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Editorial

Vaccines in Chronic Respiratory Diseases

Asthma, COPD, occupational lung diseases, pulmonary hypertension and sleep apnea syndrome
are listed as the commonly encountered chronic respiratory diseases (CRD) worldwide as per
WHO reports.1 The prevalence of these diseases is increasing everywere particularly among
children and elderly people. The most common chronic respiratory diseases are asthma and
COPD. These preventable CRD�S cause premature deaths and disabilities and may account for
more than 4 million deaths a year worldwide.1 COPD is currently the fourth leading cause of
mortality worldwide and is predicted to be the third leading cause of global mortality by 2020.2

Statistics reveal that there is a 60 to 65 % reduction in the death rates due to coronary heart
disease and stroke in USA in the last 30 years due to effective strategy for prevention and control
of coronary artery diseases, whereas there is about 50 % increase in death rates due to COPD.
People with obstructive airway disease may be affected by a wide range of respiratory viruses
and bacteria. Streptococcus pneumonia and influenza viruses are the major etiological  agents
identified for frequent exacerbations and worsening disease status. Pneumococcal and influenza
infection cause substantial morbidity and mortality particularly among people having co morbid
illnesses.3

People with obstructive airway diseases are at a higher risk of invasive pneumococcal
disease (IPD) while those with COPD have the same risk for influenza infection as others. However,
they are more likely to have complications following influenza infections. Influenza and pneumococcal
infections contribute to acute exacerbation of asthma and COPD leading to increased risk of
hospitalizations and mortality. Although streptococcus pneumonia and influenza are not the
most common respiratory pathogens for most of the exacerbations, they are important as they
are potentially preventable by vaccination.4

Influenza Vaccination

As influenza A (H1N1), A (H3N2) and influenza B viruses are all currently circulating
worldwide, currently available formulations of influenza vaccine are trivalent.2  Two types of
trivalent influenza vaccines are  available for the prevention of influenza.

Trivalent Live Attenuated, cold adapted Influenza Vaccine (LAIV)

Trivalent Inactivated influenza Vaccine (TIV)

LAIV is administered intranasally and may be used to vaccinate healthy non pregnant
persons. Although LAIV has been studied in persons with COPD, safety has not been clearly
established.
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Quadrivalent inactivated vaccine (QIV) contains 4 strains of influenza, that is two sub
types of  A strains (H1N1, H3N2) and two types of B strains (Victoria, Yamagata). There is also
quadrivalent live attenuated influenza vaccine (Q LAIV)  which is available as a nasal spray.4

Influenza infection is estimated to account for 10 to 30% of exacerbations of Asthma and
COPD. Both GINA and GOLD guidelines and many countries recommend annual influenza
vaccinations for persons with Asthma and COPD regardless of age and disease severity.5

Vaccination with TIV has been found to be safe in asthmatics, specifically with regards to
the concern of development of frequent acute asthma exacerbations. Because of lack of safety
data, LAIV is not currently recommended for use in people with asthma. One of the randomized
trials found an increasing clinically relevant wheezing among those younger than 24 months
within 24 hours after receiving LAIV, regardless of whether they had asthma or not.6

It has been found that vaccination against influenza improves health related quality of life
among children with asthma. Influenza vaccine has to be administered annually before the influenza
season because the strains of the virus in circulation change from year to year.3

Influenza vaccination is associated with 45% reduction in mortality in patients with COPD.
Influenza vaccination reduces specific mortality due to pneumonia in COPD and in addition
reduces all cause mortality due to stroke, diabetes and renal diseases. Despite the recommendation
for annual vaccinations against influenza, more than half of the patients with COPD in developed
countries do not receive this vaccine.8

In a study of 1,77,120 patients with COPD (mean age 65 years ) with a mean follow up
of  6 to 8 years between 1988 and 2006, it had been observed that influenza, but not pneumococcal
vaccination was associated with reduced risk of all cause mortality in COPD.0

Pnuemococcal vaccination

Streptococcus pneumoniae is a major cause of morbidity and mortality worldwide in causing
lower respiratory tract infections. Despite appropriate antibiotic therapy and intensive care treatment,
mortality rates due pneumococcal infection remains high especially in older adults and high
risk individuals such as patients with CRD. COPD is one of the major risk factors for community
acquired pneumonia. Smoking is reported to be an important risk factor for invasive pneumococcal
disease.10

More over patients with COPD who develop pneumonia could have more severe pneumonia
with higher frequency of ICU admissions. In addition there is higher case fatality rate than non
COPD patients. Approximately 15 % of acute exacerbations in chronic bronchitis are triggered
by bacterial infections and pneumococci is responsible for almost one third of acute bacterial
exacerbations.10

There are three types of  anti pneumococcal vaccinations.

Capsular polysaccharide pneumococcal vaccines (PPV / PPSV).

Protein polysaccharide conjugate pneumococcal vaccine (PCV).

Protein based pneumococcal vaccine (PBPV).

The pneumococcal polysaccharide vaccine used today for older children and adults is 23
valent and is effective against 23 types of pneumococci. The 23 valent PPS (PPV 24 / PPSV 23)
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vaccine protects against 85 to 90 % of the types of pneumococci that cause invasive infection
in these age groups. Polysaccharide vaccines are not effective in children younger than 2 to 3
years of age for whom Conjugate vaccines where developed. 10

PCV7 targeted the 7 most common types of  pneumococci which accounted for 80 to 85
% of invasive diseases in infants and toddlers. Although the vaccine is generally given to children
aged 2 years, it is wise to give conjugate vaccine to infants as young as 6 months. 20 The new
pneumococcal conjugate vaccine PVC 13 contained 6 more additional strains and was developed
to replace PCV7.

All people aged 65 years or older, adult smokers and adults with CRD should ideally
receive PPV 23 vaccine.10 People 2 years or older who are at increased risk of pneumococcal
disease due to conditions like chronic heart, kidney or liver diseases should  also receive PPV
23. Immunocompromised state  like diabetes, alcoholism, , HIV infection, Sickle cell disease,
defects of splenic function are other conditions in which PPV vaccination is recommended.10

Infants and children 2 to 59 months of age who have not previously received PCV 7 or
PCV 13 should receive PCV 13. Among patients with CRD, pending other more effective anti
pneumococcal vaccines, PPV23 (together with influenza vaccine) is currently the only preventive
option that has demonstrated considerable beneficial effects though the effect is not 100%. Revaccination
(5 to 10 years after primary dose) is recommended for those persons who receive PPV23 below
65 years of age. PPV 23 provides only incomplete protection as it does not elicit long lasting
immunity and there is no anamnestic effect at revaccination. Therefore more effective vaccination
strategies are needed. The experimental protein based pneumococcal vaccine candidates offer
the potential advantage of serotype independent protection.

Clinical practice guidelines recommend vaccination against pneumococcal infection as an
important component of management of COPD (GOLD 2013). Pneumococcal vaccine has been
shown to reduce the risk of pneumococcal infection among patients with COPD aged 65 and
above with reduction in the incidence of community acquired pneumonia in patients with COPD
younger than the age of 60 who have severe airflow limitations (FEV1 less than 40% predicted).

Subset analyses of randomized controlled trials showed that combination of pneumococcal
and influenza vaccine when compared to influenza vaccine alone reduces infectious acute exacerbations
among people with COPD. Evidence of reduction in asthma exacerbations with pneumococcal
vaccination is less clear. However  a retrospective study found an association between pneumococcal
vaccine and reduction in the number and duration of hospitalization for asthma among elderly.3

Recipients of both influenza and pneumococcal vaccinations were associated with 63 %
reduction in the risk of hospitalization for pneumonia and 81% reduction in the risk of death
when compared with those unvaccinated. 2 Vaccination among people with CRD is less than
50 % in developed countries. Barriers to vaccination are patient barriers and physician barriers.
To improve the uptake of vaccinations among people with chronic respiratory diseases in our
country, an effective strategy for prevention and control of these has to be developed and implemented.

A.K. Abdul Khader- Editorial - Vaccines in Chronic Respiratory Diseases
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Bronchiectasis is characterized by an abnormal
permanent dilatation of bronchi with destruction of the
muscles and elastic tissue1.  First description of the disease
was by Laennec in 18192. It was considered as an orphan
disease with no definite management protocols or break
through therapeutic approaches until recently3. The major
studies in bronchiectasis were on CF, as it is the commonest
in the West which was later extrapolated to non CF
bronchiectasis. In India most bronchiectasis are non CF4.

Recognizing lack of clear protocols in the diagnosis
and management of non CF bronchiectasis, British Thoracic
Society in 2010 published a guideline based on the available
literature5. Since then there were lot of publications about
non CF bronchiectasis highlighting importance of this
common disease.

Prevalence

Some years ago it was thought that non CF
bronchiectasis was becoming an extinct disease in most
of the developed countries6. Wide spread availability of
High Resolution Computerized Tomographic (HRCT)
scanning of thorax disproved this concept. In India in spite
of liberal antibiotic policy, it continues to be a major
respiratory problem with significant morbidity and
mortality4.

Due to paucity of data, the overall prevalence of
bronchiectasis in many parts of the world is still unknown.
There are at least 1,10,000 non CF bronchiectasis in US
as per their database. The overall prevalence was found
to be 52 per 100,000 population7.  As age advances prevalence
also found to increase. In another study from US, annual
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Summary
Bronchiectasis is characterized by abnormal permanent dilatation of bronchi. In any patient presenting with suspected
symptoms, the diagnosis of bronchiectasis can be confirmed by HRCT. MRI is a radiation free alternative investigation.
Early detection of bronchiectasis and its cause is crucial in preventing progression of disease. All adults with diffuse
bronchiectasis have to be tested for ABPA, Immune deficiency diseases and ciliary dysfunction. In children it is mandatory
to rule out foreign body aspiration and Cystic fibrosis (CF). Treatment of bronchiectasis is multimodality. Proper education,
physiotherapy and pulmonary rehabilitation are useful non pharmacologic measures that should not be neglected.
Antibiotics are the most important treatment modality during exacerbations. Anti inflammatory therapy is gaining
popularity as it is effective in reducing exacerbations and progression of the disease. Mucolytics has only limited role.
Colonization by Pseudomonas aeruginosa and Nontuberculous Mycobacteria (NTM) are often overlooked and can
result in rapid worsening. Resectional surgery can be curative in localized disease. In patients presenting with complications
like hemoptysis, there is no contraindications for surgery even if disease is bilateral if general condition and PFT
permit. Overall prognosis is better than COPD with a well planned therapeutic approach.

