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We live in an era where “Evidence Based Medicine” is
the new mantra.  “Anecdotal Medicine” as the practice
of medicine based on experience or observations is
referred to, has become an unfashionable term and is
frowned upon as quaint and unscientific. Today
everything in medicine is acceptable only if it is evidence-
based. This has resulted in a situation where data
presented in a statistically skillful manner may make huge
changes in the way we practice. For example if there is
evidence that giving Aspirin to people with diabetes results
in reduced risk of heart disease, it actually means that a
small percentage of people who receive this treatment
will benefit, but since we have no mechanism of assessing
which patient with diabetes will benefit, we end up in a
situation where we recommend that all people with
diabetes should be on Aspirin. Due to this trend, many
patients end up getting a long list of medications each of
which has evidence of benefit in a certain percentage of
users, but may or may not be beneficial for the specific
patient under consideration.

One day a man was walking down a street, when a friend
called out to him and told him that he had seen his father
lying dead in the next street. The man immediately went
to the nearby bookshop and scanned all the newspapers
and found no mention of his father’s death in any of
them. He concluded that since there was no mention in
print of his friend’s observation that his father was dead,
his friend must be wrong. This same analogue applies to
medicine as well. We all believe that any thing that is
printed in journals or textbooks is true and also that
anything which is not in the books is false. But anyone
with common sense and experience of life knows that
what one sees and hears is as true as what one reads and
learns.

The other aspect of evidence-based medicine is that many
of the drug-trials are pharmasponsored and by their very
nature, are biased. Since doctors are now very focused on
“evidence”, the pharma companies have become very
adept at providing us with evidence that will wilt under
close scientific scrutiny.

The plus side of evidence-based medicine is that doctors
are now better read and the way we practice can be
justified on scientific grounds. The practice of medicine
has become more scientific and organized. Protocol driven
management has made things more systematic and
introduced a degree of uniformity in practice, which
didn’t exist before. But what we need is hard, cold facts
to be combined with the warmth of our experience and a
proper understanding of how best to apply the evidence
to the individual patient in front of us for the betterment
of his health.
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SPIRITUAL MESSAGE

Although sadly forgotten by us most of the time, the
frailty of the human body is clearly seen almost every
day by those who work in the medical profession. Amma
tries to remind us that, “These bodies of ours are not
eternal. They can perish at any moment. Try to remember
that we are born as human beings to experience our true
nature as consciousness, the hidden source and support
of our mind.”

Although the modern world tells us that there is no
particular goal in life except material happiness, the wise
sages of ancient India, after much reflection, conceived
of human life as a place to make gradual efforts towards
the goal of directly experiencing consciousness as one’s
true self. Even though many physicians perform surgery,
none so far have either found or seen that principle of
consciousness in the physical body. This doesn’t mean
that it doesn’t exist, but only that it must be looked for
where it truly is and with the proper instrument. Amma
says that it must be sought within the mind, by the mind.
Humans are uniquely endowed with the capacity to di-
rectly experience consciousness as it is, thereby resulting
in the highest satisfaction and peace.

If, in addition to our “normal” life, we are fortunate
enough to feel an urge to pursue a path leading to this
experience, we need a “plan of action” or a “flow chart.”
Fortunately, Amma has given us some practical guide-
lines, which can and should be followed at the different
stages of our life. She says,

“Parents should start explaining spiritual ideas to chil-
dren at an early age. They should learn to respect their
elders by rising when elders enter the room, sitting down
only after they take their seat, answering them politely,
obeying their instructions, and refraining from making
fun of them or answering them loudly or in a contrary
way. They should learn prayers, listen to spiritual stories,
do yogasanas, meditation and japa, and engage in seva,
apart from their secular studies. Even if they acquire bad
habits when they grow up, these good impressions which
are dormant in their subconscious mind will bring them
back to the right path in due course.”

After growing up, most of us will desire to have a
spouse and children, wealth and position, comforts and
possessions. The spiritual practices that we learned as
children should be continued. Destructive passions such
as anger and jealousy are to be gradually reduced, but
not so gradually that nothing at all is done about them!
This is the stage of life where there are plenty of opportu-
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nities for self-improvement. As they say, there are no
problems, only opportunities.

If one sincerely follows the instructions in this “user
manual,” eventually one will feel a strong sense of de-
tachment from worldly affairs and an urgency to prepare
to meet one’s Maker. As Amma says,

“Once the children are grown up and are able to take
care of themselves, husband and wife should lead a purely
spiritual life, working for their spiritual improvement by
engaging in meditation, japa and selfless service. If we
spend the remainder of our lives in sadhana, the accumu-
lated spiritual power will help both us and the world.
Therefore, cultivate the habit of withdrawing the mind
from countless worldly subjects and turn it totally to-
wards God.”

For many of us, the idea of eventually spending all
our time in spiritual pursuits might seem very difficult if
not impossible to do, and this might be so. In fact, very
few indeed would be willing to sign on the dotted line!
However, there is a saving grace, some “small print” at
the bottom of this contract. It reads,

“There are many ways to reach Me, and all are equally
acceptable in My eyes. Try your best and leave the rest to
Me.”

Some of history’s greatest souls were just ordinary
people like most of us. By living at home but, constantly
making efforts to improve themselves, they experienced
the same high state of consciousness that a sincere sannyasi
does. Listen to this story.

There once was a hermit who lived high up on a
mountain-side in a tiny cave. His food was roots and
berries, a bit of bread given by a shepherd, or some milk
brought by a woman who wanted his prayers. His only
work was praying and thinking about God. For forty years
he lived so, praying for the people, comforting them in
their troubles, and most of all, worshipping in his heart.
There was just one thing he cared about - to make his
mind so pure and perfect that it could behold God.

One day, he had a great longing to know how far
along he had got with his work, how it looked to the
Lord. So he prayed that he might be shown someone whose
spirituality was neither more or less than his own. As he
looked up from his prayer, a white-robed angel stood
before him. The hermit bowed before the messenger with
great awe and happiness; for he knew that his wish was
answered. “Go to the nearest town,’’ the angel said,
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“where there is a small farm where two women live. In
them you will find two souls like your own.”

When the hermit came to the door of the little farm,
the two women who lived there were overjoyed to see
him, for everyone loved and honoured the hermit. They
put a chair for him on the porch and brought food and
drink. But the hermit was too eager to wait. He longed
greatly to know what the souls of the two women were
like, and from their looks he could see only that they
were gentle and honest. One was old, and the other of
middle age.

Presently he asked them about their lives. They told
him the little there was to tell. They had worked hard
always, in the fields with their husbands, or in the house;
they had many children; they had seen hard times, sick-
ness and sorrow, but they had never despaired.

“But what of your good deeds,’’ the hermit asked,
“what have you done for God?’’

“Very little,’’ they said, sadly, for they were too poor
to give much. To be sure, twice every year, during har-
vest time, they gave some rice to their poorer neighbors.

“That is very good,’’ the hermit said. “And is there
any other good deed you have done?’’

“Nothing,” said the older woman, “unless, unless —
it might be called a good deed.” She looked at the younger
woman, who smiled back at her.

“What?’’ said the hermit.
Still the woman hesitated; but at last she said, tim-

idly, “It is not much to tell, only this, that it is twenty
years since my sister-in-law and I came to live together
in this house; we have brought up our families here. And
in all the twenty years there has never been an angry word
between us, or a look that was less than kind.’’

The hermit bent his head before the two women and
gave thanks in his heart. “If my soul is as these,” he said,
“I am blessed indeed.”

A great light suddenly came into the hermit’s mind,
and he saw how many ways there are of spiritual practice
and serving God. Some go to churches, temples, or
mosques, and some live in ashrams or caves, praying and
meditating. Some poor souls who had been very wicked,
turn from their evilness with great sorrow, and serve Him
with remorse. Some live faithfully and gently in humble
homes, working, bringing up children, staying kind and
cheerful. And some bear pain patiently, for His sake.
Endless, endless ways there are that only the Lord sees.
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INTRODUCTION
The global disease profile is chang-

ing at an astonishingly fast rate
especially in low and middle-income
countries. The looming epidemics of
obesity, cardiovascular disease (CVD)
and diabetes form the center stage of
this transformation. Worldwide, obe-
sity in children and adults has become
a massive epidemic1. Obesity is an
independent risk factor for CVD. Obe-
sity is associated with an increased risk
of morbidity and mortality as well as
reduced life expectancy. Health ser-
vice use and medical costs associated
with obesity and related diseases have
risen dramatically in recent times2.

For children and adolescents, over-
weight and obesity are defined using
age and sex specific normograms for
Body Mass Index (BMI). Children
whose body mass index that exceeds
the age-gender-specific 95th percentile
are defined obese. Those whose BMI
is between the 85th and 95th percentiles
are overweight and are at increased risk
for obesity related co-morbidities3. This
article focuses on epidemiology, etio-
pathogenesis, comorbidities, preven-
tion and treatment of obesity in chil-
dren and adolescents.

EPIDEMIOLOGY
The prevalence of obesity in chil-

dren is increasing worldwide. In 2003,
the International Obesity Task Force
reported that worldwide 1 out of 10
child, aged 5-17 years, is overweight
or obese1. Of the countries suffering
from childhood obesity, England tops
the list. In England, between 1974 and
2003, among children aged 5-10 years

the prevalence of obesity increased
from 1.8% to 6.0% in boys and from
1.3% to 6.6% in girls4. A similar ten-
dency was reported in Australia, where
between 1985 and 1995 the preva-
lence of obesity among children aged
7-15 years increased 4.6-fold among
girls and 3.4-fold among boys5. Asian
countries are not immune to this phe-
nomenon. For example, in China, the
prevalence of overweight and obesity
among children aged 7-9 years in-
creased from 1-2% in 1985 to 17%
among girls and 25% among boys in
20006. In addition, obesity prevalence
varies across socioeconomic strata. In
developed countries, children of low
socioeconomic status are more affected
than their affluent counterparts4,7. The
opposite is observed in developing
countries: children of the upper socio-
economic strata are more likely than
poor children to be obese8,9. Limited
data is available from India regarding
current trends in childhood obesity.
An unpublished study conducted in
24,000 school children in South India
showed that the proportion of over-
weight children increased from 4.94%
of the total students in 2003 to 6.57%
in 200510. Differences in overweight
and overweight trends also occur by
social class and by ethnic groups,
emphasizing the importance of non-
genetic variables7,11,12.

ETIOPATHOGENESIS OF
CHILDHOOD OBESITY

Etiopathogenesis of childhood obe-
sity is multifactorial. Interactions
between genetic, neuroendocrine,
metabolic, psychological, environ-
mental and sociocultural factors are
clearly evident in childhood obesity.

GENE MUTATIONS AND
OBESITY

Naturally occurring single and poly-
genic gene mutations producing
obesity are known in rodents like mice
and rats. The prototypic obese mice
with single gene defects are the obese
(ob/ob, Lepob) and diabetes (db/db,
Leprdb) autosomal recessive mutations.
These mutations produce phenotypes
of severe hyperphagia, obesity, type 2
diabetes, defective thermogenesis, and
infertility. The mutant gene responsible
for the phenotype in Lepob mice en-
codes a protein termed leptin, which
is deficient in these animals3. Leptin
deficiency has been documented in
subsets of human obesity. Severe early-
onset human obesity caused by a
mutant leptin receptor has also been
identified. In the fatty (fat/fat) mouse,
the recessively inherited mutation
causes hyperinsulinemia without hy-
perglycemia and postpubertal obesity
that is less severe than that seen in ob/
ob or db/db mice. The yellow muta-
tion of agouti mice is a dominant trait
that causes yellow coat color, obesity,
and diabetes3. The polygenic mouse
models of obesity closely resemble the
human obesity phenotypes than single
gene models and have mutations that
influence obesity, plasma cholesterol
levels, body fat distribution, and pro-
pensity toward development of obesity
on a high-fat diet.

Genetic conditions known to be
associated with predilection for obe-
sity include Prader-Willi syndrome,
Bardet-Biedl syndrome, and Cohen
syndrome. It has been observed that
obesity has a familial tendency. For
young children, if one parent is obese,
the odds ratio is approximately 3 for
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obesity in adulthood, but if both parents are obese, the
odds ratio increases to more than 10. Before 3 years of
age, parental obesity is a stronger predictor of obesity in
adulthood than the child’s weight status13.

NEUROENDOCRINOLOGY OF
ENERGY METABOLISM

Food intake and energy expenditure is controlled by
complex neuroendocrine interactions. The hormone leptin
is an important component of this complex system. Leptin
is made almost exclusively in adipose tissue and acts
centrally in the hypothalamus. Low plasma concentra-
tions of leptin and insulin (e.g., during fasting and weight
loss) increase food intake and decrease energy expendi-
ture by stimulating neuropeptide Y (NPY) synthesis, and
perhaps by inhibiting sympathetic activity and other cata-
bolic pathways3. High leptin and insulin concentrations
(e.g., during feeding and weight gain) decrease food in-
take and increase energy expenditure through release of
melanocortin and corticotropin-releasing hormone (CRH),
among others. The major peptides that stimulate feeding
are orexins A and B, which are secreted by the hypo-
thalamus, and ghrelin, which is secreted by the stomach3.

VITAL PERIODS IN
DEVELOPMENT OF OBESITY

There are vital periods of development for excessive
weight gain. Intrauterine influences play a major role in
the genesis of obesity by influencing proportions of fat
and lean body mass, central nervous system appetite con-
trol, and pancreatic structure and function.
Epidemiological studies have demonstrated a direct affir-
mative relationship between birth weight and BMI
attained in later life14. In addition, lower birth weight for
gestational age has been associated with later risk for
more central deposition of fat, which also confers in-
creased cardiovascular risk. Rapid weight gain during
infancy is also associated with obesity later in childhood15.

The combination of lower birth weight and higher at-
tained BMI is most robustly associated with later CVD
risk16.

Extent and period of breastfeeding have been found to
be inversely associated with risk of obesity in later child-
hood17-20. The normal tendency during early puberty for
insulin resistance may be a natural cofactor for unwar-
ranted weight gain as well as various comorbidities of
obesity21. Early menarche is clearly associated with ex-
tent of obesity, with a twofold increase in rate of early
menarche associated with BMI greater than the 85th per-
centile22. The risk of obesity persisting into adulthood is
higher among obese adolescents than among younger chil-
dren13. Observations suggest that up to 80% of overweight
adolescents will become obese adults23.

ENVIRONMENTAL RISK
FACTORS FOR OBESITY

Environmental risk factors for overweight and obesity,
including family and parental issues, are numerous and
complicated. Poor cognitive stimulation in the home and
low socioeconomic status predicts development of obe-
sity24. Parental food choices influence child food
preferences25, and degree of parental adiposity is a marker
for children’s fat preferences26. Children and adolescents
of lower socioeconomic status have been reported to be
less likely to eat fruits and vegetables and to have a higher
intake of total and saturated fat27-29. Early rebound of the
BMI is associated with an augmented risk of higher BMI
in adulthood. A recent study links early rebound of BMI
to glucose intolerance and diabetes in adults30.

SOCIETAL CHANGES AND OBESITY
Widespread and intense societal changes during the

last several decades have contributed to childhood obe-
sity. Leisure activity is ever more sedentary and there has

Table 1: Adverse Outcomes in Childhood Obesity

Metabolic Type 2 diabetes mellitus, impaired glucose tolerance
Metabolic syndrome, hyper insulinism

Cardiovascular Dyslipidemia, atherosclerosis
Hypertension, left ventricular hypertrophy

Psychological Depression, poor quality of life
Orthopedic Slipped capital femoral epiphysis

Blount’s disease, osteoarthritis
Neurological Pseudotumor cerebri
Hepatic Nonalcoholic steatohepatitis, gall bladder disease
Pulmonary Obstructive sleep apnea, asthma (exacerbation)
Renal Proteinuria, FSGS
Malignancy Of ovary, breast, colon
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been a decrease in frequency and duration of physical
activities of daily living for children31. The results of a
randomized trial to decrease television viewing for school-
aged children has provided the strongest evidence to
support the role of limiting television in prevention of
obesity32.

