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Editorial

Atmospheric Pollution and Lung Health

Raveendran Nair M.

Consultant Pulmonologist, Ray Mayo Clinic, Attingal.

Atmospheric pollution has long been recognized as a major health hazard. Atmospheric
pollution indicates the presence of contaminants or substances in the air that interfere with
human health and welfare or produce other harmful environmental effects. Breathing clean
air is considered to be a basic requirement of human health and well being. In spite of the
continued efforts at loco regional and global levels, air pollution continues to pose a major

challenge to human health and well being.

WHO reports that in 2012 around 7 million people died as a result of air pollution. Air
pollution has now become the world’s largest single environmental health risk. Reducicng air
pollution can save millions of lives. In April 2014, WHO has issued new information estimat-
ing that outdoor air pollution was responsible for about 3.7 million deaths of people under the
age of 60 years in 2012. It is disheartening to note that half of the burden of air pollution is
borne by the developing countries’. Both indoor and outdoor pollutions are equally harmful
from a public health perspective. Indoor air pollution occurs mainly due to the burning of
solid fuels in poorly ventilated dwellings. Indoor smoke can be 100 times more than the per-
missible levels for small particles. Exposure is particularly high among women and children

who spend most of their times indoor.

Outdoor air pollution may be consequent to natural disasters and anthropogenic ac-
tivities. Man made activities involve rapid urbanization, industrialization, wide spread con-
struction activities, open burning of garbage and plastic materials, uncontrolled combustion
of shredded tires and vehicular traffic related emissions. Hazardous chemicals and particles
escape into the atmosphere by the aforementioned ways and may cause several adverse ef-
fects on human health and environment. Increased combustion of fossil fuels in the last cen-
tury is responsible for the progressive change in the atmospheric composition. Air pollutants
such as carbon monoxide, sulfur dioxide, oxides of Nitrogen (NOX), volatile organic com-
pounds ( VOCS), Ozone (O,), heavy metals like zinc, iron, copper and Nickel and respirable
particulate matter (PM 2.5 and PM10) may differ in their chemical composition, reaction prop-

erties, emissions, disintegration time and ability to diffuse to short or long distances.

Particulate matter (PM) represents a major family of air pollutants. Fine particulate
matter with an aero dynamic diameter of 2.5 pum. (PM 2.5) and perhaps to a greater extent
ultrafine particles (PM < 0.1 um.) can penetrate into the innermost regions of the lung. These
fine particles are composed of non organic compounds (sulphate, ammonium and hydrogen
ions) certain metals, elemental carbon (black carbon), organic species including polycyclic
aromatic hydrocarbons (PAH) and many other families. Black carbon (BC) is an incomplete

combustion byproduct considered to be a proxy for all traffic related particles®.
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Vehicular traffic related pollutants are the major contributors to unhealthy air quality.
Common transportation related air pollutants include carbon monoxide, oxides of Nitrogen
(NOX), particulate matter and Ozone (O,) that is formed when NO, interacts with volatile
organic compounds in the presence of sunlight. PM 2.5 concentration and PM 2.5 absorbance
are possible markers of traffic related pollution. More specifically PM 2.5 absorbance is a mea-
sure of the blackness of PM 2.5 which depends on the presence of elemental carbon in PM 2.5.
Because elemental carbon represents a major fraction of diesel motor exhausts PM 2.5 absor-
bance is considered to be a sensitive index of air pollution due to diesel engines and truck
traffic. PM 2.5 absorbance is considered to be a sensitive marker of traffic related pollution
than PM 2.5 per se.

Petroleum refining products consist mainly of cyclo alkanes, straight and branched
chain alkenes. They are continuous sources of air pollution in various occupational settings®.
Benzene and Toluene are major monocyclic hydro carbons in petrol with nitropyrene in diesel
exhaust emissions. Benzene is highly volatile and the most usual mode of exposure is inhala-
tion of vapor®. In India, the percentage of benzene in automobile gasoline is only about 3 %

whereas in other countries it may be as high as 30 %.

Air pollution has both acute and chronic effects on human health, affecting various
organ systems of the body, but the brunt is borne by the cardiopulmonary system. The respi-
ratory system is particularly vulnerable to air pollution because the lungs must move in large
quantities of ambient air (over 400 million liters in a lifetime) in order to oxygenate the circu-
lating blood efficiently. Air pollutants like ozone and PM can injure the lungs directly. They
may trigger an inflammatory response in the lungs which may spill into the systemic circula-
tion to affect the cardiovascular system and other organs of the body. The pulmonary conse-
quences of air pollution may range from minor upper respiratory irritation to chronic respira-
tory and cardiovascular diseases, lung cancer, acute respiratory infections in children and
chronic airway diseases in adults. Asthma is triggered by exposure to dust, smoke, pollens,
volatile organic compounds, ozone, carbon monoxide, sulphur dioxide and oxides of Nitro-
gen. Ozone is a lung irritant, can aggravate preexisting asthma and COPD. Both short term
and long term exposures to air pollution have also been linked to premature mortality and

morbidity.

Numerous epidemiological and laboratory studies have documented a reduction in
pulmonary function with both short and long term exposures to air pollution®.Petroleum prod-
ucts and its exhaust can lead to significant respiratory symptoms like chronic cough, breath-
lessness and wheezing®. In high concentrations they cause significant systemic inflammatory
response. The particles generated from petrol exhaust are extremely small and are present in
the nuclei or accumulation modes with diameters of 0.02 nm and 0.2 nm respectively. Since
their surface area being larger they are capable of carrying much larger fractions of toxic com-
ponents such as hydrocarbons and metals in their surface. They can remain suspended in air
for longer periods and deposit deep in the lungs in large numbers compared to larger par-
ticles. Transport of oxygen to the tissues is hindered by methHb, a byproduct of benzene
metabolism in the body leading to functional anemia. As the levels of methHb rises, symp-
toms like dyspnoea, palpitation, anxiety and confusion occurs’®. Carbon monoxide also has a
stronger affinity for hemoglobin compared to oxygen (230 times more) leading to tissue hy-

poxia.
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Effects of Sulphur dioxide in the respiratory system ranges from a reversible reduction
in pulmonary function to constriction of bronchioles, severe airway obstruction, hypoxemia,

pulmonary edema and death’.

Nitric oxide impairs the lung’s immune defense mechanisms thereby increasing the
susceptibility to various infections and asthma attacks. It has also the potential to induce in-

flammatory response.

Solid particulate matter (PM) generated from emissions gets adsorbed onto soot par-
ticles which can penetrate the lungs thereby increasing the risk for pneumoconiosis and lung

cancer?,

Quality of breathing air plays a pivotal role in the growth and development of lungs
during childhood and adolescence. This has been firmly demonstrated by the children’s health
study'. This has shown that lung growth as measured by the rise in FVC, FEV, and MMEF
from the ages of 10-18 years exhibited a declining trend among the children exposed to ambi-
ent air pollution. The study concluded that most children are susceptible to the chronic respi-
ratory effects of breathing polluted air". Thus impaired lung growth and development during

childhood and adolescence creates an additional risk factor for lung diseases in adult life.

Children are particularly vulnerable to the deleterious effects of air pollution. Chil-
dren predominantly breath through their mouth there by bypassing the usual filtering effects
of nasal passages and allow the pollutants to travel deeper into the lungs. More over children
have a large surface area of the lungs relative to their weight and inhale relatively more air

than the adult. They also spend more time outdoors.

There is a strong association between ambient fine particulate air pollution and el-
evated risk of both cardio pulmonary and lung cancer mortality'?. Each 10 um /m? elevation in
long time average PM2.5 ambient concentrations was associated with approximately a 4%, 6
% and 8% increased risk of all cause, cardio pulmonary and lung cancer mortality respec-

tively™.

The detrimental effects are not uniformly seen among all individuals exposed to air
pollution. Some individuals are genetically prone for the exaggerated harmful effects of air
pollution. Recent results from the normative aging study (NAS) among a population of eld-
erly men, linked long term exposure to black carbon (BC) with the rate of lung function de-
cline. It is seen that oxidative stress is associated with lung function decline®. Traffic pollution
including black carbon induce oxidative stress systemically and in the lungs'*'®. There exists a
strong association between long term black carbon exposure and rate of lung function decline
among elderly men with relatively high oxidative stress risk profiles compared with men

with a lower risk'®.

In this issue of Pulmon, Gayathri etal has looked at the occupational hazard of petrol
pump workers in Trivandrum city. In their cross sectional study comprising of 30 petrol pump
workers with age and sex matched control, they have measured FEV, and FEV . The study
concluded that there is a significant reduction in pulmonary function among petrol pump
workers compared with the control group. The observed lung function impairment is restric-
tive in nature. Though there are several studies of similar nature conducted at certain centers

in India and abroad, this seems to be the first of its kind being published from the state of

Pulmon, Vol. 16, Issue 3, Sep - Dec 2014 101



102

Raveendran Nair M. - Atmospheric Pollution and Lung Health

Kerala. The authors certainly merit appreciation in this respect. In spite of certain limitations
of the study it has clearly shown a link between the occupational exposure to fuel related
pollutants and the declining lung function among the petrol pump workers. The petrol pump
workers are actually exposed to the twin effects of the fuel related pollutants and traffic ve-
hicular particulate matter. So the differential effects of these two exposures are worth study-
ing. One possible way is to have a comparative study involving the petrol pump workers and
the traffic police personals, who are constantly exposed predominantly to vehicular traffic
pollutants. Equally important would be to do a study involving the residents in and around
the petrol pumps who are constantly exposed to both traffic pollutants and fuel related expo-

sure. A multi centric Cohort study can shed more light on these details.

The study results are in agreement with similar studies conducted elsewhere. Now it
has become clear that the petrol pump workers are occupationally vulnerable to declining
lung function which may increase with the duration of exposure. This should call for imple-
mentation of preventive measures including pre placement lung function screening and peri-
odic surveillance. Control measures to reduce the benzene concentrations in the ambient air,
evaporation controls, use of catalytic converters and reducing the benzene content of the fuel
are to be adopted. Use of protective masks at work place, improvement in engine design, soot
filters and fuel modification such as biodiesel are other measures which may minimize the

exposure risk.

Clean ambient air is an essential pre-requisite for healthy living. To accomplish this an
orchestrated and sustained effort should come from all concerned, the government, policy
makers, NGOS, professional bodies and all responsible individuals at large. Attempts to mini-
mize atmospheric pollution should ideally start at home by taking steps to reduce indoor air
pollution and then participating in various activities to reduce outdoor pollution. Since motor
vehicles contribute to more than 50 % of urban air pollution, attempts to reduce this alone can
pay rich dividends. This may involve the designing of communities and transportation sys-
tems which may impact how often automobiles are used, how many automobile trips are
taken, and how long these trips are. Reducing auto trips by increasing mass transit use, car
pooling, walking and bicycling may help mitigate air pollution. During the 1994 summer
Olympics in Atlanta, USA when peak morning traffic decreased by 23% and peak ozone level
decreased by 28%, emergency visits for asthma events in children decreased by 42%. This
observational study clearly suggests that efforts to reduce traffic congestion and thereby im-
proving the air quality can improve the respiratory health of the community. Other measures
to reduce vehicular emission may include reduction of lead and sulphur contents of fuels,
retirement of older commercial vehicles, conversion of diesel and petrol run public transport
vehicles to compressed natural gas. Changes in vehicular technology in autorickshaws and
motorized two wheelers- change from two stroke to 4 strokes may also be beneficial. But the
rising trend of NOX along with the presence of volatile organic compounds indicates an ever
increasing tendency to form ground level ozone and as a result smog in that region. It is
predicted that the current regimen of vehicle technology, fuel standards and high growth of
private vehicles will nullify all the past emission reduction by the end of 2020. Our country is
now in the “Swatch Bharath” movement initiated by the honorable Prime Minister of India
Sri. Narendra Modi. This movement calls for an earnest and concerted effort by each one of us
towards accomplishing a clean environment. Many respiratory organisations in the world are
already engaging themselves to accomplish clean air environment in their respective regions.
With this prime objective in mind, APCCM had launched the “LUNG HEALTH DAY” , about

seven years back. It is being observed on 2nd of December every year commomerating the
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Bhopal gas tragedy of 1984. It is planned to observe the lung health day every year highlight-

ing a particular theme about lung health.

We can win the fight against air pollution and reduce the number of people suffering

from cardio respiratory diseases including lung cancer , said Dr. Maria Neira ,WHO director

for public health, Environmental and social determinants of health. A good quality air can go

hand in hand with economic development and over all prosperity of a nation. We cannot buy

clean air in a bottle, but countries, states and regions can adopt stringent ,sustained and broad

based measures that will clean the air and helps save lives of their people.
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Review Article

Obesity Hypoventilation Syndrome

Kiran Vishnu Narayan
Assistant Professor in Pulmonary Medicine, Govt Medical College, Kozhikode.

Abstract

The obesity pandemic has caught up even in developing nations. With this arises complications affecting all the major
organs of the body. As a pulmonologists skewed view of obesity; the lungs,chest wall bellows and the respiratory control-
lers are all affected .Though obstructive sleep apnoea (OSA) among obese people are now well recognised among
pulmonologists, OSA with hypoventilation or the Hypercapnic OSA gets unrecognized. This has important implications,
because compared with eucapnic obese patients, those with Obesity Hypoventilation Syndrome (OHS) present with severe
upper airway obstruction, a restrictive physiology, blunted central respiratory drive, pulmonary hypertension, increased
health care utilisation and increased mortality. Therefore it is important to identify Obesity Hypoventilation syndrome
which is slowly becoming a common condition in the OPD and the ICU. This review will focus on the epidemiology, basic

pathophysiology and principles in diagnosis and management of OHS.

