respiratory system, are related
to the extent of CO, elimination. During mask
ventilation, the enlarged dead space in the mask
may lead to CO, rebreathing, interfering with CO,
elimination. In some ventilators (such as BiPAP
ventilator) with a single tube, there is rebreathing
inside the tube (24). This problem becomes more
prominent in hypercapnic COPD patients. It is
reported that the use of non-rebreathing valve or
volume cycle ventilator can prevent CO,
rebreathing inside the tubing and improve CO,
elimination in intubated COPD patients (24,25).
However, CO2 retention cannot be solved even
with the volume cycle ventilator or non-rebreathing
valve when a face mask is used. Recently, we
have been monitoring CO, concentration,
inspiratory and expiratory flow and tidal volume

in the conventional facial mask adapted to the
BiPAP ventilator. We found that during routine
BiPAP ventilation, over 80ml of expired air was
re-breathed (Figure 1). The CO, concentration in
the expired air in patients with hypercapnia was
7.19 £ 1.72% (26). We have modified the facial
mask with a two-way connection instead of one-
way and this allows a constant flow of air
generated from the BiPAP ventilator to wash out
CO, inside the mask (Figure 2). This two-way
connection reduced the re-breathing volume from
80 ml to almost zero (26). A randomized cross-
over study was conducted to evaluate the efficacy
of this two-way mask vs the conventional one-
way mask by comparing the CO, elimination in 8
hypercapnic COPD patients (27). After one hour
ventilation with the same setting, the improvement
in PaCO, (APaCO,, 11.85£8.1 mmHg) and pH
(ApH: 0.07 £ 0.04) were significantly better in the
two-way mask group than in the one-way mask
group (APaCO,, 5.78 + 10.58mmHg; ApH,
0.04 £0.04) (P < 0.05). This study indicated that
the high dead space of the conventional one-way
mask in NIPPV hinders the elimination of CO, in
hypercapnic patients. The use of the two-way facial
mask or one with smaller dead space (reducing
from 120 ml to 80 ml) is useful clinically in CO,
elimination.

Compliance

Unlike IMV, patients’ compliance is of great
importance in the successful management with
NIPPV. Patients’ compliance is determined by
many factors.

1. Mask. The size and shape of the mask
are the most important determinants of patients’
subjective comfort. The preference for nasal, facial
or other types of mask varies among individuals.
In clinical practice, nasal mask should be the first
choice. If the patient is unable to close his mouth
or feels uncomfortable with the nasal mask, facial
mask may be used. It is important to fit the patient
with a mask that would provide a secure seal. In
our clinical practice, we found that leakage
between the mask and the face is the most
important factor responsible for poor
synchronization between patient and ventilator,
leading to discomfort.
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A: With conventional mask, CO, concentration in the mask is > 6% at the beginning of inspiration. There
is obvious delay of CO, elimination while starting inspiration.
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Figure 1. CO,, flow and volume monitoring in conventional and modified two way masks in COPD
patients with hypercapnia

Figure 2. Pictures of two-way (left) one-way (right) mask
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2. Procedure of application. The
implementation technique will affect the
compliance of the patients. If the mask has already
been connected to the tubing with the ventilator
turned on, most patients will complain of
discomfort when this connected mask is fitted up
the face. This is because of leakage and poor
synchronization before the mask has been applied.
Acclimatization is important in ensuring tolerance
and efficacy. Most COPD patients need more than
12 emH,O (average of 14 cmH,0) of inspiratory
pressure to provide adequate ventilatory support.
However, starting with 8 em H,O or more of
inspiratory pressure will lead to discomfort and
intolerance in most of the patients. NIPPV should
be initiated with low levels of inspiratory pressure
and gradually increased to the target level. In our
recent study (26), the average inspiratory airway
pressure level (IPAP) was 14.6 + 2.4 cm H,O and
expiratory positive airway pressure (EPAP) level
3 cm H,O. The proper adjustment of pressure is
based on patient’s comfort, clinical assessment and
monitored tidal volume (=7 ml/kg).

3. Synchronization between patient and
ventilator. Proper triggering and synchronization
are important in NIPPV. It is reported that better
synchronization mode, such as pressure support,
improves patient’s compliance (6). However, in
patients with rapid breathing (RR > 35 breaths/
min), it is difficult to achieve good synchronization
because the response of most ventilators is not
fast enough. In this circumstance. to start with
manual ventilatory bag or manual initiation of
inspiration (some ventilator provides this function
button) for 5 to 15 minutes may provide with better
synchronization (25). It is easier to achieve proper
synchronization between the patient and the
ventilator when the patient’s breathing frequency
decreases to < 30 breaths/min.

4. Proper Care. Proper care and close
monitoring of the patient are essential for the
success of NIPPV implementation. Reported
efficacy of NIPPV is usually very good if a
research team conducts the study. In ICU setting
where patients are monitored closely, most of the
reported efficacy is also good. However, the
application of NIPPV in hospital wards or at home
was less effective (28). Regular checks for leakage.
synchronization, upper airway obstruction (during
sleep) and airway secretion clearance are essential

to ensure patient’s comfort and efficacy of NIPPV.
Close observation by respiratory therapists or
nurses during NIPPV is necessary.

5. Education of the patient. Proper education
improves co-operation and dispels mask phobia.
Patients should understand the potential benefit of
NIPPV and be taught how to disconnect the
ventilator tubing and mask in case of discomfort
in order to relieve anxiety. Training of patient’s
breathing manoeuvre (slowly and regularly) and
effective cough (deep inspiration before vigorous
cough) may help improve the clearance of sputum
and the efficacy of NIPPV.

6. Ventilator. There is no data to support
which type of ventilator or which mode of
ventilation create the best outcome in NIPPV,
although there are reports on better comfort and
compliance with the pressure support mode. Proper
settings of the ventilator are more important than
the choice of ventilator in improving patient’s
compliance and the efficacy of NIPPV.

Side Effects and
Limitations of NIPPV

Reported side effects of NIPPV are summarized
in Table 4 (6.25). Most of the side effects are mild
and preventable. Air leak, mask discomfort and
nose bridge lesion can be avoided or minimized
by trying on different masks of different models
and sizes to ensure the best fit. Dry throat can be
prevented by using humidifier or drinking water
regularly. Intolerance to ventilator is relatively
common. Acclimatization and  better
synchronization mode of ventilation (such as
pressure support etc.) improve tolerance. Some
patients have difficulty in keeping their mouths
closed while using a nasal mask. If the mouth
leak is large enough to interfere with ventilatory
support, facial mask should be used. Gastric
distension is relatively common in drowsy patients
with face mask ventilation. A nasogastric tube
should be inserted before initiating and during face
mask ventilation in this group of patients.
Fortunately, gastric distention rarely occurs in
patients who are awake. Upper airway obstruction
during sleep occurs almost only in drowsy patients
or patients complicated with sleep apnoea. This
can be easily prevented with lying on the side or
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Table 4. Commonly Reported Side Effects during NIPPV%#

Side Effects Percentage  Side Effects Percentage

(%) (%)
Aspiration (Face Mask) 5.6 Dry Nose 34
Gastric Distention 8 Eye Irritation 16
Mask Discomfort 18 Air Leak 18
Nose Lesion 5.6 Caustrophobia 34
Bad Tolerance to Ventilator 17 Upper Airway Obstruction (during sleep) 45
Dry Throat 63 Mouth Leak (Nasal Mask) 17

increase of EPAP level. Aspiration is a serious
complication and face mask ventilation should be
avoided In patients at risk of aspiration. Careful
observation is important in preventing side effects.

Summary

NIPPV has been applied in a wide variety of
clinical settings. Prospective, randomized,
controlled clinical trials have shown that it is
effective in the management of acute exacerbations
of COPD, especially in early stage of respiratory

failure and in facilitating weaning from IMV.
However, the role of NIPPV in patients with stable
COPD and its effect on long-term survival of these
patients are controversial. It should be emphasized
that many factors such as the dead space effect
of masks, implementation procedure, proper care
and monitoring and synchronization between
patient and ventilator contribute to the success of
its use. Further investigations are needed in many
aspects of NIPPV, such as patient selection,
outcome prediction, selection of a suitable
ventilator and mode of ventilation in different
settings.
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Pulmonary Rehabilitation

Teresita de Guia and Percival Punzal

Introduction

Chronic obstructive pulmonary disease (COPD)
is one of the most important chronic lung diseases
seen by physicians in the Asian region. There have
been estimates of the burden of chronic obstructive
pulmonary disease in the Asia-Pacific region in
12 countries for those aged > 30 year; and the
overall prevalence in these countries was estimated
to be 6.3% (1). The experiences of healthcare
professionals taking care of these patients show
the profound medical, social and economic impact
of the disease.

In the recent years, despite significant
improvement of pharmacologic therapy, the most
that can be achieved is temporary relief of
symptoms in the majority of patients suffering from
moderate to severe disease. This is perhaps the
most significant reason for the increasing interest
in establishing pulmonary rehabilitation
programmes that started in the late 1980s in this
region. Historically, application of rehabilitation
in patients with chronic lung diseases had been
applied primarily to COPD. This led to the first
definition of pulmonary rehabilitation by the
American College of Chest Physicians in 1974.
The definition is as follows:

Pulmonary rehabilitation is an art of
medical practice wherein an individually
tailored multidisciplinary programme is

formulated through accurate diagnosis,
therapy, emotional support and education,
stabilizes or reverses both the physio and
psycho-pathology of pulmonary diseases
and attempts to return the patient to the
highest possible functional capacity
allowed by his pulmonary handicap and
over all life situation (2).

This definition concentrates on the essentials
of a successful pulmonary rehabilitation
programme which are:

1. the patient,

2. multidisciplinary approach and

3. directed to physiopathology and
psychopathology.

The American Thoracic Society has adopted
the following definition: “pulmonary rehabilitation
as a multidisciplinary programme of care for
patients with chronic respiratory impairment that is
individually failured and designed to optimize
physical and social performance and autonomy (3) .

These programmes are established means of
enhancing medical treatment to alleviate symptoms
of these patients (4-9). Treatment targets are set
both by the patient and the members of the
rehabilitation team. The major objectives of the
programme are (10-12):

1. Control the symptoms
complications

and possible
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2. Restore the patients to their highest level of
independent function

3. Improve performance of activities of daily

living

Improve exercise tolerance

5. Reduce the number of exacerbations and
hospital confinements

6. Improve the overall “quality of life”

»

Programme Structure

The structure of pulmonary rehabilitation
programmes varies from country to country, and
in the same country, from centre to centre.
Programmes are done either on an in-patient or out-
patient basis for a period of 4 to 12 weeks. It is
the availability of resources, in most cases, that
dictates the type of programme adopted by the
medical institution. The pulmonary rehabilitation
programme of Kowloon Hospital (Hong Kong) is
one with the longest duration (12 weeks) among
out-patient programmes (12). Members of the
rehabilitation team, likewise, may vary. More
commonly it consists of a team of physicians,
respiratory and physical therapists, psychologists
and nurses. In the pulmonary rehabilitation section
of the Philippine Heart Centre, the approach is
multidisciplinary involving pulmonary physicians,
pulmonary fellows in training and other health care
professionals (psychiatrist, respiratory therapists,
nutritionist, physical therapists, social workers and
hospital chaplain) as members of the team (13,14).
Similar approaches have been utilized by
programmes in other countries. Generally, the
programmes are divided into four phases:

Phase 1 — pre-rehabilitation evaluation, edu-
cational sessions and planning of the
exercise programine.

Phase 2 — supervised exercise/educational
sessions and group support meetings.

Phase 3 — intensive exercise sessions, education
reinforcement and group support
meetings, post-rehabilitation evaluation.

Phase 4 — follow-up and continuing exercise.

At the completion of the programme, patients
are again assessed using identical protocols to
gauge the improvement achieved from the
programime.

The majority of patients referred to the
programme are predominantly elderly males who
suffer from moderate to severe obstructive lung
disease. Table 1 shows a review of patient
populations in some Asian rehabilitation centres.

Patient Selection

Patients are referred to the programme by their
primary attending physicians. The majority of those
included in the programme are afflicted with
COPD (emphysema and chronic bronchitis),
asthma, bronchiectasis and tuberculosis. Recently,
patients disabled by lung malignancy and
interstitial lung disease are also referred to the
programme. These are usually patients with
disability arising from severe respiratory
symptoms, frequent exacerbations, restricted
activities and impaired quality of life.
Pre-rehabilitation assessments are done in
most of the pulmonary rehabilitation centres in

Table 1. Baseline Data from Different Asian Rehabilitation Centres
Blanco™ Chan™? NaNa® Choe'®
Age (yrs) 65 67 67 57
Male/Female 23/4 143/32 13/2 12/2
FEV, 0.84 (L) 0.64 (L) 1.21 (L) 40.6 (%)
Baseline 6 min waik (meters) 285 233 379 392
Baseline maximat workload 3.7 {(Mets) 31.4 (Watts) - 57.7 (Watts)
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the region (15-17). These evaluations identify the
patients” degree of loss of physical & lung function
and impaired “quality of life”. Likewise, it can
identify  baseline  exercise tolerance.
pathophysiologic changes during exercise (such
as hypoxaemia and cardiac dysfunction). Most
centres utilize entry questionnaires which include
psychosocial assessment. questions on symptoms
as it affects specific activities e.g. “quality of life”
questionnaire (17), and the activities of daily living
(ADL) profile (14). Baseline tests included
spirometric measurements (pre and post
bronchodilator). oximetry or arterial blood gas
analysis. Exercise testing before the programme
is necessary to ensure the safety and efficacy of
the rehabilitation programme.

Exercise tests prior to rehabilitation

1. The six-minute walk test evaluates the exercise
capacity of the patient by allowing the patient
to walk on a pre-measured track for a period
of six minutes with continuous oximetry
studies. The distance is then recorded in
meters or feet.

2. The incremental symptom limited exercise test
on a treadmill or a cycle ergometer is done in
centres where the necessary equipment is
available. Oxygen saturation is monitored
continuously by  pulse oximetry.
Electrocardiogram is monitored before, during
and after the test. Blood pressure is taken at
periodic intervals. The workload is increased
each minute until the patient reaches a
symptom-limited maximum. The test is
terminated when one or more of the following
are present: oxygen saturation of less than
85%. ST-T wave depression or serious
arrhythmia noted on the ECG, or excessively
high blood pressure (16). At the end of testing,
the patient scores his symptoms of
breathlessness and fatigue using the modified
Borg’s scale (17).

While many investigators use the six-minute
walk test as a measurement of the patient’s baseline
exercise tolerance, others like Blanco and co-
workers (14) also used the treadmill for the
incremental exercise test. Choe (18) used the

bicycle ergometer to determine the VO, — and
anaerobic threshold of their patient population.
Measurement of VO, is usually not a part of
the programme in most centres.

Educational Programme

The goal of education in pulmonary rehabilitation
is to change the health beliefs of patients and their
family members so that the treatment will be more
readily accepted. Education is an attempt to change
patients’ perceptions of the disease and how the
condition may be most effectively treated (19).
Education is generally considered as a necessary
part of pulmonary rehabilitation. Most programmes
have an educational component for the patient and
the family. Invariably, topics included are as
follows: anatomy and lung pathophysiology. proper
use of medications and oxygen, energy saving
techniques. postural drainage and chest
physiotherapy. nutritional counselling, early
recognition of symptoms and appropriate
emergency care. Correct breathing and coughing
techniques are taught in most programmes (12—
14). Modified methods like air-shift technique.
manual chest wall stretching and glossopharyngeal
breathing. as done by Chou and co workers (20),
are used to achieve a more effective breathing
pattern and a faster relief of shortness of breath.
In some programmes, sexual counselling is done
in group discussions. When necessary, questions
are dealt with privately with the patient and his or
her partner.

Smoking cessation session/s form an integral
part of the programme. Despite the debilitating
effects of chronic lung diseases, some patients
continue to smoke. Although a number of centres
will accept these patients in their programme, some
programmes, such as the one offered by Kowloon
Hospital in Hong Kong, categorically state that
patients should have stopped smoking prior to
enrollment (12). In our programme, we accept
smokers to give the rehabilitation team the
opportunity to initiate smoking cessation. The
physician plays a very important role in efforts to
stop them from smoking through clinical
counselling individually or by group.

Group support meetings are conducted to
allow these patients to acquire skills on how to
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deal with lifestyle changes imposed by chronic
lung diseases. Fear, anxiety and depression
inevitably are present in the complex problems of
these patients. Great importance is placed on
adequate family support. Family members are
encouraged to join these sessions.

Exercise Training Programme

Most of the patients referred to the programme
have poor exercise tolerance. This becomes more
obvious when they do their daily activities.
Exercise programmes for both upper and lower
extremities are recommended because they
improve exercise capacity and lessen shortness of
breath (21,22). Stretching is recommended prior
to the actual performance of prescribed exercises.

Upper extremity exercise training

Upper body exercise ranges from arm exercises
(with or without hand weights) done in repetitions

—

Figure 1.

to cycle ergometer performed for 15 minutes
(Figure 1). The cycle ergometer is performed
initially without any resistive load. As the patient
gradually improves, load is added during follow-
up exercise sessions. Breathing exercise with
coordinated upper body movements (Qi-gong) has
been gaining popularity among Filipino patients.
Qi-kong is a form of traditional exercise that has
its origins in China.

Lower extremity exercise training

Lower limb exercise is a very important component
of any pulmonary rehabilitation programme in the
region. This form of exercise training programme
involves supervised walk on treadmill or cycle
ergcometer and home walking which the patient
performs at duration and levels that he can sustain
for several minutes (Figure 2). Training levels are
subsequently increased as the patient improves his
walking skill and breathing. The goal is to keep
the patient moving for 30 minutes continuously.
Modifications or combination of exercises are done

J

Upper body exercise ranges from arm exercises (with or without hand weights), done in

repetitions to cycle ergometer performed for 15 minutes.
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Figure 2. Supervised walk on treadmill

in some rehabilitation programmes. For example.
Nana et al (13) trained patients by combining
breathing exercises with stretching manoeuvers of
the shoulders, chest, legs, followed by walking.
Wang and colleagues (23), on the other hand, used
the bicycle ergometer, and each session lasted from
30 to 40 minutes. Training intensity was increased
gradually to 40%. 60% and 80% of maximum
work rate. Garcia (24) used the treadmill for
exercise and advocates a high intensity exercise
programme with targets as much as 80% of
baseline maximum work rate.

The mechanisms of improvement involve
physiologic training effects that include increased
skeletal muscle oxidative enzymes (25) and
reduction of exercise-induced lactic acidosis (26).
Psychological mechanisms such as increased
motivation, decrease in dyspnoea and a sense of well
being contribute to the improvement. Other forms
of exercises like dancing and Tai-chi have been
included in some programmes (Figures 1 and 2).

Occupational therapy

In Hong Kong. occupational therapy is part of
some programmes (12). This intervention is meant
to increase independence in self-care, work and
help patients adjust to their physical disabilities.
There are 3 levels of intervention: a) functional
skills development; b) self care and home
management skills training and ¢) environmental
adaptation.

Supplemental Oxygen during exercise

Some patients are hypoxemic at rest while others
desaturate during exercise. Patients with severe
hypoxemia (PaO, < 7.33 kPa or 55 mmHg) are
given cc:nlinuous_oxygen supplement. The oxygen
prescription during exercise is determined by the
physician during the exercise testing performed
prior to rehabilitation. The goal is to maintain an
oxygen saturation of greater than 90% at all times.
Nasal cannula is the most common mode of
oxygen delivery system. Machida et al
demonstrated that dyspnoea diminished and the
maximum workload tolerated on the treadmill
improved in a group of hypoxemic COPD patients
after receiving oxygen at 2 litres/min (27).

Research Studies and
Current Recommendations
in Pulmonary Rehabilitation

Recommendations and evidence grades for the
components of pulmonary rehabilitation for
patients with COPD have been reported by the
joint ACCP/AACVPR pulmonary rehabilitation
guideline panel (28) (Table 2).

Grade A — scientific evidence provided by
well-designed, well conducted controlled trials
(randomized and non-randomized) with
statistically significant results that consistently
support the guideline recommendation: B
scientific evidence provided by observational
studies or by controlled trials with less consistent
results to support the guideline recommendation:
C — expert opinion.

The recommendations and evidence grades
were taken from studies done in American and
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Table 2. Summary of the Joint ACCP/ACCVPR Pulmonary Rehabilitation Guidelines

Recommendations Grade
Lower extremity training improves exercise tolerance and is recommend as part of A
the rehabilitation program

Strength and endurance training improves arm function; arm exercise should be B
included in the rehabilitation program

Evidence does not support the routine use of ventilatory muscle training in the B
rehabilitation program; it may be considered in patients with decreased respiratory

muscle strength and breathlessness

Evidence does not support the benefits of short-term psychosocial interventions as 2
single modalities; long-term interventions may be beneficial; expert opinion supports

inclusion of educational and psychosocial intervention components in the rehabilitation
program

Pulmonary rehabilitation reduces shortness of breath A
Pulmonary rehabilitation improves health-related “quality of life” B
Pulmonary rehabilitation reduces the number of hospital confinements and days of B
hospitalization

Pulmonary rehabilitation may improve survival c

European centres where pulmonary rehabilitation
programmes are considered to be a standard
practice in the management of patients suffering
from COPD. It will be difficult to come up with
a similar review of literature in the Asian setting
at this time because there is a lack of well
conducted controlled trials (randomized or non
randomized). The results of the Asian experience
in pulmonary rehabilitation, however, paralleled
those reported in the Western literature. Chan and
colleagues (12) showed that there was no
significant change in the spirometric studies done
before and after rehabilitation. Mukty showed that
after training a group of patients with chronic lung
diseases, purse-lip breathing was able to improve
oxygen saturation better than relaxation alone (29).
Shortness of breath was significantly decreased
both at rest and during exercise (12-14, 30).
Several investigators showed an improvement of
exercise tolerance after a 4 to 12 week exercise
training programme. Table 3 shows the summary
of the results from different Asian rehabilitation
centres.

Guzman and coworkers (31) showed that these
short-term gains in a pulmonary rehabilitation
could be sustained several months after graduating

from the programme. In a series of patients who
were followed up for an average period of 14
months, subjects were able to maintain a high level
of exercise tolerance with fewer episodes of
exacerbations. Repeat pulmonary function tests
showed a slight improvement in FEV . The
differences between baseline and follow-up
spirometric measurements were not statistically
significant.

Hospital confinement is inevitable in many
patients with chronic lung diseases. Investigators
have reported significant reductions in the number
of hospitalizations and resulting cost savings after
pulmonary rehabilitation compared with the year
before rehabilitation. Lertzman and Cherniack (32)
reported an average decrease of 20 hospital days
per year while Chan and coworkers (12) reported
a 37% reduction in hospital days for those who
finished their programme. Chou and colleagues
(20) similarly reported decreased hospitalization
up to 40%. Guzman et al demonstrated a
significant reduction from a mean of 6.6 hospital
days to 1 hospital day per patient per year
(31).

The concept of Quality of Life is based on
the WHO definition of health as a “state of
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Table 3. Pre and Post-Rehabilitation Exercise Test Results

Blanco™ Chan®

Nana™ Choe™ Wang?

Pre/Post Rehab Pre/Post Rehab Pre/Post Rehab Pre/Post Rehab Pre/Post Rehab

6 min walk test 284/378 233/285

{metres)

Maximal workload 3.7/4.7 31.4/38.5
{Mets) (Watts)

379/464 392/459 -
- 57.7/64.8 73/91
(Watts) {Watts)

complete physical, mental and social well-being
and not merely the absence of disease”.
Instruments of QOL determination include SIP
(Sickness Impact Profile), QWB (Quality of Well-
being Scale). Measures that are specific for
respiratory patients are the Chronic Respiratory
Questionnaire (CRQ) and the St. George’s
Respiratory Questionnaire (SGRQ). Chan and co
workers (12) used the CRQ and showed moderate
improvement in shortness of breath. The same
study showed mild improvement in fatigue and
emotions in their patients.

Can pulmonary rehabilitation improve the
survival of these patients? Results of survival
analysis by Ries and colleagues (33) indicated that
there was a trend of improvement in survival
between groups that received rehabilitation (67%)
and those that received education only (56%) (33).
Guzman and coworkers (31) reported a higher
survival rate among patients who finished the
programme than those who did not during the 14
months follow period (Figure 3) but the difference
was not statistically significant as in the study by
Ries et al (33).
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Home Care of Patients
with Chronic Lung
Diseases

Comprehensive respiratory care usually takes place
in a hospital setting. This is not surprising since
therapeutic modalities such as oxygen, mechanical
ventilation, nebulization and intravenous therapy
are standard procedures that require the expertise
of physicians and health care workers in acute
health care setting. More recently, home care or
domiciliary respiratory care has greatly expanded
in developed countries (34). Home care permits
medical services to be given in the patient’s own
home. Among possible individuals who can benefit
from this programme are:

1. patients discharged home with respiratory
equipment such as oxygen, tracheostomy tubes
and ventilators;

2. end-stage patients who wish to remain at
home;

3. patients who develop acute exacerbations but
could be managed at home and

4. patients who require follow-up after a formal
pulmonary rehabilitation programme (35).

The home-care team includes the patient, the
family, the physician, the pulmonary rehabilitation
staff, the hospital discharge planner, the home
health agency and the home medical equipment
supplier. In Japan, patients with chronic lung
diseases comprised the largest group of patients
that can benefit from using home care equipment
(36). There were 3 types of oxygen delivery
systems available for continuous home oxygen
treatment: high pressure cylinders, oxygen
concentrators and liquid oxygen. The number of
patients prescribed with Home Oxygen Therapy
(HOT) from 1986 to 1991 was 23,046. About
44.2% receiving this treatment suffered from
chronic obstructive pulmonary disease. The
majority of patients were between 60 to 70 years
old with more males than females. Initially, more
than 80% of patients were using the membrane
type oxygenator and large oxygen cylinders for
oxygen sources. In 1991, the molecular sieve type
oxygen concentrator became more popular. In
Korea, compressed gas cylinder was the main
source of home oxygen therapy (37). Oxygen

concentrators were not readily available outside
Seoul Metropolitan area. Home ventilator was
almost nonexistent due to high cost. Only thirteen
patients were noted to be chronic users of
mechanical ventilators at home (37). Majority of
these patients were afflicted with COPD. In the
Philippines, although home respiratory care and
mechanical ventilation are being used by patients
with chronic lung diseases, the number is very
limited. As part of their programme, Chan and
coworkers (12) from Hong Kong used home
respiratory care as a follow up programme for
those patients who graduated from their centre.
Home exercises involving breathing, upper and
lower body movements were periodically
supervised by the rehabilitation staff. This practice,
however, has not gained widespread utilization in
the Asian region. Home mechanical ventilation has
also been used in selected patients with chronic
respiratory failure (38).

The Future of Pulmonary
Rehabilitation in Asia

Pulmonary rehabilitation in the Asia Pacific region
is in its infancy compared to similar programmes
in more developed countries. In countries where
such programmes exist, the number of patients
getting benefits from them and the number of
health care practitioners trained in this field is
small compared to their counterparts in Western
countries. There is, however, a growing interest
among physicians and respiratory care practitioners
to work towards the establishment of their own
programmes. Pulmonary rehabilitation is no longer
limited to chronic obstructive lung disease and
asthma. Patients who are candidates for lung
volume reduction surgery (LVRS) and those with
lung problems secondary to thoracic rib cage
abnormalities, neuromuscular diseases, and
diaphragmatic paralysis can benefit from the
programme. The techniques and approaches may
vary for different countries, but the goals of the
programmes are always the same — to return these
patients to the highest possible functional capacity
allowed by his and her pulmonary handicap and
over-all life situation.
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Lung Volume Reduction Surgery

Wataru Hida , Yoshimochi Kurokawa and Hajime Kurosawa

introduction

Chronic obstructive pulmonary disease (COPD)
is one of the most prevalent diseases in
industrialized nations and COPD from advanced
pulmonary emphysema is a major cause of
morbidity and mortality. Up to this time, the final
option for selected patients with disabling
respiratory failure due to COPD has been lung
transplantation. However, recently, lung volume
reduction surgery (LVRS) has become a new
therapeutic option for patients who are either too
old for lung transplantation or as a bridging
procedure with the intention of deferring
transplantation for younger persons. The concept
of this surgical procedure was first conceived by
Brantigan and Mueller (1) almost 40 years ago.
They reported significant clinical improvement in
75% of patients who had this procedure and this
improvement persisted in some patients for more
than 5 years. Because of the high early mortality
rate of 16%, and few objective data to substantiate
the claims of subjective improvement, their
procedure never gained widespread acceptance
until revisited by Wakabayashi et al in 1991 (2),
who utilized laser treatment of diffuse small bulla
by a unilateral or bilateral thoracoscopic technique
and demonstrated a modest improvement in
pulmonary function. Thereafter, in 1995 Cooper
et al returned to Brantigan’s original notion of
surgical resection of severely diseased but

nonbullous areas of lung and modified the
technique by employing median sternotomy
incisions that permitted bilateral resections using
a staple (3). The results showed variable clinical
relief of dyspnoea and improvement in lung
function. In Japan, the first few patients with severe
emphysema were treated by CO, laser therapy in
1991 (4). Thereafter, many surgical centres
worldwide started LVRS programs. At present,
there have been more than 550 reported cases of
LVRS for emphysema. The purpose of this chapter
is to review LVRS for pulmonary emphysema,
including our own experience.

LVRS — the Asian
Perspective

The use of LVRS has been increasing all over the
world. Table 1 shows the reported cases of LVRS
in several Asian and other countries based on
published papers (5-11), a symposium on
pulmonary emphysema in Fukuoka 2000, and
personal information (see footnote in Table 1). In
North America, where the idea of LVRS was first
conceived, over 10,000 LVRS have already been
performed in about 50 thoracic surgical centres;
and in Europe, about 1,000 cases have been
performed in 42 institutions. VRS is also employed
in Asia. Many Japanese university hospitals have
intensively performed this surgical procedure after



Table 1. Reported Cases with LVRS in Asia and Other Countries (up to the end of 1999)

Cases with Institutions Operative Increase in FEV1 Early
LVRS performing technique {3-12 months mortality
LVRS used after operation)
North America > 10,000 About 50 VATS, median sternotomy 13-96% 0-6%
Europe 1,120 42 VATS, median sternotomy 25-75% 4.8%
Canada 24 2 median sternotomy 54% 8%
Australia 75 2 VATS, median sternotomy 50-55% 5.3%
Japan 601 69 VATS, median sternotomy 20-70% 3.7%
Tohoku University 94 VATS 66% 1.4%
Fukuoka University 83 VATS, median sternotomy 60% 3.7%
Okayama University 76 VATS, median sternotomy 43% 0%
Yamaguchi University 52 VATS, median sternotomy 35% 1.9%
Nara Medical College 45 VATS 33% 2.2%
Tokai University 42 VATS 47% 0%
Other institutions in Japan 235 VATS, median sternotomy 7.6%
China About 300 About 20 VATS, median sternotomy
Shanghai First Pulmonary
Disease Hospital 32 Thoracotomy, median sternotomy 44% 0%
Chinese Univ. of Hong Kong 17 VATS, median sternotomy 63% 0%
Beijing Chao Yang Hospital 15 VATS 147% 6.6%
Taiwan 93 1 VATS 26% 0%
Singapore 8 1 median sternotomy 50% 12.0%
Korea
Yonsei University College of Medicine 1 VATS

This table was based on the published papers (5-11), a symposium on pulmonary emphysema in Fukuoka 2000 (reports from Genign J of Shanghai First
Pulmonary Disease Hospital in China and Lee Y of Yonsei University College of Medicine in Korea), a questionnaire study in Japan by Shirakusa T and
Iwasaki A (Fukuoka Univ.), and personal information from Tan WC (National Univ. of Singapore), Yim APC (Chinese Univ. of Hong Kong), Liu Y (Beijing
Chao Yang Hospital in China), Date H (Okayama Univ.), Esato K {Yamaguchi Univ.), Nezu K (Nara Medical Coll), lwasaki M (Tokai Univ.}, Chihara K (Shizuoka
City Hosp.), Habuta M (Shinshu Univ.), Morikawa T (Hokkaido Univ.).
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Wakabayashi’s report (2), and 69 institutions have
performed LVRS on 582 patients using VATS or
median sternotomy by the end of 1999. In China,
over 300 patients with severe emphysema have
been operated on while in Taiwan, one institution
has experience of LVRS in over 90 patients with
bullous emphysema (11). LVRS is also performed
in Singapore and Korea.

The improvement in FEV | after the operation
ranged widely from 20 to 147% in Asia, similar
to those reported in North America, Europe and
Australia. This improvement depended on the
surgical procedure and whether it was bilateral or
unilateral. The bilateral approach has been found
to be more effective than the unilateral with
improvement of over 50% and 20-30% in FEV,
respectively.

Early mortality defined as the operative 30-day
in-hospital mortality ranged from O to 12 % in Asia.
This also corresponded to the mortality reported in
the literatures outside Asia. The variability in
mortality may be due to differences in patient
selection, surgical procedures, pre-or post-operative
management or overall experience after LVRS. The
complications according to the results of a
questionnaire study in a Japanese group were as
follows: prolonged airleak (19.8%), reoperation
(7.4%), mechanical ventilation (4.3%), pneumonia
(3.9%), interstitial pneumonia (3.3%), cardiac failure
(1.6%), postoprerative dissociation of sternal bone
(1.6%), and gastrointestinal bleeding (1.0%).

Assessment and Selection
of Patients

A standard preoperative assessment for patients
with emphysema has not been established.
However, both physiological examination and
imaging studies have been recommended by the
Respiratory Failure Research Committee of
Japanese Ministry of Health and Welfare (Table 2)
(12), which is basically similar to the
recommendation of the ATS (13). The following
physiological measurements are recommended:
1. spirometry and lung volume determination
performed by both gas dilution methods and
body plethysmography;
2. lung mechanics such as lung pressure volume
curve and airway resistance;

3. arterial blood gas and diffusing capacity; and
4. exercise testing.

Lung volume measurement is important for
determining the degree of hyperinflation and the
non-functional air volume (the volume that does
not contribute to gas exchange).

Body plethysmography measures the thoracic
lung volume including the non-ventilated lung
region while the gas dilution method measures
the gas volume distributed to the well-ventilated
lung area. The difference between the lung
volumes measured by the two methods is the non-
functional lung volume. Exercise performance is
determined by symptom-limited maximal exercise
test on a treadmill or bicycle ergometer and the
dyspnoea sensation during exercise is estimated
by the Borg scale.

The following imaging studies are also
recommended. High-resolution computed
tomography (CT) of the chest is necessary to
determine the location of emphysema represented
by areas of low attenuation. Ventilatory and
perfusion scanning of the lung is recommended to
determine the nonfunctional area. In certain
candidates for LVRS in whom the chest CT reveals
a homogeneous distribution of emphysematous
destruction in all lobes, perfusion scintigraphy can
help to select areas with relative hypoventilation
or hypoperfusion for resection (15). Finally,
echocardiogram or right heart catheterization is
also useful to assess the right heart function.