COMORBIDITIES RELATED TO OBESITY
Obesity is associated with a number of comorbidities

in adolescents and children. Table 1 presents common
comorbid conditions related to obesity in adolescents and
children.

METABOLIC SYNDROME
Metabolic syndrome is a cluster of traits that include

acanthosis nigricans, hyperinsulinemia, obesity, hyper-
tension, and hyperlipidemia33. Metabolic syndrome is
becoming common among children and adolescents and
its prevalence increases directly with the degree of obe-
sity. Each component of the syndrome worsens with
increasing obesity – an association that is independent
of age, sex, and pubertal status34. The prevalence of the
metabolic syndrome in adolescents is 4%, but it increases
to 30% to 50% in overweight children34,35. The initiating
event of the syndrome appears to be obesity leading to
excess insulin production, which later leads to insulin
resistance. Insulin resistance leads to increased hepatic
synthesis of very-low-density lipoprotein, resistance of
the action of insulin on lipoprotein lipase in peripheral
tissues, enhanced cholesterol synthesis, increased high-
density lipoprotein degradation, increased sympathetic
activity, proliferation of vascular smooth muscle cells,
and increased formation and decreased reduction of
plaque. The metabolic syndrome significantly influences
cardiovascular disease risk in young individuals. Berenson
et al36 demonstrated a striking increase in the extent of
coronary atherosclerotic lesions with obesity and an in-
creasing number of metabolic syndrome risk factors in
young individuals. The significant adverse effect of wors-
ening obesity on each component of the metabolic
syndrome, underscores the deleterious effect of increas-
ing BMI in this age group.

TYPE 2 DIABETES MELLITUS
The development of type 2 diabetes in obese adoles-

cents has been well-documented37. Predictions imply that
obesity driven type 2 diabetes might become the most
common form of newly diagnosed diabetes in adoles-
cent youth within 10 years38. There is strong evidence
suggesting a global spread of type 2 diabetes in child-
hood39. Evidence is emerging of an increase in type 2
diabetes among urban Indian children as well40. Type 2
diabetes mellitus had been primarily a disease of adult-
hood; however, type 2 diabetes now occurs in adolescents
typically with a BMI >30 kg/m223. Various studies dem-

onstrate increased risk of nephropathy41,42 and retinopa-
thy43 compared to young people with type 1 diabetes,
whilst recent data indicate early signs of cardiovascular
disease in youth with type 2 diabetes44. The rapid in-
crease in the incidence of type 2 diabetes points towards
emergence of an epidemic of advanced cardiovascular
disease due to the synergistic effects of other components
of the metabolic syndrome, as well as chronic low-grade
inflammation, as obese adolescents become obese young
adults.

CARDIOVASCULAR ABNORMALITIES
It is well recognized that obesity substantially con-

tributes to morbidity and mortality from cardiovascular
disease across ages.  Obesity may affect the heart through
its influence on known risk factors such as dyslipidemia,
hypertension, glucose intolerance, inflammatory mark-
ers, obstructive sleep apnea/hypoventilation, and the
prothrombotic state, as well as through yet unrecognized
mechanisms. Landmark studies like Bogalusa and
Muscatine have demonstrated that obesity during child-
hood and adolescence is a determinant of a number of
cardiovascular risk factors36,45,46. One study conducted on
children and adolescents have shown that lean body mass,
fat mass, and systolic blood pressure were independently
associated with left ventricular mass, which is a strong
independent predictor of coronary heart disease, stroke,
and sudden death in adults47. Obstructive sleep apnea, a
cardiovascular risk factor is also associated with obesity
in children and adults48. As a whole, obesity predisposes
or is associated with numerous cardiac complications
such as coronary heart disease, heart failure, and sudden
death through its impact on the cardiovascular system.

PSYCHOSOCIAL ABNORMALITIES
Psychosocial abnormalities are closely associated with

obesity in children and adolescents. In a study by Pine,
et al49 adults who had been diagnosed with clinically
defined major depression during their youth had a greater
BMI than adults who did not suffer from depression dur-
ing their youth. In another study, Goodman et al50

demonstrated that depression scores were highest in the
children with the greatest increase in BMI. Observations
point to the fact that obese children have smaller friend
circles with the relationships being peripheral and iso-
lated. Obesity related psychological issues have been
shown to be associated with an increase in both suicidal
ideation and number of suicide attempts in youth51.

MEDICAL EVALUATION OF
COMORBIDITIES

All children and adolescents who are overweight re-
quire a detailed medical examination for identifying
potential Comorbidities. A standard protocol is presented
in Table 2.
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PREVENTION OF OBESITY
The ideal preventive strategy for obesity is to prevent

children with a normal, desirable BMI from becoming
overweight or obese. Preventive strategies should start as
early as newborn period. Both initiation and duration of
breast-feeding may reduce the risk of later overweight52.
A reasonable goal for preschool interventions would be
to aim toward weight gain of 1.0 kg/2 cm of growth.
This rate of gain from preschool age (3 to 4 years) on-
ward predicted desirable weight at 8 to 9 years of age,
whereas a gain of 1.8 kg/2 cm predicted obesity at el-
ementary school age53. The important role of healthful
behaviors has increasingly been documented. Behavior
modifications should focus on increasing consumption
of fruits, vegetables and fiber-containing grain products,
avoidance of high calorie/high fat food items, increasing
daily physical activity, and limiting sedentary time.

Interventions that include classroom and physical
education sessions, changes in school meals, vending
machines, and cafeterias, and after-school programs, can
increase physical activity and improve dietary patterns in
children and adolescents54,55. One recent study has em-
phasized reducing television, videotape/DVD, and video
game use32. There are also successful examples of physi-
cal education interventions designed with higher-intensity
or more motivating activities, specifically endurance train-
ing56 and popular dance57. Exposure to various media is
critical. A substantial proportion of the advertising on
children’s television promotes food, and there is a direct

relationship between television viewing and obesity58.
Reducing television viewing has reduced weight gain and
the prevalence of obesity in experimental trials32,59. It has
been hypothesized that television promotes obesity
through the consumption of food while watching televi-
sion, the consumption of foods advertised on television,
or reduced physical activity58,60,61.

TREATMENT OF OBESITY
In treating children with overweight and obesity, the

immediate goal is to bring down the rate of weight gain,
followed by a period of weight maintenance and finally
weight reduction to improve BMI. Children 2 to 4 years
old who are overweight or obese will achieve reductions
in BMI percentile by achieving a rate of weight gain < 1
kg/2 cm of height gain. Older Children who are obese
without comorbidities may achieve BMI percentile re-
ductions to below overweight cut-offs with BMI
maintenance. Children who are obese with comorbidities
require an aggressive approach to bring in weight loss in
concurrence with other treatment strategies. A gradual
weight loss is preferred because it is achievable and more
easily sustained giving long-term benefits. Older adoles-
cents who have completed linear growth and have a BMI
>30 kg/m2 require more aggressive weight loss similar
to that for adults62. The principles for the treatment of
obesity can be summarized as follows:
1. Establish individual treatment goals and approaches

on a case-to-case basis.
2. Ensure family involvement through out the treatment

period.

Table 2: Medical Evaluation of a Child or an Adolescent Who Is Overweight

Evaluation of growth: Normal growth (especially height) makes metabolic or genetic form of overweight less likely
Family history of premature coronary heart disease, dyslipidemia, diabetes
Diet history, history of smoking
History of sleep-disordered breathing
Assessment of physical activity and sedentary behaviour
Psychiatric assessment
History of irregular menstrual periods, acne, and hirsutism in adolescent girls
(evidence of polycystic ovarian syndrome).
Skin disorders like intertrigo, monilial dermatitis, acne and acanthosis nigricans.
Blood pressure measurement (multiple readings with attention to proper cuff size)
Physical assessment for orthopedic abnormalities
Urine analysis, fasting lipid profile, Serum uric acid, C-Reactive Protein,
Fasting glucose, fasting insulin, HbA1c level
Liver function tests, thyroid function tests
Renal function tests (if hypertension is present)
Abdominal USG (for fatty liver, ovarian cysts)
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3. Provide regular assessment and ensure follow up com-
pliance.

4. Provide attention to behavioral, psychological, and
social factors in the treatment plan.

5. Provide situations that can be implemented within
the subject’s environment.

DIETARY MANAGEMENT

Dietary management should aim to provide appropri-
ate calorie intake and optimum nutrition. Due emphasis
should be given to developing and sustaining healthy
eating patterns. A standard protocol is to recommend a
fat intake of 30% to 40% kcal in children 1 to 3 years
old, with a reduction to 25% to 35% in children 4 to 18
years old; a carbohydrate intake of 45% to 65% kcal in
all children and adults; and protein intakes of 5% to 20%
kcal in children 1 to 3 years old with gradual increase to
10% to 30% kcal in children 4 to 18 years old63. Care
should be taken to provide adequate nutrition by offering
a variety of foods that are low in saturated fat (<10%
kcal), total fat (H”30% kcal), and cholesterol (<300 mg/
d); promoting age-appropriate serving sizes including >5
servings of fruit and vegetables, >3 servings of milk or
dairy products, and >6 servings of whole-grain and grain
products per day as well as consuming adequate amounts
of dietary fiber (age in years + 5 g/d)23. Limiting the
intake of salt (<6 g/d) and sugar is also important 64.

Every child who is either overweight or obese will
have unique caloric requirements making individualiz-
ing the dietary intervention important. Due emphasis
should be given to reduction of eat outs, planning for
healthy snacks, balanced diet, adequate intake of fruits
and vegetables, fiber content of diet and avoidance of
high calorie/ high fat foods.

BMI Status Classification Treatment Goal
<85th percentile Normal weight for height Maintain BMI percentile to prevent future obesity
85th–95th percentile Overweight Maintain BMI to reduce BMI to <85th percentile when

age increases; if BMI >25kg/m2, weight maintenance
>95th percentile Obese Weight maintenance (younger children) or gradual

weight loss (adolescents) to reduce BMI percentile
>30 kg/m2 Adult obesity range Gradual weight loss (1–2 kg/mo) to achieve healthier

BMI
Obesity with comorbidity Gradual weight loss (1–2 kg/mo) to achieve healthier

BMI; treatment of comorbidities

*See Table 2.

Table 3: Treatment  Strategies for Sub groups

>95th percentile
and comorbidity
present*

PHYSICAL ACTIVITY
Moderate intensity regular physical activity is essen-

tial for the prevention of overweight and obesity as well
as for treatment of the same. The current recommenda-
tion for the amount of physical activity is 30 to 60 minutes
of regular exercise23 for a minimum of 5 days per week.
Longer periods (more than 30 minutes) of moderate in-
tensity exercises like brisk walking burn more fat as
calories and are excellent for reducing body fat 65. Chil-
dren should be prescribed physical activity that is
interesting, practical and has a social element. Involving
other members of the family in the exercise program and
supervising the activity on a regular basis will improve
compliance.

RESTRICTION OF SEDENTARY ACTIVITY
Any physical activity intervention will be successful

only if sedentary habits are restricted or avoided. Chil-
dren and adolescents typically indulge in sedentary activity
like watching TV, sitting in front of computers and video
games. Every hour of sedentary activity (measured as sit-
ting index) increases the chance of obesity and is also
contributory to failure of many weight reduction attempts
in adolescents and children. A complementary approach
to a successful weight loss intervention is to restrict the
sedentary activity to less than two hours per day66.

PHARMACOLOGICAL TREATMENT
Data supporting the use of pharmacological therapy

for pediatric overweight are limited and inconclusive67.
Sibutramine, a serotonin non-adrenaline reuptake inhibi-
tor enhances satiety and has been shown to be effective
in treating obesity. This drug may be associated with side
effects including increases in heart rate and blood pres-
sure68. Orlistat, which is a pancreatic lipase inhibitor,
acts by increasing fecal fat loss. It is approved for use in
adolescence but is associated with gastrointestinal side
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effects and requires fat-soluble vitamin supplementation
and monitoring69,70. For rare genetic and metabolic disor-
ders, pharmacological treatment may be useful. For
example, recombinant leptin is useful in hereditary leptin
deficiency. Octreotide may be useful in hypothalamic
obesity71. Metformin has been used in insulin-resistant
children and adolescents who are overweight, but long-
term follow up data is lacking72.

SURGICAL TREATMENT
Many cases of severe adolescent obesity with or with-

out co morbidities warrant aggressive approaches including
surgical treatment. The bariatric procedures include gas-
tric bypass, gastric binding and vertical banded
gastroplasty. Indications for surgery used include a BMI
>40 kg/m2 and severe associated comorbidities, such as
obstructive sleep apnea, type 2 diabetes mellitus, and
pseudotumor cerebri. More severe elevation of BMI
(>50kg/m2) may be an indication for surgical treatment
in the presence of less severe comorbidities23. An experi-
enced team approach including comprehensive medical
and psychological evaluation is critical73. Surgical therapy
should only be advised for full-grown adolescents with
the severest obesity-related morbidity.

SUMMARY
Obesity in adolescents and children has risen to sig-

nificant levels globally including developing countries
with serious public health consequences. In addition to
cardiovascular, emotional and social issues, it poses se-
rious threat to the basic health care delivery system of
developing and under developed countries. Unless this
massive epidemic is contained in the near future, the
implications of this global phenomenon on future gen-
erations will be disastrous. The reversibility of this disease
by proper interventions, should be seen as an opportu-
nity and all efforts to avert this catastrophe  duly attempted
for the sake of generations to come.
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PRACTICAL APPROACH

Hypercoagulable StatesHypercoagulable StatesHypercoagulable StatesHypercoagulable StatesHypercoagulable States

Hypercoagulable states can be de-
fined as a group of inherited or
acquired conditions that are associ-
ated with a predisposition to venous
thrombosis.

The concept of a “state of hyper-
coagulability” dates back to 1854,
when German pathologist Rudolph
Virchow postulated that thrombosis
results from three interrelated factors:
(1) “decreased blood flow” (venous
stasis); (2) “inflammation of or near
the blood vessels” (vascular endothe-
lial injury); and (3) “intrinsic
alterations in the nature of the blood
itself.” These “blood changes” alluded
to in “Virchow’s triad” have become
what are contemporarily known as
“hypercoagulable states,” or
“thrombophilias.”

R. Rajat, D.S. Shaishav, K.P. Gireeshkumar

Dept. of  General Medicine, AIMS, Kochi.

Patients with hypercoagulable states
are at greater risk for developing a
thrombotic event than those without
such disorders, not all persons with a
well-defined hypercoagulable state
will develop an overt thrombosis and
not all persons with thrombosis have
an identifiable hypercoagulable state.

This chapter will focus on the most
common hypercoagulable states and
their association with Venous Throm-
boembolism (VTE).

THE ANTICOAGULANT
SYSTEM

The function of the natural antico-
agulant system is to confine a normal
hemostatic plug to the site of vessel
wall injury and to prevent the benefi-
cial thrombus from propagating to form

a pathologic thrombus, which occludes
the lumen of the vessel or embolizes
to occlude distant vessels. The recog-
nized anticoagulant components of this
system include Antithrombin III, Pro-
tein C, and Protein S. The antico-
agulant system is activated in parallel
with the procoagulant system. Protein
C is a circulating vitamin K-dependent
zymogen, which is activated to APC
(Activated Protein C), the active en-
zyme, by the thrombin- thrombo-
modulin complex. APC functions as a
natural anticoagulant by inactivating
(via proteolysis) procoagulant factors
Va and VIIIa in the presence of Protein
S. Antithrombin III is a Serine Protease
inhibitor (SERPIN) and acts as a
pseudosubstrate to irreversibly inhibit
thrombin by covalently binding the

Table 1: Classification of Hypercoagulable Conditions

Primary (inherited)
Antithrombin deficiency
Protein C deficiency
Protein S deficiencyFactor V Leiden (resulting in
APC* resistance)
Prothrombin 20210 mutation Hyperhomocystinemia
Elevated factor VIII levels Dysfibrinogenemia
Factor XII deficiency
Disorders of plasmin generation

*APC, activated protein C.