Key words : Bronchiectasis, NonCysticfibrosis(NonCF), High resolution computerized Tomography(HRCT), Allergic
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age adjusted hospitalizations due to bronchiectasis from
1993 to 2006 were 16.5 per 10,000 population. The annual
increase in hospitalization varied from 2.4 for males and
3.0 for females. The annual rise in mortality rate was about
3% in a study from England and Wales. Both the
hospitalization and mortality rates are most likely to be
an underestimate of the actual facts. In a study conducted
in India, 5% patients presenting with airway obstruction
have bronchiectasis8.

Pathogenesis and Pathology

The lung has direct communication with atmosphere
which contains innumerable microorganisms and various
pollutants. Fortunately the primary and secondary defense
mechanisms are sufficiently equipped to keep the lower
respiratory tract clean and sterile. Any event or series of
events which can damage the bronchial epithelium or alter
mucociliary escalator system can initiate a vicious cycle
which can finally result in the irreversible damage of bronchi
by recurrent transmural infection and inflammation9. In
majority, the 4th and 5th generations of sub segmental bronchi
are affected. Occasionally more proximal bronchi are affected
as in Allergic Broncho Pulmonary Aspergilosis (ABPA)10.The
stagnation of secretions in the damaged bronchi with the
associated infections, inflammation, thickening of the walls
and neovascularization are responsible for most of the
symptoms of bronchiectasis.

In 1898, Ewart classified bronchiectasis in to 3 forms
based on the grossly dilated appearance of large airways:
1) Cylindrical 2) Fusiform 3) Saccular9. Later in 1950, it
was regrouped by L M Reid based on the appearance to
1)Cylindrical with uniform dilatation of the affected bronchi
2) Varicose because of the resemblance to varicose veins
3) Cystic or Saccular characterized by dilated bronchi ending
in cysts or grapelike clusters1.(Fig 1). This classification
has no clinical relevance except that cystic indicates more
advanced form of the disease.

Causes

Bronchiectasis can occur from a variety of causes.
Early identification of the cause may help in preventing
the progression of the disease. Recognized causes of
bronchiectasis are given in (table1)

Clinical features

Most patients present with cough and sputum
production. Expectoration of foul smelling sputum can
occur in some patients. Hemoptysis, chest pain,
breathlessness and weight loss are other associated
symptoms12.The three layered sputum with foamy upper
layer, mucus middle layer and viscous purulent bottom
layer is pathognomonic, but may not be seen in all patients.
Some patients may present only with hemoptysis. This
is often seen in upper lobe bronchiectasis and is known
as bronchiectasis sicca. Symptoms can aggravate during
exacerbations and on an average it is 1.5/year. Disease
progression will be rapid if there is frequent exacerbations
and colonization with bacteria. As the disease progress
pulmonary hypertension and cardiac failure may follow.
The most frequently described physical findings in
bronchiectasis are finger clubbing and coarse crackles13.
Air flow obstruction can also occur in association with
bronchiectasis14.

Any child presenting with persistent cough and
sputum production lasting for more than 8 weeks, sputum
culture yielding unusual organisms like S. aureus/
P.aeruoginosa, atypical asthma, unexplained hemoptysis,
recurrent or unresolving pneumonia, structural
abnormalities of upper airways or esophagus needs
evaluation for bronchiectasis5.

 Adults presenting  with persistent cough without

Dr. Davis Paul - Non Cystic Fibrosis Bronchiectasis: Diagnosis and Management
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obvious cause like smoking, unexplained hemoptysis,
unusual microbes in sputum, recurrent pneumonia,
associated COPD with recurrent and difficult to control
infection are also candidates for bronchiectasis5.

Diagnosis

The first part of the evaluation is identification of
bronchiectasis, its extent and severity. This is mostly done
by radiologic investigations. Second part is detection of
underlying cause leading to bronchiectasis. This may be
difficult but valuable in preventing further progression

of the disease. Bronchiectasis is a final stage of lung damage
and focus should be on its prevention.

Chest X-ray has only low sensitivity and specificity
in the diagnosis of bronchiectasis15. In advanced disease
thickened bronchi can be seen as tram line shadows in
cylindrical bronchiectasis and ring shadows in cystic
bronchography15.The chest X-ray also helps in eliminating
other diseases presenting as chronic cough. Earlier
bronchogram was the gold standard investigation for the
diagnosis of bronchiectasis. Today HRCT taken with the

Dr. Davis Paul - Non Cystic Fibrosis Bronchiectasis: Diagnosis and Management

Post infective
Impaired

mucociliary
clearance

Immune
deficiency

Exaggerated immune
response

Congenital
abnormalities of the

bronchial wall

1)Pneumonia

2)Tuberculosis

3)Pertussis

4)Measles

1)CF

2)Primary ciliary
dyskinesia (PCD)

3)Young's syndrome

1)common variable
immune deficiency
syndrome(CVID)

2)Specific
polysaccharide
antibody deficiency

 3)Secondary
immunodeficiency,
eg, malignancy

(chronic lymphocytic
leukemia) orHIV

1)Allergic Broncho
Pulmonary
Aspergillosis(ABPA)

 2)Graft versus host
disease

3)Inflammatory
bowel disease
(ulcerative
colitis and Crohn's
disease)

1)Mounier-Kuhn
syndrome

2)Williams-Campbell
syndrome

3)Marfan syndrome

4) Ehlers-Danlos
syndrome

Inflammatory
pneumonitis

Fibrosis (traction
bronchiectasis)

Mechanical
obstruction

Connective tissue
diseases

Miscellaneous
conditions

1)Aspiration of
gastric contents

2)Smoke
inhalation

1)Sarcoidosis

2)IPF

1)Foreign body

2)Tumor

3)Extrinsic
compression(eg,
lymph node)

1)Rheumatoid arthritis

2)SLE

3)Sjogren syndrome

1)Non Tuberculous
Mycobacterium-MAC

2)Sequestration

3) Yellow nail
syndrome

4)Alpha 1 AT
deficiency

Table 1: Commonly described causes of bronchiectasis5

Primary etiologic factor cannot be established in 30-74% of patients11.
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standardized protocol is the radiologic investigation of
choice13. Characteristic appearance of bronchiectasis in
HRCT was first described by Nadich et al with minor
modifications subsequently16. The most important evidence
of bronchiectasis in HRCT is the signet ring sign where
the airways internal diameter is larger than the
accompanying pulmonary artery(Fig 2). Presence of dilated
bronchi  within a centimeter of pleural surface, lack of
tapering of bronchi towards periphery, thickening of the
walls, contour abnormalities like the tram line and cystic
shadows, collections of secretions as evidenced by fluid
levels are also indicators of bronchiectasis . Presence of
few dilated bronchi alone has little relevance. The temporary
dilatation and thickening of bronchial wall following
pneumonia known as pseudo bronchiectasis may persist
for 4 months. In order to avoid confusion it is advisable
to do the scanning after a period of 4 months after
pneumonia17.

HRCT can also contribute to the specific diagnosis18.
Bilateral bronchiectasis predominantly affecting lower lobe
bronchi is suggestive of ciliary dyskinesia syndrome. Upper
lobe bronchiectasis is more commonly seen in association
with tuberculosis in India. Other causes for upper lobe
bronchiectasis are ABPA and CF. Central bronchiectasis,
presence of mucus plugging and tree in bud appearance
are features of ABPA(Fig 3). Prominent nodularity with
or without cavitations and tree in bud appearance often
involving middle lobe are indicators of NTM. Focal
bronchiectasis is more likely to be due to foreign body or
slow growing neoplasm. An enlarged trachea with an
internal diameter of more than 3 cm is diagnostic of Mounier-
Kuhn syndrome. There is a scoring system put forward
by Bhalla et al19 for assessing severity of CF bronchiectasis
which can also be used in non CF bronchiectasis. It is
based on extent; severity of bronchial dilatation; wall
thickening and the collection of fluid. MRI scan is a radiation
free alternative to HRCT in the diagnosis and follow up20.
Pulmonary function test is used for the functional
assessment. Most common abnormality is airway obstruction
with or without hyper-reactivity5. In the later stages of
the disease there can be respiratory failure which can be
detected by Pulse oximeter and Arterial Blood Gas (ABG)
analysis

Box 1

Bronchiectasis HRCT finding

Direct signs

1) Signet ring sign

2) Lack of air way tapering > 2 cm distal to point of
bifurcation

3) Air ways visible in peripheral lung fields

Indirect signs

1) Bronchial wall thickening

2) Mucoid impaction or fluid filled air ways-rounded/
tubular/ Y shaped structures with or without fluid levels

3) Bronchiolitis-ill defined centrilobular opacity with
tree in bud configuration

4) Mosaic attenuation

Fig 2 signet rig sign of bronchiectasis

(HRCT Dept. of Pulmonary Medicine Govt. Medical
college Thrissur)

Recurrent respiratory infection is an accompaniment
of bronchiectasis. Sputum culture is beneficial to identify
the organism responsible for the infection. Occasionally
colonization of lower respiratory tract by potentially
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pathogenic microorganisms (PPM) may occur. The common
microorganisms causing infection and colonization are
given in (Table 2)

Management

Main goal of therapy is to reduce the symptoms of
the patient, improve the quality of life and prevent
progression of the air way damage.

General measures

All patients have to be educated about the chronic
nature of the disease, the risk of on and off exacerbation,
importance of early treatment of infections and relevance
of physiotherapy in clearing the secretions5. As in COPD,
multidisciplinary pulmonary rehabilitation is beneficial
in majority of patients. Non pharmacologic measures are
as important as  pharmacologic treatments.

Correction of underlying cause

Underlying cause if correctable has to be appropriately
managed without any delay. Children with foreign body
aspiration will benefit from its removal even if there is
a delay in the diagnosis. Similarly patients with common
variable Immunodeficiency, replacement therapy will
prevent further progression. Early diagnosis of ABPA helps
in preventing air way damage. Treatment options are limited
in CF and Primary Ciliary Dyskinesia (PCD) syndromes
at present. Fortunately in India it is very rare. Correction
of underlying cause has little use in extensive disease.

Physiotherapy

Stagnation of secretions in the airways due to poorly
functioning mucociliay clearance mechanism is responsible
for most of the symptoms and the progression of the disease.
Chest physiotherapy can be used to drain the secretions.