The following criteria for surgery have been
advocated based on our own experience and
previous publications:

1. severe airflow obstruction with FEV  below
1 litre or below 40% of the predicted value;

2. hyperinflated lungs by chest roentgenogram
and body plethysmography (very high residual
volume (RV));

3. nonfunctional regional areas in the lungs
estimated by CT and ventilatory and perfusion
scanning;

4. severe dyspnoea (at least over grade Iil of
Fletcher criteria in our department (16)) even
after maximal drug treatment;

5. absence of high risk complications such as
acute myocardial infarction, severe angina
pectoris, acute infection, and who show a
stable clinical course; and
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Table 2. Indications for Lung Volume Reduction Surgery

Indications

1)

2)
3)

4)
5)

6)
7)

Confirmed diagnosis of pulmonary emphysema; clear evidence of hyperinflation, either from
imaging studies {roentgenography or computed tomography of the lungs) or from pulmonary-
function studies

Marked dyspnoea (Fletcher grade IV or greater) despite maximal medical therapy

Marked obstruction of airways
FEV, less than 40% of the predicted value after administration of a bronchodilator. Body-
plethysmographic residual volume no less than 250% of the predicted value.

Clinical status stable for at least 1 month.
Uneven distribution of emphysematous areas. Some areas must be resectable.

Absolute abstinence from tobacco consumption.
Age less than 75 years.

Contraindications

1
2)
3)
4)

Patients who do not meet the criteria stated above
Patients with copious secretions from the airways or whose airways are severely diseased
Patients with abnormalities of the diaphragm or the chest wall

Patients in whom the risks associated with surgery are high because of at least one comorbid
condition (examples: myocardial infarction; severe angina; severe infection within the previous
3 months)

Patients with liver dysfunction or clotting abnormalities
Steroid-dependent patients

Ventilator-dependent patients

Patients with a mean pulmonary-artery pressure greater than 4.7 kPa
Patients with a PaCO, greater than 8.0 kPa

Measurements Required

1) Electrocardiography

2) Echocardiography

3) Complete pulmonary-function studies: spirometry, flow-volume loop, lung volumes (by both
body-plethysmographic and gas-dilution methods, if possible), diffusing capacity of the lung,
single-breath nitrogen test, pressure-volume curve of the lung, airway resistance, and arterial
blood analysis

4) Computed tomography of the lungs

5) Lung scintigraphy (ventilation and perfusion)

Optional

1) Exercise testing
Six-minute walk or ten-minute walk (variables to be measured: distance walked, arterial oxygen
saturation (SpO,)).
Treadmill, cycle ergometer {variables to be measured: minute ventilation, tidal volume, respiratory
rate, anaerobic threshold, oxygen consumption, carbon dioxide production, maximal oxygen
consumption, heart rate, Sp0O,, dyspnoea, etc.

2} Right-heart catheterization

Post-operative evaluation

The tests and measurements described above may be done as deemed appropriate, 3 months, 6
months, and 1 year after surgery and every year thereafter.
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6. highly motivated patients who are compliant
with smoke cessation and pulmonary
rehabilitation.

Advanced age (> 80 years), severe cachexia
and severe pulmonary hypertension (mean
pulmonary artery (PA) pressure > 35 mmHg) have
been considered contraindications for LVRS.
Severe hypercapnia and/or ventilator dependence
are common exclusion criteria. However, we
believe the issue remains open since we found

QExertional dyspnoea )
1

improvement in pulmonary function and dyspnoea
sensation after LVRS even in hypercapnic patients
with severe emphysema (17). Recently Criner et
al (18) reported ventilator-dependent COPD
patients who had successful weaning after LVRS.
Figure 1 summarizes the process for determining
the suitability of LVRS. The important points are
whether the patients have already received
maximal medical treatments and whether they have
hyperinflated emphysema with a clear target area
for resection.

Dyspnoea due to puimonary emphysema?

{from clinical, physiological and laboratory findings)

1

Q/Iaximal medical treatment

(smoking cessation, medication, comprehensive rehabilitation) )

Classification of dyspnoea, grade IlI?

[

‘ T

Assessment of pre-operation
{pulmonary function tests, exercise loading,

cardiovascular function tests)

N

chest x ray, chest CT, ventilation/perfusion scan.

Assessment of indication criteria
Hyperinflation?
Target area for resection?
Exclusion criteria?

( Presentation to surgeons )

Assessment by surgeons, anestheosiologists
and other staffs

( Determination of LVRS )

Informed consent

A
More A
medical
treatment
No
indication
No
informed
consent
< 6byrs
Y

(Lung transplantation )

Y

LVRS

Figure 1.
surgery (LVRS).

A summary of the process for the determination of the indication for lung volume reduction
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Post-operative evaluation is important for
follow-up assessment and management. Pulmonary
function tests described previously (Table 2) should
be done at 3 months, 6 months, and 1 year after
surgery, and every year thereafter.

Pulmonary Rehabilitation

Although there are some controversies about
pulmonary rehabilitation for the management of
patients with COPD, most surgical centres which
perform LVRS adopt pre- and post-operative
comprehensive pulmonary rehabilitation. Even if
pulmonary rehabilitation is not routinely performed
preoperatively, rehabilitation after the operation is
commonly performed. If patients are referred from
remote areas where there is no available
preoperative rehabilitation program, a home-based
exercise training program before LVRS is useful
to maximize exercise tolerance and quality of life
(19). The centres in Asia described in Table 1 also
adopted pre- and post-operative pulmonary
rehabilitation extensively.

The rehabilitation program includes education
on proper breathing techniques, anxiety control,
muscle stretching and strengthening exercises, and
climbing stairs and using a treadmill. As most
patients with severe emphysema have a low body
mass index which affects respiratory muscle
function and poor prognostic factor in COPD,
treatment with preoperative nutritional supplement
is an integral part of a pulmonary rehabilitation
program. Criner et al (20) conducted a prospective,
randomized, controlled trial after 8 weeks of
pulmonary rehabilitation to examine the effects of
3 months of additional pulmonary rehabilitation
or LVRS on the pulmonary functions and quality
of life (QOL). Based on their data, bilateral LVRS
improved the static lung function, gas exchange,
QOL, and breathing pattern during maximal
exercise compared with pulmonary rehabilitation
alone. Although the effects of pulmonary
rehabilitation are not dramatic, pulmonary
rehabilitation before and after LVRS is important
in contributing to reduction in mortality after
surgery, decrease in hospitalization days and
improvement of the prognosis.

Surgical Procedures

There are mainly two surgical approaches for lung
volume reduction by staples: video-assisted
thoracoscopic surgery (VATS) (2,21,22) and
sternotomy (3). An approach by posterolateral
thoracotomy 1is rarely used. The thoracoscopic
approach offers better visualization for posterior
and inferior lung regions than that afforded by
median sternotomy, and is less invasive. Several
other interventions such as laser therapy, endoloop
ligation and fold plication have also been
developed. The latter three procedures are
commonly performed by VATS.

Stapled LVRS via VATS

Thoracoscopic procedures are performed using a
thoracoscope under general and thoracic epidural
anesthesia. Surgery is performed with a double-
lumen endotracheal tube. The patient is placed in
the full lateral decubitus position and a trocar is
inserted at the intercostal space. The thoracoscope
through the trocar affords maximal visualization
of the chest. Additional incisions are generally
made under thoracoscopic visualization to enable
the insertion of instruments for lung manipulation
and stapling. Target areas are identified, lifted with
a sponge, and excised using an endoscopic stapling
device. Bovine pericardium is usually used to
buttress the staple line. The resection removes
approximately 20-30% of the volume of each lung.
Resected specimens range from 80 to 120 g in
weight. Postoperative pain management includes
intercostal nerve blocks over the ribs encompassing
the trocar sites and oral analgesics. Two or three
28 French chest tubes are inserted and connected
to a water-sealed chest drainage system. Suction
is not used as long as the patient is in a clinically
stable condition. Chest tubes remain in place until
all air leaks have subsided.

In bilateral resection, the patient is turned 180°
degree after surgery on one side and the opposite
side is prepared for contralateral lung volume
reduction during the same anesthesia.
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Stapled LVRS via sternotomy

A standard median sternotomy is made and the
side that shows the worse preoperative lung
function, according to quantitative perfusion and
ventilation scans, is done first. The pleura is opened
and one-lung ventilation is initiated. Under these
conditions, the relatively more healthy portions of
the lung undergo absorption atelectasis after a few
minutes, whereas the most emphysematous
portions often remain fully inflated because of poor
or absent pulmonary blood flow. Excision is
directed to those portions of the lung that remain
distended, which in most patients involves
predominantly the upper lobes. In some patients
there may be a mixture of bullous and nonbullous
areas, whereas the majority of patients have diffuse
changes with no apparent bulla. Successive
applications of the linear stapling device are used
to excise a significant portion of the upper lobe.
In some patients, the emphysematous process is
uniformly severe and portions of all lobes are
excised. After excision of one or two areas, the
lung is reinflated to assess the adequacy of the
volume reduction. If appropriate, the lung is again
deflated and additional resection is done. To avoid
small air leaks through the staple holes, bovine
pericardial strips to buttress the staple line are
used. After the final excision, the lung is reinflated
and inspected under water for air leaks. Every
attempt is made to eliminate air leaks.

On completion of the first side, the lung is
fully reinflated. The opposite lung is then deflated
and the procedure is done in an identical manner.
Two chest tubes are placed on either side and the
pleura are closed bilaterally before closure of the
sternotomy. Early extubation and avoidance of
chest tube suction is important to reduce air leak
complications.

Laser therapy

The laser is applied to the lung surface via either
an open or thoracoscopic approach and bulla are
seen to contract or shrink. No functional lung tissue
is removed or damaged by the laser. The original
idea was reported by Wakabayashi et al who
performed unilateral procedures utilizing the
contact tip of an Nd:YAG laser (2). The entire

pleural surface of the lung, including the fissures,
is treated with the laser until maximal shrinkage
is obtained. A CO, laser and argon beam coagulator
have also been used.

Endoloop ligation of bulla

This procedure is carried out under general
anesthesia thoracoscopically and without the
endoscopic stapler for the management of bullous
emphysema (23,24). The superficial bulla is
collapsed by stabbing it with the tip of the
electrocautery. The shrunken bulla is twisted to its
base until the normal lung parenchyma is reached
at which point the endoloop is applied and the
preformed loop is tightened using a knot advancer.
After ligation of all bullae, the lung is manually
inflated, and if no bullae protude and the
consistency of the underlying lung parenchyma
appears normal, the ligation is considered adequate.
Finally, talcum powder is routinely insufflated to
enhance the postoperative pleurodesis (23,24).
Whether this technique is applicable to diffuse
emphysema has not been proven.

Fold plication

This procedure is performed thoracoscopically
during unilateral pulmonary ventilation with the
patient in the lateral position (25,26). A scalpel-
less automatic suture device is used for fold
plication, which is performed by first exerting
traction on the apex of the target lung. The two
staplers are positioned on the right and left so that
there is no gap between the tips of the instruments
and the staplers are then fired. The peripheral side
1s folded so that the staple line becomes the apex
of the fold. After folding again, a stapler is fired
at the more central target zone.

Which surgical procedure is better?

VATS is the more frequently performed technique
world wide and in Asia. Based on a study by
questionnaires by Shirakusa and Iwasaki in Japan
unilateral LVRS using VATS was performed in
44.2%, bilateral LVRS using VATS 23.7% and
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median sternotomy in about half of the LVRS
procedures (29.4%). Cases in which only the
thoracotomy approach was used were a minority
(2.7%). In our centre, all surgical procedures were
VATS.

Kotloff et al (27) compared the effects of
bilateral LVRS by VATS with those by median
sternotomy. The VATS and median sternotomy
approaches lead to similar improvement in
pulmonary function and exercise tolerance
although VATS was associated with a significantly
lower incidence of respiratory failure and a
tendency toward decreased in-hospital mortality.

The hospital costs of LVRS are related directly
to the duration of the stay in the intensive care
unit, the length of the hospital stay, operative
procedures and respiratory therapy. Hospital costs
per case ranged from about $12,000 to $120,000
in North America (28). The hospital costs for the
VATS procedure are less than those for sternotomy
(about $27,000 and $37,300, respectively) (29).
In Japan, total hospital costs for LVRS are
approximately US$11,000, about one third of those
in North America.

Which is more effective, the stapling
or laser procedure?

McKenna et al (21) designed a randomized,
prospective trial to compare the efficacy of staple
lung reduction and laser procedure performed
unilaterally by thoracoscopy. Delayed
pneumothorax after discharge occurred more often
with the laser procedure than with the staple
procedure. The mean postoperative improvement
in FEV, was significantly greater for patients
undergoing the staple than those undergoing the
laser procedure. Thus, a lower morbidity and a
greater overall improvement in the clinical status
were demonstrated with staple lung reduction than
with the laser procedure. At present there are very
few hospitals which employ the laser procedure,
the efficacy of which is questionable.

Recently, Akahane et al (30) reported a very
interesting study on the effects of laser ablation
on elastase-induced emphysematous lung in
animals. They irradiated the rats’ lung eight weeks
after elastase treatment using a contact Nd:YAG
laser. They found that at 4 weeks after laser

irradiation the lung volume-associated increase in
elastic recoil diminished, and there were marked
fibrous scars beneath the pleura, and that the
volume reduction only 10% of TLC. These
findings may explain why laser pneumoplasty is
less useful than the stapler method in LVRS.

McKenna et al (31) studied the benefits of
unilateral or bilateral staple LVRS using VATS.
They found that bilateral staple LVRS produced
greater overall improvement than the unilateral
procedure, and the improvement appeared to be
comparable to that of median sternotomy.

There have been no studies which reported
comparisons between the stapled method with
VATS or sternotomy and endoloop ligation or fold
plication. However, the latter two procedures seem
to be simple, cost-effective and minimally invasive.

Outcome
Effects on ventilatory functions

As shown in Table 1, most institutions all over the
world reported significant improvement in
spirometry. The improvement of ventilatory
function in 42 patients with LVRS performed from
1993 to 1997 in our centre are shown in Table 3
(32). The FEV | increased significantly at 3 months
after LVRS, and the increase in the mean FEV]
was from 0.79 litres before LVRS to 1.14 litres
after LVRS. This improvement is comparable with
the results from other countries (Table 1) or those
by Young et al (5) who systematically reviewed
the results of FEV, in 925 patients. The
interquartile range of FEV, in these patients was
0.64~0.73 litres before LVRS and rose to
0.91~1.07 litres 3~6 months after LVRS with a
pre/post difference of 0.23~0.36 litre. More
interestingly, we found that the reduction in lung
volume had a significant correlation with the
improvement in FEV, after surgery (Figure 2).
McKenna et al (31) also found a significant
correlation between the mass of lung tissue
resected and the postoperative change in FEV .
Elastic recoil of the lung and lung compliance
could also be altered after surgery. We observed
that the maximal elastic recoil at TLC (Pesmax)
increased, and the static lung compliance (Cst,
slope of the pressure-volume curve at FRC)
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Table 3. Pulmonary Function before and 3 Months after LVRS (n = 42)

Before LVRS After LVRS p value
SVC (L) 2.44 + 0.76 2.63 = 0.59 NS
FEV1 (L) 0.79 £ 0.35 1.14 + 0.46 < 0.0001
Pa0, (kPa) 9.3+ 1.4 10.0 + 0.19 < 0.001
PaCO2 (kPa) 6.1+ 15 55+ 0.68 < 0.01
pH 7.40 + 0.03 7.40 + 0.03 NS
AaDO2 (kPa) 3.21 + 1.27 3.23 £ 1.08 NS
TLC (L) 7.89+£1.18 693+ 1.11 < 0.0001
FRC (L) 6.05 £ 1.15 5.056 + 1.04 < 0.0001
RV (L) 5.28 + 1.17 4,22 + 1.03 < 0.0001
TLCHe (L) 6.20 + 1.22 6.01 £ 1.08 NS
FRCHe (L) 458 £ 1.08 433 + 0.76 NS
DLco {ml/min/kPa) 1.24 £ 0.52 1.24 £ 0.47 NS
Cst (L/emH,0) 0.46 £ 0.25 0.33+£0.19 <0.01
Pes max (cmH,0) 11.2+ 49 14.9 + 6.31 <0.01
Raw (cmH,O/L/sec) 49+ 19 44+ 19 NS

MeanstSD. n = 42 SVC, slow wital capacity; FEV,, forced expiratory volume in one second; TLC, FRC and
RV, total lung capacity, functional residual capacity and residual volume measured by body plethysmography,
respectively; TLCHe and FRCHe, total lung capacity and functional residual capacity measured by He gas
dilution method, respectively; PaO, and PaCO,, arterial oxygen and bicarbonate tension, respectively;
AaDQ,, alveolar-to- arterial oxygen tension, Cst, static compliance evaluated between FRC and FRC + 0.5
L in the P-V curve, Pes max, maximal esophageal pressure; Raw, airway resistance (32).

- r=-0.52
200 p<0.001

%change in FEV1 (%)

i 4 T T 4 -
Figure 2. The relationship between volume change (AFRC) and increase of FEV, before and after LVRS.
AFRC had a negative relation to % change in FEV,. Here, AFRC = FRC (3 months after LVRS} — FRC (before

LVRS). The % change in FEV, = 100 x (FEV, (3 months after LVRS) — FEV, (before LVRS))/FEV, (before LVRS).
A greater reduction of FRC shows a greater improvement of airway obstruction.



112 Wataru Hida, Yoshimochi Kurokawa and Hajime Kurosawa

decreased after LVRS (Table 3). However, other
investigators showed an increase in the elastic
recoil at TLC after surgery, but did not show a
significant change in Cst at FRC (33,34,35).
Increased elastic recoil would increase the traction
tissue force surrounding the airway wall and would
decrease the collapsibility of the airway, resulting
in increased expiratory flow. Furthermore, volume
reduction would induce an expansion of the
remaining lung, which may have been oppressed
by the nonfunctional lung. The improvement in
maximal expiratory airflow can be attributed to
the increased lung elastic recoil, which can induce
a decrease in airway resistance (34,35).

Effects on arterial blood gas

The effects of LVRS on arterial blood gas are not
consistent. Most studies reported an improvement
of PaO,, but no significant change in PaCO, after
surgery, which may imply that LVRS improves
oxygenation without improving alveolar
ventilation, suggesting that ventilation-perfusion
(V,/Q) heterogeneity is reduced. Some
investigators showed not only an improvement of
Pa0, but also a decrease in PaCO,, suggesting
there is an increase in alveolar ventilation in
addition to the improvement of \ZX/Q heterogeneity.
In our study, increases in PaO2 (from 9.3 to 10.0
kPa) and decreases in PaCO, (from 6.1 to 5.5
kPa) were found. However, alveolar-to-arterial
oxygen tension (AaDO,) did not change
significantly (Table 3) implying that alveolar
ventilation was primarily increased after LVRS.
Albert et al (36) reported that LVRS arterial blood
gases improved in some patients and worsened in
others and that the effects of LVRS on PaO,
resulted from alterations in V,/Q heterogeneity.

Effects on diffusing capacity

The effects of LVRS on diffusing capacity are
also variable, with some showing an increase (37)
while others showed no change (33,38). The
mechanisms are not clear. We did not find a
significant change in the diffusing capacity in our
patients (Table 3).

Effects on lung volume

The mean values of the total lung capacity (TLC),
functional residual capacity (FRC) and residual
volume (RV) measured by plethysmography
decreased significantly from 7.89, 6.05, 5.28 litre
to 6.93 (12% reduction), 5.05 (17% reduction),
4.22 (20% reduction) litre, respectively, after
surgery (Table 3). The bilateral approach tended
to produce a greater magnitude of short-term
functional improvement compared to the unilateral
procedure (39). However, based on the studies that
directly compared unilateral to bilateral procedures,
the magnitude of improvement following unilateral
volume reduction exceeded half of that following
bilateral LVRS (31,40).

On the other hand, the lung volumes (TLC
and FRC) measured by the helium dilution method
did not change significantly after LVRS (Table 3).
As the lung volume measured by the helium
dilution method reflects the functional lung
volume, the lack of a change in this lung volume
before and after surgery suggests that functional
lung areas have not been resected by the surgical
procedure.

The changes in “nonfunctional gas volume”
before and after LVRS correlated significantly with
changes in FRC by body plethysmography
(AFRCbox) (41). If the stapled lung tissue had
been functionally normal, the AFRCbox would not
correlate with the nonfunctional gas volume.
Therefore, the significant correlation between
nonfunctional gas volume and AFRCbox probably
mean the site resected by the stapled procedure is
nearly equal to the non-functional lung site.

Effects on respiratory muscle function

The inspiratory muscle strength measured by
mouth pressure during maximal inspiratory efforts
has been shown to increase significantly after
LVRS (42). Moreover, based on the more direct
measurements of transdiaphragmatic pressure
(Pdi), maximal Pdi increased after LVRS
(43,44,45).

The possible mechanisms of improvement of
respiratory muscle function are summarized in
Figure 3. Patients with advanced emphysema have
a flattened diaphragm, which is not capable of
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Before LVRS

After LVRS

‘ } Zone of apposition

Diaphragm
Radius of curvature v
Zone of apposition A
Length of muscle fiber }

Figure 3 Scheme of possible change of diaphragm after LVRS Decrease in radius of curvature increase
in zone of apposition and increase in length of muscle fiber would be possible after LVRS These changes

may induce an increase In diaphragmatic strength

effective contraction to ventilate the lung Flattened
diaphragms of these patients have larger radius 1f
we assume that the diaphragm 1s a part of a sphere
and the force generated by the diaphragm at a
given tension would be small After surgery, the
radius of the diaphragm curvature decreases and
the force generated by the diaphragm increases
Other changes 1n diaphragm also occur after
surgery such as a greater zone of apposition, dome
formation, and increase in the length of the
diaphragm (43,45) These alterations of diaphragm
shape increase the strength of diaphragm

The efficiency of the respiratory muscles could
also be improved after surgery We measured
oxygen consumption of respiratory muscles using
a closed circuit device equipped with a 9 L Collins
spirometer that allows a continuous increase in an
external dead space (46) Using this method we
found the efficiency of the respiratory muscles as
reflected by a high oxygen consumption in COPD
patients was below normal but improved after
surgery when oxygen consumption of respiratory
muscle decreases (47) The reduction mm oxygen
consumption of respiratory muscles could be due
to overall improvement 1n the mechanical

properties of the lung, changes i the pattern of
recruitment of abdominal muscles to a greater
contribution of the diaphragm (48) and
improvement 1n nutrition (49,50)

Effect on exercise performance

LVRS mmproves exercise performance as shown
by 1increases 1n maximal oxygen uptake and
maximal minute ventilation during incremental
maximal treadmull exercise test and increases in 6
minutes walking distance after LVRS
(33,51,52,53) The mechanism of improvement of
exercise performance 1s not clear but may be due
to the reduction 1n dynamic hyperinflation during
exercise associated with a marked improvement
in the diaphragm function after LVRS (42)
Furthermore, LVRS 1mproves dyspnoea sensation
during exercise probably due to the reduction of
dynamic hyperinflation (38,42), and would
contribute to a reduction mn breathlessness n the
activities of daily life (51) Pulmonary
hemodynamics did not change after LVRS during
exercise (54)
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Effects on hemodynamics

COPD, especially during exercise, can cause an
increase in the pulmonary artery pressure by
hypoxic pulmonary vasoconstriction or a decrease
in the vascular bed associated with the remodelling
of pulmonary vessels (55,56). As LVRS improves
pulmonary function and hypoxemia, hypoxic
vasoconstriction reduces, pulmonary resistance and
right ventricular function improve. On the other
hand, LVRS may result in the deformation of
vessels, removal of a significant amount of the
pulmonary vascular bed, and an increase in the
pulmonary artery pressure due to increased venous
return. Weg et al (57) showed that there was
pulmonary hypertension after LVRS although
patients had symptomatic improvement and
improved FEV . They speculated that the
mechanism was due to an increase in the
pulmonary vascular resistance from a decrease in
the cross-sectional area after LVRS because they
did not observe an increase in cardiac output and
hypoxemia after LVRS. Other investigators also
did not find an improvement of pulmonary
hemodynamics at rest or during exercise (58,59).
However, a recent study by Haniuda et al showed
that the effects of LVRS on the cardiopulmonary
circulation were important, especially during
exercise, and that the beneficial effects of LVRS
might be dependent on the improved ventilatory
function and preserved cardiac function that can
tolerate the reduced pulmonary vascular bed by
LVRS (60). These variable effects of LVRS may
be related to differences in the state of pulmonary
hypertension in such patients before surgery,
removal of the portion of lung tissue containing
diseased vessels, and changes in lung mechanics.
Further studies will be necessary to clarify the
changes in pulmonary hemodynamics (56).

Effects on chemosensitivity

Some investigators observed an improvement of
hypercapnia in severe emphysema after surgery
(33,37,61,62) and postulated the following reasons:
reduced airflow limitation, hyperinflation and air
trapping, increased elastic recoil, and improved
respiratory muscle function, which enables the lung
and chest wall to act more effectively as a pump,

thereby increasing the alveolar ventilation (62).
These changes could also alter the respiratory drive
and the ventilatory response to hypercapnia.

Celli et al (63) found that the mouth pressure
0.1 second after the onset of an occluded
inspiration (P, ), an index of neuromuscular
inspiratory drive, in the resting state was higher
for emphysema patients compared with the control
subjects. There was also a significant decrease in
P,, response to CO, after LVRS.

The ventilatory (V) and P, response to CO,
in our patients before and 3 months after LVRS
(64) are summarized as follows. The pre-operative
reduced VE response to CO, was shifted upwards
and its slope, expressed as AV/AP,CO,, also
increased after LVRS. The P response to CO,
(AP, /AP_ CO,) after LVRS was not uniform and
could be classified into three groups: patients with
a decrease, no change, and an increase in the P,
response to CO,. In the first group, the increased
central drive before LVRS was attenuated to the
control level after LVRS. In the third group, the
depressed central drive before LVRS was
augmented and returned to the normal level after
LVRS.

The causes of this alteration in the P,
response to CO, after LVRS 1is not clear. The
chemosensitivity to CO, in COPD may be affected
by the blood gas level and/or mechanical efficiency
of the respiratory system (65). The decrease in the
P, response to CO, after LVRS (the first group)
could not be explained by effects of volume
reduction, as a decrease in FRC after LVRS would
increase P response due to an increase in the
resting length of the inspiratory muscle. One
possibility is that chemosensitivity to CO, is greater
in the more hypoxemic environment before LVRS
than when PaQO, is improved after LVRS. In
contrast, the increase in the P response to CO,
after LVRS (the third group) could be explained
by effects of volume reduction. The differences in
P, response may also be explained by a difference
in load compensation to airway obstruction in
COPD patients. There may be one type of patients
who breathe with stronger load compensation
against airway obstruction, such patients have a
lower \{5 response but higher P_ | response to CO,
before LVRS. In this group, improvement of
airway obstruction by LVRS increases the V,
response to CO, but reduce the P,, response to
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CO,. The other type of patients, however, breathe
with less load compensation against airway
obstruction; such patients have both lower VE and
P responses to CO,, and, both responses would
increase after LVRS. The former is compatible
with the P, response of the first group and the
latter with that of the third group in our study.

Effects on dyspnoea and QOL

Severe COPD patients suffer from profound
exertional dyspnoea. Dyspnoea is an important
determinant of the quality of life in patients with
emphysema, and involves central processing of a
number of different afferent pathways, such as
mechanoreceptors of respiratory muscles and the
lung, and peripheral chemoreceptors. The
mechanisms of dyspnoea in emphysema may be
explained by:

1. the increase in the inspiratory muscle tension
which must overcome the increase in airflow
(A)
4 -
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Figure 4.

resistance caused by airway narrowing,
mucous secretions, and loss of elastic recoil;
and

hyperinflation which has become less effective
in generating tension because of the shortened
inspiratory muscles and the increase in the
radius of the curvature of the diaphragm.

The mechanical impairment of inspiratory
muscles increase the respiratory motor output,
resulting in an increase in dyspnoea (66,67).
Furthermore, hypoxemia or hypercapnia also
stimulates the peripheral chemoreceptors or central
chemoreceptors, respectively, leading to an
increase in the respiratory motor output, resulting
in an increase in dyspnoea.

LVRS may improve dyspnoea in patients with
emphysema by improvement in airway obstruction,
hypoxemia, hypercapnia, respiratory muscle
function and/or hyperinflation. All these factors
reduce the motor command from the respiratory
controller.

(B)
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(a) The representative curve of dyspnoea sensation during exercise. Triangles show the curve

before LVRS, and open circles after LVRS. Change of Borg scale (ABorg) shows the difference in the Borg
scale at the maximal exercise level before LVRS. (b) The relationship between volume change (AFRC) and
improvement of dyspnoea sensation during exercise before and after LVRS. AFRC showed a significant
correlation to ABorg. A greater reduction of volume was followed by a greater improvement of the

dyspnoea sensation during exercise.
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We found a significant correlation between
reduction of FRC and improvement in dyspnoea
sensation after surgery. A greater volume reduction
was followed by a greater improvement in
dyspnoea sensation (Figure 4). Thus, a major factor
of reducing dyspnoea sensation may be an
improvement of dynamic hyperinflation (42).

There have been a few reports measuring the
QOL using the Chronic Respiratory Disease
Questionnaire, the Nottingham Health Profile and
SF36 (5) and found improvement in QOL after
LVRS. The improvement of QOL is associated
with a reduction in dependency on supplemental
oxygen by 36-71% after LVRS (21,68,69).

Prediction of outcomes
As described above, pulmonary function
parameters are very important for evaluating

candidates suitable for LVRS. Ingenito et al
reported that inspiratory lung resistance measured

O - SEEEENESRUR

2 -41
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r=-0.70
p<0.0001

by an oesophageal balloon catheter system
correlated with improvement of FEV, after LVRS
(70). They concluded that preoperative lung
resistance during inspiration is a useful measure
for selecting patients with emphysema for lung
volume reduction surgery. They suggested that
patients with preoperated lung resistance less than
10 cm of water per litre per sec had a favorable
response to LVRS and their FEV, increased at
least 0.2 litre above baseline values after surgery.
Patients with a higher inspiratory pulmonary
resistance have an increased intrinsic airway
resistance due to chronic airway inflammation, and
should be excluded.

The pre-operative residual capacity may be
useful to predict improvement of dyspnoea and
exercise capacity. Figure 5 shows a significant
negative relationship between the preoperative
residual volume, and the change of dyspnoea
sensation before and after surgery. When the
predicted RV is more than 200% of the predicted
the improvement in dyspnoea was considerable.

Improvement
of dyspnoea

100 200

300 400

RV (%pred)

Figure 5. The relationship between change of dyspnoea sensation (ABorg) during exercise before and
after LVRS and preoperative residual volume. A greater residual volume at pre-operation showed a greater
improvement of dyspnoea during exercise, particularly, over 200% of RV of predicted value.
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Recently, Date et al (71) reported that the
distribution of emphysema in the lungs and the
degree of pleural adhesion were predictors of
improvement in FEV after bilateral LVRS. They
described that improvement in FEV, was greater
in patients with upper lobe type emphysema than
in those with lower lobe or mixed type
emphysema, and that severe pleural adhesions
limited the improvement of FEV after LVRS.
Thus, preoperative morphological evaluation by
CT scan, and ventilation and perfusion scanning
are important.

Follow-up study of pulmonary function
after LVRS

Follow-up studies after LVRS are limited.
Generally, the decrease in FEV with age has been
considered to be 20-30 ml per year in healthy
non-smokers and ex-smokers, 60-80 ml per year
in continuing smokers, and 40-80 ml per year in
patients with COPD. On the other hand, 1 year or
longer follow-up studies after LVRS, has shown
that the increase in FEV, generally peaks at about
3—6 months, and after 6 months, the FEV, declines
gradually. The decline in FEV, is variable
depending on the report and the postoperative
FEV, slope seems to be greater than that of healthy
subjects or COPD patients (72). Cordova et al
reported a FEV | loss of 140 ml per year (51) while
Gelb et al reported that the decline of FEV, was
approximately 210 ml per year from 6 months to
24 months after LVRS (73). Patients who showed
a greater improvement in FEV 3-6 months after
LVRS also showed a more rapid decline (74). In
our study, the maximally increased FEV, 3 months
after surgery gradually declined at the rate of 60
ml per year, similar to those without volume
reduction surgery. However, FEV 3 years after
surgery was still greater than the baseline FEV,
before surgery. Post-LVRS reductions in TLC, FRC
and RV were also maintained throughout the three
years of follow-up.

Very recently, the first report of a randomized,
controlled trial of LVRS on a small number of
patients with severe emphysema was published
(75). The effectiveness of LVRS was compared
with that of intensive medical treatment including
a smoking-cessation program at follow-up periods

ranging from 6 to 12 months. Significant benefits
in terms of FEV , shuttle-walking distance, and
quality of life was found in the surgical group
compared with the medical treatment group.
However, long-term follow-up is needed to confirm
the usefulness of this surgical procedure.

Prognosis after LVRS

There has been a controversy about the survival
after LVRS. Gelb et al (76) reported that the actual
survival at 1, 2, 3, and 4 years after LVRS was
96%, 81%, 69%, and 54%, respectively. This
survival is greater than patients with similar
representing impairment without surgery reported
previously (77), where the survival rate of 3 years
was 69%. We also studied for five years the
survival prognosis of 72 patients who had LVRS
with the thoracoscopic procedure, and compared
it with 73 patients with disease of similar severity
but had conservative therapies. In the LVRS group,
14 patients died: 8 due to respiratory failure, 3
operation-associated death, 2 cerebrovascular
diseases and one lung cancer. In the non-surgical
group, 17 patients died: 10 due to respiratory
failure, 4 lung cancer, one each due to myocardial
infarction, sudden death and suicide. The survival
at 1, 3 and 5 years after LVRS was 93.1%, 82.4%
and 72.3%, respectively. On the other hand, in the
non-surgical group, the survival at 1, 3 and 5 years
was 92.8%, 64.2% and 52.3%, respectively (78).
The difference between the two survivals after 3
years was significant. This 3-year survival rate
after LVRS was also greater than the survival rate
(63%) reported by the respiratory failure research
committee of Japanese Ministry of Health and
Welfare (61), and those reported by Burrows et al
(77) in medically treated patients.

To assess the benefits of LVRS, the National
Emphysema Treatment Trial (NETT), a well
designed multicentre, randomized controlled
randomized trials was started in October 1997 in
the USA comparing medical therapy alone and
medical therapy plus LVRS for treatment of
patients with severe emphysema (79,80). The first
paper by the NETT research group reported that
LVRS in severe emphysema patients with FEV,
less than 20% of their predicted value and with
either a radiologically homogeneous emphysema
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or DL, that was no more than 20% of their
predicted value. resulted in a higher risk of death
during the first 30 days than did medical treatment
(80). The overall mortality rate for three years
was also higher in patients with LVRS than patients
with medical treatment.

The difference between the results of the
NETT study and those of others may be due to
difference of the severity or distribution of
emphysema. The result of the NETT study suggest
that patients who have extremely low pulmonary
function and homogeneous emphysema should not
be considered for LVRS.