Secondary (acquired)
Pregnancy
Immobility
Trauma
Postoperative state
Use of oral contraceptives, estrogen,  tamoxifen
Antiphospholipid antibody syndrome
Hyperhomocystinemia
Other disease states·

1. Malignancy
2. Nephrotic syndrome
3. Myeloproliferative disorders
4. Congestive heart failure
5. Heparin-induced thrombocytopenia

with thrombosis Paroxysmal nocturnal
hemoglobinuria

6. Behçet’s disease
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thrombin enzymatic active site. The rate of thrombin in-
hibition by Antithrombin III is increased markedly by
glycosaminoglycans (e.g. heparin).

Familial reductions in plasma Antithrombin III, Pro-
tein C, or Protein S activity due to either reduced plasma
protein levels (i.e. altered protein expression), or normal
levels of a dysfunctional protein (i.e. altered protein struc-
ture), are strongly associated with deep vein thrombosis
and pulmonary embolism (venous thromboembolism),
and validate the important role of these proteins in the
natural anticoagulant system.

Our understanding of these mechanisms continues to
evolve as new genetic abnormalities are defined and new
anticoagulant pathways are discovered.

ANTITHROMBIN, PROTEIN C, AND
PROTEIN S

Deficiencies of Antithrombin, Protein C, and Protein
S are inherited in an autosomal dominant pattern. All
three generally present with a first episode of thrombosis
between the ages of 10 and 50 years.

Adults with heterozygous Protein C or Protein S defi-
ciency may experience skin necrosis shortly after starting
warfarin therapy without concomitant heparin therapy.
Both Protein C and Protein S are vitamin K-dependent
cofactors whose levels may drop precipitously after ini-
tiation of warfarin, leading to transient hypercoagulation.
Several acquired conditions, including liver disease and
disseminated intravascular coagulation, can lead to de-
creased activity of Protein C and Protein S. A decreased

Protein S level has also been specifically noted to occur
with pregnancy, oral contraceptive use, and the neph-
rotic syndrome.

Acquired Antithrombin deficiency is seen with liver
disease, oral contraceptive use, the nephrotic syndrome,
pregnancy, and disseminated intravascular coagulation.

FACTOR V LEIDEN
APC resistance is most commonly due to a point

mutation in the gene encoding factor V. Factor V Leiden
is the single most common inherited thrombophilic de-
fect. Heterozygosity for factor V Leiden mutation imparts
a sevenfold increased lifetime risk of venous thromboem-
bolism, whereas homozygous expression confers an
80-fold increased risk.

Although Antithrombin, Protein S, and Protein C de-
ficiencies usually present with thrombosis relatively early
in life, the risk of thrombosis due to factor V Leiden in-
creases with age. Coinheritance of other thrombophilic
mutations, such as Protein C deficiency, Prothrombin
20210, or Hyperhomocystinemia, further increases throm-
botic risk.

PROTHROMBIN 20210
Prothrombin 20210 is an autosomal dominant inher-

ited defect. Prothrombin 20210 confers a weaker
thrombotic risk (about threefold) than factor V Leiden1,2.
Coinheritance of both Factor V Leiden and Prothrombin
20210 compounds the risk of venous thromboembolism,
pregnancy-associated venous thromboembolism, and re-
current venous thromboembolism.

Table 2: Unusual Venous Thrombotic Presentations of Certain Hypercoagulable States

VTE Presentation

Cerebral vein thrombosis

Cerebral vein thrombosis in women using oral contracep-
tive pills

Inferior vena cava, renal vein, mesenteric vein, portal and
hepatic vein thrombosis

Migratory superficial thrombophlebitis (Trousseau’s syn-
drome)

Recurrent superficial thrombophlebitis

Warfarin skin necrosis

Neonatal purpura fulminans

Unexplained fetal loss (three or more first-trimester
miscarriages or one second- or third-trimester unexplained
death of a morphologically normal fetus)

Hypercoagulable Condition

Prothrombin G20210A, Antiphospholipid antibodies,
Antithrombin deficiency, Essential Thrombocythemia,
Paroxysmal Nocturnal Hemoglobinuria

Prothrombin G20210A

Antiphospholipid antibodies, Cancer, Antithrombin de-
ficiency, Myeloproliferative syndromes, Paroxysmal
Nocturnal Hemoglobinuria

Cancer (particularly adenocarcinoma of the gastrointes-
tinal tract)

Factor V Leiden, Polycythemia Vera, Deficiencies of natu-
ral anticoagulants

Protein C and Protein S deficiencies

Homozygous Protein C and Protein S deficiencies

Antiphospholipid antibodies
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HYPERHOMOCYSTINEMIA

Elevated levels of homocysteine, an intermediary in
methionine metabolism, have been associated with both
arterial and venous thrombosis. Hyperhomocystinemia,
defined as fasting plasma levels greater than 15 micro-
mole/L, is relatively common in the general population
and can result from inherited enzyme deficiencies or ac-
quired disorders3. Dietary deficiencies of folate and
vitamins B6 and B12, chronic renal failure, pernicious ane-
mia, and hypothyroidism have all been associated with
elevated homocysteine levels.

ANTIPHOSPHOLIPID ANTIBODY
SYNDROME (APLAS)

The antiphospholipid antibody syndrome is caused
by a heterogeneous group of antibodies to various pro-
teins complexed with negatively charged phospholipids.
It can be a primary or secondary condition.

Causes: APLAS is an autoimmune disorder of unknown
cause. The search for possible triggers has uncovered a
wide array of associated autoimmune or rheumatic dis-
eases, infections, and drugs that are associated with the
Lupus anticoagulant (LA) or Anticardiolipin (aCL) anti-
bodies.

1. Common autoimmune or rheumatic diseases and
percent with aPL antibodies
a. SLE, Sjögren syndrome, Rheumatoid arthritis
b. Autoimmune thrombocytopenic purpura
d. Autoimmune hemolytic anemia - No figure

available
d. Psoriatic arthritis, Systemic sclerosis
e. Mixed connective-tissue disease, Behçet syn-

drome
f. Polymyalgia rheumatica or giant cell arteritis

2. Infections
3. Syphilis, Hepatitis C, HIV/HTLV infection
4. Malaria, Bacterial septicemia
5. Drugs

a. Cardiac - Procainamide, quinidine, propranolol,
hydralazine

b. Neuroleptic or psychiatric - Phenytoin, chlor-
promazine

c. Other - Interferon alfa, quinine, amoxicillin
6.   Genetic predisposition

CANCER AND THROMBOSIS
The link between malignancy and thrombosis, first

described by Trousseau, has been recognized since the
1800s. Although often associated with adenocarcinoma,

thrombosis has been described with many types of can-
cer and likely occurs through multiple mechanisms.

Factor VIII
Recently, elevated levels of factor VIII has been im-

plicated as an independent risk factor for venous
thromboembolism.

SIGNS AND SYMPTOMS OF
HYPERCOAGULABLE STATES

The most common clinical manifestation of an un-
derlying hypercoagulable state is lower-extremity deep
venous thrombosis with or without pulmonary embolism.
Because the clinical signs and symptoms associated with
deep venous thrombosis and pulmonary embolism are
insensitive and nonspecific, objective diagnostic confir-
mation by the use of an imaging method, such as contrast
venography and duplex ultrasound, is mandatory.

SCREENING LABORATORY EVALUATION
Circumstances that require a Laboratory Workup for

Thrombophilia
1. Venous thrombosis before 40-50 years of age.

2. Unprovoked thrombosis at any age.

3. Recurrent thrombosis at any age.

4. Unusual sites such as cerebral, mesenteric, portal,
or hepatic veins.

5. Positive family history for thrombosis.

6. Thrombosis during pregnancy, recurrent pregnancy
loss (>3 consecutive first-trimester pregnancy losses
without an intercurrent term pregnancy).

7. Unexplained abnormal laboratory test such as
prolonged PTT.

WHEN SHOULD TESTS BE PERFORMED?
Ideally, testing should be performed in the outpatient

setting at least 4 to 6 weeks after any acute thrombotic
event. This is because acute illness states, including VTEs,
can cause elevations of a number of acute-phase reac-
tants, including factor VIII, C4b-binding protein,
fibrinogen, and IgM anticardiolipin antibodies, all of
which may interfere with testing and often lead to false-
positive diagnoses. Heparins (unfractionated and
low-molecular-weight) can interfere with Antithrombin
activity and with lupus anticoagulant assays, and war-
farin predictably lowers Protein C and S activity levels4.
Low activity levels of natural anticoagulants also occur
as a result of liver disease, because Protein C, Protein S,
and Antithrombin are all synthesized in the liver5,6.  Anti-
thrombin activity level may be reduced in nephrotic
syndrome and active colitis, and protein S activity may
also be reduced in the setting of HIV infection4.
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Table 3: Recommended Laboratory Evaluation for Patients Suspected of-

Having an Underlying
1 Activated protein C resistance

2. Prothrombin G20210A mutation testing by PCR

3. Antithrombin, protein C, and protein S activity (func-
tional) levels

4. Factor VIII activity level

5. Screening tests for lupus anticoagulants (sensititve aPTT,
aPTT mixing studies, dilute Russell viper venom time)

6. Anticardiolipin antibody testing by ELISA

7. Fasting total plasma homocysteine level

 Hypercoagulable State
1. Factor V Leiden PCR

2. Antigenic assays for Antithrombin, Protein C, and/or
Protein S

3. Confirmatory tests for lupus anticoagulants include
at least one of the following: platelet neutralization
procedure, hexagonal phase phospholipids, Textarin/
Ecarin test, platelet vesicles.

PCR=polymerase chain reaction; aPTT=activated partial thromboplastin time; ELISA=enzyme-linked immunosorbent assay.

Recommendations for Lab Test (As per Guidelines for Investi-
gation and Management British Journal of Haematology 2001)
1. APTT, PT and Thrombin clotting time should be used as

initial screening

APTT may identify some patients with APLA, but is not
sufficient to exclude them.

PT is useful in interpretation of low protein C and pro-
tein S results.

2. For protein C – chromatogenic assays while for protein
S immunoreactive assays are preferred.

3. For Prothrombin G 20210A – PCR based assay is re-
quired as there is no screening test.

4. Labs must establish their own reference standard
ranges for assays and tests and should undergo rigor-
ous quality assessment.

Comprehensive assays for APL   Abs  C both lupus
anticoagulant and anticardiolipin Abs should be
done

Diagnosis of APLAS is confirmed by the occurrence of
one or more clinical manifestations in the presence of
positive antibody studies on two occasions more than
3 months apart8. Antiphospholipid antibodies can be
demonstrated by a lupus anticoagulant assay, such as
the dilute Russell’s viper venom time test, or by an
enzyme-linked immunosorbent assay for anticardiolipin
antibodies.

5. The hallmark result from laboratory tests that defines
APLAS is the presence of aPL antibodies or abnor-
malities in phospholipid-dependent tests of
coagulation. The following laboratory tests should be
performed in a patient suspected of having APS:

a. aCL antibodies - Of the 3 known isotypes of aCL (i.e.
immunoglobulin G [IgG],   immunoglobulin M [IgM],
immunoglobulin A [IgA]), IgG correlates most strongly
with thrombotic events.

b. Anti–beta-2 glycoprotein I antibodies
c. Activated partial thromboplastin time (aPTT)
d. LA tests such as dilute Russell viper venom time

(DRVVT)
e. Serologic test result for syphilis (false positive)
f. CBC count (thrombocytopenia, Coombs-positive

hemolytic anemia)

TREATMENT
There are no specific therapies to reverse most hyper-

coagulable states. FFP has traditionally been the source
of factors to treat coagulation factor deficiencies.ATIII
deficiency may be quickly corrected with infusions of
ATIII concentrates. Long-term therapy for congenital de-
ficiency is generally not indicated, as an asymptomatic
period may last decades. Once thrombosis has occurred,
warfarin therapy is generally undertaken. Hyperhomo
cysteinemia is treatable, and plasma homocysteine lev-
els can be lowered in many individuals by folic acid or
other B-complex vitamin supplementation. It is not known
whether normalization of plasma homocysteine levels
reverses the hypercoagulability completely. The presence
of a hypercoagulable state should not affect acute VTE
treatment [i.e. initial anticoagulation with intravenous
unfractionated heparin or subcutaneous low-molecular-
weight heparin followed by oral anticoagulation with
warfarin (except during pregnancy)] and monitored with
the international normalized ratio (INR). A target inter-
national normalized ratio (INR) of 2.5 (therapeutic range
2.0-3.0) is aimed for most patients, except those with a
lupus anticoagulant. Because these antibodies can pro-
long the activated partial thromboplastin time, monitoring
of unfractionated heparin therapy in this scenario should
be performed by heparin assay (protamine titration or anti-
factor Xa activity assay). If such assays are not immediately
available, the use of weight-based, subcutaneous low-
molecular-weight heparin should be considered instead
of unfractionated heparin, because the former compounds

Hypercoagulable States
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do not require monitoring. Moreover, 26.8% to 53% of
all patients with a lupus anticoagulant have an abnor-
mal, prolonged baseline prothrombin time, and in many
of these patients the international normalized ratio is not
an adequate tool for monitoring warfarin therapy. In this
situation, monitoring by chromogenic factor X activity
assay is recommended7. Initiation of oral anticoagula-
tion for primary VTE prophylaxis in asymptomatic carriers
of any hypercoagulable state has not been advised, mainly
because the annual absolute risk of idiopathic VTE is ei-
ther low or not high enough to be favorably balanced
against the annual risk of oral anticoagulation-related
major and fatal hemorrhage8. However, because most VTEs
(50% to 70%) in patients with a predisposition to hyper-
coagulability occur following a situational risk factor,
such as major or orthopedic surgery, aggressive VTE pro-
phylaxis should be prescribed to asymptomatic carriers
of hypercoagulable states during high-risk situations8.

MANAGEMENT OF ACUTE
THROMBOEMBOLIC EVENTS

1. Initial management of DVT / pulmonary embo-
lism in patients with heritable thrombophilias – is same,
with target INR 2.5, as in venous thrombosis in any other
patient. 2. After 1st venous thromboembolism, anticoagu-
lant therapy is generally administered for 6 months. A
shorter period of treatment may be acceptable when
thrombosis is confined to distal veins (calf veins). It is
recommended that when there is persistent thrombotic
risk factors e.g. cancer or already identified high-risk
thrombotic defects, usual period of anticoagulation can
be extended, on an individual patient basis.

MANAGEMENT OF RECURRENT VENOUS
THROMBOSIS·

Recurrent event occurring while the patient is not on
anticoagulant, introduce coumarine at a target INR of
2.5, after initial treatment with heparin; when recurrent
event has occurred while on anticoagulants, increase the
target of INR to 3.5 (range 3 to 4) (Grade C recommen-
dation)· Patients who have had two or more apparently
spontaneous venous thrombotic events require consider-
ation for indefinite anticoagulant prophylaxis.

MANAGEMENT OF APLA SYNDROME
A) Thrombosis:
Acute management of arterial or venous thrombosis

in-patient with antiphospholipid syndrome is no differ-
ent from the treatment of other patients with similar
complications. Thus the patient should receive heparin
(1000 units/h). Prophylactic oral anticoagulant is advised
following venous thrombosis for a prolonged period of
time since patients with antiphospholipid syndrome are
prone to recurrent thrombosis. In patients with stroke or
other arterial thrombotic event, aspirin (80-100 mg/day),

aspirin plus clopidogrel, or oral anticoagulation has been
used by various groups. In cases in which thrombosis
continues despite adequate anticoagulation high doses
of corticosteroids, initially, and cyclophosphamide have
been used in addition to anticoagulation.

B) Recurrent Pregnancy Losses:
Management of women during pregnancy is contro-

versial. Subcutaneous heparin (5000-15000 units) twice
daily prophylaxis is recommended for patients with
antiphospholipid syndrome. Some centers have reported
successful pregnancy outcome with prednisone (20-60
mg/day) and aspirin (80-100 mg/day). Another alterna-
tive management is immunoglobulin therapy (0.5 mg/
kg/day) for 3-5 day each month.