Fig 3 Bronchiectasis in ABPA
Areas of mucoid impaction (white arrow),

bronchiectasis (red) arrow

1) Chest X-ray

2) Sinus radiography

3) HRCT

4) Routine blood tests and absolute
eosinophil count

5) Sputum smear for AFB

6) Sputum eosinophils

7) Sputum culture and sensitivity

8) Pulse Oximetry

9) Spirometry

10) ECG /ECHO

11) Immunologic tests, Immunoglobulin
levels, specific antibody levels (both
peptide &polysaccharide) & specific
antibody response

12) Aspergillus specific IgE & IgG

1) Bronchoscopy (localized bronchiectasis)

2) Saccharine clearance test)/ nasal FeNO
(cilia studies if abnormal)

3) Sweat chloride test
(Genetic studies if abnormal)

4) Upper/lower GI scopy, Bairum swallow

5) Semen analysis

6) Second line immune deficiency test

(accredited immunology lab)

7) Tests for Collagen vascular disorders

8) Alpha-1 Antitrypsin levels

Selected
patients

All
patients

Investigations in non CF bronchiectasis5
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A number of techniques are available for mobilizing
secretions, such as postural drainage, Active Cycle Breathing
Techniques (ACBT), positive expiratory pressure (PEP),
oscillatory PEP devices, and high-frequency chest wall
percussion. Regular chest physiotherapy in patients with
non-CF bronchiectasis had small, but significant, benefits
despite earlier negative systematic reviews6. ACBT is the
most commonly used technique. Postural drainage can
be combined with other physiotherapy measures for better
results 5. Patients who cannot do the postural drainage,
autogenic drainage or modified postural drainage without
head tilt can be tried.

Pharmacotherapy

Mucolytics

Most of the mucolytics has no definite role in non
CF bronchiectasis. Bromhexine is probably the available
best5. Human DNAse has no benefit and may be harmful
in non CF bronchiectasis5. Inhalation of dry powder mannitol
may facilitate clearance of secretions by altering the physical
properties of the mucus22. Hypertonic saline (3% Sodium
chloride) is an adjuvant that can be used to improve drainage
of secretions before physiotherapy29. Both these agents
can induce bronchospasm in some patients, which can
be tackled by prior administration of nebulized
bronchodilators21.

Bronchodilators

A substantial number of patients can have associated
bronchospasm which needs treatment by bronchodilators.
Short and long acting beta 2 stimulants, methyl xanthenes
and anticholinergic bronchodilators can be used to relieve

bronchospsam. It is difficult to say which agent is superior
due to paucity of well conducted studies. Montelukast
has no proven role in non CF bronchiectasis.

Antibiotics

Acute exacerbation is a frequent accompaniment of
all bronchiectasis and needs prompt treatment by antibiotics.
As the common organisms causing infections are
H.influenza, P.aeruginosa and S.aureus, one or two broad
spectrum antibiotic covering these organisms is preferred.
Amoxicillin plain or in combination with clavulanic acid
is the best preferred initial antibiotic if FEV1 is >60% and
sputum volume is less than 20 ml/day. Later depending
on the culture and sensitivity reports antibiotics can be
changed. Optimum duration of therapy is not defined,
but most receive antibiotics for a period of 10-21 days
depending on the severity and the nature of organism.
Those with severe disease can be started on anti -
pseudomonas antibiotic empirically.  Very severe infections
associated with respiratory failure and chronic infections
not responding to oral antibiotics needs hospitalization
and treatment with intravenous antibiotics. Coverage of
anaerobic infection may be required in some patients. An
inhaled antibiotic like gentamicin or tobramycin in
combination with parenteral antibiotics has only limited
benefit in the management of acute infections22-24.

Prophylactic antibiotic is generally not preferred for
fear of drug resistance and drug toxicities. Few recent
studies are now favoring it especially in those with repeated
infection requiring antibiotic use more than six times in
a year. Some centers prefer that same antibiotic be given

Organism Nicotra et al 1995
(n=123)

Pasteur et al 2000
(n=150)

King et al 2007
(n=89)

H.influenza
P.Aeruoginosa
M.Catarrhalis
S.pneumoniae
S.aureus
No specific organism

Mycobacteria

30
31
2.4

10.6
7.3
-

17

37
31
20
13
14
23

0

45
12
8
7
4

21

2

Table - 2
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for 7-14 days every month and certain others rotating
antibiotic for 7-10 days every month24. Azithromycin 500
mg twice per week for 6 months was found to reduce the
symptoms and number of exacerbations25.

Coticosteroids

A Cochrane review concluded that there was
insufficient evidence to recommend the routine use of
Inhalational Corticosteroids (ICS) in adults with stable-
state bronchiectasis, but a trial of this form of therapy
may be justified in adults with difficult to control symptoms
and in certain subgroups with significant air way hyper-
reactivity5. The potential risks of high doses of steroids
should not be neglected in such situation. In a recent study,
combination inhaler of Long Acting Beta Agonist +ICS
was found to be more superior in improving the quality
of life compared to ICS alone26. Oral steroids are not
recommended generally either in stable state or in acute
exacerbations.

Vaccination

In children as well as adults there is little evidence
favoring routine influenza vaccination. Such practices still
prevail because of the benefit in the COPD patients which
often has associated bronchiectasis. Pneumococcal
vaccination is recommended in children and adults but
it also does not have the support of well conducted clinical
trials.5

Bacterial colonization

More than half of bronchiectasis patients have
colonization with PPM of which the most harmful is
Pseudomonas aeruginosa (PA) 27.The structural damage
of airways, the micro organism�s capacity for hyper
mutability, formation of capsules, biofilims etc perpetuate
colonization by PPM.

 In colonization, bacterial organisms in bronchial
mucosa doesn�t evoke an inflammatory response. It can
be classified as initial (1st positive culture done when there
is no exacerbation), intermittent (alternate positive & negative
culture by same PPM with at least one month between
them) or chronic (3 or more consecutive culture positivity
by same PPM separated by at least 1 month apart during
a 6 month period while not on antibiotics). The latter will

Dr. Davis Paul - Non Cystic Fibrosis Bronchiectasis: Diagnosis and Management

lead to chronic infection and inflammation by PPM followed
by rapid deterioration of the general condition.

Intense antibiotic treatment with an intension to
eradicate PA has to be tried even though evidences for
this sort of treatment in non CF bronchiectasis is lacking.
Oral ciprofloxacin(750 mg twice daily for 3 weeks),
combination of two antipseudomonal antibiotics (piperacillin
4gm thrice daily+ tobramycin 3-5 mg /day for a period of
14-21 days), with or without inhalational antibiotics like
gentamicin (80 mg twice daily) or tobramycin 3-5 mg /
day cycles of 28 days) or colistin(1-3 million IU thrice daily)
are the commonly recommended treatments27.Nebulizing
solutions are available for inhalational therapy. Intravenous
preparation of antibiotics is not ideal for inhalation.  Duration
of inhalational therapy varies from 3-12 months.

Mycobacterium colonization

Colonization by opportunistic mycobacterium has
been described in bronchiectasis. Occasionally this may
later lead on to infection. A single AFB smear positivity
alone is not an indication for treatment. Careful follow
up is needed in such cases. Clinical deterioration, repeated
culture and smear positivity, sudden decline in PFT and
HRCT abnormalities like tree -in -bud appearance,
cavitations of nodules along with failure to respond to
usual treatment  is an indication for treatment5. Among
various opportunistic organism, MAC is the one that
predominates in colonization and infection.

Surgical treatment

Surgery is considered only when medical management
fails. It should be considered in localized disease when
associated with hemoptysis, persistent infection, severe
symptoms or failure to thrive. Comparison of surgery with
conservative management is difficult due to paucity of
studies5. With the improved surgical techniques it can be
considered even in patients with bilateral disease if there
are associated complications. Due consideration should
be given to general condition and pulmonary function of
these patients before selecting for surgery.

Prognosis

With the availability of effective antibiotics overall
prognosis of patients has improved significantly. Prognosis
of patients with bacterial colonization, ABG abnormality
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and cor-pulmonale still remains poor. It is important to
remember that a carefully designed therapeutic approach
can alter the overall prognosis which is almost impossible
in diseases like COPD.
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Abstract

Background:  The association of reduced lung function
and diabetes mellitus (DM) has been described for many
year. Objectives: To study the effect of diabetes on pulmonary
function.Methods: A cross sectional descriptive study.  40
diabetics & 40 non diabetic controls who fulfill the inclusion
criteria were subjected to spirometry. Results: Out of the
total 40 patients, 19 were males and 21 were females. There
is decrease in the FVC in the case group with a range of
1.51-4.25 and mean at 2.5±0.8. There is a decrease in the
FEV1 in the case group with a range of 1.28l-3.94l and
mean at 2.0±0.6 in comparison with the controls. Conclusion:
Diabetic patients were having decreased FVC & FEV1
compared to non-diabetic controls.

KEY WORDS: Diabetes mellitus, spirometry, FVC, FEV1.

Introduction

Diabetes mellitus   is a group of common metabolic
disorders that share the phenotype of hyperglycaemia1.
The association of reduced lung function and diabetes
mellitus (DM) has been described for many years2 .Several
studies have suggested that diabetes is associated with
impaired pulmonary function3-11-Ljubic et al. 12 showed that
diabetes could lead to the development of pulmonary
complications due to collagen and elastin changes. Another
theory suggested that increased non-enzymatic glycation
of proteins and peptides of the extracellular matrix at chronic
high circulating glucose levels may also have an important
role in the pathological changes of the lungs in DM patients
13 .The micro vascular complications appear early, within

5 to 10yrs and macro vascular complications appear within
15 to 20yrs from the onset of diabetes14 .There are
histopathological changes seen in lungs of diabetics such
as thickened alveolar epithelial and pulmonary capillary
basal lamina leading to reduced pulmonary elastic recoil
and lung volume. There is impaired diffusion due to reduced
pulmonary capillary blood volume and thickening of the
basement membrane15.

 Diabetes mellitus causes abnormalities in  the
structural components leading to the development of
abnormalities in the pulmonary function such as a reduction
in the vital capacity, total  lung capacity,lung compliance,
reduction of central and peripheral airflows, acceleration
of the ageing process, alteration in the pulmonary connective
tissue by thickening of the alveolar and capillary endothelial
basement membranes , modifications of alveolar  surfactants
altering  its function and  pulmonary microangiopathy
which brings about reduction in diffusing capacity and
the muscle endurance 16.

Criteria for diagnosis of DM:1,17,18 (American Diabetes
Association Standards)

a) Symptoms of diabetes plus random plasma glucose
concentration  200 mg/dl

b) Fasting plasma glucose  126 mg/dl

c) A1C 6.5%

d)  Two-hour plasma glucose  200 mg/dl during
an oral glucose tolerance test(GTT)

Random is defined as without regard to time since
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the last meal.

