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1. Aims and Scope

MGM Institute of Health Sciences (Deemed 
University) recognizes the urgent need for pro
moting medical education in the country, so that 
the quality of life for individuals and community 
could be improved by promoting health, preventing 
and curing diseases, advancing biomedical and 
clinical research and educational programs 
for tomorrow’s physicians and scientists. The 
University is committed to creativity, innovation 
and excellence in every sphere of its working. 
The University will transform lives and serve the 
society by educating, creating knowledge and 
putting knowledge to work. In this endeavor the 
University has launched a quarterly peerreviewed 
scientific journal ‘MGM Journal of Medical 
Sciences’ to encourage investigators to publish 
their research findings for wider dissemination 
with the aim of applying those for the benefit of 
the society.
 The newly launched peerreviewed quarterly 
journal would cover full spectrum of the specialties 
in biomedical and clinical research. Its fourth issue 
would be released in January 2015. The journal 
aims to publish articles arising out of original 
research, specialized topics, review articles, edito
rials, and description of new diagnostic and thera
peutic techniques and technologies. In addition, 
the journal will include pictorial reviews, letters to 
the editors, book review, and notices of meetings 
and courses. In this endeavor, the journal hopes to 
provide a forum for the stimulation of new develop
ments, clinical practices and research in the field 
of health and allied sciences. The salient feature 
of the journal would be to bring out from time to 
time special issues focusing on specific themes 
of national relevance including the outcome 
of scientific meetings, etc. A section would be 
devoted exclusively to young resear chers and 
students in order to encourage them to publish 
their innovative ideas and research findings. In 
fact, it will be a ‘student friendly’ journal.

2. Ethical Considerations

Manuscripts submitted for publication must 
comply with the following ethical considerations:

Informed Consent
Informed consent of the patients must be taken 
before they are considered for participation in 
the study. Patient identifying information, such as 
names, initials, hospital numbers, or photographs 

Following guidelines must be followed before 
submission of the manuscript:
 The articles must represent original research 
material, should not have been published before, 
and should not be under consideration of publi
cation else where. This, however, does not include 
previous publication in form of an abstract or as 
part of published literature (review or thesis). It 
is the duty of the author to obtain the necessary 
permissions for extensive quotations, tables, 
illus tra  tions or any other copyrighted material 
they are using in the paper before a paper can 
be considered for publication. Copyright of the 
article gets transferred to Jaypee Brothers, once 
the article has been accepted for publication. 
The author would be asked to sign the “Copyright 
Transfer Form” before his/her article is considered 
for publication. Once the Copyright Transfer 
statement has been signed by the corres ponding 
author, no change in authorship or in the order 
of the authors listed on the article would be 
accepted by Jaypee Brothers. Also by signing the 
above mentioned form, the author reassigns the 
rights of copublishing, or translation if considered 
necessary in future to the publisher. In the advent 
of occurrence of any dispute, the matter would be 
resolved within the jurisdiction of New Delhi court. 
 While all care has been taken to provide 
accurate and correct information in accordance 
with the date of publication, neither the authors, 
editors nor the publisher takes any legal respon
sibility for any unintentional omission or error. The 
publisher makes no expressed or implied warranty 
with respect to the information contained herein. 
The published material cannot be photocopied 
for the following purposes: General distribution, 
promotion, new works or resale. If this is required, 
specific written per mission requires to be obtained 
from the publisher. Exclusive rights to reproduce 
and distribute the articles in this journal have been 
protected by copyright. This also covers the rights 
to reproduce or distribute the article as well as 
the translation rights. No material published in 

should not be included in the written descriptions. 
Patient consent should be obtained in written and 
archived with the authors. 

Protection of Human Subjects and  
Animals in Research
When conducting experiments on human 
subjects, appropriate approval must have been 
obtained by the relevant ethics committees. All 
the procedures must be performed in accordance 
with the ethical standards of the responsible 
ethics committee both (institutional and national) 
on human experimentation and the Helsinki 
Declaration of 1964 (as revised in 2008). When 
reporting experiments on animals, authors must 
follow the institutional and national guidelines for 
the care and use of laboratory animals.
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Editorial

We have pleasure in bringing out the 4th issue of Volume 1 of the MGM Journal of Medical Sciences. With this issue, we shall 
complete 1 year of this recently launched journal. We are sure, with good response of our esteemed readers, this prestigious 
publication will grow steadily from issue to issue and earn a niche slot among research publications in medical sciences, not 
only in India but also in the international domain.
 Pediatric asthma is being increasingly recognized as a major emerging health problem among children all over the world, 
with prevalence rate as high as 7 to 14% in developed countries. Prevalence rate in Indian children has been estimated in one 
study as 7.24%. With no known curative treatment, children afflicted with bronchial asthma suffer a lot throughout their lives, 
though modern diagnostic and therapeutic measures can reduce the severity of their disability significantly. Can we do something 
to reduce its incidence? How much does environmental pollution contribute to this malady? One original article published in 
this issue examines this problem of impact of environmental factors on severity of pediatric asthma. Another article presents 
findings of a study carried out to assess computer literacy in medical students in a local private medical college. It is an important 
study that will tell medical educationists as to how much has been achieved in imparting training in use of computers to medical 
students and what more needs to be done. 
 The Department of Biomedical Engineering of MGM Institute of Health Sciences has designed an ultrasound-based wheelchair 
for patients, which is being presented by the designer team in one of the articles in this issue. 
 Besides these three original articles, this issue contains two review articles on contemporary subjects and a few interesting 
case reports.

Editors-in-Chief
Shibban K Kaul MS MCh FIACS

Pro-Vice Chancellor

Chander P Puri PhD FNASc FAMS
Pro-Vice Chancellor (Research)
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Design and Development of Ultrasound-based Wheelchair
1NB Patil, 2Aarti N Bokade, 3BD Mokal, 4Swati R Checker, 5GD Jindal 

ABSTRACT
A wheelchair is a most commonly used machine in hospitals 
for patients, mainly those patients who cannot move or walk 
or who work with great difficulty. A patient on wheelchair has 
to depend on another person required to control the motion 
and direction of the wheelchair to avoid obstacles on their path 
since the patient is not in a condition to control the wheelchair 
himself. This makes the patient on the wheelchair dependant.1 
The prototype of ultrasound-based wheelchair allows patient 
on the wheelchair to be self-dependant and the wheelchair 
itself controls the motion by avoiding obstacles in its path. This 
wheelchair is mainly designed for handicapped people (blind, 
limp patients mainly) for their domestic purposes. Ultrasound-
based wheelchair avoids obstacles on its path using ultrasound 
sensors.2 Once an obstacle is detected, the microcontroller 
gives signal to the motors of the wheel to perform appropriate 
actions as per the developed algorithm. The designed prototype 
causes no inconvenience to the patient and allows patient to 
move within the house or a specified hospital environment. The 
design cost of ultrasound-based wheelchair prototype is ̀  7000.

Keywords: Wheelchair, GH-311 ultrasound motion sensor, 8051 
microcontroller, L293D motor driver, DC motors.

How to cite this article: Patil NB, Bokade AN, Mokal BD, 
Checker SR, Jindal GD. Design and Development of Ultra sound-
based Wheelchair. MGM J Med Sci 2014;1(4):147-150.

Source of support: Nil

Conflict of interest: None

INTRODUCTION

Mobility is a key component of a positive quality of life. 
Unfortunately, many older adults face various impair
ments and disabilities that result in their mobility being 
compromised. Furthermore, many of these people require 
a powered wheelchair, because they lack the strength 
to manually propel themselves. However, powered 
wheelchairs are not appropriate for older adults with a 

ORIGINAL ARTICLE
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cognitive impairment, such as Alzheimer’s disease, as they 
do not have the cognitive capacity required to effectively 
and safely maneuver the wheelchair. In addition, their 
sometimes aggressive and unpredictable behavior makes 
wheelchair use unsafe for both themselves and others. 
The designed wheelchair is a simple patient operated 
wheelchair which would reduce patient’s effort to push 
the wheels to bring it to motion. The objective is to 
provide these users with some level of independence. The 
wheelchair incorporates simple keypad controls and an 
inbuilt obstruction detector system which prevents the 
patient from facing any kind of obstacles that would cause 
inconvenience to the patient. It is simple, user friendly 
and costeffective option for the patient. The patient need 
not depend on a third person for assistance, he would 
just have to sit on the chair as the wheelchair would 
itself maneuver through the obstacles or he can manually 
operate the chair by pressing the switches on the control 
panel which is very simple to use as well as remember 
the controls distinctly. The wheelchair uses ultrasound 
sensor for automatic detection of obstruction and stop any 
further motion of the wheelchair if an obstacle is detected, 
so as to avoid the inconvenience that the patient might 
face while maneuvering through the obstacle, which can 
be as simple as a bump in the path or as big as a rock or 
a wall in the path. This makes the wheelchair very easy 
to control by the patient and avoids the need for a third 
person to guide the patient on his way. For physically 
challenged individuals, it is of utmost importance to get 
easy mobility in case of emergency or need. The vehicle 
for handicap used nowadays has a joystick control; we 
have attempted to make a fully automatic wheelchair 
system.3

METHODS

8051 microcontroller has been used to control the 
ultrasound sensor module and the movement control 
module consisting of motor driver and DC motors as 
shown in Figure 1. The ultrasound sensor has been 
interfaced on Port 0 and L293D (motor driver) interfaced 
on Port 1. Ultrasonic sensors (also known as transceivers 
when they both send and receive) work on a principle 
similar to radar or sonar which evaluate attributes of a 
target by interpreting the echoes from radio or sound 
waves respectively.4 Ultrasonic sensors generate high 
frequency sound waves and evaluate the echo which is 
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received back by the sensor. Sensors calculate the time 
interval between sending the signal and receiving the 
echo to determine the distance to an object.

GH-311 Ultrasound Motion Sensor 

The GH311 ultrasonic motion sensor as shown in Figure 2 
provides precise, noncontact distance measurements 
from about 2 cm (0.8") to 3 m (3.3 yards). The GH311 
sensor works by transmitting an ultrasonic (well above 
human hearing range) burst and providing an output 
pulse that corresponds to the time required for the burst 
echo to return to the sensor. By measuring the echo pulse 
width, the distance to target can easily be calculated. 
The GH311 sensor has a male threepin header used to 
supply ground, power (+5 VDC) and signal. The header 
may be plugged into a directly into solderless breadboard, 
or into a standard threewire extension cable as shown 
in Figure 3.

COMMUNICATION PROTOCOL

The GH311 sensor detects objects by emitting a short 
ultrasonic burst and then listening for the echo as shown 
in the Figure 4. Under control of a host microcontroller 
(trigger pulse), the sensor emits a short 40 kHz (ultrasonic) 
burst. This burst travels through the air, hits an object 
and then bounces back to the sensor. The GH311 sensor 
provides an output pulse to the host that will terminate 
when the echo is detected; hence, the width of this pulse 
corresponds to the distance to the target. The output of 
this sensor is in binary form as 0 and 1. The output is 
1 if there is an obstacle and is 0 if there is no obstacle. 
L293D motor driver is a motor driver IC which is used 
to drive 2 DC motors. It is a 16 pin IC, 8 pins used to 
control first motor with 2 inputs, input 1 and input 2 with 
their respective output pins output 1 and output 2. The 
remaining 8 pins used in a similar fashion to control the 

second motor as shown in Figure 5. DC motor is a 12 V 
30 rpm motor used to make the whole assembly mobile. 
It requires a driver to set the motors to work. Three 
ultrasound sensors have been placed in forward, left and 
right directions.5 The objective is to detect the obstacles 
in all three directions.5 The distance between ground 
level and the sensor firmware is kept 30 cm.

The 8051 architecture provides many functions central 
processing unit (CPU), random access memory (RAM), 
read only memory (ROM), input/output (I/O), interrupt 
logic, timer, etc.) in a single package. It consists of an 8 
bit arithmetical logical unit (ALU), 128 bytes internal 
RAM, 4 KB ROM, four bidirectional 8 bit I/O Ports and 
two 16 bit timers and counters. The ultrasound sensors 
have been interfaced with 8051 to detect the obstacle and 
the direction control takes place based on the programed 
algorithm. DC motors have been driven using L293D 
motor driver. The Figure 5 shows the interfacing of 
motor driver with 8051. L293D is quadruple highcurrent 
halfH drivers. It is designed to provide bidirectional 
drive currents of up to 1 Amp at voltages from 4.5 to  
36 V. It is designed to drive inductive loads, such as relays, 
solenoids, DC and bipolar stepping motors as well as 
their highcurrent/highvoltage loads in positivesupply 
applications.

Fig. 1: Block diagram

Fig. 2: Ultrasound sensor

Fig. 3: Module’s external connection schematic
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Fig. 4: Communication protocol of GH-311 Fig. 5: Interfacing of DC motor with 8051 using L293D

RESULTS

The flow chart of the developed application software is 
shown below (Flow Chart 1).

Flow Chart 1: The developed application software
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APPLICATION

Ultrasoundbased wheelchair enables the patient to move 
on their own without any the help from other person. It is 
useful for physically handicapped person, a limp person 
or a patient with spinal disorder. This wheelchair can also 
be used for partial paralytic or a patient with paralysis. 
Since it is an autonomous wheelchair, the chair would 
find its path avoiding the obstacles causing minimal 
inconvenience to the blind patient.

CONCLUSION

The main aim of the designed wheelchair was to make 
the hardware as compact as possible, economical and 
patient friendly. Thus, the ultrasoundbased wheelchair 
is a simple and a very user friendly consoled chair which 
can make navigation for physically disabled people, old 
people, postsurgical patients, etc. easier and effortless. 
We have presented a method for wheelchair obstacle 
avoidance using the GH311 sensor. The wheelchair stops 
before collisions, and provides mobility to the patient. The 
sensor’s speed and accuracy make it ideal in this setting. 
This system has great potential to improve health and 
independence in an increasingly elderly population. It is 
an autonomous robot used for medical application for a 
carefree and effortless patient motion. It is a step further to 
a conventional wheelchair, where the patient has to depend 
on another person for assistance in moving the wheelchair. 

As mentioned earlier, the physically disabled and needy 
person no further has to be dependent and reply on himself.
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Assessment of Impact of Environmental Causative  
Factors on Severity of Asthma in Children
1Sharad Karki, 2Rajesh Kumar Suman, 3Ipseeta Ray Mohanty, 4NC Mohanty, 5YA Deshmukh

ABSTRACT
Objective: The present study evaluated the association 
between environmental factors and severity of asthma in 
children.

Materials and methods: Questionnaires were specifically 
designed factoring patients’ demographical profile, socio
economic status, cau sative environmental factors and severity 
of asthma.

Results: A total of 100 patients were interviewed who visited 
our pediatric department complaining of asthma symptoms. 
Maximum children were of the age group between 6 and  
10 years (29%). The ratio of male (64%) was more than female 
(36%). Maximum patients belong to middle class family (33%) 
and lower middle class (29%). Among children cold/respiratory 
illness (87%) followed by exercise and sports (70%) was the most 
common environmental trigger for asthma. Asthma symptoms 
worsened during day time and winter season in this group.

Conclusion: A significant positive association between 
environ mental asthma triggers: smoke (p = 0.035), strong smell 
(p = 0.008), cold/respiratory illness (p = 0.035), hot/cold air (p = 
0.03) and severity of asthma in children was observed. Winter 
season worsened the asthma symptoms (p = 0.047) in children.

Keywords: Socioeconomic status, Bronchial asthma, Environ
mental factor, Severity of asthma.

Area of research: Public health research and pharmacology.