Introduction 300 million women were obese. Ironically 65% of the
y

world's population live in countries where overweight and
Obesity hypoventilation syndrome or OHS is

characterized by obesity (BMI = 30 kg/m?), daytime hy-
percapnia (PaCO, = 45 mm Hg), and sleep-disordered

obesity kills more people than underweight. The Over-
seas Development Institute (ODI), found that Indians form

amassive chunk of the one in three adults now overweight

breathing in the absence of other known causes of hyper- or obese. Kerala, just second to Punjab leads this trend

ia. The classical character in Charles Dickens “Post- .
capmia. the classical character i L-haries LIckens “ros among states with a prevalence of 24.3% among males and

humous papers of the Pickwick Club” in 1836, describes a 34% among females®. With this level of obesity, the preva-

plethoric, obese, sleepy boy Joe who used to sleep and lence of OHS is expectedly going to be high. Prevalence of

snore always when idle. 120 years later, the term OHS is also more among patients with a higher BMI**.

Pickwickian syndrome “was thus adapted by Burwell and The aggregate prevalence of OHS among OSA patients

. . . .
colleagues on seeing patients resembling Joe'. referred to sleep disorder centers is 17% (range 4%—-50%).

Epidemiology The considerable range in prevalence reflects varying pa-

tient populations assessed across studies. The estimated

By 2015, nearly 1 of 3 adults in the world are ex- prevalence of OHS among the general adult population is

pected to be overweight (BMI = 25 kg/m?) and almost 1 in
10 adults will be obese (BMI = 30 kg/m?)%. As per the WHO
fact sheet ,more than 1.4 billion adults, 20 and older were

overweight. Of this around 200 million men and nearly

104

0.15 - 0.3%. Unfortunately the data regarding OHS is not
available from India primarily due to under recognition®.
In ICU admissions, Marik and Desai found that 8% of all

admissions met diagnostic criteria for OHS. Though all
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OHS patients got admitted with acute on chronic hyper-
capnic respiratory failure, nearly 75% were misdiagnosed
and treated for obstructive lung disease despite having
no evidence of obstruction on pulmonary function test-

ing’.

Morbidity and Quality of Life

Although obesity and severe OSA are associated
with decreases in quality of life, OHS may contribute to
further decrements in quality of life. Cardiovascular and
metabolic comorbidites like Insulin resistance are more
common in patients with OHS than in patients with
eucapnic obesity. These may be present three or more years
prior to a diagnosis of OHS®’. A study revealed that the
prevalence of Pulmonary hypertension among a cohort of
34 OHS patients was 58% compared with just 9% among
age, sex and weight matched OSA patients'. Another study
showed that OHS patients were 9 times more likely to have
a diagnosis of both cor pulmonale and congestive heart
failure. Quality of life among this group is also worse com-
pared to normal obese, OSA and other respiratory disor-
ders, such as obstructive lung disease®'!. Asa consequence,
the direct health costs like general healthcare visits, out-
patient visits and medications per year of an OHS patient
can reach twice that of an OSA or obese eucapnic patient,
reach six times that of an age, gender and socioeconomic
status matched control subject. In addition, labour income
and employment rates are lower in OHS patients than in
OSA or control subjects. There are increased hospital ad-
missions including ICU admissions and thereby increased
mortality as compared to age and weight matched con-

trols'>®,
Pathophysiology

The exact pathophysiology is unknown. OHS as
compared to eucapnic obesity or simple OSA is mainly
characterised by hypoventilation. The PCO, levels in blood
are determined by the balance between CO, production
and elimination. The hypercapnia in OHS is mainly due
to hypoventilation. Obesity alone cannot be responsible
for the development of hypercapnia because less than one
third of morbid obese people develop hypercapnia. Mecha-
nisms put forward for explaining hypoventilation include
abnormal lung and chest wall mechanics due to obesity
with an increased work of breathing, ventilation perfu-
sion mismatch, disruption of the central respiratory con-
trol centres leading to an impaired response to hypoxia
and hypercapnia and the presence of sleep disordered

breathing with upper airway obstruction'.

Pulmon, Vol. 16, Issue 3, Sep - Dec 2014

The increased adiposity load of obesity reduces
chest wall compliance and lung volumes, including func-
tional residual capacity. This low tidal volume breathing
pattern reduces pulmonary compliance and also leads to
expiratory flow limitation in the lower airways generat-
ing intrinsic positive end expiratory pressure and air trap-
ping. These changes, together with upper airway resis-
tance, further increase the load on the inspiratory muscles.
As a result higher levels of ventilatory drive are required
to maintain eucapnia and chemosensitivity is progressively
impaired by rising carbon dioxide levels. The reduced
ventilatory response in OHS to elevated CO, and low oxy-
gen tensions compared to hypercapnic patients and obese

control subjects has been demonstrated in studies!®?.

During sleep, the partial pressure of carbon di-
oxide (PCO0,) rises during episodes of airflow obstruction
and during episodes of impaired ventilation. In eucapnic
individuals and those with OSA the acute hypercapnia
which ensues from a brief apnoea or hypopnea episode is
rapidly reversed by the increased tidal volumes in the suc-
cessive few breaths(restorative breaths). Patients who de-
velop OHS are unable to normalize the raised PCO, be-
tween such obstructive respiratory events. Studies have
shown that if the obstructive event (apnoea) become 3 times
longer than the intervening duration of restorative hyper-
pnoea, then such a patient will be unable to maintain
eucapnea. So these intermittent cycles of hypercapnia con-
tinues. Daytime hypercapnia results from the inability to
effectively eliminate carbon dioxide accumulated at night
from sleep disordered breathing . Further the increased
PaC0, causes a decrease in pH and leads to a compensa-
tory increased renal bicarbonate retention. The bicarbon-
ate levels often remain elevated, as the kidneys do not com-
pletely eliminate bicarbonate during the day. The kidneys
retain bicarbonate to compensate for the elevated PCO,
levels. Once CSF bicarbonate is elevated, ventilation is
again depressed leading to elevated CO, levels. The el-
evated CO, levels cannot be then eliminated due to a
blunted ventilatory response to hypercapnia while

awake!'®,

Physiological alterations that are seen in obese
patients tend to reduce ventilation to the lower lobes ,with
increased perfusion to the same areas because of increased
pulmonary blood volume. This in turn produces a mis-
match. Lastly there is also central leptin resistance. Leptin
is normally produced from adipocytes as a satiety hor-
mone acting on the hypothalamus to inhibit eating. It also

acts as a ventilatory stimulant. Normally obese patients
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have an increase in carbon dioxide production. This is
countered by the presence of increased leptin levels which
tend to stimulate ventilation and produce eucapnia. So the
majority of severely obese patients are eucapnic. In OHS,
there are elevated leptin levels but central leptin resistance.
This appears to be responsible for the reduced ventilatory
response and increased visceral fat. Fortunately the re-
duced ventilatory response is reversible with response to

positive pressure ventilation'*?.
Clinical features

As mentioned previously OHS is identified by
the triad of obesity (BMI 2 30 kg/m?),chronic awake al-
veolar hypoventilation(PCO, = 45 mm Hg and Pa0, < 70
mm Hg), and sleep-disordered breathing. Severe obesity
(BMI>50 kg/m?) is one clue that OHS may be present, since
nearly 50 percent of such individuals have OHS*. The
symptoms and many of the physical findings are identi-
cal to obese OSA patients. Among OHS patients admitted
to hospital, only 20% had previously received the diagno-
sis of OHS. A large proportion of patients are diagnosed
with OHS only when presenting with acute respiratory
failure. This highlights that OHS is underdiagnosed or that
the diagnosis is dramatically delayed?.

OHS has a similar prevalence among both sexes,
but slightly higher among males with an age at diagnosis
usually in the fifth or sixth decade of life. Majority(90%)
of OHS have OSA, with an Apnoea Hypopnea Index(AHI)
of >30. A minority of patients around 10% may have an
AHI of <5 ie non obstructive sleep apnea which occurs
during REM sleep”. Nonobstructive sleep hypoventilation
is defined as an AHI <5 events/hour(ie non obstructive)
with a PaC0, increase by = 10 mm Hg during sleep or an
oxygen saturation < 88% for at least 5 min without ob-
structive respiratory events. As per the American Acad-
emy of Sleep Medicine scoring rules for respiratory events

hypoventilation during sleep is defined as a

1)  PCO, (transcutaneous or end-tidal carbon dioxide

as surrogates) >55 mm Hg for 10 min or

2)  Anincrease in PCO, of >10 mmHg from the awake
supine value to a value exceeding 50 mm Hg for 10

min.

For those in the paediatric age range
hypoventilation is scored when PC0, is > 50 mmHg for
more than 25% of the total sleep time. All clinical features

seen in OSA are commonly obtained like poor night time
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sleep, unrefreshing sleep, excessive daytime somnolence,
morning headaches and fatigue. OHS patients experience
excessive daytime sleepiness that could be related to the
severity of nocturnal rapid eye movement (REM) sleep
hypoventilation (i.e. if the the percentage of REM sleep
spent in hypoventilation is higher, higher is the excessive

daytime sleepiness)®?.

A diagnosis is usually made when the obese pa-
tient presents with dyspnoea and has evidence of poly-
cythemia, pulmonary hypertension and Sleep disordered
breathing. They may also present with severe dyspnoea
and obtundation indicating acute on chronic type 2 respi-
ratory failure.The history in addition should focus on rul-
ing out other causes of hypoventilation like severe COPD
with FEV, <35% or 1 Litre, excess sedatives, opioids, alco-
hol abuse, neuromuscular weakness like myasthenia
gravis,muscular dystrophies,bilateral diaphragm
palsy,severe kyphoscoliosis disorders of the central ner-
vous system like stroke or spinal cord trauma, endocrine
causes like severe hypothyroidism, peripheral causes like
hypophosphatemia and severe hypokalemia and rarely

congenital central hypoventilation syndrome.

Physical examination shows a drowsy, plethoric
(due to polycythemia), obese patient with an enlarged neck
circumference and a high mallampatti score. They are typi-
cally rapid shallow breathers but the rate increases dur-
ing an exacerbation. Cyanosis may occur during exacer-
bations or in severe OHS. Paradoxical respiration may in-
dicate diaphragm dysfunction or fatigue and impending
failure. Cardiovascular examination may show systemic
hypertension and evidence of Pulmonary hypertension
with loud P2 and features of Right heart failure. Classi-
cally, mild to moderate Pulmonary hypertension is ex-

pected in OHS and this may persist even with therapy.

Several laboratory findings are supportive of
OHS. One of the authority figures in this subject, Mokhlesi
and colleagues first demonstrated that a threshold value
of arterial bicarbonate of 27 mEq/L could be used as a
screening tool to suggest chronic respiratory acidemia from
hypoventilation. They showed that a value less than 27
mEq/L had a 97% negative predictive value for excluding
a diagnosis of OHS™?. Another study by Macavei and
colleagues showed that a calculated serum bicarbonate
level of 227 mEq/L had a sensitivity of 85% and a specific-
ity of 89% for the diagnosis of OHS among their patient
sample. An elevated bicarbonate is an indirect evidence of

“chronic” respiratory acidosis with compensation®.
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Hypoxemia during awakening is unusual of either OSA
or obesity. So an abnormal pulse oximetry during wake-
fulness should prompt evaluation for OHS among obese
OSA patients?. Other tests include assessing for infection
as a precipitant, checking for erythrocytosis, TSH, drugs
and toxin levels like alcohol. Imaging may show evidence
of right heart enlargement and prominent proximal pul-
monary arteries. Once patient recovers from an exacerba-
tion, a baseline spirometry can be done to exclude other
causes for hypercapnia mentioned above. Common
spirometry findings expected include a normal Forced
expiratory ratio (FEV /FVC) with mild to moderate restric-
tion. Additional pulmonary function testing may show
reduction in maximum inspiratory and expiratory pres-
sures due to abnormal respiratory mechanics and relative

muscle weakness?®.

In a nutshell, clinically screen a obese patient by
assessment of the SpO, and Serum HCO, levels. If there is
hypoxemia with elevated bicarbonate, it may be a clue to

further evaluation for OHS.
Management
In the Acute setting

As described earlier, OHS is frequently
unrecognised until the individual presents with acute on
chronic ventilatory decompensation. In the acute setting
mentation, hemodynamic stability and asessment of the
arterial pH helps triaging the patient admission. In gen-
eral, a conscious or adequately responsive patient who is
hemodynamically stable with pH greater than 7.30 can
be managed with NIV in a step down unit with vigilant
monitoring and good nursing. Patients who have altered
mentation, is hemodynamically unstable, has multiorgan
failure and those who are intolerant to an initial trial of
NIV or if pH is less than 7.30 are directly admitted to the
ICU and may need intubation and mechanical ventilation.
The treatment of choice is positive pressure ventilation
either by non invasive (bilevel or BIPAP) or invasive me-
chanical ventilation. Though most patients require supple-
mental oxygen at baseline, it alone as a treatment modal-

ity is not useful®.
Non invasive ventilation in OHS

The goal of ventilation is to improve alveolar ven-
tilation and relieve upper airway obstruction. Typically
Bilevel Positive airway pressure ventilation or BIPAP is

used. BIPAP consists of 2 independent pressure settings-
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Inspiratory positive airway pressure (IPAP) and an Expi-
ratory positive airway pressure (EPAP) or PEEP. The EPAP
is required to pneumatically splint up the airways, thereby
releiving upper airway obstruction. The Pressure support
or the difference between IPAP and EPAP provides de-
gree of alveolar ventilation. In simple terms, higher the
pressure support, greater are the tidal volumes achieved
and greater the alveolar ventilation. Therefore in acute on
chronic type 2 failure, the treatment of choice is bilevel
positive airway pressure ventilation. The physiologic ben-
efits of NIV include decreased work of breathing by un-
loading the respiratory muscles, improving central
chemosensitivity after few days of use, opening the atelec-
tatic lung regions, reduction of AHI with improvement in
daytime sleepiness and improvement of right ventricular

function.
Settings

NIV should be applied initially during sleep and
wakefulness during the acute hospital setting. The
interface(mask) selected should be of the proper size. An
oronasal mask or a full face mask is recommended in the
acute setting as higher pressures and thereby better tidal
volumes can be generated and mouth breathing is toler-
ated. Nasal masks though more comfortable and tolerated
may be ineffective due to mouth breathing. The interface
can be later switched to a nasal mask once the patient is
more stable. The straps should be just tight enough to al-
low two fingers to be passed beneath it. Early
acclimitisation and better tolerance can be achieved by
initiating with lower pressures and holding the mask with-
out strapping. The pressures can be titrated up slowly and
mask strapped on. Though each patient is different, and
pressure settings have to be individualized, an initial start-
ing pressure is usually 10 cm H,O of IPAP and 5cm H,O of
EPAP. Strict and vigilant monitoring is required to observe
for deterioration and complications. The first few hours of
NIV are extremely important. Monitoring the level of con-
sciousness, respiratory pattern and rate, presence of ap-
neas and snoring, heart rate, blood pressure and SpO, will
guide the physician in titrating pressure support. The EPAP
can be gradually increased by 2 cm H,O until apneas/
snoring and accompanying cycles of desaturation are abol-
ished .The IPAP can be stepped up by 2cm H,O to obtain
adequate tidal volumes of atleast 8mL/kg to 10 mL/kg till
the pulse oximeter reading shows a stable value with
5p0,>90%.This indicates adequate alveolar ventilation and
oxygenation. It has been seen that OHS patients require a
higher IPAP and EPAP as compared to COPD patients
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because of the coexisting severe OSAZ. Infact studies con-
ducted among OHS patients have shown that high IPAP
(mean of 18 cm H,0 with a range 12-30 cm H,O) and EPAP
(mean of 9 cm H,0 with range 5-13 cm H,0) with the
IPAP at least 8 to 10 cm H,O greater than EPAP to achieve
adequate ventilation were required to produce a signifi-
cant improvement in hypercapnia and hypoxia?3°3. De-
spite delivering high pressures many of these patients still
remain hypoxic and may require the addition of supple-

mental oxygen.