Fasting is defined as no calorific intake for at least
8 hr.

The test should be performed in laboratory certified
to A1Cstandards of the diabetes control and complications
trial.

GTT should be performed using a glucose load
containing the equivalent of 75g of anhydrous glucose
dissolved in water; not recommended for routine clinical
use.

Materials and Methods

Objectives:To study the pulmonary function of patients
with type 2 Diabetes mellitus.  To compare the spirometric
findings of persons with type 2 Diabetes mellitus with
that of non-diabetic controls.To correlate the abnormalities
of spirometry with the duration of diabetes mellitus.

Design of the study:   A cross-sectional descriptive
study of the lung function of diabetics compared with
age and sex-matched non-diabetic controls.40 Type-2
diabetics of 35-55 years age group from outpatient and
inpatient departments in Academy of Medical Sciences,
Pariyaram were selected .40 healthy controls of the same
age group were taken as control group.

Inclusion Criteria

Subjects with history of Type-2 DM of more than
5yrs, belonging to 35-55yrs of age, was taken as study
group.40 healthy volunteers of 35-55yrs age was taken
as controls.

Exclusion Crteria:

Smokers, Previous history of lung diseases, signs
and symptoms of respiratory infections at the time of test,
subjects who were admitted during the past 6 months for
respiratory symptoms,history of cardiovascular illness and
those who did not give consent for the study were excluded.

Methodology

The diabetics and control group were selected as
per inclusion and exclusion criteria. Their written consent
was taken after they were explained regarding the procedure.
The basic parameters of the subjects like age, sex, weight
in kgs, height in cms and BSA in m2 were recorded and

fed to the computer to get predicted values for spirometry.
The FBS, PPBS and HbA1c were estimated.  Spirometry
was done by using computerized spirometer three times
for each subject and the best of the three was
considered.Vitalograph 2120 pneumotach spirometer with
Spirotrac IV software was used for doing spirometry.
Vitalograph 2120 (with Spirotrac IV software), calibrated
daily, was used for all pulmonary function measurements
according to ATS performance criteria. The test procedure
was explained to the subjects. The objective of the test
was to obtain reproducible  flow volume loop and a volume
time curve. All efforts were made to secure three satisfactory
and reproducible expiratory maneuvers, and the best results
(�ATS best�) recorded in an ATP (ambient, temperature
and pressure, saturated) scale.

Fig1:Vitalograph 2120 spirometer

The results were analysed using SPSS version 10.0
software. Student �t� test was used to find the difference
in spirometric parameters between healthy control and
Type - 2 DM group.

Results

There is a decrease in the FVC in patients with type
2 diabetic mellitus with a range of 1.5-4.25l and mean of
2.5±0.8 in comparison with the controls with a range of
2.61-3.63l and mean of 2.8±0.6, and the P value is 0.046
which is significant.

There is a decrease in the FEV1 in case groups with
a range of 1.28-3.94l and mean of 2.0±0.6 in comparison
with the controls with a range of 1.53-3.13 and mean of
2.3±0.50, with P value 0.012.

There is a decrease in the PEF in case group with
a range of 1.74-9.71 and mean of 5.4±2.3 incomparison
with the controls with a range of 3.59-9.78l and mean of
6.5±1.7. The P value is 0.016 which is  significant; and

Rajani M - Study of Pulmonary Function Tests in Type-2 Diabetes Mellitus



Pulmon, Vol. 15, Issue 3, Sept- Dec 2013 21

this shows that subjects with diabetes have reduced PEF.

There is a decrease in the FEF 25-75% in case group
with a range of 0.56-4.45l, and mean of 2.2±0.90 in
comparison with the controls, with a range of 0.32-4.85
and mean at 3.0±1.0. The P value is 0.00, which is significant,
and shows that diabetes mellitus significantly reduced
FEF 25%-75%.

There is an increase in the FEV1/FVC ratio in case
groups with a range of 0.64-0.92l and mean at 0.84±3.9 in
comparison with the controls with a range of 0.62-0.89
and mean at 0.85±6.3, with P value 0.46  and shows that
subjects with type 2 diabetes mellitus have increased  FEV1/
FVC ratio.

Fig 2 -  Effect of Type-2 Diabetes mellitus on FVC

Fig 3 -  Effect Type-2 Diabetes mellitus on FEV1

Fig 4 - Effect of Type-2 Diabetes mellitus on PEF

Fig 5 - Effect of Type-2 Diabetes mellitus on FEF 25%-
75%

Discussion

In our study, there was a tendency for all parameters
to fall in patients with diabetes mellitus.Poor diabetic control
was associated with poor lung function. There was a rough
association between greater decline in FVC, FEV1 and higher
values of FBS and PPBS

A study conducted by Walter. E. Robert, Alexa Beiser,
Rachel J, Givelber, George T, O�Connor, et al. on�Association
between glycemic state and lung function� concluded that
a higher levels of FBS were associated with lower pulmonary
function21 .

 In  a similar  study  done  by Davis Timothy M. E,
Matthew Knuiman, Peter Kendell, Hien Vu, Wendy A.Davis
et  al, it was   found  that pulmonary function is reduced
in type 2DM and diabetes duration has more influence
on pulmonary function than the glycemic control22.

  In another study there is significant reduction in

Rajani M - Study of Pulmonary Function Tests in Type-2 Diabetes Mellitus
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TABLE-1
Basic characteristics

Case(n=40) Control(n=40) P value

Age in Years 45.9 ± 8.6 46 ± 8.8 p = 0.980

Sex M  = 47.5 % M  = 60 %

F=   52.5% F=   40% p=0.262

Height in cms 161.5 ±7.2 161.9±1.6 P=0.833

Weight in Kg's 65.9± 11.1 65.4± 11.5 P=0.821

BSA in M2 1.7±0.2 1.7± 0.2 P=0.842

FBS (mg/dl) 195.7±82.1 85.6±11.5 P=0.000

PPBS (mg/dl) 262±94 124.3± 11 P=0.000

HbA1C 7.01 ± 0.91 - -

Inference

                                        Samples are age, sex, height, weight and BSA matched (P>0.05)

Table -2
TABLE-2- PFT in FBS wise subgroups of Type-2 diabetes mellitus

FBS 90-110 111-200 201-300 >300 MEAN STD DEVIATION P value

FVC 2.721 2.622 2.43 2.23 2.50 0.217 0.15

FEV1 2.149 2.134 2.02 1.98 2.07 0.083 0.34

PEF 5.84 5.263 5.34 5.40 5.46 0.259 0.07

FEF25-75 2.321 2.24 1.952 1.847 2.09 0.217 0.15

FEV1/FVC 78.9 88.4 83.12 86.78 84.27 4.412 0.27

TABLE-3
PFT in PPBS wise subgroups of Type-2  diabetes mellitus

PPBS 100-200 201-300 301-400 >400 MEAN STD DEVIATION P value

FVC 2.742 2.584 2.404 2.34 2.51 0.181 0.16

FEV1 2.432 2.241 2.04 1.92 2.15 0.225 0.11

PEF 5.45 5.81 5.701 4.95 5.47 0.382 0.19

FEF25-75 2.43 2.221 2.08 1.973 2.176 0.197 0.09

FEV1/FVC 87.68 85.72 83.8 82.05 84.8 2.429 0.11

Rajani M - Study of Pulmonary Function Tests in Type-2 Diabetes Mellitus
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FEV1/FVC% in diabetes mellitus groups compared with
controls23.

Lange P. Studied the possible association between
diabetes mellitus, plasma glucose, forced vital capacity
and forced expiratory volume in 1 second .There was a
slight impairment of lung function & it was more prominent
in subjects treated with insulin than those taking oral
hypoglycemic agents and/or diet24.

Two groups of studies25,26 reported a thickening of
pulmonary basal laminae. In addition, Kodolova et
al26reported the existence of microembolization in the
pulmonary arteries and some degree of emphysema.

Hsin-Chieh Yeh, and colleagues of The Atherosclerosis
Risk in Communities (ARIC) conducted a Cross-Sectional
and Prospective Study of Lung Function in Adults With
Type 2 Diabetes in four U.S. communities with analysis
of diabetes status and lung function decline using baseline
and 3-year follow-up data on 1,100 diabetic and 10,162
nondiabetic middle-aged adults. Forced vital capacity (FVC)
and forced expiratory volume in 1sec (FEV1) were measured
at baseline and at the 3-year follow-up using standard
spirometry and found to be at a lower predicted value
for  diabetics than those without diabetes27.

 SK Rajan et al28conducted a study on spirometric
evaluation of type 1 DM, and study shows normal findings
in 10 patients (33%), & abnormal findings in 20 patients
(67%). Among these 20 patients (67%) with abnormal
findings, obstructive pattern was present in 12 patients
(60%), restrictive pattern was present in 6 patients (30%)
and mixed pattern was observed in 2 patients (10%).
Muhammad Irfan, Abdul Jabbar et al concluded in their
study that diabetic patients showed impaired lung function

independent of smoking. This reduced lung function is
likely to be a chronic complication of diabetes mellitus29.

Conclusions

This study confirms the following :

1) Spirometric values were consistently lower in
subjects with Type 2 diabetes mellitus than  in non-diabectics,
the trend was seen across all parameters

2) FVC, FEV1, PEF and FEF25%-75% are decreased
inType-2 diabetes mellitus compared to controls. FEV1/
FVC%  increased in type-2 diabetes mellitus.

3). Subjects with poorer diabetic control have worse
spirometric function.

4).The pulmonary function were decreasing with the
increasing FBS, PPBS , which underlines the respiratory
system as one of the target organs of Type-2 DM
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Two of the most important questions related to all
research studies are the way of selecting subjects and the
number of subjects required for the study. Why are these
two issues given so much importance? Let us take a case
of a randomized controlled trial (RCT) for the treatment
of hypertension and try to understand this. In an RCT, to
show a difference between two drugs used for the treatment
of hypertension, the researchers randomized hypertensive
patients into two groups. Both the groups were given
treatment and were evaluated at the end of the study to
compare the desired outcome of reduction in blood pressure
below a particular level. Suppose they get an inconclusive
result in the study, they would have advocated against
the use of this new drug.