Summary

In selected COPD patients, LVRS may improve
pulmonary function, blood gas exchange,
respiratory muscle strength, dyspnoea sensation,
quality of life and survival. However, there is
considerable variability in the baseline assessment,
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Diffuse Panbronchiolitis

Young Whan Kim and Yukihiko Sugiyama

introduction

Diffuse panbronchiolitis (DPB) is a chronic
inflammatory respiratory disease of unknown
aetiology. DPB is characterized by chronic
inflammation localized primarily in the region of
the respiratory bronchiole just distal to the terminal
bronchiole, known as the transitional zone between
the airway and the pulmonary parenchyma (1).
DPB is a clinicopathologic entity distinct from
bronchial asthma, chronic bronchitis, pulmonary
emphysema, bronchiectasis, and alveolitis. It is
manifested clinically by chronic cough, sputum
and dyspnoea; physiologically by chronic airflow
limitation; radiologically by hyperinflation and
diffuse small nodules; and histologically by typical
bronckiolar lesions (2). Additionally, DPB is
thought to be a sinobronchial syndrome because
most of DPB patients have paranasal sinusitis (1).

DPB was first reported in Japan in 1969 (2)
and has been known worldwide since the report
of a nationwide survey in 1983 (1). Although
several cases of DPB have been reported from
western countries, DPB occurs primarily among
East Asian people, especially Japanese and
Koreans (3).

Although the aetiology of DPB is unknown,
recent genetic studies on DPB patients revealed
the HLA association of this disease (4-6) and a
possible candidate for a susceptibility gene locus

).

The prognosis of DPB was grave before the
advent of long-term low-dose erythromycin
therapy (8,9). The introduction of long-term low-
dose macrolide therapy has improved considerably
the survival of these patients.

Epidemiciogy and Aetiology
Epidemiology

The nationwide survey of DPB in Japan conducted
from 1980 to 1982 collected more than 1,000 cases
of probable DPB and 82 histologically confirmed
cases from 1978 to 1980 (1). The clinical diagnostic
criteria for DPB in this survey were as follows:
1. Symptoms: chronic cough, sputum, and
dyspnoea
2. Physical signs: rales and rhonchi
3. Chest X-ray film: diffusely disseminated fine
nodular shadows, mainly in the lower lung
fields with hyperinflation of the lungs
4. Lung function studies (at least three conditions
among the four abnormalities listed)
(@ FEV /FVC<70%
(b) VC < 80% of the predicted value
(¢) RV>150% of the predicted value
(d) PaO, <80 mmHg

According to the survey, cases with DPB were
distributed throughout all districts of Japan. The
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patients ranged from the second to the eighth decade
of life in both sexes, but the majority present after
middle age. The male to female ratio was
approximately 1.4 to 1 and there was no
preponderance of smokers. More than 75% of the
patients had a previous history of, or were suffering
from, chronic paranasal sinusitis. Chronic paranasal
sinusitis is one of the characteristics of DPB, and the
incidence of chronic paranasal sinusitis in the
patients’ family was 20%. Chronic bronchitis
(30.4%), bronchiectasis (26.2%), and bronchial
asthma (24.2%) were most frequently suspected or
diagnosed before the diagnosis of DPB (10). The
five-year survival rates of patients from the onset of
dyspnoea with or without pulmonary infection due
to P. aeruginosa were 70 and 80 percent, and the
ten-year survival, 30 and 71 percent, respectively.
The second nationwide survey conducted in 26
major hospitals all over Japan in 1988 showed that
the average survival time of the patients who died
of DPB from the onset of exertional dyspnoea was
14.1 +/- 9.7 years (11).

In Korea, five cases of DPB were reported in
1992 (3) followed by other case reports (12,13).
The nationwide survey of DPB in Korea was
conducted from 1997 to 1999 using the clinical
criteria of Homma that was used in the nationwide
survey in Japan (1) and pathologic criteria of
Kitaichi (14). A total of 132 patients were found,
including 47 biopsy-proven cases, at 14 major
university hospitals in Korea. The patients were
distributed in all districts of Korea. The male to
female ratio was 1.1:1, and age ranged from the
third to the ninth decade (mean, 48.9 years old).
The disease incidence peaked during the fifth and
sixth decades, and its duration before diagnosis
ranged from less than one month to 20 years
(mean, 5 years). Prior to diagnosis, many patients
had been treated for bronchiectasis, miliary
tuberculosis, chronic bronchitis, bronchial asthma
or hypersensitivity pneumonitis. Only 15% of
patients were smokers, and very few had been
occupationally exposed to particles or gases. About
one half of the patients had a history of chronic
paranasal sinusitis or suffering from it at the time
of examination. Cold hemagglutinin was positive
in 53% of cases, somewhat lower than in Japan.
The titre was quite low in Korean patients (19/24
were under 1:128) as compared with the results
from Japan.

Even though there are several reports of DPB
among Chinese (15-17), the number of patients
in China reported in the literature is not remarkable
when compared with the numbers in Japan and
Korea. The clinical profile of Chinese DPB patients
is different from Japanese patients (17). The typical
features of increased risk in HLA-B54 subjects,
cold hemagglutinaemia, increased rheumatoid
factor and IgA seen in Japanese patients were not
present in Chinese DPB patients.

Recently, there have been case reports of DPB
in Thailand (18). Outside Asia, only sporadic cases
were reported among Caucasians in Europe and
America (19-23).

Aetiology

The cause of DPB is unknown. Although the
clinical features and course of DPB are somewhat
similar to those of cystic fibrosis, the sweat
electrolyte concentration is normal, and there is
no exocrine function abnormality in DPB patients
(24). In addition, there has been no case report of
cystic fibrosis among Japanese or Koreans, and
the F508 mutation of the cystic fibrosis gene has
not been found in DPB (25). Abnormalities
associated with other sinobronchial syndromes,
including immotile cilia syndrome, IgA deficiency,
and IgG subclass deficiency, are absent in patients
with DPB (24) suggesting that DPB is a different
disease entity.

There is some evidence that genetic factors
are involved in the development of DPB. Familial
cases of DPB have been reported in Japan (26—
28), and in monozygotic twins in Korea (29).
Moreover, it is usual for some siblings of the
patients with DPB to have only chronic
sinopulmonary infection and chronic paranasal
sinusitis (30).

Genetic studies of Japanese and Korean DPB
patients have suggested that HLA genes contribute
to genetic predisposition in DPB (4-6). The human
leukocyte antigen (HLA) system is essential for
the appropriate immune response mediated by
T-cell receptors and associations between HLA
types and diseases, particularly those with a
presumed immune actiology, have been extensively
studied (31). In 1990, Sugiyama and coworkers
serologically typed HLA-A, -B, and -C antigens
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of 38 patients with DPB and demonstrated that
there was a significant increase in the frequency
of B54 compared to controls (63.2 vs 11%
respectively; relative risk, 13.30; p <0.001) (4).
This result was noteworthy because HLA-B54 is
a serotype found predominantly in East Asians
(32). HLA-B54 antigen has been found in about
11% Japanese, 12.5% Korean and 10% Chinese
and not in any other ethnic groups (4-6). These
data suggest that DPB may be rare or nonexistent
in races without the B54 or B54-related haplotype.
In a recent study, Keicho and coworkers found
positive associations between All, B54, and Cwl
and DPB (5). Of these, the BS54 antigen showed
the strongest association, odds ratio (OR) =3.4,
p =0.0004. They also showed that 37% of the
DPB patients possessed the HLA-B*5401 aliele,
conserved predominantly in East Asians, compared
with 15% of healthy volunteers (X2?=12.4,
p =0.0004). They concluded that the distinctive
molecular structure of HLA-B alleles or a closely
linked gene in the HLA region contributes to a
genetic predisposition in diffuse panbronchiolitis

In Korea, HLA-B54 is not associated with
DPB (6). The frequency of HLA-All was
significantly increased in Korean DPB patients
compared with controls (53.3% vs 17.5%,
p < 0.001, OR =5.4). In addition, increased
frequencies of HLA-B55 (16.7% vs 3.5%,
p < 0.001, OR =5.5), B62 (36.7% vs 16%,
p<0.01, OR=3.0), and Cw4 (23.3% vs 8.5%,
p < 0.05, OR = 3.3) were also observed in patients
compared with controls. Significant increases in
the frequencies of All-associated haplotypes were
also observed in patients compared with the
controls: A11-Cwl (16.0% vs 1.9%, p <0.001,
OR =12.1), Cw1-B55 (7.9% vs 1.0%, p <0.001,
OR =9.8), and A11-B62 (12.9% vs 2.2%,
p <0.001, OR =7.9). Although the frequency of
the HLA-B54 antigen itself was not increased, the
frequencies of A11-B54 and A11-Cwl-B54
haplotypes were increased in patients.

In summary, there are striking ethnic
differences in the association of HLA class I
antigens with DPB between Koreans and Japanese.
The frequency of HLA-B54, which had been
reported to have a strong positive association with
DPB in Japanese (4,5), was not significantly
different between the Korean patient and control
groups (13.3% versus 12.5%). On the other hand,

the frequency of A1l was significantly increased
in Korean patients while HLA-B55 appeared to
have an equivalent degree of positive association
with the disease in both Japanese and Korean
patients. Other HLA antigens showing weak or
variable associations were All and Cwl in
Japanese and B62 and Cw4 in Korean patients.
Two different hypotheses can be postulated
for the mechanisms involved in the association of
HLA class I antigens with the susceptibility to
DPB (6). The first is that an aetiologic agent
utilizes the HLA antigen itself as an immunologic
target for the pathogenesis of the disease, and
ethnic differences in HLA association arise from
a different distribution of HLA antigens involved
in the pathogenesis of the disease. This is unlikely
due to the fact that the HLA-A11 and B54 antigens,
showing the strongest positive association with
the disease in Korean and Japanese patients,
respectively, have quite similar distribution in both
ethnic groups (32). The second hypothesis is that
the association of HLA antigens with the disease
represents linkage disequilibria to the same disease
gene(s) even if different HLA antigens are
identified as risk factors in different ethnic groups.
The latter view is supported by the differences
and similarities in the HLA association with DPB
between Korean and Japanese patients. Other
strong evidence supporting this view could be
obtained from the results of haplotype analysis.
Some of the All-associated haplotypes showed
much stronger positive association with the disease
compared with the A1l antigen itself. The HLA-
B54 and Cwl1 antigens have shown a positive
association with the disease only in Japanese and
not in Korean patients. However, it is interesting
that All-associated haplotypes involving these
antigens (A11-B54, Al11-Cwl) showed a
significant positive association in Korean patients.
The findings of these studies indicate that the
disease gene(s) involved in DPB is likely to be
located between HLA-A and HILLA-B loci and
showing different linkage disequilibria with HLA-
A and HLA-B genes among Koreans and Japanese.
Therefore, it is also conceivable that a founder
mutation in a “DPB-related” gene close to the
HILA-A and HLA-B locus has occurred on a
chromosome bearing the ancestral allele and that
the disease allele thus generated has expanded with
evolution of the ancestral alleles in East Asia,
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mcluding Japan and Korea This ancestral mutation
hypothesis could explain why DPB 1s observed
predominantly in East Asia

Further genetic study by Keicho and
coworkers (7) recently localized the major disease-
susceptibility locus for DPB within 200 kb 1n the
class I region 300 kb telomeric of the HLA-B
locus on the chromosome 6p21 3

Because the association between particular
alleles of the HLA-A and B genes and the disease
1s not 100%, unidentified genetic and
environmental factors may play roles 1n the
pathogenesis of DPB It 1s also possible that the
pathogenesis of DPB 1s heterogenous as multiple
disease processes may give rise to the same climical
entity A study has shown a specific allele at the
IL-8 locus 1n chromosome 4q to be associated
with DPB suggesting that genes other than those
of the HLA system may also contribute to genetic
predisposition (33) IL-8 1s thought to play a role
1in the pathogenesis of DPB by attracting
neutrophils into the lungs (34)

A number of nongenetic aetiologies have been
mvestigated In Japan, a number of reported cases
of DPB have been associated with human T
lymphotropic virus type I (HTLV-1) Moreover,
there 1s a likelihood that HTLV-1 1s associated
with some cases of DPB 1n Japan However, this
association requires further verification (35) Other
infectious agents have not been reported to be
associated with DPB (36) There 1s a report that
DPB recurred 1n a lung allograft after lung
transplantation suggesting that DPB might be a
systemic disease (37)

Pathogenesis

There 1s evidence to suggest that the pathogenesis
of DPB 1s related to some immunologic defect
Abnormalities of immunologic parameters
mcluding cold hemagglutinin, rheumatoid factor,
IgA and CD4/CDS ratio are usually seen in DPB
patients (10) Some investigators have suggested
that the elevated cold hemagglutimin titre may be
caused by B cell activation (polyclonal stimulation)
due to cell wall lipopolysaccharide associated with
chronic Gram-negative pulmonary infection,

primanily Hemophilus influenzae or Pseudomonas
aerugwmosa which are frequently isolated in the
sputum of DPB patients (38)

Neutrophil-mediated inflammation 18 one of
the characteristic pathologic features of DPB
(34,39) In the bronchoalveolar lavage fluid of
DPB patients, a sigmficant neutrophilia and high
levels of interleukin-8 (34) and leukotriene B4
(40), which has potent chemotactic activity for
neutrophils, are seen These findings improve
following erythromycin treatment, suggesting that
the accumulation of neutrophils 1n airway lumen
may have an important role in the pathogenesis of
DPB (34,40) Lymphocyte-mediated inflammation
1s another pathologic feature of DPB The
histopathology of DPB 1s characterized by a
thickening of the walls of the respiratory
bronchioles, with infiltration of lymphocytes,
plasma cells, and histiocytes (1) Additionally,
bronchus-associated lymphoid tissue (BALT)
hyperplasia 1s usually observed in DPB (41) The
absolute number of BALF lymphocytes 1s
significantly increased in DPB patients (42)
Activated T cells accumulate i the lungs of DPB
patients, the percentage of BALF CD8+HLA-DR+
cells 1s high while CD4/CDS ratio 1s decreased
(42) There 1s also a report that CD3+, CD8+, and
CD4+ celis bearing the HLA-DR antigen are
increased 1n the peripheral blood (43) These
lymphocyte abnormalities also improve following
macrolide treatment (42,43)

Erythromycin and other macrohdes are well
known to be very effective 1n the treatment of
DPB (8,9) Even though the exact mechanisms of
erythromyci on DPB have not been fully clarified
yet (44), erythromycin 1s thought to have an anti-
inflammatory action on neutorophils (45,46) and
lymphocytes (47) These findings suggest that DPB
patients have some immunological hyperreactivity,
and that macrolide antibiotics may be effective n
these patients by suppressing such activity (42)

Several diseases with immunological defects
were reported to be associated with DPB such as
Good syndrome (48), bare lymphocyte syndrome
(49), Non-Hodgkin’s lymphoma (50), adult T-cell
leukemia (51), malignant thymoma, Sjogren’s
syndrome (52), rheumatoid arthritis (53), ulcerative
colitis (54), and IgA nephropathy (55)
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Clinical Findings
Clinical manifestations

Almost all affected patients have a history of
chronic paranasal sinusitis, usually with onset
before adolescence (56). They often undergo sinus
surgery without any benefit. Chronic cough and
copious sputum are the main symptoms that appear
at the onset of disease, or after several years of
sinus disease. These syvmptoms usually occur in
the second to fifth decade (mean age, 39.5 years)
(57), but may also occur from the first to the
seventh decade. Two-thirds of the patients are non-
smokers, and there is no sex predominance.
Auscultation of the chest reveals coarse crackles
throughout, but more strongly in the middle and
lower lung fields. Wheezes, rhonchi and/or squawk
can also be heard. In the early and mid-phase of
the disease, Hemophilus influenzae or, less
frequently, Streprococcus pneumoniae is found in
the patient’s sputum. In advanced phases, patients
develop lung destruction and/or bronchiectasis with
cough productive of large amounts of purulent
sputum and progressive dyspnoea. Chronic
respiratory failure and cor pulmonale ensue
punctuated by frequent exacerbations from
recurrent infection and inflammation. At that stage,
Pseudomonas aeruginosa is invariably found,
which is speculated to be an opportunistic infection
of the damaged airways rather than a cause of the
disorder. Colonization with P. aeruginosa appears
to be associated with a worse prognosis since these
organisms produce various products that can
damage airways. The prognosis of this disease had
been very poor before the advent of macrolide
therapy.

Blood and serologic studies

Leukocytosis is common and anaemia is rare. The
level of C-reactive protein and erythrocyte
sedimentation rate are elevated. Increased titers
of serum IgG and IgA are found (58). Rheumatoid
factor is often positive, but the rheumatoid arthritis
hemagglutination test, which is more specific for
rheumatoid arthritis, is negative. The most
characteristic feature is a persistent elevation of
the cold agglutinin titre to 4- to 16-fold (x312 to

x2048: normal, less than x128) (58.59). It has been
reported that cold agglutinin in DPB is polyclonal,
containing I1gG and. in some cases, IgA as well as
IgM, and has anti-1 specificity (60). These findings
are similar to those found in infections, such as
those caused by Mycoplasma species. In DPB,
however, tests for antibody against Mycoplasma
pneumoniae are negarive,

The percentage of activated (HLA-DR
positive) CD4+ and CD8+ lymphocytes in the
peripheral blood is increased, and both percentages
return to normal levels after erythromycin therapy
(43). No consistent decrease or defect of serum
immunoglobulins (IgG. IgA, IgM, IgD and IgE)
is found, although the levels of IgG and IgA
reactively increase due to chronic pulmonary
infection. Analysis of bronchoalveolar lavage
(BAL) fluid from patients with DPB demonstrates
evidence of persistent inflammation. A significant
increase of neutrophils in BAL fluid is found and
the number of neutrophils decreases after
erythromycin therapy (39.44). Additionally, the
number of CD8+ T lymphocytes increases and
the concentrations of elastase, leukotriene B4 and
interleukin-8 also increase in BAL fluid (40,42).

Lung imaging studies

Chest radiology

The chest radiograph changes are characteristic
and helpful in diagnosis. Typical radiographic
findings are diffusely disseminated small nodular
shadows up to 2 mm in diameter with indistinct
margins, most prominent over both lung bases,
and lung hyperinflation caused by air trapping.
Slight bronchiectasis usually develops in the
middle lobe and lingula. which appears as
tramlines on the radiograph. With the progression
of disease, some patients show cystic changes and/
or diffuse bronchiectasis (Figure 1).

Nakata et al (61) have identified five chest
radiographic patterns: hyperinflation of both lungs
only (Type I): hyperinflation with bilateral nodular
shadows whose combined area does not exceed
the area of one lung (Type II): hyperinflation with
bilateral nodular shadows throughout the lungs
(Type III): the Type Il pattern plus tram lines
(Type IV): and the Type IV pattern plus cystic
shadows and/or pneumonia (Type V) (Figure 2).
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Figure 1. A progressive case (type V): Cystic changes and bronchiectasis are seen

%I
k

Figure 2. Radiographic classification of diffuse panbronchiolitis®
I.  Overinflation only, no nodules

Il. Bilateral nodular shadows without exceeding one lung field
Ill. Bilateral nodular shadows scattered throughout whole lungs
IV. 1l + tramlines

V. IV + cystic shadows or pneumonia



Computed tomography

Computed tomography (CT). especially high-
resolution computed tomography (HRCT) is useful
in the diagnosis of DPB and in evaluation of its
progression (Figure 3). The CT findings of DPB
are diffuse, small nodular shadows located in the
centrilobular regions, dilatation of small bronchi
and bronchioles. and bronchial and bronchiolar
wall thickening. The small nodular and liner
opacities represent dilated bronchioles filled with
intrabronchial fibrosis or secretion (62). The small
rounded opacities are separated and distributed
around the ends of bronchovascular branchings
and in centrilobular regions.

Figure 3. CT scans of diffuse panbronchiolitis.
Diffusely disseminated nodular shadows in
centrilobular regions are demonstrated.

Akira et al (63) classified the radiographic or
HRCT findings into four types as follows: Type I,
small nodules located around the ends of
bronchovascular branchings: Type I1, small nodules
located in a centrilobular area and connected to
small linear opacities branching 1 mm apart: Type
[TI. nodules accompanied by ring-shaped or small
ductal opacities connected to proximal
bronchovascular bundles: and Type IV, large cystic
opacities accompanied by dilated proximal bronchi.
This classification, based on CT findings, reflects
the clinical stages and pathologic changes in the
course of the disease.
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Pulmonary function testing

Pulmonary function testing typically discloses
marked obstructive impairment. In some patients,
especially those with progressive disease, a mixed
obstructive-restrictive pattern may be secn. The
residual volume (RV) and the ratio of RV 1o total
lung capacity (RV/TLC) are usually increased.
Hypoxaemia is an early and common blood gas
abnormality and is associated with hypercapnia in
the late stage. The patients finally succumb to
chronic respiratory failure and pulmonary
hypertension with right ventricular failure.

Pathological findings

Macroscopically. the cut surface of the lungs is
hyperinflated with many yellowish nodular lesions,
2 to 3 mm or larger in diameter, scattered
throughout the lungs. Bronchiolectasis and
bronchiectasis of various degrees are found.
Miscroscopically. the typical features include
thickening of the walls of the respiratory
bronchioles with infiltration of lymphocytes,
plasma cells, and histiocytes. These chronic
inflammatory lesions are mostly centrilobular but
extension towards the peribronchiolar tissues is
also common. In the advanced stage, narrowing
and constriction of respiratory bronchioli due to
infiltration by these cells, proliferation of lymphoid
follicles, accumulation of foamy cells within the
wall and bronchioli are found. Pathological
changes other than hyperinflation are not seen in
the alveoli of the distal lobules. Sato et al. reported
that DPB presents bronchus-associated lymphoid
tissue hyperplasia more frequently than other
respiratory diseases (41).

Diffuse panbronchiolitis and
rheumatoid arthritis

Some cases of DPB are accompanied by
rheumatoid arthritis. To date. we have encountered
5 such cases including | autopsied case (64) and
one case diagnosed by thoracoscopic lung biopsy.
We reported two such cases with the same HLA
haplotype. A24-B54-Cwl-DR4 (65). As described
in a previous part of this chapter. an increase of
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B54 is found in the HLA analysis in DPB patients.
This antigen, B354, is known to form part of the
characteristic Japanese haplotype A24/A11-B54-
Cwl-DR4 (66). Consequently, the frequency of
DR4 also increased in the DPB patients in our
study (60.0%) compared with the controls (37.9%)
(4), and the frequency of HLA-DR4 was suggested
to be increased due to linkage disequilibrium with
HLA-B54. However, the association of rheumatoid
arthritis with HLA-DR4 is well established in
various ethnic groups including Japanese (67-69).
Because the frequency of HLA-B54 is significantly
increased among patients with DPB and since B54
is correlated with DR4 as the extended haplotype,
both DPB and rheumatoid arthritis have the same
HLA haplotype correlation including B54 and
DR4. Therefore, it is likely that more Japanese
patients with DPB accompanied by rheumatoid
arthritis will be encountered in the future (65).

Bronchiolar lesions and obliterative
bronchiolitis in rheumatoid arthritis closely
resembling DPB both clinically and pathologically
have also been reported (70). Further studies will
be needed to clarify these similarities.

Prognosis and Treatment

Diffuse panbronchiolitis was previously a chronic
and progressive illness with a poor prognosis.
Untreated, the 5-year survival rate from the
patient’s first visit was 42%. and the 10-year
survival rate was 25.4% (71). In one study, the
10-year survival rate for those infected with P
aeruginosa was only 12%. The prognosis for DPB
patients improved significantly following Kudoh’s
introduction of long-term, low-dose erythromycin
of 600mg daily. Kudoh et al demonstrated a
marked improvement in subjective (cough, copious
sputum, and dyspnoea) and objective (chest
radiographic findings and hypoxaemia) measures
of the patient’s condition following prolonged
therapy (average, 20 months) (28).

A recent double-blind placebo-controlled trial
of erythromycin therapy in DPB confirmed its
efficacy in this disease (72). The 5-year rate
survival had improved to 71.0% from 1980 to 1984
and 93.4% after 1985 (9).

Low-dose erythromycin therapy. 400 or 600
mg daily. is a primary therapy for DPB and should

be started as soon as possible after diagnosis.
Although clinical effects could be found at 2 or 3
months, at least 6 months is needed to judge its
efficacy. After subjective and objective
effectiveness has been achieved (PaO,2 70 mmHg,
and sputum < 10ml/day), the therapy could be
stopped at the end of 2 years. Re-administration
of erythromycin is recommended in the event of
recurrence. In progressive cases with diffuse
bronchiectasis and chronic respiratory failure, in
which erythromycin therapy has some beneficial
effects. continuous therapy for at least 2 years is
needed. In patients with side effects to
erythromycin, 14-membered ring new macrolides,
clarithromycin or roxithromycin can also be used
with similar efficacy.

Mechanisms of erythromycin therapy

Because serum and sputum erythromycin levels
were below the minimum inhibitory concentrations
for common superinfecting organisms such as H.
influenzae and P. aeruginosa, improvement could
not be attributed to the drug’s antibacterial action
(73). The mechanisms of long-term erythromycin
therapy against DPB have been intensively studied.

Erythromycin interferes with neutrophil
chemotaxis and decreases the number of
neutrophils in BAL fluid following challenge with
Gram-negative bacteria (44). The marked
neutrophilia present in BAL fluid in patients with
DPB was reduced after erythromycin therapy (39).
Erythromycin does not directly affect neutrophil
function (74) but suppresses neutrophil
chemotactic activity such as IL-8 and/or
leukotriene B4 (44) thus can indirectly reduce
neutrophils in the airway lumen.

Erythromycin also suppresses hypersecretion
of the airways in patients with DPB. Erythromycin
inhibits respiratory glycoconjugate secretion from
human airways in vitro (75). Tamaoki et al.
reported that erythromycin inhibits chloride
secretion across canine tracheal epithelial cells and
noted that this action possibly reflected its clinical
efficacy in the treatment of airway hypersecretion
(76). Suga et al. administered erythromycin to a
patient with broncholoalveolar carcinoma with
bronchorrhoea and obtained a marked reduction
in the volume of sputum (77).
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Erythromycin has suppressive effects on
lymphocytes. Our group reported that the
percentage of activated T cells with expression of
HLA-DR decreased in the peripheral blood of DPB
patients after erythromycin therapy (43). In vitro,
erythromycin (47) and roxithromycin (78)
suppressed the proliferative response of human
lymphocytes stimulated with mitogens and
antigens. Keicho et al reported that erythromycin
promoted differentiation in human monocyte-
macrophage lineage, altering their functions (79).

Additionally, erythromycin reduced the
mortality rate of mice with P. aeruginosa
bacteraemia (80), and inhibited the production of
elastase by these bacteria without affecting its
proliferation in vitro (81). Takizawa et al reported
that erythromycin suppressed IL-6 mRNA
expression by human bronchial epithelial cells (82).
Controversially, data on the effects of the long-
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Obstructive Sleep Apnoea

Mary Ip and C G Guilleminault

introduction

Obstructive sleep apnoea (OSA) syndrome
describes the condition in which a subject suffers
from recurrent complete or partial cessation of
breathing due to functional occlusion of the upper
airways during sleep. There are major concerns
regarding the impact of associated morbidity and
mortality, mainly with regards to neurobehavioural
and cardiovascular consequences.

The term “obstructive sleep apnoea” cannot
be found in classic medical texts in the early 1970s,
while it takes up a chapter in almost every current
general medical or respiratory text. Charles
Dickens, in his novel The Pickwick Papers in the
1830s, described a character, the fat boy Joe, who
was always dozing off, and the term “Pickwickian”
was coined for a sleepy patient with gross obesity
and cor pulmonale with no other obvious cause
(1). One of the early clinical observations of OSA
could be dated back to the masterful description
by Dr. Broadbent of St Mary’s Hospital in London
in 1877: “When a person is lying on his back in
heavy sleep and snoring loudly, it very commonly
happens ... . inspiration fails to overcome the
resistance in the pharynx of which stertor or
snoiing is the audible sign, and then there will be
perfect silence through two, three or even four
respiratory periods in which there is ineffectual
chest movements; finally air enters with a loud
snort ... .” (2). With the advent of sleep recordings,

it was realized that majority of patients with
Pickwickian syndrome actually suffered from sleep
disordered breathing (3). On the other hand, OSA
is now known to afflict in protean manifestations
many more people than those with full blown
Pickwickian syndrome. Hence OSA is not a new
disease, but with the rapid expansion in knowledge
on this condition, it has certainly taken up a new
face with a high profile.

Epidemiology
Prevalence

The common occurrence of sleep disordered
breathing in Caucasian populations has been
recognized since the 1980s, although awareness
among Asian populations has only been more
widely spread in the past decade. Much of the
awareness was brought about by published data
from population studies which demonstrated a high
prevalence of symptomatic and asymptomatic OSA
in adults. Different methodologies and criteria for
diagnosis of OSA have been used in various
studies, and interpretation and comparison of
prevalence data must take into account these
methodological differences.
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Adults

Prevalence studies have been mostly conducted in
adults, especially in middle-aged men. In western
populations, the prevalence of symptomatic OSA
range from about 1-5% in middle-aged men and
1-2% in middle aged women (4-11). The
prevalence of asymptomatic OSA is considerably
higher, affecting as many as over 25% of men
4,5,6,9) and 9-28% of women in various studies,
depending on the respiratory event cutoff as well
as the target age range (5,8,9,10).

It has been previously perceived that OSA
would not be as common in Asian populations,
probably due to the fact that obesity, the major
risk factor for OSA, is less prevalent than in
western communities. A community-based study
in middle-aged Chinese in Hong Kong has been
recently reported (12,13). Using questionnaires
followed by full polysomnograms in voluntary
samples, 4.1% of men aged 30-60 years old were
found to suffer from symptomatic OSA, defined
as apnoea-hypopnoea index (AHI) = 5 and
excessive daytime sleepiness (12). Similarly, the
study in middle-aged Chinese women showed a
prevalence of 2.1%, although the prevalence
ranged from 0.5% in the fourth decade to 6.1% in
the sixth decade of life (13). The prevalence of
asymptomatic sleep disordered breathing at
AHI > 5 is relatively lower than in Caucasian
studies, at 8.8% and 3.7% in men and women
respectively, although this could have been
underestimated due to the voluntary basis for
polysomnogram studies, thus favouring inclusion
of only those with symptoms. Compared to male
counterparts, women had less severe degree of
sleep disordered breathing. The overall male to
female ratio with symptomatic OSA was 2:1, but
increased from 1.3:1 in the group with mild OSA
(AHI 5-15) to 9:1 in the group with severe OSA
(AHI > 30), despite comparable body mass indices
(BMI ) in men and women with OSA.

Another study conducted on a university
student population at a mean age of 19.4 years in
Hong Kong, using questionnaires and random
sampling with home sleep monitoring, reported
that snoring was prevalent while sleep disordered
breathing, defined by AHI of > 5, occurred in a
minimum of 0.1% of the cohort (14).

In Singapore, a household survey has been

conducted among its 20-74 years old multi-ethic
community comprising of Chinese, Malays and
Indians (15). Symptoms of snoring and sleep
disturbances, hypertension and self-reported weight
and height, and objective measurement of neck
circumference were recorded. The study reported
that the prevalence of snoring showed pronounced
ethnic differences among Chinese (6.2%), Malay
(8.1%) and Indian (10.9%). The minimum whole
population prevalence of sleep breathing-related
disorder, defined by a diagnostic triad of frequent
habitual snoring, apnoeic symptoms during sleep
and/or wide neck circumference/hypertension, was
0.43%. Marked ethnic differences similar to that
of snoring prevalence were observed, and the
differences were only partly explained by known
factors of sex, age and body habitus.

A few epidemiologic studies have been
conducted in Japan. A multi-centre collaborative
study on sleep problems (COSP) has reported that,
of 2851 males (mean age 41 years) and 3864
females (mean age 41 years) recruited from new
outpatients during 1994 and 1995, habitual snoring
was seen in 16% and 6.5% while cessation of
breathing was observed in 1.8 and 0.3% of males
and females respectively (16). Habitual snoring
was significantly correlated with body mass index,
cigarette smoking and alcohol consumption.
Furthermore, more habitual snorers reported
excessive daytime sleepiness than non-habitual
snorers at 17.8% vs 6.6% in men, and 21.5% vs
9.7% in women.

Another prevalence study in Japan utilizing
questionnaires returned by over 3240 presumably
healthy subjects in four hospitals in different cities
reported prevalence rates of about 14% and 8.5%
for habitual snoring and excessive daytime
sleepiness respectively (17). Observed apnoea
episodes were reported in a range of 1.3-4.2%
from the four sample groups. Subsequently, sleep
studies were conducted in subjects selected by
suggestive symptoms, and the projected prevalence
of OSA in the entire study population was 1.4-
1.94%.

A study comprising of questionnaires and sleep
studies has been recently completed in Bombay,
India (18). The study population consisted of
healthy Indian males between 35 to 65 years of age
attending a teaching hospital for a routine health
check. Seven hundred questionnaires were
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distributed and 658 responded; of these 171 were
snorers and 487 non-snorers. The mean BMI was
24. All snorers (n = 171) and 25% of non-snorers
(n = 122) were offered home sleep studies; 151
snorers and 103 non-snorers agreed. In all, 250
sleep studies (150 snorers and 100 non-snorers)
were analyzed. The prevalence of sleep disordered
breathing defined as AHI > 5 was 19.5% and that
of OSA syndrome (AHI > 5 + excessive daytime
sleepiness) was 7.5%. For the first time, the

prevalence of sleep disordered breathing in an
Indian cohort was documented with sleep studies,
and demonstrated a prevalence of OSA syndrome
higher than that reported in other Asian ethnic
groups so far. The data also corroborated with the
higher prevalence of snoring in Indians among the
multi-ethnic study population in Singapore (15).
Table 1 outlines some population-based
studies in adults, highlighting the methodologies
and prevalences of different ethnic populations.