How to cite this article: Karki S, Suman RK, Mohanty IR,  
Mohanty NC, Deshmukh YA. Assessment of Impact of Environ
mental Causative Factors on Severity of Asthma in Children. 
MGM J Med Sci 2014;1(4):151155.
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INTRODUCTION

Asthma is a chronic inflammatory disorder of airways 
characterized by an obstruction to airflow which com
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pletely or partially reversed with or without specific 
therapy. Airway inflammation is the result of interaction 
between various cells, cellular elements and cytokines. In 
suscep tible individuals, airway inflammation may cause 
recurrent and persistent bronchospasm which causes 
symp toms that include wheezing, breathlessness, chest 
tightness and cough particularly at night, early morning 
or after exercise.1 There has been a noticeable increase 
in the healthcare burden due to asthma globally. The 
prevalence and mortality from asthma have shown an 
upward trend during an era when quality medications 
are easily available for asthma.2

Bronchial asthma is a recurrent but reversible obstruc
tion of the airways. Epidemiological studies carried out in 
different countries indicate the prevalence of asthma is in 
the range of 3.5 to 20% of the population in any country.3 
The documented increase in asthma prevalence over the 
last 25 years is likely due to changes in our environment 
or lifestyle because changes in our genetic makeup would 
take more than several generations to occur.4 Worldwide, 
asthma cases are increasing at a rate of 50% every decade, 
and according to the World Health Organization, by 
the year 2020, asthma, along with chronic obstructive 
pulmonary disease (COPD) will become the third 
leading cause of death. An estimated 300 million people 
in the world currently have asthma and there may be 
an additional 100 million persons with asthma by 2025.5 
It has been reported that India has approximately 15 to 
20 million asthmatics and 10 to 15% of Indian children 
between the ages of 5 and 11 years show symptoms of 
asthma. In India, there is a median prevalence of about  
2.4% in adults of over 15 years of age.6 In one of the largest 
epidemiological multicentric studies on the prevalence 
of asthma in Indian adults using a uniform, validated 
and standardized methodology, a prevalence of 1.69 
to 3.47% was observed.7 Female gender, increasing 
age, family history of asthma, history suggestive of 
atopy, lower socioeconomic status and urban residence 
were significantly associated with asthma.7 In a 
study in Mumbai, the prevalence of asthma in adults 
was 3.5 and 17% when broad definitions including 
asymptomatic bronchial hyper responsiveness were 
used.8 In rural children in Delhi, parental smoking, 
paracetamol intake, current exposure to cat, exposure to 
traffic pollu tion were found to be significantly associated 
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with current wheezing.9 Whereas in children aged  
4 to 20, 15 years in Chandigarh, a prevalence of 7% was 
observed.10 India accounts for a third of the world’s 
asthma patients.

The risks for developing asthma depend on a 
complex interaction of hereditary and environmental 
factors. Risk factors are genetic predisposition (family 
history of atopy or asthma), perinatal factors (low birth 
weight, prematurity), exposure to allergens, infec
tions (respiratory infections, especially those caused 
by respiratory syncytial virus), environmental air 
pollu tion, tobacco smoke, diet and obesity.11 Some of 
the differences are attributable to differences in the 
environ mental exposures and healthcare infrastructure 
in India while others could be truly genetic or ethnic in 
origin. The review of literature shows a large variation 
in data with respect to the prevalence of asthma.12 
Exposure to indoor pollutants represents a potentially 
modifiable cause of allergic sensitization and asthma. So, 
it becomes important to establish which environmental 
factors might influence the development of asthma in 
predisposed individuals. Based on the study results, 
preventive interventions will be planned appropriate to 
the patient and the location. Primary prevention includes 
creation of a productive environmental situation, leading 
healthy lifestyle, elimination of environmental factors 
or pollution.

MATERIALS AND METHODS

Study Design

The study was a prospective, open labeled and descrip
tive survey conducted using a specifically designed 
questionnaire. Necessary approval from the Institutional 
Ethics Committee was obtained before initiating the 
study.

Place of Study

The study was conducted in the Department of Pediatrics, 
MGM Hospital, Kalamboli and Kamothe, Navi Mumbai, 
India.

Study Duration

The study was conducted in between February 2012 and 
September 2013.

Patient Selection

Patients, aged 1 to 14 years, diagnosed as patients of 
asthma were selected for this study. Informed consent 
was obtained from each patient’s parent/guardian.

Sample Size

The study included 100 patients who confirmed to the 
predetermined inclusion and exclusion criteria.

Inclusion Criteria

• Patients of either sex
• Within the age limit 1 to 14 years
• Patients who are known case of asthma and already 

on treatment
• Willing to enroll in a study with consent

Exclusion Criteria

• Patients who are > 14 years and < 1 year
• Patients who are suffering from other systemic 

disorders (heart disease, etc.)
• Patient not willing and not giving consent

Case Report Form

It included the outpatient department number, demo
graphical details and patients name, age and sex. A brief 
questionnaire was designed specifically for the study is 
attached with case report form which contained chief 
complaints, history of asthma, severity and the current 
status of asthma. 

Method

Once their consultation with the General Physician/
Resident was over, the prescriptions were collected 
and necessary details were noted on the questionnaire. 
The patient’s parents were also interviewed on the 
predesigned questionnaire. The details of the patients 
profile were noted down. 

STATISTICAL ANALYSIS

Statistical analysis was performed using statistical soft
ware statistical package for the social sciences (SPSS) 17.0. 
The data were entered into SPSS sheet and analyzed. The 
data were presented using frequencies, percentages along 
with appropriate graphs and charts. The quantitative 
variables were presented using descriptive statistics, 
such as mean and standard deviation. The association 
between variables was tested using Chisquare test. The 
level of significance was set at 0.05. All pvalues less than 
0.05 are considered as significant.

RESULTS

During the study, 100 pediatric asthma patients’ pres
criptions were included for data analysis as per inclusion 
and exclusion criteria. The study was conducted between 
April 2012 and March 2013 at MGM Medical College and 
Hospital, Kalamboli, Navi Mumbai, India. 
 The various parameters analyzed are as follows:

Demographic Profile of the Patients

The pediatric group patients were divided into three 
classes as per the age group. Most of the pediatric patients 
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suffering from asthma were found in the age group of 
1 to 5 years (Table 1). Sixtyfour percent of the patients 
were males and 36% were females (Graph 1). 

Distribution According to  
Socioeconomic Status

Out of 100 patients, 33% patients were from middle class,  
51% (29% lower middle, 22% lower) were from lower 
socioeconomic status. Sixteen percent (13% upper middle, 
3% high) were from upper strata of society (Graph 2).

Environmental and Seasonal  
Determinants of Asthma

Twentyone percent of children suffering from asthma 
had a family history of asthma. Among children cold/
respiratory illness (87%) followed by exercise and sports 
(70%) was the most common environmental trigger for 
asthma. Asthma symptoms worsened during day time 
and winter season in this group (Table 2 and Graph 3).

Association between Environmental  
Factors and Severity of Asthma

A significant positive association between environmental 
asthma triggers: smoke (p = 0.035), strong smell (p = 0.008), 
cold/respiratory illness (p = 0.035), hot/cold air (p = 0.03) 
and severity of asthma in children was observed. Winter 
season worsened the asthma symptoms (p = 0.047) in 
children.

Table 1: Agewise distribution of pediatric patients

Age (in years) No. of patients Percentage
15 45 45
610 44 44
1115 11 11
Total 100 100

Graph 1: Genderwise distribution of pediatric patients

Table 2: Causative environmental and seasonal  
factors influencing asthma

Parameters Patients
Total Percentage 

Family history 21 21
Asthma 
triggers

Smoke 65 65
Strong smell 40 40
Exercise, sports 70 70
Having a cold/
respiratory illness

87 87

Change in weather 51 51
Very hot or cold air 45 45
Pets 10 10
Others 19 19

Asthma 
symptoms

Daytime 72 72
Night time 55 55
Winter season 94 94
Fall season 62 62
Summer season 42 42
Spring season 19 19

Graph 2: Distribution of pediatric patients according to  
socioeconomic status

Graph 3: Distribution according to environmental trigger factor 
among pediatric patients
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DISCUSSION

Bronchial asthma is a disease of airway inflammation 
and airflow obstruction leading to bronchospasm 
charac terized by the presence of intermittent symptoms 
including wheezing, chest tightness, dyspnea and cough 
together with bronchial hyperresponsiveness. It is a 
serious public health problem affecting both children 
and adults. In India, 3 to 5% pediatric population is 
affected by asthma whereas in adults, the prevalence 
ranges from 3 to 11%. Asthma affects an estimated  
300 million individuals worldwide; the prevalence of 
asthma is increasing specially in children which is a 
chronic disease resulting in high mortality and morbidity 
worldwide.

Longterm treatment is generally required for an 
effective management, which has an effect on the cost of 
the therapy and patient’s compliance. When uncontrolled, 
asthma can place severe limits on daily life and is 
sometimes fatal. So, proper prescribing patterns need 
to be followed in order to reduce the burden of disease 
in terms of morbidity, mortality and betterment in the 
quality of life. In addition to that, it also ensures the 
reduction of economic burden in the patients.

Drug utilization study helps to generate data on the 
drug usage pattern, quantifying various facts of drug 
therapy and evaluate the cost of therapy. The present 
study was aimed to assess the drug utilization in asthma 
therapy with special focus on inhalational corticosteroid 
and beta2 agonist drugs as a quantitative type of pres
cription auditing to generate data with respect to the 
extent of variability of drug usage as well as the cost, 
among pediatric groups. Our objective was study 
correlation of asthma with socioeconomic status and 
environmental triggers. In present study, prescriptions 
of 100 pediatric patients were studied. On analysis of the 
prescriptions, it was found that asthma was reported 
more in male 77 patients (64%) as compared to females 
(36%). Majority of the prescriptions of the pediatric 
patients analyzed was in the age group 1 to 5 (45%) 
years. Out of total, 74% of the cases were suffering from 
moderate persistent asthma and 26% from mild persistent 
asthma. There were no cases of severe persistent asthma 
encountered in the study.

The risks for developing asthma depend on a complex 
interaction of hereditary and environmental factors. 
Risk factors that the patients were screened for included: 
genetic predisposition (family history of asthma), allergen 
exposures (sensitization and exposure to cockroaches, 
house dust mites, rodents, furry animals and molds); 
infections (respiratory infections, especially those 
caused by respiratory syncytial virus), environmental 

air pollution, tobacco smoke, diet and obesity.13 Sharma 
et al reported that in children, asthma attacks were 
increased during a particular season (86%), after exertion 
work (70%). The risk of asthma was more in children 
where smoke producing fuel was used (70%), presence of 
insects/pets/domestic animals (70%) and moisture, mold 
(42%) in the home, born prematurely/LBW (56%), with 
family history of atopy (44%), one smoker in family (38%), 
and who belonged to poor socioeconomic status (44%). No 
relationship was found with consumption of junk food and 
emotional factors.14 In the present study, 51% (29% lower 
middle, 22% lower) patients family was belonging to lower 
socioeconomic status. Family history of asthma was positive 
in 21% of children suffering from asthma. Among children, 
cold/respiratory illness (87%) followed by exercise/sports 
(70%) were the most common environmental trigger for 
asthma. Asthma symptoms worsened during day time and 
winter season in this group.

Exposure to indoor pollutants, such as pets, dust, 
mites as determined in the present study represents a 
potentially modifiable cause of asthma. So, it becomes 
important to establish which environmental factors might 
influence the development of asthma in predisposed 
individuals. A significant positive association between 
environ mental asthma triggers: smoke (p = 0.035), strong 
smell (p = 0.008), cold/respiratory illness (p = 0.035), hot/
cold air (p = 0.033) and severity of asthma in children was 
observed. Winter season worsened the asthma symptoms 
(p = 0.047) in children. Change in weather, exposure to 
hot, cold air and smoke makes the pediatric group more 
susceptible to have exacerbations of asthma signs and 
symptoms. Primary prevention includes creation of a 
productive environmental situation, leading healthy 
lifestyle, elimination of environmental factors. Early 
detection of atopy and the causal allergens, including 
food, prevention of the development of viral infections, 
treatment of atopic dermatitis, allergic rhinitis, etc. 
are important compo nents of primary prevention. 
Reduction of allergen exposure, leading to subsidence 
of inflammation and hyperactivity in bronchi belongs 
to secondary prevention. Since the quality of indoor 
environment is potentially modifiable there might be 
opportunities for intervention to reduce asthma symp
toms. In order to counteract the increasing prevalence 
in asthma, the significance of the indoor environ ment 
where children spend most of their time need to be given 
greater attention.

CONCLUSION

Among children, having a cold and respiratory illness 
followed by exercise and sports were the most common 
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environmental triggers for asthma. A significant positive 
association between environmental asthma triggers: 
smoke, strong smell, cold/respiratory illness, hot/cold 
air and severity of asthma in children were observed. 
Asthma symptoms worsened during day time and winter 
season.
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An Assessment of Computer Literacy among Students of a 
Private Medical College in Navi Mumbai
1Prasad Waingankar, 2Seema Anjenaya, 3Radha Taralekar, 4Pandurang Thatkar

ABSTRACT
Background: Due to the diverse background of medical stu
dents in India and the different levels of knowledge and usage of 
computer, a prior assessment is necessary for improving use of 
computers in training tomorrow’s health professionals.

Objectives: To assess computer literacy and computer use 
among medical students of a private medical institution.

Methodology: In a crosssectional study conducted in 2012, 
students of MBBS course participated. A prestructured question 
naire in paper format collecting detail information about back
ground, resources and a computer use scoring system based 
on frequency of use of computer applications was admi ni
stered. Measures of central tendency and dispersion were 
used along with analysis of variance (ANOVA) to analyze the 
data with the help of Epi Info and statistical package for social  
sciences (SPSS).

Results: A total of 524 students were surveyed of which 375 
(71.5%) were local, from Mumbai, while 149 (28.5%) were from 
different states of India. Total 425 (81%) students gave history 
of having computer as a subject during schooling. Out of 149 
nonlocal students, 42 (28.2%) were not exposed to computer 
during schooling. All 524 students had some or other time 
used either desktop or laptop; however, 39 (7.5%) of were not 
confident of using basic computer applications. One hundred 
and eightyseven (35.7%) students regularly visited cyber café 
while 135 (25.8%) students were found visiting elibrary of the 
college. There was significant difference in computer usage 
score in the students who had computer as a subject during 
schooling (p < 0.001). There was no significant gender or age 
difference in computer usage. Also, there was no significant 
difference in usage among students from Mumbai and rest of 
country.

Conclusion: In view of improving the skills of future health 
professionals, the use of computers should be an integral 
part of medical curriculum in India. The database handling, 
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an impor tant skill for tomorrow’s health professionals, needs 
special attention. The medical colleges in India should have 
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Keywords: Medical education, Computer literacy, Policy reform.

How to cite this article: Waingankar P, Anjenaya S, Taralekar 
R, Thatkar P. An Assessment of Computer Literacy among 
Students of a Private Medical College in Navi Mumbai. MGM 
J Med Sci 2014;1(4):156162.