One issue relating to the extrapolation of this result
is the size of the sample from which the results have been
generated. If the result is generated from a large sample
then often the results will be close to the truth provided
the studied sample is representative of the population. If
the sample size is small, often people will not believe the
results and say that such results might have been obtained
by chance only and the study was not powered enough
to detect the difference in outcome. Thus many researchers
worry about the sample size before the start of study. They
cannot take a very large number of subjects because of
administrative, economic, ethical and some scientific issues.
Large studies mean more work days to collect the data
and thus leads to more expenditure. It also means more
chance of inter observer errors. Results obtained from a
small sample size are most often unreliable in the sense

that, if the study is repeated many times most often we
may get different results.  Thus chance of obtaining a
difference between the two groups will be missed even
if the two groups are different in reality. Most of the
researchers want to have a sample size that is neither too
small (so that they can avoid the chance variation), nor
too big (so that they can avoid all kinds of administrative
and economic difficulty). So they need to start with an
optimum sample size to suit their study objective.

How do we arrive at this optimum sample size?.
Sample size is dependent on many factors1-3 as listed in
table 1, some of which are discussed below.

One tailed or a two tailed test - Most of the research
situations in bio-medical field assumes a two tailed situations.
In the two tailed hypothesis, the researcher uses a non
directional alternate hypothesis. In a drug trial situation
involving drug A & B, it means that the drug A and B
differ in effect. In a non directional alternative, direction
of effect is not specified. In one tailed test a directional
alternative is specified. For eg- Drug A is superior to drug
B. One tailed tests are used only in specific situation where
possibility of change is in one direction only as in the
case of the study by Dore MP  et al4.

Alpha error (  error or Type I error ) - It is the
chance of declaring a non effective drug as effective or it
is the chance of declaring that there is an association when
none is present. It is the probability of rejecting a null
hypothesis when it should have been accepted.  It indicates
the chance of a false positive discovery of an effect /
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Factors affecting sample size

Design of the study

Type of Alternative hypothesis

Alpha error ( ) / level of
confidence (1- )

Beta error ( ) / Power (1- )

Type of the variable

Variability of the quantitative  variable

Prevalence of the qualitative  variable

Precision

Minimum clinically relevant  effect size

Response rate, lost to follow up, missed data

Type of statistical test used

Paired / Matched nature of the data

Effect on sample size

Comparative design generally require a larger
sample size than descriptive designs
One tailed tests will require 30% less sample
size than two tailed test

Small  error means more sample size

Small  error / high power means more sample size

Quantitative variable generally require lesser sample
size than qualitative variable

Increased variability increases the sample size

Rarer the variable larger the sample size

More precise means an increase in sample size

To detect small effect size large sample size is required

All will increase sample size

Non parametric tests generally require 10-20% more
sample size than Parametric tests

Require less sample size (approximately 50%
reduction) than unpaired / unmatched data

association.  In all researches,our aim is to reduce the chance
of false positive results and so a low alpha level should
be chosen. In most studies it is preset at a level of 5%
(probability=0.05) or at 1% (probability=0.01) level. Sample

Table 1
Some common factors affecting sample size

size is inversely related with chance of  error. In sample
size calculations the value of the standard normal variate
(Z value) corresponding to the preset  error is used. Values
of Z for commonly used  error (Z  value) is given in
table 2

Table 2
Z values for different  and beta ( ) error

 Preset  error Two tailed Z  value Preset  error Z  value

0.001(0.1%) 3.29 0.01 (1%) 2.33

0.01(1%) 2.58 0.05 (5%) 1.64

0.05 (5%) 1.96 0.10 (10%) 1.28

0.1 (10%) 1.64 0.20 (20%) 0.84
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Beta error (  error or Type II error) - It is the chance
of declaring an effective drug as ineffective. It is the
probability of missing an association when it is present.
It is the chance of obtaining false negative results from
the study or it is the chance of accepting null hypothesis
when it should have been rejected. Alpha and beta errors
are depicted in table 3. Similar to  error,  error should
be low.  In most studies it is preset at a level of 20%
(probability=0.20) or at 10% (probability=0.10) level. Sample
size is also inversely related with chance of  error. In
sample size calculations the value of the standard normal
variate (Z value) corresponding to the preset  error is
used. Values of Z for commonly used  error (Z  value)
is given in table 2. Power (1- ) is the inverse of the 
error and represents the probability of true positive result.
It is the chance of detecting an effect / association if it
exists. Usually it is preset at 80% or at 90%. Alpha and
beta error are important for the comparative designs where
there is a hypothesis testing.

Level of confidence (1- )  it is commonly used
in descriptive designs. Usually a 95% confidence interval
(95% CI) is used. A 95% CI indicate that there is 95%
probability that the true population parameter will be within
the calculated interval. Z value for  error is used in the
sample size calculation for descriptive design.

Type of the variable  Sample size calculation
depends on the type of variable. Variable is the attribute/
character that we measure from each observations. Generally
variables are classified as quantitative (eg- age, height,
weight, fasting blood sugar etc) or as qualitative (eg- gender,
mortality, cure etc). Some variables like Glasgow coma
scale (GCS) score, depression score and other similar scores
are usually treated as quantitative for the analysis purpose
(they are sometime called as semi quantitative variables).
In general, sample size is low for quantitative variables
and higher for qualitative variables.

Variability of the quantitative variable  It is
usually measured in terms of standard deviations (SD).
SD generally remains same for a variable in different study
settings. Take the case of systolic blood pressure (Systolic
BP), its variability remains constant in different studies
of general population at a value of around 15 to 20 mm
of Hg. Sample size requirement will be more for a highly
variable character.

Prevalence of qualitative variable-  To study a
rare character like polydactyly we will require huge sample
size. As the prevalence of a condition increases upto 50%
in the general population, the  sample size requirement
will decrease. As the prevalence of a character increase
above 50%, prevalence of the absence of the character in

Study
Results

from the
sample

Correct decision
(Power)

Beta Error

Alpha Error

Correct decision

Truth

Study

Truth ( Reality) in the population

Null Hypothesis False
(Drug Effective /  Association
Present / Difference present)

Null Hypothesis True
(Drug Not effective / No

association / No difference)

Null Rejected
(Drug Effective /

Association Present /
Difference present)

Null not Rejected
(Drug not Effective /

No association /
No difference)

Table 3
Alpha and beta error in terms of Null hypotheses
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population  will decrease.  Presence and absence of a
character being two sides of same coin will require same
precision for sample size calculation. A prevalence of 50%
for a character will require the lowest sample size.

Precision  It is the closeness to the truth that we
want to obtain in a study. Highly precise results means
that the result obtained in the study is very close to the
truth. To get precise results high sample sizes are required.
Precision is an important parameter in deciding the sample
size in descriptive designs. Size of the precision should
be decided based on clinical relevance.

Minimum clinically relevant effect size  In all
comparative studies, where we need to find a difference
between two groups, it should not only be statistically
significant but also clinically relevant. In sample size
calculation we would like to use this clinically relevant
minimum difference (effect size) to estimate the sample
size. What constitutes a clinically relevant difference should
be decided based on the clinical experience.

Now let us see the different sample size formula
for different situations and their worked out examples.

Sample size for Descriptive designs

In descriptive designs, researchers study either
the proportion of people with a character (for qualitative
variable) or study the average value of a character (for
quantitative variable). Every researcher would like to
estimate the population parameters with high precision
from the sample. If we are taking a large sample then the
sample estimate will be very close to the population
parameter and thus the precision will be high. If the sample
size is small then there is a chance that the sample estimate
will be deviated away from the population parameters
ie- precision is low.  Thus precision with which we have
to estimate the population parameter will be the most
important factor in the calculation of the sample size in
descriptive designs. Formula5 and a worked out example
for the sample size calculation for descriptive designs is
given in table 4.

Table 4
Formulas used for descriptive designs

Quantitative variable

n 4SD
d

2

2=

SD = Standard deviation of the variable

d = precision we want (decided by common sense)

Question - we want to estimate the diastolic BP of
a group of diabetics within ±  2 mm of Hg of the
true population mean

Expected average diastolic BP is 88 mm of Hg with
a SD of 12 mm of Hg.

Answer - SD= 12 mm of Hg, d= we want to estimate
the population parameter within ± 2 mm of Hg

So  n= 144, and we need to study 144 subjects to get
the results within a ± 2 mm of Hg precision. If we
needed higher precision of ± 1mm Hg, then the sample
size will be 576

Qualitative variable

n 4pq
d2=

p=expected proportion of subjects with the character (from
published literature)

q=100-p

d=precision we want (often we take 10% or 20% of the
expected Proportion)

Question - we want to estimate the prevalence of diabetic
retinopathy in a group of diabetic patients coming to
medicine OP. Expected prevalence of diabetic retinopathy
among them is 20%

Answer - p= 20% ; q= 100-p = 80%;   d= 20% of p = 20 %
of 20% = 4%

 n=400, So we need to study 400 diabetic person to estimate
a 20% prevalent character with ±4% precision. If we need
to estimate within ±2% precision then the sample size will
be 1600.
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Most of the sampling assumes that sample is taken from a large population (infinite). A correction formula
has to be applied when the sampling is done from a finite population such as selecting a sample of Tuberculosis
patients from a Register kept at the Tuberculosis unit at sub district level. The number of tuberculosis patients
will be affixed, finite one. The corrected sample size (n*) can be found out by the formula

n = n
1+ N

*

n*=  sample size corrected for finite population
n = sample size calculated using original formula
N= Size of the finite population from which we are taking the sample
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Sample size for Comparative designs

In a comparative study the researcher wants to
compare two groups of subjects and make an inference
about the difference, in the population represented by them.
Most important factor in sample size calculation is the
minimum clinically relevant effect size. One of the challenges
in sample size calculation is the estimation of this clinically
relevant effect size. Ideally this should be based on the
consensus of different experts in the same field. For example

a difference of 1mg% in fasting blood sugar between two
drug groups may not be considered as clinically relevant
by most researchers while a difference of 5 or 10 mg%
will be considered as relevant. A change in cure rate from
85% to 90 % may not be as relevant compared to change
in cure rate from 1% to 6%. Thus the minimum clinically
relevant effect size should be decided based on consensus
for each situation. Formula5 and a worked out example
for the sample size calculation for comparative designs
are given in table 5.