Table 1. OSA Prevalence Studies in Adults
Reference & Country Sex/Age Methodology Prevalence & definitions
Country Ethnicity for OSA
(6) Young T etal, Caucasians Men & women Q: 3,515, Men: 4%*, women: 2%*
1993, USA 30-60 years PSG: 625 Men: 25%', women: 19%*
(6) Olson, 1995, Caucasians Men & women Q & PSG Men: 5.7%*%, Women: 1.2%3
Australia 35-69 years n = 441
(7) Ohayon et al, Caucasians Men & women Telephone interview: Men 35-64 year: 3.5%"
1997, UK 20-100 years 2,078 men, Women 35-64 year: 1.5%*
2,894 women
(15) Ng et al, 1998, Chinese, Men & women Frequent loud snoring, Whole population: 0.43%
Singapore Malays 20-74 years apnoeic symptoms during Men: 0.61%, women: 0.22%
sleep, hypertension/wide
neck circumference
{9) Bixler et al, Caucasians Men & women Q: 4,364 men, Men: 3.9%**
2001, USA 20-100 12,219 women Women: 1.2%**
years PSG: 741 men, premenopause 0.6%
1,000 women post-menopause without
HRT: 2.7%
post-menopause with
HRT: 0.5%
(10} Duran et al, Spanish Men & women Q, BP & portable Men: 19%*, women: 15%?*
2001, Spain 30-70 respiratory record: 2,148
years Q, BP + PSG: 555
(12) Ip et al, 2001, Chinese Men Q: 784 men Men: 4.1%%*, 8.8%", 6.3%*,
Hong Kong 30-60 years PSG: 153 men 5.3%%
(13) Ip et al, 2004  Chinese Women Q: 854 women Women: 2.1%*, 3.7%",
Hong Kong 30-60 years PSG: 105 women 1.4%*, 0.8%*°
{18) Udwadia et al, Indian Men Q: 658 Men: 7.5%%, 19.5%"
2004, India 35-65 years PSG: 250

Q = Questionnaire respondents

PSG = polysomnogram
BP = blood pressure

* = AHI 2 5 plus symptom of EDS

** = AHI 2 10 plus daytime symptoms

"=AHI 25
*= AHI > 10
= AHI 2 15
#

Minimal criteria of International Classification of Sleep Disorders 1996
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Adolescents and children

Obstructive sleep apnoea is even more under-
recognized in children than in adults and
prevalence of sleep disordered breathing in
children has not been well studied. The attention
of paediatricians was drawn by the first careful
documentation of sleep breathing parameters and
clinical features in children in 1979 (19). Most
epidemiologic studies were based on
symiptomatology reported by parents, and only a
few had objective data. The lack of standardization
of the definition of OSA in children on either
polysomnogram criteria or clinical features makes
accurate determination of the prevalence of sleep
disordered breathing very difficult (11,20,21).
Prevalence rates may differ significantly among
age groups of narrow range in childhood, and
apparently peak at 3-5 years old. To date,
prevalence estimates range from 0.4% to 10% (11),
and the wide variation is probably in part due to
the lack of uniform language in the diagnosis of
sleep apnoea in paediatric age groups.

A study among 1142 Thai school children
aged 6-13 years demonstrated that 8.5% were
habitual snorers, and snoring was associated with
rhinitis and tonsillar hypertrophy (22). Of the
snorers, eight reported symptoms suggestive of
sleep apnoea and were investigated with
polysomnography which showed AHI of 0.6-4.7
per hour. Seven of the eight children fulfilled the
criteria for OSA syndrome, giving a prevalence of
0.69%, all being mild, in this cohort.

Some studies focused on prevalence of sleep
disordered breathing among obese children (23,24).
In Singapore, questionnaire screening in over 3000
6-18 year-olds who were seen for obesity at the
school health service followed by
polysomnographic studies in over 140 of them
selected by symptoms, showed a minimum
prevalence of OSA of 0.7% (24). Further
discriminant analysis suggested a prevalence as
high as 5.7% in this obese cohort, comparable to
that of 7% reported in a group of morbidly obese
Caucasian children and adolescents (23).

Risk factors

Risk factors in adults
Body habitus. The majority of subjects

diagnosed with sleep apnoea in sleep clinics are
obese although this may be partially biased by the
high index of suspicion for OSA in those who are
overweight and hence referral for sleep studies. In
epidemiologic studies of different countries and
races, BMI is consistently correlated with apnoea-
hypopnoea index (11). Neck circumference,
reflecting adiposity and soft tissue mass in the
neck region surrounding the upper airway, has been
shown to be an even better predictor of OSA in
some studies (25,26). Others have suggested that
upper body fat distribution was a more important
determinant than generalized obesity (27,28).
However, it must be noted that in every population,
there are OSA subjects who are not overweight,
therefore one must not be guided by obesity alone
in the suspicion for OSA. In the elderly, obesity is
a less important risk factor (11,29).

In the study of middle aged Chinese in Hong
Kong , significant determinants of sleep disordered
breathing in either sex, defined by AHI of > 5,
were BMI and age. On comparison with Caucasian
data (5), there was a trend towards a smaller impact
of BMI on AHI (12,13).

Despite being well established as a risk factor,
the exact mechanisms by which obesity predispose
to collapse of the upper airways during sleep has
not been clearly defined. Increased mass loading
at the neck from adipose tissue deposition at certain
strategic sites have been suggested as an important
factor (30). Increased work of breathing from
general or abdominal obesity may be another
mechanism leading to increased negative
intraluminal pressure generation at the upper
airway and hence greater propensity to collapse
(31).

Craniofacial morphology. Craniofacial
abnormalities have long been reported to contribute
to OSA. Abnormal features that have been
consistently described are small posteriorly placed
mandible, narrow posterior airway space, enlarged
tongue and soft palate, and inferiorly placed hyoid
bone (32,33). Some of these features have also
been found to determine the severity of sleep
disordered breathing. Such bony or soft-tissue
features are believed to lead to a smaller or more
collapsible upper airway predisposing to apnoea
or hypopnoea during sleep.

In an analysis of craniofacial factors in
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Caucasian OSA subjects according to body habitus,
bony factors were more important in lean subjects,
both bony and soft tissue factors contributed in
moderately obese subjects, while soft tissue
abnormalities appeared to be the dominant factor
in obese subjects (34). Similarly, a study in
Japanese subjects suggested that upper airway soft
tissue enlargement and bony abnormalities were
of greater pathogenetic role in obese and non-
obese OSA subjects respectively (35). However,
the criteria for obesity in this study was set at
BMI of 27 and above, which is now considered to
be too high for Asians (36). It is possible that if
the appropriate BMI criteria is applied, further
subcategories of bony or soft tissue abnormalities
may be seen according to different levels of
obesity.

Computed tomographic (CT) cephalometric
analysis in 25 Chinese subjects with OSA and 25
BMI-matched controls showed that OSA subjects
had lower hyoid position, longer nasal cavities,
more mandibular retronagthism, bigger tongue and
smaller upper airway (37). Further CT
cephalometric study in 92 Chinese subjects with
AHI ranging from normal to severe OSA
confirmed most of these craniofacial features, and
also identified that OSA subjects had smaller ratio
of velopharynx to hypopharynx (38).

Several studies comparing OSA in Caucasians
and Asians have shown that Asian subjects have
greater severity of illness as indicated by higher
respiratory disturbance indices, compared to
Caucasian patients matched for age, sex and BMI
(39,40,41). However, there has been recent
modification of the BMI criteria for overweight
and obesity among Asians, with a lowering of the
BMI to > 23 for overweight and > 25 for obesity,
compared to corresponding values of > 27 and = 30
for Caucasians (36). Hence, comparison of body
habitus between Asians and Caucasians using
absolute values of BMI may be misleading and
Asians may have more severe OSA by virtue of
actually having greater degree of obesity on ethnic
peer comparison. Nonetheless, within the same
ethnic group, it has still been demonstrated that
increments in BMI may not contribute as much to
increments in AHI among Asians (12). Our study
of 92 subjects with computerized tomography also
demonstrated that after adjustment for BMI and
sex, relative mandibular retronagthia and longer

soft palate were associated with severe OSA, but
not with mild/moderate OSA, offering further
support to the hypothesis that craniofacial factors
may contribute to a more severe degree of sleep
disordered breathing in Chinese subjects (38).

In a study comparing 43 Caucasian and 30
Chinese men with OSA and Class II, Division I
malocclusions, matched for age, skeletal pattern,
BMI and AHI, significant craniofacial
discrepancies were seen between the two ethnic
groups (42). Chinese had more severe mandibular
retronagthism and other cephalometric and upper
airway morphologic differences. How these
differences affected sleep disordered breathing
have not been explored, but the findings suggested
that therapy targeting at craniofacial factors should
note the existence of ethnic differences in these
parameters.

Sex. It has always been observed in clinical
practice that there is a male predominance of OSA
in adults. In clinic-based series, the numbers of
male far exceed that of female patients. In Hong
Kong, earlier case series have reported male:female
ratios of about 5:1 (43,44). Similarly, a series of
59 patients seen in Ramathidbodi Hospital,
Thailand during 1994-1997 reported a ratio of
7.4 :1 (45). However, epidemiologic studies have
consistently demonstrated that the OSA prevalence
ratio of men to women is approximately 2:1, much
lower than that of clinical series. This discrepancy
between community surveys and clinic populations
may be attributed to a number of factors. Women
tend to under-report their symptoms (46). Men
may be more concerned about symptoms of fatigue
and daytime sleepiness that affect their work, while
not all women are engaged in full time work and
may not be as concerned about such symptoms.
Many of our male patients present because their
wives are concerned about their spouses’ health.
Patterns of healthcare utilization may also differ
between men and women. In Asian societies where
the social status of men are higher than women, a
higher presentation rate to the healthcare system
due to symptoms of OSA would not be unexpected.
Finally, doctors may also be more alerted to the
possibility of OSA in men and disregard typical
symptoms in women (47). With increasing
awareness of occurrence of OSA in women, it is
anticipated that the index of suspicion by both
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doctors and the lay community will increase and
more women will present themselves and receive
proper diagnosis and treatment.

The pathogenetic mechanisms underlying the
disparity between sexes are not clearly elucidated,
and have focused on the role of sex hormones.
The relationship of testosterone and OSA is very
controversial (48). Menopause, with the decline
in oestrogen and an increase in androgenic
influence, has been consistently reported to be
associated with a significant increase in prevalence
of OSA. Post-menopausal women also have a
higher AHI than pre-menopausal women even after
adjusting for BMI and neck circumference (49).
However, menopause is closely connected to age,
and it is difficult to separate definitively the
influence of age and hormonal changes. Post-
menopausal women on hormonal replacement have
been reported to have OSA prevalence similar to
that of pre-menopausal group, in contrast to post-
menopausal women of similar age but not on
hormonal replacement who had a much higher
prevalence of OSA (9). These findings suggest an
important contribution toward OSA from the
menopausal status itself, independent of age.

Other factors that may lead to a male
dominance in OSA include inherent morphological
and functional differences in the upper airway (50)
as well as differences in exposure to exogenous
potential risk factors such as alcohol and smoking.

Age Most adult prevalence studies have shown
a progressive increase in prevalence of OSA with
age in mid life, but this trend does not apply
uniformly to other age sectors. Several studies have
found that OSA is highly prevalent in people older
than 65 years, but among the elderly, there is no
further rise in prevalence (10,51,52). It is not
known if this implies a natural decline in incidence
or survival bias due to a higher mortality in those
with OSA.

Others. Ventilatory control, especially through
effects on upper airway muscle function, has been
postulated to be important in the pathogenesis of
apnoea/hypopnoea and the subsequent resumption
of breathing (53).

Lifestyle habits such as alcohol drinking and
smoking have been reported to be risk factors for
OSA (11). Depending on the prevalence of these

habits in the community, their contribution to the
prevalence and severity of OSA may differ.

Rhinitis as a risk factor for OSA has been
controversial (11), and warrant thorough research
since rhinitis is very common and is amenable to
treatment.

Risk factors in children

The factors predisposing to OSA in children are
not identical to that of adults. Most of the data
come from clinic-based series with their inherent
bias. It is generally accepted that abnormalities in
the upper airway play a more important role than
obesity in the development of OSA in children.
The usual cause of pharyngeal narrowing in
children is adenotonsillar enlargement (21). Upper
and lower respiratory problems were also found
to be associated with OSA in a study of children
2-12 years old (54).

Although obesity is not the dominant risk
factor in children, symptoms of snoring and
apnoeas during sleep and polysomnogram
documented sleep disordered breathing in obese
children have been reported to be much higher
than age-matched general cohorts. In adolescence,
the pattern of risk factors is similar to that of
adults and the role of obesity assumes greater
importance (55).

The role of craniofacial factors, excluding that
of gross abnormalities, in the pathogenesis of OSA
in children is not well delineated. It is possible
that children with OSA, even on correction with
tonsillectomy, may be predisposed to development
of OSA in later life (56).

Much less commonly, the occurrence of OSA
in children is due to other anatomical
abnormalities, either as part of a serious
developmental disorder or just an isolated skeletal
variation. Some of these congenital conditions are
Down’s syndrome (causing large tongue or tonsils),
Pierre Robin syndrome (causing micronagthia),
and mucopolysaccharidoses (causing soft tissue
deposition with upper airway narrowing).

Genetic influence

Familial tendency for OSA has been reported in
Caucasians and African-Americans (57,58).
Familial aggregation may reflect genetic
inheritance of certain pathogenetic traits such as
body habitus, craniofacial morphology or
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ventilatory control. Part of it may be attributed to
similar environmental exposure promoting certain
modifiable risk factors.

Pathophysiology

As the name of the condition implies, there are
events of cessation of breathing (apnoeas) due to
obstruction of the upper airway during sleep. In
reality, the respiratory events embrace full blown
apnoeas as well as events when breathing are only
decreased (hypopnoeas). These events occur as a
result of complete or partial functional occlusion
of the upper airways at the level of the pharynx
when the subject falls asleep, and they lead to
similar physiologic responses (59). Hence
respiratory event counts now include both apnoeas
and hypopnoeas. The dimunition of pharyngeal
muscle tone during sleep and negative inspiratory
pressure in the pharyngeal lumen set the scene for
possible functional collapse at that site (31,53). In
subjects with predisposing risk factors as discussed
previously, apnoeas and hypopnoeas may then
occur.

With the complete or partial cessation of
breathing, hypoxaemia and hypercarbia ensue, as
well as a cascade of other pathophysiological
events. Increased sympathetic discharge is well
documented with increase in catecholamine
production and muscle sympathetic nerve
activation (60,61). There is relative bradycardia
during the apnoea with tachycardia at the
resumption of breathing (62). Systemic arterial
blood pressure cyclically increase after each
obstructed breathing event (59,61), while
pulmonary blood pressure also increase transiently
and recurrently (63).

There is growing interest in the cellular and
biochemical changes accompanying OSA. Many
of these changes have a potential role in promoting
cardiovascular and metabolic morbidity. There is
a suggestion of participation of natriuretic peptides
and renin-angiotensin-aldosterone system in the
regulation of pressure and volume of the
circulatory system (64). Some established
atherogenic mechanisms have been described in
OSA, including increased platelet activation (65)
and clotting activity (66), decreased nitric oxide
production (67), impaired endothelial function (68),

increased lipid peroxidation (69), increased insulin
resistance (70), increased oxidative stress (71.72)
and vascular adhesion of leukocytes (72). The
ultimate clinical relevance of these changes
associated with OSA towards development of
atherosclerosis is the key question to be answered
by much more research. A randomized controlled
study of the effect of CPAP on endothelial function
in otherwise healthy OSA demonstrated that
endothelial dysfunction in OSA can be restored
by CPAP treatment (73). The connotation of this
finding is significant as endothelial dysfunction is
widely accepted to be a marker of atherosclerosis
and a predictor of cardiovascular diseases.

Clinical Features

Although there is a myriad of clinical features in
OSA, the cardinal symptoms often quoted are
habitual loud snoring and excessive daytime
sleepiness (Table 2).

Table 2. Common Clinical Features of
OSA in Adults

Symptoms:

Heavy loud snoring

Excessive daytime sieepiness
Excessive fatigue or lack of energy
Decreased concentration or memory
Witnessed apnoeas

Sleep choking

Dry or sore throat on wakening
Urinary frequency during sleep
Wake up feeling unrefreshed
Morning headache

e e & © e & o * e @

Physical signs:

« Overweight or obese
Thick neck

Receding chin
Swollen uvula
Hypertension

There have been a number of case series in
the English literature reporting on the clinical
features of OSA in various Asian populations
(43,44,45,74), and more in non-English local
journals. These subjects usually had florid OSA
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features since they were identified at the time when
OSA was just beginning to gain awareness in the
various Asian communities.

Daytime sleepiness is a cardinal symptom of
OSA (75,76) but it is both non-sensitive and non-
specific. Daytime sleepiness is usually assessed
subjectively with structured scales that assess the
possibility of falling asleep in various
circumstances, such as the Epworth Sleepiness
Scale (77) or Stanford Sleepiness Scale (75). The
degree of daytime sleepiness does not necessarily
correlate with objective measurements of sleep
apnoea severity. Some subjects may experience
fatigue or loss of emergy or difficulty in
concentration rather than really falling asleep.
People may also be reluctant to admit that they
fall asleep during work, as they are concerned
about being labelled as lazy or inefficient. The
symptom is not specific because there are many
causes of sleepiness, in particular poor sleep habits
with sleep deprivation.

In some patients with daytime sleepiness, the
classical pattern of apnoeas or hypopnoeas is not
seen but they have sleep disordered breathing in
the form of recurrent episodes of increased
resistance to airflow at the upper airway with
increasing respiratory effort and subsequent
cerebral arousals. The condition has been coined
the “upper airways resistance syndrome” (UARS)
(78,79).

On physical examination, features that may
be present in the adults include varying degrees
of obesity, thick neck, retronagthia, micronagthia,
tonsillar hypertrophy, oedematous looking uvula
(75,76). The western literature has suggested that
features of right heart failure are seen only when
there is significant co-morbidity that predisposes
to cor pulmonale, such as COPD or obesity-
hypoventilation (63). However, experience among
some clinicians in Asia suggests that there are
still occasional cases of severe untreated OSA who
present late with type II respiratory failure and
cor pulmonale attributed to OSA per se.

Subjects with OSA not uncommonly have
other diseases associated with obesity, such as
hypertension, diabetes mellitus, dyslipidemia and
coronary artery disease. Although acromegaly and
hypothyroidism are known to be associated with
OSA (75,80), sleep apnoea is rarely the presenting
feature of the endocrine disorder. Routine blood

testing for hypothyroidism or acromegaly among
OSA patients is not recommended but a high
clinical index of suspicion would be helpful.
Indeed we have diagnosed an occasional case of
acromegaly among those referred for sleep studies.

Despite the higher prevalence of OSA in the
elderly, the prevalence of obesity, sleepiness or
hypertension do not show a parallel increase (8,29,
51,52). Possible reasons behind this discrepancy
include different clinical manifestations, survivor
bias, and a higher AHI threshold for pathogenic
sequelae of OSA in the elderly.

Children also have a different pattern of
clinical features. They are usually not obese, and
may even have failure to thrive. Instead of
presenting with daytime sleepiness as in adults,
they have poor learning, behavioural problems,
attention deficits, hyperactivity. Cor pulmonale
may be present in severe untreated subjects.
Parents often observe snoring, hyperextension of
neck, laboured breathing with dilated nares and
intercostal retraction during sleep (21,81).

Long Term Morbidity

Neurocognitive and neurobehavioural
morbidity

A wide range of neurocognitive deficits have been
reported in OSA, mainly in those with severe
disease in terms of apnoea-hypopnoea index,
oxygen saturation, and sleepiness. These deficits
include impairment of vigilance, concentration,
short-term memory and visuomotor skills (82-84).
Psychological impairment such as depression has
also been reported (83). However, most of the
studies did not have appropriate control groups
and the effect of confounding factors such as age,
education level, socioeconomic status cannot be
excluded. Treatment of OSA with nasal continuous
positive airway pressure (nCPAP) has
demonstrated improvement in  these
neurobehavioural impairment (85).

Untreated OSA is associated with an increased
risk of traffic accidents and the risk is reduced
with treatment of OSA (86,87). There is very little
data regarding the relationship between OSA and
accidents related to other occupations or activities
of daily living.
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In a disease such as OSA where the onset is
indistinct and symptoms are relatively non-
specific, evaluation of health related quality of
life (HRQOL) is particularly useful. HRQOL has
been demonstrated to be impaired in patients with
OSA compared with the normal population, and
AHI was an independent determinant of HRQOL
(88,89). In an analysis of 300 subjects presenting
to our sleep clinic, using SF-36, a generic HRQOL
instrument, we found that subjects with severe
OSA and sleepiness had poorer quality of life
compared to those with neither OSA nor
sleepiness. Independent determinants of poot
quality of life in this cohort were excessive
daytime sleepiness and to a lesser extent, comorbid
cardiovascular disease, age and BMIL. In contrast
to the previous two population-based studies, the
presence of OSA as defined by AHI = 5 was not
a significant factor in our study. This was probably
due to the fact that our subjects were referred for
certain symptoms and were not representative of
the general population.

Disease-specific HRQOL instruments have the
advantage of being able to detect subtle differences
related to the characteristics of the disease. The
Calgary Sleep Apnoea Quality of Life Index
(SAQLI) is an OSA-specific instrument (90) that
has the additional advantage of accounting for
negative effect of intervention-induced side-effects,
enabling it to be more sensitive in the assessment
of treatment response in OSA. Since the reliability
of quality of life measurement tools are highly
contingent upon language and culture, it is
important to have appropriate validation of such
instruments. We have recently validated a Chinese
version of the SAQLI which may have a wider
application in the Chinese population (91).

Treatment with nCPAP has also been shown to
improve quality of life in subjects with OSA (92).

OSA and cardiovascular disease

The strong association of OSA and various
cardiovascular diseases is well documented. A
number of studies have reported an increased risk
of cardiovascular morbidity and mortality with
OSA or snoring, controlled for confounding factors
(93-98). OSA may have a pathogenic role in
cardiovascular diseases, it may pose an acute

adverse physiologic mileau in pre-existent
cardiovascular diseases, or it may merely share
common aetiologic factors such as obesity with
cardiovascular diseases. The exact relationship
remains to be defined, but there is growing
evidence that all three components may exist.
Obviously, the cardiovascular morbidity and
mortality attributable to OSA, either by causality
or aggravation, is of great prognostic and
therapeutic implications in OSA, and hence a focus
of ongoing research.

OSA and systemic hypertension

A strong association of OSA and hypertension
has long been observed. Hypertension occurs in
30-50% of OSA subjects in clinical series, while
one third of subjects with essential hypertension
have OSA (93). The prevalence varies in relation
to the referral pattern of the sleep clinic and also
the awareness of the association. In a study
conducted in 1995 in a tertiary referral
Hypertension Clinic, we demonstrated that at least
18% of patients followed up for “essential
hypertension” were suffering from previously
unrecognized OSA of moderate or even severe
degree (99).

Due to the strong possibility of comorbidity,
the independent causal role of OSA in
hypertension has taken a long time to be
established, but the evidence is accumulating.
Several cross sectional epidemiologic or case
controlled studies have shown that increase in AHI
or oxygen desaturation was significantly related
to increase in blood pressure, even after controlling
or matching for known confounding factors
(100,101). A prospective follow-up study of 700
subjects over a period of 4 years in Wisconsin
showed that the odds ratios for development of
hypertension were 1.4, 2.0 and 2.9 for subjects
with AHI 0-4.9, 5-14.9 and > 15 respectively,
compared to those with an AHI of zero events per
hour (98). CPAP therapy has also been shown to
produce a small decrease of about 1.5 mm Hg in
24 hours diastolic blood pressure, which was
significant between the hours of 2 am and 10 am,
and the decrease was greater in those with
significant nocturnal hypoxaemia (102).

OSA and the heart
OSA exerts acute physiological changes that
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predisopose to myocardial ischaemia during sleep.
Nocturnal ECG changes of ischaemia during post-
apnoeic periods have been demonstrated in patients
with coronary artery disease and co-existing OSA
compared with those without OSA (103). Whether
nocturnal ischaemia can be induced by OSA in
those without existing coronary artery disease is
much more controversial, and is probably less
likely (93). Cross-sectional analysis of the Sleep
Heart Health Study cohort identified a modest
independent association between OSA and
coronary artery disease (95). OSA subjects may
have worse prognosis in terms of mortality after
hospitalization for coronary artery disease (96).

In a Singapore study of 432 inpatients of
multiethnicity, OSA was independently associated
with ischaemic heart disease (104). Malays had
the highest prevalence of OSA but the lowest
prevalence of ischaemic heart disease. After
adjustment for OSA, there was a reduction in the
risk of ischaemic heart disease, suggesting that
OSA was a confounder in the relationship between
race and ischaemic heart disease.

The literature regarding left ventricular
function and OSA is controversial. There are
several common confounders in the relationship,
including the presence of hypertension, obesity,
or diabetes mellitus. Both systolic and diastolic
dysfunction which are independent of hypertension
have been described in OSA (93,105). On the other
hand, a study involving over 500 subjects did not
find an independent association of OSA with
increased left ventricular mass or left ventricular
diastolic dysfunction (106). Heart failure itself may
contribute to the occurrence of OSA through
mechanisms of unstable respiratory drive. In an
analysis of 450 consecutive patients with
congestive heart failure, Cheyne Stokes respiration
with central apnoea was seen in 33% and OSA in
38%, defined at AHI > 10 (107). The presence of
OSA was related to only BMI in men and to only
age in women.

Short term nCPAP treatment improved left
ventricular ejection fraction in patients with end-
stage heart failure who also had OSA (108,109).

OSA and arrhythmia

Cyclical bradycardia and tachycardia are
commonly seen in OSA. Other pathologically
significant rhythm disturbances have been

described in OSA, but studies have shown
conflicting evidence regarding whether these are
due to OSA or confounders. Among the
arthythmias, extreme bradycardia with ventricular
asystole, attributed to enhanced vagal tone is more
convincingly associated with OSA (110).

OSA and stroke

A high prevalence of OSA has been reported in
patients with stroke (111). However, since the
objective documentation of sleep apnoea in the
majority of subjects was done only after the stroke,
it is difficult to ascertain if OSA was present before
stroke and posed an independent predisposing risk
for stroke, or it was merely a sequel of the
neurological event. Furthermore, spontaneous
improvement in the sleep apnoea on follow up
may be seen (112,113). Treatment of OSA post-
stroke resulted in improvement in well being and
blood pressure (114) although compliance to CPAP
was low in a group of Chinese patients (113).

OSA and pulmonary hypertension

The Pickwickian syndrome classically describes
grossly obese sleep apnoea subjects with cor
pulmonale. Recent Caucasian series have
suggested that although mild degree of pulmonary
hypertension is not uncommon in OSA, significant
right heart failure only occurs in the presence of
comorbidities such as obesity or chronic
obstructive pulmonary disease with daytime
hypoxaemia (62,115). However, there have been
reports in literature (62) and anecdotal experience
of untreated OSA patients who developed right
heart failure without obvious lung disease or
morbid obesity. Children with untreated OSA may
have features of cor pulmonale (21).

OSA and the metabolic syndrome

Many subjects with OSA have features of the
metabolic syndrome, comprising of insulin
resistance, dyslipidemia, central obesity,
hypertension and which is highly associated with
cardiovascular disease (28,116,117). While the
clustering of OSA and these risk factors may be
explained by the common link of obesity, it is also
postulated that OSA may provide a stress stimulus
which triggers or aggravates the metabolic variables,
thus conferring independent predisposition to
atherosclerosis and cardiovascular diseases.
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The relationship between insulin resistance
and OSA has been repeatedly studied. Results are
so far controversial, with a favourable trend
towards an independent association between
insulin resistance and OSA in cross-sectional
studies (69,94,118). An open study recently
reported that treatment of OSA reduced insulin
resistance (119).

Diagnosis

The standard diagnostic method for sleep apnoea
is polysomnography, which comprise of recordings
of sleep stages (with electroencephalogram and
electro-oculogram), respiratory events (airflow at
mouth and nose with pressure transducers and/or
thermistors , respiratory movements with throracic
and abdominal strain gauge belts), oxygen
saturation with pulse oximeter, and other useful
signals, such as snoring with tracheophone, body
position with position sensor, leg movements with
electromyogram. The advent of computerized
systems has made such recordings more easily
accessible. However, the test remains very
expensive especially in terms of manpower
required for accurate connections and overnight
monitoring for acquisition of data.

Although full polysomnography is
recommended as the “gold standard” diagnostic
method for sleep apnoea in some countries (90),
in many patients, simpler recordings such as
limited sleep studies without recording of sleep
stages may suffice to make a diagnosis of sleep
apnoea (120). Although such recordings may be
falsely negative if the subject did not sleep, they
often provide sufficient information for diagnosis,
especially in the more florid cases. They cannot
detect other sleep disorders causing daytime
sleepiness, such as upper airway resistance
syndrome, narcolepsy, and periodic leg movement.

An overnight oximetry with the pattern of
recurrent dips in oxygen saturation against a
normal or near normal baseline saturation in
someone with compatible clinical features is highly
suggestive of a diagnosis of OSA (Figure 1). When
both sleep oximetry and symptoms improve with
a trial of nCPAP, the diagnosis is considered well
clinched. However, oximetry patterns can only be
confidently interpreted when subjects do not have

other coexistent respiratory problems which in
themselves lead to oxygen desaturation during
sleep, making the superimposed pattern of
recurrent dips from sleep apnoea no longer
distinctive. Sleep oximetry cannot distinguish
between central or obstructive events, but central
events are not immediately responsive to nCPAP.
Oximeters vary in their sensitivity, thus some
patients with lesser degree of destauration may be
missed. Similar to limited sleep studies, oximetry
cannot be used to diagnose other sleep related
disorders. Obviously, the use of such a simple
diagnostic method that is not very sensitive nor
specific is highly contentious in well developed
countries, but in the context of communities with
extremely limited healthcare resources, it may well
contribute to identifying some patients where
polysomnographies are not available either because
referral to sleep laboratories is beyond affordability
or the waiting time is unrealistically long.

In occasional patients, more invasive or
sophisticated diagnostic devices may be required
for documentation of specific signals. The
measurement of oesophageal pressures is needed
for establishing a diagnosis of upper airway
resistance syndrome. The number of patients
requiring such investigations are small and the
establishment of such facilities should be limited
to quarternary referral sleep disorders units.

Treatment
General measures

Weight control is always advocated in OSA
subjects who are overweight or obese. Weight
reduction may result not only in improvement of
OSA (11), but also in reduction of the risk of
developing or the severity of coexistent obesity-
related diseases such as hypertension, diabetes
mellitus.

Alcohol, through its effect on both sleep
staging and muscle tonicity, can precipitate or
aggravate snoring and sleep apnoea. In general,
subjects should be advised to avoid drinking
alcohol before sleep, although in practice, one has
no hard evidence to advise against drinking in
moderation as long as the person is willing to use
nCPAP faithfully.
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lasting over 10 seconds and less than 1 minute

Nasal continuous positive airway
pressure (nCPAP)

Currently, nCPAP is the accepted first-line
interventional treatment for symptomatic OSA. The
treatment is based on the theory of mechanical
splinting of the upper airway to prevent its
collapse, using a positive pressure delivered
through the nose with tight-fitting devices over
the nose or nose and mouth (122). The use of
nCPAP correct many of the acute pathophysiologic

events in OSA and also other intermediary
biochemical changes. It can improve symptoms,
quality of life and daytime function including risks
of traffic accidents in OSA (84,86,123).

To assess the pressure requirements to abolish
obstructed breathing events, titration of the
pressure has been done with full polysomnography
documentation. The advent of automated titration
CPAP systems allowed adequate assessment of
pressure requirements in the vast majority of
patients with OSA (124), and has been successfully
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used in a number of sleep laboratories
worldwide.

These “intelligent” CPAP devices, which
adjust the delivered pressure according to the
degree of obstruction as reflected by changes in
upper airway airflow or pressures, can be used for
treatment, instead of the classical fixed pressure
mode. Since these machines vary their pressures
from night-to-night and throughout the night, no
prior CPAP titration is necessary. Such devices
are theoretically more comfortable as the pressures
will not be maintained at high levels unnecessarily.
Some models have been compared to constant
pressure devices in clinical trials and have been
reported to be of similar efficacy and the mean
pressure requirement was slightly lower. Whether
this translates into better compliance has not been
definitively proven although there is preliminary
evidence for such (125). Frequent changes in
pressures may not be realistically advantageous in
those patients who have very severe degrees of
OSA throughout the night. These models are more
expensive than the usual constant pressure models.

Bi-level machines, which are more expensive
than constant pressure models, are considered the
model of choice for patients with obesity-
hypoventilation syndrome, because they can deal
with both obstructed events and hypoventilation
events. They show little advantage in those with
pure OSA except in occasional patients who cannot
tolerate expiring against positive pressure.

Nasal CPAP is consistently effective when
properly used, but it is a relatively cumbersome
device giving rise to a number of side-effects.
Patient acceptance and long term compliance pose
substantial problems. Side effects of nCPAP
include discomfort due to wearing of tight-fitting
mask, nasal irritation, throat dryness, air leakage
with eye irritation, and noise of machine (126).
Patient-mask interface is an important factor in
the patient’s tolerance of this treatment and efforts
must be put into choosing the most appropriate
mask for the individual. Nasal symptoms such as
runny nose are quite common, and may require
treatment with nasal steroids. The addition of warm
humidifier is often helpful.

Patients may not be compliant in using the
device every night or during sleep throughout the
night. It is not uncommon for patients to report
that they use it irregularly: some may take off the

mask after a few hours of sleep while others may
find the mask removed unknowingly when they
wake up in the moring. Studies conducted in UK
and USA, where CPAP devices are provided by
the healthcare system either free or through
insurance reimbursement, showed that about two
thirds of subjects were still using the device at a
median follow up period of about two years
(126,127). In those who were still using it, the
median duration of use per night was about 5.7
hours (127). In Hong Kong, where nCPAP is not
provided by the healthcare system, initial
reluctance to buy or rent the CPAP device after
titration is not uncommon, especially in those who
claim few subjective symptoms (personal
observation). Determinants of CPAP compliance
include severity of subjective sleepiness and/or
AHI (126,127). Reinforced patient support as a
measure to facilitate compliance is advocated (128)
although this has not been effective in a group of
Chinese patients in Hong Kong (129).

Surgery

Many different kinds of surgical procedures have
been conducted for treatment of OSA in attempts
to modify pharyngeal anatomy or by-pass the
pharynx (130). Tracheostomy is no doubt the first
and most effective, although it is rarely needed
nowadays except in patients with complicated
congenital syndromes when other modalities of
treatment for life-threatening OSA is considered
not feasible.

Uvulopalatopharyngoplasty is based on the
rationale that removal of soft tissue in the
uvulopalatopharyneal area widens the upper airway
Iumen and thus improve OSA (131). Some studies
showed a 50% short-term response rate but the
overall literature about this method suffers from
the lack of proper controlled studies or adequate
objective documentation of sleep disordered
breathing parameters. The procedure carries a
definite morbidity and mortality. Hence, it is
getting out of favour in general.

Many other modes of surgery have been
described and the more well known ones are
maxillo-mandibular advancement/osteotomy, hyoid
myotomy and suspension and tongue base
reduction (130,132). Various surgical modalities
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may be performed singly or in combination, in
one phase or multiple phases. Short term results
of some of the more extensive surgical procedures
have been reported to be good, but such procedures
require surgical expertise and intensive post-
operative support, and results may depend
significantly on the experience and expertise of
the individual centre.

More systematically conducted trials with
good documentation of patient characteristics,
surgical procedures and objective outcome data
are required before one can recommend surgery
as a first-line treatment in OSA.

Oral appliances

Oral appliances are devices placed intra-orally
during sleep to prevent the occurrence of OSA.
They include tongue retaining devices and
mandibular advancing devices. The latter are the
predominant type of devices being used currently,
and there are many different designs (133,134).
Comparison of oral appliances is hampered by
different devices being used and different criteria
for defining response.