SUMMARY
Venous thromboembolism is a common disease that

causes significant morbidity and mortality. In recent years,
the ability to diagnose inherited genetic defects and com-
mon acquired conditions predisposing to thrombosis has
greatly increased. Venous thromboembolism is now un-
derstood to be a complex interaction of genetic and
acquired factors leading to thrombosis. Integrating the
various factors to individually assess thrombotic risk still
poses a challenging clinical problem that will likely be-
come easier as more data accumulate. As the ability to
accurately assess risk increases, the data can then be trans-
lated into more refined treatment regimens. Until then,
only general guidelines regarding evaluation and man-
agement are available.
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In the fast evolving clinical re-
search and decision-making process,
a new paradigm has emerged in the
recent past-”Evidence Based Medi-
cine.” This is based on intuition,
systematic as well as unsystematic
clinical experience and pathophysi-
ologic rationale as grounds for clinical
decision making and stresses the ex-
amination of evidence from clinical
research-mainly by literature search
and gathering all available informa-
tion (evidence) and applying formal
scientific and statistical methods in
evaluating the clinical literature. Easier
access to the computer and Internet
facilities have made literature search
much easier and faster. This is a
method which helps the clinicians to
make decisions about the care of in-
dividual patients using the current best
evidence consciously, and in a judi-
cious manner.

While reviewing the evidences in
clinical trials and epidemiological in-
vestigations, several important
questions need to be asked before tak-
ing a decision—similarity of the
groups to be compared at the start of
the study, allocation of patients to dif-
ferent groups, whether random or not,
validity of the diagnostic tests, drop
out rate, the results on the treatment
effect, its precision, its clinical im-
portance and applicability etc. In the
diagnostic test validity analysis, the
concepts of pre-test probability and
likelihood ratios are extensively used.
One of the important statistical meth-
ods commonly used in EBM is the risk
analysis. The concept of “Number
Needed to Treat” (NNT), which is
computed from the risk analysis, has
gained a lot of popularity now because
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of its simple and fashionable transla-
tion, which has attracted the
clinicians. Perhaps the term itself was
coined mainly for the sake of clini-
cians. When clinicians and policy
makers are presented with research re-
sults in different formats like NNT,
ARR (Attributable Risk Ratio) and RRT
(Relative Risk Ratio), it was found that
they make more conservative decisions
when presented with NNTs than when
they are presented with ARR or RRR.
NNT gives the number of patients who
need to be treated to achieve one ad-
ditional favourable outcome (say, cure)
or to avoid one additional bad out-
come (say, death). Several Meta-
analysis methods are extensively used
in EBM to integrate the results of all
available studies, published or reported
otherwise in order to increase the sta-
tistical power of the results and thus
to help the clinicians to reach a valid
decision in patient care. In this article,
the important statistical tools related
to NNT, applied in EBM are dis-
cussed, explaining them with
examples.

STATISTICAL PARAMETERS
IN NNT

The basic parameter in defining
NNT is ‘Risk’. Risk of an event due to
a factor can be expressed in two ways
–Proportion or Odds

(1) Proportion   =  a ÷ (a+b)

Example:
a: Number of smokers who have lung

cancer
b: Number of smokers who didn’t have

lung cancer
(a+b): Total number of smokers
with or without lung cancer
a / (a+b)  = Percentage of smokers
with lung cancer

(2) Odds   =  a ÷÷÷÷÷ b  = Ratio of
event to non-event

Example: Ratio of lung cancer cases
to without lung cancer cases in smok-
ers.

Similarly, Benefit of an event due
to a factor can be expressed in two
ways

(1) Proportion   = a ÷ (a+b)

Example:
a:  Number of patients who responded

to the drug positively
b:  Number of patients who didn’t re-

spond to the drug positively
(a+b): Total number of patients
who received the drug
a / (a+b)  = Percentage of patients
who responded to the drug posi-
tively.
(2) Odds = a ÷ b

 Example:
Ratio of responded to the non-re-

sponded in those patients who
received the drug.

Combining these two measures
(proportion and odds), Absolute Risk
Reduction (ARR) / Absolute Benefit In-
crease  (ABI) and Relative Risk (RR) /
Relative Benefit (RB) can be defined
as follows: -

If R1 is the risk of the disease in the
exposed group and R2, in the unex-
posed group, (R1-R2) is called Absolute
Risk Reduction (ARR), assuming that
risk of disease in the exposed group is
higher than that in the unexposed
group.

Or, if B1 is the benefit of positive
response in the treated group and B2,
in the untreated group, (B1 -B2) is called
Absolute Benefit Increase assuming
that benefit of positive response in the
treated group is higher than that in the
untreated group.
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Relative Risk Reduction (RRR) can be defined as
ARR / R1

and  Relative Benefit Increase (RBI) can be defined as
ABI / B1

NNT can be defined based on ARR  (ABI)
NNT = 100 ÷ ÷ ÷ ÷ ÷ ARR (ABI) in case of percentages and

= 1 / ARR (ABI) in case of proportions.
95 % confidence interval of NNT:  1/ARRL & 1/ARRΥ

or 1 / ABIL & 1 / ABIU

 χ2 =    [|ad-bc| -n/2] 2 X n          = 9.95>10.83(p<0.001)
       (a+b)(c+d)(a+c)(b+d)

Mortality is significantly associated with treatment
(surgery done or not done) at 0.1 % level of significance.
Mortality in those patients on whom surgery was not done
(30%) is significantly higher than on whom surgery was
done (5%)— p < 0.001

r1 = Risk of mortality in  Group A
= a /( a + b ) = 30/100 = 0.30
r2 = Risk of mortality in Group B
= c/ ( c + d ) =   5/100 = 0.05
RR= r1/ r2, For the data, RR = 0.30/ 0.05= 6
i.e. for every death on whom surgery was done, there

will be 6 deaths on whom surgery was not done.
ARR = 0.30- 0.05  = 0.25 = 25 %
95% confidence Interval of ARR: ARR ± 1.96

  {r1 (100-r1)/n1} +{ r2(100-r2)/n2}
For the data, 95 % CI of ARR:

    0.25 ±1.96 √{(0.30 * 0.70) / 100}+{(0.05 * 0.95) / 100}
= 0.25 ± (1.96 ´ 0.0507) = 0.25 ± 0.0994
i.e. 95 % confidence interval of ARR  are :
0.1506 and 0.3494 i.e., 15 %  and 35 % .
RRR=(ARR*100)/r1=(0.25 *100)/0.30=83.3%
Reduction in Risk of mortality on whom surgery was

done as compared to those on whom surgery was not
done is 83. 3 %.

RRR is also called as:”Attributable Risk” or  “Etio-
logic fraction”

NNT = 100 / ARR  =100 / 25 = 4   i.e., Number of
patients to be treated with surgery to avoid one addi-
tional death is 4

95 % Confidence Limits of NTT are given by
1/ ARRL   and 1 / ARRU

i.e. 1 / 0.1506 and 1 / 0.3494   i.e.,  2.9  & 6.6
Example 2
b1 = 20 / 50 =0.4   b2 = 35 / 50=0.7   (b— Benefit)
ABI=b2–b1 = 0.7–0.4= 0.3  RBI=0.3 / 0.7 = 0.4286
NNT = 1 / ABI = 1 / 0.3 = 3.33
3.33 patients are required to be treated with the new

drug to get one additional improved patient.
i.e. 10 patients are  required to be treated  with the

new drug for  getting 3 improved patients
95 % CL of ABI:—
0.3 ±1.96 X  [(0.24 + 0.21)/50 ] 
0.3 ±1.96 X 0.095
=   0.1138  and 0.4862
95 % CL of NNT: —
1 / 0.1138 and 1 / 0.4862
i.e., 2.06 and 8.78 or   2 & 9
Example 3
b1=30/50=0.6   b2=10/50=0.2   RB=0.6÷0.2= 3
For every smoker without health education, who

stopped smoking, there were 3 smokers with health edu-
cation, who stopped smoking.

ABI = 0.6- 0.2  = 40 % RBI =  (0.6-0.2) / 0.6
= 66.7 %
NNT = 100 / ABI  = 100 / 40  = 2.5
i.e. Five  smokers  need  to  be  given  health educa-

tion   to  produce  two  additional stoppers.
95 % CI of ABI are:
0.4 ± 1.96 √ (0.6 × 0.4)/50 + (0.2 × 0.8) / 50

i.e.     0.4 ± 0.175   i.e. 22.5 %  and  57.5 %

95 % CI of NNT:    100          100
                            57.5,        22.5
i.e.: 1.74 and 4.44

Example-1:  The following table gives the results of a 5 years’ cohort study on mortality in coronary heart patients
with respect to their treatment (surgery done or not done):-

OUTCOME

Surgery Dead Living Total

Not done (A) 30 (a) 70 (b) 100
Done (B)  5 (c) 95 (d) 100

Total 35 165 200
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Example –2: Results of a clinical trial comparing the effect of the standard drug and a new drug in improving the
condition of the disease are given below:—

DRUG - OUTCOME
                                             Improved                            Not improved                   Total
A (Standard)  20 30 50
B  (New)                                      35                                       15                              50
Total 55 45 100

While interpreting NNT due consideration should be
given to the other factors such as age, severity, duration
and other epidemiological factors. Also, when different
NNTs are to be compared with respect to different treat-
ments, proper care should be taken to see whether the
groups are comparable otherwise. NNT should be calcu-
lated when there is a comparator (placebo, no treatment
or any other treatment), which is followed, in any stan-
dard experimental study. NNT gives more information
than the Relative risk because it takes into consideration
the baseline frequency of the outcome (with respect to
the comparative group). It is a summary measure which
can be easily understood and interpreted even by a non-
mathematical / statistical person. Comparison of NNT
values for different treatments may help the clinicians in
decision-making process. NNTs are very widely and in-
creasingly used in many clinical trials and epidemiological
experimental studies.
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Example-3: The following data gives the results of a
study where continuous planned health education was
given to 50 smokers for three months for stopping the
smoking habit and another 50 smokers were not given
any health education.

SMOKING
Health Stopped Not- Total

education stopped
       Yes 30 20 50
        No 10 40 50
      Total 40 60 100

Statistics in Evidence Based Medicine
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The word “Nanotechnology” was
coined in 1974 by Norio Tanigutchi,
professor at the Tokyo Science Uni-
versity, with regard to ion sputter
machining with nanometer precision
(nanometer = 10-9 meters), although
the understanding and application of
nanotechnology is much older. The
Romans manufactured gold
nanoparticle reinforced glass1 and,
even long before this, metal
nanoparticles have been used for me-
dicinal purposes in ayurvedic sciences
in India. Such metallic nanoparticles
used in India have been of Na, K, Ca,
Mg, V, Mn, Fe, Cu, and Zn, and their
role in medicine continue to be a
matter of current controversy and re-
search2. Furthermore, ancient
ayurvedic sciences have proposed
“nano” or “subtle” constituents such
as “doshas”3 in the human body, such
that disease states are caused when
the concentration of these nanoscale
substances exceed some critical value.

In this context, modern
nanotechnology is in it’s infancy, with
its serious evolution beginning only
in the 1990s in the West, spurred by
the earlier advent in the 80s of the
scanning tunneling and scanning
probe microscopy. Yet, in the short
span of the last 15 years, there has
been an explosion of studies in this
area bringing modern and ancient sci-
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ence together in ways that were not
thought possible. While India has had
an ancient history in the nanosciences,
much of this has languished over the
past several centuries and modern
nanotechnology was taken up actively
only after about 2000. One of the early
strong initiatives taken up by the Gov-
ernment of India was to establish the
Nanoscience and Nanotechnology Ini-
tiative (NS & NT) in October 2001.
By 2007, seven Centres of Excellence
in Nanotechnology were established
under this initiative and the Centre at
Amrita Vishwa Vidyapeetham in
Cochin is one of those seven, the new-
est one, and the only one in the
biomedical area.

AMRITA CENTRE FOR
NANOSCIENCES

The Amrita Centre for
Nanosciences (ACNS) was established
in May 2006 and inaugurated in Feb-
ruary 2007 by Professor C.N.R. Rao,
India’s visionary in nanosciences re-
search. The Centre was funded to
explore the role of nanomaterials in
tissue engineering and stem cell re-
search for the purpose of developing
novel new implants that mimic natu-
ral tissues so as to preclude issues of
biological incompatibility and rejec-
tion. Subsequently, two new research
programs were initiated: one, on sur-
face nanostructuring of conventional
materials to provide value added im-
provements to synthetic implants and
two, on use of quantum dots for tar-

geting oral cancer cells for early diag-
nosis of a highly prevalent cancer in
India. A 10,000-sq.ft space was dedi-
cated to ACNS and the following
laboratories were established:
1. The nano-imaging lab containing

the  scanning electron and scan-
ning probe microscopes.

2. The nanochemistry lab for wet
chemical processing of nano par-
ticles.

3. A mechanical testing laboratory
for characterization of the me-
chanical properties of nano
materials.

4. A chemical characterization labo-
ratory for elemental characteri-
zation using FTIR, a Gel Perme-
ation Chromatograph for deter-
mining the molecular weights of
polymer molecules, a nanoparticle
sizer for laser-based determination
of the charge and size of
nanoparticles and a Differential
Scanning Calorimeter for the ther-
mal characterization of polymeric
materials.

5. A polymer processing lab for syn-
thesis of polymeric nanomaterials
of novel new polymer systems.

6. A nanofiber lab utilizing electro-
spinning for nanofiber processing.

7. A polymer processing lab for the
generation of polymeric nano com-
posites by melt blending.
There are other areas of research

also that the Centre has plans to de-
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velop in the near future. This includes the toxicological
effects of nanomaterials, use of naturally occurring mate-
rials in nanomedicine and the development of
nanostructured materials for solar energy applications.

ACNS will also have a strong academic focus with a
college of nanosciences devoted to the training of the
next generation of Indian nanotechnologists,
nanobiotechnologists and nanomedical scientists. A be-
ginning to this is the start of a two-year Master of
Technology program in Nanomedical Sciences that is start-
ing in August 2007 with 30 students admitted each year.
The focus of this Master of Technology program is to
provide a fundamental understanding of nanomaterials
sciences that have applications in the medical sciences
as well as a thorough training in the medical sciences
relevant to current potential applications.

TISSUE ENGINEERING
The coinage “tissue engineering” immediately and

correctly implies a combination of the disciplines of bi-
ology and technology. Modern tissue engineering took
its birth in the late 1980s in Boston, USA, through the
pioneering efforts of Dr. Joseph Vacanti of Boston
Children’s Hospital and Dr. Robert Langer of Massachu-
setts Institute of Technology4. The basic concept involves
the development of a scaffold into which are introduced
appropriate cells that eventually multiply into the tissue-
specific cells and regenerate the target tissue. The dream
is that this approach can eventually regenerate an entire
organ although that reality is still fairly distant. Much of
the current research in the world is focused on how to
expand the cells in vitro in the scaffold so that one can
generate sufficiently large volumes starting with limited
cells and how to prevent cell death during subsequent
implantation. Since mature cells can only be expanded
to a very limited extent much research is focused on the
use of stem cells, and even here, tissue-specific adult
stem cells may be the choice of the future4.

One role of nanotechnology in tissue engineering is
the ability of nanomaterials to more efficiently expand
cells. This has been observed in our labs at the ACNS
where our preliminary observations show more efficient
attachment and proliferation of cells on nanostructured
surfaces5. A second role that nanomaterials can play is in
controlling the chemical and mechanical properties of
scaffolds. Nanoparticle reinforcements can effectively
influence the strength as well as the biodegradability of
the scaffold. This property becomes important when im-
plantation is done before complete tissue regeneration.
In this case, the scaffold must temporarily fulfill the
mechanical functions of the tissue. Further, in many cases
of tissue engineering, the scaffold is designed to be bio-
degradable and ideally the degradability is matched so
that degradation is complete when the tissue has fully
regenerated. There is work that shows that nanoparticles

tend to enhance material degradability6 and can therefore
be used to tune the degradability of scaffolds.