Table 5
Formulas used for comparative designs

n
2

2

SD * 2Z Z
2 +

d
=

Z 2= is the Z value at an error

Z = is the Z value at an  error

SD= average standard deviation of the character =
(SD1+SD2)/2

SD1,SD2 are the standard deviation of the character
in each group

d= clinically relevant effect
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Quantitative variable

Z 2 = is the Z value at an  error

Z  = is the Z value at an  error

p= average percentage of the character = (p1+p2)/2

p1,p2 are the % of the character in each group

d= clinically relevant effect size

Qualitative variable
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Z Z2 + pq  2*
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2

formula 2    n

1 1 2 2Z Z2 2pq

d 2

+

=

=
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Question - Estimate the sample size to study reduction
of diastolic BP between a new drug and a standard
treatment

Average reduction (SD) of DBP from base line in
standard Rx = 8.6 mm Hg (14.1) (obtained from previous
publications)

It is expected that the new drug will be marketed
only if it is better than this drug in reducing DBP  at
least by 4 mm Hg (this is assumption / from previous
studies)

Answers -  SD= 14.1, d= 4

And n = 195

So 195 in each group = 195 + 195  = 390 total
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Quantitative variable

Question - Estimate the sample size for a study to
compare the effect of a new drug to cure an infectious
disease compared to a standard treatment.

Cure rate with standard treatment = 70% (found from
other published studies)

The researchers assumed that / expects that the new
drug should be at least 10% better than standard
treatment (thus clinically relevant minimum effect
size =10%),

Answer - So expected cure rate with the new
treatment = 80%

So  p1= 70%; d= 10%, so p2=80%          thus p = (70+80)/
2 = 75% and q = 100-p = 25%

And n= 294

Thus 294 subjects should be studied in each group =
294 + 294 = 588 total

Qualitative variable
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Ratio ->

Size of the Group1

(% decline in size compared to 1:1 ratio)

Size of the Group2

(% increase in size compared to 1:1 ratio)

Total sample size

(%increase in size compared to 1:1 ratio)

1:1

294

(0)

294

(0)

588

(0)

1:2

221

(25)

442

(50)

663

(12)

1:3

196

(33)

588

(100)

784

(33)

1:4

184

(37)

736

(150)

920

(57)

1:5

176

(40)

882

(200)

1058

(80)

1:6

172

(42)

1032

(251)

1204

(105)

Table 6
Change in sample size depending on ratio of subjects in study group

Unequal sample size for each group - Formula
given in table no 5 is applied if the two study groups are
equal in size. Practically ,getting a comparison group may
be much easier than obtaining the study group. Thus we
may think of taking double/ triple control subjects for each
study subject  and reduce the number of subjects in the
first group without inflating the total sample size much.

If the group size is not 1:1 then the above two formula
has to be modified by replacing the 2 in the numerator
by (r+1)/r, where the r = ratio of subjects in sample 1 to
sample 2. If the ratio is 1: 1 then (r+1)/r = (1+1)/1=2. Thus
if 1:1 ratio is not used then the sample size in the worked
out example in table 4 will be modified as given in table
no 6.
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It can be seen from the table 6 that a change in ratio
from 1:1 to 1:2 will reduce the sample size requirement
in group 1 by 25% without increasing the total sample
size requirement much (12% increase). A change in ratio
to 1:3 reduces the sample size requirement for group 1
by 33%, a small further reduction from 1:2 ratio. But at
the same time it increases the total sample size requirement
by 33%. Any further increase in ratio doesn�t reduce group
1 size much compared to the increase in total sample size.
A sample size calculation with 1:1 ratio is the optimum
with highest power. To achieve the same power we will
require disproportionately more subject in group 2 as the
ratio increase from 1:1. In situation where obtaining a group
is difficult / costly then the ratio of group can be increased
up to 1:3 without losing power and increasing total sample
size much. Any further increase will not be cost efficient.

Power analysis - Power (100- ) is the ability of
the study to conclude that a relation / effect exist if it was
present (ability to reject null hypothesis when it should
be rejected). In many comparative studies, researchers often
ask what will be the power of the study. Most sample
size calculations are based on a power of 80% or 90% (
error of 20% or 10%). These sample size calculations are
based on a set of assumptions regarding the effect size,
variability in terms of standard deviation and assumptions
regarding the proportion of character (prevalence). Most
of these values are taken from other published studies or
is based on the best guess by the researcher. Estimates
obtained from published studies from other settings may
not be the reality in our setting and the assumed values
may differ from the truth considerably. So the assumption
made during the sample size calculation may not be a
good estimate at all time and we may need to get an idea
about the reduction in power produced due to these
breakages of assumptions. Thus power analysis is very
much important in all comparative studies especially in
Randomized Controlled Trials. All funding agencies and
institutional review board will scrutinize this aspect to
know what change will happen to the power if the
researchers fail to get the adequate sample size / expected
effect size. If the power is less than 60% in these situations,
most of the funders will request the researchers to rework
the sample size calculations. Power is calculated as the
probability density of getting the calculated Z  value.

Formula for Z  value is derived from the sample size formula
by rearranging the components. Power analysis should
be done in the protocol stage itself and not as a post hoc
procedure. Post hoc power calculation is not considered
as a good practice in bio-medical research3,6.

To see how power analysis is important let us take
the case of a worked out example in table 5 (where sample
size for comparing the effect of a new drug to cure an
infectious disease compared to a standard treatment was
calculated). The sample size for detecting a 10% difference
in cure rate with a power of 80% was found to be 294 in
each of the group. Suppose the actual difference between
cure rates was only 8% then the calculated power will be
61% only. Thus even if the effect size is only 8%, this RCT
will have reasonable power. Table 7 shows the power
associated with different effect size and sample size. By
doing a power analysis we can find out whether the RCT
will still have sufficient power to detect a difference / effect
even if the assumptions used for calculating sample size
deviate from truth to which extent.

Design effect - It is the value of the inflation factor
in sample size when sampling was done using a method
other than simple random sampling (SRS). It is the ratio
of variability of a character found out by a random method
other than simple random sampling to variability of the
character if sampling is done by SRS. The formula for design
effect is given in table 8. For details regarding intraclass
correlation see the articles by bennett et al7.

If we want to estimate a character with a precision
similar to that estimated by SRS then we have to have
more sample size in the other random sampling method
by a fraction of design effect (DE). Design effect need to
be applied in all sampling procedure that vary from SRS
like systematic random sampling, sampling in stages,
stratified random sampling, cluster sampling and also in
cluster randomized trials.

Effect of lost to follow up or response rate in sample
size - Power will be reduced if all the proposed participants
didn't turnout for the study or if the patients dropout during
the trial which effectively reduce the sample size. In order
to account for this loss in power, sample size should be
increased from calculated value. The formula is given in
table 9.
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Actual sample size = 294 in each Effect size =10%

Expected effect size

10%

9%

8%

7%

6%

5%

Power

80%

71%

61%

50%

39%

28%

Actual sample size reached

294

275

250

225

200

175

Power

80%

77%

73%

69%

64%

58%

Table 7
Power analysis results based on varying effect size and sample size

Table 8
Formula for design effect

Design effect =
Variance Methods other than SRS

Variance
by SRS

Design effect = 1+(b-1) p

b = number of observations in a cluster

p  =  intraclass correlation coefficient.

Dr. Biju George  - Sample size estimation and power calculation - a guide to biomedical researchers

Table 9
Formula for sample size corrected for the response rate and lost to follow up

n  =*
n

(1-r)
n* = corrected sample size
n = original sample size
r = is the response rate/ non participation rate as fractions
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Other issues - All the above calculations are for the
two tailed, parametric and unmatched/ unpaired studies.
If a one tailed test is used, Z  values should be modified
to suit the one tailed situation. Nonparametric tests in
generally have a power of 70-90 of the parametric test. In
order to account for this loss in power, sample size have
to be inflated by 10-30% from the calculated values. There
are specific sample size formulas for nonparametric tests8,
which can also be used for the calculation of the study
group size.  Paired studies/ Matched studies require lower
sample size as in case of crossover trail. Specialized clinical
trials like non inferiority designs and equivalence design
will require specific formulas for study size calculations9.

Standalone software's and websites with applets for
sample size calculation make the life of an average researcher
very easy. They provide a easy alternative to the manual
calculation of the sample size. Some of the commonly used
software's used for calculating sample size and their abilities
are listed in table no 10 and discussed below.

StatCalc - It comes as part of the bundled software
Epiinfo 7 created by Centers for Disease Control and
prevention (CDC). It has options for sample size calculation
for case control studies, cohort studies, RCT, Cross sectional
comparative studies and descriptive studies for qualitative
variable with or without finite sample size correction. Epiinfo
is available free of cost and is useful for data entry and
analysis of epidemiological data and is available from the
CDC website http://wwwn.cdc.gov/epiinfo/7/index.htm
. It works only on a Windows platform.

WinPepi - It is a free of cost software developed
by Joe Abramson and available at   http://
www.brixtonhealth.com/pepi4windows.html . It is useful
for sample size calculation of descriptive studies and can
deal with both qualitative variables and quantitative
variables. It can also calculate sample size for cluster
sampling. It works only on a  Windows platform. In addition
to sample size it has other useful programs for random
sampling and randomization.
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Statistical software used for sample size calculation
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OpenEpi -A free software available at http://
www.openepi.com/v37/Menu/OE_Menu.htm . It can be
accessed online at the above given URL or it can be
downloaded from the above URL and will work in Windows,
Mac and Linux platforms.

G*Power - It is a free of cost software developed
by Franz Faul and available at http://www.gpower.hhu.de/
en.html . It works in Windows and Mac platforms.

Stata - it is commercial software by StatCorp for
data analysis and works in Windows, Mac and Linux
platforms.

PASS - Power analysis & sample size software is
commercial software by NCSS statistical software. It works
only on a Windows platform.

nMaster - it is a commercial software entirely
dedicated for sample size and power calculation and created
by the Biostatistics Resources and Training Centre, Christian
Medical College, Vellore, South India. It is extremely versatile
and cheap software with good support files and references.
It works only on a Windows platform.

nQuery Advisor - is a commercial software by
Statistical solutions. It works only on a  Windows platform.

Sample size calculation is one of the most important
steps in the research conduct. Adequate sample size is
the pre requisite for the validity of the results obtained
in any study. Inadequately powered samples cannot answer
the research question in a definite way.  Conducting a
study with higher than required sample size is also ethically
and financially wrong. Most of the mistakes in sample
size are due to the error in judgment about the assumptions.
Awareness and skill regarding sample size and power
calculation is essential for all biomedical researchers. This
will help them in addressing the research question in a
more scientific, economic and ethical manner. It is essential
that all researchers give the assumptions regarding sample
size calculation in their protocols and articles so that the
reviewers and audience can evaluate this, as this is one
of the key issues identified by multiple researchers10-12.
An appropriate sample size along with reliable data
collection methods, appropriate analysis and a clear

description of these in the manuscript are the key for high
quality evidence generation in science.
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Radiology Quiz

Rajesh V,  Asmita Mehta

Associate Professors, Department of Pulmonary Medicine, AIMS, Kochi

Correspondences: Rajesh V
Email  rajeshdhanya@rediffmail.com

A 26 year old lady with subnormal mental function from birth presented with acute intra abdominal bleeding.
She never complained of any respiratory symptoms. A routine chest radiograph obtained prior to surgical exploration
was abnormal and finger oximetry revealed SpO2 of 92% on room air. An emergency computerised tomographic
evaluation of the thorax and abdomen was performed, the representative images of which are exhibited along with
the chest roentgenogram. What is the diagnosis?