Depending on the criteria for response, oral
appliances have been reported to improve OSA in
about 37-75% of subjects (133-136). The efficacy
of mandibular advancing devices in mild/moderate
OSA have been demonstrated in placebo-controlled
randomized studies (135,136), and also in
comparison studies with nCPAP (137). Compared
to nCPAP, oral appliances resulted in a lesser
complete control of sleep disordered breathing and
symptoms, but have a higher short-term
compliance rate as well as acceptance rate (133-
137). However, longer term compliance in mild
and moderate OSA has been shown to decrease
by about 50% (138).

Based on the premise that craniofacial
anatomic factors are of greater pathogenetic
contribution in Asians than in Caucasians with
OSA, it has been postulated that mandibular
devices targeting at alteration of anatomy would
find a bigger role in the management of OSA
among Asian subjects. In an open study of 24
Chinese subjects with mild to moderate OSA, oral
appliances have shown similar response rate as
compared to those in Caucasians. We have recently

completed a randomized controlled study of mild
/moderate OSA with three treatment arms
consisting of conservative measures alone,
conservative measures with nCPAP and
conservative measures with oral appliance (data
submitted for publication). The oral appliance
group had a significant reduction of AHI from a
mean of 24 to 10, as well as improvement in
symptoms and health related quality of life.
Comparison of the three treatment modalities
showed that nCPAP group had the best response
in terms of objective parameters of sleep disordered
breathing and quality of life, while the group with
only conservative management showed no change.
However, despite the better objective results of
CPAP, only half of the patients in CPAP group
agreed to continue with the device after the study
compared to over 90% of subjects in the oral
appliance group, suggesting that the true
effectiveness of the two may be highly comparable.

We are also conducting an ongoing study of
a non-adjustable mandibular advancing device in
subjects with severe OSA who have persistently
refused the use of nCPAP. Of the seven subjects
evaluated so far, all showed some decrease in AHI,
with an improvement from baseline mean AHI of
54 to 21. The acceptance and compliance to oral
appliance were high at 100% and over 90%
respectively in this group. Even if complete control
of sleep disordered breathing cannot be achieved
with the device, oral appliance may be better than
no treatment at all in subjects with severe OSA in
terms of symptom relief and long term morbidity.

Oral appliances are assumed to work by
increasing pharyngeal volume and/or decreasing
pharyngeal collapsibility (133,134). Placebo-
controlled studies demonstrated that placebo
devices which did not advance the mandible did
not cause any change in OSA status, suggesting
that mandibular advancement is an important
mechanism (135,136). However, the correlation
between the degree of mandibular advancement
and the degree of improvement has been
controversial in the literature (133,134). The degree
of vertical opening achieved by the device may
also be one of the determinants of the outcome.
We have investigated the upper airway of oral
appliance users with volumetric computed
tomographic scans. There was an overall increase
in upper airway volume, with a selective decrease
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in hypopharynx cross-sectional area in good
responders. These changes may improve OSA by
widening the upper airway aperture as well as
dampening inward suction pressure downstream
of the more collapsible velopharynx (data
submitted for publication).

In summary, oral appliances do not
consistently correct physiological parameters such
as AHI to “normal” values in all individuals, and
occasional patients may even deteriorate. However,
treatment acceptance and compliance are
apparently better than nCPAP in certain groups of
patients, such as those with mild/moderate sleep
apnoea and those who strongly dislike nCPAP for
whatever reason. Predictors of good response have
not been clearly delineated, but most series suggest
that a lower baseline AHI, BMI or neck
circumference and some cephalometric variables
are associated with a better outcome (133,134,139).
Short term side effects include increased salivation,
temperomandibular joint discomfort, tooth
discomfort, and dryness of oral mucosa, but these
usually do not result in discontinuation of use and
they disappear or decrease after several weeks.
Long term side-effects are still being closely
monitored, and changes in dental occlusion have
been reported, the clinical significance of which
is not known (140,141). Oral appliances are
currently recommended to be an alternative option
to nCPAP in those with mild or moderate OSA
and those who are unwilling to use nCPAP (142).
Since the response is not uniform, it is important
to document objective response by follow up sleep
studies rather than relying only on subjective
symptoms. Long term follow up for side-effects
and compliance is also essential.

Radiofrequency

Radiofrequency tissue ablation has been used as
treatment for snoring and OSA. Ablation of the
tongue base and/or soft palate has been reported
to be beneficial in a few small series of patients
with OSA (143,144), with about 50% of the
subjects showing an average of 50% reduction in
AHL It was recently reported that there was an
increase in hypopnoea two years after treatment
although apnoea index and symptoms remained
improved (145). Occasional serious side-effects

such as severe tongue ulceration may occur. At
this point, the role of radiofrequency ablation of
tongue base in treatment of OSA is as yet
undetermined, and should not be applied non-
discriminately. Radiofrequency ablation to
hypertrophied nasal turbinates has been reported
to have beneficial effects on the acceptance of
nCPAP and could lower the pressure requirements
(146). Being technically simpler with minimal
side-effects, it may be worth applying in
appropriate patients.

Medication

So far, no effective medication been identified.
Modafinil, a wakefulness-promoting drug, has been
tried as treatment for residual sleepiness in CPAP-
treated OSA (147). It does not improve OSA
events, and should not be regarded as treatment
for OSA itself.

Who to treat and how to treat?

The practicing clinician constantly encounters the
problems of deciding which patient requires active
intervention and the best treatment option for the
individual patient.

Treatment of any disease is essentially aimed
at relief of symptoms and prevention/alleviation
of long term morbidity and mortality. It is
uniformly accepted that treatment for OSA is
indicated if a patient is symptomatic, such as
having significant daytime sleepiness that affects
daily activities. However, assessment of symptoms
is usually subjective, and patients may have

_adjusted to the chronic symptoms and do not find

them disturbing. In the absence of symptoms, the
concern for adverse vascular sequel forms the basis
of treatment. Although there is progressive wealth
of data showing adverse physiological and
biochemical events attributed to OSA, the evidence
for an independent causal or aggravating role of
OSA in cardiovascular and cerebrovascular
diseases has not been firmly established. The best
evidence so far is in the contribution of OSA
towards the development of hypertension. Even
less is known regarding the effect of treatment of
OSA on clinical cardiovascular outcomes due to
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the paucity of well-designed studies. The chance
of performing prospective long-term randomized
controlled trials 1s hampered by the ethical
concerns of withholding treatment for prolonged
periods in the face of prolific evidence of short-
term physiological or biochemical abnormalities
that can be corrected by treatment.

In the USA, consensus statements for
indications of treatment, based on available
evidence as well as expert opinion, have been
published (76,142,148). The criteria for nCPAP
treatment include: AHI = 5 and symptoms; AHI = 5
and pre-existent cardiovascular disease including
hypertension and AHI > 30 regardless of
symptoms. In practice, in patients who are
relatively asymptomatic, the evidence of benefit
of active treatment has not been established (149),
and the acceptance and long term compliance of
currently available treatment such as nCPAP is
relatively low (126,127).

Apart from the incomplete evidence base for
treatment in some scenarios, the problem is
compounded by patient acceptance and compliance
with certain modes of treatment, which is not
purely guided by treatment response. This is well
illustrated in our previously described study of
treatment in mild/moderate OSA. Although the
nCPAP group had the best response in terms of
symptoms, sleep disordered breathing parameters
and even quality of life, the highest numbers of
subjects in the nCPAP group refused to continue
in their assigned treatment mode. Reasons given
were financial constraints, dislike of the idea of
using nCPAP, and side-effects. This highlights the
multiple reasons that may affect patients’
preference of a certain treatment mode, which may
bear little correlation with the objective response
to treatment.

In clinical practice, the current state of
knowledge regarding the risks of untreated OSA,
and the pros and cons of various modes of
treatment should be made known to the patient.
In most cases who are considered to meet the
criteria for active interventional treatment, n"CPAP
would be recommended. For those who reject or
fail non-invasive treatment, full disclosure of the
risks and benefits, and the lack of good pre-
treatment predictors of eventual outcome of other
modalities such as oral appliances and surgery,
are required.

Issues Pertinent to Asia
Recognition and diagnosis of OSA

Accurate diagnosis of sleep apnoea syndromes
require sleep laboratory facilities for overnight
sleep studies. Such facilities are expensive, due to
the cost of the equipments as well as the technical
manpower required. Despite such problems, sleep
laboratories have been established in the past
decade in Asia, including Hong Kong, Singapore,
the mainland of China, Japan, Thailand, India,
Taiwan and Korea. Most of these laboratories tend
to be small, with two to four beds. The emergence
of computerized diagnostic systems has facilitated
the establishment of sleep laboratories since they
are more user-friendly than previous
polysomnogram set up. Computerized scoring,
although not as accurate as manual scoring, does
provide the diagnosis in many cases without the
need of laborious manual scoring which is not
affordable in many places.

Predisposing risk factors

Despite obesity being less of a problem in most
Asian populations compared with Caucasian
populations, it is still the major risk factor for
having OSA as shown in the epidmiologic studies
or case series from Asia. In some big cities in
China, the prevalence of overweight is rapidly
increasing (150). In Beijing, it has been reported
that the average BMI of both children and adults
in the community have increased compared with
a decade ago (151). Hence, lifestyle modification
for the prevention of obesity is an important
measure that should be advocated for prevention
and management of obesity-related diseases, of
which OSA is only one.

Treatment options

Nasal CPAP is widely used in Asia, although these
devices are usually imported from countries outside
Asia. Some countries such as China have produced
their own brands. The utility of nCPAP is partly
influenced by the economic development and
healthcare financing system in that locality. In most
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Asian countries, patients have to pay for the
devices themselves with no reimbursement from
either national or personal health insurance, and
this may pose a limiting factor to its use. The use
of nCPAP in more remote rural areas may also be
hampered by the availability of electricity supply.

1t is important to provide adequate information
regarding the potential risks and benefits of various
modes of treatment, especially invasive ones, to
the patient before treatment. There is a risk
globally, certainly not the lesser in Asia, that certain
modes of treatment, some of which are not without
morbidity or even mortality, are applied liberally,
outstripping the evidence-based efficacy. Objective
documentation of response with sleep studies is
essential in some of the less consistently
efficacious modes of treatment.

Sleep medicine as a professional
discipline

In most healthcare systems in Asia, sleep medicine
is not a distinct entity. Disciplines that manage
sleep apnoea patients are respiratory specialists,
otolaryngologists, and psychiatrists, probably in
descending order of frequency. Similarly, most
sleep laboratories are run by these disciplines in
the same order of frequency, while a minority offer
integrated multidisciplinary programmes for
patients with various sleep disorders.

The need for professional training in sleep
medicine has increased substantially over the past
decade. Previously, most physicians engaged in
sleep medicine in Asia have been trained for
varying periods in sleep centres with established
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expertise outside Asia, often through a combination
of short intensive courses and clinical exposure.
Subsequently, they accumulated experience
through clinical practice. With the nidus of
experienced personnel, more in-house basic
training can now be provided. In places such as
Hong Kong and Singapore, where there are
structured systems for specialty accreditation,
training in sleep related breathing disorders is a
mandatory component for accreditation in
specialties such as respiratory medicine.

The need for professional training for allied
health staff, especially technical support staff in
sleep laboratories, is now gaining recognition.
However, there is no distinct career path for sleep
technicians in most healthcare systems in Asia,
and there is no established standards for
qualifications. A growing number of staff who
work in this area are seeking more formal training
and accreditation offered by international bodies,
such as the qualification of Registered
Polysomnographic Technician.

In summary, sleep related breathing disorders
is rapidly gaining recognition in both the
professional and lay community in Asia. There is
huge potential for epidemiologic, clinical and basic
research and healthcare development in this field
in Asia.
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Community Acquired Pneumonia

Amita V Doshi and Zarir F Udwadia

Definition

Pneumonia is defined as an inflammation and
consolidation of the lung due to an infectious agent.
Pneumonia that develops outside the hospital is
considered community acquired. Pneumonia
developing 72 hours after admission to hospital is
nosocomial, or hospital acquired. Pneumonitis is
occasionally used as a synonym for pneumonia,
particularly when inflammation of the lung has
resulted from a non-infectious cause, such as a
chemical or radiation injury.

Aeticlogy and Epidemiology

Pneumonia is a pulmonary infection caused by a
variety of pathogens. Thus pneumonia is not a
single disease but a group of specific infections,
each with a different epidemiology, pathogenesis,
clinical presentation and clinical course. The
common organisms causing community acquired
pneumonia are given in Table 1.

Pneumonia is a common disease, and attack
rates are highest at the extremes of age. Pneumonia
is the sixth leading cause of death in the United
States and the UK (1). Records from the early
part of the twentieth century show a steady decline
in reported mortality from pneumonia that
antedated the arrival of antibiotics. At around 1950,
and coinciding with the beginning of the antibiotic

era, mortality rate from pneumonia levelled off
and remained fairly constant. This mortality rate
is heavily weighted against the elderly, being 35
and 21 per 100,000 respectively for men and
women aged 55-64 years compared with 775 and
572 per 100,000 for those aged 75-84 years (2).

Table 1. Common Organisms Causing
Community Acquired Pneumonia

Microbial pathogens
Streptococcus pneumoniae
Mycoplasma pneumoniae
Haemophilus influenzae
Chlamydia pneumoniae
Legionella pneumophilia
Oral anaerobes
Moraxella catarrhalis
Staphylococcus aureus
Nocardia spp.
Viruses
Influenza virus
Cytomegalovirus
Respiratory syncytial virus
Measies virus
Varicella-zoster virus
Fungi
Histoplasma capsulatum
Coccidioides immitis
Blastomyces spp.
Mycobacterium tuberculosis
Chlamydia psittaci
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This predilection of pneumonia for the elderly is
not new and led William Osler in 1898 to describe
the condition as “the friend of the aged™.

The true incidence of pneumonia acquired in
the community is unknown and undoubtedly many
pneumonic episodes are treated by primary care
physicians as ‘lower respiratory tract infection’ or
‘bronchitis’ without recourse to chest radiographs.
Overall estimates of the annual incidence of
community acquired pneumonia (CAP) vary from
2 and 12 cases per 1000, being highest in infants
and in the elderly (3). Estimates from the USA
run to 4 million cases annually with an attack rate
of 12 per 1000 adults (4). The annual incidence of
community acquired pneumonia in those aged over
65 years has been estimated to be between 25 and
44 cases per 1000, while the incidence in subjects
of similar age living in institutions such as
residential and nursing homes was two to eight
times higher.

Pneumonia in children is a considerable
problem especially in poorer countries. About 15
million children worldwide die each year as a
consequence of acute respiratory infections, one
third of them from pneumonia and 96% of these
deaths occur in developing countries (5). Although
there may be large differences in the incidence of
childhood pneumonia between communities in rich
and poor countries (6), the huge differences in
mortality rates alluded to are more likely to be
explained by the lack of effective antimicrobial
therapy and other supportive measures (7).

The global burden of disease study showed
that lower respiratory tract infections would be
the fourth commonest cause of death globally in
the year 2010 (8). In developing Asian countries
the importance of pneumonia cannot be under-
estimated. In India, pneumonia and respiratory
infections are by far the commonest cause of
morbidity in children accounting for about 30%
of all child mortality (9). Datta and his co-workers
in New Delhi obtained data suggesting that 38%
of urban child deaths in India were caused by
pneumonia (10). This works out to a staggering
1.4 million child deaths / year caused by
pneumonia in India alone.

Most series on the aetiology of CAP from the
west have listed Streptococcus pneumoniae as the
most commonly isolated pathogen. In recent
studies, S. pneumoniae accounted for 55% of all

pneumonia in Kauppinen’s series of 125 cases from
Finland (11), 29% of the 268 hospitalized patients
from the Netherlands (12), and 43% of patients
hospitalised in Lieberman’s series from Israel (13).
Other bacteria implicated commonly in most
western series include Haemophilius influenzae and
My coplasma preumoniae. It is difficult to compare
the data on aetiology from different studies because
each study used different culture methods and
serological tests. However Fine et al performed a
meta-analysis on 127 published pneumonia studies
from across the globe and confirmed that in a total
of 33,148 patients, S. pneumoniae ranked first,
being isolated in 4432 patients. H. influenzae and
Mpycoplasma ranked second and third in 833 and
507 patients respectively (14).

In many large series however, no pathogen
can be identified despite comprehensive
bacteriological and serological testing. Thus in
Bohte’s series, the aetiology of the pneumonia
remained undiagnosed in 40% of the 268
hospitalized patients with CAP (12). In the meta-
analysis by Fine, et al. no etiological agent could
be identified in the overwhelming majority of
patients (14). It is believed that most of these
patients without a specific identifiable pathogen
probably were infected by S. prneumoniae. It is
also possible that there are additional agents that
have not yet been identified or recognised.

Great interest has also focussed in the last
decade on the prevalence of atypical pneumonia.
This term was originally coined by Reinmann in
1938 to denote infection caused by a specific group
of pathogens; Mycoplasma pneumoniae,
Chlamydia pneumoniae, and Legionella (15). The
relative prevalence of these atypical pathogens has
been discussed in two large recent series. Mundy
et al found a prevalence rate of only 8% out of
385 CAP patients hospitalised over a year in Johns
Hopkins hospital (16). At the other end of the
prevalence spectrum, Lieberman’s study of 346
hospitalized patients showed that one or more of
these 3 atypical pathogens could be identified in
no less than 63% of patients (13).

Review of Asian studies on
epidemiology of CAP

There is much less data on aetiology of pneumonia
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from developing countries in general and Asia in
particular. The high cost of routinely performing
microbiological and serological tests in all patients
with CAP is probably the main reason for this
lack of data. Besides, as discussed earlier, the
ability to determine the microbiological diagnosis
of CAP remains poor even in the developed world.
Furthermore, the cost effectiveness of making such
an exact microbiological diagnosis has long been
debated. At our hospital, a tertiary referral centre,
a comprehensive pneumonia screen would cost
Rs 6000 (i.e. around US$120). Spending this sum
of money when the income per capita stands at Rs
11,300 would be an unjustifiable luxury outside
of formal epidemiological studies. Empirical
antibiotics started promptly, as per existing
guidelines would be the preferred approach.
However the Asian region is very diverse and
existing British and American guidelines cannot
and should not be blindly transposed to this region
without some idea of local prevalences. A detailed
review of the available epidemiology of microbial

aetiology from the Asian region is therefore

outlined here.

From Japan where pneumonia is the fourth
leading cause of death, an elegant study by Ishida
and colleagues from Okayama (17) investigated
the aetiology of CAP in 318 adults hospitalized
with pneumonia. This study was a prospective 3
year analysis and the authors went to great lengths
(cultures, atypical serology, viral serology and
bronchoscopic and trans-thoracic aspirate analysis
where necessary) to establish a specific
microbiological diagnosis for each of 326 episodes
of CAP in their population. Causative pathogens
were identified in 199 episodes (61%) with
Streptococcus pneumoniae being the commonest
pathogen (23%), followed by H. influenzae (7.4%),
Mycoplasma pneumoniae (4.9%) and Klebsiella
preumoniae (4.3%). The most conspicuous
difference from the West was the very low
incidence of pneumonia due to Legionella species
which accounted for only 2 episodes. Differences
in the air-conditioning systems in Japanese homes
were postulated to be responsible for this. A
Japanese Working Party for Legionellosis headed
by the Japanese Ministry of Health reviewed all
confirmed Legionella cases in the country and
found only 28 patients in an 11 year period (19).

Other smaller prospective studies from other

parts of Japan (20) and Hong Kong (21) showed
no major differences in the etiological agents
causing pneumonia in these parts of Asia and the
Western world. However, there are other Asian
studies which do show important regional
variations and these need to be highlighted here.
A study by Tan et al from Singapore showed a
microbiological spectrum quite different from that
seen in the West (22). In this series of 57 cases
admitted to an ICU for severe CAP over a 4 year
period, the commonest pathogen encountered was
Burkholderia (Pseudomonas) pseudomallei which
accounted for 10 cases. S. pneumoniae was
infrequently encountered being found in only 2
patients. The overall mortality in this series was
67% which is much higher than in most Western
series. This was attributed to the high incidence
of unrecognised B. pseudomallei infection in the
region under study with its high accompanying
mortality. In Thailand where melioidosis is
endemic, a study by Boonsawat et al (23) showed
B. pseudomallei was by far the commonest
etiological agent for CAP in this region accounting
for 62 of 113 cases (55%). The overall mortality
in this series was also higher than reported from
the West mainly due to bacteraemia and death in
the B. pseudomallei group.

Tuberculosis presenting as an acute
pneumonia should never be forgotten in the Asian
continent. Osler used to teach that tuberculosis
should be the sole differential diagnosis in any
pneumonia that failed to resolve appropriately and
this axiom holds true even today in much of Asia
which bears the burden of most of the world’s
tuberculosis. In Tan’s series (22), 16% of patients
had tuberculosis. Another prospective study of 96
consecutive adults hospitalised with CAP in a
University hospital in Singapore (24) found
Mycobacterium tuberculosis to be the commonest
pathogen, accounting for 21% of all cases of CAP,
exceeding those caused by S. pneumoniae (12%)
and H. influenzae (5.2%). A prospective study of
CAP from Hong Kong (25) enrolled 90 adults
hospitalised at the Prince of Wales Hospital and
found that tuberculosis presented as CAP in 12%
of patients. The authors noted that it could not be
differentiated from other causes of pneumonia on
clinical or radiological grounds. In this study
pneumococcal infection was diagnosed in only
12% of patients. A Japanese study (26) of 188
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cases of CAP found that Mycobacterium
tuberculosis was the cause of 11% of all cases.
These studies emphasise the role of pulmonary
tuberculosis as an important cause of pneumonia
in the Asian context.

A study from China (27) again pointed out
interesting differences in aetiology of pneumonia
with a much higher incidence of Klebsiella,
Pseudomonas and Staphylococcal pneumonia than
would normally be seen in the West. A study from
Taiwan (28) similarly showed the commonest
pathogen to be K. pneumoniae and not S.
preumoniae.

Turning to atypical pneumonia, there is a fair
amount of data on the prevalence of Legionella,
Mycoplasma and Chlamydia pneumonia from the
Asian region. Whilst Legionella pneumonia is
believed to be uncommon in Japan as discussed
earlier, Vijayasingam found this pathogen to be
endemic in Singapore accounting for 14% of
samples tested serologically (28). A study by
Chaudhry (30) showed that Legionella was an
important pathogen in India accounting for 15% of
all patients hospitalized with CAP. In contrast
Legionella was a rare cause of pneumonia in Taiwan
with a presumptive disease in 5% and confirmed
disease in none of the 180 patients with atypical
pneumonia (31). Mycoplasma preumoniae is also
being reported with increasing frequency from the
Asian region with a study from Vellore in South
India revealing it to account for a fifth of adults with
CAP (32). Another study from New Delhi in
Northern India showed that 35% of patients had
atypical pneumonia caused by Mycoplasma
pneumoniae (33). When appropriate serological
tests are used even Chlamydia pneumoniae is well
represented in Asian series. A study from the
National Defense centre in Taipei, Taiwan showed
Chlamydia accounted for 11% of all cases of CAP
(34). In Japan, 7.9% of 214 patients with CAP
satisfied the criteria for diagnosis of acute infection
due to Chlamydia, the third leading cause for CAP
following S. pneumoniae (21.5%) and H. influenzae
(8.4%) (35). Such findings underpin the importance
of including antibiotics with proven activity against
atypical organisms in the initial empirical antibiotic
therapy for CAP in these parts of Asia.

Hospital-based surveillance of community-
acquired infections can provide important data for
health-policy decisions. A prospective multicentre

hospital surveillance survey of S. pneumoniae
disease from 6 major centres in India yielded
important data (36). The commonest pneumococcal
serotype was Type 1, which accounted for 25% of
Indian invasive serotypes. Similar studies from
neighbouring Pakistan (37), and Bangladesh (38),
have revealed different serotypes in these countries
and regional variations must be taken into account
when vaccine formulations are recommended.
Penicillin resistance was not encountered in the
isolates in this Indian series but close surveillance
is needed as neighbouring Pakistan reported that
9% of their invasive isolates were penicillin
resistant. By contrast penicillin resistance is clearly
an important problem in other parts of Asia such
as Japan. A study from Nagasaki noted that 50%
of 49 cases of pneumococcal pneumonia were
caused by penicillin resistant pneumococci (39)
while intermediate and high grade resistance to
penicillin were found in 22% and 6 % of isolates
in Kyoto (40). The importance of such studies
cannot be overemphasized. Vigilance and
surveillance will go a long way in countering the
spread of antibiotic resistance.

We would like to share the results of our study
(41,42) where 100 patients with CAP admitted to
two hospitals in Bombay (I private and 1 public
hospital) over a period of one and a half years
were prospectively studied. Despite a thorough
search for the etiologic agent, no organism could
be identified in 44% of the patients. Strep
pneumoniae was the commonest organism
accounting for CAP in 22% of patients followed
by Chlamydia in 14% and Haemophilus in 9%.
Atypical organisms accounted for 19% of all cases.
TB was an important cause of CAP accounting
for 7% of the patients. These results are interesting
as they demonstrate regional variations in etiologic
agents causing CAP in India. A higher incidence
of Chlamydia (14%) was seen in Bombay as
compared to Delht and Vellore but the incidence
of Mycoplasma in Bombay was only 3% (as
against 35% in Delhi (33) and 20% in Vellore,
South India (32)) and that of Legionella was 2%
(as against 15% in Delhi (30)).

Thus, to conclude this section, a review of
studies on the aetiology and epidemiology of CAP
from Asia reveals similarities and differences from
Western series. Such studies are vital to our
understanding of local patterns in different parts
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of the vast Asian continent. Antibiotic guidelines
can then be rationalized for different regions.

Clinical Manifestations

Community acquired pneumonia has traditionally
been thought to present as either of two syndromes:
the typical presentation and the atypical
presentation. Although recent data suggest that
these two syndromes may be less distinct than
was once thought, the characteristics of the clinical
presentation may nevertheless have some
diagnostic value.

The “typical” pneumonia syndrome is
characterized by the sudden onset of fever, chills,
cough and pleuritic chest pain. The cough is
usually productive, may be rusty in colour and
sometimes frankly bloody. In case of an anaerobic
infection it may have a foul odour. Fever is usually
present, but some patients may be hypothermic (a
poor prognostic sign) and some (20%) are afebrile
at the time of presentation. On physical
examination, crackles are heard over the affected
area of the lung, and physical findings of
consolidation (dullness to percussion, increased
tactile, and vocal fremitus, whispering pectoriloqui
and bronchial breath sounds) are present in about
20% of patients. A pleural friction rub is heard in
about 10% of cases. The typical pneumonia
syndrome is usually caused by the most common
bacterial pathogen in CAP, S. pneumoniae, but
can also be due to other bacterial pathogens, such
as H. influenzae, Staphylococcus aureus and mixed
aerobic and anaerobic components of the oral flora.
Elderly patients usually present with fewer
symptoms than younger patients. An interesting
study on pneumonia in elderly in Bangkok,
Thailand (43) showed that pneumonia in the
elderly might present with no fever, no cough, no
signs of parenchymal infiltration but significant
mental changes.

The “atypical” pneumonia syndrome is
characterized by a more gradual onset, a dry cough,
a prominence of extrapulmonary symptoms (such
as headache, myalgias, fatigue, sore throat, nausea,
vomiting and diarrhoea) and abnormalities on chest
radiographs despite minimal signs of pulmonary
involvement (other than crackles) on physical
examination. Atypical pneumonia is classically

produced by Mycoplasma, Legionella and
Chlamydia and the less frequently encountered
pathogens Coxiella burnetii, Francisella tularensis,
H. capsulatum and Coccidioides immitis.
Mpycoplasma pneumonia may be complicated by
erythema multiforme, haemolytic anemia, bullous
myringitis, encephalitis and transverse myelitis.
Legionella pneumonia is frequently associated with
deterioration in mental status, renal and hepatic
abnormalities and marked hyponatraemia.
Pneumonia due to Histoplasma capsulatum and
C. immitis is often accompanied by erythema
nodosum. In Chlamydia pneumonia, sore throat,
hoarseness and wheezing are relatively common.
A clinical study of Mycoplasma pneumonia by
Hwang and colleagues in China (44) showed that
all patients with Mycoplasma pneumonia
complained of fever and cough; 63% had dry
cough and 37% had sputum production. Upper
respiratory tract complaints such as rhinorrhoea,
sore throat or ear ache were seen in 57%. 55% of
patients had gastrointestinal symptoms of anorexia,
nausea, vomiting and diarrhoea. Other complaints
included myalgia/arthralgia (29%), headache
(30%), general malaise (32%), dyspnoea (17%)
and chest pain (20%).

Certain viruses produce pneumonia that is
usually characterized by an atypical presentation
i.e. chills, fever, dry cough and predominance of
extrapulmonary symptoms. Primary viral
pneumonia can be caused by influenza virus
(usually as part of a community outbreak in
winter), respiratory syncytial virus (in children and
immunocompromised individuals), measles,
varicella zoster (accompanied by the characteristic
rash), and cytomegalovirus (in patients
compromised by HIV infection or
immunosupressive drugs). The latest addition is
the Coronavirus which caused the recent outbreak
of severe acute respiratory syndrome (SAR) (see
Chapter 18). Furthermore, influenza, measles and
varicella can predispose to secondary bacterial
pneumonia as a result of destruction of the
mucociliary barrier of the airways.

Tuberculosis typically presents with fever,
night sweats, cough and shortness of breath and
sometimes pleuritic chest pain and blood streaked
sputum. Several weeks usually elapse before the
patient seeks medical attention because of the
gradual worsening of these symptoms, by which
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time he or she will have lost considerable weight. other causes of acute pneumonia on clinical or
Sometimes a more acute tuberculous pneumonia  radiological grounds.
may occur as discussed under “aetiology”. As Chan Table 2 gives a partial list of clues to the

and co-authors stressed in their study of aetiology cause of pneumonia that may be obtained from

of CAP in Hong Kong (25), pulmonary  the history and physical examination.

tuberculosis could be difficult to differentiate from

Table 2. Clues to the Aetiology of Pneumonia from the History and Physical Examination

Feature

Organism .

Environmental

Exposure to contaminated air-conditioning cooling towers, recent
travel associated with a stay in hotel, exposure to a grocery
store mist machine, visit or recent stay in hospital with
contaminated potable water

Outbreak of pneumonia in shelters for homeless men, jails,
military training camps

Exposure to contaminated bat caves, excavation in endemic areas

Animal contact

Exposure to infected parturient cats, cattle, sheep or goats
Exposure to turkeys, chickens, ducks or birds

Travel history
Travel to Thailand or other countries in Southeast Asia

Pneumonia in immigrants from Asia or India

Occupational history

Pneumonia in health-care workers in a large city with patients
infected with HIV

Host factors
Diabetic ketoacidosis

Alcoholism

COPD

Physical findings
Periodontal disease with foul-smelling sputum

Absent gag reflex, altered level of consciousness, or a
recent seizure

Erythema multiforme
Erythema nodosum

Legionella pneumophilia

S. pneumoniae
M. Tuberculosis
Chlamydia pneumoniae

Histoplasma capsulatum

Coxiella burnetii
Chilamydia psittaci

Burkholderia(Pseudomonas)

pseudomallei (melioidosis)
M. tuberculosis

M. tuberculosis

8. pneumoniae
Staphylococcus aureus

S. pneumoniae
Klebsiella pneumoniae
S. aureus

S. pneumoniae
H. influenzae
Morexella catarrhalis

Anaerobes

Oral aerobic and anaerobic

bacteria due to aspiration
Mycoplasma

M. tuberculosis
Chlamydia pneumoniae
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Investigations
Chest radiography

An abnormal chest radiograph is a sine qua non
for pneumonia, providing an immediate visual
impression of the extent of involvement. It can
confirm the presence and location of pulmonary
infiltrate; assess the extent of the pulmonary
infection; detect pleural involvement, pulmonary
cavitation or hilar adenopathy; and gauge the
response to antimicrobial therapy. However, chest
radiographs may be normal when the patient is
unable to mount an inflammatory response (e.g.
in agranulocytosis) or is in the early stage of an
infiltrative process (e.g. in hematogenous S. aureus
pneumonia or in Preumocystis pneumonia
associated with AIDS).

It is emphasized that almost every causative
agent can produce a wide variety of different
radiographic appearances, so that it is unwise to
assume that a confluent lobar pneumonia is bound
to be caused by S. pneumoniae despite the high
probability. Similarly, cavitation need not be due
to S. aureus but may occur in necrotizing Gram
negative pneumonias, such as those caused by
Klebsiella pneumoniae, or pneumonia arising from
the aspiration of anaerobic bacteria or even from
infection with S. pneumoniae when serotype 3 is
involved. A study from Shizuoka Hospital, Japan
(45) attempted to correlate radiological findings
with etiological agents. Whilst pleural fluid
accumulation and cavitation occurred in
tuberculosis rmimicking an acute pneumonia, lobar,
segmental and lobular shadows did not correlate
with any particular pathogen. Thus whilst certain
radiographic patterns are more commonly
associated with some microbial agents than with
others, it is difficult to predict the aetiology of
pneumonia from the radiological appearance.

Radiographic response to treatment usually
lags behind clinical improvement and
pneumococcal pneumonia (especially bacteraemic
forms) may take 6 weeks to clear on the chest
film (46). S. aureus and Legionella are amongst
the slower resolving pneumonia. Age is the single
most important predictor of the speed of resolution.
In elderly patients, pneumonia resolves at much
slower rate than in younger patient. Persistent,
recurrent, worsening shadowing may indicate

either inappropriate treatment or bronchial
obstruction by a foreign body, or more commonly,
tumour, particularly in patients over the age of 60
years. At times, computed tomography may be
especially useful in distinguishing different
processes, e.g. pleural effusion versus underlying
pulmonary consolidation, pulmonary abscess
versus empyema with an air-fluid level.

Laboratory identification of infecting
organisms

Laboratory investigation of a case of pneumonia
should not delay treatment with antibiotics, the
choice of which is based on the knowledge of the
likely pathogens and an estimation of the severity
of the infection. The lengths to which the clinician
is prepared to investigate the microbiological cause
of a case of pneumonia is likely to be determined
by the severity of the illness at presentation, its
response to initial treatment and the laboratory
facilities available.

Sputum microscopy and culture

In poorer, developing Asian countries, sputum
examination is cheap, easy to perform and often
the mainstay of microbial diagnosis of CAP.
Simple Gram’s staining of sputum which can be
performed even at bedside will give an immediate
and accurate indication of the pathogen involved
if large numbers of any one pathogen are seen.
According to Macfarlane, such positive Gram’s
stains have been shown to have a high specificity
in the case of pneumococcal and staphylococcal
pneumonia though the sensitivity is low (47).