Source of support: Nil

Conflict of interest: None

INTRODUCTION

As the world advancing, computers are becoming an 
essential part of personal life. The increasing use of 
electronic gadgets in professional life is now inevitable. 
The medical teaching community in India is already 
little late in joining the computer revolution. The studies 
in the past have shown beneficial effects that computer- 
aided learning (CAL) can have on the learning outcome;1 

however, it has not attracted significant attention in 
developing countries including India.2 There has been 
a rapid expansion of computer use in medicine in the 
last two decades in US for a number of uses, including 
medical education at all levels, point of service medical 
information (especially diagnostic, treatment and 
medications), medical research electronic medical records 
(EMR), electronic billing, electronic prescribing, and 
the collection of data to determine quality of care and 
quality of medical education. Some possible reasons 
are availability of high speed and wireless connections, 
decreasing cost of hardware and software, public and 
government demands for increased quality of care and 
documentation and improving medical education.3

Given the enormous complexity and inertia of 
healthcare system in India, meaningful sustainable 
improve ment in healthcare delivery system is needed. 
To achieve this, such improvement efforts should be 
linked to concurrent and equally serious efforts to foster 
better professional development. In both the clinical as 
well as nonclinical work of a doctor, the computer skills 
are becoming more and more essential now even in 

The study data were partially presented as oral presentation at South East Asia Regional/57th Annual Conference of Indian Public Health 
Association at Kolkata, India, in 2013.
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India. The internet is a great resource of information and 
medical students cannot be kept away from it. Some of the 
private medical institutes have good e-library facilities. 
However, a study from south India has concluded that 
although medical students use computers frequently it is 
predominantly for simple tasks, which may not contribute 
to the knowledge and data gathering skills.4 Actually, 
the computer usage capabilities of medical students for 
introduction of CAL have not been adequately assessed 
in India.

The students getting enrolled for the MBBS course in 
Mahatma Gandhi Mission’s Institute of Health Sciences, 
a private Deemed University (where the study has been 
conducted), have geographic diversity. Though many 
students are from neighboring districts of Mumbai, Navi 
Mumbai and Thane, a significant number of students 
belong to rest of Maharashtra state and other states of 
India. The non-resident Indian (NRI) students (mostly 
underwent schooling in US and Europe) also comprise 
the student population though in small number. Due to 
diverse background and different levels of knowledge 
and usage of computers among the students getting 
enrolled in Indian medical institutes spread all over 
country, a prior assessment is necessary for improving 
use of computers in teaching.

The study has mainly aimed to assess computer 
literacy and computer use among medical students 
of a private medical institution with the objectives of 
generating background data about computer resources and 
knowledge about computer use among medical students 
and interns from diverse geo-cultural background and to 
study the computer usage pattern among the subjects.

METHODOLOGY

The present study was a descriptive cross-sectional 
study to assess computer literacy and use among 
medical students in Medical College of Mahatma Gandhi 
Mission’s Deemed University at Kamothe, Navi Mumbai, 
carried out in year 2012, after obtaining the approval of 
Institutional Ethics Committee.

Inclusion/Exclusion of Study Subjects

The study subjects included the students of MBBS course 
from all (1st to 3rd professional) years and Interns. 
All students were included in the study. The students 
who have completed their schooling abroad were 
excluded from the study, as they do not become part 
of the homogeneous group. The informed consent was 
obtained from the study subjects after explaining the 
aims and objectives of the study. The participation in the 
study was on voluntary basis. As wide variation in the 

age group was expected to influence the study results 
considering the rapid changes in the education sector 
due to developments in information technology in the 
country, any outliers in the age variable were planned 
to be excluded from dataset at the time of data analysis.

Data Collection

A prestructured questionnaire in paper format collecting 
detail information about background, resources, fre-
quency of use of computer applications, opinion about 
use of computers in medical teaching was administered. 
Questionnaire included a nonweighted scoring system 
recording score of 15 activities on five-point scale 
maximally permitting 75 points as a computer usage 
score (CUS). The questionnaire was reviewed by two 
faculty members independently and validated after 
testing on the 20 medical students to check for clarity 
and comprehension.

Data Analysis

The collected data were computerized in Microsoft Excel 
and was analyzed using statistical package for social 
sciences (SPSS) and Epi Info. While analyzing grouping of 
students was done on different basis, such as professional 
year, local and nonlocal students, those who had received 
computer training in the school and those who had not. 
The students who have done their schooling from Navi 
Mumbai, Mumbai and neighboring Thane districts were 
considered as local. Professional year wise there were 
five groups as 1st professional, 2nd professional, 3rd 
professional part I, 3rd Professional part II and Interns. 
Measures of central tendency and dispersion were used 
along with analysis of variance (ANOVA) to analyze the 
data with the help of Epi Info and SPSS.

RESULTS

Background Data

At the time of study conducted, 598 students including 
Interns were studying in the college. As per the study 
protocol, as seen in Table 1, the study sample size was 
524 as the 74 (12.37%) students were not included in 
the study based on exclusion criteria. Out of 74 the 59 
(9.87%) students had not volunteered to participate in 
study, 12 (2.01%) had schooling outside India, 2 proforma 
were incompletely filled and 1 participant excluded 
as an outlier for age. Majority of the students (375, 
71.37%) were from neighboring metro city of Mumbai, 
Navi Mumbai and Thane area. As seen in Figure 1, 
remaining 149 students were from all over the country. 
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Learning Computer in School

The students were from different sociocultural back-
ground and 472 (90%) were from schools having English 
as a medium of instructions, while 52 (10%) had studied 
in vernacular medium. Among the 149 nonlocal students, 
these proportions were 79.2 and 20.8% respectively.

Total 425 (81%) students had computer as a subject 
during schooling. Out of these, 247 (58%) learned it from 
primary school while to 178 (42%) it was introduced 
from secondary school. Out of 149 outstation students, 
42 (28.2%) students did not have computer as a subject 
during schooling while 107 (71.8%) students of which 
56 (52.3%) studied it from primary school while 51 
(47.7%) in secondary school. When asked about learning 
satisfactorily common applications during the schooling 
period the response in descending order was for Browser 
(326, 62.2%), Word Processor (325, 62%) PowerPoint 
Presentation (324, 61.8%), Spread Sheet (303, 57.8%), e-mail 
(299, 57.1%) and for database management (173, 33%).

Out of 99 (19%) students who were not taught com-
puter as a subject during schooling, 15 students had done 
a short computer course during vacations. Total 162 (31%) 
students had done such a course before joining MBBS 
course. The 84 (16%) students, who had no privilege of 
computer being taught in the school, had also not done 
any computer course voluntarily. Of these 48 were from 
Mumbai (48/375:12%), and 36 were from outstation 
(36/149:24%).

It was also noted that 124 (23.7%) mentioned that they 
learned computer on their own due to self-motivation. 
Either family members or friends helped in majority of 
these, but 19 students had mentioned that they learned it 
without any help. All 524 study subjects had used desktop 
or laptop some or other time. However, 39 (7.5%) students, 

Fig. 1: Map of India showing state of schooling of study subjects

Table 1: The study sample details and nonresponse

Admission I year II year III year
Part I

III year
Part II

Intern Total Percentage

Before 2007 6 38 44
2007 1 99 100
2008 1 100 101
2009 100 100
2010 9 94 103
2011 150 150
Total 159 94 108 100 137 598
Nonresponse 7 7 18 4 23 59 9.87
Studied out of 
India

4 2 3 2 1 12 2.01

Incomplete 
proforma 1 1 2 0.33

Outlier 1 1 0.17
Study sample 147 85 87 94 111 524 N
Percentage 28.06 16.22 16.60 17.94 21.18

More than 20 students were from state of Gujarat, rest of 
Maharashtra and 10 to 20 students each were from states 
of Uttar Pradesh, Bihar, Haryana, Delhi, while less than  
10 students each were from remaining states.

Out of total 524 students from different academic years, 
221 (42.2%) were males and 303 (57.8%) were females. This 
proportion in 149 outstation students was 47.6 and 52.4% 
respectively. Both mean and median age of study subjects 
was 20.8 years with standard deviation of 1.9 years.
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Fig. 2: Mean computer usage score for different activities 

which is not a small proportion, mentioned that they were 
not confident of using basic computer applications and 
definitely is a matter of concern.

Computer Resource Assessment

Total 509 (97.1%) students had either a desktop or laptop 
at home, 377 (71.9%) had both and 15 (2.8%) had neither, 
while 357 (70.1%) had it especially for their own use. Out 
of 509, 335 (65.8%) students had printer at home while 475 
(93.3%) had internet access at home, most of which were 
broadband connections. The 439 (86%) had more than 
1 GB RAM in their computer while 468 (92%) had CD/
DVD writer and 494 (97%) use pen drive for data storage 
and exchange.

Majority of the students were using Internet Explorer, 
Firefox or Chrome as a browser. Only 12 (2.3%) students 
had no e-mail account, but also to be noted that only 96 
(18.3%) use e-mail client software. When urgently needed 
while in campus, 241 (46%) student said that they use 
the friend’s computer while 187 (35.7%) visit Cybercafé, 
110 (21%) once, 60 (11.5%) two to four times and 17 (3.2%) 

more than four times in a month. The use of e-library is 
comparatively less. Only 135 (25.8%) students mentioned 
that they visit e-library, 68 (13%) once, 50 (9.5%) two to 
four times and 17 (3.2%) more than four times a month.

Computer Usage Pattern

As seen in Figure 2, the most common computer use was 
for the Google search in browser with highest score of 
4.33. It also should be noted here that use of spread sheet 
for database management had very low score of 0.9. The 
total mean computer usage score (CUS) was 37.91 (SD 
12.09, SE 0.53). As the Table 2 showing ANOVA results, 
we found that there was significant difference (p < 0.001) 
between the computer usage scores of those who had the 
privilege of learning it in school (n = 425, mean CUS: 38.76) 
and those who did not had (n = 99, mean CUS: 34.23). 

The mean CUSs were different among the students 
of different professional years; 38.14 in 1st professional, 
38.13 in 2nd professional, 34.56 in part I 3rd professional 
and 39.96 in part II 3rd professional students and 38.32 
among Interns. As Figure 3 shows, this difference was 

Table 2: Computer usage score by computer in schooling

N Mean SD SE 95% CI Statistics p-value
Computer learned 
in school

425 38.76 11.38 0.552 37.68 39.85

Computer not 
learned in school

99 34.23 14.26 1.43 31.39 37.08

Total 524 37.91 12.09 0.528 36.87 38.94
Model fixed effects 11.971 0.523 36.88 38.93
Model random 
effects

2.60 4.84 70.97 9.37

ANOVA results
Mean square 
between groups

1647.76

Mean square within 
groups

143.30

F between groups 11.50 0.001
Welch 8.71 0.004
BrownForsythe 8.71 0.004
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found statistically significant (p < 0.05) on applying 
ANOVA. However, on further analysis, we found that 
this was mainly due to dip in the mean score of part I 3rd 
professional students having almost 25% of students from 
outstation and with low CUS pooling down the batch 
average. Also, when studied for difference in CUS of all 
outstation students it was found not significant (p > 0.05). 
It was also observed that, age and genderwise, there was 
no significant difference in CUS (p > 0.05).

DISCUSSION

Advances in information technology (IT) have changed our 
society over the past two decades rapidly. In the medical 
field, computers have been used mostly for office procedures 
and billing, biomedical practice and research and less often 
for medical education.5 This is not only in India but also 
other neighboring Asian countries like Pakistan6 and Sri 
Lanka7 have more or less similar situation.

Fig. 3: Computer usage score among students of different professional years
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India has such diversity in sociocultural background 
that it is called as countries within a country. Our study 
had students from the metro city of Mumbai who had 
better opportunities of receiving computer education 
in school. A study conducted earlier in Mumbai2 had 
observed significant disparity in local and outstation 
students. However, we found in our study that over 
the years, there has been growth in IT sector all over 
the country and students from remaining parts of the 
country are not much behind in having exposure to 
computer education. It was also observed that many 
students find that knowledge gained about the computer 
during the school years is not sufficient and have taken 
a short-term course before joining the MBBS course. The 
study conducted by Arora R8 at Ludhiana (Punjab) had 
found that 30% students had done a computer course 
before joining medical college and less than 50% could 
use Word Processor or PowerPoint. In the study done 
in the medical college of Gwalior9 (Madhya Pradesh) in 
2007, it was found that 72.3% students learned computer 
by self-learning.

While studying the computer resources in terms of 
owning a desktop or laptop and having internet connec-
tion, we found that student does consider it an important 
asset. The 97% students were having one at home while 
70% had it exclusively for their own use. This percentage 
was 62.8 in the study in Mumbai.2 In that study, 52.6% 
had internet connection at home while present study 
this proportion was more than 90%. It also attributes to 
rapid increase in use of dongles from mobile operators for 
wireless internet connectivity in recent years. Compared 
to other earlier studies mostly conducted in public 
sector, we have found that availability of resources was 
not much issue. It also should be noted here that due to 
liberal privatization in medical education sector in last 
few decades, the private medical colleges outnumber the 
government medical colleges and the majority of students 
in private universities are from relatively higher socio-
economic strata.

To study the computer usage pattern different resear-
chers have used different question sets, some of which 
are common in all. However due to this variation, the 
actual scores are not comparable, though the inferences 
drawn are more or less indicating similarity. The study 
conducted by Seetharaman N10 in a private medical 
college in Chennai (South India), found that lack of formal 
training in computer usage is reflected in the fact that a 
sizable proportion of students were not confident in key 
IT skills, such as performing an online literature search 
(74.3%) or perform statistical analysis (79.4%). Other 
studies not only from India4,5,8,11,12, but also from other 
developing countries6,7,13-15 have similar findings. Our 

study reiterates the fact that though there is improvement 
in computer usage it needs to be well directed toward 
appropriate skill development.

The study conducted by Panchbhai TS et al2 had 
found the difference in computer usage in different 
professional years. Though our analysis initially showed 
similar findings, on deeper search we found that it is 
attributed to average low score of a particular batch with 
large number of outstation students having insufficient 
training in school years. At the same time, as we did not 
find significant difference in CUS between the Mumbai 
and nonlocal students of all professional years, the key 
factor is previous exposure to formal computer training. 
We could not find comparable studies in India linking the 
factor of teaching of computer as a subject in school years. 
The study had the limitation of finding the variation in 
quality of this teaching in past but an attempt was made 
to identify the perceived satisfaction about it which 
showed that all is not well.

CONCLUSION

Developing human resource having proficient skills 
in use of health informatics is the challenge for Indian 
medical educationists in this century. The medical field 
is getting revolutionized with the advents in the field 
of not only the medical sciences but also in information 
technology. In view of improving the skills of future 
health professionals, the use of computers should be an 
integral part of medical curriculum in India. There is an 
urgent need of designing structured formal curriculum 
in medical informatics to be taught in preclinical years. 
Though this is debatable in view of teaching time 
constraints of 1st professional, the database handling, 
an important but neglected skill for tomorrow’s health 
professionals, needs special attention.