Careful attention should be paid to air leak, na-
sal bridge/ facial skin breakdown, or discomfort from an
improperly fitting mask. The patient should be given regu-
lar breaks every 2-4 hours and skin assessed for pressure
effects. Breaks should be allowed for eating and commu-
nicating with bystanders. This will mitigate claustropho-
bia also. Improvement is seen by better mentation, reduc-
tion in respiratory rate to less than 25/minute ,more syn-
chronous respiratory efforts and sustained improvement
in SpO, 2 90%.The ABG should be repeated at 1 hour and
at least 20 % decline in PCO, is expected. Some patients
may never reach eucapnia reflecting the chronic respira-
tory acidosis. So the pH may be the best marker of acute
clinical improvement. A sustained pH more than 7.35 in-
dicates acid base stability, and then daytime NIV can be
discontinued. The nocturnal support should be continued
for 2 more days. Most patients improve within 1-3 hours
of adequate NIV and a stable pH is reached in 12-24 hours.
It has been seen that acute on chronic type 2 failure in
patients who have OHS resolves more rapidly compared
with patients who have COPD and congestive heart fail-
ure®®2, Other general care like head end elevation to 30
degrees, avoidance of sedative-hypnotics and narcotics,
deep vein thromboprophylaxis and stress ulcer prophy-

laxis are also to be given.
NIV Failure

The need for vigilant monitoring by the physi-
cian and nursing staff is imperative for clinical success and
for early detection of complications. Progressive deterio-
ration of consciousness with cardiorespiratory arrest, vom-
iting with aspiration and even death can occur. Mouth
breathing during acute respiratory failure results in gas-
tric distension and the high IPAP applied may distend the
gastroesophageal sphincter thereby producing vomiting.
Early markers which should alert the clinician of impend-
ing respiratory failure (NIV failure) include a deteriorat-

ing mentation, persistent tachypnoea and accessory muscle
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overactivity, poor patient synchrony, persistent hypoxemia
and refractory hypercapnia even after 1-2 hours of NIV.
The best predictor of early NIV failure (ie within the first
1 to 3 hours) is the lack of improvement in pH and PCO,
after 1 hour of NIV®. A prospective study done among 33
morbidly obese patients with acute respiratory failure from
multiple causes reported a NIV failure rate of 36%. In this
study, a higher BMI was predictive of failure (46.9 kg/m?
in successful NIV versus 62.5 kg/m? in NIV failure)*.

Carrilo et al carried out an interesting study com-
paring the use of NIV in acute exacerbations of COPD and
OHS. Consecutive patients were treated with a similar NIV
protocol based on the finding of respiratory acidosis, dys-
pnoea and respiratory rate of = 25/minute. Initial settings
were an inspiratory positive pressure of 12 cmH,O, increas-
ing by 2-3 cmH, O as tolerated, and an expiratory positive
pressure of 5 cmH,O increased by 1-2 cmH,O to improve
hypoxaemia or comfort. OHS patients experienced less
NIV failure (7% versus 13% in the COPD group), fewer
ICU readmissions, and lower ICU and hospital mortal-

ity™®.
Invasive Ventilation

The clinical signs indicating early need for inva-
sive mechanical ventilation have been described earlier.
There are specific issues ubiquitous to the airway control
of obese patients including bag and mask ventilation and
intubation. Obesity itself is a risk factor for difficult bag
and mask ventilation and intubation. Studies have shown
that approximately 50% of morbidly obese patients with
acute respiratory failure often have a difficult intubation
defined as requiring more than two attempts with the
same laryngoscope blade by an experienced
laryngologist*®*. Difficulty lies not only due to the short
neck with reduced mobility and crowded oropharynx, but
also to the difficulty in oxygenation. The physiological
changes exclusive to obesity like low thoracic compliance,
atelectasis and diminished functional residual capacity
(FRC) may cause development of severe hypoxemia and
even periintubation cardiorespiratory arrest. So the phy-
sician should anticipate these issues and have adequate
knowledge of alternate airway control techniques or have
assistance of an anaesthetist. Preoxygenation with 6cm
CPAP to improve FRC and intubation with fibreoptic bron-
choscope is a useful method in difficult situations®. Me-
chanical ventilation is similair to conventional ventilation,
except for accepting higher peak and plateau pressures

needed to overcome poor chest wall compliance. High pla-
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teau pressures may not indicate lung over distension be-
cause the pleural pressures are also elevated due to the
stiff chest wall and hence transpulmonary pressures re-

main normal®.
At discharge

Patients who are discharged from the ICU will
require a formal Polysomnography, ABG and spirometry
at follow up to assess severity of OSA and for CPAP titra-
tion. It is essential for these patients to be discharged from
the ICU on adequate NIV therapy. Though OHS patients
require BIPAP during the acute setting, most of them can
be managed with CPAP at discharge. A prospective ran-
domized study by Piper et al compared the long-term ef-
ficacy of BIPAP versus CPAP in OHS patients. This study
showed that majority of OHS (80%) patients could be
succesfuly titrated with CPAP. After 3 months of therapy,
there was no significant difference between the groups in
terms of adherence to PAP therapy or in improvement in
daytime sleepiness, hypoxemia or hypercapnia. Therefore,
BIPAP is not superior to CPAP and treatment should be
individualized to each patient. But BIPAP should be used
if the patient requires high CPAP pressures (>15 cm H,0)
and has difficulty in tolerating the high pressures, if hy-
poxemia persists despite resolution of obstructive respi-
ratory events and lastly if the PCO, levels do not normalise
after 3 months therapy with CPAP®.

CPAP titration can be done to identify the pres-
sure that will abolish apneas, hypopneas, Respiratory
event related events and snoring both in supine and REM
sleep. If oxygen saturation levels remain below 90% inspite
of abolishment of obstructive events with CPAP, a BIPAP
titration may be required. The IPAP is started at the iden-
tified CPAP level which abolished obstructive events and
then titrated upwards till SpO, >90%.If the BIPAP is un-
able to maintain SpO, >90% inspite of a high IPAP(atleast
8-10cm higher than EPAP),then it is advisable to add
supplemental oxygen along with positive airway pressure

ventilation®.

The role of newer modes - Volume Assured
Pressure Support (VAPS)

VAPS is a hybrid mode of ventilation which com-
bines the comfort of pressure support at the same time
providing consistent Tidal volumes. Different manufac-
turers have given names for VAPS like Average VAPS
(Respironics) and intelligent VAPS (Resmed), though the

basic working mechanism remains the same. The under-
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lying goal of these modes is to help in better adapting to
the patient’s own ventilatory pattern and requirements,
which will clearly vary during different stages of sleep
and with different activities during the day. In a
randomised crossover trial of AVAPS versus standard pres-
sure support in obesity hypoventilation patients a small
improvement on nocturnal PCO, was seen, but no long-
term quality of life improvement®. In another trial by
Murphy et al, they showed that there was no long-term
advantage in AVAPS over optimally titrated bilevel pres-
sure support, so these “intelligent” modes do not seem to
have arole in the general population of OHS patients. They
may be useful sometimes as an aid in OHS patients who
are starting NIV for the first time. The devices are also

costlier than conventional CPAP or BIPAP machines®'.

Good outcomes are obtained only if the patient
is adherent to Positive airway pressure therapy (PAP)
whatever be the mode of non invasive ventilation. Adher-
ence as in OSA may be defined as atleast 4.5 hours/day of
continous CPAP usage. Early outpatient follow up is there-
fore mandatory with measurements of ABG and objective
assesment of adherence to therapy. Improvement in blood
gas values may be seen as early as one month after the

institution of PAP therapy*.

Medical Management - Adjuvants in
Treatment

Long Term Oxygen Therapy (LTOT).

Studies have shown that oxygen therapy may be
needed in up to 50% of patients with OHS in addition to
PAP therapy to keep oxygen saturation levels above 90%
in the absence of hypopneas and apneas. LTOT alone is
not recommended in patients with nocturnal
hypoventilation as it may worsen hypercapnia and abol-
ish hypoxic ventilatory drive*. In a double-blind
randomised crossover study involving OHS, participants
breathed oxygen concentrations (FiO,) 0.28 and 0.50, each
for 20 min, separated by a 45 min washout period.
Arterialised-venous PCO, (PavCO,) and pH, Minute Ven-
tilation (VE) and Dead space ventilation (Vd/Vt) were
measured at baseline, then every 5 min. The authors
showed that breathing at FiO, 0.5 and 0.28 produced a fall
in minute ventilation with elevation in CO, levels and aci-
demia only among the OHS patients compared to age and
sex matched healthy controls. The effect was higher when
breathing at higher FiO, (.5) and suggested that ventila-
tory responses were the key determinant of PCO, rises

highlighting the potential dangers of higher oxygen treat-
109



Kiran V. N. - Obesity Hypoventilation Syndrome

ment in OHS patients*. Consistent usage of PAP therapy
has shown to reduce the need for supplemental oxygen as
seenin a retrospective cohort study by Mokhlesi etal. The
need for daytime supplemental oxygen decreased from
30% to 6% in patients who were adherent to PAP
therapy*2. Therefore, patients should be reassessed
for both diurnal and nocturnal oxygen requirements
a few weeks to months after PAP therapy is

instituted.
Phlebotomy

Secondary erthrocytosis is seen in hypoxemic
patients as a compensatory physiological mechanism to
increase oxygen carrying capacity and thereby oxygen
delivery. But hyperviscosity impairs the beneficial effect
of increased RBC numbers. Venesection is indicated in
hypoxic lung disease when the hematocrit is >55% or fea-
tures of hyperviscosity are present®®. Ultimately PAP
therapy improves the secondary erthrocytosis by releiving

hypoxemia.

Weight Reduction

Borel et al. examined the effects of NIV in OHS
on cardiovascular, metabolic and inflammatory variables.
As expected the NIV group showed significant improve-
ment in sleep and ABG measures. But level of inflamma-
tory markers, endothelial function and arterial stiffness
did not improve. Weight loss was shown to improve both
obstructive events and REM related hypoventilation in
OHS. Reversal of cardiovascular damage is related to the
duration and severity of obesity as well as genetic factors
and so NIV should be combined with weight loss to pro-

duce a beneficial cardiovascular profile®#.
Medroxyprogesterone

It acts as a respiratory stimulant and increases
respiratory drive thereby improving daytime hypercap-
nia. Data showing improvements in PCO, levels have been
limited. In a series of 10 men with OHS treated with high
doses of oral medroxyprogesterone (60 mg/day) for one
month, the PaCO, decreased from 51 mm Hg to 38 mm
Hg and the PaO, increased from 49 mm Hg to 62 mm Hg.
All these patients were able to normalize their PaCO, with
1-2 min of voluntary hyperventilation, suggesting that
there was no limitation to ventilation®. Side effects include
increased risk for deep vein thrombosis which is especially
dangerous in an OHS patient who is mostly immobile with

cor pulmonale and cardiac failure.It also produces break
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through uterine bleed,decreased libido,erectile dysfunc-

tion in males.
Acetazolamide

It induces metabolic acidosis through carbonic
anhydrase inhibition.This stimulates respiration which

increases minute ventilation in normal subjects*.

In addition optimal management of cor pulmon-
ale and failure with diuretics and inotropes may be re-

quired.
Surgical Management
Bariatric Surgery

It has variable long-term efficacy in treating OSA.
Most studies available were conducted on OSA patients
with majority of them showing short term improvement
only following surgery. Most of the patients had recur-
rence of OSA symptoms inspite of minimal or no weight
gain indicating factors other than obesity to be respon-
sible®. There has been a single study which examined the
impact of Bariatric surgery on OHS. In this study by
Sugerman et al involving 31 OHS patients, an improve-
ment in blood gases were noted initially. Preoperative PaO,
increased from 53 mm Hg to 73 mm Hg one year after
surgery, and PaCO, decreased from 53 mm Hg to 44 mm
Hg. The patients were followed up and 5 years post sur-
gery values had worsened, with the mean PaO, dropping
to 68 mm Hg and PaCQO, increasing to 47 mm Hg. The
long term effects occurred despite a minimal increase in
BMI postoperatively (38 kg/m? to 40 kg/m?). The deterio-
ration after an initial improvement indicates that factors
other than obesity are involved and may be due to the
reappearance of sleep disordered breathing®. Ideally, pa-
tients with OHS being planned for bariatric surgery should
be treated with PAP therapy or tracheostomy, prior to sur-
gery in order to decrease perioperative morbidity and
mortality. PAP therapy should also be started immediately
post extubation to avoid postoperative respiratory failure.
There is no solid data to show that PAP therapy initiated
postoperatively leads to ananastomotic disruption or leak-

age of the surgical site.
Tracheostomy

This was the most primitive therapy that was
described for management of OHS. With the advent of PAP
it is rarely used now. Tracheostomy is now indicated only

in patients who do not tolerate or are non compliant with
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PAP therapy, in patients who have severe corpulmonale
and persistent hypercapnia despite optimal adherence to
PAP and in a OHS patient who cannot be extubated from
invasive mechanical ventilation. Tracheostomy is effective
in OSA by bypassing the area of upper airway obstruction
reducing dead space. It results in resolution of hypercap-
nia in the majority of patients due to reduction in the se-
verity of obstructive sleep events. But the hypoventilation
is not adressed and so a polysomnography with open tra-
cheostomy is needed to decide whether nocturnal ventila-
tion is required®. But tracheostomy can be technically dif-
ficult even among experienced ENT surgeons because of
the anatomical abnormalities expected in obesity. A low
lying larynx may result in accidental perforation of great
vessels by the tracheostomy tube .An increased risk of
stoma site bleeding and infection occurs because of the
excess granulation tissue production stimulated by the

adipose tissue.