Answer in Page : 115
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Self assessment Quiz

Vishnu Sharma M.
Pulmonary Medicine, Professor and Head, A.J. Institute of Medical Science,
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A.J. Institute of Medical Science, Mangalore, Karnataka

1. This is the CT thorax image of a patient who presented with chronic cough and weight loss. He also complained
of dysphagia. What is the most likely diagnosis ?

 2. What is the next diagnostic investigation ?

� Barium swallow

� Barium meal follow through

� Upper GI scopy

� CT guided true cut biopsy

� Bronchoscopy

3. Which one of the following is most common pulmonary
complication of esophageal carcinoma

� Secondary in the Lungs

� Malignant pleural effusion

� Aspiration pneumonia

� Tracheal compression

� Tracheo esophageal fistula

4. Which of the following is the most common cause for
acquired Tracheo esophageal fistula ?

� Bronchogenic carcinoma

� Carcinoma of esophagus

� Trauma

� Prolonged intubation

� Infections
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Interactive Case discussion

A 15yr old boy with Stridor

Ron Johny*, Kiran Vishnu Narayan**, Jyothi E ***,  Suraj K.P ****
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Institute of Chest Diseases, Govt. Medical College, Kozhikode.

Correspondence: Dr.  Kiran Vishnu Narayanan
Assistant Professor

Institute of Chest Diseases, Govt. Medical College, Kozhikode.

Case Report:

A 15 year old boy, asthmatic since age of 5yrs was
referred to us with complaints of breathlessness. His
symptoms started as high grade fever with dry cough
followed by retrosternal chest pain and grade I MMRC
dyspnea. 1 week later he was admitted in a near by hospital,
evaluated and treated, but there was only partial relief
of symptoms. Subsequently he developed hemoptysis which
was occasional streaky, not fully relieved by medicines.
3 days later, he developed noisy  breathing and was referred
to our Institute.

1. Which of the following is false about stridor?

a) It is a medical emergency

b) Usually indicates an upper airway obstruction

c) Can be caused by foreign body,epiglottitis,
laryngeal dyskinesia or tracheal tumors

d) Always inspiratory

Answer  D. Stridor may be expiratory or biphasic
also

Stridor is a loud, musical sound of constant pitch
produced when airway diameter becomes usually less than
5 mm. Manoeuvres that increase air flow, such as voluntary
hyperventilation, accentuate stridor. The presence of
associated symptoms sometimes help to localise the site

of pathology. Hoarseness may be a sign of a laryngeal
abnormality. Muffling of the voice without hoarseness may
represent a supraglottic process. Neck flexion may change
the intensity of stridor, suggesting a thoracic outlet
obstruction1.

2.  Most common cause of stridor in infants

a) Congenital anomalies

b) Foreign body

c) Infections

d) Allergic reactions

e) Answer : A -  Congenital anomalies cause stridor
in upto 87%  of cases  in infants2

3. Immediate management of stridor includes

a) Continuous monitoring with O2 supplementation

b) Nebulised epinephrine

c) Systemic steroids

d) Consider tracheostomy

e) All of the above

Answer : E; Inhaled heliox is also tried.

X ray chest 5 days after the onset of disease revealed
widening of left paratracheal stripe and minimal shift of
mediastinum to left. The left hemidiaphragm was raised
and the left main bronchus could not be clearly delineated.
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Figure 1.

4.In what percentage of normal individuals is the
left hemidiaphragm at a higher level?

a) 1 %

b) 3 %

c) 5 %

d) 10 %

Answer: B. 3

5.Normal subcarinal angle in chest Xray?

a) 50-60 degrees

b) 60-75 degrees

c) 80-90 degrees

d) 120 degree

Answer: B. 4

CECT thorax(at level of carina) showed a 5cm long
middle mediastinal necrotising  mass  ?secondary to
confluent coalescent necrotic lymph nodes. The collection
extended from manubrium to carina and displaced trachea
& esophagus to the right. See the almost completely occluded
Left main bronchus.(arrow)

 Bronchoscopy done while admitted in the previous
hospital revealed an intraluminal fleshy growth in lower
part of trachea and occluding left main bronchus.

At our institute, patient received nebulised

epinephrine, bronchodilators and other supportive measures.
Repeat chest X ray showed increasing volume loss on the
left side with prominent mediastinal shift to left.

Figure 4 & 5

Bronchoscopy done here showed that the intraluminal
lesion had progressed and was almost completely occluding
the lower part of trachea and orifice of left main bronchus
thereby causing stridor. Endobronchial Fine needle
aspiration was done from the lesion using a 21G TBNA
needle.
Blood investigations revealed Hb-13.2, TC-16,800, DC-P86,
L13, ESR-50 mm in 1st hour, Platelet count-2.2 Lakhs, RBS-
84, B.Urea-19, S.Creatinine-0.9, Normal LFT  and serum

Figure 2

Figure 3

See Tumour in lower
part of trachea.



Pulmon, Vol. 15, Issue 3, Sept- Dec 2013 39

7.Which of the following doesn�t give immediate relief?

a) Electrocautery

b) Brachytherapy

c) Cryoextraction

d) LASER

Answer: B

Electrocautery, LASER and cryoextraction gives
immediate relief of symptoms. APC also has immediate
action, but only small amount of tissue debulking can be
done. Photodynamic therapy gives relief within 48 hours,
cryotherapy in 1-2 weeks while brachytherapy takes weeks
to months5.

    Post debulking ,we selectively intubated the right
lung under flexible bronchoscopy guidance and patient
was put on mechanical ventilation. Patient�s condition
improved drastically and repeat bronchoscopy done 48
hours later showed patent Left main bronchus.

Repeat chest Xray showed an aerated left lung and
the mediastinum central in position.

Kiran Vishnu Narayan - A 15yr old boy with Stridor

electrolytes. Peripheral smear showed no abnormal cells/
blasts and bone marrow aspirate report  was normal. No
metastatic deposits/abnormal cells. S.LDH was raised at
1268 (normal <300); Beta HCG  2 (normal upto 5); AFP
0.7(<6). USG abdomen revealed no  organomegaly or
enlarged lymph nodes and both testis were normal.

6.Raised serum LDH is seen in
a) Histoplasmosis
b) Dysgerminoma
c) Hemolysis
d) Pneumocystis jirovecii pneumonia
e) All of the above
Answer: E
 Raised serum LDH is nonspecific.

Meanwhile FNAC report from the lesion came as
�occasional atypical cells suspicious of lymphoma�. Realising
the aggressiveness of the tumour, the patient was started
on high dose steroid under broad spectrum antibiotics
cover. But he steadily deteriorated with worsening stridor,
dyspnea and recurrence of hemoptysis. SpO2 fell to 30%.
Under high risk consent he was immediately shifted to
the bronchoscopy suite for a rigid bronchoscopy and
endotracheal debulking. As there was near total occlusion
of the trachea, and electrocautery debulking had to be
done in a limited space.  Difficulty in oxygenating the
patient and risk of airway fire were the main issues. We
oxygenated him with high flow oxygen and applied the
electrocautery instrument alternately.

Fig 6- Intraluminal lesion almost completely occluding
lower part of trachea and orifice of left main bronchus

Figure 8.Pre electrocautery.Figure 9. Post electrocautery

Figure 7

See debulked area
with ET cuff in

Right
main bronchus
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Histopathology of the tumour showed diffuse sheets
of atypical lymphoid cells which on immunohistochemistry
stained positive for LCA and CD 30 and negative for
cytokeratin, CD3 and CD 20. So based on clinical,
bronchoscopic, histopathological and IHC features, a final
diagnosis of Non Hodgkins Lymphoma- Anaplastic Large
cell type presenting as mediastinal mass with
tracheobronchial extension was made. Patient was given
the first dose of chemotherapy after consulting with
radiotherapy department.

Figure 10. Histopathology

Patient was referred to an Oncology institute for further
management.

8.Which is true about Lung Lymphomas?

a) Common site of involvement in lymphomas

b) Primary lung lymphomas constitute up to 10%
of lung malignancies

c) More commonly NHL

d) Most common histological type of primary Lung
Lymphoma is Large B cell.

ANSWER : C

Lungs are not a common site of  involvement in
Hodgkins lymphoma. It is more common in NHL.
Pulmonary involvement may be

        - Secondary to Mediastinal lymphoma

        - Primary Lung Lymphoma

        - Primary Lymphoma involving pleura

        - Secondary to disseminated Large B cell or
peripheral T cell lymphoma.

Primary lung lymphoma constitue less than 1% of
all lung cancers. Diagnosis is made when there is
involvement of lung with or without mediastinal
involvement in the absence of extrathoracic lymphoma
at time of diagnosis or 3 months thereafter. Upto 80%  are
Small B cell variant which is a low grade malignancy with
5 yr survival  80%. Other types are  Large B cell  15%
cases, Angiocentric Immunoproliferative, NK/T cell primary
pulmonary lymphoma and Primary pulmonary Hodgkins
lymphoma6,7.

References:
1. Sisney SB, Muhammed A.Upper airway obstruction

in adults. �In:�Alfred P Fishman. Fishman�s Pulmonary
Diseases and Disorders.4th Edition.

2. Holinger LD. �Etiology of stridor in the neonate,
infant and child�. Ann. Otol. Rhinol. Laryngol. 89:
397400

3. Felson B. Chest Roentgenology. Second edition.AITBS
Indian edition.2011.

4. Murfitt J, Robinson JA, Whitehouse R, Wright AR.
The normal chest: methods of investigation and
differential diagnosis. �In:�David Sutton. Textbook
of radiology and imaging.7th Edition.

5. Bolliger CT, Sutedja TG, Strausz J, Freitag L.
Therapeutic bronchoscopy with immediate effect:
laser, electrocautery, argon plasma coagulation and
stents. EurRespir J. 2006 Jun;27(6):1258-71.

6. Cadranel J, Wislez M, Antoine M. Primary pulmonary
lymphoma. EurRespir J. 2002 Sep;20(3):750-62.

7. Huang H, Lu ZW, Jiang CG, Li J, Xu K, Xu ZJ. Clinical
and prognostic characteristics of pulmonary mucosa-
associated lymphoid tissue lymphoma: a retrospective
analysis of 23 cases in a Chinese population.Chin
Med J (Engl). 2011 Apr;124(7):1026-30.