The CAL needs to be introduced in medical teaching 
technology in India. As our study shows that most of our 
medical students from all the parts of country are now 
well equipped to face this change. The medical colleges in 
India should have e-libraries with easy access to students. 
Some of the premier institutes in public sector and many 
private medical schools have already developed these but 
making it a mandatory norm by the medical council of 
India will initiate the IT revolution in medical education 
in India.
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ABSTRACT
Embryonic stem (ES) cell lines constitute a special class of 
cell lines derived from the inner cell masses of preimplantation 
embryos. They are special owing to their unique capability of 
self renewal and differentiation and propagation in culture for 
indefinite periods of time. Unlike cancerous cells, they main tain 
stable chromosomal content and have potential to diffe rentiate 
into any of the 200 cell type, under appropriate culture condi-
tions. Embryonic stem cell research has gained a tremendous 
momentum owing to their promises and hopes in regenerative 
medicine, stem cell therapy, biopharming, and usefulness 
as in vitro models for studying embryonic develop ment and 
differen tiation. ES cell research in farm animals provides strong 
incentives for precise genetic mani pulation for better health, 
increased disease resistance, increased milk production and 
desired composition, increased growth rate with improved 
carcass composition, enhanced reproductive perfor mance and 
prolificacy. The potential benefits of using ES cells as donor 
cells in somatic cell nuclear transfer would boost transgenic 
animal production. However, with all the promises and hopes, 
need for more rigorous research and evidence-based therapy 
is the need of the time, before we could successfully embark 
on exploitation of ES cells in regenerative medicine. In the 
current review, establishment, charac terization, applications 
and future challenges of farm animal ES cells are discussed 
in detail with a special focus on bubaline ES cell lines. 
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INTRODUCTION

Almost at a time, three decades from now, a breakthrough 
was achieved when murine embryonic stem cells 
were isolated from the inner cell mass of developing 
blastocysts and grown in vitro under usual laboratory 
conditions.10,35 Their two properties left the scientific 
world in bewilderment: (i) capability to be propagated 
indefinitely in culture and (ii) ability to contribute to all 
cell lineages, including germ line, when incorporated 
into chimeras with intact mouse embryos.2,41 Providing 
a simple model system to study the basic processes of 
early embryonic development and cellular differentiation, 
it promised for cell-based therapies for humans if 
and only if human embryonic stem cell lines could be 
developed. This would provide a radical new approach 
to the treatment of variety of disease in which organ 
damage exceeds the body’s natural repair capability. 
A genuine belief that stem cell research will deliver 
a revolution in terms of how we treat cardiovascular 
disease, neurodegenerative disease, cancer, diabetes, 
and the like, propelled the research at such a pace that 
the feat was accomplished within a decade with the 
publication of two papers describing the growth in vitro 
of human embryonic stem cells derived either from 
the inner cell mass (ICM) of the early blastocyst or the 
primitive gonadal regions of early aborted fetuses.54,62 In 
the mean time, extensive studies carried out worldwide in 
stem cell research demonstrated the usefulness of these 
cells for the introduction of both dominant and recessive 
mutations into the murine germ line.67 These studies 
together with the ability for production of unlimited 
number of cells, while still retaining the developmental 
potential, provided a strong incentive for the isolation of 
domestic animal embryonic stem (ES) cells. The specu-
lations that the development of ES cell lines of domestic 
livestock, such as cattle, buffalo, sheep and goat, would 
greatly facilitate precise genetic manipulation for better 
health, increased disease resistance, increased milk 
production and desired composition, increased growth 
rate with improved carcass composition, enhanced 
reproductive performance and prolificacy, demonstrated 
their usefulness at par with those of human ES cell lines. 
The potential to produce transgenic animals using ES 
cells and their use as models for human diseases, cell 
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transplantation therapies, and studies of lineage commit-
ment and development66 further added to the zeal. In 
addition, the exploitation of these cells for biopharming, 
the production of recombinant proteins for the treatment 
and prevention of human and animal diseases,32,34 and 
development of genetically modified animals to serve 
as bioreactors with capability of secreting commer-
cially important mammalian proteins in their fluids36 
added to their further usefulness and thereby scientific 
research. But before these potentials could be realized, 
a large number of problems had to be overcome. The 
first and foremost was to develop the means of pro
ducing a sufficient number of healthy embryos under 
laboratory conditions followed by development of 
efficient methodologies to isolate the ES cells from small 
number of such elite embryos. The second difficulty 
was to obtain and maintain the ES cell lines which 
would reproductively contribute to the germ line. This 
was further compounded by the differences between 
mouse and farm animals in reproductive behavior and 
generation time. Because of shorter generation time 
in mice, it is possible to produce chimeras that can be 
bred to obtain mice which are heterozygous and then 
homozygous for the introduced mutation. Since, domestic 
animals have a longer generation time and it is desirable 
to maintain the elite genetic background of such ES cells, 
techniques which will produce 100% ES cell-derived 
animals had to be developed. Despite all these challenges, 
the ES cell research in domestic animals proceeded at a 
pace, next only to human ES cell research and within a 
span of time we had ES cell lines or ES cell-like lines for 
bovine,3,7,11,25,37,53,57,65 ovine, caprine and equine27,43,53 as 
well as porcine.17,33 Our lab was the first to develop ES 
cell-like cells from in vitro produced buffalo embryos 
that survived up to eight passages.64 From thereon, the 
continuous research in our lab resulted to development 
of fully characterized ES cell lines of bubaline species, 
derived from the inner cell masses of in vitro fertilized, 
parthenogenetic as well as handmade cloned (SCNT) 
embryos.39,71 We have been successful in maintaining 
the ES cell line derived from IVF- embryos beyond 100 
passages. Furthermore, we have been able to optimize 
their culture conditions, decipher their signalling 
pathways, analyze the expression pattern of pluripotency 
markers, and study their differentiation strategies 
into a desires cell type.39,55,71 Our current research 
focuses on use of these cells for transgenic animal 
production either through our in-house developed 
handmade cloning (HMC) technique or through their 
directed differentiation into germ line cells (Shah  
et al—unpublished data). Using HMC technique, we have 
already been able to produce world’s first buffalo calf 

(Garima II) using ES cell as the donor cell. The calf is in 
a sound physiological and reproductive health and has 
recently given birth to a normal calf (Mahima) through 
artificial insemination (Fig. 1).

One of the challenging problems facing stem cell 
research is the accumulation of mutations while the 
cells are in culture and the instability of XX murine ES 
cell lines, and the cell lines of other species also, as seen 
by some researchers.51 Thus, it becomes essential to 
perform routine karyotyping, if necessary the cytogenetic 
studies also, of ES cell lines to check for chromosomal 
aberrations. However, with the belief that early (human) 
embryos should be accorded the same status as any 
sentient being and thus their ‘harvesting’ for stem cells 
is morally unjustifiable. With this in mind, other sources 
of malleable stem cells have been sought. In the adult, 
organ formation and regeneration was thought to occur 
through the action of organ- or tissue-restricted stem cells 
(i.e. hematopoietic stem cells giving rise to all the cells of 
the blood, neural stem cells making neurons, astrocytes 
and oligodendrocytes). However, it is now believed that 
stem cells from one organ system, e.g. the hematopoietic 
compartment can develop into the differentiated cells 
within another organ system, such as the liver, brain or 
kidney. Thus, certain adult stem cells may turn out be as 
malleable as ES cells and so also be useful in regenerative 
medicine. With this developed a whole new classification 
of embryonic stem cells, adult stem cells, embryonic 
germinal cells and induced pluri potent cells. These cells 
vary in potency from pluripotent to unipotent through 
various hierarchies of multipotency. In this review, we 
will be discussing the derivation of buffalo ES cell lines, 
their maintenance and propagation in culture, their 
characterization, applications, challenges and future 
prospects. 

Fig. 1: Garima II with Mahima—the cloned buffalo with her 
normally delivered calf
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ESTABLISHMENT OF BUFFALO CELL LINES

Initial research into the isolation of domestic animal ES 
cells in our and other laboratories attempted to repeat the 
work carried out in mice by isolating cell lines directly 
from cultured preimplantation embryos. ICM is removed 
from the blastocysts, either mechanically, enzymatically 
or by applying antibodies (immunosurgery) and cul-
tured on appro priate feeders to obtain a stem cell line.59 
The feeders most often consist of homologous feeder 
cells treated with mitomycin C. In our laboratory, we 
isolate ICMs of hatched blastocysts, derived either 
from IVF, handmade cloning or parthenogenesis, by 
mecha nical cutting with the help of MicrobladesTM 
under a zoom stereomicroscope (Olympus, SZ40, 
Japan). The iso lated ICMs are then seeded individually 
and sepa rately on the feeder layers (buffalo fetal 
fibroblasts treated with Mitomycin C (10 µg/ml for  
3 hours), and cultured in embry onic stem cell media. 
The media which has been opti mized for maximum 
stem cell growth and maintenance of pluri potency39,55 
is composed of KODMEM and 15% knock out serum 
replacer (KSR) supplemented with 2 mM L-glutamine,  
5 ng/ml bFGF-2. 1000 U/ml recombinant murine leukemia 
inhibitory factor (rmLIF), 1X nonessential amino acids and  
50 mg/ml gentamicin sulfate and incubated at 37 to 38ºC 
in 5% CO2. The culture medium is changed on alternate 
days, and further colonization of the cells is observed 
routinely under an inverted microscope. The primary 
colonies obtained 8 to 10 days after seeding of ICMs are 

disaggregated with the aid of microblade under a zoom 
stereomicroscope. Aggregates of cells are individually 
reseeded onto a new feeder layer. The colonies exhibiting 
typical morphological features of ES cell-like cells are 
subcultured using mechanical dissociation until the cells 
remained in an undifferentiated state or when colony 
formation stops (Fig. 2). The dissociated colonies are 
subcultured on to new feeder layers and further passaged 
after every 8 days onto the new feeders and so on. Some of 
the colonies are randomly choosen for characterization for 
embryonic stem cell markers, karyotyping and embryoid 
body formation. After confirming their stemness, the 
colonies are cryopreserved at different passages so as 
to maintain the stock while the remaining colonies are 
propagated for further studies. 
 Embryonic stem cells, in general, can also be grown 
under feeder-free conditions using dishes coated with 
animal-based ingredients with the addition of MEF-cell 
(mouse embryonic feeder) conditioned medium.52 Such 
systems are not optimal for the derivation and growth 
of clinical grade human ESC lines since, they bear a 
risk of cross transfer of infectious agents. There are also 
reports of high differentiation rates of these cell lines 
and genomic instability after prolonged in vitro growth4 
revealing the limitations of applied feeders or feeder 
free systems for growth of undifferentiated human ESC 
lines. When plated on feeder layers in appropriate culture 
medium, the ICM clumps are allowed to adapt to the new 
culture conditions and get attached to the feeder cells and 
start growing. It has been observed that ICM clumps with 

Fig. 2: Establishment of ES cell culture from ICM of IVF derived blastocysts
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50 to 100 cells have more chances to attach and proliferate 
than smaller cell clumps and for successful derivation of 
the cell lines the ICMs should be plated as clumps and not 
as single cells, since ICM cells are held together tightly 
with numerous junctional complexes.13,49

CHARACTERIZATION OF ES CELL LINE

Given the historical introduction of the term ‘ES cell’ 
and the properties of mouse ES cells, the essential 
charac teristics of primate ES cells should include (i) 
derivation from the preimplantation or peri-implantation 
embryo, (ii) prolonged undifferentiated proliferation and  
(iii) stable developmental potential to form derivatives 
of all three embryonic germ layers even after prolonged 
culture.63 For ethical and practical reasons, in many 
primate species, including humans, the ability of ES 
cells to contribute to the germ line in chimeras is not 
a testable property and hence, is not considered as a 
pre requisite for ES cell characterization. The mouse ES 
cells provides a benchmark for definition of the generic 
features that any ES cell might be expected to possess, 
and other properties which may be peculiar to bona 
fide pluripotent cells isolated from different species or 
different tissues, or representative of a different stage 
of embryonic development. Its key features include: 
derivation from a pluripotent cell population; stably 
diploid and karyotypically normal in vitro; ability to be 
propagated indefinitely in the primitive embryonic state; 
capability of spontaneous differentiation into multiple 
cell types representative of all three embryonic germ 
layers, both in teratomas after grafting or in vitro under 
appropriate conditions; potential to give rise to any cell 
type in the body, including germ cells, when allowed to 
colonise a host blastocyst. The criteria for pluripotency 
usually include derivation of the stem cell line from a 
single cloned cell which eliminates the possibility that 
several distinct committed multipotential cell types are 
present in the culture that together account for the variety 
of differentiated derivatives produced.46 To ensure that 
the line so established is a true stem cell line various other 
attributes like morphological resemblance, pluripotency 
related marker expression, growth requirements and 
self renewal capability are also taken into account. To 
characterize our ES cell lines, as true ES cell lines, we 
adhere to following established criteria in our laboratory: 

Morphology of ES Cell Colonies

Mouse and human ES cell colonies have a characteristic 
morphology. They usually proliferate in tight round- 
shaped colonies with smooth edges.10 The morphology of 
ES cells has two important traits—they have quite small 

amount of cytoplasm and they exhibit faster proliferation 
rate in a given population of cells. However, for many 
animals, such as cow, sheep, pig, horse, hamster, mink, 
rabbit, primates, embryo derived ES cells are found to 
propagate as flattened colonies, almost as a monolayer 
with individually distinct cells that have been described 
as epithelial-like or epitheloid12 whereas in case of buffalo 
the primary colonies have been observed to be dome 
shaped with abundant lipid-like vacuoles64 (Fig. 3).

Cytogenetic Analysis

The karyotyping of ES cells has recently received much 
attention in most laboratories; this has been studied 
by G-banding, with most ES cells exhibiting a normal 
compliment of chromosomes. Karyotyping is generally 
performed at different passages in order to know the 
genetic stability of ES cells during culture (Fig. 3).

Expression of Various Surface Markers

Alkaline Phosphatase, Stage Specific Embryonic 
Antigens, Tumor Rejection Antigens

Alkaline phosphatase (ALP) enzyme is secreted by 
almost all the cells but its intensity is found to be 
higher in undifferentiated cells. ALPs located at the 
cell surface are linked to the cell membrane via a phos-
phati dylinositol-glycan linkage. ES cells are known to 
express a high specific activity of ALP, which declines 
during progressive differentiation resulting in low ALP 
activities in differentiated cells. Mouse ES cells display 
ALP activity48,51 as do most tested human ES cell lines15,58 
but the signal for this pluripotent cell marker seems to 

Figs 3A to C: (A) Dome-shaped buffalo ES cell colony, (B) AP 
positive ES cell colony and (C) metaphase plate of ES cell colony 
at passage 20
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be variable in bovine ES cell-like cells.16 ALP has been 
used as a marker for porcine ES cells, sheep ES cell lines, 
canine stem cell-like cells60 and buffalo ES cell-like cells6 
and by many groups in bovine as an indicator for ES 
cells18 (Fig. 3).

Stage Specific Embryonic Antigens

The accessibility of molecules on the surface of cells 
make them exceptionally convenient markers for charac-
terizing cell types, often recognized as antigen by 
speci fic antibodies. Cell surface antigens provide an 
invaluable tool for analyzing and sorting cells that 
have particular characteristics within specific contexts. 
A number of surface markers have been used for the 
charac terization of ES cells (Table 1). Stage specific 
embryo nic antigens (SSEAs), which include SSEA-1, 
SSEA-3 and SSEA-4, are developmentally regulated 
during early embryogenesis and are widely used as 
markers to monitor pluripotency of ES cells. These 
SSEAs are various types of glycoproteins or glycolipids. 
The pre sence of SSEA-1 has not been documented in 
human embryos;21 however, pig, canine, chicken and 
sheep ESCs express SSEA-1.19,63 Conflicting reports 
are available in bovine for the presence of SSEA-1 in 
ES cells, with some authors reporting its presence in 
ES celllike cells but others not finding its expression 
but we have been able to detect its presence in our cell 

lines (Fig. 4). The other two most widely studied ES cell 
pluripotency surface markers are SSEA-3 and SSEA-4. 
They are related to globoseries cell surface glycolipids 
that were first used to delineate embryological changes 
in the developing mouse embryo.56 These markers were 
originally identi fied on human EC (embryonic carcinoma) 
or ES cells and from primate ES cells like rhesus monkey.61 
In mouse ES cells, SSEA-3 and SSEA-4 are expressed 
in 2 to 8-cell and morula stages of preimplantation 
embryos and are also found on unfertilized oocytes; 
however, there is a loss of expression in the ICM of 
mouse embryos. In contrast, in human embryos, there 
is no expression of SSEA-3 or SSEA-4 at 2 to 8-cell or 
morula stages; however, these are expressed on the ICM 

Table 1: Comparison of stem cell markers of embryonic  
stem cells of different species

Marker Bovine Buffalo Murine Human
Alkaline 
phosphatase + + + Variable

SSEA1 Variable Variable + –
SSEA3 Variable Variable – +
SSEA4 Variable + – +
TRA-1-60 – + – +
TRA-1-81 – + – +
Oct4 + + + +
Nanog + + + +
Sox2 ? + + +
Rex-1 ? + + +

Fig. 4: Immunofluorescence staining of ES cell colonies for Oct4, Nanog, Sox2, TRA-1-60 and TRA-1-81 (BF—bright field;  
DAPI—nuclear stain; 1 Ab—primary antibody; M—merged image) (magnification—200×; scale bar—100 mM)
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of human blastocysts and on isolated human ES cells.21 
Whereas SSEA-3 and SSEA-4 are expressed in sheep 
and bovine, the buffalo ES cell like cells also showed 
the expression of SSEA-3 and SSEA-4.28 However, our 
group has observed lack of expression of SSEA-3 in 
buffalo ES cells but SSEA4 was positively expressed in 
all our cell lines (Fig. 4).