A few practical points about sputum testing
need to be laboured here as they are particularly
relevant in developing countries. First and
foremost, one must ensure that the sample sent to
the laboratory is truly expectorated sputum and
not saliva. The presence of more than 25 squamous
cells per high-power field indicates a sputum
sample of poor quality and precious resources may
be saved by requesting a repeat sample instead of
proceeding with sputum culture (48). The second
problem is that lower respiratory secretions are
often contaminated by upper respiratory
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commensals during expectoration and isolation of
a potential pathogen may not reflect what is
actually occurring in the lungs. A laboratory trick
to counter this is to wash or dilute the sputum so
that only bacteria present in large numbers will
grow on culture. The third problem is that even a
single dose of antibiotic can interfere with the
culture of common pathogens such as S.
pneumoniae and H. influenzae. This is almost
certainly the reason why so many hospital based
series of CAP from Asia and the West have no
pathogen isolated in the majority of patients despite
a careful search. The majority of patients
hospitalized for pneumonia have already received
one or more courses of antibiotics prior to
hospitalization resulting in the poor sputum yield.
Finally, in as many as a quarter of all patients
with pneumonia, sputum is not produced. All these
problems conspire to make sputum culture a
relatively insensitive method for diagnosis of
bacterial pneumonia. Less than 50% of patients
with bacteraemic pneumococcal pneumonia will
have pneumococci isolated from their sputum.

A study from a public hospital (49) in a poor
part of India showed that attention to details with
bedside innoculation and dilution of the sputum
specimen resulted in a higher yield (34%) of S.
preumoniae. If the sputum sample reached the
laboratory late or did not undergo dilution, the
yield of S. pneumoniae and Gram-positive cocci
was significantly reduced with higher numbers of
Gram-negative rods indicating their overgrowth.

Since tuberculosis not uncommonly mimics
pneumonia in Asian countries, it is worth doing
Acid Fast Bacilli staining on sputum samples. It
is the policy of our microbiology laboratory to
perform Ziehl-Nielsen staining on all sputum
samples sent to the laboratory for routine bacterial
culture. This has often helped clinicians to make
an early diagnosis of tuberculosis even when this
has not been initially suspected.

Certain bacteria that can cause CAP are
notoriously difficult to culture. Legionella is one
such example and whilst occasional isolation on
charcoal yeast extract medium may be possible,
in the Asian context, such a procedure would be
expensive and time consuming and perhaps best
performed in only 1 or 2 central reference
laboratories in each country.

Sputum immunodetection

The diagnostic rate of pneumococcal pneumonia
can be markedly increased by testing for
pneumococcal polysaccharide capsular antigen in
countercurrent immunoelectrophoresis or latex
agglutination. This antigen can also be detected in
blood and urine and an advantage of this test is
that it is not affected by prior use of antibiotics.
The sputum antigen is positive in about 80% of
pneumococcal pneumonias whilst urine and serum
are positive in 36-45% and 9-23% of cases
respectively. The antigen remains detectable for
7-14 days after bacteraemic pneumococcal
pneumonia. A study from Shanghai compared
pneumococcal antigen detection by the
coagglutination technique with sputum Gram stain
and sputum culture (50). The positive yield was
46% by the latex coaggutination test, 27% by
Gram staining and 17% by culture.

Other pathogens that may be detected by
sputum immunodetection include Legionella
pneumophilia, Chlamydia pneumoniae and
Pneumocystis carinii.

Blood culture

In the initial evaluation of a patient with
pneumonia, at least two blood samples for culture
should be obtained from different venepuncture
sites. A positive culture may be obtained in 10-
30% of cases, the higher percentage applying to
pneumococcal pneumonia. This provides a specific
diagnosis of the pathogen, and is also of prognostic
importance because bacteraemia is an indicator of
more severe infection.

Pleural fluid

If a pleural effusion is present in a patient suspected
of pneumonia, it should always be examined to
exclude an empyema. Gram’s and acid fast stains
may be useful. The culture of pathogenic organisms
is always significant and valuable. The fluid is
always an exudate and some biochemical findings
(low pH, high lactate dehydrogenase, low glucose)
have been used to predict which parapneumonic
effusions may develop into empyemas (51).
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Standard acute and convalescent
serological testing

The usual serological tests involve the
measurement of complement-fixing antibody
levels in the blood, although more sensitive
Enzyme-linked immunosorbent assay (ELISA) and
immunofluoroscent tests are beginning to replace
them. Serological tests may be used for infections
caused by Mycoplasma preumoniae, Chlamydia
spp., Coxiella burnetii and Legionella spp. By its
nature, the complement-fixing test (CFT) is seldom
of immediate value and when positive usually
provides diagnostic information retrospectively, as
two paired sera are required in order to
demonstrate a fourfold rise in convalscent-phase
antibody titre. It is usual to wait about 14 days
between the two samples, although in some
infections, such as Mycoplasma, a rise may be
detected earlier; whilst in others, notably
Legionella, the rise may take several weeks. The
problem with paired sampling is that the resuits
are likely to come too late to be of clinical
relevance.

Invasive methods for obtaining
respiratory secretions

Other methods for obtaining respiratory secretions
are more invasive and may be associated with
morbidity. Their use is therefore confined to
patients who are severely ill and in whom it is
considered important to identify the organism
rather than relying on an initial empirical
antimicrobial approach or in whom such approach
has aiready been tried and failed.

Transtracheal aspiration

Transtracheal aspiration may be carried out in
patients who are unable to produce sputum or in
whom the response to the chosen antibiotic is poor.
Although the sensitivity of the procedure is high
(approaching 90%), the specificity is low. It is
assumed that the tracheobronchial tree below the
larynx is sterile, but false-positive results occur in
patients with chronic lung disease due to
tracheobronchial colonization. The technique has
also been applied when anaerobic lung infection
is suspected. A group from Japan performed this

technique on 387 patients over an 8 year period
from 1990-1998 and isolated anaerobes in 20%
of patients with CAP (52). Popular several decades
ago, transtracheal aspiration is rarely carried out
today.

Percutaneus transthoracic needle
puncture

This procedure employs a small gauge needle that
is advanced into the area of pulmonary
consolidation with computed tomographic
guidance. It requires that the patients cooperate,
have good hemostasis and be able to tolerate a
possible associated pulmonary haemorrhage or
pneumothorax. Patients on mechanical ventilation
cannot undergo lung puncture because of the high
incidence of complicating pneumothorax. The
diagnostic yield from this procedure ranges from
33 to 85%.

Fibreoptic bronchoscopy

Fibreoptic bronchoscopy is usually safe, well
tolerated and has become the standard invasive
procedure used to obtain lower respiratory tract
secretion from seriously il or
immunocompromised patients with complex or
progressive pneumonia and in patients with
ventilator associated pneumonia. It picks up
oropharyngeal contaminants unless special
precautions are taken using a protected specimen
brush (PSB). The PSB can be combined with or
used separately from bronchoalveolar lavage
(BAL) to obtain quantitative cultures, usually on
ventilated patients in an intensive care setting (53).
The diagnostic threshold for pneumonia, rather
than airway colonization, has been reported as
10°cfu/ml in respiratory secretions obtained by
PSB. On the other hand, BAL subtends a wide
area of tissue and lung secretions are diluted
between 10 and 100 fold, so that when interpreting
results, a threshold of 10* cfu/ml may be taken.
By combining PSB and BAL and by counting
intracellular organisms, Chastre and colleagues
(54) claimed a sensitivity of 100% (compared with
86% for either technique alone) and a specificity
of 96%. Bronchoscopy can therefore provide clues
in the difficult case when other methods have
failed, even when the picture has been clouded by
almost inevitable prior use of antimicrobials.
Infection with less usual organisms, such as
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Legionalle spp, M. tuberculosis, P. carinii, other
fungi or anaerobes may also be detected in such
cases as well as the occasional unsuspected
predisposing cause like the mechanical narrowing
of a bronchus. On the other hand, negative results
have to be treated with caution in patients already
treated with antimicrobial therapy. since this may
be due to antibiotic suppression of the organisms
or the infiltrate was of non-infective cause, as may
be so in over 40% of cases (55).

In a study in China by Zhong and colleagues
(56), secretions from the lower respiratory tract
were taken for bacterial culture using Japanese
made single-sheath catheter brush (SSC) via
fibreoptic bronchoscope in 53 cases with CAP.
The results showed that bacteria were isolated in
42 out of 53 patients, the organism being
pathogenic in 39 out of 53 (73.5%). Among the
bacteria isolated from the 42 cases, Gram-negative
bacilli accounted for the highest rate of 36% and
pneumococcus the next of 31%. Only 3 cases
yielded contamination, and SSC was therefore
suggested to be convenient and practical.

Lung biopsies

Transbronchial, thoracoscopic or open lung
biopsies tend to be reserved for diffuse pulmonary
infiltrates of undetermined cause and in the context
of suspected infection, and are occasionally carried
out in sick immunocompromised hosts in whom
the presence of an unusual opportunistic pathogen
is likely and less invasive diagnostic approaches
such as BAL have failed to identify the cause
(57).

Newer microbiological techniques

The tantalizing promise of new methods for the
rapid detection and identification of specific
organisms using molecular genetic technique
seems close to being fulfilled but for most
laboratories and clinicians, it has yet to be
delivered, largely because of financial constraints.
DNA probes have been developed for
characterizing target organisms and minute
amounts of target DNA can be amplified by the
polymerase chain reaction (PCR) to improve the
chance of their detection by the DNA probe so
that the sensitivity of the test is increased. A PCR

assay has recently been tested on the serum of
patients with bacteraemic pneumococcal
pneumonia and was found to have a sensitivity of
100% and specificiy of 94% (58). Similar probes
have been, or are being developed for a wide range
of organisms including Legionella pneumophila,
Mycoplasma pneumoniae, Neisseria meningitidis,
Blastomyces  dermatitidis, Histoplasma
capsulatum, Coccidioides immitis, Mycobacterium
tuberculosis, Mycobacterium intracellulare and
Mycobacterium kansasi (59). Thus the
identification of mycobacterial infection may take
hours rather than weeks, although the organism
still requires culture in order to allow antimicrobial
sensitivities to be confirmed. These tests are
generally outside the reach of all but a few referral
laboratories in developing Asian countries.

In a study done by Honda and colleagues in
Japan (60), serologic data was compared with data
obtained by capillary PCR to establish the efficacy
of capillary PCR for the determination of
Mycoplasma infection in samples obtained from
throat swabs, BAL fluid and sputum of patients
with Mycoplasma pneumonia. It was found that
capillary PCR had a sensitivity of 80.6%.

Arterial oxygen saturation and blood
gas analysis

Oxygen saturation as a screen followed by arterial
blood gas analysis when desaturation is evident
should be carried out in order that hypoxaemia
may be corrected. This also helps to gauge the
severity of the infection. The need for an inspired
oxygen of 35% or more to maintain the oxygen
saturation above 90% implies severe pneumonia;
so does a PaO, of 60 mmHg or less or a PaCO,
of 50 mm Hg or more. These findings signal that
assisted ventilation may become necessary.

Other laboratory findings

The white cell count is frequently raised in
bacterial pneumonia, with neutrophilia. Elderly
patients are not always able to mount such a
response. Sometimes when sepsis is overwhelming
there may be leucopaenia. A lymphocytosis may
occur in viral infections or in those due to
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“atypical” organisms. The white cell count may
be normal in viral pneumonia.

Numerous nonspecific biochemical
abnormalities have been noted, such as a raised
blood urea, bilirubin. transaminases and alkaline
phosphatase. Hyponatremia due to inappropriate
antidiuretic hormone secretion may occur in
Legionella infection. The presence of cold
agglutinins in patient’s citrated blood is seen in
over 50% of cases of Mycoplasma prneumoniae.

Urinalysis may detect small amounts of
protein and both red and white blood cells may be
seen on microscopy. As mentioned above,
pneumococcal antigen may be detected in urine
more frequently than in blood but less frequently
than in sputum. Legionella antigen may also be
detected in urine by ELISA, indicating L.
pneumophilia type 1 infection (thought to account
for about 80% of human legionellosis), and this
test is well worth doing for a rapid answer in
severely unwell patients with pneumonia.

Management

Whilst Western countries have clear guidelines
(61,62,63) on the appropriate initial antibiotics for
a patient with CAP, no similar guidelines are
available for Asia. Indeed, because of the vastness
and disparity of different parts of this continent,
no guidelines could hope to be all-encompassing.
Hence, as stressed in the section on “aetiology”,
the local epidemiology must be first established
by carefully and prospectively performed regional
studies. Thus, based on the firm knowledge of
local epidemiology of microbial organisms and
antibiotic sensitivity, patient population profile and
economic issues, local guidelines can be
individualized for different Asian countries. Blindly
transposing Western guidelines to Asian countries
would clearly be inappropriate. Worse still,
however, would be empirical treatment given
without knowledge or consideration of local
epidemiological conditions. Furthermore, a
mechanism for regular review at a regional level
should ideally be in place to take account of
changing patterns of disease such as the reduced
susceptibility of common organisms to standard
antibiotics and emergence of new or previously
unknown pathogens. Such a review by Lim from

Singapore (64) noted that there had been a 60-
fold increase in the incidence of penicillin
resistance in S. pneumoniae between 1987 and
1997. The review also noted a small increase in
the number of cases of Legionnaire’s disease and
the marked increase in the incidence of
mellioidosis. Similar reviews from Thailand (23)
show that mellioidosis has become the commonest
cause of CAP in this region.

When a patient with pneumonia first presents
to a general practitioner or a hospital, the cause of
pneumonia is generally not known. Whilst sputum
and blood culture should be collected at the outset,
treatment must start empirically on what is perforce
empirical grounds. The first decision the doctor
has to make is: “Can this patient with CAP be
successfully managed as an outpatient or should
he be hospitalized?” The second and even more
important question is “What should my empirical
choice of antibiotic be?”

Outpatient versus hospital treatment
of pneumonia

The majority of patients presenting with CAP can
be treated with oral antibiotics and managed
successfully as outpatients. The physician making
this decision must be confident that this patient is
not so ill that the parenteral route is mandatory. In
addition such a patient must be relatively non-
toxic, have limited disease, should not be
significantly immunocompromised and likely
infected by an organism generally sensitive to an
oral regimen. Table 3 lists 10 criteria that are very
useful in deciding whether or not to hospitalize a
patient with CAP. In our opinion any patient
meeting any one of these criteria is more safely
managed in hospital as such a patient is at an
increased risk of death from pneumonia.

OPD-treatment. For patients treated in the
community in poorer countries, cost is often an
important deciding factor. Cheap but reasonably
effective antibiotic choices in these poorer parts
of Asia would include oral amoxycilllin or
ampicillin, co-trimoxazole or a tetracycline
derivative. A recent trial from one of the poorest
area of the developing world showed that co-
trimoxazole was cheap, and yet as effective as
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Table 3. Criteria for Hospitalization/
Markers of Severity

1) Elderly patient (> 65 years of age).

2} Prior hospitalization for community
acquired pneumonia in < 1 year.

3) Significant comorbidity {(e.g. kidney,
heart, liver or lung disease; diabetes
mellitus; alcohol abuse; neoplasm;
immunosuppression)

4) White blood cell count <4 X 10%L or
> 30 X 109L.

5) S. aureus, gram-negative bacilli or
anaerobes as the suspected cause of

pneumonia.
6) Suppurative complications (e.g.
empyema, arthritis, meningitis,

endocarditis.
7) Failure of outpatient management.
8) Inability to take oral medication.

9) Tachypnea (> 30/min); tachycardia (> 140/
min); temperature > 38.3°C (101°F);
hypotension {< 90 mmHg systolic) (< 12
kPa systolic); hypoxaemia (arterial Po,
<60 mm Hg) (<8 kPa systolic); blood
urea> 7 mmol/L; acute alteration of
mental status.

10) Chest radiograph with multilobar or
spreading shadows.

more expensive antibiotics in 134 Gambian
children with pneumonia (65). It is important that
general practitioner and rural health care providers
are not seduced by the latest (and generally most
costly) antibiotics. Responsible prescribing by this
group of front line physicians will go a long way
in preventing the emergence of antibiotic
resistance. The impact that a rational antibiotic
policy can make in reducing pneumonia mortality,
even in the poorest part of rural India, can be seen
from an inspiring study by Bang et al (66). This
was a community based intervention trial to reduce
childhood mortality from pneumonia in 6176
children in 58 villages in Gadchiroli, India. These
interventions included mass education about
childhood pneumonia and case management of
pneumonia by trained paramedics and village
health workers who were taught to recognize

childhood pneumonia and treat it with co-
trimoxazole. After a year of intervention,
pneumonia specific childhood mortality was
significantly reduced in the intervention area as
compared to a control area of 44 villages (8.1 vs
17.5 deaths per 1000 children under 5 years). The
difference in infant mortality (89 vs 121 per 1000)
and total under-5 mortality (28.5 vs 40.7 per 1000)
were highly significant. The cost of co-trimoxazole
was US$0.025 per child per year. This worked out
to a mere $2.64 per child saved.

Another antibiotic which is a reasonable first
choice and relatively inexpensive is erythromycin.
In many Asian regions where atypical pathogens
are frequently encountered, this would be an
appropriate initial choice. A study from Taiwan
showed it to be as effective as the more expensive
(but better tolerated) clarithromycin (67). However,
high resistance rates of typical bacterial pathogens
to macrolides are found in many places in Asia
(www.alexander-network.com/), and using
erythromycin alone as empirical treatment is not
recommended in these areas, such as Hong Kong
(68).

If cost is not a factor, then oral antibiotics
with a wider range including a B-lactamase stable
antibiotic such as a co-amoxyclav or a second or
third generation oral cephalosporin such as
cefuroxime axetil could be used. Other effective
oral choices would be a newer macrolide such as
azithromycin or clarithromycin or a newer
quinolone such as levofloxacin. The efficacy of
these newer drugs in the Asian context have been
borne out in studies from this region. A study from
Jakarta in 34 patients with CAP showed a 95—
100% clinical response rate to either azithromycin
given 500 mg daily for 3 days or clarithromycin
500 mg bid for 10 days (69). No adverse reactions
were noted in either of the treatment groups.
Another study from Singapore by Oh showed oral
cefuroxime or amoxycilin-clavulanate were both
very effective and well-tolerated choices in 48
patients with moderately severe CAP (70). The
emerging role of the quinolones was established
from a study from Bangkok on 28 patients with
moderately severe CAP who were treated with
oral ofloxacin with excellent results (71). The
newer quinolones (eg levofloxacin) though much
more expensive have an even broader spectrum of
action that includes atypical pathogens and even
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penicillin-resistant pneumococcus and would be a
good oral choice in areas where penicillin resistant
pneumococcus is a problem. One of the concerns
is the potential masking of tuberculosis mimicking
other bacterial pneumonias (72).

Hospitalized patients. These patients are likely
to be more ill at the outset or have associated co-
morbid conditions and should ideally receive
intravenous antibiotics from the start. The initial
choice of antibiotics is based on local epidemiology
plus an assessment of how severe the pneumonia
is. A number of clinical, laboratory and radiological
pointers to severe pneumonia have been noted but
there is no simple way to identify all those at risk.
Studies of the British Thoracic Society have
pointed out that the presence of 2 or more of the
following 3; respiratory rate = 30/minute, diastolic
BP <80 mmHg and blood urea =7 mmol/litre,
confer a 9 to 20 fold increase in the risk of death
(61). This is a sensitive though not very specific
rule but one that can be easily applied at the
bedside. A Japanese study on 121 patients with
CAP indicated that the following 9 findings were
associated with severity of disease (73): age of at
least 65 years, an underlying disease of the
respiratory or central nervous system, dyspnoea, a
pulse rate = 90/min, a respiratory rate = 25/min,
an albumin concentration < 3.5 g/dl, a blood urea
nitrogen level of at least 20 mg/dl, a PaO, < 60
mm Hg or a saturation < 90% and a high score on
the extent of roentgenographic evidence of
pulmonary infiltrates.

In the ill, hospitalized patients all probable
pathogens must be covered and an intravenous [3-
lactamase stable penicillin (e.g. co-amoxyclav) or
a cephalosporin (e.g. cefuroxime or cefotaxime or
ceftriaxone) together with a macrolide provide
good initial cover for the majority of typical and
atypical pathogens likely to be encountered.

The American Thoracic Guidelines
recommend that in all severely ill, hospitalized
CAP, antibiotic cover for Staphylococcus with
flucloxacillin, supported by rifampicin, and also
for Gram-negative enteric bacilli including
Pseudomonas aeruginosa should be given (62).
We do not regard this approach necessary in the
initial management of younger previously healthy
patients.

Duration of treatment

The antimicrobial treatment for uncomplicated
pneumonias due to S. prneumoniae, anaerobes, H.
influenzae and M. catarrhalis should be continued
for 7-10 days. The duration of treatment for
Mycoplasma and Legionella infection is 2 to 3
weeks. However the presence of S. aureus or
Gram-negative enteric bacilli or the development
of suppurative complications requires a more
prolonged course of therapy (e.g. 2 weeks for
nonbacteraeamic staphylococcal pneumonia, 4
weeks for bacteraemic staphylococcal pneumonia
and 4 to 6 weeks in case of an empyema).

Assessment of response to initial
antimicrobial therapy

Once antimicrobial treatment is initiated, it is
important to monitor the patient for clinical
response. Normally no change in antimicrobial
treatment should be considered within the first 72
hours unless initial diagnostic studies identify a
pathogen not covered by original empirical therapy
(e.g. M. tuberculosis), a resistant pathogen is
isolated from blood or another sterile site (i.e.
pleural fluid), or there is clinical deterioration.
Even when antimicrobial treatment is appropriate,
clinical improvement may be delayed by other
host factors: coexisting illness, advanced age,
structural abnormalities of the respiratory tract,
particularly COPD, and unrecognized
immunosuppression, e.g. AIDS. Bacteraemic
patients and patients with Gram-negative or
staphylococcal pneumonias are generally slower
to respond. The virulence of the infectious agent
may also delay response.

In appropriately treated patients, clinical
response is often rapid, especially among patients
without prior coexisting disease. In this population,
fever usually disappears within 2—4 days, and the
leucocytosis resolves by the fourth or fifth day of
therapy. Physical findings remain abnormal in up
to 40% of patients at day 7. The chest radiograph
may not normalise at 4 weeks even in young
(< 50 years old), previously healthy individuals and
may not reach baseline for up to 6 months in the
elderly, patients with COPD, or alcoholic patients.
Chest radiographic abnormalities may worsen
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initially, but significant early (< 48 hours)
deterioration of chest radiograph, defined as a 50%
or greater increase in the size of the infiltrate,
progression to significant involvement of multiple
lobes, or development of a large pleural effusion
should raise concern that therapy is inadequate.

Supportive treatment in pneumonia

Respiratory support

Patients who are in obvious respiratory distress
with tachypnoea are at increased risk of dying
and need close monitoring, particularly if they are
beginning to show evidence of exhaustion with
drowsiness or confusion. Sometimes improvement
in oxygenation can be achieved by postural
drainage so that the “good lung” is dependent.
Occasional patients may tolerate high flow oxygen
via a nasal continuous positive airway pressure
system or nasal ventilation if they are sufficiently
cooperative, not too tachypnoeic and not too
troubled by cough and sputum production. In other
patients, intubation and mechanical ventilation may
be necessary.

Supportive measures
Pneumonia complicated by septic shock requires
energetic management of hypotension. Pleuritic
pain can be relieved by simple nonsedative
analgesics. Physiotherapy is of no benefit in
acutely ill patients who find cooperation difficult
and who may easily become exhausted, but it may
assist expectoration of sputum in less ill patients
and in those who are recovering. Bronchoscopy
may help to find the aetiologic agent and to clear
secretions or to rule out an endobronchial
obstruction in case of a non-resolving pneumonia.
Table 4 gives a list of factors that could be
responsible for poor response of pneumonia to
treatment.

Prognosis

The outcome of community acquired pneumonia
depends on early diagnosis and effective
antimicrobial therapy along with the age of the
patient, the severity of disease along with the
underlying co-morbid conditions. Pneumonia in

Table 4. Factors Involved in Poor Response
to Empirical Antimicrobial Therapy

Incorrect microbiologic diagnosis

Inappropriate antimicrobial agent or dosing
regimen

Drug-resistant organism
Drug hypersensitivity or drug fever

Tuberculosis can mimic pyogenic
pneumomia, also consider unusual organisms
such as Actinomyces or Nocardia spp.

Infectious complication: empyema, metastatic
spread, superinfection

Presence of endobronchial obstruction

Reconsider the pneumonia diagnosis: Could
it be pulmonary embolism, malignancy,
vasculitis, drug reaction, eosinophilic
pneumonia or cryptogenic organising
pneumonia

the elderly is particularly dangerous due to frequent
absence of classical symptoms and also higher
incidence of adverse effects to antibiotics.

In a study by Chen and colleagues in Taiwan
(74), the following variables were associated with
a poor prognosis: septic shock, use of ventilatory
support, treatment in intensive care unit,
development of adult respiratory distress
syndrome, Klebsiella pneumonia in patients with
alcohol habit, male gender, presence of ultimately
fatal underlying disease, an initial AaDO2 > 200
mmHg and an arterial pH < 7.25. Dey and
colleagues in Delhi (75) reported that old age,
history of smoking, presence of chronic obstructive
airways disease, late presentation to hospital,
systolic and diastolic hypotension, high blood urea,
low serum albumin and development of septic
shock were associated with a poorer prognosis.
35% of elderly patients and 14% of young patients
with CAP in this study succumbed to fulminant
sepsis or respiratory failure. Patients who were
alcoholic, over 60 years of age, or had congestive
cardiac failure were more vulnerable to severe
pneumococcal infection with significant mortality,
despite appropriate empirical antimicrobials
(76).
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Clinical analysis of 890 patients with CAP
(77) requiring hospitalization in Japan showed that
the prognosis was poor despite adequate
antimicrobial treatment in the elderly patients with
an efficacy rate of 74.3% and a mortality rate of
9.5% as opposed to 88% and 1.7% respectively in
the non-elderly. The most important factors
affecting the prognosis were the general condition
of the elderly patients and delay in an adequate
diagnosis and treatment due to atypical clinical
findings.

In an analysis of 231 patients with CAP in
Japan (78). liver cirrhosis, diastolic hypotension
(<60 mm Hg) (<8 kPa) and hypoxaemia (< 50
mmHg) (< 6.67 kPa) were found to be important
prognostic factors during the acute stage of
pneumonia, and that alcoholism, malignancy,
hypoalbuminemia and renal complications were
significantly correlated with hospital death and
1-year mortality. 6.5% of deaths occurred in one
month, 13.9% at hospital discharge and 19.9%
1-year later.

Prevention

The prevention of pneumonia aims at strengthening
the host’s responses once the pathogen is
encountered. This includes the use of
chemoprophylaxis or immunization for patients at
risk. Chemoprophyalxis can be administered to

patients who have encountered or are likely to
encounter the pathogen before they become
symptomatic. (e.g. amantadine during a community
outbreak of influenza A, isoniazid for tuberculosis,
or  trimethoprim-sulfamethoxazole  for
pneumocystis). Vaccines are available for
immunization against S. pneumoniae, H. influenzae
type b, influenza viruses A and B, and measles
virus. Of these, pneumococcal and influenza
vaccines are found to be most effective and are
indicated in patients over 65 years of age and in
patients with cardiovascular diseases, pulmonary
diseases. diabetes mellitus, alcoholism. liver
cirrhosis and immunosuppression (HIV infection,
chronic renal failure, organ transplant recipients,
sickle cell disease, post-splenectomy state,
haematologic and lymphatic malignancies). The
currently available 23-valent pneumococcal
vaccine covers 88% of the serotypes causing
systemic disease as well as 8% of related serotypes.
The increasing prevalence of multiantibiotic
resistance among pneumococci makes the
pneumococcal immunization of high-risk
individuals of utmost importance. The effect of
pneumococcal vaccine lasts for 7-10 years after
which it may be repeated. The influenza vaccine
should be given yearly in high-risk individuals. In
Asia, issues of cost and the lack of data from
large scale studies on populations within the region
have hampered the widespread adoption of
vaccination.
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AIDS and the Lungs

Charn Kiatboonsri and Chaicharn Pothirat

Introduction

It is now well into the third decade of acquired
immunodeficiency syndrome (AIDS) after the 1981
outbreaks of Pneumocystis carinii pneumonia
(PCP) and Kaposi’s sarcoma (KS) among
previously healthy homosexual males in the United
States. In 1983, the causative agent was discovered,
which was subsequently called the human
immunodeficiency virus (HIV). The World Health
Organization estimated that 34.3 million people
were infected by HIV by the year 2000, with 95%
living in developing countries. About 90% of HIV-
seropositive patients were between 15 and 45 years
old, with a male to female ratio of 5 to 1. The
estimate for Southeast Asia numbered more than 5.8
million people(1.2 ), with China accounting for over
500.000 people(3 ). In the late 1980s the organism
was noted among intravenous drug users in
Thailand, Myanmar and India. The seroprevalence
in this group of patients dramatically increased from
1.2% in 1988 to 45% in 1991. The latest statistics
showed that over 80% of all reported cases of HIV
infection in Asia were in Thailand and in India, and
the mode of disease transmission was primarily
unprotected sexual intercourse with female
prostitutes (4,5). The virus was seen in as many as
30-65% of female prostitutes in various cities in
these countries. From 1984 to September 2002,
there were 278,034 cases of AIDS and symptomatic
HIV patients in Thailand, and 63,672 had died (6).

The lung is the most frequently involved
organ, and over 90% of the complications are
caused by various infectious aetiologies. Table 1
shows a list of common respiratory disorders (7).
Nowadays, with the use of highly active
antiretroviral therapy (HAART), death and
opportunistic infections have decreased by 60-90%
while more non-infectious complications have
surfaced (8.9 ). In Thailand as well as several other
developing countries, there are governmental and
private efforts to widen the practice of HAART
by selling these medications at lower prices than
previously charged. Even with this trend, there
are very few studies in Asia addressing these non-
infectious complications.

Infectious Aetiologies

HIV-associated respiratory tract infections are the
most important causes of morbidity and mortality
among AIDS patients in the world. Various agents
have been identified, some with geographical
predilection, e.g., Histoplasma capsulatum is often
seen in the United States while Penicillium
marneffei is found in Northern Thailand. The levels
of CD4 cell count are also important (Table 2)
(2). When the levels are above 500 cells/uL., the
organisms involved tend to be the same as those
without HIV infection: but these patients are
afflicted with greater frequency and higher
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Table 1. Common Respiratory Disorders
among Patients with HIV Infection’**

. Virus
Cytomegalovirus (CMV)
Adenovirus
Herpes simplex
Measles
Herpes zoster

. Bacteria
Streptococcus pneumoniae
Hemophilus influenzae
Chlamydia pneumoniae
Staphylococcus aureus
Pseudomonas aeruginosa
Moraxella catarrhalis
Rhodococcus equi
Nocardia species

. Mycobacteria
Mycobacterium tuberculosis (TB)
Mycobacterium avium complex (MAC)
Other non-tuberculous mycobacteria

(NTM)

. Fungi
Pneumocystis carinii
Cryptococcus neoformans
Penicillium marneffei
Histoplasma capsulatum
Aspergillus species

. Parasites
Toxoplasma gondii
Strongyloides stercoralis

. Malignancies
Kaposi's sarcoma
Non-Hodgkin’s lymphoma
Bronchogenic carcinoma

. Other Disorders

Sinusitis

Bronchitis/bronchiectasis
Lymphocytic interstitial pneumonitis
Nonspecific interstitial pneumonitis

Bronchiolitis obliterans organizing
pneumonia

Primary pulmonary hypertension

Table 2. CD4 Levels and Respiratory
Diseases’

CD4 levels Diseases

All Common illness (bronchitis,
sinusitis, pharyngitis)

300-400 Bacterial pneumonia;
pulmonary TB

200-300 Recurrent bacterial
pneumonia; NTM

100-200 PCP; disseminated TB; KS

< 100 Disseminated MAC; CMV;
fungi

organism loads than HIV-negative counterparts.
Bacterial pneumonias predominate between 200
and 400 cells/uL. The risk of pneumocystis carinii
pneumonia (PCP) increases 40% yearly as well.
Once the levels drop below 200 cells/pl., acute
lower respiratory tract infections occur more and
opportunistic agents need to be considered as much
as typical bacteria. With levels below 100 cells/
pL. pneumonia caused by cytomegalovirus (CMV)
or Mveobacterium avium complex (MAC) develop
frequently. In addition, patients with pneumonia
may be afflicted with more than one organism,
and have higher severity of illness and mortality
rates than those without HIV infection.
Tuberculosis (TB) can be seen at all levels with
different clinical presentations. In developing
countries, TB and other fungal diseases may
feature rather prominently (10.11).

Prior to 1997, a study using bronchoalveolar
lavage (BAL) technique among 103 HIV-
seropositive inpatients with suspected pulmonary
infections in Chiangmai, Thailand was able to
identify infectious organisms in 95% of the cases
(Table 3) (12). Mixed infections were found in
24.5%. mostly (87.5%) with 2 organisms.
Unpublished surveillance at the same center in
later years revealed different results. A
retrospective review of pneumonia cases between
1999 and 2000 without BAL found bacteria, P.
carinii, M. tuberculosis and fungi to be the culprits
in that order of prevalence. In 2001, a prospective
inpatient study using BAL in severe pneumonia
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Table 3. Infectious Aetiologies among HIV-seropositive Inpatients in Chiangmai, Thailand™
Agents 1995 1999 2001
Isolates (%) Cases (%) Cases (%) Cases (%)
P, carinii 289 35.7 21.6 25.0
Bacteria 19.8 245 49.1 28.2
Fungi 314 38.8 6.0 8.9
C. neoformans 18.2 224
P. marneffei 13.2 16.3
M. tuberculosis 9.9 12.2 13.8 274
Nocardia species 5.0 6.1
Cytomegalovirus 4.1 5.1 0.9
Herpes virus 0.8 1.0

without clinical response after 3 to 5 days of
empirical therapy revealed the leading cause to be
M. tuberculosis, followed by P. carinii. bacteria
and fungi. Of note is that 95% of the patients did
not receive HAART and 20% were on PCP
prophylaxis.

Cumulative statistics from the Department of
Public Health in Thailand show that, from
September 1984 to 2002, leading opportunistic
infections among patients with AIDS included
pulmonary or extrapulmonary tuberculosis (25%),
PCP (18.2%). cryptococcosis (14.9%), candidiasis
of the oesophagus, trachea, bronchi or lung (4.6%)
and recurrent bacterial pneumonias (3.2%) (6). An
autopsy study of 143 adults with AIDS in Mumbai,
India from 1988 to 2000 found pulmonary
pathology in 126 cases (88%) (13). The most
prevalent cause was, again, tuberculosis (39%),
followed by bacterial pneumonia (18%), CMV
pneumonitis (7%). cryptococcosis (6%), PCP (5%),
aspergillosis (3%). and toxoplasmosis (1%).

Bacteria

HIV-infected patients with lower respiratory tract
infections present similarly to those without HIV.
Symptoms include high-grade fever. chills,
productive cough. dyspnoea and pleuritic chest
pain. Signs include tachyponea. tachycardia,
cyanosis. diaphoresis, consolidation, rhonchi and

crackles. Leukocytosis is typically present, and
bacteraemia occurs more often than in HIV-
seronegative patients. In fact, HIV should be
suspected when patients have oral candidiasis,
recurrent pneumonia and bacteraemia. Common
radiographic patterns include lobar consolidation
and patchy infiltration. Haematogenous
dissemination characteristically leads to multiple
nodules from 1-3 cm in diameter, predominantly
in the lower lobes, which rapidly cavitate. This
pattern is most often seen with Staphylococcus
aureus. Occasionally multiple cavities of 1-2 cm
are seen as in necrotizing pneumonia. Lung
abscesses with air-fluid levels are commonly
caused by S. awreus, Pseudomonas aeruginosa,
Rhodococcus equi and Nocardia species.
Pneumonia can progress rapidly, leading to septic
shock. dissemination, acute respiratory distress
syndrome and multi-organ failure. Common causes
for opportunistic infections due to bacteria include
R. equi and Nocardia species. There is no evidence
of higher prevalence of atypical bacteria or
anaerobes.