Currently at ACNS we are developing novel methods
to process scaffolds out of many candidate biodegrad-
able materials, including naturally occurring materials,
such as chitosan. One useful technique, developed in
the 90s in the US is electrospinning7, which is capable of
readily generating nanofibrous materials, which have a
strong resemblance in structure to the extracellular ma-
trix8. At Amrita we are exploring different ways of
controlling nanostructure and microstructure using
electrospinning9.

EARLY DIAGNOSTICS AND DRUG
DELIVERY

An exciting discovery that propelled the field of
nanobiotechnology is that material particles in the
nanosize regime have strong interactions with other bio-
logical nanomaterials, such as, protein, DNA, enzymes,
antigens, antibodies and cellular receptors, allowing them
to be used as highly efficient biological probes10. A par-
ticularly attractive choice is a semiconductor nanoparticle
in the size regime under 10 nm. Such particles, termed
quantum dots, exhibit luminescence of wavelength that
is strongly particle size dependent and hence are perfectly
suited for diagnostic imaging of specific cells. The De-
partment of Biotechnology, Government of India is
supporting a project at ACNS for the development of tar-
geted quantum dots for early detection of oral cancer.
The approach we are taking is to biofunctionalize quan-
tum dots with antibodies targeted to known cancer
biomarkers either in tumor cells or, more interestingly,
in what are known as cancer stem cells – rare pre-cancer-
ous cells with indefinite potential for self-renewal11.

NANOSURFACE BIOENGINEERING

The most well recognized property of the nanoscale
is its extremely high surface activity.  Indeed a rough
calculation will show that at a particle size of about 2
nm 100% of the atoms reside on the surface, and there-
fore every single atom is capable of reacting with the
environment. If this environment is biological, such as,
when there are protein molecules or cells with nanoscale
receptors on the surface, there is the potential for an un-
usually strong interaction of the material with the
biological environment. Using this principle, at Amrita
we have been taking conventional implant materials like
Ti and providing nanoscale features on the surface by
various methodologies such as, laser treatments,
nanochemistry and electrochemistry to provide surfaces
ranging from the nanoscale to the microscale and then
studying the cell-surface interactions5.

Nanosciences Research at the Health Sciences Campus of Amrita Vishwa Vidyapeetham
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THE FUTURE
The benefits of nanotechnology are certainly here to

stay in many areas related to the health sciences. These
are:
1. Novel nanostructured implants.
2. Tissue engineering using nanostructured scaffolds.
3. Expansion of cells through nanostructuring.
4. Early disgnostics of disease using targeted

nanoparticles.
5. Targeted and controlled release of drugs using

nanoparticles rather than by systemic treatments.
6. Use of nanoparticle probes for efficient, highly sensi-

tive and high throughput biological assays.
7. Increasing the efficiency of conventional drugs using

nanoparticulate versions thereby substantially reduc-
ing their dosages and hence the side effects.

8. Development of novel rapid healing wound dressings
using nanofibers.

These are only some examples and are not an exhaus-
tive list. At Amrita we are glad to be at the leading edge
contributing to an exciting new era where technology and
medical sciences are no longer compartmentalized.
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INTRODUCTION
 The incidence of Rheumatic fe-

ver and prevalence of Rheumatic heart
diseases have declined in the devel-
oped countries around the world,
although it still remains a major pub-
lic health problem in developing
countries.1 In India, a study by
Padmavati 2 revealed that the esti-
mated average prevalence of
rheumatic heart disease in school sur-
veys during 1984-1995 was 0.18-3.0
per 1000. Another study by
Lachandani et al3 revealed the preva-
lence of RHD to be 4.54 per 1000 in
the year 2000. The RF/RHD registry
project of Amrita Institute of Medi-
cal Sciences and Research Centre
(AIMS) at Kochi, Kerala during 2003
– 2004 showed the prevalence of RHD
to be 0.12 per 1000, which was the
lowest ever reported in India.

The control of Rheumatic fever /
Rheumatic Heart disease (RF/RHD)
includes a broad spectrum of activi-
ties aimed at primary prevention,
secondary prevention, health educa-
tion activities, epidemiological
surveillance and creating registry.
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The Indian Council of Medical
Research (ICMR), New Delhi, under
the government of India, which is the
apex body for the planning, formula-
tion, coordination, implementation
and promotion of biomedical research,
initiated The Jai Vigyan Mission mode
project on RF/RHD control. As part of
this project, the ICMR funded the de-
partment of Paediatric Cardiology at
Amrita Institute of Medical Sciences
and Research Centre, Kochi to imple-
ment the RF/RHD control programme
in the district of Wayanad in Kerala.
Its main objectives are to establish a
RF/RHD registry, sensitize the commu-
nity regarding the disease and its
prevention and to estimate the preva-
lence of RHD among school children
aged 5-15 years in the district. This
paper gives an overview of the ongo-
ing activities of the project being
implemented by the Amrita Kripa
Charitable Hospital (AKCH), Kalpetta
at Wayanad.

PROJECT AREA
The State of Kerala with a popula-

tion of over 31 million and density of
819 persons per sq.km is located in
the southwest part of India. Its achieve-
ments in terms of the basic indicators
of human development are in par with
some of the developed countries.

Kerala continues to rank at the top
among Indian States with respect to
the human development index, al-
though there are few variations within
districts across the state.

Wayanad district, the project area
is located in the northern part of
Kerala bordering Karnataka and Tamil
Nadu and has a population size of
nearly 7,87,000. Some of the charac-
teristics of Wayanad include relatively
low literacy rates, relative poverty and
a high proportion of tribal population
as compared to other districts in the
State. Given these conditions, the
Human Development Report of
Kerala4, recommends that special at-
tention is needed for implementing
policies and programmes to improve
the basic well-being indicators such
as quality of housing, access to wa-
ter, good sanitation. This project being
implemented at Wayanad could be a
stepping-stone in that direction.

CONTROL STRATEGIES
The Jai Vigyan Mission mode for

control of RF/RHD, adopts a time
bound, goal oriented approach and
emphasizes on standardized and uni-
form methodologies. The metho
dology adopted for this project can
be summarized in two components:

ABSTRACT
Rheumatic Fever (RF) and Rheumatic Heart Disease (RHD) are still an important public health problem in the developing world.  The disease
burden appears to be closely linked to human development.  A recent survey in the Ernakulam District demonstrated that the estimated disease
burden of RF and RHD in this region was among the lowest in the developing world. There are parts of Kerala where access to health care and
human development indices are much lower than the state average. For this reason the Indian Council of Medical Research (ICMR has chosen
the district of Wayanad for determination of the magnitude of RF and RHD. The services of the entire health care infrastructure of the district
(both government and private) including many community volunteers are being used to identify patients with RF and RHD. The results of this
study will provide interesting epidemiological insights and help plan specific control strategies.
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1. Passive surveillance: involves registration of RF/RHD
cases in the district, facilitated through a series of
workshops for doctors and awareness programs for
health workers.

2. Active surveillance: involves screening a sample of
school children in the district for RHD.

PASSIVE SURVEILLANCE

I. WORKSHOP FOR DOCTORS
The main aim of conducting a series of workshops for

the doctors in the region was primarily to sensitize them
regarding the project in general and their role in helping
to implement the project. It was important that we get
all the doctors, both from the government and private
sectors to participate in the workshops as they are ex-
pected to report all the suspected or established cases of
RF/RHD to the project. However, to ensure maximum
participation, the doctors in the area were grouped under
three block panchayats, based on the geographical area
in which they practice. As a result of which a total of
three workshops were conducted in the district with the
support of professional organizations like the Indian
Medical Association and Kerala Government Medical
Officers Association. Specific guidelines for patient re-
ferrals and the role of doctors in the implementation of
the project were highlighted. The doctors were requested
to either refer the patients directly to our project office at
the AKCH or send the patient details by post through the
self-addressed business reply card that was distributed to
them during the workshops.

II. AWARENESS PROGRAMS FOR
COMMUNITY HEALTH CARE WORKERS

The goal was to involve all the healthcare workers in
the district. So we decided to utilize the services of the
already existing network of grass root level healthcare
workers in the region. It included the Kudumbasree vol-
unteers, Anganwadi workers and primary healthcare
workers of the department of health services.

Through these awareness programs they are instructed
about the signs and symptoms of RF/RHD, prevention
strategies and advised to disseminate this information to
other members of their group and the community. Apart
from the PowerPoint presentations, an audiovisual docu-
mentary exclusively prepared for the project is being
screened during the program for better understanding of
the disease and the project. They are also taught to iden-
tify the suspected or established cases of RF/RHD from
the community and motivate them to report to the project
office (AKCH) for evaluation and registration under the
project registry.

a. Use of Kudumbashree volunteers
Kudumbashree is an innovative, women-centered pov-

erty eradication programme being carried out since 1998

in Kerala State. It gives prime importance for the eco-
nomic empowerment of the indigent masses, especially
the poor women of Kerala. Kudumbashree mainly includes
three components micro credit, entrepreneurship and
empowerment.  Its three-tier organizational structure is
the Neighbourhood Groups (NHG) of women who come
from poor families and who are identified based on risk
indices. Each NHG with about 10 to 20 members selects
a five-member volunteer committee having specific re-
sponsibilities, such as President, Secretary, Community
Health Volunteer, Income Generation Activities Volun-
teer and Infrastructure volunteer.

Wayanad district has well-organized and networked
NHG’s, with an average of 350 groups in each Panchayat.
Considering the fact that the members are from poor fami-
lies and literally representing each household, we decided
to disseminate information among this group. Since the
kudumbashree is closely associated with the Panchayat
and has the backing of the bureaucracy, we are conduct-
ing awareness classes for these Kudumbashree community
health volunteers in each Panchayat.

b. Use of Anganwadi  workers
Integrated Child Development Services (ICDS) Scheme

is an inter-sectoral programme, which seeks to directly
reach out to the community. The ICDS team comprises
of the Anganwadi helpers, Anganwadi workers, supervi-
sors, Child Development Project Officers (CDPOs) and
District Programme Officers (DPOs). Anganwadi Worker
is a lady selected from the local community, and is a
community based frontline voluntary worker of the ICDS
Programme. She is also an agent of social change, mobi-
lizing community support for better care of young children,
girls and women.

Anganwadi workers in Wayanad district have been
grouped under three block Panchayats, each consisting
of around 200 to 250 workers. Considering the total num-
ber and the well-established organization of the workers
at the grass root level, we decided to conduct awareness
programme in each block Panchayat.

c. Use of primary healthcare workers from the de-
partment of state health services

The grassroots level healthcare workers of the govern-
ment health services constituting Junior Public health
Nurses, Junior Health inspectors and health inspectors,
were targeted to impart awareness program. This was
because; they are the first level contact of the commu-
nity with formal health care delivery system of the state.
The gamut of services they provide is very wide encom-
passing promotive, preventive and curative services. They
are assigned specified population or geographic area to
provide comprehensive primary health care to the com-
munity and they function closely with the local Grama
Panchayat ward members.
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 The district health services department had grouped
these healthcare workers based on the geographical area
of work into five groups. Each group consisting of around
60-70 healthcare workers were functioning under one
Community Health Center (CHC) in the district. To en-
able participation of all these healthcare workers, we
decided to conduct awareness program in all five CHC’s.

ACTIVE SURVEILLANCE
I. School Survey
A cross sectional survey of school children in the age

group of 5 – 15 years is being conducted to screen for
RHD. We began the survey from September 2006, on a
target population of 25,000 school children. In order to
generalize the results to the entire school children of the
district, we selected the schools at random from the en-
tire district. The schools were stratified based on the type
of school (aided, unaided and government) and randomly
selected. The number of students screened would be pro-
portional to the total number of children in that particular
type of school. Our aim is to survey all students in each
selected school. However, anticipating few children to
be absent, a total of 60 schools with 27,481 children in
the age group of 5 – 15 years were finalized for the sur-
vey. These children are screened in two stages:

a. Primary screening
  The project team visits the selected school and col-

lects demographic information of each child and records
them in a prescribed format (screening form). The chil-
dren are then called upon in a class wise manner for
anthropometric measurement (height, weight and mid arm
circumference), blood pressure recording and ausculta-
tion. The auscultation is performed by the project medical
officer to identify abnormal heart sounds or murmur.

b. Secondary screening
If any child is found to have an abnormal heart sound

or murmur from the primary screening, more informa-
tion is collected regarding the history of Rheumatic fever
and about secondary prophylaxis. Later these children are
referred to AKCH. All children so referred will undergo
detailed clinical examination and echocardiography by a
cardiologist to confirm diagnoses. Children confirmed
to have RF/RHD would be registered in the project
registry.

EVALUATION, REGISTRATION AND
FEEDBACK

 Following the implementation of the ongoing above-
mentioned strategies, patients of suspected or established
RF/RHD are reporting to the project office at AKCH di-
rectly or through the business reply cards with patient
details received from doctors. The patients referred through
the cards were contacted by the project field staff and

motivated to visit the project office for evaluation and
registration.

Once the patient reports at AKCH directly, a physi-
cian initially evaluates the patients and necessary blood
tests (ESR, ASO) are done to rule out RF/RHD. Later,
suspected or established cases of RF/RHD would be sched-
uled for cardiologists’ evaluation on specified days of a
month. Parallelly the children short-listed from school
survey with abnormal heart sounds would also be sched-
uled on these days.

A senior cardiologist from AIMS, Kochi would visit
AKCH on the first weekend of every month for evalua-
tion and echocardiogram of all patients scheduled under
the project. The cardiologist thoroughly examines the
patients and if necessary appropriate blood tests and
echocardiogram are done. The details of cardiology evalu-
ation, echocardiogram findings and recommendations are
recorded in pre-designed format (Form-2). Three copies
of Form-2 are made, of which one is retained in the project
office; one is given to the patient and one is sent to the
referring doctors. In selected cases the cardiologist sends
a detailed letter regarding the patient’s condition to the
referring doctor.

DISCUSSION
 The current RF/RHD control strategies being imple-

mented at Wayanad is definitely advantageous for raising
the health consciousness of the people. These multifac-
eted control strategies and awareness programmes
targeting individuals in the community belonging to lower
socio economic groups maybe effective since, it is known
that crowded living conditions and poverty are associ-
ated with a high prevalence of RHD.

 The major limitation of this project would be the
inability to provide treatment despite diagnosis of RF/
RHD. Also, the existing government health care services
are not equipped enough to provide the required treat-
ment facilities, considering the high cost and the
technology driven surgical treatment required for certain
RF/RHD cases.
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INTRODUCTION
Increased plantar foot pressure is

a leading cause of ulceration in the
diabetic population. Healing these
ulcers requires adequate blood sup-
ply, control of infection, excellent
wound care and offloading or pres-
sure redistribution of the ulcerated
area1. As diabetic foot care has evolved
over the years, podiatrists have used
numerous approaches including com-
plete bed rest, cutout felt pads,
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specialized footwear and total contact
casting to offload these wounds2.

 However, in order to select an
appropriate offloading modality, it is
important to be aware of the potential
causes of increased plantar pressure in
the diabetic foot.

Ground reactive forces (GRF) im-
pact the plantar foot during weight
bearing activities in all ambulatory
individuals. Ground reactive forces can
be perpendicular to the foot (known
as vertical stress) or they can work par-
allel to the foot (known as shear
stress). When these forces work to-

gether in a repetitive fashion, ulcers
may form on the plantar foot in people
with diabetes due to the inability to
appreciate the increased stress on the
foot3, 4.

When people stand, each foot takes
on 50 percent of the body weight.
However, when people walk, they
transfer all of the body weight from
one foot to the other. During the
stance phase of the gait cycle, the
entire foot is only on the ground (foot
flat) 23 percent of the time. The heel
is in contact with the ground the first
64 percent of the phase while the fore-

ABSTRACT
INTRODUCTION

Increased plantar foot pressure is a leading cause of ulceration in the diabetic population. Healing these ulcers requires adequate blood supply,
control of infection, excellent wound care and offloading or pressure redistribution of the ulcerative area. As diabetic foot care has evolved
over the years, podiatrists have used numerous approaches including complete bed rest, cutout felt pads, specialized footwear and total
contact casting to offload these wounds.