Tumor Rejection Antigens

Another class of surface markers for pluripotent cells is 
that of tumor rejection antigens (TRA) series. TRA-1-60 
reacts with a sialidase-sensitive epitope while TRA-1-81 
reacts with an unknown epitope of the same molecule. 
ES cells from primates like rhesus monkey have shown 
to express TRA-1-60 and TRA-1-81.69 The expression 
of TRA-1-60 and TRA-1-81 has also been reported in 
buffalo ES cell-like cells.28,55 We have also detected their 
expression in our ES cell line (Fig. 4).

Transcription Factors as Markers of Pluripotency

A number of transcription factors play critical role in 
main taining stem cell self-renewal and their expression 
is being used to characterize ES cells in different species. 
Among them Oct4, Sox2, Nanog, Foxd3 and Rex1 are 
thought to be central to the transcriptional regulatory 
hierarchy that specifies ES cell identity because of their 
unique expression patterns and essential role during 
early development.42 

Oct4 is a transcription factor belonging to the class V 
of POU family factors and is expressed by all pluri-
potent cells during embryogenesis. Oct4 has also been 
established as a marker for human pluripotent ES cells. 
However, in bovine cells, the usefulness of Oct4 has 
been questioned by the identification of a bovine Oct4 
pseudogene. The expression of Oct4 in undifferentiated 
pluripotent cells has also been shown in various other 
species like canine, goat and buffalo.64 We have detected 
the consistent presence of Oct4 in our ES cell lines (Fig. 4).

Nanog is a homeobox-containing transcription 
factor with an essential function in maintaining the 
pluri potency of the ICM cells. Furthermore, over 
expression of Nanog is capable of maintaining the 
pluripotency and self-renewal characteristics of ES 
cells under the conditions where normally the cells 
would be exposed to differentiation-inducing culture 
conditions.5 Nanog seems to be one out of the several 
factors that are expressed in pluripotent cells and are 
down regulated at the onset of differentiation. Nanog 
mRNA was detected in the ICM but not in the TE of 
expanded goat blastocysts.20 A pattern that follows 
the expression observed in mice. We have observed the 
expression of this transcription factor throughout our 
established cell lines (Fig. 4). We have likewise detected 
the expression of other transcription factors like Rex1, 
c-Myc, Sox2 in our established ES cell cultures both via 
immunocytochemistry of ES cell colonies as well as by 
RT-PCR (Figs 4 and 5). 

Differentiation

The most definitive test of pluripotency is the formation 
of chimeras in mice in which ES cells are injected into 

Fig. 5: RT-PCR for ES cell specific genes; lane 1: Oct-4, lane 3: Sox2, 
lane 5: Nanog, lane 7: telomerase, lane 9: Foxd3, lane 11: nucleo-
stemin, lane 1’: Stat3, lane 3’: c-Myc, lane 5’: Rex1, lane 7’: negative

Figs 6A and B: (A) Embryoid body formed as a result of sponta-
neous differentiation and (B) neuron-like cells formed under 
stimulation by retinoic acid
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the blastocyst and the contribution of the ES cells to the 
resulting chimera is assessed to determine the differen-
tiation capacity of the injected cells. ES cells differen tiate 
spontaneously in vitro in culture when grown in the 
absence of appropriate feeder cells. Under the appropriate 
conditions, such as suspension culture, embryoid bodies 
(EBs) are formed in almost all species like canine, sheep, 
bovine and buffalo with region specific endoderm, 
mesoderm and ectoderm differentiation. We have proven 
the capability of our cell lines to form EBs with all the 
germ layers (Figs 6 and 7). ES cells may be directed into 
the lineage of interest by supplementing various growth 
factors or their antagonists into the culture media. These 
growth factors or stimulating agents allow directed 
differentiation of ES cells toward a particular cell lineage 
or cell type. The differentiated cells should be identified 
with the help of various markers, which are highly 
expressed in these cells. 

CLONING LIVESTOCK— 
THE POTENTIAL OF ES CELLS

The first successful cloning of adult mammals68 helped to 
overturn previous conceptions regarding the restricted 
developmental plasticity of somatic cells, and is raising 
exciting prospects for human regenerative medicine.8 
In addition, somatic cloning, coupled with genetic 
modification, will better enable production of human 
therapeutics as well as xenograft tissues and organs 
from livestock.70 Opportunities for animal cloning 
and trans genesis in agriculture are more challenging 
than bio medical applications because they require 
greater biological efficiency and at reduced cost to 
be economically viable. Another potentially difficult 
issue concerns with the consumer acceptance of the 
food products, resulting from this technology. For the 
production of transgenic livestock, embryonic stem 
cells might be beneficial than somatic cells, because 
they are more amenable to precise genetic modifications 
and result in higher cloning efficiencies than somatic 

cells in the mouse. Even with the most streamlined 
techniques, only 9% of zona-free somatic-cell cloned 
bovine embryos transferred to recipients result in viable 
calves at weaning.44 This level of cloning efficiency 
is considerably lower than the 40% of bovine IVF 
embryos that typically develop into healthy calves.30 
The continuous loss of clones throughout pregnancy 
and high mortality during the perinatal period raise 
serious animal welfare concerns, especially for cattle, in 
which at least 60% of initiated pregnancies suffer severe 
placental abnormalities.23 These losses have mostly been 
attributed to faulty epigenetic reprogramming of the 
donor cell genome, resulting in major dysregulation of 
gene expression,50 particularly in the placenta24 with 
long-lasting effects into adulthood in some surviving 
somatic cell clones.45 Evidence from mouse cloning 
suggests that choosing particular donor cell types for 
nuclear transfer (NT) could overcome many of these 
cloningspecific problems. Although no wellcontrolled 
studies have directly compared cell types within one 
cellular lineage of the same genotype, it is nonetheless 
clear that the degree of donor cell differentiation affects 
cloning efficiency. A higher proportion of transferred 
cloned embryos recons tructed from less-differentiated 
embryonic blasto meres or (murine) ES cells (pluri-
potent cells derived from embryonic blastomeres) result 
in viable offspring when compared with somatic cell 
clones. Cloning efficiencies with blastomere donors 
are approximately one order of magnitude higher than 
with somatic cells (36% vs 0.6% in mice31 and 28% vs 
5% in cattle).22 Although abnormal phenotypes are still 
observed with blastomere cloning, their incidence and 
severity are greatly reduced. Cloning efficiency with F1 
mouse ES cells is similarly remarkable, with 10 to 20% 
of transferred embryos reaching adulthood, compared 
with only 1 to 3% in the case of commonly used somatic 
donor cells (fibroblasts and cumulus cells) and less than 
0.03% for terminally differentiated cell types (B or T 
lymphocytes).26 The candidate gene expression profiling 
shows that all ES cell-derived blastocysts faithfully 

Figs 7A to D: EB differentiation: (A) Cystic EB in suspension; immunofluorescence staining for  
germ layer markers in EBs, (B) c-KIT, (C) GATA4 and (D) BMP4
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express key embryonic genes, such as Oct4 and related 
genes, present in the pluripotent cells of the early 
embryo, whereas 38% of cumulus-cloned blastocysts 
failed to reactivate these genes.1 Although such detailed 
molecular analyses have not yet been performed with 
blastomere derived cloned embryos, it is likely that blasto -
meres also retain an epigenotype compatible with early 
embryonic development without the need for extensive 
reprogramming. We have been successful in cloning 
buffalo calves from a wide variety of cells ranging from 
buffalo fetal ear fibroblasts (Garima), adult ear fibroblasts 
(Purnima and Shresth), seminal epithelial cells (Swarn) 
and ES cell (Garima II). 

APPLICATIONS OF STEM CELLS IN  
REGENERATIVE MEDICINE

Regenerative medicine is regarded as the future health-
care for it holds the potential for extending the reach 
of treatment modalities for individuals across diseases 
and lifespan. This aspect of medicine is believed to 
provide innovative solutions to complications ranging 
from congenital diseases and trauma to degenerative 
conditions. Stem cells, whether adult, embryonic or 
induced pluripotent, provide multipurpose and excellent 
research and clinical tools to understand and model 
diseases, develop and screen candidate drugs, and 
deliver cell-replacement therapies to support regenerative 
medicine. Stem cells are currently used to test/screen 
drugs or as the study material to identify molecules or 
genes implicated in regeneration. Reprogramming tech-
nology to produce iPSCs offers the potential to treat 
diseases like Alzheimer’s, Parkinson’s, cardiovascular, 
diabetes, and amyotrophic lateral sclerosis. In theory, 
easily-accessible cell types (such as skin fibroblasts) 
could be biopsied from a patient and reprogrammed, 
effectively recapitulating the patient’s disease in a  
cul ture dish. Such cells could then serve as the basis for 
autologous cell replacement therapy. Since, cells originate 
within the patient, immune rejection of the differentiated 
derivatives would be minimized. As a result, the need 
for immunosuppressive drugs to accompany the cell 
transplant would be lessened and perhaps eliminated 
altogether. In addition, the reprogrammed cells could be 
directed to produce the cell types that are compromised 
or destroyed by the disease in question.9 Stem cell 
therapies are trialed in a number of medical complications 
to restore the function of a damaged tissue or organ like 
trans plantation of patient’s own stem cells (e.g. from bone 
marrow) to restore the cardiac damage and regenerate 
cardiac myocytes. The results have been mixed, 
though recent trials have shown a small but significant  

improve ment in heart function.47 In another example, 
fetal brain stem cells have been trialed as a treatment 
for Parkinson’s disease, though with mixed results. The 
ethical issues associated with such cells as well as their 
scarcity, suggest that other sources may have better 
long-term prospects. Stem cell therapy is seen as a highly 
promising area for type 1 diabetes, caused by autoimmune 
destruction of insulin-producing b-cells in the pancreas. 
Various approaches are being tested, including stored 
cord blood cells, human embryonic stem cells and 
mesenchymal stem cells. The latter are highly promising 
as they also seem to modulate the immune response to 
the b-cells. The hope is that mesenchymal stem cells will 
be grown outside the body, stimulated to develop into  
b-cells, and then returned to the patient to reguvenate the 
impaired function.14 The liver is one of the few organs 
that can regenerate on its own accord as a subpopulation 
of cells in adults, which can divide and provide a new 
population of liver cells. Perhaps, surprisingly though, 
progress toward artificial regeneration by stimulation of 
the liver cells or by transplantation of adult or embryonic 
stem cell-derived liver cells, has been slow and remains 
highly experimental. Osteoporosis, a common problem 
in old age, could be countered by increasing the number 
of bone-forming osteoblasts which are formed from 
mesenchymal stem cells in the bone marrow.38 A slightly 
different but promising approach is to see stem cells as 
promoting regeneration rather than being the source of 
new building blocks themselves. The factors released 
by transplanted stem cells may encourage the growth 
and differentiation of stem cells already present in the 
damaged organ. This rationale has underpinned small-
scale trials of mesenchymal stem cells in amyotrophic 
lateral sclerosis. There are encouraging signs that these 
cells can form a protective environment for motor 
neurons and slow down the loss of cells and development 
of symptoms.40 The applications of stem cell therapy, both 
in native state as well as genetically modified, is ever 
increasing encompassing almost every complications 
and it is beyond my scope to review all of them here. So, 
much are the advances exciting that a dilemma exists as 
to whether continue research to learn more about stem 
cells and their properties is required or to go straight to 
the patients with the miraculous cells in hand.

CHALLENGES IN STEM CELL RESEARCH: 
LOOKING AHEAD TO 2014

The stem cell research field has reached a critical juncture 
in 2013, where we find ourselves buoyed by building 
momentum for both transformative basic science dis-
coveries and clinical transformation of the stem cells. 
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The overall prospect of novel stem cell based therapies 
becoming a reality comes with its own challenges apart 
from the technical ones, like stem cell tourism, formal 
physician training in stem cells, regulatory compliance 
balanced with innovation, savvy educational outreach29 
and the risk of unproven therapies. Stem cell tourism is 
a small but growing part of the thriving global medical 
tourism marketplace where a patient travels to other 
country for getting stem cell therapy which is per se 
banned in his own country. Though much stem cell 
research remains at the experimental stage, with clinical 
trials still uncommon, yet there are over 700 clinics esti-
mated to be operating in mostly developing countries 
like Costa Rica, Argentina, China, India and Russia, that 
are enticing many patients, mostly from industrialized 
countries. These stem cell tourists driven by desperation 
and hope, in turn continue to fuel the growth of such 
tourism. This ‘magic cure by stem cells’ approach must 
be condemned under all circumstances. If there is no 
chance of improvement in the patient’s condition, the 
‘therapy’ is both unethical and scientifically and clinically 
unacceptable. The risks for adverse effects may be high; 
and it will not contribute to the development of clinically-
established stem cell therapies, thus cutting the axe at its 
own feet. Prevention of stem cell tourism, together with a 
formal training of the stem cell based health practitioners 
curb on stem cell myths and misinformation propagated 
by TV shows, magazines, movies and other pop-culture 
avenues which remains the major challenges of the day. 
The stem cell community needs to take action in the 
coming time to use social media to promote evidence 
based stem cell medicine so as to take care of the hope and 
make the distinction clear between the ‘hope or illusion’ 
and the ‘informed hope’. According to Knoepfler,29 the 
key trends in stem cell field to watch for in 2014 are as 
follows:
1. Social media and pop culture influence.
2. Formal physician training.
3. Regulatory compliance balanced with regulation.
4. Changes and possible receding of stem cell tourism 

rates.
5. A more cooperative environment between scientists, 

physicians, patients, advocates, politicians, etc. 

CONCLUSION

The potential of stem cell research for treatment has 
received praises from all over, from genuine idealism and 
optimism toward the practical ability of modern medi-
cine. This however, warrants the need for more rigorous 
research and therapy based on evidence not on hope. 