Summarising, weight reduction along with Non
invasive ventilation applied through a good interface is
the best option available at present for managing sleep
disordered breathing and the alveolar hypoventilation
associated with OHS.

Conclusion

Obesity hypoventilation is a specific entity which
combines the issues of obesity, sleep disordered breath-
ing and hypoventilation.With the rising trends of obesity
universally, the prevalence of OHS is expected to rise with
increased morbidity and mortality.A chronically compen-
sated respiratory acidosis is a clue to suspecting the diag-
nosis in an obese patient, after ruling out other causes of
hypoventilation. Positive airway pressure ventilation is the
treatment of choice along with weight reduction. Future
research on the pathophysiology of OHS and newer treat-
ment modalities in addition to PAP will help to improve

the outcome.
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Abstract

Background : Non invasive ventilation (NIV) is an excellent modality in the management of patients with acute exacerba-
tion of Chronic Obstructive Pulmonary Disease (COPD) with respiratory failure, which minimizes the need for invasive
ventilation with its attendant complications to a great extent.

Aim of the study : To determine the effectiveness of NIV in acute exacerbation of COPD and to assess the factors determin-
ing the outcome of NIV.

Methodology : A prospective observational study was conducted in the Intensive Respiratory Care Unit of a tertiary care
centre in North Kerala during January 2012 to August 2013. All patients admitted with acute exacerbation of COPD, with
respiratory rate > 25/min, acidosis (pH <7.35) and hypercapnia (PaCO, >45mm Hg) were included in the study. Those with
contraindication for NIV were excluded. NIV was instituted in these patients via full face mask and monitored respiratory
rate, SpO,, pulse rate, blood pressure and arterial blood gas analysis (ABG) at 1hr, 12 hrs and 24 hrs. Statistical analysis was
done using SPSS software version 16. Comparison of blood gas parameters pre and post NIV, quantitative variables and
qualitative variables were done with paired t test, t test and chi square respectively.

Results : Out of total 79 patients 70.9% were successfully treated with NIV. The mean body mass index (BMI) was 23.69 and
21.23 in NIV success group and NIV failure group respectively. The mean pH was 7.28 and 7.23 in NIV success group and
NIV failure group. The mean PaCO, fell from the baseline of 85 + 16.5 mm of Hg to 77.3 + 14.7 mm of Hg at 1 hour. Thirty
five percent of patients with NIV failure had evidence of infection and only 11% had evidence of infection in patients with
NIV success.

Conclusion : Non Invasive ventilation as an early treatment modality can significantly improve hypercapnea in acute
respiratory failure in COPD. The factors determining the outcome are baseline pH, evidence of infection and BMIL
Keywords : COPD, NIV, ARF( Acute respiratory failure)

Introduction acute worsening which greatly affect the health status of

patients with an increase in hospital admission and mor-
Chronic Obstructive Pulmonary Disease (COPD)

tality?. Estimates of in-patient mortality range from 4% to
is a major health problem and leading cause of morbidity

30%, but patients admitted due to acute respiratory fail-

. 1 . .
and mortality worldwide'. Acute exacerbation of chronic ure (ARF) experience a higher rate, in particular elderly

obstructive pulmonary disease(AECOPD) are periods of patients with co-morbidities (up to 50%) and those requir-
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ing intensive care unit (ICU) admission (11%-26%)*".
Noninvasive ventilation(NIV), which refers to the deliv-
ery of mechanical ventilation to the lungs using techniques
that do not require an endotracheal airway, has been shown
to reduce intubation rates, mortality, and duration of hos-
pital stay in several studies®*'®. Although its clinical effi-
cacy has been demonstrated in the management of patients
with acute exacerbation of COPD from the west, there are
few studies from this part of the country. This study was
done to assess the effectiveness of NIV as a therapeutic
modality in acute exacerbation of COPD and to assess vari-
ous factors determining its outcome in south Indian popu-

lation.
Materials and Methods

This study was prospective observational study,
conducted in the Intensive Respiratory Care Unit of a major
tertiary hospital in North Kerala. The study was conducted
during January 2012 to August 2013 after ethical clearance

from institutional ethics committee.

All patients admitted with COPD acute exacer-
bation, not improving with standard medical treatment
with respiratory rate > 25/min, acidosis (pH < 7.35) and
hypercapnia (PaCO>6.0kPa, 45mm Hg) were included in
the study. Patients with life-threatening hypoxaemia, se-
vere co-morbidity, confusion, agitation, severe cognitive
impairment, facial burns or trauma, recent facial or upper
airway surgery, vomiting, fixed upper airway obstruction,
undrained pneumothorax, upper gastrointestinal surgery,
patients with inability to protect the airway, copious res-
piratory secretions, moribund patient and patients with

bowel obstruction were excluded.

Detailed history, complete physical examination
including anthropometry were done and all patients were
subjected to routine blood investigation, Chest X Ray
(CXR), 12 lead surface electrocardiogram and Arterial
Blood Gas Analysis(ABG).

NIV was instituted using either Resmed VPAP
IV or Resmed Stellar 100 devices, via full face mask of ap-
propriate size with initial ventilator settings of Inspira-
tory Positive Airway pressure (IPAP) of 10 cmH,O and Ex-
piratory Positive Airway pressure (EPAP) of 4 cmH,O.
Monitoring of respiratory rate, SpO,, pulse rate, blood pres-
sure and ABG at 1hr, 12 hrs and 24 hrs was done. Other
parameters monitored were level of consciousness, patient
comfort, chest wall movement, presence of leak and ac-

cessory muscle use. IPAP was increased by 2 cm of H,O
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increments during the first hour according to patient tol-
erance, achievement of effortless breathing and SpO, im-

provement, up to a maximum of 20 cm H,O.

Any deterioration in terms of patient’s respira-
tory effort- respiratory rate, level of consciousness, intol-
erance to NIV, worsening blood gas parameters were in-
dicators of switch over to invasive ventilation. The NIV
was used as much as possible in the first 48 hours and
subsequently weaned off according to clinical improve-

ment and ABG results.

NIV failure was considered when there was fail-
ure to improve or deterioration in arterial blood gas ten-
sions, development of new symptoms or complications
such as pneumothorax, sputum retention, nasal bridge
erosion, intolerance or failure of coordination with the
ventilator, deteriorating consciousness level, patient and

carer wish to withdraw treatment.

The factors studied were age, body mass index
(BMI), COPD duration, presence of comorbidities,
premorbid status-dyspnoea on exertion (DOE), smoking
score, Anthonisens classification, leucocyte count, serum
electrolytes, serum albumin, respiratory rate prior to NIV,
IPAP and EPAP levels, pre NIV and post NIV blood gas
parameters, total duration of NIV use and development

of complication.

Statistical analysis was done using SPSS software
version 16. Comparison of blood gas parameters pre and
post NIV was done with paired t test. Comparison of quan-
titative variables were done with t test and that of qualita-

tive variables were done with chi square test.
Observations

A total of 79 patients were enrolled in the study.
Out of these, 56 (70.9%) were successfully treated with NIV
and 23 (29.1%) were NIV failures. All were males, with 40
patients between the age group of 40-59 years and 39 pa-
tients above 60 years. Thirty patients were hypertensive,
30 diabetic and 12 had coronary heart disease. There was
one patient with history of chronic kidney disease and 3

had bronchiectasis.

Out of 79 patients 64 (81%) had a premorbid DOE
Grade - 3, cor pulmonale was present in 42(53.2%) and
43(54.4%) patients were admitted with Type 3 Anthonisen

class of acute exacerbation of COPD.

115



Soumya V. K. - The Outcome of Non Invasive Ventilation in Acute Exacerbation of COPD

Table1:

The baseline characteristics of the study population

Characteristic Minimum Maximum Mean Std Deviation
COPD Duration (Years) 2 25 8 3.7
Smoking Score 125 3800 1093 718.8
Duration of exacerbation (Days) 2 20 8 4.3
Total leukocyte count (cu/mm) 1000 40500 12353.8 5526.2
Serum Na (mEq/L) 117 144 131 6.2
Serum K (mEq/L) 2.3 6.3 4 1
Serum Albumin (g/dl) 2.3 44 33 0.4
Glagow Coma scale 12 15 14 1.1
Respiratory Rate 25 50 34 49
PaO, (mmHg) 28 95 51.3 12.5
PaCO, (mmHg) 63 125 85 16.4
pH 7.12 7.35 7.27 0.1
HCO, (mmEq/L) 24 60.2 36.2 9.4
Mean IPAP was 14.3 + 2.4 cm of H,O and EPAP Figure 2:Change in pH
was 7.1 £ 1.1 cm of H20. Maximum IPAP used was 20 cm 74 7.38
of HO and EPAP was 8 cm of HO . 78
7.36
The mean SpO, rose from the baseline of 51.3+ ZZ;‘
12.5 mm of Hg to 54.4 + 10.8 mm of Hg and 62.6 + 9.5 mm S "
of Hg at Thour and 24 hours respectively (p <0.05) and 7.28 727 et
mean PaCO, fell from the baseline of 85.1 + 16.5 mm of Hg ;ij
to77.3+14.7 mm of Hg and 64.7 + 13.3 mm of Hg at 1 hour 7:22
and 24 hours respectively (p <0.05) as in figure 1 72
Pre NIV Post NIV 1 hr Post NIV 24hr

The mean pH rose from the baseline of 7.27 + 0.06
to 7.3 +0.07 and 7.38 + 0.07 at 1 hour and 24 hours respec-
tively (p <0.05) as in figure 2.

Figure 1: Change in PaO, & PaCO,
90 85.1
80 77.3
70 64.7
| _ae==T
______ 62.6
__________ -
50 + 54.4
51.3 —-4=-Pa02
o
z —&— PaC02
£
£30
20
10
0
Pre NIV Post NIV 1hr Post NIV 24 hr
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The mean duration of NIV use was 110.2 hours
and mean hospital stay was 15 days. In the study popula-
tion 32 (41%) patients developed complications, most com-
mon being eye irritation 14 (17%). Other complications
include ear pain, skin irritation, hypotension, oronasal

dryness, gastric distension and nasal congestion.

The mean age in NIV Success group was 58.64
yrs whereas that in the NIV Failure group was slightly
higher 62.48yrs and this difference was not statistically
significant (p value 0.066).

The mean BMI in NIV success group was 23.69
and that in the NIV failure group was 21.23 and this

difference was statistically significant (p value 0.001).
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The mean duration of COPD in NIV success
group and NIV failure group were 7 + 3.4 years and
8.7 £ 4.1 years respectively, with a p value of 0.065. The
majority of patients had grade 3 DOE in premorbid state.
Only 3 patients had grade 4 DOE and all of them had

unfavourable outcome (p 0.007).

Another parameter which showed significant
difference between the NIV success group and NIV fail-
ure group was the evidence of infection - mean leucocyte
count and presence of fever. The mean leucocyte count
was 11,175 and 15,224 in NIV success and NIV failure
group respectively (p 0.003). In NIV success group only 6
(11%) patients were febrile whereas in NIV failure group
8 (35%) were febrile (p 0.0011).

The respiratory rate of the patients at time of com-
mencement of NIV in the two groups was compared. It
was found that the mean respiratory rate in the NIV suc-
cess group was 33/minute whereas in the NIV failure group

was 36/minute.

Table 2 :

Pretreatment respiratory rate and blood gas parameters

NIV NIV p
Success|Failure | Value

Respiratory Rate (per minute) | 33 36 0.01
pH 7.28 7.23 0.004
PaO, (mm Hg) 51.8 50.1 0.59
PaCO, (mm Hg) 83.6 88.6 0.22

The ABG parameters at the time of commence-
ment of NIV in the two groups were compared. It was
found that the mean pH was 7.28 and 7.23 in NIV success
group and NIV failure group respectively with the p value
of 0.004, mean PaO, was 51.8mm of Hg and 50.1mm of Hg
in NIV success group and NIV failure group respectively
with the p value of 0.59, and mean PaCO, was 83.6mm of
Hg and 88.6mm of Hg in NIV Success group and NIV Fail-
ure group respectively with the p value of 0.219.

There was no statistically significant correlation
seen between the outcome and smoking score, serum elec-

trolytes and serum albumin.
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Table 3 :

Comparing the pretreatment and post
treatment Blood gas parameters

Std Signifi-

Mean ..
Deviation| cance

Change in PaO, at 1hr 3.12 9.89 0.006

Change in PaO, at 24hrs 10.93 12.06 0.00

Change in PaCO, at 1 hr 7.74 8.24 0.00

Change in PaCO, at 24hrs 19.85 13.71 0.00

Change in pH at 1 hr 0.03 0.037 0.00
Change in pH at 24hrs 0.10 0.068 0.00
Discussion

Non-invasive ventilation is well established treat-
ment option in the management of acute hypercapnic res-
piratory failure in acute exacerbations of COPD. The
present study proved that the use of NIV in patients ad-
mitted for AECOPD with respiratory failure can obviate
the need for intubation. About 80% of patients enrolled in

the study were successfully treated with NIV.