AIM

To study the efficacy of medical grade adhesive felt in the healing of diabetic foot plantar ulcers, as compared to conventional techniques.

MATERIALS AND METHODS

The study was carried out from 1st  of July ‘06 to 30th April ‘07. In both the felt and control groups, patients had relatively clean wounds, and
after initial surgical management, the ulcers were in the process of healing. In the felt group, the felt was cut out as per size of the ulcer, and
stuck around it, 2 to 3 mm away from the ulcer margins. This was changed once in 10 days, or as per requirement. The patient was ambulant
with prescribed diabetic footwear.   In the control group, patients were advised orthowedge or rocker bottom outsole diabetic footwear, bed
rest, or walker mobilization. Appropriate wound dressings and antibiotics were given in both the groups. In both groups, the wounds were
measured once in two weeks using a sterilized, disposable paper scale. End point was complete epithelialisation of the wounds, in both groups.
RESULTS

There were a total of 58 patients; 42 males and 16 females.  Each of the ‘felt’ and ‘control’groups had 29 patients.

The ulcer size varied in surface area from 1sqcm to 25 sqcms area in both the groups.  Patients in both the groups were followed-up for a
minimum period of 3 months, or till complete epithelialisation, whichever was earlier. Wounds in all patients, in both groups had completely
epithelialised by the end of the study. There were no dropouts from either group. The mean time taken for wound healing in the felt group was
3.9 weeks (range of 2.6 to 7.2 weeks) and in the conventional group it was 10. 3 weeks (range of 6.8 to 13.8 weeks); (p value of 0.0001).
CONCLUSION

The study shows significant reduction in the time taken for wound healing in diabetic foot plantar ulcers where ‘felt’ was used, as compared
to conventional techniques.  (p value 0.0001).

It can thus be concluded that felt dressing is an excellent offloading technique in the management of diabetic foot plantar ulcers.
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A: Shows a forefoot plantar ulcer prior to starting felt offloading treatment. B: Shows felt pad applied around the
ulcer. C: Shows healing ulcer after about 3 weeks of treatment. D: Shows epithelialised ulcer.

A B

C D

Plate: 1

foot is in contact the last 59 percent of the phase. This
means all of the body weight is on one heel or one fore-
foot a significant period of time. This pressure can equal
1.2 to 1.5 times the body weight depending on the walk-
ing speed5.

When a deformity is present, there is increased pres-
sure on the foot. Researchers have shown that diabetes
causes a decrease in conduction speed in the tibial and
peroneal nerves. This correlates to increased lower ex-
tremity muscle weakness. Muscle weakness may lead to
foot deformity and subsequently cause areas of increased
pressure6 .

 With regard to offloading; some material is usually
placed  on the foot such as padding or dressings. How-
ever, the first and most important offloading technique
is to actually take pressure off from the skin of the plan-
tar aspect of the foot. Debriding the hyperkeratotic skin
surrounding the wound edge is the one aspect of
offloading that one should address7,8.  When left un-
treated, the thick and callused edges of a wound will roll
inward and inhibit the wound edges from migrating to-
wards the center. This hyperkeratotic edge may also cause
increased plantar pressure. Based upon Dr. Paul Brand’s
work that demonstrated the greatest amount of pressure
placed on a foot ulcer is at the leading edge, Armstrong
and Athanasiou later coined the term “edge effect” 13,16.

One might think the greatest pressure would be in the
center of the wound but many plantar ulcers have such
significant depth that the weight bearing forces do not
affect the center of the wound. Due to the natural
offloading of the central wound cavity, plantar foot pres-
sures intensify at the leading edge of the wound. This is
why many plantar foot ulcers need weekly, or at least
frequent, debridement for offloading purposes9,15.

Gait modification offers another simple means of
offloading the foot. A reduction in walking speed or shuf-
fling-type gait can reduce the pressure on the forefoot.
Unfortunately, it is sometimes difficult for patients to
change their walking patterns abruptly. Physical medi-
cine can be helpful in retraining patients in gait when
needed. All attempts should be made to keep these pa-
tients ambulatory with the exception of large wounds.
Continued ambulation can reduce other morbidity. Medi-
cal grade adhesive felt is an excellent technique for
ambulatory offloading of plantar ulcers in diabetic pa-
tients10, 11.

Felts are a class of fabrics or fibrous structures ob-
tained through the interlocking of wool, fur, cotton, rayon
or some hair fibers under conditions of heat, moisture,
and pressure.  With the exception of felt, nonwoven
materials are in the early stages of development. Non-
woven fabrics can be defined as textile fabrics made of a

Adhesive Felt Offloading in the Healing of Diabetic Foot Ulcers



29

Amrita Journal of Medicine

                  0                                1                                   2                                3

A no epithelial superficial ulcer involving ulcer involving
break ulcer tendon, capsule. Bone, joint

B infection infection infection infection

C ischemia ischemia ischemia ischemia

D ischemia ischemia ischemia ischemia
& infection & infection & infection & infection

Table 1:   University of Texas Classification of Foot Ulcers

fibrous layer having randomly laid or oriented fibres or
threads.

 Felts of the nonwoven class are considered to be the
first textile goods produced, and many references may be
found to felts and their uses in the histories of ancient
civilizations. The nomadic tribes of north central Asia
still produce felts for clothing and shelter, utilizing the
primitive methods handed down from antiquity1. Felt is
being used at various centers world over, for offloading
diabetic plantar foot ulcers

AIM

To study the efficacy of medical grade adhesive felt
in the healing of  diabetic foot plantar ulcers as com-
pared to conventional techniques.

MATERIALS AND METHODS

The study was carried out from 1st  of July ‘06 to
30th April ‘07. In both the felt and control groups, pa-
tients had relatively clean wounds, and after initial surgical
management, the ulcers were in the process of healing.

Inclusion criteria for the study were:
a) Type 2 & type 1 diabetic patients.
b) Plantar ulcers below 25 sq cm at study entry.
c) Non infected ulcers and ulcers with superficial slough.
d) Ankle Brachial Index (A.B.I)  0.9 to  1.2 at study

entry.

Exclusion criteria were:
a) Ulcers over 25 sq cm surface area.
b) Deeper/ spreading infections or surrounding cellulites.
c) Non re-vascularisable Peripheral Occlusive Vascular

Disease.
d) Ulcers encroaching beyond plantar aspect.

The patients who met these criteria were randomly
assigned to either felt group or control group.

In the felt group, the felt was cut out as per size of the
ulcer, and stuck around it, 2 to 3 mm away from the
ulcer margins. This was changed once in 10 days, or as
per requirement. The patient was ambulant with pre-
scribed diabetic footwear. Here the footwear did not have
an orthowedge or rocker bottom outsole modification.
Felt used was 10 mm in thickness and had a ‘shore-hard-
ness’ of 24. Patients in both groups were followed-up
once in two weeks, in the Out Patient Department.
(Plate:1)

In the control group, patients were advised orthowedge
or rocker bottom outsole diabetic footwear, bed rest, or
walker mobilization. Appropriate wound dressing was
done by conventional techniques in both the groups. Sharp
debridement, enzymatic debriding agents and topical
antibiotics were used as per requirement of each patient.
Systemic antibiotics were given when required.

Routine investigations were carried out and strict gly-
cemic control was achieved in all patients.

In both groups, the wounds were measured once in
two weeks using a sterilized, disposable paper scale. End
point was complete epithelialisation of the wounds, in
both groups. Statically, chi-square method was used to
compare the two groups.

RESULTS
There were a total of 58 patients; 42 males and 16

females randomized to the two groups.  Each of the ‘felt’
and ‘control’ groups had 29 patients.

The ulcer size varied in surface area from 1sqcm to 25
sqcms area in both the groups. Mean area of ulcers was
17 sqcm in the felt group and 17.5 sqcm in the control
group at the time of entry into the study.

As per the University of Texas (UT) classification
(Table 1), ulcers ranged from 1 A to 3 D in both the
groups (Table 2).
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Table 2:   Distribution of patients as per
UT classification

Felt Control
  1A: 4 5
  1B: 9 7
  1C: 5 7
  2B: 7 6
  2C: 3 2
  3D: 1 2

Peripheral neuropathy was seen in 25 patients of the
felt group and 27 of the control group. This was tested by
‘vibration perception test’ (VPT) using the Biothesiometer.
Patients with VPT of 15 volts and above was taken as
having   peripheral neuropathy.

2 Patients in the felt group and 3 patients in the con-
trol group had undergone prior peripheral angioplasty of
that lower limb for occlusive vascular disease, confirmed
by a peripheral angiogram.

Patients in both the groups were followed-up for a
minimum period of 3 months, or till complete
epithelialisation, whichever was earlier. Wounds in all
patients, in both groups had completely epithelialised
by the end of the study. There were no dropouts from
either group.

The mean time taken for wound healing in the felt
group was 3.9 weeks (range of 2.6 to 7.2 weeks) and in
the conventional group it was 10. 3 weeks (range of 6.8
to 13.8 weeks); (p value of 0.0001).

DISCUSSION
The felt used in the study had a ‘shore hardness’ of

24. This is important for equally distributing plantar pres-
sures and preventing build-up of plantar pressure over
the area where the felt is stuck.  ‘Shore hardness’ refers to
the density of the material. Lesser the shore hardness,
softer is the material12, 14.

UT classification had shown comparable ulcer size
and other parameters in both the groups. Peripheral neu-
ropathy. In the felt group, the time taken for ulcer healing
was markedly less, (p value 0.0001), as here the void
created under the ulcer provides excellent pressure relief,
where as some degree of plantar pressures do act on the
ulcer when the patient is using a modified diabetic foot-
wear, or a total contact cast. Since the felt is cut
approximately 2 to 3 millimeter away from the margin
of the ulcer, and is stuck around it, the material will not
shift when the patient is walking. Thus this will obvi-
ously give complete relief of plantar pressure at this site.
Hence wound healing progresses unhindered despite
mobilizing the patient.

In modified footwear this absolute pressure relief will
not occur. Modifications of footwear for plantar pressure
relief are the ‘orthowedge’ and ‘rocker-bottom’ modifi-
cations. The orthowedge shoes, which may be anterior,
mid or posterior according to whether forefoot, midfoot
or the hindfoot is to be offloaded. Rocker-bottom outsole
modifications are also commonly prescribed for foot
offloading and may be of six different types according to
the part of the foot and the degree to which it has to be
offloaded. However complete relief of plantar pressure
cannot be obtained by these modifications as while walk-
ing 15% to 20% or more plantar pressure is bound to be
transmitted to the ulcer2, 5. Even in a total contact cast,
which is a gold standard for plantar ulcer offloading, only
about 86% of plantar pressure can be removed11.

Patient compliance may also be a factor, since the
felt which is stuck to the plantar skin will remain in po-
sition at all times, while a non compliant patient using a
modified footwear can walk without it, leading to build-
up local pressure and delayed wound healing.  Similar
studies done by other workers have also shown good re-
sults for ulcer healing, and are a proven modality of
offloading1, 16, 17. In a prospective clinical trial, by
Armstrong DG et al, 63 patients with superficial nonin-
fected, nonischemic diabetic plantar foot ulcers were
randomized to one of the commonly used modalities of
plantar ulcer off-loading TCC, half-shoe, or RCW and
padded felt. Outcomes were assessed at wound healing
or at 12 weeks, whichever came first. Primary outcome
measures included proportion of complete wound heal-
ing at 12 weeks and activity. Results of this study also
showed faster healing of plantar wounds, in the group
where ‘felt’ was used.

However as a healed plantar ulcer is also a high risk
area for subsequent ulcerations, outsole modifications of
footwear like a orthowedge & rocker bottom, or insole
modifications will be essential for prevention of ulcer
recurrence17.   This is so at the site of healing, the tissue is
not as supple as normal tissue, and adhesions of the healed
scar to deeper structures will make it less pliable and
mobile, leading to a high risk area for injuries. Also the
vascularity of these healed ulcers may be lesser than that
of the earlier tissue. Hence, this modified diabetic foot-
wear is of paramount importance in the recurrence of
healed plantar wounds.

In conclusion, the study shows significant reduction
in the time taken for wound healing in diabetic foot plan-
tar ulcers where ‘felt’ was used, as compared to
conventional techniques.  (p value: 0.0001).

It can thus be stated that ‘felt’ is an excellent offloading
technique in the management of diabetic foot plantar
ulcers.

Adhesive Felt Offloading in the Healing of Diabetic Foot Ulcers
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A 31 year old male patient was evaluated for recurrent pancreatitis. Figure shows MR cholangiopancreatography(MRCP)
image of pancreatic and biliary ducts. What is the diagnosis?

Radiology QuizRadiology QuizRadiology QuizRadiology QuizRadiology Quiz
Chandramohan, R. Kannan, S. Moorthy

QUIZ

Answer on Page 44

Dept. of Radiology, AIMS, Kochi.
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INTRODUCTION
Acute hepatic failure (AHF) is de-

fined as the rapid development of
hepatocellular dysfunction – specifi-
cally coagulopathy and mental status
changes within eight weeks of onset
of jaundice in a patient without
known preexisting liver disease1. Ad-
vances in intensive medical care and
development of artificial liver support
systems have only resulted in modest
improvements in outcomes with best
survival rates of 15% - 30%2. Liver
transplantation (LT) has revolutionized
the treatment of irreversible AHF with
80% short-term salvage and long-term
survival rates ranging from 40%-
75%3. Yet few actually undergo the
procedure due to late referral, lack of
suitable donor or the development of
contraindications4.

We present the case of one fortu-
nate patient with AHF who survived,
due to timely referral and readiness
of the husband to be a living donor.
This report is perhaps the first emer-
gency living related liver
transplantation (LDLT) for AHF in
South India.

Living Donor Liver TLiving Donor Liver TLiving Donor Liver TLiving Donor Liver TLiving Donor Liver Transplantation in Acute Hepatic Fransplantation in Acute Hepatic Fransplantation in Acute Hepatic Fransplantation in Acute Hepatic Fransplantation in Acute Hepatic Failureailureailureailureailure
– viable option in Indian context– viable option in Indian context– viable option in Indian context– viable option in Indian context– viable option in Indian context

CASE REPORT

S. Sharma, O.V. Sudheer, P. Dhar, S. Sudhindran

Dept. of G.I. Surgery, AIMS, Kochi.

CASE HISTORY
A 46-year-old lady reported to a

hepatology centre with progressively
increasing jaundice of 21days. Her
etiological workup for viral hepatitis,
acetaminophen toxicity, and Wilson’s
disease was negative. She did confess
to taking some ayurvedic preparations
for arthralgia for the past 2 years. De-
spite aggressive supportive measures,
the bilirubin levels and coagulation
parameters worsened and she devel-
oped features of early encephalopathy.
At this stage, she was referred to our
centre, for liver transplantation.

On arrival, she appeared icteric and
confused (Grade II encephalopathy).
There were no stigmata of chronic liver
disease and her abdominal examina-
tion was unremarkable. Her Serum
Bilirubin was 34.1mg% and prothrom-
bin time was prolonged with an INR
of 3.1.  She was admitted in the ICU
for monitoring, and started on antibi-
otics (Piperacillin and Tazobactum)
and antifungal (Fluconazole) agents and
was under consideration for possible
transplantation. Within 12 hours of
admission, she slipped into Grade IV
encephalopathy. CT scan of the brain
did not reveal intracranial bleed. At

this stage, the pretransplant workup
was expedited with the aim of start-
ing the transplant operation within 12
hours. A 64 slice Multidetector CT
scan (MDCT) of the donor to assess
his anatomic suitability for the pro-
posed right hepatectomy. The total
liver volume calculated by CT
volumetry was 1114cm3 while the
volume of the right lobe including the
Middle Hepatic Vein (MHV) was
675cm3. No vascular anomalies were
identified which would be an impedi-
ment to donation. At surgery, a
transcystic cholangiogram (IOC) was
performed to delineate the biliary
anatomy. Though the initial plan was
to obtain the right lobe of the donor
liver along with the MHV, the paren-
chymal transection had to be done to
the right of the MHV to ensure ad-
equate venous drainage of residual
liver segments (particularly segment
IV), in the donor. The cold ischaemia
time (time from liver retrieval in the
cold slush, until rewarming by recipi-
ent blood flow including the time
spent in graft preparation on the bench
table) was 103 minutes and the sec-
ondary warm ischaemia time was 61
minutes. The combined operations
were completed in 16 hours. The re-

ABSTRACT
OBJECTIVE

Acute Hepatic Failure is a medical emergency with a high mortality rate. Worldwide experience has shown that timely liver transplantation can
salvage a few of these patients. Cadaveric liver tranplantations in India are too infrequent to be considered a viable option in these patients
who usually require an emergency liver replacement once medical measures begin to fail. Living donor liver transplantation can be offered to
the families of these desperately ill patients. A successful outcome can be expected in centers equipped with experienced surgeons and
necessary infrastructure to carry out this major surgical undertaking.
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cipient received 8 units of packed cells and 9 units of
plasma. The donor hepatectomy was accomplished with-
out the need for red cell transfusion. The donor was
extubated immediately postoperatively while the recipi-
ent was extubated the next day.