Kiran Vishnu Narayan - A 15yr old boy with Stridor



Pulmon, Vol. 15, Issue 3, Sept- Dec 2013 41

Case Report

Radiation primed  BOOP:  A Case report and Review of literature
Anirudh V Nair*, Ramachandran P V**
* Resident, ** Professor and Head, Department of Radiology, Amrita Institute of Medical Sciences,
Amrita Vishwa Vidyapeetham, Kochi, Kerala, India.

Corresponding author: Dr Ramachandran P V,
Professor and Head of Department,
Department of Radiology,  AIMS, Kochi.
Email: pvramachandran@gmail.com

Case summary:

A 59 year old non-smoker male presented with 2
weeks history of dyspnea, cough with mucopurulent
expectoration and associated chest pain for the last 3 days.
He was asymptomatic and leading a normal life until 2
years ago, when he was detected to have carcinoma tongue
for which he had undergone local resection. Four months
ago he had nodal recurrence in neck  for which he underwent
modified radical neck dissection followed by radiotherapy
in another hospital, the details of which were not available.
He  remained asymptomatic until the present admission.
Laboratory and ECG findings were unremarkable at the
time of admission.

Chest X-Ray showed perihilar interstitial shadowing
and mild volume loss on left side with bilateral small  pleural
effusions (fig:1).Computerized tomography thorax with
HRCT(fig:2-a,b,c,d) was done which showed  multiple
patchy areas of ground glass opacities with inter lobular
septal thickening suggestive of crazy paving pattern. Left
lung parenchyma showed predominantly consolidation
changes. Bilateral small pleural effusions were also noted.
The lung parenchymal changes were predominantly in
the peribronchial location. Radiological features were
consistent with Bronchiolitis Obliterans Organizing
Pneumonia (BOOP).

He was started on antibiotics, corticosteroids and
other supportive care. A day after admission, his condition
deteriorated with altered sensorium, carbon dioxide narcosis
and features of cardiac failure. Cardiology consultation

lead to a diagnosis of NSTEMI. Due to persistent and
worsening CO2 retention he was intubated and ventilated.
He had associated acute pre renal failure and hypotension
which was managed with multiple inotropic support. In
spite of aggressive antibiotic therapy, inotropic support
and mechanical ventilation his general condition continued
to deteriorate. 15 days after   admission to our hospital,
he developed cardiorespiratory arrest and succumbed to
the illness.

Fig 1: Chest radiograph PA view, showing perihilar
reticular and patchy acinar shadows, mild volume loss

on left side and bilateral mild pleural effusion.
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Discussion:

Radiation pneumonitis and chronic radiation fibrosis
are well recognized complications of thoracic radiotherapy,
rarer parenchymal complications being Radiation primed
- Bronchiolitis Obliterans Organizing Pneumonia (BOOP)
and eosinophilic pneumonia1. In a patient who has
undergone radiotherapy, the clinical features and
radiological pattern will  help clinicians to differentiate
the pattern of radiation induced lung disease (RILD) from
Radiation primed BOOP,  and initiate appropriate treatment
and follow up.

Radiation induced lung disease (RILD)

Early transient pneumonitic phase of RILD occur
about 4 to 12 weeks after completion of radiotherapy 2.
It manifests as ground glass opacities or consolidation in
the field of irradiation. The initial features of pneumonitis
can disappear if the lung injury is limited. Chronic radiation
fibrosis occurs between 6 to 12 months after radiation 3,
there after attaining stability. Radiation fibrosis manifests
with  linear scarring, volume loss, consolidation and traction
bronchiectasis 4,5. With progression of radiation-fibrosis
the demarcation between normal and irradiated lung
parenchyma becomes more evident.

Histologically, early pneumonitis is characterized
by acute exudative phase and further continued damage
to lung fields results in organizing phase with interstitial
infiltration due to mononuclear and inflammatory cells
6-9, subsequently leading to chronic or fibrotic phase 6.

�Radiation primed BOOP�

Bronchiolitis Obliterans Organizing Pneumonia
(BOOP)  is a distinct clinical, imaging and pathological
entity characterized by intraluminal plugs of granulation
tissue within alveolar ducts and surrounding alveoli with
variable degree of interstitial and air space infiltration
by foamy macrophages and mononuclear cells.

Clinically half of these patients present with influenza-
like illness followed by a few months duration of persistent
nonproductive cough, effort dyspnea, low-grade pyrexia,
malaise and weight loss. Less common symptoms include
pleuritic chest pain and hemoptysis.

Radiological manifestation of BOOP includes patchy
bilateral air space consolidation, ground glassing with
interstitial thickening giving a crazy paving pattern or
perilobular opacities. The distribution is along subpleural
and peribrochial distribution. Other findings seen include
bronchial wall thickening and dilatation in abnormal areas,

Fig:2: (a,b,c,d) showing multiple patchy areas of ground glass opacities with inter lobular septal
thickening suggestive of crazy paving pattern ; Left lung parenchyma shows predominantly
consolidation; bilateral mild pleural effusions.
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small or large nodular opacities, reversed halo sign or
atoll sign, pleural effusion, mediastinal lymphadenopathy
etc.

Arbetter KR et al 10, in their study concluded that
irradiation damages lung tissue even outside  the direct
treatment field and suggested that an immunologically
mediated lymphocytic alveolitis may be responsible for
the recurrent migratory organizing pneumonitis. Bruno
Crestani et al 11 in their study of tangential irradiation
given to patients with carcinoma breast hypothesized that
unilateral lung irradiation may �prime� the  lung to further
damage ,resulting in subsequent development of a
characteristic radiologic and histological appearance of
BOOP.  Radiation primed BOOP is a rare yet distinct entity
with very few literature study done in the past 19. The
incidence of radiation primed BOOP reported in cases of
carcinoma breast ranges between 1.8 to 2.5% 12,13.

The exact mechanism of disease progression is
unknown. However the current understanding is that an
immunological mechanism is thought to be the etiological
factor governing disease.  Tissue damage as a result of
irradiation results in sensitization of auto reactive
lymphocytes, which react with pulmonary tissues resulting
in histological and radiological appearance of Cryptogenic
Organising  Pneumonia  (idiopathic BOOP )14.  It is also
possible that mast-cells could play a role 15. Some studies
suggest the possibility of radiotherapy induced gene
activation and transcription, cytokine release and fibroblast
activation resulting in priming of lung fields 16.

 In radiation-primed BOOP treatment with systemic
steroids is effective eventhough  relapses are described
after withdrawal 17. A rare rapidly progressive form of
BOOP is characterized by  quick progression of the disease
resulting in acute respiratory failure 18. But this type is
not reported in radiation primed BOOP so far.

Conclusion:

Radiation induced interstitial lung disease is mostly
confined to the field of irradiation. However, Radiation
primed BOOP although rare, has to be considered when
there is a positive history of irradiation  near or within
the lung fields in persons with  normal lungs and there
are clinical manifestations and radiological evidence of
migratory alveolitis involving bilateral lung fields later

on. We postulate that radiation to neck was responsible
for priming the lungs to BOOP in our case .  Treatment
with long term steroids is effective in preventing the
progression of radiation primed BOOP with a good
prognosis.
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Self assessment Quiz Answer

1. CT shows circumferential thickening of esophageal
wall with mucosal irregularity. This with history of
dysphagia is highly suggestive of esophageal
carcinoma

2. In a suspected upper GI malignancy diagnostic
investigation is upper GI endoscopy which will help
to visualize the lesion and take tissue sample from
the abnormal area for histopathological examination
to clinch the diagnosis.

3. Most common pulmonary complication of esophageal
carcinoma is aspiration pneumonia.

� Other pulmonary manifestations of esophageal
carcinoma are  metastasis to the lungs, malignant
pleural effusion, involvement of trachea leading to
fistula formation, intra-thoracic adenopathy,
Pulmonary lymphangitis carcinomatosis and
hoarseness  of voice due to recurrent laryngeal nerve
involvement.

� Some patients with carcinoma esophagus develop
clubbing  and hypertrophic pulmonary osteo
arthropathy

4.  Most common cause for acquired Tracheo esophageal
fistula (TEF) is carcinoma of esophagus. All the other
conditions can also lead to TEF.

� Tracheal involvement by cancer can occur in up to
25% of patients with advanced esophageal cancer.

� Tracheal involvement is more common with cancers
of the mid- and upper part of esophagus as this part
is close to trachea.

�  Tracheal involvement in esophageal cancer can be
detected by CT scan of thorax

� Palliation in these patients is with �double� stents,
one in the esophagus and one in the trachea.
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Radiology Quiz Answer

Tuberous Sclerosis with Lymphangioleiomyomatosis and renal angiomyolipoma.

Discussion

Lymphangioleiomyomatosis (LAM) is an idiopathic
interstitial lung disease predominantly affecting women
of the child bearing age.1 Pathologically, LAM is characterised
by peribronchial, perivascular, and perilymphatic
proliferation of smooth muscle-like cells, resulting in vascular
and airway obstruction with cyst formation. Chest
roentgenograph shows hyperinflation or preserved lung
volumes (in sharp contrast to most other ILDs),
reticulonodular shadows and discrete small cysts. HRCT
allows better delineation of the cysts, which, in a classical
case, are evenly distributed throughout the lungs. The
cysts are small and thin walled. Pneumothorax and
chylothorax are known to occur. Diagnosis may be
confidently made in a case with classical clinical and
radiological features, but atypical presentations need lung
biopsy.

Tuberous sclerosis (TSC) is an autosomal dominant
neurocutaneous disorder belonging to a group of
hamartomatous diseases known as the phakomatoses. TSC
is characterized by hamartomas of the skin, eye, heart,
kidney, and brain. Seizures during childhood and mental
retardation occur routinely. The quoted incidence of LAM
in ladies with TSC has been variable in medical literature.
Although early literature seemed to indicate a lower
incidence of 2-3% only, 2 with modern radiologic techniques

rates as high as 30-40% have been reported. 3 Renal
angiomyolipomas are known to occur in upto 70% of subjects
with TSC, 4 the imaging features again being classical.
Nervous system lesions including meningiomas and classic
skin lesions (shagreen patches, ash leaf macules, adenoma
sebaceum etc) occur in TSC.

Summarising, the present subject had tuberous
sclerosis complex with pulmonary lymphangio-
leiomyomatosis and renal angiomyolipoma with acute
intraabdominal bleed.
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