BMLl s a strong independent predictor of mortal-
ity in both stable COPD and acute exacerbation of COPD.
We found that higher the BMI probability of NIV success
was greater. Similar observation was found by Ambrosino
et al"*, who studied the effect of nutrition expressed as %
ideal body weight in NIV outcome in patients with acute

respiratory failure due to COPD.

In contrast to previous studies™ it was observed
that high initial PaCO, had no bearing in the poor out-
come of NIV in COPD acute exacerbation. Thus patients
with initial high PaCO, can be given NIV trial before inva-

sive ventilation.

In stable COPD, the co morbidity burden (usu-
ally measured by Charlson Index) is an established pre-
dictor of mortality *°. In acute exacerbation of COPD, co
morbidities like ischemic heart disease, congestive cardiac
failure, chronic liver disease, chronic renal failure and dia-
betes are liable to decompensate and hence increase mor-
tality. We found no statistical significance in outcome in
relation to the presence of co morbidity. This may be due

to small number of patients in NIV failure group. An-
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other reason may be, because the study was conducted in
an ICU setting, where continuous monitoring and timely
appropriate measures were instituted in case of deteriora-

tion of co morbidities.

Patients with premorbid DOE grade 4 had
unfavourable outcome, which implies that higher degree
of physiological dysfunction during the stable state has
poorer outcome. The presence of corpulmonale, higher
smoking score, longer COPD duration, longer duration of
present exacerbation or Anthonisens class had no bearing
on the outcome in the present study. We found that
evidence of infection viz presence of fever, leucocytosis
had a negative impact on the outcome, similar to previous

studies’®.

The best marker of severity of COPD acute exac-
erbation is the pH which reflects acute deterioration in
alveolar hypoventilation 8. In the present study mean
pH was 7.28 and 7.23 in NIV success group and NIV fail-
ure group respectively which was comparable with the
previous study results. Thus baseline pH is a significant
predictor for successful NIV. This implies the fact that non
invasive mechanical ventilation should be instituted early

in every patient before a severe acidosis ensues.
Conclusion

1. Non invasive ventilation as an early treatment
modality can significantly improve hypercapnia
in acute respiratory failure in COPD, thereby
avoiding the need for invasive mechanical venti-

lation and its complications

2. The factors determining the outcome are baseline

pH, evidence of infection and BMIL
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Abstract

Background : Petrol pump employees are constantly exposed to petroleum vapours and vehicular exhaust. This causes
various health problems, particularly in the lungs. Although studies have been conducted in other parts of the country on
lung function in petrol pump workers, none have been published from Kerala. This study aims at determining whether

these workers in Kerala have any abnormality in pulmonary function.

Objective : To determine whether the pulmonary function (as measured by Forced Expiratory Volume in 6 seconds (FEV)-
% predicted, Forced expiratory volume in first second(FEV,)-%predicted and ratio of FEV, to FEV, (FEV,/ FEV, ratio)) is

different in petrol pump workers as compared to age-sex matched controls in Trivandrum.

Method : Cross sectional study. Study population consisted of 30 petrol pump workers who have been working for more
than one year and 30 age-sex matched individuals from various residential areas in Trivandrum. Height, weight, smoking
index, history of asthma were recorded. The parameters, FEV %-predicted, FEV, %-predicted and the FEV /FEV, ratio were
assessed using a handheld spirometer. The study was conducted from July to October 2013.

Result : Petrol pump workers and controls selected from general population were comparable for height, weight, smoking
index and history of asthma. The median values (with inter quartile range) of FEV %-predicted in petrol pump workers
and general population were 77.5(67-87) and 87(82-91) respectively; of FEV %-predicted were 78 (66-88) and 86 (78.6-89.7)
respectively and FEV,/FEV % were 82.5 (80-87) and 82.5(79-86) respectively. The difference in the median FEV, %-predicted
and FEV %-predicted between petrol pump workers and general population were statistically significant. Proportion of
Petrol pump workers with FEV, %-predicted and FEV %-predicted below 80% and FEV /FEV % below 70% were higher
and the difference in proportions was statistically significant.

Conclusion : Petrol pump workers have a lower lung function in terms of FEV, %-predicted and FEV %-predicted. The
FEV /FEV, ratio was not statistically significantly different between petrol pump workers and general population even

though the proportion with a FEV /FEV, ratio less than 70% was significantly higher in petrol pump workers.
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Introduction

With urbanisation and rapidly increasing num-
ber of automobiles in most of the towns and cities, there is
an increase in air pollution.Health effects of occupational
exposure to petroleum vapours and air pollution from ve-
hicular sources is less explored among petrol pump work-
ers. Petrol or gasoline is a complex combination of hydro-
carbons. 95% of components in petrol vapour are aliphatic
and acyclic compounds and less than 2% are aromatics.

The benzene content of petrol is in the range 1-5%".

Petrol pump is a place where workers are exposed
to both petroleum vapours and the vehicular exhaust. The
combined effects of the two may result in impairment in

pulmonary function.

Petrol pumps in India rather than being self ser-
viced, employ workers, increasing the opportunity for ex-
posure. Long-term exposure to petrol vapour has shown
to affect the different physiological systems in the body.
To meet the present day requirement, there are many petrol
pumps getting established and there is an increased re-
cruitment of workers. Because of the predominant role of
petrol (gasoline) as a motor vehicle fuel, the effects of gaso-

line engine emissions pose even greater problems.

Similar studies have been done in other states of
India, but no studies have been published yet from Kerala.
Since Kerala is a highly literate state, with greater heath
awareness, the authors wanted to determine if the petrol
pump workers in Kerala had any abnormality in their pul-
monary function. The present study attempts to evaluate
the changes in Pulmonary Function Test (PFT) of petrol
pump workers as compared to age and sex matched indi-

viduals in Trivandrum City.

Specific objectives of the study were to determine
whether the following pulmonary function tests - FEV, as
percent of predicted, FEV, as percent of predicted and
FEV,/ FEV, ratio is different in petrol pump workers as
compared to age and sex matched individuals in

Trivandrum.
Materials and Methods

The study was a cross sectional study. Study set-
ting was petrol pumps and residential neighborhoods in
Trivandrum. The study period was from July to October
2013. The sample size was calculated using the formula
for difference in means (with results of similar studies done

previously) and was found to be 13. However, as per the
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statistician’s advice, the sample size was fixed as 30 petrol
pump workers and 30 age-sex matched individuals,
amounting to a total of 60.Petrol pump workers who have
been working for more than one year were included in the
study.Those not willing to give consent were excluded.
Age-sex matched individuals were recruited from various
residential areas in Trivandrum. Departmental ethics clear-
ance was obtained from the Department of Community
Medicine, Trivandrum Medical College as per institutional
ethics committee norms. Verbal informed consent was
obtained from all the participants of the study. Subject con-

fidentiality was ensured.
Data Collection

Study tool used was a handheld portable com-
puterised spirometer. The subjects were familiarised with
the setup and detailed instructions were given. Tests were
performed in a standing position. The subjects were asked
to breathe forcefully following deep inspiration into the
mouthpiece attached to the spirometer. Expiration was
maintained for a minimum period of 6 seconds, at least
three acceptable trials were made and the highest read-
ing obtained was taken for analysis. The absolute values
of Forced Expiratory Volume in six seconds(FEV,) (taken
as surrogate for Forced Vital Capacity), Forced Expiratory
Volume in the first second (FEV,) and FEV /FEV; and the

percentage of predicted for the first two were recorded.

The instrument used was Vitalograph COPD-6,
model 4000. The instrument was validated in the
Trivandrum scenario and Cronbach’s alpha value was
found to be 0.81 and 0.75 for the parameters FEV, and FEV,

when compared to a full spirometer?.
Statistical Analysis

Data was entered into Microsoft Excel and ana-
lyzed using Epilnfo 7 (©CDC Atlanta).Quantitative vari-
ables were expressed as mean (SD) and qualitative vari-
ables as proportions. The ‘percent of predicted” values of
FEV,, FEV, and the absolute values of FEV, / FEV, were
compared between the petrol pump workers and the con-
trols. These variables were tested for significance using
the Kruskal-Wallis H test. The other quantitative variables
like age, height, weight and smoking index were compared
using the student t test and the chi square test was used to
compare qualitative variables (proportions). A p-value of

less than 0.05 was considered significant.
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Results

Petrol pump workers and controls from general
population were found to have no difference in param-
eters like age, sex, height, weight, history of asthma and
smoking and shown to be adequately matched. [Table no
1]. The median percent of predicted values for FEV, and
FEV, were statistically significantly lower in petrol pump
workers as compared to controls whereas the median FEV,/
FEV, ratio was not significantly lower [Table no 2]. Pro-
portions of patients with percent of predicted values for
FEV, and FEV below 80% and FEV /FEV ratio below 70%
which could indicate obstructive lung pattern were deter-
mined. [Table no 3]. Relative risk for Percentage-predicted-
FEV, and Percentage-predicted-FEV6 less than 80% was
1.83 (95%CI 1.1, 3.04) and 2.43 (95%CI 1.49, 3.96) respec-
tively and for proportion of FEV,/FEV  less than 70% was
significant (p value 0.01). Logistic regression was done for
factors associated with low FEV , and low FEV,, includ-
ing age, sex, height, weight, past history of Asthma and

smoking in the models and the adjusted odds were still

Table 2 :

Lung function of petrol pump workers
and general population

Pulmonary Petrol Pump General p
Function parameter| Workers (30) |Population (30) [Value*

FEV,% predicted 78 (66-88) | 86 (78.6-89.7) [0.005
FEV,% predicted | 775 (67-87)| 87 (82:91)|0.003
FEV /FEV % 82.5 (80-87) | 82.5 (79-86)[0.739

* Values in %, expressed as median (Inter-quartile

range)

* Kruskal-Wallis H test

Table 3 :

Proportion of subjects with abnormal

values of lung function parameters

found to be statistically significant. PFT Petrol General p RR
Value Pump [Population| Value* |(95% CI)*
Table 1: Workers (30)
(30)
Baseline Characteristics of petrol pump workers
and general population f)ll::e\illifte d
Baseline Petrol Pump General P <80% 17(56.67%)| 8(26.67%)| 0.018 1.83
Characteristic Workers (30) |[Population (30)| Value (1.1, 3.04)
Age (yrs) 42.27 (+14.68) |40.57(+14.69) | 0.66 FEV %
predicted
Sex (F) 7 (23%) 8 (26%) | 0.77 <80% 17(56.67%)| 4(13.33%) | <0.001 2.43
(1.49, 3.96)
Height (cm) 165.07(+7.45) |165.57(+6.85) | 0.79 FEV
1
Weight (kg) 65.07(+8.79) | 66.72(+6.65) | 0.41 FEV %
<70% 6(20%) 00%)| 0011  |Undefined
History of
asthma (Y) 2 (6%) 13%) | 055 * OR - Relative risk; 95% CI - (95% confidence
interval)
Hist f
' OTy © * Chi square test was used for comparison
smoking(Y) 9 (30%) 6 (20%) | 0.37
Smoking Discussion
Index (pack years) | 0.71(x1.54) [ 0.72(x1.79) | 0.99 Similar studies were conducted in petrol pump

Numerical variables expressed as mean (+ standard
deviation) and categorical variables expressed as

number (%).

Numerical variables tested for significance using
students t test and categorical variables compared

using chi square test.
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workers and general population of Mysore, Kancheepuram,
Delhi and Jammu®*3%. These studies also showed signifi-
cant lowering of PFT values except FEV, /FEV, ratio in
petrol pump workers.We have obtained similar results in
Trivandrum i.e. both the FEV %predicted and FEV % pre-
dicted are significantly lower in petrol pump workers as

compared to the general population but the absolute val-
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ues of FEV /FEV, ratio were not statistically significantly
different in petrol pump workers as compared to controls.
However 20% of petrol pump workers were seen to have
obstructive lung patterni.e. FEV /FEV  ratio <70% whereas
none among the general population had FEV /FEV, ratio
<70%, this difference in proportions was statistically sig-
nificant (p=0.011). This obstructive pattern among the
petrol pump workers (20%) is possibly explainable by the
vehicular exhaust and fumes ”%. Automobile emissions are
known to enhance airway response to inhaled allergens
in suceptible subjects and vehicular fumes can also result
in COPD in such subjects.

Petrol constituents (hydrocarbons) are the source
of exhaust. However petroleum hydrocarbons have been
shown to have a different effect on the lung. They cause
an increase in lung tissue malondialdehyde (MDA), an
index of lipid peroxidation. They also cause decrease in
glutathione content and activities of superoxide dismutase.
Hence a lowering of antioxidant activity is seen. All these
cause oxidative stress which causes loss of cell and tissue
integrity. This could explain the edema and hemorrhagic
necrosis of lung tissue following exposure to petroleum
hydrocarbons. Studies have reported that exposure to pe-
troleum hydrocarbons impairs type Il pneumocytes result-
ing in a decreased production of surfactant and consequent
alveolar collapse, ventilation-perfusion mismatch, and
hypoxemia. This ultimately leads to hemorrhagic alveolitis,
interstitial inflammation, intra-alveolar hemorrhage and
edema, hyperemia, bronchial necrosis, and vascular ne-
crosis which leads to defective lung parenchyma and

causes a restrictive pattern’.

In this study also FEV, and FEV, percentage of
predicted values are statistically significantly lowered.
FEV,/FEV, values did not show any statistically signifi-
cant lowering, even though the porportion of those with
values less than 70% was different between the two
groups.About 20% of petrol pump workers had obstruc-
tive pattern on spirometry. Workers have exposure to ve-
hicle fumes thereby leading to probable COPD.The restric-
tive changes indicate some form of parenchymal lung dam-
age, which needs to be further evaluated. Further tests
including body plethysmography, DLCO measurement
and HRCT in cases with higher degree of restriction, may
provide further information on the pattern of lung dam-
age in these patients and whether these changes indicate
early interstitial lung disease. Such evaluation would also

lead to findings which will lead to providing information
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on safety measures needed for the petrol pump workers.
Recommendations

Obstructive and restrictive lung pattern suggest
that workers may be given protective masks to escape
petrol vapour and vehicular exhausts. However further
studies, as described above need to be done to determine
if dust masks, which provide protection against fine par-
ticulate matter or half/full facepiece gas masks/chemical
cartridge respirators, which filter and clean chemical gases
and particles out of the air, are more appropriate for these
workers!. Periodic health checkups of workers may be
planned to identify those at risk early and provide them
with alternative career options. Also, they can be
educated about additive risk factors (like smoking)
that may aggravate their risk of developing lung
pathologies!.