Initial immunosuppression was with injectable me-
thyl prednisolone alone. Oral steroids, Tacrolimus and
Mycophenolate Mofetil were started on the third postop-
erative day. Tacrolimus dose was adjusted to maintain
serum trough levels between 5 and 15ng/ml. The conva-
lescence was rather smooth and she was discharged on
24th postoperative day. At follow up in 3rd month, she is
back to near normal life. The donor is back to his routine
activities of daily living.

DISCUSSION
AHF is a clinical syndrome that results from sudden

loss of hepatic parenchymal and metabolic functions and
manifests as coagulopathy and encephalopathy. The
causes differ in various parts of the world. In U.K and
USA5 acetaminophen and idiosyncratic drug reactions are
the most commonly identified etiologic agents while in
Japan and India acute hepatitis B is the leading cause of
AHF6. It is known that spontaneous survival rates from
AHF due to acetaminophen toxicity and Hepatitis A are
high4, while the rates for other viral hepatitis and idio-
syncratic drug reactions are low.

AHF constitutes a medical emergency associated with
a high mortality due to the development of cerebral
edema, coagulopathy and bleeding complications. The
role of LT in AHF has been established beyond doubt.
The essential challenge is identifying the crucial timing
for transplantation. This involves maintaining the fine
balance between possible reversibility of the condition
through hepatic regeneration versus development of com-
plications, which may either contraindicate transplant or

King’s College criteria for transplantation in acute liver failure:

Non – acetaminophen cause

INR >6.7
Or any three of

      Unfavorable cause (eg. Drug induced, non A
      non B hepatitis, Halothane hepatitis)
      Age <10 or >40 years

      Acute/Subacute presentation

      Bilirubin level >300mmol/L

      INR > 3.5

Acetaminophen

Arterial pH <7.3 after volume resuscitation
Or concurrent findings of

    Encephalopathy grade III/IV

    Creatinine >300mmol/L

     INR > 6.5

render the condition irretrievable despite a transplant! A
useful tool to assess whether a patient is likely to be-
come irreversible is the Kings college criteria7, for early
identification of indices with a poor prognosis.

Traditional cadaveric graft if available and in a good
condition, is considered ideal because patients with AHF
have a huge metabolic demand. However, even in coun-
tries with an established cadaveric organ-sharing program,
a suitable donor may not be easily available in the emer-
gency setting of AHF. Over the last few years, the use of
living donor liver transplantation (LDLT) has been evalu-
ated and the benefits in the setting of AHF are
well-established8. The advantages are that graft function
is usually excellent as cold ischaemia time can be kept
to a minimum and the procedure can be completed on
an emergency basis before the patient’s condition dete-
riorates irreversibly. The potential disadvantage is possible
inadequacy of available liver volume; hence the safer left
liver grafts (Fig.1) have given way to the functionally larger
right liver, albeit at the cost of significantly higher donor
morbidity and mortality9.

Donor related complications can be kept to a mini-
mum by careful preoperative estimation of the donor liver
volume and a careful delineation of the vascular and bil-
iary anatomy of the two lobes of the liver. The size of the
graft required by the recipient is estimated by the graft to
recipient weight ratio (GRWR), which is the weight of
the graft divided by the weight of the recipient multi-
plied by 100 (ideal GRWR = 1), and balanced against
the 40% of the original liver volume that has to be re-
tained in the donor. CT volumetry is invaluable in this
regard10. It is imperative while planning the parenchymal
transection to ensure adequate vascular inflow and out-
flow and biliary drainage of all the segments in both the
lobes of the liver to avoid functional parenchymal loss in
either the donor or recipient. The information obtained

Living Donor Liver Transplantation in Acute Hepatic Failure – viable option in Indian context
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with the use of a MDCT and intaoperative cholangio-
gram greatly facilitate this planning.

The outcome after LDLT is inversely proportional to
the degree of liver failure as evidenced by the grade of
encephalopathy and degree and number of organ dysfunc-
tions in the recipient. Early referral to a transplant center
by the treating physician before irreversible neurologic
damage or uncontrollable septic complications have oc-
curred can significantly impact outcome. Soon after arrival
our patient slipped into grade IV encephalopathy. Fortu-
nately, we managed an emergency transplantation within
hours of deterioration of her neurological status, which
probably accounted for her prompt extubation postop-
eratively.

CONCLUSION
LT has the potential to be a life saving surgery for

patients of AHF who deteriorate rapidly and would oth-
erwise have dismal prognosis even with the best medical
care. The most important determinant of the outcome of
LT is timely referral before end organ damage has oc-
curred. In our country, Gastroenterologists frequently deal
with many patients with AHF secondary to viral infec-
tions or drug toxicity (due to use of traditional and
alternative medicines for various ailments). Too few ca-
daveric organ donations take place in our country for
salvaging these otherwise healthy patients. Lack of a vi-
able donor network for elective supply of organs vitiates
against possible reliability in an emergency setting. Liv-
ing donor liver transplantation performed in experienced
centers offers a viable solution to a condition with an
otherwise dismal prognosis.
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INTRODUCTION
Transfusion related acute lung in-

jury (TRALI) is a frequently
misdiagnosed, yet potentially fatal
reaction following transfusion of blood
products. There is a lot of confusion
in the literature regarding this entity
because till recently there was no uni-
form nomenclature, definition or
diagnostic features described in rela-
tion to it.

We describe a case report of TRALI,
not because it is infrequent, unique
or has never been described before,
but to familiarize our colleagues with
it. The intention of this article is to
compile available information to self-
educate ourselves to a potentially
preventable life-threatening condition
and the current guidelines for its man-
agement.

CASE HISTORY
A 46-year-old lady, who had un-

dergone surgery for ovarian

TTTTTransfusion-related Acute Lransfusion-related Acute Lransfusion-related Acute Lransfusion-related Acute Lransfusion-related Acute Lung Injury:ung Injury:ung Injury:ung Injury:ung Injury:
A Case Report and Review of Recent AdvancesA Case Report and Review of Recent AdvancesA Case Report and Review of Recent AdvancesA Case Report and Review of Recent AdvancesA Case Report and Review of Recent Advances

CASE REPORT

S. Sharma, A.Gauhar, D.K. VijayKumar, J. Paul*

Dept. of  Surgical Oncology, AIMS, Kochi.

* Dept. of Anaesthesia, AIMS, Kochi.

malignancy, reported breathlessness on
the first post-operative day. Her com-
plaints had started within 20-25
minutes of completion of a transfu-
sion of single unit of packed red blood
cells (PRBC). She also had chest dis-
comfort and rapidly progressed to
become unstable haemodynamically
with a falling oxygen saturation
(<80%), hypotension with a systolic
BP of <80 mm Hg, tachycardia
(>140/min), tachypnoea (>30/min),
and mild fever (100° F). Immediate
investigations done are shown in
Table1.

The patient required ventilatory
support with a positive end expiratory
pressure (PEEP) of 10 for 3 days along
with a hemodynamic support with
Dopamine, Dobutamine and Norad-
renaline (these could be tapered and
withdrawn within the next 48 hours).

The initial differential diagnosis
was between a transfusion mismatch,
myocardial infarction, pulmonary
embolism or a fluid overload. Post
transfusion recipient and bag blood

sample were sent immediately to the
blood bank where a mismatch was
ruled out. Also patient had no typical
features of a cross match reaction like
bronchospasm, rashes, hemoglobin-
uria, renal shutdown, or falling
hemoglobin levels, etc. Fluid overload
was ruled out in face of a normal CVP
and normal ECHO. A normal ECG,
normal ECHO and near normal car-
diac enzymes ruled out the possibility
of an acute myocardial ischemic
event. Pulmonary embolism was
eliminated from the differential diag-
nosis on the basis of bilateral extensive
pulmonary infiltrates, normal D-
dimer values and no clinical signs of
deep vein thrombosis.

In this setting a possibility of
TRALI was raised. Patient’s clinical
features, course of events, response of
the acute episode to supportive man-
agement, all were supportive of this
diagnosis.

The patient eventually recovered
from this acute reaction over next 5
days and was discharged to home on
the 10th postoperative day.

ABSTRACT
Transfusion-related acute lung injury (TRALI) is an emerging as a common cause of transfusion related adverse events. However the awareness
about this entity in medical fraternity is low and consequently it is an under diagnosed and very underreported complication of transfusion
therapy. We report a case of 46-year old lady who developed acute hemodynamic and respiratory instability following a single unit blood
transfusion in the postoperative period. She responded to symptomatic management with vasopressor and ventilator support. The diagnosis of
TRALI relies on excluding other diagnoses such as sepsis, volume overload, and cardiogenic pulmonary edema. All plasma-containing blood
products have been implicated in TRALI, with the majority of cases linked to whole blood, packed RBCs, platelets, and fresh-frozen plasma.
The pathogenesis of TRALI may be explained by a “two-hit” hypothesis, involving priming of the inflammatory machinery and then activation
of this primed mechanism. Treatment is supportive, with a prognosis substantially better than most causes of clinical acute lung injury.

KEY WORDS: Transfusion-related; acute lung injury, blood transfusion, acute respiratory distress syndrome; non-cardiogenic pulmonary
edema.

KEY MESSAGES: The article is written with an intention to spread awareness among the medical fraternity to this often missed, misdiagnosed
entity that is more frequent than we would like ourselves to believe.
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DISCUSSION
Barnard 1 in 1951 described the first case of fatal pul-

monary edema accompanying transfusion therapy. The
confusion surrounding TRALI is due to the numerous
eponyms that have been used in the past to refer to this
clinical entity. The syndrome had previously been referred
to as pulmonary hypersensitivity reaction 2,3, allergic pul-
monary edema 4, non-cardiogenic pulmonary edema 5-7

and pulmonary leukoagglutinin reaction 8.
The term was first coined by Popovsky et al 9 in 1983

to refer to non-cardiogenic pulmonary edema complicat-
ing transfusion therapy in 1985 in a case series report of
36 cases from Mayo clinic, which occurred from 1982 to
1985.

Thus it is still under-recognized and under-reported
for a multitude of reasons, which vary from a lack of
precise definition to misdiagnosis to lack of awareness.

EPIDEMIOLOGY
TRALI has emerged as one of the most common seri-

ous complications of blood transfusion 10-13. With the
reduction of clerical errors and with more effective screen-
ing and prevention of the transmission of infectious agents,
TRALI has surpassed hemolytic reactions as the leading
cause of transfusion-related mortality in developed coun-
tries 11-14. Published incidence of TRALI ranged from
0.02% to 0.05% per blood product unit transfused and
from 0.08% to 0.16% per patient who received a trans-
fusion 15-19. The true incidence of TRALI is not known
because there is significant underreporting of cases 20, 21.

DEFINITION & CLINICAL PRESENTATION
TRALI is defined as non-cardiogenic pulmonary edema

temporally related to the transfusion of blood products
22,23.

Almost any blood component containing about 50
ml or more of plasma is implicated, use of red blood
cells (RBCs), and pooled platelets from several donors
seems to have a particularly high risk 10,12,19,24,25. Rarely,
cryoprecipitate, intravenous immunoglobulin, and stem
cell preparations have been implicated and it does not
seem to occur with washed RBC 18,26,27. Interestingly the
incidence is least with Fresh Frozen Plasma (FFP), and
maximum with platelet concentrates.

Symptoms of TRALI appear usually within 2 to 6 hours
from initiation of transfusion, but cases of presumed TRALI
have been described up to 48 hours after transfusion 28,29.
Clinically the patient presents with features of acute on-
set respiratory and hemodynamic complications in the
absence of features of circulatory overload like dyspnea,
tachypnea, frothy sputum, fever, hypotension, or, much
more rarely, hypertension 30,31. Laboratory findings for
TRALI are inconsistent and include acute transient neu-
tropenia32, presence of matching leukocyte
antigen-antibody in the donor and recipient 33, and in-
creased neutrophil-priming activity in transfused blood
19. In patients with an endotracheal tube in place, high
protein concentration found in edema fluid sampled
within the first hour of intubation may help differentiate
TRALI from fluid overload and cardiogenic pulmonary
edema 23.

S. No.   Investigation        Parameters   Value                            Comments

Measured with O2  on flow at a rate of 10 L/min
through nasal prongs

Invasive monitoring instituted in view of the
deteriorating hemodynamic status

1. ABG

2. Invasive hemodynamic
monitoring

3. ECG

4. ECHO

5. Chest X-Ray

6. Troponin T

7. CK - MB

pH 7.447
pCO2 23.8
pO2 30.7
SpO2 62.2
Hb 10.4
Hct 32
Arterial BP 85/48
CVP 12

Table 1: Summary of Immediate investigations done at the time of acute symptoms.

Normal sinus tachycardia (HR – 144/min) with no evidence of ischemic changes

Normal study with no evidence of RWMA, normal LA parameters, LVEF – 55%

Bilateral extensive pulmonary infiltrates, no effusion

0.352       NR: 0 – 0.2 ng/mL

47       NR: 0 – 23 IU/mL
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ETIOLOGY & PATHOGENESIS
The exact etiology of TRALI is unknown, but 2 dis-

tinct mechanisms have been suggested. The traditional
theory proposes an antibody-mediated reaction between
recipient granulocytes and antigranulocyte antibodies from
donors who were sensitized during pregnancy (multipa-
rous women) or by previous transfusion 9,12,34,35.

Recently, an alternative mechanism has been sug-
gested, implicating pro-inflammatory molecules,
predominantly lipid products of cell degradation, known
to accumulate during storage of cellular blood products
19,36,37.

Both models are based on a two-hit hypothesis wherein
a first hit is required as an initial priming event followed
by a second initiator event. Of note, the 2 hypotheses of
TRALI pathogenesis are not mutually exclusive and even
may act synergistically with underlying patient factors to
produce acute lung injury.

The first insult (first hit) is priming and adherence of
neutrophils to the pulmonary endothelium. Candidate
conditions for producing the first insult in TRALI include
surgery, sepsis, trauma, massive transfusions, hematologic
malignancies, cardiac surgeries, induction chemotherapy
and cardiopulmonary bypass 23.

The second insult (second hit) activates these primed
neutrophils, resulting in the release of reactive oxygen
species that cause capillary leak and pulmonary edema
38. For the second hit, parity of the blood donor, relation-
ship to the blood donor, and the age of the blood products
can all be potential risk factors 23.

Although the antibody theory remains more widely
accepted and published, in some cases there is definite

evidence of biologically active lipids in the etiogenesis
of TRALI.

DIAGNOSIS
The first step in management of TRALI is to make a

correct diagnosis. It requires a high index of clinical sus-
picion and awareness about this condition in event of
any adverse event temporally related to blood transfu-
sion to diagnose and treat this condition effectively. Figure
1 outlines the algorithm for diagnosis of a suspected case
of TRALI. Too often, hypoxia that develops after transfu-
sion therapy is ascribed to volume overload, and diuretics
are empirically administered. Mild-to-moderate cases of
TRALI may be misdiagnosed as volume overload, and
the chance to make a diagnosis of TRALI, and possibly
prevent future cases, is lost.