In a prospective study of 1.225 admissions of
599 patients with HIV, bacteria accounted for 9%
of the pneumonias(14). Of these, 72% were
community-acquired pneumonia (CAP) and 28%
were hospital-acquired pneumonia (HAP). The most
common causative bacteria for CAP were
Streptococcus pneumoniae (25%), P. aeruginosa
(25%). Hemophilus influenzae (12.5%). S. aureus
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(10%) and Klebsiella pneumoniae (3.7%). Other
bacteria included Streptococcus viridans, Eschericia
coli, Serratia marcescens, H. parainfluenzae,
Enterobacter aerogenes, Acinetobacter baumanii,
Burkhoderia bronchiseptica, Legionella
pneumophila and group C streptococci. For HAP, P.
aeruginosa topped the list at 38.7%, followed by S.
aureis (25.8%), E. coli (6.4%) and S. pneumoniae
(6.4%). Other bacteria found included H. influenzae,
S. viridans, Enterococcus species, S. liguefaciens
and Proteus mirabilis.

In Chiangmai, Thailand, 24 out of 98
hospitalized HIV-positive patients had pyogenic
bacterial pneumonia (12). S. aureus was the most
common pathogen (33%), followed by S.
pneumoniae (21%), H. influenzae (21%), P.
aeruginosa (11%). Xanthomonas maltocida (4%)
and R. equi (4%). Nocardia species accounted for
6 patients with CAP.

In general, S. pneumoniae is the leading cause
of bacterial respiratory disease with bacteraemia
among HIV-infected patients. Bacteraemia occurs
10 times more often than in HIV-negative controls,
and may be present in as many as 75% (2). This
is also the most common cause of non-bacteraemic
bacterial pneumonia in HIV-positive patients,
resulting in mortality almost 5 times of other
patients. The involved serotypes are the same as
those afflicting HIV-negative patients. H.
influenzae, particularly type b and non-typable
strains, is a rather common cause of pneumonia.
P. aeruginosa is a common cause for recurrent
bacterial pneumonia in severe AIDS (15).
Legionella can be more commonly seen
concurrently with P. carinii or mycobacteria (2).

R. equi, a normal soil organism, causes lung
abscesses in immunocompromised patients (2,16).
The first AIDS-related case appeared in the
literature in 1986. In Thailand, no cases of R. equi
were documented until 1993 with the report of
lung diseases in 3 AIDS patients in Maharaj
Hospital, and the tally went up to 33 in just 3
years later. The Central Chest Hospital near
Bangkok, Thailand. found that the cumulative
statistic until January 1999 was 17 patients, with
14 having HIV seropositivity. In another series of
4 HIV-positive patients from northern Thailand, 3
had CD4 count of 10 cells/ul. (17). This is a
facultative intracellular Gram-positive aerobe
which may appear coccoid. or has a long. curved,

clubbed shape. It is variably acid fast, and thought
to be intermediate between fast-growing non-
tuberculous mycobacteria (NTM) and Nocardia.
Risk factors for infection include exposure to farm
dust or horses or other infected patients. R. equi
can survive and replicate inside alveolar
macrophages, so clearance requires adequate T cell
function, especially that of CD8 cells.
Pathologically there is inflammatory infiltrate of
neutrophils and macrophages which have
abundant, foamy or granular cytoplasm with
numerous Gram-positive bacilli. Caseating
granulomas can be present. Many cases have
intracytoplasmic Michaelis-Guttmann bodies
suggestive of malakoplakia. Clinically the onset
is insidious and patients have fever, malaise,
dyspnoea, productive cough and pleuritic chest
pain. Some have extra-thoracic involvement, most
often in the eyes, subcutaneous tissue. central
nervous system, vertebrae and lymph nodes.
Usually chest radiographs show a round opacity
or consolidation in the upper lobe which may
undergo cavitation with an air-fluid level in 2-4
weeks. Pleural effusion is seen in 20% of patients.
The organism can be isolated from the blood,
respiratory secretions and lymph nodes, easily
cultured on nonselective media and mistaken for
diphtheroids. Severely ill patients should be treated
with a combination of 2 antimicrobials including
vancomycin, ciprofloxacin, clindamycin and
aminoglycosides for 3-6 weeks (18,19).
Alternative regimens include erythromycin plus
rifampin or vancomycin plus imipenem for up to
6 months (16,17). This should be followed by a
maintenance phase of erythromycin plus rifampin
to prevent relapse. Occasionally surgical excision
of the infected tissues may be needed. Prognosis
is very poor in spite of therapy.

N. asteroides frequently causes disseminated
infection with duration of symptoms from 1 to 6
months before diagnosis. A review of HIV-
seropositive patients at the Central Chest Hospital
in Thailand from January 1994 to December 1995
found 34 cases of pulmonary nocardiosis (20).
Almost all were male with a mean age of 30.7
years, ranging from 22 to 50 years. Cough was
present in 90%, and other symptoms included
dyspnoea (47%). fever (41%). hemoptysis and
chest pain (18%). Another review of pulmonary
nocardiosis in HIV-infected patients from northeast
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Thatland found 25 cases from January 1996 to
March 1998 (21). The mean age was 30.5 years
with a range of 23 to 57 years. Male comprised
84% of the cases. All presented with fever, cough
and dyspnoea, and 60% had symptoms for greater
than 3 weeks before admission. None had received
co-trimoxazole prophylaxis for PCP.
Approximately half of the patients had leukocytosis
with neutrophil predominance. Coexisting
opportunistic infections were seen in 64% with
tuberculosis being the most common. Case reports
from Singapore on 4 HIV-positive patients with
nocardiosis found 2 cases with only pulmonary
disease, another with disseminated disease
involving the lung, brain and soft tissues and the
other with cervical lymph node abscess (22).
Cavitation is typical, and lobar or multilobar air-
space consolidation, commonly of the upper lobes,
is seen in more than half of the patients
(2,20,21,22). Reticulonodular infiltration as well
as effusion and mass-like lesions have also been
described (20). A positive culture from respiratory
specimens is definitive, but may take up to 4 weeks
to grow. Antibiotics should include at least 6-12
months of co-trimoxazole, imipenem and a third-
generation cephalosporin, followed by low-dose
maintenance to prevent relapse (23). Mortality
rates are roughly 30% (20,21). Poor prognostic
factors include delayed diagnosis, presence of other
opportunistic infections and the absence of co-
trimoxazole therapy (21).

Mycobacteria

HIV-seropositive patients are at risk of developing
primary and reactivation tuberculosis (24).
Tuberculosis is the only HIV-related infection
transmissible to normal hosts. Since 1993, TB has
been included as an AIDS-defining illness. About
5-15% per year of HIV-infected persons with
positive tuberculin-test develop tuberculosis (2,25).
This translates into a life-time risk of 30%, which
is higher than the 5-10% life-time risk among
HIV-seronegative people. A high and increasing
prevalence of HIV seropositivity among patients
with tuberculosis is seen worldwide. HIV-related
tuberculosis reached 1 million cases and caused
30% of the expected 2.5 million AIDS related
deaths in 1999 (26). In 1993, 52-68% of HIV-

infected patients in Thailand and India developed
tuberculosis (27,28). From 1989 to 1994, TB
prevalence among HIV-infected patients in
Chiangmai, Thailand escalated from 5% to 40%
(11). In a study in Ho Chi Minh City, Vietnam,
the prevalence of HIV seropositivity among TB
patients increased from 0.5% to 4% from 1995 to
2000 (29). The association between HIV and
tuberculosis 1s due to a decrease in the number
and dysfunction of T helper-1 lymphocytes, defects
in macrophage function, and possibly a reduction
in the activation of CD8 and B lymphocytes. This
would lead to reactivation of the disease; however,
primary infection can occur in developed countries.
The annual risks of tuberculous infection in areas
of high HIV-seropositivity are higher than those
in less prevalent areas. Tuberculosis also leads to
local production of tumor necrosis factor-o, (TNF-
o), interleukin-1 and interleukin-6, which induce
HIV replication in latently infected cells (2,24).

Radiographic patterns of pulmonary TB
depend on the level of the immunity. Patients in
non-endemic areas with CD4 of more than 200
cells/uL. present as post-primary TB, similar to
HIV-seronegative people (24,30). Only 30% of
those with lower immunity present as such,
and the rest tend to be different from those
who are HIV-negative. Hilar or mediastinal
lymphadenopathy has been reported in 20-60%,
cavitary lesions in 0-40%, other atypical findings
(middle or lower lobe predominance and miliary
or diffuse reticulation) in 4-60%, pleural effusion
in 10-40%, and normal radiographs in 3-15%
(2,24,31). This is influenced by the localities and
levels of immunosuppression. The most commonly
described abnormality on computed tomography
(CT) is enlarged hilar and mediastinal lymph nodes
with low attenuation.

When immunity is relatively preserved, the
clinical manifestations of TB among HIV-positive
patients are similar to seronegative counterparts.
With declining immunity, other patterns occur. For
example, extrapulmonary disease is seen in 70%
of those with CD4 of less than 100 cells/mL,
compared to 28% among those with levels of more
than 300 (2). Overall, only 40-55% of HIV-
positive patients with tuberculosis react to
tuberculin skin testing. An induration of 5 mm
has thus been recommended as a positive reading.
Positive sputum smears and cultures are seen at
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about the same rates in both seropositive and
seronegative patients with pulmonary TB. HIV has
also been associated with multidrug-resistant TB
(MDR-TB).

Because of poverty in Thailand, most HIV-
seropositive patients with TB tend to seek medical
care with atypical features seen with dropping CD4
levels. A clinical pattern of acute tuberculous
pneumonia consists of high fever, dyspnoea, cough
or pleuritic chest pain. Chest radiographs are
consistent with lobar pneumonia frequently seen
in the middle or lower lobes. This pattern may
also be seen in patients at early stages of HIV
infection, or seronegative or diabetic patients (32).
The other pattern is that of interstitial pneumonia
which is very much similar to that seen with PCP
or bacterial pneumonias. Acid-fast stains are
usually non-productive. Of note is that patients do
not appear as ill or as restless as those with typical
bacterial pneumonias. A retrospective chart review
of 60 HIV-positive patients with TB in Hong Kong
also found that 93% presented with CD4 of less
than 200 cells/uL (33). Extrapulmonary and
disseminated disease was seen in 63%; however,
symptoms were similar to seronegative patients.
Radiographic patterns were as seen in other
studies, i.e., 38% of the patients had primary
patterns including pleural effusion, intra-thoracic
lymphadenopathy and consolidation in the middle
and lower lobes. As many as 8.4% had normal
radiographs. Acid-fast bacilli were identified in
55% of those with pulmonary disease.
Mycobacteraemia was detected by BACTEC
system in 33% of those with disseminated disease.

At least 3 sputum specimens need to be
examined for the presence of mycobacteria. If
patients cannot expectorate, specimens may be
obtained by sputum induction or BAL. A period
of therapeutic trial may be considered. Cultures
should be performed to rule out NTM or to assess
sensitivities which may be important for
surveillance of MDR-TB and for cases of drug
allergies. Pleural fluid culture may be positive in
90% despite the 15% yield of smear. Pleural biopsy
may find acid-fast bacilli in 70% and granulomas
in 88% (34). As in HIV-seronegative patients,
adenosine deaminase assay can aid in the diagnosis
of TB pleuritis (35).

For TB patients not on protease inhibitors
(PIs) or non-nucleoside reverse transcriptase

inhibitors (NNRTIs), the treatment regimen can
be the same as that in HIV-seronegative patients.
The first choice should be a standard short-course
regimen consisting of 2 months of isoniazid (INH
or H) plus rifampin (RMP or R) plus pyrazinamide
(PZA or Z) plus ethambutol (EMB or E), followed
by 4 more months of HR (2HRZE/4HR). The
United States Center for Disease Control (CDC)
recommends that the HR phase may be extended
to 7 months or until after cultures have become
negative for 4 months (24). If possible, this should
be integrated with directly-observed therapy (DOT)
to reduce the occurrence of rifampin-monoresistant
and MDR-TB, which are especially problematic
among this group of patients. The Central Chest
Hospital near Bangkok, Thailand, found that M.
tuberculosis resistant to rifampin and multi-drug
resistant strains in HIV-positive patients had been
increasing over the years (Table 4) (36). However,
the percentage of patients with strains resistant to
at least 1, 2 or 3 drugs did not change. Seropositive
patients tend to have more side effects such as
skin lesions or hepatitis than seronegative patients,
and these overlap with the reactions from
antiretroviral drugs (ARV; Table 5) (8,24). In
addition, there are drug-drug interactions between
rifamycins and antiretroviral drugs (Table 6) (8).
Since rifabutin (RFB) is a less potent inducer of
cytochrome P-450 CYP3A while being as effective
as rifampin, it can be a replacement in patients
taking PIs and NNRTIs, except delavirdine, with
dosage adjustment in both RFB and ARV as in
Table 7 (8). Although rifapentine permits once-
weekly administration in HIV-seronegative
patients, its use is not recommended because of
rapid emergence of rifamycin-monoresistance. If
HAART has not been started, it should be
postponed until at least after 1 to 2 months of
anti-TB therapy. If the initial regimen contains
RMP, a switch to RFB should be done 2 weeks
before the addition of HAART. In patients who
need both treatment simultaneously, regimens
without RMP may be substituted, such as 2HZES/
TH,ZS, (S = streptomycin) or 2HSE/16HE or
2HZE/16HE or 18HZE (37 ). These regimens may
be inferior to those containing a rifamycin for the
entire course. If HAART is started after initial
clinical improvement early in the course of anti-
TB therapy, up to 36% of patients can develop
paradoxical worsening of disease, compared with
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Table 4. Prevalence

of Drug Resistance in HIV-seropositive TB patients of Central Chest Hosptal,

Thailand®*®
M. tuberculosis 1989~1993 1996 Significance
Sputum specimens 406 376
Resistance to:
INH 13.8% 15.7% NS
RMP 8.9% 14.3% P <0.01
ST™M 15.8% 9.3% P <0.01
EMB 1.5% 1.3% NS
Mutlti-drug 2.7% 8.8% P <0.01
Percentage of patients with strains resistant to at least -
1 drug 46.8% 42.8% NS
2 drugs 8.1% 6.9% NS
3 drugs 3.2% 3.7% NS

Table 5. Side Effects from Anti-TB Drugs and ARV?&#

Side Effects

Anti-TB drugs

Antiretroviral drugs

Rash
Nausea, vomiting
Hepatitis

Leukopenia, anaemia

PZA, RMP, RFB, INH
PZA, RMP, RFB, INH
PZA, RMP, RFB, INH

RFB, RMP

Nevirapine, delavirdine, efavirenz, abacavir
Zidovudine, ritonavir, amprenavir, indinavir

Nevirapine, protease inhibitors, immune restitution
among patients with chronic viral hepatitis

Zidovudine

Table 6. Effects of Rifamycins and ARV on the Area-under-the-Curve of Each Drug®

ARV RMP RFB
RMP on ARV ARV on RMP RFB on ARV ARV on RFB
Pls
Saquinavir 180% Unknown 146% T45%
Ritonavir 135% None None T400%
Indinavir 190% Unknown 124% T270%
Nelfinavir 182% Unknown 10-23% T200%
Amprenavir 181% Unknown L14% 1400%
Lopinavir/ritonavir 175% Unknown None 1300%
NNRTIs
Nevirapine 137% Unknown 116% None
Delavirdine 196% None 180% 1342%
Efavirenz 113% None None 138%
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Table 7. Dosage Adjustment for RFB and ARV®

ARV regimen with RFB

ARV dose

Pls
Nelfinavir (+ 2 NRTIs)
Indinavir (+ 2 NRTIs)

150 mg qd, or 300 mg int
150 mg qd, or 300 mg int

1250 mg g 12 hours
1000 mg q 8 hours

Amprenavir {(+ 2 NRTIs) 150 mg qd, or 300 mg int No change
Saquinavir {(+ 2 NRTIs) 300 mg qd or int 1600 mg g 8 hours
Ritonavir {any combinations) 150 mg biw No change

NNRTIs
Efavirenz (+ 2 NRTIs) 450-600 mg qd or biw No change
Efavirenz {+ Pl except ritonavir) 300 mg gd or int Tindinavir
Nevirapine 300 mg qd or int No change

NRTis
Dual or triple 300 mg qd or int No change

Notes
biw = twice a week,

Int = intermittent, erther twice- or thrice- weekly,

NRTI = nucleoside reverse-transcriptase mnhibitor

7% of those not taking HAART (24). This is
caused by restoration of immunity towards
mycobacterial antigens in patients with advanced
HIV infection just starting ARV (see Immune
Restitution section). The risk of death in HIV-
positive patients with TB is twice that in those
without TB, independent of the CD4 count. Data
on first year survival after the diagnosis of TB
from Chiang Rai, Thailand, found that HIV-
positive patients fared worse than HIV-negative
patients at 35.07% vs. 86.64%, with an odds ratio
of 6.80 (95% confidence interval 5.69-10.11) (38).
The most important predictor of mortality is still
related to the degree of immune suppression such
as negative tuberculin tests, prior opportunistic
infections and low CD4 cell count.

Of all NTM, M. avium-intracellulare complex
(MAC) is found in 96-98% of HIV-infected
patients in developed countries (39). MAC and
M. kansasii infections were reported in 624 AIDS
patients (0.3% of all AIDS-related conditions) over
a span of 18 years in Thailand, while other NTM
totaled 1880 (0.8%) over this same period (6).
Without prophylaxis in those patients at risk, the
incidence of MAC is 20% at 1 year and 40% at

2 years following the diagnosis of AIDS (2). The
most common symptoms are persistent fever,
fatigue and weight loss, with other complaints of
cough, dyspnoea, diarthoea, abdominal pain, night
sweats, and anorexia (2,40). Findings include
cachexia, hepatosplenomegaly, lymphadenopathy,
anaemia and occasional cutaneous lesions
containing acid-fast bacilli. CD4 counts are less
than 50-75 cells/uL. Radiographic and CT findings
are similar to those of tuberculosis. Acid-fast
staining of the sputum is positive in only 16%
compared with 86% for M. tuberculosis (41). Even
if this organism is seen in BAL fluid, it may be
just a colonizer. Aggregates of macrophages stuffed
with organisms are seen in histological sections
without granulomatous inflammation or necrosis.
Mycobacteraemia is present in over 85% (42).
The lungs are usually involved after hematogenous
dissemination. In a study of HIV-infected patients
with unexplained prolonged fever and/or weight
loss in Thailand, MAC was recovered from the
blood in 5 and from bone marrow in 3 out of 37
patients (40). Diagnosis requires that the organism
is seen in more than 1 sputum sample or 1 sputum
sample plus 1 BAL sample, with the exclusion of
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other pathogens. Survival is only 4 months without
therapy, and 11 months with ethambutol plus either
clarithromycin or azithromycin. A third drug, either
RMP, RFB, ciprofloxacin or amikacin, may be
added to this regimen (43).

A 2-year retrospective chart and culture review
at the Central Chest Hospital in Thailand found
pulmonary infections due to M. kansasii in 9
patients (44). All were males and 5 were HIV-
positive. One patient refused anti-HIV testing but
had clinical features and oral hairy leukoplakia.
Common symptoms included coughing, dyspnoea,
weight loss and fever. Chest pain and hacmoptysis
were also seen. Chest radiographs mostly revealed
bilateral patchy and nodular infiltrations with
multiple cavities. Other reports showed more
unilateral disease. There were no pleural effusions,
hilar or mediastinal lymphadenopathy, or miliary
pattern. Resistance to INH was seen in 44%, RMP
in 33%, and multidrug resistance was observed in
22%. All strains were sensitive to EMB,
streptomycin (S) and ofloxacin. Sputum conversion
was achieved in all patients, but 2 HI'V-seropositive
patients died from other opportunistic infections.

Fungi

The prevalence of fungal pneumonia and the
aetiologic agents vary depending on locality. P.
carinii is the most frequent cause of fungal
pneumonia, and Cryptococcus neoformans ranks
second worldwide. In a report from Bombay, India,
P carinii was recovered by BAL cytology and
transbronchial biopsy (TBB) in 3 out of 5 HIV-
positive patients presenting with interstitial
prneumonitis (45). This pattern was also observed
in a study of HIV-infected inpatients between 1992
and 1993 in Chiangmai, Thailand (12). P. marneffei
was the next most frequently implicated fungal
pathogen in northern Thailand. Aspergillus species
were rarely seen. In fact, in roughly one thousand
cases who underwent BAL over a period of 10
years, we found this to be the cause in fewer than
5 cases.

P. carinii pneumonia is the first opportunistic
infection in 15% of HIV-infected patients on
prophylaxis, and 45% of those not taking
prophylaxis (2). It is a harbinger of death in the
United States, but this is somewhat less important

in other areas of the world where the prevalence
of TB is higher. The strongest risk factor for PCP
is the degree of immunosuppression as indicated
by the CD4 count. Approximately 95% of patients
with PCP have CD4 count of fewer than 200
cells/uL. This infection is reduced by the use of
antibiotic prophylaxis among those with counts
less than 200 cells/mL. PCP can also occur during
the profound lymphopenia seen in primary HIV
infection. An insidious onset of fever and dry
cough over 24 weeks before seeking medical care
is typical (2,3). Fever may be of low or high grade.
Progressive dyspnoea on exertion ensues. About
5% of patients do not have symptoms, while the
presence of productive cough with shaking chills
and pleuritic chest pain should suggest another
diagnosis (2). Tachypnea is common, so is
tachycardia and cyanosis. Auscultation is usually
normal, but rhonci and crackles may be heard in
the periphery. Occasionally there is
hepatosplenomegaly and pneumothorax. Pleural
effusion, though not often detected, is exudative
with organisms seen in the fluid (2,46). Anaemia,
lymphopenia and hypoalbuminaemia are common.
A high level of serum lactate dehydrogenase
(LDH) is a very sensitive indicator among those
symptomatic patients (2,47).

TNF-o seems to play a key role in the defence
against the organism albeit by an unknown
mechanism. It should be noted that alveolar
lymphocytes of patients infected with P. carinii
have higher quantity of HIV compared to those
uninfected, and this may be the effects of TNF-o
(2). On gross examination, the disease typically
involves several lobes on both lungs, but patients
on prophylaxis can have a lobar pattern either
diffusely or as nodules. Microscopically, one
typically finds alveolo-interstitial inflammation,
type Il pneumocyte proliferation and vacuolated
eosinophilic “exudates” within alveolar spaces
which are cysts and trophozoites mixed with host
materials. Patients on prophylaxis may present
atypically with diffuse alveolar damage,
granulomas, bronchiolitis obliterans organizing
pneumonia, vascular infiltration, parenchymal
calcification, necrosis and cyst formation.

Normal chest radiographs may be seen in
10%, but the most common pattern is that of
bilateral, symmetrical, ground-glass, finely
granular or reticular opacities, often with perihilar,
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lower-zone predominance (2,3). Occasionally
atypical manifestation may be seen including
localized interstitial or alveolar infiltration, and
cyst or bullae formation. Pneumatoceles occur in
5-35% of patients, more commonly in the upper
lobes. These, in addition to smoking history and
aerosolized pentamidine, are risk factors for
pneumothorax which are seen in 5-10%. High-
resolution CT (HRCT) mainly reflects the
radiographic findings. Whereas ground-glass
attenuation progressing to consolidation is
observed initially, subacute or resolving disease
usually presents as irregular linear opacities and
interlobular septal thickening. A normal HRCT
finding practically rules out PCP (48).

PCP causes restrictive defects in pulmonary
function testing, associated with a low diffusing
capacity (DL.,,), respiratory alkalosis, hypoxaemia
and arterial desaturation with exercise (2,49,50).
PCP is unlikely if DL_, is normal (47).
Desaturation is defined as a value lower than 90%
or more than 3% decrease after exercise (51). After
recovery from pneumonia, lung volumes return to
normal but diffusing capacity, though improved,
never normalizes. These tests all have high
sensitivities, but low specificities (2).

The best strategy to diagnose PCP remains
undetermined. Smear of expectorated sputum has
a low yield of only 9% in Thailand (52). Mucus
digestion followed by centrifugation of the
sediment can increase the yield. Sputum induction
has an overall sensitivity of about 67% (2). Patients
must not be too dyspnoeic, nauseated or
uncooperative, and must be able to produce sputum
after hypertonic saline nebulization. BAL is the
procedure of choice for the diagnosis due to its
high sensitivity, greater than 95%, in the absence
of prolonged empiric therapy. The yield is greatest
when performed in the areas of high radiographic
involvement. TBB does not add much to the yield,
except in patients on prophylactic pentamidine
(53), but significantly increases the risk of bleeding
and pneumothoraces. In a study using BAL in
Chiangmai, Thailand, the prevalence of PCP
among HIV-positive patients hospitalized for
pneumonia was 35.7%, and this was part of mixed
infections in 28.6% (12).

The drug of choice for PCP is co-trimoxazole
(trimethoprim/sulfamethoxazole) which is effective
in 70-80%. The efficacy and side effects are

comparable to pentamidine, but the cost is much
less (54). The recommended dosage is
trimethoprim 20 mg/kg/d and sulfamethoxazole
100 mg/kg/d, divided into tid or qid for 2-3 weeks.
Intravenous injection should be used in severe
cases then a switch to tablets is made once the
condition improves. If side effects develop, the
dosage may be reduced 25% with the same
efficacy (55). Side effects include fever, rash,
headaches, nausea, emesis, leucopenia, and
thrombocytopenia. If severe reactions occur, the
antibiotic needs to be changed to intravenous
pentamidine at 4 mg/kg/d. Observe signs of
hypotension and follow leukocyte counts, serum
electrolytes, calcium, glucose and renal function.
If renal insufficiency develops, reduce the dosing
frequency to every other day or the dose to 2-3
mg/kg/d (55,56). Clindamycin (450-600 mg tid —
qid) plus primaquine (15 mg bid), either oral or
intravenous form, can be another alternative,
especially for resistant Prneumocystis with an
efficacy of 80% (57). For less severe cases,
trimethoprim (20 mg/kg/d) plus dapsone (100 mg/
kg/d) can replace co-trimoxazole in those unable
to tolerate co-trimoxazole (58 ,59). Corticosteroids
should be started within 3 days for moderate to
severe cases, which results in halving the mortality
rates and faster resolution of symptoms and
hypoxaemia (60). Partial pressures of oxygen in
these cases are less than 70 mm Hg or oxygen
saturations less than 92%. The steroid can be
prednisolone at 1-2 mg/kg/d in 2-3 divided doses,
or high-dose hydrocortisone, methylprednisolone
or dexamethasone initially with a tapering course
over 2-3 weeks.

Mortality rate was as high as 25% during the
first episode at the beginning of the epidemic. This
has decreased to less than 15% due to ARV and
prophylactic drugs against P. carinii (2). Long-
term survival remains poor however, with more
than half alive 1 year after the diagnosis, 40%
after 2, and 6% after 4 years. Factors found to
influence in-hospital death in patients admitted to
the intensive care unit include functional status,
time since AIDS diagnosis, HIV disease stage, high
LDH, hypoalbuminaemia, a simplified acute
physiology score, the need for and duration of
mechanical ventilation, and neutrophilia in BAL
(61). Persistence of organisms and delayed
clearance after adequate therapy are risk factors
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for early relapse and impaired survival (2). The
disease seems to have entered the “third era” of
PCP and respiratory failure. Although the incidence
rate for respiratory failure is decreasing. the
mortality rate from such an episode is increasing.
Patients who develop respiratory failure despite
appropriate antibiotics and systemic corticosteroids
have a very poor prognosis.

C. neoformans is the cause of the most
common systemic fungal infection in patients with
HIV, usually when the CD4 count is less than 100
cells/ul.. The organism is seen worldwide
especially in soil contaminated with birds’™ feces.
After entry by inhalation, unencapsulated fungi
are ingested by neutrophils, but those with capsules
induce granuloma formation and require cell-
mediated immunity to destory. Due to the immune
defects in patients with AIDS, the fungi spread to
other sites such as the meninges and skin (62 ).

Most cases of pneumonia are clinically silent,
and up to 30% may be coinfected with P. carinii
or other organisms. Pulmonary symptoms and
signs are nonspecific. Onset may be acute or
insidious, with fever, headache, cough, dyspnoea
and pleuritic chest pain. Haemoptysis is
uncommon. The course can be so severe that
patients develop acute respiratory distress
syndrome. The most common radiographic
findings are a diffuse reticulonodular infiltration
similar to those seen in PCP (50-60%) or discrete
nodules (30%), the latter seen among those with
less severe immunocompromise. Less common
manifestations include ground-glass opacities,
consolidation, cavitary or mass lesions, miliary
nodules, lymphadenopathy, pleural effusions or
even a normal pattern (2,63 ,64). Sputum smear
and culture are positive in less than 25%, and
bronchoscopy is usually needed (65 ). In one study,
sputum, if available, provided a diagnosis in
62.5%. while BAL gave a yield of 31.2% (12).
The fungus appears as an encapsulated yeast by
Gram’s, Kinyoun or Wright stains. Cryptococcal
antigen may be detected in BAL or serum (66,67 ).

Treatment is with 2 weeks of amphotericin B
at 0.5 mg/kg/d, followed by 8-10 weeks of oral
fluconazole at 400 mg/d (68). For patients who
have pneumonia with minimal or no meningeal
involvement, a 6-10 week course of oral
fluconazole may be used. Itraconazole is not an
effective alternative since it does not have good

penetration into the central nervous system (69 ),
but it may be used after the patient has already
received 2 weeks of amphotericin B (70).
Liposomal amphotericin B. due to its high costs,
is reserved for cases with high risks of side effects
such as renal toxicity (71 ). Less than 50% of AIDS
cases with cryptococcal infection survive more
than 1 year (2). Prognosis is even worse in cases
with meningitis and respiratory failure.

In parts of Southeast Asia including northern
Thailand, P. marneffei spreads widely among
patients with AIDS (10.72.73 ). This fungus is also
endemic in the southern part of China. Recently 4
cases were reported from Manipur, India, with
presumptive diagnosis in at least 20 additional
patients (74 ). Over a span of 18 years, there have
been 5477 reported cases among AIDS patients in
Thailand (2.4% of all AIDS-related conditions)
(6). The route of entry is believed to be via
inhalation and via skin cuts in contact with
contaminated soil. If the immunity is relatively
preserved. the fungus will be destroyed or confined
in a granuloma. Necrosis, neutrophilic infiltration,
and yeast-like cells are seen both intracellularly
and extracellularly. The yeast cells resemble H.
capsulatum var. capsulatum in size, shape and
invasion into the reticuloendothelial system but
they divide by fission instead of budding
(Figure 1). On Gram’s stain, they appear as very
large gram-negative rods. Granulomas may show
up on chest radiograph similar to tuberculous or
cryptococcal scars. Once the CD4 drops below
100 cells/uL, the fungus spreads haematogenously
to the skin, bone marrow, liver, lymph nodes. and
the central nervous system. Occasionally the
disease can be caused by reactivation (75,76 ).

Patients present nonspecifically with cough,
dyspnoea, weight loss, high fever which may be
acute or chronic, and quite often with symptoms
and signs of other organ involvement. The
characteristic skin lesions appear as well
circumscribed dark red papules with central
umbilication or necrosis, and crusting at the edges,
which resemble giant molluscum contagiosum
(77). Anaemia is also common. Roughly half may
have coinfection with other organisms. Most chest
radiographs show diffuse interstitial infiltration
which may be reticulonodular, reticular or miliary.
Other patterns are also seen, such as consolidation
with or without cavities, hilar or mediastinal
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(a) PAP smear from bronchoalveolar lavage fluid. Notice sausage-shaped yeast cells with central
septation

(b) H&E staining from transbronchial biopsy showing mononuclear cell infiltration

Figure 1. Results from bronchoscopy in a patient with Penicillium marneffei infection



lymphadenopathy and pleural effusion (Figure 2)
(10). Mass lesion was reported in one case (77).
If the patient could provide a sputum sample, the
diagnostic efficacy was 83.3%: otherwise. the yield
was 38.5% with BAL (12).

Treatment for P. marneffei includes
amphotericin B (0.5 mg/kg/d) or oral itraconazole
(400 mg/d) for 8-12 weeks. Fluconazole is
ineffective (78). Within 2 weeks of therapy. the
skin lesions resolve, but radiographic changes may
take several months to a few years to resolve (73).

H. capsulatum is a soil fungus found in areas
of birds™ or bats™ droppings. Histoplasmosis occurs
in 2% of AIDS patients in the United States (2).
and has been reported from Africa and the Far
East (79 ). There have been 517 reported cases or
0.2% of all AIDS-defining conditions in Thailand.
The fungus enters via spore inhalation, which can
result in progressive primary infection or latent
infection with subsequent reactivation.
Dissemination occurs in 75% of patients infected

__AIDS and the Lungs 191

with H. capsulatum, usually with CD4 of less than
100 cells/uL. The symptoms and signs of
disseminated disease are nonspecific, with fever,
cough., weight diarrhoea, anaemia,
lymphadenopathy and hepatosplenomegaly being
the most common (2.80.81). Leukopenia and
thrombocytopenia are seen. Radiographic findings
are nonspecific, ranging from diffuse nodular
opacities to consolidation. Small pleural effusions
and hilar or paratracheal lymphadenopathy have
been described. Radiographic and HRCT pictures
of miliary histoplasmosis are similar to miliary
TB. Diagnosis is confirmed by detecting
Histoplasma polysaccharide antigen in serum or
urine or by finding the organism in the sputum,
BAL, blood, bone marrow, lymph nodes or skin
lesions. Cure rates with itraconazole are as high
as 85% (82). In the first 3 days, patients should
take 200 mg po tid. followed by 200-400 mg qd
for 4-6 weeks. Severe cases should start with
amphotericin B.

loss,

Figure 2. Chest radiograph of a patient with Penicilliosis. There is diffuse alveolar infiltration resembling

Pneumocystis Carinii pneumonia.
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Pulmonary aspergillosis occurs in 0.1-1% of
AIDS patients (2.83). Most cases have
neutropenia, a history of broad-spectrum antibiotic
or corticosteroid use, CD4 of less than 50 cells/
uL or on anti-neoplastic medications (83,84 85).
Almost 80% of affected patients have parenchymal
invasion. Symptoms are insidious and progressive,
and consist of fever, cough, chest pain and
dyspnoea. Chest radiographs show cavitary lesions
especially of the upper lobes, localized alveolar
infiltrates and diffuse infiltrations which may be
nodular, reticulonodular or reticular. Aspergillomas
have been seen in upper lobar cavities. About half
the patients have bilateral air-space or interstitial
opacities. Tracheobronchial aspergillosis is seen
in 20% of patients. Patients present with dyspnoea
and cough with wheezing. Chest radiographs may
be normal or may show atelectases or patchy
haziness. Diagnosis requires a positive culture from
a normally sterile site or demonstration of tissue
invasion. Although recovery of the fungus from
sputum or BAL may be just colonization, such
findings in a compatible presentation without other
identifiable causes should provide a basis of
therapy (86). The drug of choice is amphotericin
B. Surgery is reserved for those patients with
localized disease or massive haemoptysis. HAART
should be given afterwards to reduce recurrence.
Despite amphotericin B, mortality rates may be as
high as 90% (85). More than half of those with
invasive aspergillosis die as a result of massive
haemoptysis. progressive respiratory failure or
systemic dissemination (2).