Limitations

Lung function was measured using a portable
hand held spirometer. The community controls were not
chosen from the same community as that of the petrol
pump workers, so there could be potential confounders.
While a history of Asthma was elicited, detailed clinical
examination for other diseases like COPD or other respi-
ratory illnesses, were not done and other investigations

like a chest skiagram were not obtained.
Conclusion

FEV,%-predicted and FEV %-predicted are sig-
nificantly lower in petrol pump workers compared to age
and sex matched controls whereas FEV, /FEV, ratio was
not significantly lower even though the proportion of those
with FEV /FEV, ratio less than 70% was higher.The pro-
portion of those with subnormal lung function were more
in petrol pump workers and the difference was statisti-
cally significant between the two groups for all three pa-

rameters.
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Radiology Pearl

Rare Presentation of a Common Disease
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This 20 years old male patient was under evaluation in Orthopedic department for arthritis Left knee and Right

wrist. He was referred to Pulmonary Medicine OPD for evaluation of recurrent cough, dyspnoea on exertion grade II and

low grade fever of 1 month duration. Any clue in chest X ray pointing to the diagnosis.
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Answer

Chest X ray showed lytic lesions in lateral end of left clavicle, left 3rd rib posterior end and inferior angle of left

scapula.

X Ray PA - close up focusing lesion

AP view- clearly delineate lesion

On evaluation Tuberculin test was positive with an induration of 18 mm and ESR was 110 mm in 1 hr. CT Thorax
confirmed lytic lesion in left 3rd rib, scapula and clavicle with random nodules bilateral upper lobes, ground glass opacity
and paraaortic lymphadenopathy. Synovial biopsy from Left knee joint revealed granuloma and synovial fluid AFB culture
(BACTEC) showed growth of tubercle bacilli. Patient was diagnosed to have disseminated tuberculosis and was started on

anti-tuberculosis treatment. There was good response to treatment.
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Abstract

A 62 year old smoker on evaluation of polyuria was detected to have central diabetes insipidus. On detailed workup he was
diagnosed to have a mass lesion in the lung, although he did not report as having any respiratory symptoms. Further
workup confirmed the diagnosis of Non Small Cell Lung Cancer (Adenocarcinoma). An extensive metastatic workup was
done which revealed that apart from the loco-regional spread, the only extra thoracic metastasis was to the posterior
pituitary. This is a very rare presentation of an isolated secondary malignant deposit of adenocarcinoma of lung to the
posterior pituitary.

Key words : Diabetes Insipidus, Bronchogenic Carcinoma

Introduction

Diabetes insipidus is a very rare presentation of
lung cancer. Herein we present the case of a 62 year old
smoker, who presented with polyuria, and on evaluation
was found to have central diabetes insipidus due to me-
tastasis to the posterior pituitary from a non-small cell lung
cancer from the right upper lobe of the lung. There are
two unique features in this case: the only metastatic de-
posit outside the thoracic cavity was in the pituitary and
despite having a mass in the lung, he was totally asymp-
tomatic. This case is being reported to highlight these two
aspects. To the best of our knowledge no similar case has

been reported in the literature.
Case Report

A 62 yr old man presented to the urology OP of
our hospital with symptoms of polyuria and increased
thirst of two months duration. He had normal renal func-
tions, electrolytes and a stag horn calculus in the right kid-

ney revealed by tests done from outside. The post void
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residual urine was 80ml. He was referred to the endocri-
nologist for further evaluation. There was no history of
diabetes mellitus, systemic hypertension or psychiatricill-
ness. He was a smoker (20 pack years) and used to take
alcohol three days a week. There was no history of head
ache or visual symptoms. There were no symptoms per-

taining to any other system.

On examination he was euvolumic. General ex-
amination did not reveal any abnormality. His pulse rate
was 76/minute and the blood pressure was 140/90 mmHg.
There was no goiter. His cardiovascular and respiratory
systems were normal on examination. Abdomen was soft,
no mass was palpable. Neurological examination was also
normal. There were no visual defects. Basic investigations
including complete blood count, urine and stool examina-
tion, hepatic and renal parameters were normal. TSH, so-
dium, potassium, calcium, phosphorus, and bicarbonate
were also normal. The urine specific gravity was normal.
Urine osmolarity was 105 milli osmol/kg of water. Serum

osmolarity was 296m osm/kg water. In view of the pres-
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ence of a stag horn calculus, a nephrogenic diabetes in-
sipidus was considered as the clinical probability and hy-
drochlorothiazide was started at a dose of 12.5 mg and
later increased to 25mg/day. He was followed up in the
endocrinology clinic. He was asked to measure the intake

of fluids and urine volume at home.

After two weeks of hydrochlorothiazide therapy,
he was still symptomatic with polyuria and polydipsia per-
sisting. His blood pressure was 120/84 mmHg. Serum so-
dium was 146mmol/L. In view of the persisting polyuria
he was admitted for reassessment, and considering cen-
tral diabetes insipidus as a possibility, a water deprivation
test was planned. (Tablel). He was admitted in the evening
of the day before the test and fluid intake was avoided
from midnight to promote overnight dehydration.

(Fig 1). The pituitary was also bulky. The bright spot was
missing. There was also an altered tissue signal intensity

of the posterior pituitary.

Fig 1 : Magnetic resonance Imaging showing thickening

of the pituitary stalk and absence of the bright spot

(Arrow head).
Table 1:
12 am 8 am 9 am 10 am 11 am 12 pm 1pm 2 pm
Wt 73 70 70 72 72 72 74 74
BP 140/80 130/80 130/90 130//80 120/70 120/70 120/70 126/70
Urine Output (ml) 200 80 100 500 300 50 200 100
Urine osmol 139 305 295 327 557 591 -
Serum osmol 296 304 - 316 - - - -
Serum Na 136 150 - 150 151 148 146 141

The urine output was 2030 ml between 12 am and
8 am on that day, without any fluid intake which resulted
in hypertonic dehydration. In the morning he complained
of extreme thirst, with weight loss of ~2% but remained
hemodynamically stable. Investigations revealed hyper-
tonic dehydration (Serum Na of 150 mmol/L, Serum os-
molarity of 316 milliosmol/Kg of water), with dilute urine
(osmolarity of 295 milliosmol/Kg of water). After confir-
mation of the presence of hypertonic dehydration, he was
given injection Argenine Vasopressin (AVP): 5 units sub-
cutaneously at 10:20 am and there was resultant rise of
urine osmolarity of approximately 100%. This established
the diagnosis of central diabetes insipidus. He was started
on DDAVP nasal spray 1 puff (10 micro grams) twice daily,
after which his symptoms and urine output dramatically
improved and reached normal. Magnetic resonance im-

aging of the brain revealed thickening of the pituitary stalk
128

Fig 2: Chest X Ray PA view showing

a mass lesion in the right upper lobe
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He was worked up for all possible causes of cen-
tral diabetes insipidus. A chest X Ray PA view (Fig 2) re-
vealed the presence of a mass lesion in the right upper
lobe although he denied having any symptom pertaining
to the respiratory system. 3 consecutive smears for acid-
fast bacilli were negative as were 5 consecutive smears for
malignant cells in sputum. A tuberculin test was done
which did not show any induration after 48 hours of ad-
ministration. Further workup included thoracic imaging
by a Computerised Tomogram, which in addition to the
right upper lobe mass, showed the presence of multiple

mediastinal nodes and ipsilateral pleural effusion (Fig 3

Fig 3: CT thorax showing the presence of a

right upper lobe mass and pleural effusion

He underwent a flexible bronchoscopy, which did
not show any intraluminal pathology. Specimen obtained
from bronchial brushings and broncho-alveolar lavage
(BAL) from the right upper lobe were all negative for ma-
lignant cells and acid fast bacilli. A transbronchial biopsy
was attempted from the right upper lobe bronchus but
yielded only normal lung tissue. Transbronchial needle
aspiration was attempted from two sites — right lower
paratracheal (Station 4) and sub-carinal lymph nodes (sta-
tion 7). The material obtained from these sites showed
presence of occasional atypical cells. A pleural tap was
done, which yielded about 15 ml of hemorrhagic fluid,
which satisfied the criteria for an exudative effusion (pro-
tein 5.5g%, sugar 90mg%). Pleural fluid cytology revealed
the presence of adenocarcinoma cells (Fig 4). Immunohis-
tochemistry with TTF1 was done on the cell block prepared
from the sediments of pleural fluid after centrifuging. TTF-

1 (Thyroid transcription factor-1) is a highly specific
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marker for primary pulmonary adenocarcinoma and thy-
roid malignancy. TTF1 was strongly positive on the cell-
block sections. As there was no features of thyroid malig-
nancy even after detailed evaluation the primary in our
patient should be from the lungs. A final diagnosis of Non
Small Cell Lung Cancer with posterior pituitary metasta-
sis producing central diabetes insipidus was made. A com-
plete metastatic work up was done including bone scan
and abdomen scan, which did not show the presence of
any metastatic deposit elsewhere. He was referred to Re-
gional cancer Centre, Trivandrum for further management.
He was started on whole brain radiation and was advised
chemotherapy. Within a week, he developed intense
breathlessness and was found to have developed a mas-
sive right sided pleural effusion. The fluid was drained
using an intercostal drain and subsequently pleurodesis
was done using bleomycin. He was then started on che-
motherapy with carboplatin and gemcitabine. Two months
later on follow up he has shown significant improvement
in terms of reduction of polyuria and breathlessness.

Fig 4: Pleural fluid cytology showing presence of

adenocarcinoma cells (May Grunwald Giemsa, 40X)
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7 Fig 5: Immunohistochemistry on pleural fluid cell block
showing Thyroid Transcription Factor-1 (TTF-1)

positivity (20X)
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Discussion

Tumour metastasis to the pituitary gland is a very
rare phenomenon in systemic malignancy'. It has been
documented in 1 - 3.6% of patients with malignancy?.
Breast cancer and lung cancer are the most common ma-
lignancies that are described to metastazise to the pitu-
itary. In lung cancer, it is the Non small cell lung cancer
(NSCLC) that has a propensity to metastzise to the pitu-
itary®. Metastasis are more frequently seen in the poste-
rior pituitary than anterior and this posterior localization
is attributed to the fact that the posterior lobe receives di-
rect blood supply from the systemic circulation, whereas
the anterior lobe is supplied by the hypophysial portal

system®.

Pituitary metastasis are usually asymptomatic,
and symptoms are seen in only less than 10% cases*. Pa-
tients usually remain asymptomatic since they die from
advanced complications of the primary neoplasm. Most
common symptoms include diabetes insipidus, headache,
visual defects, ophthalmoplegia, retro-orbital pain and
anterior hypopituitarism. Of these the most frequent pre-
sentation is with diabetes insipidus since the posterior pi-
tuitary is predominantly involved' . The incidence of me-
tastasis producing diabetes insipidus is 5-14% °. In con-
trast, diabetes insipidus is seen only in 1-2% of patients
with pituitary adenoma and this forms an important cri-
terion to distinguish between these two®. Involvement of
posterior pituitary is usually seen as part of disseminated
disease and patients usually have evidence of metastasis
elsewhere, in particular osseous metastasis by the time they

develop diabetes insipidus.

Magnetic Resonance Imaging (MRI) along with
clinical findings forms the basis of diagnosing pituitary
metastasis. MRI also helps to differentiate metastasis from
adenomas. Radiological features suggestive of metastasis
include (a) Thickening of the pituitary stalk (b) loss of a
high intensity signal from the posterior pituitary (c)
isointensity on T1 and T2 weighted MRI images (d) inva-
sion of the cavernous sinus and (e) sclerotic changes

around the sella tursica?.

Treatment options for patients with pituitary

metastasis include surgical resection, chemotherapy and
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radiotherapy?®. There is no difference in survival between
surgical and non-surgical treatment. The overall progno-
sis is poor since the primary tumour is very aggressive
and mean survival time is usually 6-7 months depending

on the primary tumour™.

In our case, there are two distinct standout fea-
tures. Firstly, although the patient had a mass lesion in
the lung, he surprisingly did not have any symptom per-
taining to that at all. Secondly, apart from spread to adja-
cent mediastinal nodes and to the pleura, the only other
area to where the tumour had metastasized was to the
posterior pituitary. There were no bony or intra-abdomi-
nal metastatic deposits. To our knowledge, no such case
has been documented in literature. Also no cases of lung
carcinoma with posterior pituitary metastasis have been
reported from India till date. All these features make our

case very unique indeed.
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A forty nine year old female housewife, presented
to us with cough, dyspnoea on exertion, right sided chest
pain, dysphagia of 3 weeks duration and hemoptysis of 5
days duration. Her complaints started as cough, which was
productive with moderate amount of mucoid sputum, with
no postural or diurnal variation. She had dyspnoea, which
was grade 2 in severity and non progressive with right sided
continuous, dull aching type of pain which gets radiated to
back of upper chest. She found it difficult to swallow lig-
uids more than solids for the past 3 weeks. She was having
hemoptysis, about 30 ml of blood with clots for the initial 2
days and later became streaky. She did not give any history
of fever, loss of weight, hematemesis, melena, hoarseness
of voice or stridor. She had history of pulmonary tuberculo-
sis 20 years back, for which she took anti-tuberculosis treat-
ment. She also gave history of allergic symptoms with re-
current respiratory tract infections for the last 15 years, with
1 episode of hemoptysis 10 months back. There was no pre-
vious history of diabetes mellitus, hypertension or coronary

artery disease.