Human beings would be always attracted toward the 
sciences which offer the hope of escaping diseases, death 
and decay, and within this backdrop stem cell science was 
and is seen with much hope and hype. It is this confluence 
of hope and hype that created demand for stem cell 
treatments that the science of clinical applications was 
not yet ready to accommodate. This is an effect which the 
stem cell advocates themselves contributed by rousing 
the public excitement, to the creation of offshore markets 
which are a havoc of the time. Thus, the need of the 
hour is to more vigorously criticize the charlatans who 
under the disguise of modern treatment either offer a 
placebo to the patients or do the harm in the hope of 
cure, depriving the people both economically as well as 
medically. More extensive research must be performed 
using stem cells from animals which are presumed to 
be evolutionary more closer to humans than mice and 
multiple animal models across species must be raised 
for a particular diseases for which stem cell therapy or 
intervention is sought, before the cure could be offered 
to the ailing humanity.
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What will Change with Highly Sensitive Troponin Assays?
1Jaskanwal DS Sara, 2Allan S Jaffe

ABSTRACT
In the not too distant future, high-sensitivity cardiac troponin 
assays will be introduced for use in the United States. They 
bring with them many exciting new opportunities within cardio-
vascular practice including the ability to confirm or refute a 
diagnosis of acute myocardial infarction more rapidly as well 
as the ability to risk stratify and guide treatment decisions 
in patients with a variety of acute and chronic noncoronary 
diseases. However, clinicians and researchers must be aware 
of the new facets introduced with troponin testing and, in 
particular, the new issues that will arise with high sensitivity 
assays. Emphasis must also be placed on reiterating the same 
principles of the effective use of troponin testing that applied to 
conventional assays, as these are likely to become even more 
important. This review outlines a number of important issues 
related to high sensitivity assays with a focus on their use in 
acute hospital settings. 

Keywords: Troponin, Highly sensitive troponin assay, Acute 
coronary syndrome, Non-ST segment elevation myocardial 
infarction, Acute myocardial infarction.
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INTRODUCTION

High-sensitivity cardiac troponin (hs-cTn) assays have 
already been introduced throughout much of the world 
and in the next few years will become common place 
in the United States as well. Their use will change 
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cardiovascular practice in many ways. For this change 
to be effective, there will need to be even more emphasis 
on the principles surrounding the effective use of cardiac 
troponin (cTn) testing.1 In addition, there are a number of 
issues that will require particular consideration. These 
include the management of the increased number of 
patients who will have elevated levels of cTn detected; 
the use of hs-cTn in nonischemic heart disease settings 
for risk stratification and the optimal strategy for ruling 
out and ruling in acute myocardial infarction (AMI). 
Table 1 summarizes important advantages brought 
with hs-cTn assays in addition to some disadvantages 
and their potential solutions. This review will address 
these issues in addition to laboratory considerations and 
nomenclature by contrasting aspects of contemporary 
assays with those of hs-cTn and is directed toward 
clinicians and researchers alike. Its emphasis is not 
comprehensive but will consider to the greatest extent, 
the hospital use of hs-cTn testing.

DEFINITION

As it is the case with contemporary cTn assays, there is 
great variability among putatively hs-cTn assays. The 
importance and utility of elevated levels with one assay 
may not correlate with that of another assay. This depends 
on the way in which different assays are calibrated and 
developed. However, what is consistent is the accepted 
definition of what constitutes a ‘high-sensitivity’ 
troponin assay. This has been established as an assay 
that measures cardiac troponin values in at least 50% of 
a reference population.2,3 As hs-cTn assays have evolved, 
their ability to measure cTn in increasing proportions of 
a reference population has increased and 3rd generation 
high sensitivity assays are now able to measure cTn in 
more than 95% of a reference population, in contrast to 
those deemed 1st generation which detected cTn in 50 to 
75%.4 These assays should have a coefficient of variation 
(CV), which is a measure of an assay’s variability at the 
99th percentile upper reference limit (URL), of <10% to 
reduce the amount of change necessary to detect a rising 
and/or falling pattern of values.5

This issue of definition could become controversial. 
The 5th generation cTnT assay has been billed as hs-cTn 
assay, but in most studies it measures values above the 
limit of detection of the assay (5 ng/l) in far less than 
50% of a reference population.6,7 However, in comparison 
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clinical studies with other hs-cTn assays that meet 
these criteria, the putatively hs-cTnT assay detects more 
elevations.8 Thus, either the analytical criteria proposed 
fail to reflect clinical sensitivity or this assay may have 
some false positives that will need to be unmasked. If 
the latter is the case, which in the authors’ opinion is 
more likely, this assay should not be designated as an 
hs-cTn assay. 

LABORATORY CONSIDERATIONS

Hs-cTn assays have been able to emerge as a result 
of improve ments in laboratory measures including 
superior performance of buffering agents, enhanced 
antigen binding by detection antibodies and increased 
concen trations of detection probes on tag antibodies.3 

This enhanced sensitivity, however, brings with it an 

increased vulnerability to analytical problems. As with 
conventional assays, hs-cTn is most commonly measured 
using enzyme linked immunosorbent assays relying 
on the detection of analytes (in this case, cTn) with 
tagged reagent antibodies. Where there is interference 
in this binding process there are likely to be analytical 
confounds.9 Up to 20% of all individuals have auto 
antibodies to cTn.10,11 With more conventional assays, 
these lowered the levels of cTnI detected but rarely 
resulted in false negative findings. However, with 
hs-cTn, it is possible that their impact may be much 
greater. Conversely, fetal cTnT isoforms re-expressed 
by diseased skeletal muscle may be detected by more 
sensitive cTnT assays12 and can result in false positives. 
As with conventional assays, blocking reagents and novel 
assay designs in addition to other strategies have been 
used to negate these issues13,14 but fail to eradicate them 
entirely. Furthermore, with some assays, inaccurately 
increased or decreased hs-cTn levels may be detected in 
hemolyzed blood samples.15 This is most often the case 
among patients in whom there is difficulty obtaining 
peripheral venous samples or when blood samples are 
obtained from indwelling lines, as is often the case in the 
most unwell patients in hospital who tend to undergo 
testing most frequently. Analytical problems including 
cross reacting or heterothallic antibodies may also cause 
marked elevations in cTn levels both with conventional 
and high sensitivity assays. Importantly, these levels do 
not change over time and will not fit with the clinical 
picture. This issue can be addressed by re-running these 
samples using additional blocking agents, such as HBT 
tubes16 that are readily available.

Until recently, clinicians hesitated to use the 99th 

percentile URL with contemporary cTn assays. Instead, 
higher threshold values were used, equivalent either to 
the lowest value at which the cTn assay achieved a 10% 
CV or to diagnostic thresholds associated with previously 
used less sensitive biomarkers such as the creatinine 
kinase-MB isoenzyme. This was done to reduce the 
number of elevations that would be difficult to explain 
in clinical practice but at the same time led to missing 
many definitive diagnoses in patients. The 99th percentile 
URL has repeatedly proven to enhance the sensitivity 
and specificity for diagnosing AMI and structural 
heart disease17 and has thus been advocated in clinical 
guidelines. Its use should continue with hs-cTn assays.

The value of the 99th percentile URL must be derived 
from suitable reference population, the characteristics 
of which should be clearly defined. To date, with 
regards to contemporary cTn assays, this has been done 
inconsistently.3 Groups of participants recruited for this 
purpose have often comprised of heterogeneous samples 
of the population as they are often enrolled using simple 

Table 1: Outline of potential advantages associated with the use 
of high sensitivity troponin assays as well as disadvantages and 
their potential solutions

Novel feature of high sensitivity assays
• Greater sensitivity for detecting cTn 
Reasons for novel features of high sensitivity assays
• Superior performance of buffering agents
• Enhanced antigen binding by detection antibodies
• Increased concentrations of detection probes on tag 

antibodies
Benefits with new high sensitivity assays
• Higher predictive value for the presence of truly normal cTn 

levels
• More rapid ruling out and perhaps ruling in of AMI
• Elevated levels provide prognostic information in other 

conditions, both of a cardiovascular and  
noncardiovascular primary etiology (renal failure, heart 
failure, sepsis, PE, etc.) 

• Elevated levels may inform treatment decisions for other 
conditions

Disadvantages with new high sensitivity assays
• Potential for more false positives associated with greater 

numbers of elevations detected
• Potential for an increased frequency of analytical confounds 
• Potential need for gender, ethnicity and comorbidity specific 

reference values
• Difficulties in identifying appropriate change criteria to 

diagnose AMI
Potential solutions
• Use clinical judgment whenever possible including the pre-

test likelihood of disease 
• Use the 99th URL
• Draw serial samples and identify a rising and/or falling 

pattern in values to diagnose acute events
• Re-run samples using blocking agents, etc. when suspecting 

analytical confounds
• Standardize terminology and patient care protocols between 

the ED, Internal Medicine and Cardiology
• Perform further prospective studies to determine the utility of 

cTn in guiding treatment for patients with heart failure, PE, 
sepsis, etc.
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screening procedures that typically do not include 
physical examinations, ECGs and laboratory or imaging 
tests. It is known that comorbidities, such as renal disease, 
heart failure and structural heart disease, particularly 
left ventricular hypertrophy (LVH), are associated with 
elevated cTn levels at baseline.17-19 Consequently, the 99th 
percentile URL will vary depending on the characteristics 
of the individuals in the reference group and the extent 
of evaluations done to exclude abnormal subjects. In 
addition, it is also now clear that men and women and 
perhaps members of different ethnic groups will have 
different cut-off values with hs-cTn assays.3 Figure 1 
demonstrates the proportion of patients with detec-
table cTnT levels using a high sensitivity assay among 
approximately 3, 500 participants from the Dallas Heart 
Study, a representative population-based cohort both 
for all patients and patients stratified by comorbidity, 
age, gender and ethnicity.18 cTnT was detectable in 25% 
of all participants. The frequency of elevations will be 
substantially greater with still more sensitive assays. 
The differences between genders will vary from assay 
to assay. This has been demonstrated in a number of 
studies, which have assessed both chronic6,20 and acute 
elevations21 and have ultimately shown that different 
values will be necessary to optimize the detection of 
disease. Similarly, elderly patients, who have a higher 
prevalence of comorbidities, will also have higher values. 
Knowledge of this fact will enhance the specificity of an 
elevated cTn level for an acute event in this group. With 

hs-cTn, where elevated levels will be detected more 
frequently, this awareness will be critical. However, 
problems may arise among those elderly patients who 
are healthier than their peers22 and therefore have lower 
baseline cTn levels. They could/would be disadvantaged 
if higher cut off values are used. A better approach is for 
clinicians to be aware that many older patients will have 
elevations but to rely on a changing pattern of values 
(a ’delta’) to make a diagnosis of an acute pathology.

Generating population specific reference values are 
an arduous endeavor, particularly if one has to evaluate 
each gender, age group and ethnic group separately. It 
requires 320 subjects per group to generate statistically 
robust values and finding such patients, especially 
among older individuals, can be a challenge, especially 
if screening is done carefully. There are good data17,20,23,24 
that the more rigorous the screening, the lower the  
99th percentile URL. Indeed, it is clear that imaging can 
contribute to this evaluation17,20,23,24 but whether the cost 
of doing this for all patient groups required is worthwhile 
remains unclear.25 Some of us have advocated that this 
would be best done using a unified national recruitment 
effort that diagnostic companies support. This would 
reduce the cost to individual groups by allowing the 
various reference samples to be used by all companies.4 
In addition, it would allow for valid comparisons to 
be made between different cTn assays. The alternative 
is to use one reference population with only younger 
individuals predicated on the concept that all changes 
detected with age are due to comorbidities. One could 
screen prospective participants with a questionnaire 
and blood biomarkers without using imaging to reduce 
cost. This would result in some confidence limits around 
the 99th percentile URL, which clinicians would need to 
remain cognizant of. This should not be a major issue for 
the diagnosis of acute events since elevated hs-cTn levels 
in isolation should not be considered synonymous with 
an acute event. Instead, a rising/falling pattern in serially 
obtained troponin levels is what is required.26 This is as 
relevant to hs-cTn as it has been with conventional assays. 
Furthermore, it appears (see below) that in most instances, 
the cut off values for chronic disease categorization will 
require values below the 99th percentile URL. Thus, it is 
unlikely that the difficulty with assigning an absolute 
99th percentile URL will be a clinically confounding issue.

Finally, values with hs-cTn assays would have a large 
number of zeros, which runs the risk that diagnoses 
are missed and inappropriate patient care is delivered. 
Accordingly, there is agreement that for hs-cTn assays, 
only whole numbers will be used and documented in 
ng/l.27 This means that at times values in the many 
thousands of ng/l may be observed.

Fig. 1: The proportion of subjects in the Dallas heart study trial with 
detectable troponin T levels using a high sensitivity assay, overall 
and stratified by comorbidity, age, gender and ethnicity [Adapted 
from de Lemos JA et al (2010). Association of troponin T detected 
with a highly sensitive assay and cardiac structure and mortality 
risk in the general population. JAMA 304(22):2503-2512. Used 
with permission.] (CKD: Chronic kidney disease; cTnT: Cardiac 
troponin T; CVD: Cardiovascular disease; DM: Diabetes mellitus; 
HTN: Hypertension)
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Are Elevated Levels due to an Acute Event?

Hs-cTn assays will detect minimal concentrations of 
cTn. Using a relatively insensitive contemporary fourth 
generation cTnT assay, only 0.7% of subjects in the general 
population had levels above the 99th percentile URL,28 

while using a putative hs-cTnT assay among the same 
population, this number was 2%.18 Such elevations were 
invariably associated with cardiovascular comorbidities 
such as diabetes, heart failure, renal failure and LVH 
and were associated with an adverse prognosis.18 Since, 
patients who present to the hospital with cardiovascular 
problems are usually those with such comorbidities, 
the frequency of elevations is likely to be substantially 
higher. Recent data suggest that the increment in elevated 
hs-cTn levels associated with AMI will be modest and that 
most elevations will be due to heart failure or primary 
noncardiac disease presentations.29 This increased 
sensitivity brings with it the advantage of significantly 
higher negative predictive values for truly normal cTn 
levels, allowing clinicians to rule-out acute events with 
greater certainty. However, increased sensitivity will 
come at the expense of specificity for a diagnosis of AMI, 
which means that elevations related to acute events must 
be distinguished from chronic elevations related to other 
noncoronary causes. Confounding this issue further is 
the fact that some of these patients are likely to have 
cardiac abnormalities that are too subtle to be detected 
with even magnetic resonance imaging (MRI).28

To help deal with this problem, the concept of the 
‘delta’ hs-cTn (d hs-cTn) has been developed. The use of a 
delta is not necessary when cTn values are very high since 
in reality, with the exception of an occasional analytical 
issue or a renal failure patient, marked elevations of cTn 
are usually due to either AMI or myocarditis.30 For less 
elevated values, detecting a changing pattern of values 
is essential. This equates to a measurement of change in 
the hs-cTn value over time and requires serial levels to 
be drawn. This approach has been shown to increase the 
specificity of hs-cTn for the diagnosis of an acute cardiac 
event.31,32 The problem lies in identifying an appropriate 
delta value, which is likely to change in different 
situations. At present, there are significant issues in the 
literature. Studies have often relied on patient samples 
being evaluated for different reasons such as to rule out 
AMI. Thus, late samples are often not present. In addition, 
the gold standard diagnosis has at times been made using 
less sensitive assays, which exaggerates the magnitude 
of the delta change required and excludes smaller 
infarctions. These problems have recently been reviewed 
and a template for better studies has been provided.33 

Thus, it is not surprising that there are heterogeneous 
recommendations in the literature at present.

Most studies suggest that an absolute delta may be 
better than a relative or percentage change in values.34 

They further indicate that the utility of delta changes 
depends on the initial cTn level and that the benefit of 
an absolute delta is greatest among patients with higher 
baseline values.35 Other studies have also found absolute 
deltas to be superior compared to relative deltas with 
or without elevated baseline levels.34,36 Meanwhile the 
Australia-New Zealand group continue to advocate 
using relative delta changes, suggesting a 50% change 
for baseline hs-cTnT values below 53 ng/l and 20% 
changes for values above.37 Regardless of the approach 
utilized, the use of fixed intervals for obtaining samples 
will be important and comparisons between values 
obtained over substantial periods of time are likely to be 
problematic. Many would argue that sample collection at 
zero, 3 and 6 hours might be optimal. The reality is that 
if the patient presents late after the onset of symptoms, 
fewer samples will be needed than if the patient presents 
early. It now appears that most patients will manifest a 
changing pattern within 3 hours and that most rule-ins 
can occur in that time frame. However, there will be 
patients who rule in late.38 It is likely those will be ones 
with poor coronary perfusion in the ischemic area with 
poor wash out of cTn. One size is unlikely to fit all.