Viruses

HIV itself has been implicated as the cause of
pulmonary disease in some patients, in the absence
of apparent opportunistic infection or neoplasm
(2). Patients usually have reduced DL, and
lymphocytic alveolitis. It is possible that
lymphocytic interstitial pneumonitis (LIP) and
nonspecific interstitial pneumonitis (NSIP) are
reaction to the viral infection.

The role of CMV is unclear. In a study of 114
HIV-infected patients with pneumonia,
pathological CMV pneumonitis was seen in only
2. However. in another review of 54 autopsies of
AIDS patients, 39 (72%) had CMV infection,

31 (57%) of whom had pneumonitis, and CMV
was the only identifiable organism in 2 cases (2).
In yet another autopsy study. 64% had CMV
infection but only half died from respiratory failure
and they had other coinfections (87 ). Homosexual
patients tend to develop more CMV pneumonitis
than other risk groups (88). CMV infection in
organs other than the eyes, liver, spleen and lymph
nodes had been reported in 511 cases (0.2% of
AIDS-related conditions) over 18 years in
Thailand. In a study from Chiangmai, Thailand,
the organism was recovered in 5.1% of HIV
patients admitted for pneumonia and the patients
all had other infections as well (12). Patients
usually present with fever, dyspnoea and dry
cough, indistinguishable from PCP, or other
pneumonias from bacteria or fungi. Some patients
may also present with CMV retinitis. The most
common radiographic finding is that of bilateral
ground-glass opacities or areas of consolidation.
Lung biopsy is not usually performed. BAL
recovers mixed neutrophilic and mononuclear
infiltration with typical Cowdry A intranuclear and
cytoplasmic inclusions (89). Although specific,
typical histopathological and cytologic studies from
bronchoscopy are not sensitive enough. BAL
culture has a yield of 50% but this is not specific
enough because asymptomatic patients also have
similar yields (89,90 ). Treatment should be given
to those patients with symptoms and evidence of
only CMV infection. One of our coauthors gave
ganciclovir at 5 mg/kg IV q 12 hours for 2 weeks,
and 7 out of 10 patients improved both clinically
and radiographically. Foscarnet is an alternative
albeit with less evidence than ganciclovir.

Parasites

Approximately 40% of patients with pneumonia
due 1o Toxoplasma gondii have AIDS (91.92).
Pathogenesis is by reactivation, and most cases
present with CNS symptoms (2.91). Cerebral
toxoplasmosis had been reported in 6042 cases
(2.6% of AIDS-related conditions) in Thailand (6).
Only about 0.5% of these also have pneumonia
with fever, cough, dyspnoea, and a reticulonodular
or ground-glass appearance of chest radiographs.
This clinical presentation is very much like that
of PCP, TB or fungal pneumonias. Lobar
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consolidation as well as pleural effusion may be
seen. CD4 is typically less than 100 cells/uL.
Diagnosis is made by BAL or TBB showing
trophozoites on Giemsa stain. Immunoglobulin-M
does not usually rise in patients with AIDS and
immunoglobulin-G (IgG) only reflects a history
of infection which may not be responsible for the
current pneumonia (7,93). The absence of IgG
makes this diagnosis unlikely. The treatment is a
2-3 week course of pyrimethamine plus
sulfadiazine. Pyrimethamine is given at 200 mg
for the first dose, followed by 50-75 mg qd. The
dosage for sulfadiazine is 4-6 g qd. Leucovorin at
10-20 mg qd is added to prevent anaemia (94).
Clindamycin at 1200 mg qd is a substitute for
sulfadiazine (95). Cure rates are about 50-77%
(91), but relapse is high (96).

Strongyloides stercoralis is found worldwide
especially in the tropics and in warm climates.
The larva tunnels through the skin of the feet.
Most patients are asymptomatic or have minimal
gastrointestinal symptoms. Larval dissemination
to various sites such as the lungs occurs in patients
with immunodeficiency. Despite this fact, this is
uncommon among AIDS patients in endemic areas
(97). This diagnosis should be suspected in a
severely febrile patient with gastrointestinal and
pulmonary symptoms including dyspnoea and
cough (2,98). Wheezing is heard. Coexisting
parasitaemia and bacterial meningitis are common.
Chest radiograph shows diffuse fine nodular,
reticulonodular or miliary pattern and air-space
consolidation. Larvae can be recovered in the
sputum and BAL fluid, and eosinophilia is
characteristically absent in severe cases. Treatment
is with thiabendazole at 25 mg/kg bid for 5-14
days. Alternatively albendazole or ivermectin may
be used (99,100).

Non-Infectious Aetiologies

About 25% of AIDS patients have malignant
neoplasm, 3 of which are included in the case
definition of AIDS: Kaposi’s sarcoma (KS), non-
Hodgkin’s lymphoma (NHL) and cervical
carcinoma (2). KS and NHL make up over 90%
of these AIDS-defining malignancies. HIV-
seropositive patients may present with other
non-neoplastic abnormalities. Prominent in this

group is non specific interstitial pnemonitis (NSIP)
in adults or lymphocytic interstitial pneumonia
(LIP) in children. Secondary alveolar proteinosis
may develop with TB or PCP (101). Idiopathic
bronchiolitis obliterans with organizing pneumonia
(BOOP}) is rare, but the organizing feature may be
seen secondary to infection (102).

Kaposi's sarcoma (KS)

KS occurs in 15-20% of HIV-infected male
homosexuals, and in 1-3% of seropositive
heterosexuals (2). An autopsy study of HIV-
seropositive patients in Mumbai found 1 case of
KS, representing 1% of the series (13). It is the
cause of pulmonary disease in one-quarter to one-
third of patients with extrapulmonary KS, and
about half of deaths with cutaneous KS also have
pulmonary involvement at autopsy (103). Other
involved sites include oral and intestinal mucosa.
Patients may be asymptomatic or complain of
dyspnoea, non-productive cough, occasionally with
blood-streaked sputum, fever and chest pain (104 ).
Auscultation is often unremarkable (105).
Currently human herpesvirus 8 (KS-associated
herpesvirus or KSHV) has been linked to the
pathogenesis of the tumor. The positive and
negative predictive values of KS for those with or
without antibodies to KSHV were 82% and 75%,
respectively. The median time from HIV
seroconversion to development of KS was 33
months (106). Grossly, the small, indurated,
reddish or purplish lesions are mostly in the pleural
or bronchovascular interstitium. These may result
in nodules or consolidation. Lymph nodes may be
enlarged. Radiographs show bilateral, ill-defined,
nodular or linear infiltrations, often with a perihilar
predominance, which makes it difficult to
differentiate from infection. Other findings include
Kerley B lines, pleural effusion (30-70%), hilar
or mediastinal lymphadenopathy (5-15%), and 5—
15% can have normal radiographs (103). The
effusion, which can be unilateral or bilateral, is
clear or serosanguinous. Characteristically HRCT
reveals irregularly shaped, spiculated or poorly
defined nodules, predominantly with perihilar and
peribronchoarterial distribution, bronchial wall
thickening, septal thickening, areas of ground-glass
or air-space consolidation, and pleural effusion.
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Bronchoscopic finding of violaceous or bright-red,
irregularly-shaped, flat or slightly raised plaques,
most often at the carina of segmental and large
subsegmental bronchi is diagnostic (105,107). This
disease is rare in Thailand (6). Overall there were
326 reported cases or 0.1% of AIDS-defining
diseases in Thailand. KS can regress on HAART
and intensive chemotherapy. Radiation therapy
may have a role for symptomatic airway
obstruction by such lesions. Pulmonary
involvement has median survival of between 2
and 10 months. Indices for poor prognosis include
pleural effusion, severe breathlessness, absence of
cutaneous lesions, CD4 less than 100 cells/uL,
previous opportunistic infection, leukopoenia or
anaemia, and the absence of radiographic response
to treatment.

Non-Hodgkin's lymphoma (NHL)

NHL occurs in 2-10% of HIV-infected patients,
with increasing prevalence upon worsening
immune status (2,9). The lung is the most common
site of extra-nodal disease (30%). Generally the
disease is high-grade, widely disseminated and
extra-nodal at presentation. Small, non-cleaved cell
(Burkitt-like) type accounts for one-third, and the
remaining cases are mostly of diffuse large cell
(immunoblastic) type. Almost all cases are from
B-cell lineage. Typically patients have cough,
dyspnoea and pleuritic chest pain. CD4 count is
less than 100 cells/uL. Multiple nodular or diffuse
interstitial infiltrations and pleural effusions are
the most common radiographic findings. The
nodules are well-circumscribed and may cavitate
or have air bronchogram. Lymphadeopathy may
be present in about 30% (108). The procedures
that give high yields are open-lung biopsy (75%),
thoracentesis (75%) and TBB (58%) (109). One
of our co-authors found a case proven by TBB in
a patient with dry cough, and enlarging cavitary
lesion on chest radiograph. Immunoblastic and
Burkitt’s lymphoma accounted for 529 cases or
0.2% of all AIDS-related disecases in Thailand (6).
Median survival from the time of .diagnosis is 4—
6 months. Chemotherapy may help some patients
into remission.

Non-AIDS defining malignancies

Although these neoplasms are not indicative of
AIDS, they do occur more among AIDS patients
(2,110,111,112,113). Hodgkin’s disease is not
usually prevalent in the lung.

Lung cancer, predominantly of
adenocarcinoma type, occurs at a young age and
behaves aggressively in quite a large number of
HIV seropositive patients. The reason for this may
be related to genomic instability in the tumor.
Autopsy series in Mumbai found 1 case of
squamous cell carcinoma or 1% of the patients in
the study (13). Patients are typically smokers with
minimal or no AIDS symptoms. Pulmonary
complaints include cough, haemoptysis, pleuritic
chest pain and dyspnoea. Chest radiograph may
reveal a single or multiple masses, haziness or
pleural effusion. Prognosis is poor with survival
in a matter of a few months (110,111).

There are no reports of increased incidence
of other tracheal and bronchial tumors in HIV-
infected patients. In one of our co-author’s
research, a case of tracheal fibrous histiocytoma
presenting with asthma-like cough was found.

Nonspecific interstitial pneumonitis
(NSIP)

NSIP is possibly the most common lung
abnormality in seropositive adults (2). In a study
of 5 HIV-seropositive patients with interstitial
pneumonitis in Bombay, India, PCP was present
in 3, and the remaining 2 presumably had NSIP
because of good response to prednisolone (45).
Pathology shows lymphocytic infiltrations of the
peribronchiolar, perivascular and interlobular septal
interstitium. Minimal or no involvement of the
alveolar interstitium is seen. Most patients present
with fever, cough, and mild dyspnoea or without
symptoms. Though radiographically resembling
PCP, immunosuppression is less advanced and
LDH is closer to normal. Resolution or
stabilization occurs regardless of therapy.
Administration of corticosteroids may be
considered in severe cases (114,115).
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Lymphocytic interstitial pneumonitis
(LIP)

LIP, though rare in adults, is relatively common
in children and ranks second only to PCP (2,116).
The lung parenchyma, especially alveoli, is
infiltrated with mature lymphocytes and plasma
cells. The lymphocytes are primarily T-cells and
polyclonal. Patients present with insidious onset
of dyspnoea, cough and fever. CD8 lymphocytosis,
diffuse hypergammaglobulinaemia and Sjogren-
like disorders are common (114). Chest
radiographs show reticular or reticulonodular
infiltrations, multiple 2-5 mm nodules and ground-
glass appearance. Diagnosis is made by TBB.
Corticosteroid can ameliorate dyspnoea, improve
oxygenation, and may make the disease quiescent
(114,116). A study of BAL in HIV-seropositive
patients with pulmonary infection found one case
(1%) of adult HIV-seropositive patient with LIP
in Thailand (12).

Acute eosinophilic pneumonia

There was one case report of acute eosinophilic
pneumonia confirmed by pathology (117) and 3
other patients diagnosed by eosinophilia in BAL
fluid (118,119). Patients have acute febrile illness,
hypoxaemia, and bilateral pulmonary infiltrations.
High numbers of eosinophils (> 25% in cell
differential counts) are seen in BAL fluid or in
lung biopsy specimens without allergy, infection
or other known causes (120). The pneumonia
responds very well to high-dose glucocorticoids.
It is likely that the disease is more prevalent than
thought because patients tend to be treated with
steroids for a mistaken diagnosis of PCP (121).

Pulmonary hypertension

In a review of 131 cases, Mehta et al. found that
pulmonary hypertension occurred approximately
33 months after HIV serodiagnosis (122). HIV
was diagnosed after pulmonary hypertension in
6%, and HIV was the sole risk factor in 82%.
Patients presented with progressive dyspnoea
(85%), cor pulmonale (30%), non-productive
cough (19%) and moderate to severe pulmonary

hypertension. Chest radiographs revealed
prominent pulmonary arteries and cardiomegaly
which agreed with electro-cardiogram.
Echocardiography showed right ventricular
dilatation. On average, patients expired about 6
months after this diagnosis. Autopsy showed
plexogenic arteriopathy. In another report of 76
patients, the level of systolic pulmonary arterial
pressure did not correlate with the number of CD4;
however, patients with AIDS had higher average
pressure (123). The incidence of pulmonary
hypertension seems to decrease with HAART.

Alveolar haemorrhage

A prospective study found that alveolar
haemorrhage occurred rather frequently (103).
Symptoms were usually very mild. Approximately
1% had haemoptysis and 10% had haemosiderin-
laden macrophages in BAL fluid. The disease was
associated with the following conditions: KS,
thrombocytopenia (less than 60,000/cu mm),
pleural effusion and CMV pneumonitis.

Asthma

There have been no reports on the comparison
between the incidences of asthma among patients
with and without HIV. The prevalence of asthma
among HIV-infected outpatients was 15% in one
study (124 ). These patients tended to have CD4
count above 200 cells/uL. In another study involving
patients with CD4 count below 200 cells/UL, the
mean IgE level was higher in those with HIV than
those without; however, the prevalence of allergy
did notincrease (125 ). There have been conflicting
reports on bronchial hyperresponsiveness among
HIV-infected patients (126,127). More than half
of the patients with PCP have bronchial
hyperresponsiveness as well as good response to
bronchodilators (128). Some even present with
classic asthma in agreement with our experience.

Bronchiectasis

The disease can be seen relatively frequently in
both adults and children, although there have been
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more reported cases in the paediatric population
(129,130,131). Patients tend to be recovering from
pneumonia, have recurrent or chronic infections,
sinusitis or are active smokers. Symptoms include
easy fatigue, cough, haemoptysis and those of
infected bronchiectasis. Some cases may become
very severe within 1 year (132). Diagnosis is by
chest radiograph or even better by HRCT (131).

Emphysema

A study using HRCT of the chest found that
smokers with HIV had more emphysema than
those without HIV (133 ). The prevalence was as
high as 40% among those with more than 12 pack-
year smoking history. BAL did not reveal any
organisms but found higher numbers of cytotoxic
lymphocytes.

Immune Restitution
Syndrome

Immune restitution syndrome is an acute
symptomatic or paradoxical deterioration of a pre-
existing condition brought on by functional
recovery of the immune system. This classically
occurs in HIV-seropositive patients with PCP,
CMYV or TB (134,135). Manifestations include
fever, worsening infiltrates, serositis, cutaneous
lesions, peripheral and mediastinal
lymphadenopathy, with a marked reduction in HIV
burden and tuberculin reactivity (136). These
reactions are generally self-limited, lasting 10 to
40 days with a median of 15 days. Occasionally
patients develop respiratory failure (137).

A review of English medical literature found
46 HIV-positive cases with this syndrome related
to infections (138 ). All occurred after initiation of
HAART. Infecting organisms were either slow
growers or opportunistic pathogens of relatively
low virulence. The organisms involved included
M. tuberculosis (35.4%), CMV (29.1%), MAC
(18.7%), Cryptococcus species (8.4%), and M.
xenopi (2.1%). The median interval before the
occurrence of this syndrome for mycobacteria and
fungi was 11 days while that for viruses was 42
days. Fever occurred in about 75% of
mycobacterial and cryptococcal infections.

There was a report from Canada documenting
acute respiratory failure in a Vietnamese patient
who started ARV 2 months after therapy for
tuberculosis (139). Necrotizing granulomas with
acid-fast bacilli were seen on lung biopsy but
cultures were negative. Polymerase chain reaction
confirmed this to be M. tuberculosis. The patient
improved rapidly following corticosteroid therapy.
This reaction was also reported to occur 3 weeks
after starting HAART in a Japanese study, and
patients improved after treatment with
corticosteroid (140).

There are other incidents of immune restitution
unrelated to infections. Subacute hypersensitivity
pneumonitis has been reported in a patient
having contact with birds after receiving HAART
(141). Immune restitution may be responsible for
sarcoid-like lung disorder after initiation of
HAART (142,143,144). One of our co-authors
has seen a patient on nevirapine who was suspected
of sarcoidosis with interstitial infiltration and large
hilar adenopathy, which resolved after stopping
and recurred with re-challenge of the medication.

The diagnosis of this entity should be made
only after exclusion of other possibilities such as
inadequate antimicrobial therapy, emergence of
drug-resistant strains or superinfection or other
non-infectious complications. A short course of
glucocorticoid may be needed in severe cases.

Diagnostic Approach

History may provide some clues to the diagnosis.
Sudden onset raises the possibility of bacterial
pneumonia, while chronic disease is probably due
to P. carinii, fungi and tuberculosis. Homo- or
bisexuality increases the likelihood for CMV and
KS. Staphylococcal sepsis should be suspected in
intravenous drug users. Meanwhile prophylaxis
against PCP makes it less likely to develop the
disease. Usual symptoms include fever, cough and
dyspnoea. Haemoptysis is seen with TB and KS.
Pleuritic chest pain occurs with bacterial
pneumonia, pleural effusion and pneumothorax.
Signs are not very useful in general. Serious
vital signs should prompt urgent bronchoscopy
rather than a waiting period of empirical therapy.
Occasionally one cannot find any abnormalities.
Sometimes signs of consolidation are present, which
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suggest bacterial pneumonia, or extrapulmonary
signs are seen, e.g., meningeal signs.

Chest radiographs are occasionally normal
early in the course of PCP, TB and MAC. Other
patterns that are seen are listed in Table 8 (7).

Bacterial actiologies are suspected when white
blood cell counts are higher than 15,000/cu.mm
with more than 80% neutrophils or 10% bands.
Leukopenia or agranulocytosis implies severe
bacterial infection or bone-marrow involvement by

Table 8. Abnormal Chest Radiographic
Patterns in Common Opportunistic Infections’

A. Interstitial-alveolar infiltrates
PCP
Cryptococcosis/penicilliosis
CcMV
Bacteria

B. Reticulonodular-micronodular infiltrates
TB
Cryptococcosis/penicilliosis
PCP

C. Focal infiltrates
Bacteria — Nocardia
B
Cryptococcosis/penicilliosis

D. Adenopathy

TB
Fungal infections
E. Effusion
Bacteria — Nocardia
TB

Fungal infections

TB or fungi or drug reactions, e.g., sulfa drugs or
ARV. A normal white blood cell count is suggestive
of TB, fungi, parasites or certain viruses. LDH,
arterial blood gas, exercise testing and DL, aid
in the diagnosis of PCP. Pleural effusions need to
be analyzed by staining and culturing.
Respiratory specimens include sputum, BAL,
TBB and open lung biopsy (OLB). Patients who
cannot expectorate may be able to give a sputum
specimen after ultrasonic induction with 3% NaCl.
BAL could be employed in patients without
sputum production, with non-diagnostic sputum,
who fail empirical therapy, or who have severe
pneumonia. The procedure is very safe and
effective in over 95%. On the contrary, TBB does
not increase the yield of BAL, but does add risks
of bleeding and pneumothorax. Its role is primarily
limited to those cases with non-diagnostic BAL or
those suspected of non-infectious aetiologies. OLB
is likewise done in patients with non-diagnostic
BAL and TBB. Specimens may be examined by
fresh smear or by staining techniques such as
Gram’s stain, Kinyoun’s stain, Wright’s stain,
modified acid-fast stain and Gomori’s
methanamine silver (GMS) stain. Cultures should
be obtained for bacteria, mycobacteria and fungi.
A study of 70 patients in Chiangmai, Thailand
found that 20% of patients could provide sputum
spontaneously, and 13% could be induced (52).
Sputum induction gave a diagnosis in 69.2%,
mostly by staining (Tables 9 and 10). PCP could
be diagnosed by sputum analysis in only 9.1%,
which was much less than other infections (36.2%).
Mixed infections which were found in 25% could
not be diagnosed by sputum examination (12).

Table 9. Diagnostic Efficacy by Sputum®

Yield Method
Spontaneous (20%) Induced (13%) Both (33%)
Diagnostic 19 (95%) 9 (69.2%) 33 (84.8%)
Staining 10 (52.6%) 5 (55.6%) 15 (563.6%)
Culture 2 (10.5%) 4 (44.4%) 6 (21.4%)
Staining + culture 7 (36.8%) 0 7 (25.0%)
Staining £ culture 17 (89.5%) 0 22 {78.6%)
Non-diagnostic 1 (5.0%) 4 (30.8%) 5 (15.2%)
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Table 10. Diagnostic Efficacy and Yield of Sputum Examination by Organism®?

Pathogen N Efficacy (%) Yield (%)
P, carinii 22 2/4 (50) 2/22 (9.1)
Non-P, carinii 69 25/38 (65.8) 25/69 (36.2)
Bacteria 23 8/13  (61.5) 8/23  (34.8)
Nocardia 5 2/4 (50) 2/5 (40)
Mycobacteria 12 5/7 (71.4) 5/12 (41.7)
Fungi 29 10/14 (71.4) 10/29 (34.5)
P. marneffei 13 5/6 (83.3) 5/13  (38.5)
C. neoformans 16 5/8 {62.5) 5/16 (31.2)
Mixed organisms 19 0/9 (0) 0/19  (0)

More than half of the patients in Thailand do
not have a definitive diagnosis of pneumonia by
sputum analysis or BAL. A study was performed
on a decision process based primarily on history,
physical examination and chest radiographs to
arrive at a presumptive diagnosis (145 ). The rules
used in the decision process were as follows:

1. Pneumonia was defined as fever with
pulmonary infiltrations.

2. Pneumocystosis had diffuse alveolo-
interstitial infiltrates without evidence of left
ventricular failure or fluid overload.

3. Bacteriosis was fever with acute onset and at
least one of the following:

a. Localized alveolar infiltration

b. Typical patterns of septic emboli

c. Diagnostic or compatible associated

pleural effusions

Mycobacteriosis had one of the following:

a. Typical post-primary tuberculous or
miliary infiltration

b. Hilar or mediastinal lymphadenopathy

c. Insidious onset of fever with localized
infiltrations on chest radiographs

d. Diagnostic or compatible associated
pleural effusions

Mycosis included any type of pulmonary

infiltration with extra-pulmonary sites of fungal

infection, excluding those due to Candida, or

with diagnostic associated pleural effusions.

These rules were compared with the results

from BAL, and were found to be useful for the
diagnosis of pneumocystosis and bacteriosis
provided that patients had good follow-up
(Table 11) (145). Mixed infections were outside
the scope of these rules.

Table 11. Utility of Presumptive Diagnosis™®

Presumptive diagnosis Sensitivity Specificity Accuracy Predictive Value
(95% ClI) (95% Cl) % + -
Pneumocystosis 83 75
(N = 35) (70-90) (67-83) 78 63 90
Bacteriosis 46 94
(N = 24) (36-56) (89-99) 82 69 85
Mycobacteriosis 83 85
(N = 12) (76-90) (76-92) 84 42 98
M .
yeasts 24 100 72 100 70

(N = 30)
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Empirical Therapy

Pulmonary complications of HIV vary depending
on the level of immune deficiency, local infectious
epidemiology, illness severity and duration and
methods of study. Immunodeficiency can be
assessed by the presence of oral candidiasis and/
or the level of CD4 in the peripheral blood. If
patients are minimally immune deficient, the
majority can respond to pathogen-specific therapy
as well as HIV-seronegative patients. Exceptions
occur among the poor in the city and patients in
developing countries (146). Bacteraemia due to
S. pneumoniae carries a mortality rate of over 50%,
which is higher than the rate in HIV-negative
patients including the elderly (147). When it is
difficult to rule out PCP, high-dose co-trimoxazole
should be given, which can cover other common
bacteria as well as Nocardia (23). With the advent
of HAART, pulmonary complications of HIV
should be considered as 4 separate groups:

1. Patients without prophylaxis or HAART

2. Patients on prophylaxis without HAART

3. Patients on HAART without prophylaxis

4. Patients on both HAART and prophylaxis

Patients without prophylaxis or HAART

Patients with CD4 above 200 cells/uL have clinical
features similar to those without HIV infection
except more frequent and more severe bacterial
bronchitis and pneumonia (52). Opportunistic
infections occur rarely, and TB presents similarly
to those without HIV (30,31). Common bacteria
causing pneumonia in Thailand include S.
pneumoniae, H. influenzae, S. aureus and P.
aeruginosa, which are similar to those reported in
developed countries (12,148). Initial empirical
therapy needs to cover these core organisms.

Patients with CD4 below 200 cells/uL are at
risk for common infections as well as opportunistic
infections and other non-infectious complications.
The list of pathogens broadens even further with
diminishing CD4 level. It is probably more prudent
to be aggressive at obtaining a tentative diagnosis,
and treat accordingly.

Non-infectious causes can be masked by
concurrent infection, so they may need to be treated
at the same time. Since HIV-associated

malignancies all have poor prognosis despite
therapy, patients and loved ones should be
counselled so that an appropriate decision
regarding care can be made.

Patients on prophylaxis without HAART

In 1999, the United States Public Health Services
and the Infectious Disease Society of America
issue guidelines on prophylaxis (149). Despite the
guidelines, the protective efficacy for PCP is about
50-70%. A study in Thailand found that
compliance rate with INH prophylaxis for HIV-
positive tuberculin converters was 56.2%, and
1.1% developed TB at 1 to 3 months after starting
INH (150). One of our co-authors distributed
questionnaires on disease prophylaxis to 83
primary physicians and 31 pulmonologists and
found that there were more patients on prophylaxis
which was mostly secondary against PCP (151).
Primary prophylaxis against TB or S. preumoniae
was almost nonexistent. Secondary prophylaxis
against P. marneffei did not last long due to the
high cost of the medicine.

Patients on HAART without prophylaxis

HAART has lowered the incidence of opportunistic
infections and KS, but some non-infectious
complications have increased (99,152,153). This
group of patients may be divided into:

1. HAART failure. Approximately 10-30% of
patients have drug resistance and 50% have
partial response in lowering the viral loads
which remain detectable in the blood (154).
Infections still occur more frequently among
these patients but not as much as those without
HAART. Even though viral loads continue to
rise, the magnitude is less than would have
been without HAART (155,156).

2. Inappropriate withdrawal of prophylaxis.
Patients should continue to receive
prophylaxis for 3—-6 months during immune
restoration phase because they still remain
susceptible. There is also the immune
restitution syndrome previously described.

3. Antiretroviral complications. Nucleoside
analogs can cause lactic acidosis, while
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abacavir can cause hypersensitivity
pneumonitis which may lead to ARDS.

Patients on both HAART and prophylaxis

Patients with complete response to HAART and
on prophylaxis rarely develop opportunistic
infections after 3 months. Prophylaxis against fungi
and CMV may be discontinued. Infections are
mainly those of non-HIV patients, but NHL and
lung cancer increase. One of our coauthors found
no deaths among 15 patients who responded to
HAART during a mean follow-up of 38 months,
ranging from 6 to 80 months. This is in contrast
to 7 deaths out of 8 patients who either did not
take or did not respond to HAART during a follow-
up of 30 months, ranging from 10 to 54 months.

Preventive Measures

Minimizing exposure to possible sources is the
first rule for HIV-infected patients at risk for
developing infections (Table 12) (96,157). The
next measure is to provide active vaccinations as
appropriate. Vaccination against S. pneumoniae
should be given to those newly infected patients
with a CD4 level of over 200 cells/uL who never
received the 23-polyvalent vaccine within 5 years.
Patients whose CD4 level is less than 200 cells/
ML should be vaccinated, and once again if the
level is above 200 cells/ul.. Revaccination should

be done every 3-5 years thereafter (149,157).
Influenza vaccine should be administered annually.
It is generally prudent to avoid live viral vaccines.

Drugs for primary and secondary
chemoprophylaxis against common opportunistic
infections are outlined in Tables 13 and 14
(96,100,149,154,157,159,161), respectively.
Primary prophylaxis against PCP should be given
to patients with CD4 less than 200 cells/uL,
pregnant women, and to those with oropharyngeal
candidiasis, and considered for those with AIDS,
unexplained weight loss, chronic fever and prior
pneumonia of any type. The alternative regimen
of thrice-weekly co-trimoxazole is not as effective
as that of a daily regimen. Prophylaxis against
PCP can be stopped when CD4 rises above 200
cells/ul. for 3—6 months (158). In addition, co-
trimoxazole, as well as azithromycin and
clarithromycin, reduce the frequency of bacterial
respiratory tract infections. Although co-
trimoxazole taken for PCP prophylaxis can reduce
the incidence of bacterial pneumonia, the reliance
on this to prevent pneumonia is not encouraged
due to the potential introduction of resistant
bacteria. Of note, while primary prophylaxis
against T. gondii follows the PCP guidelines,
secondary prophylaxis should be given lifelong.

While primary prophylaxis against fungal
infections is controversial, the use of fluconazole
against cryptococcosis at 200 mg/d in patients with
CD4 of less than 100 cells/uL has been shown to
be effective (159). Secondary prophylaxis with
200400 mg/d of fluconazole is also recommended

Table 12. Avoidance Measures for Certain Lung Pathogens® '

Pathogen Sources
P. carinii Patients with active PCP
T. gondii Undercooked red meat; cats that scavenge outdoor food; trash; gardening

M. tuberculosis

Cytomegalovirus

Prisons; homeless shelters; certain health care settings

If seronegative, avoid transfusion with seropositive blood products;

unprotected sexual intercourse; child care

C. neoformans
P. marneffei

H. capsulatum Caves; avian faeces.

Avian faeces; ground-sweeping; walking bare-footed

Avian faeces; ground-sweeping; walking bare-footed
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Table 13. Primary Prophylaxis%:100157.159

Pathogen

Prophylaxis

P. carinii

Co-trimoxazole, 1 SS or DS tablet qd - tiw

Alternatives: co-trimoxazole 1 DS tiw; dapsone 100 mg qd +
pyrimethamine 50 mg gw + leucovorin 25 mg qw; dapsone 200 mg +
pyrimethamine 75 mg + leucovorin 25 mg qw; atovaquone 1500 mg qd;
aerosolized pentamidine 300 mg gm

T. gondii

Co-trimoxazole, 1 DS tablet qd

Alternatives: co-trimoxazole 1 SS qd; dapsone 50 mg qd + pyrimethamine
50 mg gw + leucovorin 25 mg qw; atovaquone 1500 mg qd

M. tuberculosis
INH-sensitive

INH-resistant

MDR

INH 300 mg + B6 50 mg qd x 9 ms; INH 900 mg + B6 100 mg biw x 9
ms; RMP 600 mg + PZA 20 mg/kg qd x 2 ms.

Alternatives: RFB 300 mg + PZA 20 mg/kg qd x 2 ms; RMP 600 mg qgd x
4 ms

RMP 600 mg + PZA 20 mg/kg qd x 2 ms.

Alternatives: RFB 300 mg + PZA 20 mg/kg gd x 2 ms; RMP 600 mg qd x
4-6 ms; RFB 300 mg x 46 ms

Consultation with experts

M. avium complex

Azithromycin 1200 mg qw; clarithromycin 500 mg bid
Alternatives: RFB 300 mg qd; azithromycin 1200 mg qw + RFB 300 mg gd

C. neoformans

Fluconazole 200 mg qd

S. stercoralis

Thiabendazole 25 mg/kg; ivermectin 200 mg/kg

Notes: SS = single-strength; DS = double-strength; tiw = thrice-weekly; qw = once weekly;
gm = once monthly. ‘

Table 14. Secondary Prophylaxig?9:149.154157.161

Pathogen Prophylaxis
P, carinii Same as primary prophylaxis
T. gondii Sulfadiazine 500-1500 mg qgid + pyrimethamine 25-75 mg + leucovorin

10-15 mg qd
Alternatives: clindamycin 300 mg gid or 450 mg tid + pyrimethamine
25-75 mg + leucovorin 10-25 mg qd

M. avium complex

Clarithromycin 500 mg bid + EMB 15 mg/kg + RFB 300 mg qd
Alternatives: azithromycin 500 mg + EMB 15 mg/ kg £ RFB 300 mg qd

Cytomegalovirus

Ganciclovir 5-6 mg/kg iv x 5~7 days or 1000 mg po tid; foscarnet 90-120
mg/kg qd
Alternative: cidofovir 5 mg/kg gow

C. neoformans

Fluconazole 200-400 mg qd
Alternatives: amphotericin B 0.6-1 mg/kg qw - tiw; itraconazole 200 mg qd

H. capsulatum

ltraconazole 100-200 mg qd - bid
Alternative: amphotericin B 1 mg/kg qw

P. marneffei

Itraconazole 200 mg qd

Notes: gow = every other week.
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(160). For penicilliosis, there have been no reports
on primary prophylaxis, and the use of itraconazole
for this purpose is not encouraged due to the high
cost and the fear of creating resistance to Candida.
Secondary prophylaxis with itraconazole (200 mg
po qd) is however recommended (161 ). In addition
to the roles described, fluconazole is effective for
mucosal candidiasis, and itraconazole can prevent
histoplasmosis and cryptococcosis but not
candidiasis.

Primary prophylaxis against TB is more
appropriately called treatment of latent infection,
which includes those with close contact with other
patients with active TB, and those with positive
tuberculin test (at least 5 mm induration with 5-
TU PPD). If the exposure has been with MDR-TB,
a combination of at least 2 sensitive drugs for 12
months may be used. INH prophylaxis does not
prevent TB in anergic HIV-positive patients (24).

References
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can be stopped when it is higher than 100 cells/
puL for 3-6 months; but secondary prophylaxis
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recommended for herpesviruses, however, episodic
treatment is given with a high rate of success.
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should be strongly encouraged to quit, which will
decrease the risks for respiratory tract infections,
emphysema, bronchial hyperresponsiveness and
lung cancer.
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