On examination, she was moderately built and
nourished, vitals were stable. On respiratory system ex-
amination, there was tracheal deviation to right side with
apex beat in normal position, increased tactile vocal fremi-
tus over right supraclavicular, infraclavicular and supras-
capular areas, with an impaired note on percussion, in-
creased vocal resonance and a bronchial breath sound
heard over above said areas. Other system examination

was within normal limits.

Her routine blood investigations showed a hemo-
globin of 9.8 gm% , with a raised ESR of 62mm/hr. Her spu-
tum AFB was negative and Tuberculin skin test with 5 TU
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was non-reactive. Chest X-ray revealed a homogenous opac-
ity in the right upper zone with well-defined upper, lateral
and lower borders and medial border not clearly demar-
cated (fig 1) with an air-crescent. So we suspected cavity
with fungal ball and proceeded with CT Thorax, which
showed bronchiectasis in anterior basal segment of left up-
per lobe and posterior segment of right upper lobe, dilated
esophagus in the upper thoracic region and right apical fi-
brosis — post tuberculosis sequelae (fig 2). In view of her
dysphagia, a barium swallow X ray was obtained, which
revealed a wide-mouthed traction diverticuli with air-fluid
level arising from posterolateral wall of esophagus, which
is seen to fill with orally administered contrast, from the
level of T1 to T4 vertebra. Contrast is seen to empty par-
tially. No evidence of free spillage into tracheobronchial tree,

pleural space and mediastinum (Fig 3).

Fig 1: Chest Xray
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Fig 5 & 6 : CT Thorax

We proceeded with a gastrosurgery consultation
and was advised conservative management only. So we
came to a final diagnosis of bilateral bronchiectasis — sec-
ondary infection, right apical fibrosis, traction diverticuli
esophagus, post tubercular sequelae. She was managed
with antibiotics, bronchodilators and other supportive
measures. She responded to the treatment and got dis-

charged after 1 week.
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Discussion

A diverticulum is a sac or pouch arising from a
tubular organ. An out pouching of mucosa through mus-
cular layer of esophagus is known as esophageal diver-

ticulum. It can be classified into

¢ Congenital / acquired.

e True/ false

* Pharyngoesophageal / midesophageal/ epiphrenic
Acquired diverticulum

Pulsion : Due to high intraluminal pressures against weak-
ness in the GI tract wall leading to herniation of mucosa
through defects in muscular layer. It is a false diverticu-

lum.
Eg :Zenker’s diverticulum

Traction : Due to pulling forces on the outside of esopha-
gus from an adjacent inflammatory process. It is a true

diverticulum.
Eg: TB, Histoplasmosis.
Mid esophageal diverticulum

Also known as Parabronchial diverticulum. It was
first described in 19th century. Historically inflamed me-
diastinal lymphnodes from an infection with TB accounted
for most cases. Most common in the middle 1/3rd of tho-
racic esophagus. Other causes include histoplasmosis,
fibrosing mediastinitis. Resultant desmoplastic reaction in
para-esophageal tissue causes full thickness pinching on
esophageal wall, producing a conical, broad-mouthed true
diverticulum. It often project to right side because
subcarinal lymph nodes in this area are closely associated
with right anterior wall of esophagus and because of over
abundance of structures in mid thoracic region of left chest.
This type is commonly seen in middle aged adults and
elderly. Dysphagia, postural regurgitation, belching,
retrosternal pain, heartburn and epigastric pain are the
usual symptoms. Pulmonary symptoms include mild noc-

turnal cough to life threatening massive aspiration.
Diagnostic Evaluation

o It includes Chest X ray, Barium esophagogram, CT
Thorax, Esophagocopy and Manometry.

0 It is an incidental finding in routine imaging stud-
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ies. Chest X-ray and CT thorax may show air —filled
& / or fluid-filled structures communicating with
esophagus. CT thorax also helps to identify medias-
tinal lymphadenopathy and may help to localize
the sac. Barium radiography is the diagnostic pro-
cedure of choice. Esophagoscopy is done to rule out
mucosal abnormalities, including cancer and iden-
tifying a fistula. Manometry helps in identifying a

primary motor disorder.

Management

Determining cause is critical. Asymptomatic with
inflamed mediastinal lymph nodes from Tuberculo-
sis/Histoplasmosis needs treatment with Anti tuber-
culous treatment/ Antifungal agents. If the size is
<2cm, observation is the rule. If symptomatic or

size = 2cm, we may go for surgical intervention. The

Pulmon, Vol. 16, Issue 3, Sep - Dec 2014

options include-Diverticulopexy / Diverticulectomy

/ Long esophagomyotomy.
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Lung Nodules with a Saddle nose-A happy ending to a stormy course
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Introduction

Granulomatosis with polyangiitis (GPA), for-
merly known as Wegener's granulomatosis (WG), is a sys-
temic disorder that involves both granulomatosis and
polyangiitis. It is a form of vasculitis that affects small-
and medium-size vessels in many organs. Here we report
a case of a middle aged female who presented to us with
cough, fever and dyspnoea on exertion and was diagnosed

with Wegener’s granulomatosis
Case Report

A 50 year old female, housewife, diabetic on oral
hypoglycaemic agents presented to our department with
complaints of cough with scanty mucoid expectoration,
intermittent low grade fever of 2 months duration and
insidious onset, progressive grade I to grade II dyspnoea
on exertion(DOE) of 1 month duration. There was associ-
ated myalgia and eye pain and redness. She had loss of
appetite with no documented loss of weight. Past history
revealed history of recurrent episodes of mucopurulent
discharge from nose with 2 episodes of epistaxis for the
last 6 years. Recurrent episodes of eye pain and redness

were present since lyear, the recent episode since 1 month.

On examination she was moderately built and
nourished. There was no pallor, icterus, cyanosis, clubbing,
lymphadenopathy, pedal oedema or elevated JVD, afebrile
with stable vitals. Both eyes showed conjunctival conges-

tion with thinned sclera and a bluish hue with developing
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staphyloma (Figure 1). On auscultation, bilateral fine mid
to late inspiratory crackles in mammary, infra axillary and

infra scapular areas were heard.

Her CXR (Figure 2) revealed bilateral nodular
shadow predominantly in right mid and lower zone with
both hemidiaphragms at same level. Her hemogram
showed leucocytosis-12200/cumm, hemoglobin- 12.1gm%
with elevated ESR 120/1st hr. She was referred to our de-
partment with a contrast enhanced computerised
tomography(CECT) thorax (Figure 3) which showed bi-
lateral nodules in the middle and lower lobes with feed-
ing vessel sign, with no pleural effusion or mediastinal
adenopathy and was referred as a case of angioinvasive

metastasis/ septic emboli.

Patient was admitted and started on parenteral
antibiotics, and she was worked up for connective tissue
disorder and sarcoidosis. An opthalmology and ENT
opinion were obtained and CT Paranasal sinus (PNS) was
ordered. Her Antinuclear antibody (ANA) and Creatine
phosphokinase (CPK) were negative, Rheumatoid factor
was borderline elevated (47IU/mL), serum calcium -
8.4mg/dl, serum Angiotensin converting enzyme(ACE)-
65U/L. There was no evidence of proteinuria, with nor-
mal renal function tests (RFT) and liver function tests (LFT).
She could not raise phlegm for testing and her mantoux
was 22 mm. Her DLco was 56.9ml/min/mm Hg. Fiberoptic
bronchoscopy showed normal bronchial tree and
transbronchial lung biopsy(TBLB) was done from Right

lower lobe basal segments.
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Figure 1 : Episcleritis with staphyloma

Figure 2 : Chest X ray showing
multiple nodular shadows

Figure 3 : CECT Thorax-Lung window

Pulmon, Vol. 16, Issue 3, Sep - Dec 2014

Figure 4 : CT Paranasal sinus

Ultrasound abdomen was within normal limits.
Ophthalmologist suggested the possibility of connective
tissue disorder in view of recurrent episcleritis. CT PNS
(Figure 4) showed bilateral maxillary sinus polyps with
sinusitis, bilateral frontal sinusitis and hypoplastic nasal
bone. She had noticed her nasal deformity (Figure 5) for
the last one and a half years.

Her recurrent episcleritis, pan sinusitis and
nasal deformities with nodular shadows in the lung
prompted us to do an ANCA evaluation. The reports re-
vealed a positive c- ANCA (6.37u/ml) and negative p
ANCA(1.93u/ml). TBLB showed lymphocyte infiltrate with
no definite granuloma. The otolaryngologist did a Direct
nasal endoscopy which showed irregular granulation like
area in the posterosuperior part of nasal septal mucosa,
with histopathology of the biopsy specimen revealing

granulomatous inflammation.

Our patient who had nasal mucosa ulcers, saddle
nose deformity, bilateral sinusitis with nasal polyp, scleri-
tis, bilateral lung nodules with granulomatous inflamma-
tion on nasal mucosa biopsy and positive ¢ ANCA was
diagnosed to have Wegeners granulomatosis. As there was
life threatening organ involvement in the form of vision

impairment it was a severe form.

As she had severe life threatening disease, she
was started on high dose steroids, Cotrimoxazole 960 mg
OD thrice a week and pulse Cyclophosphamide infusion
was suggested. Dramatically as the patient was being hy-
drated for cyclophosphamide infusion she collapsed in the
ward with bradycardia and hypotension. Noting an el-
evated JVP with no increase in the distribution of crackles
a right heart infarction was clinically diagnosed with the
Electrocardiogram (ECG) showing inferior wall myocar-
dial infarction (IWMI) with Right Ventricular Infarction
and Complete heart block (CHB). All emergency and sup-
portive treatment was started and in view of a short win-
dow period, she was immediately considered for primary

Percutanous transluminal coronary angioplasty(PTCA) by
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the cardiologists. A coronary angiogram showed mid to-
tal occlusion of Right coronary artery(RCA) and PTCA was
done with Bare metal stent (BMS). Post procedure period
was uneventful, with normal sinus rthythm in ECG. Con-
sidering vasculitis as a precipitant for coronary stenosis,
she was given Pulse cyclophosphamide therapy along with
Prednisolone from the cardiology department. Thereafter
patient was discharged with dual antiplatelets, Methotr-
exate and Prednisolone with a final diagnosis of Severe
Wegeners Granulomatosis, Acute coronary syndrome- ST
elevation Myocardial infarction- IW with CHB and Type
II Diabetes Mellitus.

Patient was under our follow up, Prednisolone
was tapered after 6 months and she is presently on main-
tenance dose Prednisolone. Patient improved symptom-
atically and radiologically with disappearance of the nod-

ules completely on follow up skiagrams.

Figure 5 : Saddle nose deformity

Discussion

Wegener’s granulomatosis is a distinct clinico-
pathological entity characterised by granulomatous vas-
culitis of upper and lower respiratory tract together with
glomerulonephritis. It is the most common pulmonary
vasculitidis with an estimated prevalence of 3 in 1,00,000
and with a male to female ratio of 1:1. Mean age of onset is

40 years.
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Lung involvement typically appear as multiple
bilateral nodular cavitating infiltrates which on biopsy
reveal typical necrotising granulomatous vasculitis’.
Immunopathogenesis is not clear; however it is proposed
to be due to an abnormal cell mediated immune response
to an exogenous or even endogenous antigen that enters

through or resides in the upper airway.
Clinical manifestations

Involvement of upper airway occurs in 95% of
patients. They often present with severe upper respira-
tory tract findings such as paranasal sinus pain, tender-
ness and purulent or bloody nasal discharge, with or with-
out nasal mucosal ulceration. Nasal septal perforation may

follow leading to saddle nose deformity.

Pulmonary involvement may be manifested as
asymptomatic infiltrates or as cough, hemoptysis, dysp-
noea and chest discomfort. Endobronchial disease may

lead to obstruction with atelectasis.

Eye involvement may range from conjunctivitis
to dacryocystitis, episcleritis, scleritis and retroorbital mass

lesions.

Renal disease may occur as either mild glomeru-
litis with proteinuria, hematuria and red blood cell casts
or as rapidly progressive renal failure. Skin and cardiac

manifestations are also seen.

Lab findings include
Elevated ESR
Mild anaemia and leukocytosis
Mild hypergammaglobulinemia
Slightly elevated rheumatoid factor
Elevated c ANCA

ACR Criteria for classification?
1. Nasal or oral inflammation
2. Abnormal chest Xray
3. Active urinary sediment
4. Granulomatous inflammation on biopsy

Two or more of these if present is suggestive of

Wegener’s granulomtosis.
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cANCA have been detected in more than 90%
patients with active generalised WG and in 40 to 70 % with

active regional WG®.
Treatment

Oral cyclophosphamide (2 mg/kg/day) and pred-
nisolone is the initial treatment of choice for Wegener’s
granulomatosis. By 3 to 6 months, assuming complete re-
mission is achieved, azathioprine or methotrexate can be
substituted for cyclophosphamide. Treatment should be
continued for a minimum of 12 to 18 months. Relapse can

be treated with cyclophosphamide and prednisolone.

Pulmon, Vol. 16, Issue 3, Sep - Dec 2014

References

1. Longo DL,Fauci AS. The Vasculitis Syndromes.
Harrison’s Principle of Internal Medicine. 18th
Edition. The McGraw-Hill Companies

2. Leavitt RY, Fauci AS, Bloch DA, et al. The Ameri-
can college of rheumatology 1990. Criteria for the
classification of Wegener’s granulomatosis. Ar-
thritis Rheum.1990;33(8);1101-7

3. Alfred P.Fishman, Jack A.Elias, et al. Alveolar
Hemorrhage Syndromes. Fishman’s Pulmonary
Diseases and Disorders. 4th edition. The McGraw-

Hill Companies

137



GUIDELINES FOR AUTHORS

The merit of the publication lies in its quality and
content. Contributions are invited on any aspect of
Pulmonary and critical care medicine. Articles are accepted
on the basis of significance, scientific perfection and practical
applicability. Authors are requested to base their papers
on the basis of original work carried out by themselves
or their groups. Manuscripts should not be submitted to
more than one journal at a time.

All articles are subjected to a peer review process.
Each article is assessed blindly by one or more referees
depending on the manuscript type and comments sent
back to the authors for revision as required. The Editor’s
decision is final on accepting or rejecting an article.