The differential diagnosis of TRALI includes,
but is not limited to, transfusion related circulatory over-
load, anaphylactoid reaction to transfusate, bacterial
contamination of tranfusate, and hemolytic transfusion
reaction 39.

There are no specific investigations since there is no
specific abnormality associated with TRALI. However
investigations are required to rule out other possibilities
of a transfusion related reaction. Thus in regular clinical
practice, TRALI is a diagnosis by exclusion because it
has no specific symptoms, signs or investigations.

The only routine laboratory parameter that has
been associated, albeit infrequently, with TRALI is leu-
copenia 39.

Edema fluid/plasma protein ratio measured by taking
matched samples of edema fluid from an endotracheal
tube and plasma sample for protein measurements can

S. No. Investigation Comment
1. ABO typing To confirm type

2. Direct anti-globulin test To exclude cross match incompatibility

3. Complete blood counts Transient neutropenia is seen with TRALI.

4. Peripheral blood film Hemolytic cells may be seen in cross match reaction

5. Chest X-ray Needed to exclude pulmonary edema, pneumonia, other reasons for hypoxia

6. Blood cultures Bacterial contamination is a differential diagnosis

7. Anti-body panel Includes anti HLA-1 & HLA-2, anti granulocyte, anti monocyte, anti IgA

8. D-dimer / FDP To evaluate for Deep vein thrombosis

9. ECHO For cardiac function status and fluid overload

10. ECG /Cardiac enzymes For cardiac function status (to exclude Myocardial infarction)

11. Undiluted pulmonary From endotracheal tube if present – can be diagnostic if fluid to
edema fluid serum protein ratio is >0.75

Table 2: Proposed scheme of investigations for an adverse event following a transfusion (Adapted from reference no 43)

Transfusion-related Acute Lung Injury: A Case Report and Review of Recent Advances
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be diagnostic of increased permeability pulmonary edema.
In hydrostatic pulmonary edema it is <0.65 and >0.75
with increased permeability pulmonary edema 40. This
method is valid only for undiluted pulmonary edema fluid,
not BAL.

A scheme of proposed investigations in a case of any
adverse clinical event temporally associated with blood
or blood product transfusion is given in Table 2

TREATMENT & PROGNOSIS
In majority, TRALI is a self-limiting condition that is

believed to have a better short-term prognosis than other
causes of acute lung injury 23. Most patients recover with
supportive care although about less than 70% patients
will require mechanical ventilation with a hospital mor-
tality of 5-15% 39.

Criteria for ALI (AECC guidelines 1994)
1. Timing: Acute onset
2. Pulmonary artery occlusion pressure d”18 mm Hg when measured or lack of

clinical evidence of left atrial hypertension.
3. Chest radiograph: Bilateral infiltrates seen on frontal chest radiograph
4. Hypoxemia: Ratio of PaO2/FiO2 d” 300 mm Hg regardless of the positive

end-expiratory pressure level, or oxygen saturation of d” 90% on room air.

In addition for TRALI
1. Onset within 6 hours of transfusion of blood products
2. No pre-existing ALI prior to transfusion
3. TRALI still possible if another ALI risk is present
4. Massive transfusion should not exclude the possibility of TRALI

Box 1: Criteria for diagnosis of TRALI as per the current consensus (22).

Fig. 1: Flow chart to evaluate a case of Acute Lung Injury within 6 hours of transfusion

Acute lung injury developing during
transfution or within 6 hours of completion

Rule out cardiogenic pulmonary edema and fluid overload
Clinical examination & Chest Radiograph
Echocardiography + Pulmonary artery catheterization
If present obtain undiluted pulmonary edema fluid and
matched plasma sample for protein analysis.

TRALI still suspected
Notify blood bank
Keep recently used blood bags and sed to blood bank
Draw blood from patient and send to blood bank
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Management of TRALI is supportive, as it is for any
patient with permeability pulmonary edema, and often
includes ventilatory support. Patients with TRALI are of-
ten normotensive to hypotensive with normal or low filling
pressures 23. Diuretics may be contraindicated, and IV
fluids should be administered as necessary, titrating with
the arterial BP to a mean pressure of 60 mm Hg with
appropriate urine output 39,41. Invasive hemodynamic
monitoring may be necessary in especially severe cases
to guide fluid management 23,39. For mild TRALI cases,
supplemental oxygen and supportive care may be suffi-
cient for treatment. For the more severe case, IV fluids
and mechanical ventilation are necessary. Lung protec-
tive (low tidal volume with low plateau pressures)
ventilatory strategies should be employed when ventilat-
ing TRALI patients 39,41. There are reports, but no
prospective randomized trials, of use of glucocorticoids
in the management of TRALI and as of now their role in
this setting remains unsettled 42.

Recurrent TRALI cases have been described 42, so the
indications for future transfusions in a TRALI patient
should be scrutinized and the patient monitored care-
fully if a transfusion is needed at all.
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The sixth installment of this se-
ries reviews three recent articles
related to neuroprotection in cere-
brovascular disease considering either
primary or secondary prevention
agents.

Y. Lampl MD, M. Boaz, PhD , R.
Gilad MD , M. Lorberboym MD , R.
Dabby,MD , A. Rapoport  MD, M.
Anca-Hershkowitz  MD,  M. Sadeh,
MD :Minocycline treatment in acute
stroke An open-label, evaluator-
blinded study. Neurology  2007;
69:1404–1410

BACKGROUND
Ischemic animal model studies

have shown a neuroprotective effect
of minocycline.

OBJECTIVE
To analyze the effect of

minocycline treatment in human
acute ischemic stroke.

METHODS
An open-label, evaluator-blinded

study was performed. Minocycline at
a dosage of 200 mg was administered
orally for 5 days. The therapeutic win-
dow of time was 6 to 24 hours after
onset of stroke. Data from NIH Stroke
Scale (NIHSS), modified Rankin Scale
(mRS), and Barthel Index (BI) were
evaluated. The primary objective was
to compare changes from baseline to
day 90 in NIHSS in the minocycline
group vs. placebo.

RESULTS
One hundred fifty-two patients

were included in the study. Seventy-

Cases, Evidence and VCases, Evidence and VCases, Evidence and VCases, Evidence and VCases, Evidence and Verdictserdictserdictserdictserdicts

LITERATURE SCAN

T. Roy, T. Rony, A.N. Babu

Dept. of Digital Health, AIMS, Kochi.

four patients received minocycline
treatment, and 77 received placebo.
NIHSS and mRS were significantly
lower and BI scores were significantly
higher in minocycline-treated pa-
tients. This pattern was already
apparent on day 7 and day 30 of fol-
low-up. Deaths, myocardial
infarctions, recurrent strokes, and
hemorrhagic transformations during
follow-up did not differ by treatment
group.

CONCLUSIONS
Patients with acute stroke had sig-

nificantly better outcome with
minocycline treatment compared
with placebo. The findings suggest a
potential benefit of minocycline in
acute ischemic stroke.

Somchai Laowattana, MD, PhD;
and Stephen M. Oppenheimer, MD,
PhD

Protective effects of beta-blockers
in cerebrovascular disease. Neurol-
ogy 2007;68:509–514

OBJECTIVE
 Because activated sympathetic

tone is associated with poorer out-
come after stroke, we investigated
whether beta-blocker treatment was
associated with lesser stroke severity
and improved outcome.

METHOD
This study prospectively evaluated

111 patients with stroke. Stroke se-
verity on presentation gauged by
Canadian Neurologic Scale (CanNS)
and medication use verified from
medical records. Power spectral
analysis of heart rate variability esti-

mated cardiac sympathovagal tone.
Coagulation and inflammatory activ-
ity were assessed.

RESULTS

On multiple linear regression,
betablocker use was the sole indepen-
dent predictor of less severe stroke on
presentation (95% CI: 0.12 to 1.86:
p =0.03). When CanNS was dichoto-
mized, multiple logistic regression
revealed that beta-blocker use (odds
ratio [OR] 3.70, 95% CI: 1.24 to
11.01, p= 0.02) and female gender
(OR 2.96, 95% CI: 1.14 to 7.69, p=
0.03) were independent predictors of
CanNS score >8.5. There was no
difference in blood pressure and blood
glucose between these two groups.
Beta-blocker treatment was associ-
ated with lower sympathovagal tone
(p = 0.001), thrombin (p = 0.009),
hemoglobin A1C levels (p =0.02),
and erythrocyte sedimentation rate (p
= 0.003).

CONCLUSION

Beta-blocker use is associated with
less severe stroke on presentation and
may be cerebroprotective due to a
sympatholytic effect associated with
decreased thrombin, inflammation,
and hemoglobin A1C.

Xiaobin Wang, Xianhui Qin,
Hakan Demirtas, Jianping Li,
Guangyun Mao, Yong Huo, Ningling
Sun, Lisheng Liu, Xiping Xu

 Efficacy of folic acid supplemen-
tation in stroke prevention: a
meta-analysis.

Lancet Vol 369 June 2, 2007
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BACKGROUND
The efficacy of treatments that lower homocysteine

concentrations in reducing the risk of cardiovascular dis-
ease remains controversial. A meta-analysis of relevant
randomized trials to assess the efficacy of folic acid
supplementation in the prevention of stroke was per-
formed.

METHODS
Data was collected from eight randomized trials of

folic acid that had stroke reported as one of the end-
points. Relative risk (RR) was used as a measure of the
effect of folic acid supplementation on the risk of stroke
with a random effect model. The analysis was further
stratified by factors that could affect the treatment ef-
fects.

FINDINGS
Folic acid supplementation significantly reduced the

risk of stroke by 18% (RR 0·82, 95% CI 0·68–1·00;
p=0·045). In the stratified analyses, a greater beneficial
effect was seen in those trials with a treatment duration
of more than 36 months (0·71, 0·57–0·87; p=0·001), a
decrease in the concentration of homocysteine of more
than 20% (0·77, 0·63–0·94; p=0·012), no fortification
or partly fortified grain (0·75, 0·62–0·91; p=0·003), and
no history of stroke (0·75, 0·62–0·90; p=0·002). In the
corresponding comparison groups, the estimated RRs were
attenuated and insignificant.

INTERPRETATION
The findings indicate that folic acid supplementation

can effectively reduce the risk of stroke in primary pre-
vention.

COMMENTARY
The first article by Lampl et al suggests that adminis-

tration of minocycline at the acute stage of stroke is
associated with better clinical outcome as measured by
three standard scales for neurological disability.
Minocycline, a semisynthetic second generation deriva-
tive of tetracycline, was shown to have a clear beneficial
neuroprotective effect in animal models of a variety of
conditions.  The proposed mechanisms of minocycline
include its anti-inflammatory effect, reduction of micro-
glial activation1 matrix metalloproteinase reduction2 nitric
oxide production3, and inhibition of apoptotic cell death4.

There are, however, a number of limitations to the
study. The trial was neither double-blinded nor controlled
and the total number of patients was quite small. It also
remains to be defined whether differing routes of admin-
istration of the drug, changes in dosing or treatment
window might have led to changes in the result. Never-
theless, the study shows that minocyline has promise and
warrants further study.

The second article by Somchai Laowattana et al con-
cluded that Beta-blocker use was associated with less
severe stroke on presentation and may be cerebroprotective
due to a sympatholytic effect associated with decreased
thrombin, inflammation, and hemoglobin A1C. Acute
stroke has been associated with sympathetic activation5

and higher norepinephrine levels have been correlated
with more severe functional impairment. In this study,
beta-blocker treatment correlated with lower cardiac
sympathovagal tone, indicating that a potential mecha-
nism may be the antisympathetic effect of these
medications. The protective effect may also be related to
anti-inflammatory mechanism as suggested by the lower
ESR values in these patients. Stroke patients on beta-
blockers also had lower thrombin levels and hemoglobin
A1Clevels. It is interesting that this study suggests a de-
crease in severity of stroke for patients on beta-blockers,
while other reports have raised concerns of a greater inci-
dence of stroke in patients taking beta-blockers for
hypertension control compared to other medications. If
one assumes that both of these findings are legitimate,
then the clinician is left with a dilemma – weighing both,
it may best to go with the option that decreases inci-
dence as opposed to reducing severity.

Finally, the meta-analysis by Wang et al suggests that
folic acid supplementation may reduce the risk of stroke
through primary prevention in certain subsets and clini-
cal circumstances. It showed that a decrease of less than
20% in the concentration of homocysteine did not sig-
nificantly affect the relative risk of stroke, whereas a
significant reduction in the risk of stroke occurred with a
decrease in homocysteine concentration of 20% or more.

Wang concluded that folic acid supplementation sig-
nificantly reduces the risk of stroke by 18% (95% CI
68–100, p=0·045), and that the benefit was greater in
those trials with a longer treatment duration (>36
months), larger homocysteine-lowering effects (>20%),
no or partial grain fortification, and no history of stroke.
However, it should be noted that the non-stratified analysis
only attained marginal statistical significance, and this
meta-analysis has inherent limitations due to its inabil-
ity to adjust for individual variables (such as differences
in supplement composition between studies) 6. These find-
ings should be viewed in light of the current controversy
about the role of homocysteine reduction for cardiovas-
cular disease – a number of trials such as the HOPE – 2
study failed to find any benefit on cardiovascular end-
points through folate supplementation. Interestingly, this
same study did show a decrease in stroke by roughly 25%7.

In conclusion, stroke remains a potentially devastat-
ing clinical event for which preventive therapies remain
suboptimal. The reviewed studies provide some promis-
ing approaches to consider in pharmacological
neuroprotection. Further studies are needed for more de-
finitive insights.
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DIAGNOSIS:   Pancreas divisum

DISCUSSION:
MR cholangiopancreatography(MRCP) image shows the main pancreatic duct(PD) crossing the common bile duct(CBD)

and entering into minor papilla proximal to CBD insertion suggestive of Pancreas divisum. Minor duct joins with the
CBD.

Embryologically pancreas develops from two components namely the dorsal and ventral pancreas. When the rotation
of bowel occurs, the main pancreatic duct in the dorsal pancreas combines with the ventral component to form the main
duct of Wirsung, which enters through the main papilla and ampulla of Vater. In most instances, the minor duct of
Santorini becomes atretic or if patent, it enters into minor papilla.

Pancreas divisum, the most common congenital variant of the pancreatic anatomy, the ventral and dorsal pancreatic
ducts fail to fuse in utero, resulting in drainage of the bulk of pancreatic fluid (80-95%) via the duct of Santorini through
the relatively small minor papilla and predispose for pancreatitis.

ERCP is the standard of reference for imaging the pancreaticobiliary system because of its high image resolution and
the advantage of allowing therapeutic intervention1. ERCP, however, is expensive and invasive, with a reported compli-
cation rate of 5%.

CT scan findings of pancreatic divisum include: the increase in the craniocaudal length of pancreas and the occa-
sional presence of a fat cleft separating the dorsal and ventral elements 2.

MR cholangiopancreatography(MRCP) has been described as providing direct cholangiography and pancreatography
noninvasively and without use of contrast medium 3. With use of a heavily T2-weighted pulse sequence, solid organs and
moving fluids have low signal intensity, and stationary fluids such as bile and pancreatic juice have high signal intensity.
Nonfusion of ventral and dorsal pancreatic ducts in pancreas divisum can be recognized more readily after secretin-
stimulated MRCP. Exogenous administration of secretin stimulates the secretion of fluids and bicarbonates by the
exocrine pancreas, with a consequent increase in the volume of fluid inside the pancreatic ducts. This increase in fluid
content is used to improve the visualization of pancreatic ductal anatomy on MRCP.

Various endoscopic approaches used for the treatment of pancreas divisum with acute recurrent pancreatitis include
endoscopic sphincterotomy of the minor ampulla, with or without sphincterotomy of the major ampulla; ductal balloon
dilatation; and pancreatic duct stent placement.

Radiology Quiz (Answer)Radiology Quiz (Answer)Radiology Quiz (Answer)Radiology Quiz (Answer)Radiology Quiz (Answer)
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