It should be noted that the 20% change criteria in 
addition to most absolute delta criteria will be within the 
change that might be expected from conjoint biological 
and analytical variation. With contemporary assays, 
only analytical variation can be taken into account since 
biological variation cannot be measured accurately in 
diseased individuals. At elevated levels, the variability 
in precision amongst assays (as defined by the CV) is 
5 to 7%.28 Imprecision is greater at values closer to the  
99th percentile URL.31 For values to be truly different, they 
should differ by roughly 3 standard deviations around 
the measurement from each other; thus, 20% at elevated 
values and greater near the 99th percentile URL where 
imprecision is higher. Consequently, investigators can 
conclude that a delta change in cTn greater than these 
values cannot be attributed to analytical variation alone 
and would therefore represent an acute event. With 
hs-cTn assays, biological variation (or within patient 
variation) can be added to the equation. As each assay 
has its own CV, delta changes must be determined 
based on the assay in use. Data in this area indicated 
that delta change values (or so-called reference change 
values—RCV) range from roughly 50% to as much as 
85%.3 These values greatly exceed many delta change 
values used in clinical practice, resulting in a proportion 
of patients being admitted under the premise of having 
had an acute event when in fact the changes detected 
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are secondary to this variation alone.38,39 However, were 
one to rely solely on this metric (the RCV) many patients 
with acute disease would be inappropriately discharged. 
Thus, the proper approach is to decide on a cut-off value 
for routine use as a group and then allow the subset in 
which there is ambiguity to be triaged based on clinical 
judgment. However, there will still be instances in which 
the value is not rising but a diagnosis of AMI may still be 
made. In one study, this occurred in as many as 14% of 
patients38 and was thought to be due to a late presentation 
where the timing of the patient’s presentation precluded 
finding a changing pattern. Furthermore, a changing 
pattern indicates only that an acute event has occurred, 
which may not necessarily be an acute infarction. 
Patients with heart failure, sepsis, atrial fibrillation or 
other forms of paroxysmal supraventricular tachycardia 
and pulmonary emboli can also have a rising pattern of 
values. The interpretation of any testing depends on the 
clinical scenario. Bayesian thought advocates evaluating 
the pretest likelihood of disease and then adjusting 
this according to features identified in the history and 
physical examination. Further adjustment is then made 
using likelihood ratios associated with the results of 
clinical tests, ultimately leading to a post-test probability 
of disease. Figure 2 provides a schematic approach to the 

use of Bayesian principles in identifying patients with 
AMI using cTn, but this thinking can/should be applied 
to all diagnoses. Thus, the appropriate integration of 
clinical information is essential for the proper use of cTn 
testing, particularly with high sensitivity assays.

Appropriate delta changes are often determined 
using receiver operating curves, a statistical method that 
deter mines a suitable threshold value by evaluating the 
sensitivity and specificity of a series of potential values. 
The highest c-statistic, or area under the receiver operator 
curve, relates to the value which should be chosen as it 
represents the highest combined sensitivity and speci-
ficity. This method however gives equal importance to 
both sensitivity and specificity which is not consistent 
with clinical requirements in different settings. For 
example, emergency department (ED) physicians are 
faced with a plethora of patients presenting with chest 
pain and given the mortality associated with acute 
coronary syndromes (ACS) left unmanaged, are only 
willing to discharge patients in whom the likelihood 
of an acute event is extremely low, with a target ‘miss 
rate’ of <1%.40 Thus, while they prefer a test with high 
sensitivity, internists and certainly cardiologists would 
prefer a test with greater specificity, in order to establish 
a diagnosis with greater certainty before proceeding to 

Fig. 2: Schematic outlining the use of Bayseian principles for the optimal management of patients presenting with chest pain [Adapted 
from: Sara JD, Holmes DR Jr, Jaffe AS. Fundamental concepts of effective troponin use—important principles for internists. Am J Med 
2014. Used with permission. Steps 1-4 should be performed simultaneously] (AMI: Acute myocardial infarction; ECG: Electrocardiogram)
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invasive treatment which itself is associated with risk.41,42 
This tension will be exacerbated by the subset of patients 
in whom there is suspicion of AMI but in whom delta 
criteria are not met. This situation will require interaction 
between the ED and cardiology and it may be that the 
presence of a facile out-patient follow-up system will help 
in many instances.

In the absence of a changing pattern, assuming the 
timing of presentation allows for such a pattern to be 
observed, there should be consideration of structural 
cardiac abnormalities, such as LVH and left ventricular 
dilation, which also cause elevated hs-cTn levels. 
Elevations can also be due to toxic and/or metabolic 
insults, such as hypothyroidism, carbon monoxide 
poisoning or toxicity due to chemotherapy agents to 
name but a few. Furthermore, women have less marked 
elevations in cTn in the presence of coronary artery 
disease compared with men;43 have a lower frequency of 
any degree of elevation in cTn levels44 and in the setting 
of an AMI, and have a higher frequency of pathology 
unrelated to coronary artery atherosclerosis, including 
endothelial dysfunction, microvascular dysfunction 
and coronary artery dissection. There may therefore 
be a need to develop delta values specific not only for 
each assay and gender but also for each pathology being 
investigated, an aspect of testing which is likely to evolve 
rapidly with hs-cTn.

Distinguishing Type 1 from Type 2  
Acute Myocardial Infarction

Coronary artery atherosclerosis forms the substrate for 
the majority of ACS. When there is plaque disruption 
and the formation of a platelet thrombus that occludes a 
coronary vessel, infarction ensues and these are labeled 
type 1 events.45 It is known that when these patients 
present acutely, those with an elevated conventional 
cTn value benefit from aggressive anticoagulation and 
an early invasive approach. Patients with pre-existing 
coronary artery disease may also present with ischemia 
that leads to myocardial damage when there is a mismatch 
between the supply and demand of oxygenated blood, 
as in states of tachycardia, hypo or hypertension and 
anemia. These, along with other nonthrombotic causes 
of ACS such as endothelial dysfunction and coronary 
artery vasoconstriction or dissection, are designated as 
type 2 events.46,47 The incidence of type 2 events is likely 
to increase with the increased sensitivity of the new 
assays because these infarctions, as a group, generally 
elaborate less cTn than type 1 events.48 Distinguishing 
the two is crucial as the management for each is very 
different. Type 1 events are typically managed with 
aggres sive anticoagulation and revascularization, whe ther 

percutaneous or surgical26 and type 2 events require 
management of the underlying cause. It is unclear and we 
would argue unlikely that these individuals will benefit 
from the same care that those with type 1 AMI should 
receive.46 While delta changes in hs-cTn levels can help 
discriminate acute infarctions from nonacute events, at 
present they are not helpful in distinguishing type 1 
events from type 2 events.49 Validated clinical criteria 
are not available at present, but persistent ST-segment 
changes and hemodynamic instability should lead 
clinicians to consider a more aggressive evaluation. In 
addition, for patients presenting spontaneously, the use 
of a so-called anchor value may be helpful. This is a value 
derived from the 99th percentile URL from a prior assay 
that is extrapolated to the new hs-cTn assay. For example, 
for hs-cTnT, a value of 0.01 ng/ml comports to a value 
of 30 ng/l. For the hs-cTnI Abbott assay, the prior 99th 
percentile value was 0.024 ng/ml and this fortuitously 
comports to 24 ng/l with the hs-cTnI assay. Doing this 
will allow one to apply the data generated from previous 
clinical trials to patients with values above these levels. 
These studies have shown that among patients with 
levels above the anchor value, aggressive anticoagulation 
and an invasive strategy improves outcomes. For values 
below the anchor values, additional individualization 
will be necessary because there are no clinical trial data 
for this population.

The distinction between type 1 and 2 AMI becomes 
even more crucial when considering a significant 
proportion of type 2 events occur in critically ill and 
postoperative patients.50 These events are associated with 
a substantial increase in short and long-term mortality. 
Indeed, some studies suggest a higher mortality asso-
ciated with type 2 events compared with type 1 event, 
perhaps due to the severity of associated illnesses.46 
Although most believe that the majority of events after 
noncardiac surgery are type 2 AMIs, autopsy studies have 
demonstrated that coronary plaque rupture51 occurs in 
almost 50% of cases, implying a type 1 etiology. Thus, 
type 2 events might be more common postoperatively, but 
type 1 events may be associated with a higher mor tality. 
Importantly, these events require a rising and/or falling 
pattern of hs-cTn for a diagnosis. The concept that isolated 
elevations of cTn in this setting should be considered 
secondary to acute ischemia is not warranted. Patients 
with gastrointestinal bleeding may also suffer from type 
2 events and form another group in which an accurate 
diagnosis is crucial to ensure management decisions do 
not adversely influence outcomes.

Some patients and particularly women may have 
AMI clinically but with angiograms that fail to show a 
culprit lesion. Some of these events can be documented 
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with MRI through the demonstration of delayed  
sub endocardial hyperenhancement.52,53 Studies with 
intravascular ultrasound suggest that some of these events 
are plaque rupture events undetected by angio graphy.51 

Recently, spontaneous coronary artery dissection has 
been diagnosed with more aggressive intracoronary 
imaging.54 This too could be the cause of AMI that can 
be missed angiographically.

High Sensitivity Troponin Assays and  
Ruling Out Acute Myocardial Infarction

The greater sensitivity of the hs-cTn assays means that 
ever smaller concentrations of cTn are detected with 
these assays. Patients who therefore present with normal 
or undetectable cTn levels may be considered to almost 
certainly not have had an acute event. Unfortunately, 
although this speculation makes sense, studies that have 
been done to evaluate this have often been structured in 
less than ideal fashions. In one study, the investigators 
found that patients who had undetectable levels of cTn 
in the initial sample tested with an hs-cTn assay, defined 
as levels less than the ‘level of blank’ characterized as 
the value, at which noise can be separated from baseline, 
were unlikely to suffer from adverse events during  
follow-up.55 Unfortunately, late samples were not 
consistently available. In another study, Bandstein et al 
found that among greater than 14,000 patients presenting 
with chest pain to the ED, those with undetectable 
cTn levels (defined as levels < 5 ng/l with the hs-cTnT 
assay), in addition to ECGs showing no new ischemic 
changes could have AMI excluded on almost every 
occasion (negative predictive value, 99.8). However, only 
about 20% had serial samples drawn and the criteria 
used to diagnose AMI were not included in the report. 
Importantly, undetectable cTn levels correlated with 
100% survival at 30-day follow-up.56 These retrospective 
studies need to be validated with prospective randomized 
trials. In addition, undetectable cTn levels correlate not 
only with the absence of an AMI but also with an absence 
of other structural cardiac abnormalities including LVH, 
valvular disease and even coronary artery disease itself. 
Thus, the survival observed among these patients may 
be a reflection of their inherently lower baseline risk and 
not the superior discrimination of the highly sensitive 
assay. Furthermore, studies that assess the utility of 
hs-cTn assays in ruling out acute events typically useless 
sensitive conventional cTn assays as the gold standard 
test to establish the diagnosis.57,58 Consequently, they 
underestimate the prevalence of AMI in their patients 
and in doing so may overestimate the negative predictive 
value of the hs-cTn. Many investigations also claim that 
all acute events may be ruled out sooner, often within 3 to 

4 hours.53,57,58 This is out of keeping with the findings of 
one study that included all new AMIs that were detected 
using the hs-cTn assays. Here, the time to diagnose all 
myocardial infarctions was 8.5 hours from the onset of 
symptoms38 and that is perhaps the more accurate figure. 
Nevertheless, patients who are deemed to be at low risk 
and have good follow-up outside of the ED are likely to be 
safely discharged as early as 2 hours after presentation.40 
Claims that a 1 hour rule out based on change criteria 
validated over 6 hours and then divided by 659 are 
unlikely to be valid in our opinion. It is unlikely that 
coronary perfusion and the release of cTn is continuous,60 

especially early after the onset of AMI and the small 
changes required for detection appear to be below the 
precision of the hs-cTnT assay used in the analysis cited.

Although an approach using detectability may be 
applicable to the hs-cTnT assay where only 25% of normal 
subjects have detectable values, it may be problematic for 
the very high sensitivity assays, which detect values in 
everyone. For those assays, a very low value that comports 
to the undetectable level with hs-cTnT will need to be 
found. The Australia-New Zealand group40 has shown 
that with an hs-cTnI assay that has sufficient precision to 
see changes within the normal range, unchanging values 
over 2 hours can effectively rule out AMI in patients 
with a TIMI risk score of zero or one. With regards to 
confirming a diagnosis of an acute event, a significant 
majority of patients will rule in within 3 hours. However, 
there will continue to be a subset of patients in which  
6 hours of evaluation will be required.37 Figure 3 outlines 
a suggested algorithm for the effective use of high 
sensitivity troponin assays to facilitate rapid ruling-in 
of AMI.

Causes of Elevated Troponin Levels  
Unrelated to Acute Myocardial Infarction

With contemporary cTn assays, any degree of elevation 
should be considered abnormal. This is not to say that all 
elevations are synonymous with acute coronary events. 
When levels are rising and/or falling, then providing the 
clinical scenario fits, these elevations can be classified as 
due to acute cardiac injury and patients are at risk in the 
short-term and should be admitted. However, if levels 
are elevated but are not rising and/or falling, providing 
the timing of presentation allowed for a changing 
pattern to be detected were it to be present, acute cardiac 
injury is unlikely. These patients are still at increased 
risk because elevated cTn levels are associated with a  
two-fold increased risk for long-term all-cause mortality 
and cardiovascular death compared to normal cTn 
values, in a dose-dependent relationship.18,61-63 However, 
when levels are chronically elevated, the increased risk, 
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though significant, often plays out in the long-term63 
and so these patients can usually be discharged and 
followed-up in the outpatient setting providing they are 
clinically stable and appropriate systems are in place. It 
is noteworthy that these patients will still have some sort 
of cardiac abnormality and so any follow-up must be early 
and comprehensive. With hs-cTn, the proportion of these 
patients will increase and so the need for a well-developed 
outpatient follow-up system will be even more crucial.

There are four situations in which clinicians may 
encounter marked increases in cTn levels and these 
are particularly noteworthy when switching to hs-cTn 
assays. They include AMI, myocarditis, and on rare 
occasions, patients with renal failure and rarer still, 
analytical problems. Table 2 summarizes important 
clinical and troponin characteristics that may be useful in 
distinguishing these entities. Myocarditis can present in 
a myriad of fashions and with a variety of cTn patterns. It 
is an important mimic of myocardial infarction53 as it can 
present with chest pain elevated cTn levels, sometimes 
even higher than those seen with ST-segment elevation 
myocardial infarctions (STEMI).64 The distinction 
requires clinical judgment and may be helped with 
noninvasive imaging. However, given the high index of 
suspicion clinicians usually have for potential cases of 
STEMI, many of these patients will undergo coronary 
angiography.