The types of articles published in the journal are as
follows

1. Editorials
. Reports of original research
. Critical reviews

. Meta analysis

2
3
4
5. Case reports (series) with discussions
6. Radiology pearls
7. Educational forum
8. Letters to editor
Manuslcripts should be submitted by e-mail or CD
in MS Word addressed to,
Dr. Suraj K.P.
The Editor-in-Chief, Pulmon,
Professor, Dept. of Pulmonary Medicine,
Govt. Medical College, Kozhikode, Kerala, 673008.
Ph. 9447445135
E mail: drsurajkp@yahoo.com
Requirements for submission of manuscript

Presentation of manuscripts should conform with
the Uniform Requirements for Manuscripts Submitted to
Biomedical Journals (see Ann Intern Med 1997;126:36-47).

The manuscript should be accompanied by

1. Covering letter

2. Undertaking by authors

3. Copyright transfer agreement form.
Covering Letter

The covering letter should explain why the paper
should be published in the Pulmon. One of the authors
could be identified as the corresponding author of the
paper, who will bear the responsibility of the contents of
the paper. The name, address, and telephone number of
the corresponding author should be provided for all future
communication related with the publication of the article.
The letter should give any additional information that
may be helpful to the editor, such as the type of article
and whether the author(s) would be willing to meet the

138

cost of reproducing color illustrations.
Undertaking by Author(s)

Itis necessary that all the authors give an undertaking
(in the format specified by the journal) indicating their
consent to be co-authors in the sequence indicated on the
title page. Each author should give his or her names as
well as the address and designation current at the time
the work was done, plus a current address for
correspondence including telephone and fax numbers and
email address. A senior author may sign the Undertaking
by Authors for a junior author who has left the institution
and whose whereabouts are not known and take the
responsibility. (Format for submission of undertaking is
provided at the end of the session.)

Copyright Transfer Agreemnet

Author(s) will be asked to sign a transfer of copyright
agreement, which recognizes the common interest that
both journal and author(s) have in the protection of
copyright. It will also allow us to tackle copyright
infringements ourselves without having to go back to authors
each time. (Format for submission of copyright is provided
at the end of the session.)

Manuscript

Manuscripts should be presented in as concise a form
as possible, typewritten in double space and numbered
consecutively. The contents should be arranged in the
following order:

Title page, Abstract, Key words, Introduction,
Material & Methods, Results, Discussion, Summary,
Acknowledgement and References. Abstract, Tables and
legends for Figures should be typed on separate sheets
and not in continuation of the main text. Figures and
Photographs should be presented in JPEG or GIF format.

Title Page

The title page should carry 1) the title of the article,
2) the name by which each author is known, with his or
her highest academic degree and institutional affiliation,
3) the name of the department(s) and institution(s) to which
the work should be attributed; 4) disclaimers, if any; 5)
the name and address of the author responsible for
correspondence and to whom requests for reprints should
be addressed; 6) source(s) of support in the form of grants,
equipment, drugs, or all of these.

Title of the article should be short, continuous (broken
or hyphenated titles are not acceptable) and yet sufficiently
descriptive and informative so as to be useful in indexing
and information retrieval. A short running title not.

exceeding 6-7 words to be provided at the foot of
the title page.

Abstract

All manuscripts should have a structured abstract
(not more than 250 words) with subheadings of Background

Pulmon, Vol. 16, Issue 3, Sep - Dec 2014



& objectives, Methods, Results ,Interpretation and
Conclusions.Abstract should be brief and indicate the scope
and significant results of the paper. It should only highlight
the principal findings and conclusions so that it can be
used by abstracting services without modification.
Conclusions and recommendations not found in the text
of the articles should not be inserted in the abstract. A set
of suitable key words arranged alphabetically may be
provided.

Introduction

Introduction should be brief and state precisely the
scope of the paper. Review of the literature should be
restricted to reasons for undertaking the present study
and provide only the most essential background.

Material & Methods

The procedures adopted should be explicitly stated
to enable other workers to reproduce the results, if necessary.
New methods may be described in sufficient detail and
indicating their limitations. While reporting experiments
on human subjects and animals, it should be clearly
mentioned that procedures followed are in accordance
with the ethical standards laid down by the national bodies
or organizations of the particular country. Scanned certificate
of ethical clearance should be provided along with
manuscript manuscripts in relevant context. The drugs
and chemicals used should be precisely identified, including
generic name(s), dosage(s) and route(s) of administration.

The statistical analysis done and statistical significance
of the findings when appropriate should be mentioned.
Unless absolutely necessary for a clear understanding of
the article, detailed description of statistical treatment may
be avoided.

Results

Only such data as are essential for understanding
the discussion and main conclusions emerging from the
study should be included. The data should be arranged
in unified and coherent sequence so that the report develops
clearly and logically. Data presented in tables and figures
should not be repeated in the text. Only important
observations need to be emphasized or summarised. The
same data should not be presented both in tabular and
graphic forms. Interpretation of the data should be taken
up only under the Discussion and not under Results.

Discussion

The discussion should deal with the interpretation
of results without repeating information already presented
under Results. It should relate new findings to the known
ones and include logical deductions. It should also mention
any weaknesses of the study.

Summary and conclusions

The summary should provide a brief account of most
the relevant observations and conclusions based on the
observed data only. This should be linked with the objectives
of the study. Statements and conclusions not supported

Pulmon, Vol. 16, Issue 3, Sep - Dec 2014

by the data should be avoided. Claims of ongoing studies
should also be avoided.

Acknowledgment

Acknowledgment should be brief and made for specific
scientific/technical assistance and financial support only
and not for providing routine departmental facilities and
encouragement or for help in the preparation of the
manuscripts (including typing or secretarial assistance).

References

References should be typed on separate page after
the text. The total number of References should normally
be restricted to a maximum of 30. They should be numbered
consecutively in the order in which they are first mentioned
in the text. In the text they should be indicated above the
line (superior). As far as possible avoid mentioning names
of author(s) in the text. Identify references in text, tables,
and legends by Arabic numerals in parentheses. References
cited only in tables or figure or legends should be numbered
in accordance with the sequence in which they appear in
the manuscript.

Style of citing references

Use the style of the examples below. The titles of
journals should be abbreviated according to the style used
in Index Medicus. Avoid using abstracts as references.
References of papers accepted but not yet published should
be designated as ? in press or ? forthcoming. Authors should
obtain written permission to cite such papers as well as
verification that they have been accepted for publication.
Information from manuscripts submitted but not accepted
should be cited in the text as ? unpublished observations
with written permission from the source.

Avoid citing a personal communication, unless it
provides essential information not available from a public
source, in which case the name of the person and date of
communication should be cited in parentheses in the text.
For scientific articles, authors should obtain written
permission and confirmation of accuracy from the source
of a personal communication. Please refer http://
wwwicmje.org for further details.

All references must be verified by the author(s) against
the original documents.

1. Standard Journal article

List the first six authors followed by et al. The usual
style is surname followed by initials as shown below

Vega K], Pina I, Krevsky B. Heart transplanation is
associated with an increased risk for pancreatobiliary disease.
Ann Intern Med 1996; 124:980-3.

2. Organization as author

The Cardiac Society of Australia and NewZealand.
Clinical exercise stress testing. Safety and performance
guidelines. Med | Aust 1996; 124:282-4.

3.Books and other Monographs

139



Ringsven MK, Bond D. Gerontology and leadership
skills for nurses. 2nd ed. Albany (NY): Delmar Publishers;
1996.

4. Editor(s), compiler(s) as author

Norman IJ, Redfern SJ. editors. Mental health care
for elderly people. New York: Churchill Livingstone; 1996.

5. Chapter in a book

Philips SJ, Whisnant JP Hypertension and stroke.
In: Laragh JH, Brenner BM, editors. Hypertension:
pathophysiology, diagnosis, and management. 2nd ed.
New York: Raven Press;1995.p.465-78.

6. Unpublished Material In press

LeshnerAl. Molecular mechanisms of cocaine
addiction. N Engl ] Med. In Press 1996.

7. Journal article in electronic format

Morse SS. Factors in the emergence of infectious
diseases.Emerge Infect Dis [serial online] 1995 Jan-Mar
(cited 1996 Jun 5); 1 (1): [24 screens]. Available from: URL:
http://wwwcdc.gov/ncidod/EID/eid . htm.

Tables

Type each table with double spacing on a separate
sheet of paper. Do not submit tables as photographs. Number
the tables consecutively (in Arabic numerals) in the order
of their first citation in the text and supply a brief title
for each. Give each column a short or abbreviated heading.
Place explanatory matter as footnotes, and not in the heading.
For footnotes use the following symbols, in this sequence:
*t,~,§ 11, ~[, ** tt, ~~. Explain in footnotes all abbreviations
that are used in each table.

Illustrations (Figures)

Figures should be either professionally drawn and
photographed, or submitted as photographic-quality digital
prints. For x-ray films, scans, and other diagnostic images,
as well as pictures of pathology specimens or
photomicrographs, send sharp, glossy, black-and-white
or color photographic prints, usually 127 x 173 mm (5 x
7 inches).

Letters, numbers, and symbols on figures should be
clear and consistent throughout, and large enough to remain
legible when the figure is reduced for publication.
Photomicrographs should have internal scale markers.

Symbols, arrows, or letters used in photomicrographs
should contrast with the background.

Figures should be numbered consecutively according
to the order in which they have been cited in the text.
Titles and explanations should be provided in the legendsnot
on the illustrations themselves. Each figure should have

140

a label pasted on its back indicating the number of the
figure and the running title. Do not write on the back
of figures, scratch, or mark them by using paper clips.

Legends for Illustrations (Figures)

Type or print out legends for illustrations using double
spacing, starting on a separate page, with Arabic numerals
corresponding to the illustrations. When symbols, arrows,
numbers, or letters are used to identify parts of the
illustrations, identify and explain each one clearly in
the legend. Explain the internal scale and identify the
method of staining in photomicrographs.

If a figure has been published previously,
acknowledge the original source and submit written
permission from the copyright holder to reproduce the
figure. Photographs of potentially identifiable people must
be accompanied by written permission to use the
photograph.

Color printing requires additional cost that will be
communicated to the author.

An electronic version of the figures in JPEG or GIF
should be provided for web version. The authors should
review the images of such files on a computer screen before
submitting them to be sure they meet their own quality
standards.

Units of Measurements

Measurements of length, height, weight, and volume
should be reported in metric units (meter, kilogram, or
liter) or their decimal multiples. Temperatures should be
given in degrees Celsius. Blood pressures should be given
in millimeters of mercury. All hematologic and clinical
chemistry measurements should be reported in the metric
system in terms of the International System of Unts (SI).
Editors may request that alternative or non-SI units be
added by the authors before publication.

Abbreviations and Symbols

Use only standard abbreviations. Avoid abbreviations
in the title and abstract. The full term for which an
abbreviation stands should precede its first use in the
text unless it is a standard unit of measurements.

Proofs and reprints

Authors of accepted articles are supplied printer’s
proofs either by post or through e-mail. Corrections on
the proof should be restricted to printer’s errors only and
no substantial additions/deletions should be made. No
change in the names of the authors is permissible at the
proof stage. Reprints up to 10 would be supplied as per
request of the corresponding author.

Pulmon, Vol. 16, Issue 3, Sep - Dec 2014



UNDERTAKING BY AUTHORS

We, the undersigned, give an undertaking to the following effect with regard to our article entitled “................c.............

...................................................................................... submitted for publication in Pulmon, the journal of Respiratory

Sciences.

1. The article mentioned above has not been published or submitted to or accepted for publication in any form,

in any other journal.

2. We also vouchsafe that the authorship of this article will not be contested by anyone whose name(s) is/are not

listed by us here.

3. I/We declare that I/We contributed significantly towards the research study i.e., (a) conception, design and/or
analysis and interpretation of data and to (b) drafting the article or revising it critically for important intellectual content

and on (c) final approval of the version to be published.

4. I/We hereby acknowledge the journal’s conflict of interest policy requirement to scrupulously avoid direct and
indirect conflicts of interest and, accordingly, hereby agree to promptly inform the editor or editor’s designee of any
business, commercial, or other proprietary support, relationships, or interests that I/We may have which relate directly

or indirectly to the subject of the work.

5. I/We also agree to the authorship of the article in the following sequence:-

Authors” Names (in sequence) Signature of Authors

Pulmon, Vol. 16, Issue 3, Sep - Dec 2014 141



Copyright Transfer Agreement Form

This document must be signed by all authors and submitted with the manuscript.
COPYRIGHT TRANSFER AGREEMENT

Pulmon, the Journal of Respiratory Sciences is published in 3 issues a year by the Academy of Pulmonary and CriticalC

are Medicine.

The Pulmon and Authors hereby agree as follows: In consideration of Pulmon reviewing and editing the following

described work for first publication on an exclusive basis:
Title of ManUSCIIPt: ......ooviiiiiiii

The undersigned author(s) hereby assigns, conveys, and otherwise transfers all rights, title, interest, and copyright
ownership of said work for publication. Work includes the material submitted for publication and any other related
material submitted to Pulmon. In the event that Pulmon does not publish said work, the author(s) will be so notified

and all rights assigned hereunder will revert to the author(s).

The assignment of rights to Pulmon includes but is not expressly limited to rights to edit, publish, reproduce, distribute
copies, include in indexes or search databases in print, electronic, or other media, whether or not in use at the time
of execution of this agreement, and claim copyright in said work throughout the world for the full duration of the

copyright and any renewals or extensions thereof.

All accepted works become the property of Pulmon and may not be published elsewhere without prior written permission
from Pulmon. The author(s) hereby represents and warrants that they are sole author(s) of the work, that all authors
have participated in and agree with the content and conclusions of the work, that the work is original, and does not
infringe upon any copyright, propriety, or personal right of any third party, and that no part of it nor any work based

on substantially similar data has been submitted to another publication.

Authors” Names (in sequence) Signature of Authors

142 Pulmon, Vol. 16, Issue 3, Sep - Dec 2014



	PULMON Sep Dec Front Cover
	Page 1
	Page 2

	PULMON Setting SEP - DEC 2014