Elevated levels of cTn are common in patients with 
end-stage renal failure. Elevations increase with time as 
the duration of dialysis increases65 and are associated 
with lower survival.66 However, in these patients cTn 
levels are rarely markedly elevated. The increased levels 
are not the consequence of reduced glomerular filtration 
as cTn is not renally excreted but instead are related 

to concurrent cardiac abnormalities, such as LVH and 
coronary artery disease as well as metabolic changes. 
The frequency of elevations due to skeletal muscle abnor-
malities in this group is small.67-71 Detecting a rising 
and/or falling pattern in cTn levels to diagnose an AMI 
is of particular importance among these patients as an 
isolated elevation will not help in acute clinical decision 
making.65 Obtaining baseline cTn levels in patients with 
end stage renal failure at routine outpatient clinic visits 
would facilitate this process. With hs-cTn, elevations 
are seen in stages of renal failure earlier than end-stage 
disease and increase in a gradual manner as the severity 
of disease increases. The relative prognostic importance 
of elevations in cTn at each incremental stage of renal 
failure are yet to be determined, but this situation 
reiterates the importance of obtaining regular baseline 
levels to facilitate accurate evaluation in the setting of a 
potential acute event.

PROGNOSTIC USE OF HIGH SENSITIVITY  
TROPONIN ASSAYS

Patients with elevated or rising cTn levels are known to 
be at increased risk of adverse events, in the long and 
short-term respectively. With high sensitivity assays, the 
frequency of these elevations will increase and provide 
the opportunity to be better utilized and even calibrated 
to place patients with elevations into clinically useful 
risk brackets which can inform management decisions.

In acute situations with rising and/or falling patterns, 
multiple entities should be considered. Pulmonary 
embolism often causes cTn elevations as a result of right 
ventricular strain and associated cardiac injury even with 
conventional assays. More sensitive assays will increase 
the number of patients with elevated levels, which may 

Fig. 3: Algorithm outlining the use of a high sensitivity cardiac troponin assay to allow the rapid ruling-in of an acute myocardial infarction 
[Adapted from: Thygesen K, et al. How to use high-sensitivity cardiac troponins in acute cardiac care. EHJ 2012 Sep;33(18):2252-2257. 
Used with permission. Value of the upper reference limit (URL) will vary depending on the assay used at each institution) (hs-cTn: High 
sensitivity cardiac troponin assay; URL: Upper reference limit; 3 h: 3 hours; 6 h: 6 hours)
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Table 2: Distinguishing clinical features between the four causes of significant elevations in troponin levels

Acute myocardial infarction Myocarditis Renal failure Analytical error
History Symptoms

• Classic ischemic chest pain
• Shortness of breath
• Autonomic symptoms
 (diaphoresis, nausea,
 vomiting)

Timing
Usually sudden onset
(over minutes to hours)

Symptoms
• Chest pain
• Shortness of breath
• Symptoms associated with
 viral infection (fever, 
 headache, sore throat, 
 diarrhea, body aches)

Timing
Usually gradual onset
(over days) 

Symptoms
• Fatigue and weakness
• Anorexia
• Nausea and vomiting
• Shortness of breath
• Itching
• Swelling of feet and ankles

Timing
Gradual onset (over
months and years) 
and progressive 
deterioration

Symptoms
• No specific clinical
 features

Timing
Not applicable

Clinical 
exam

General
• In pain and anxious
• Sometimes in 
 respiratory distress
• Pallor and diaphoresis

Cardiovascular
• Tachy/bradycardia
• Hyper/hypotension
• Possible added S3 and/or S4
• Possible new regurgitation 

murmur
• Possible rales on chest 

auscultation 
• Possible elevated JVD
• Possible pedal edema

General
• In pain but usually not
 anxious

Cardiovascular
• Tachy/bradycardia
• Hyper/hypotension
• Possible added S3 and/or S4
• Possible pericardial friction rub
• Possible rales on chest 
 auscultation 
• Possible elevated JVD
• Possible pedal edema

General 
• Fatigued
• Pallor/uremic yellow hue 
• Peripheral bruising
• Pedal edema
• Dialysis fistula in situ 

Cardiovascular
• Parasternal heave
• Possible murmur
• Possible pericardial 
 friction rub
• Possible chest rales
• Possible elevated JVD
• Possible pedal edema

General 
• No specific clinical
 features

Cardiovascular
• No specific clinical 
 features

Troponin 
testing

Detectable cTn
Yes
Markedly elevated hs-cTn
Almost always
cTn pattern
• Rising and falling pattern
 in values (except late
 presentations)

Detectable cTn
Yes
Markedly elevated hs-cTn
Can be markedly elevated 
cTn pattern
• Variable
• Can have rising and falling 

pattern in values
• Can have elevated 
 values that persist

Detectable cTn
Yes
Markedly elevated hs-cTn
Rare
cTn pattern
• Chronically elevated 

baseline levels that 
increase with severity 
of renal disease and 
duration of dialysis and 
predict poor outcomes

• Changing pattern with 
acute events

Detectable cTn
Yes
Markedly elevated hs-cTn
Invariably
cTn pattern
• Unchanging pattern 
 over time

Cardiac 
imaging 

• Regional wall motion
 abnormalities
• Acute ventricular dilatation
• Acquired mechanical defects

• Highly variable but often 
the epicardial lateral wall is 
involved

• Ventricular hypertrophy 
and/or dilatation

• Pericardial effusion

• Nil

be useful in predicting outcomes. In one study, 526 
normotensive patients with acute pulmonary embolism 
were evaluated with an hs-cTnT assay. Levels above the 
pre-defined cut-off value of 14 pg/ml predicted early 
death and complications (OR 4.97, 95% CI 1.71 to 14.43; p = 
0.003) and were associated with a decreased probability of 
survival at 6 months (p = 0.001). When used in conjunction 
with the simplified pulmonary embolism severity index 
(sPESI), patients with a sPESI of 0 and hs-cTnT<14 pg/ml at 
baseline had a 42% reduction in the risk of death (HR 0.58, 

95% CI 0.01-0.42; p = 0.005). The authors concluded that 
hs-cTnT assay used in conjunction with the sPESI could 
improve risk stratification of patients with pulmonary 
embolism.72 One wonders if the importance of these 
findings might be even more significant if sex specific 
cut-off values had been used and if a more sensitive and 
precise assay had been utilized. Prospective trials to 
determine the appropriate means of managing patients 
categorized as low and high risk using hs-cTn assays in 
isolation and in combination with the sPESI are needed.
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In acute heart failure, cTn levels are likely to be 
elevated in the vast majority of patients as a result of global 
ventricular wall stretch and subendocardial coronary 
hypoperfusion.4 In chronic heart failure, these causes 
may be compounded by the degradation of contractile 
protein and cellular injury secondary to mechanical, 
oxidative and neurohumoral factors. The best correlate 
of elevated hs-cTn values is elevated left ventricular end-
diastolic pressure.73 Patients with elevated hs-cTn values 
are at increased risk both in the short and long-term. 
In one study, investigators found cTn to be as good a 
predictor of mortality and readmission with heart failure 
as brain natriuretic peptide (BNP). In the acute setting, 
they also found that patients with rising levels of cTn 
during hospitalization for acute decompensated heart 
failure were at increased risk of 90-day mortality.74 All 
such patients should not be labeled as having sustained 
an acute coronary event, though a subset may have and 
these need to be identified clinically and managed with 
anticoagulation and revascularization as appropriate. The 
above study evaluated only 144 patients and so may be 
underpowered to determine the precise role of hs-cTn in 
heart failure. The authors also evaluated the hs-cTnI assay 
and used the 99th percentile URL (in this case 4.5 ng/l) to 
demarcate elevated levels. Patients with lesser degrees of 
elevation may still be at risk and therefore, larger studies 
looking at the role of less marked cTn elevations are 
required in addition to studies that evaluate serial cTn 
measurements and the combined role of cTn and BNP to 
identify ways in which patients with heart failure can be 
better risk stratified. The authors also did not control for 
renal failure which is commonly associated with heart 
failure and may confound the identified association 
between cTn and heart failure. Studies of chronic heart 
failure have indicated something similar, demonstrating 
that measuring changes in cTn levels with conventional 
assays is an effective way of following patients.75,76 With 
hs-cTn assays, greater discrimination and predictive 
accuracy can be achieved.77

Patients with sepsis often have elevated cTn levels 
secondary to cytokine and endotoxin mediated myocar-
dial toxicity and in the case of septic shock, from an 
oxygen supply/demand mismatch. Elevations are 
associated with both short and long-term mortality.78 
With high sensitivity assays, these findings are more 
common and again may predict outcomes.79 In one 
study, the investigators found that in patients with severe 
sepsis and septic shock, hs-cTn levels were higher among 
hospital nonsurvivors compared to survivors (median 
0.054, Q1-3, 0.022-0.227 vs median 0.035, Q1-Q30.015-0.111 
μg/l; p = 0.047) but that hs-cTn was not an independent 
predictor of in-hospital mortality.80 In other studies, 

hs-cTn levels have been independent predictors.81 
Importantly, recent data suggest that in this setting, 
cTn elevations are associated with diastolic and right 
ventricular abnormalities, which has the potential to lead 
to therapeutic interventions.82

With conventional assays, elevated cTn levels predict 
very high mortality in patients with acute respiratory 
failure.83 Studies with hs-cTn in this group of patients 
have not yet been reported. In addition, a number of 
respiratory disorders result in cardiac abnormalities 
that may lead to elevated cTn levels. For example, 
in chronic obstructive pulmonary disease (COPD) 
patients, chronic hypoxia leads to elevated pulmonary 
arterial pressures which in turn results in increased 
ventricular strain and remodeling and the subsequent 
release of cTn. Acute exacerbations may result in further 
changes influencing cTn levels. In one study, 99 patients 
hospitalized for acute exacerbations of COPD had hs-cTn 
levels measured on admission and were followed up 
for a median duration of 1.9 years until death or study 
termination. Even after adjusting for covariates, elevated 
hs-cTn levels independently predicted death in a dose 
response fashion.84 This effect was significantly increased 
in patients who had tachycardia at baseline, suggesting 
that perhaps a type 2 event may be responsible for both 
the elevated cTn levels and the increased mortality. 
Once again, further studies are required to determine 
the best course of management for patients deemed to 
be at higher risk.

The principles articulated above are good examples 
of how hs-cTn elevations will define high risk subsets 
among acutely unwell patients. Eventually, studies such 
as those by Landesberg81,82 will lead to new therapies 
directed at those at greater risk.

CONCLUSION

Hs-cTn assays offer many opportunities to clinicians, 
including greater negative predictive values, more 
rapid ruling in and out of AMI and the opportunity 
to risk stratify and individualize the management of 
patients with both acute and chronic illnesses. How ever, 
these advantages come at the expense of an increased 
vulnerability to analytical problems, a vastly compro-
mised specificity of an isolated elevation in cTn for a 
diag nosis of AMI and a lack of utility in discriminating 
type 1 events from type 2 events. While the advantages 
are compelling and the disadvantages require further 
studies to be addressed, effective use of these newer 
assays requires adherence to the same important concepts 
that held true with conventional assays. These include 
using the 99th percentile URL, looking for a rising and/
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or falling pattern in values when appropriate to diagnose 
AMI and to employ clinical judgment when clear answers 
are not provided by cTn values alone.
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ABSTRACT
Porokeratosis is a disorder of keratinization and is genetically 
trans mitted. It is characterized by one or more atrophic mac-
ules or patches and surrounded by a distinctive hyperkeratotic 
ridge-like border. Multiple clinical variants of porokeratosis exist. 
It is histologically characterized by the presence of a cornoid 
lamella. The cornoid lamella is due to an expanding number 
of unusual keratinocytes. Here, we present a case report of 
poro kera tosis over the nose in a 22-year-old female.
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INTRODUCTION

Porokeratosis is rare and inhereted as an autosomal 
domi nant trait. However, sporadic cases are also known 
to occur. It was first described by Mibelli and Respighi 
in 1893. Different clinical types of porokeratosis namely: 
classic porokeratosis of mibelli, disseminated superfi
cial actinic porokeratosis (DSAP), linear porokeratosis, 
dissemi  nated superficial porokeratosis (DSP), porokera
tosis palmaris et plantaris disseminate and linear poro
kera tosis. Apart from these five clinical variants, a 
number of atypical morphological forms, such as facial 
porokeratosis, giant porokeratosis, punched out poro
keratosis, hyper trophic verrucous porokeratosis and 
reti culate poro keratosis also has been reported.1

CASE REPORT

A 22 years old female presented with lesions over the 
face of 3 years duration. These lesions were slowly 
progressing since 3 months and were asymptomatic in 
nature. The patient was otherwise healthy and appeared 
to be immunocompetent. There was no similar family 
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history. The patient was housewife and spent most of the 
time indoors. There was no history of photosensitivity, 
any systemic complaints, atopy, trauma or any dis charge 
from the lesion. The patient had not taken any medi cation 
for the same in the past.

On examination, there were multiple hyperpigmented 
plaques with central atrophy and raised edges with ridges 
over the nose of size of about 0.5 × 0.5 cm to 2 × 3 cm. 
No similar lesions were present elsewhere other than 
face. Routine laboratory tests were done and they were 
within normal limits (Fig. 1). Skin biopsy was done and 
histopathology showed hyperkeratosis, parakeratosis 
and keratin filled invagination with central parakeratotic 
column (coronoid lamella), scanty granular cells and 
dermal inflammatory cell infitrate. Histopathology report 
was consistent with porokeratosis (Fig. 2).

The patient was treated with topical tretinoin 0.05% 
cream since it is known to decrease cohesiveness of 
abnormal hyperproliferative keratinocytes and modulate 
keratinocyte differentiation. After 3 months on follow
up, the patient showed improvement. She was asked 
to continue the same treatment and followup after  
3 months, but, unfortunately, the patient did not turn up 
for followup after that.

DISCUSSION

Porokeratosis is an inhereted autosomal dominant 
trait. However, sporadic cases are also known to occur. 
It is disorder of keratinization. Exact pathogenesis is 
not known but abnormal early keratinocyte apoptosis 
accompanied by dysregulation and terminal diffe ren
tiation (keratinization) has been suggested for patho
genesis by cornoid lamella. Disseminated super ficial 

Fig. 1: Hyperpigmented plaques with central atrophy and 
hyperkeratotic raised edges
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Fig. 2: Histopathology shows keratin-filled invagi nation with central 
parakeratotic column (coronoid lamella), hyperkeratosis, scant 
granular cells (40×)

actinic poro keratosis is the most common variant. It 
was first described by Chernosky and Freeman in 1967.2 

Unlike the classic type of mibelli, the incidence of DSAP 
in females is double that in males. Porokeratosis usually 
occurs on the trunk or extremities and facial lesions are 
rare. Only 15% of DSAP patients have facial lesions.3 Two 
patients were reported with facial lesions by Nabai et al 
first in 1979.4 There have been a few reports of exclusive 
facial involvement in porokeratosis with skin lesions 
over or near the nose.5,6

Risk factors for porokeratosis include genetic inheri
tance, ultraviolet radiation and immunosuppresion. 

Differential diagnosis includes: granuloma annulare, 
actinic keratosis , linear verrucous epidermal nevi, psoriasis, 
lichen planus, etc.

Various treatment modalities, like topical retinoids, 5FU, 
vitamin D3 analog, imiquimod 5% cream, cryotherapy, 
photodynamic therapy, CO2 laser can be considerd.7,8

CONCLUSION

We suggest keeping in mind that porokeratosis as diffe
rential diagnosis of any annular facial lesions with dis
tinctive, keratotic border and lesions resistant to topical 
treatment.
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Physiotherapy Students
1Bela Agarwal, 2Meghana Chowdhry, 3Rajani Mullerpatan

ABSTRACT
Aims and objectives: To study effect of short-term movement 
therapy on levels of academic stress in female students stu-
dying in final year of physiotherapy.

Methodology: A convenient sample of 50 final year female 
physiotherapy students was divided into two groups—group 1 
(experimental group) and group 2 (control group) after obtaining 
informed consent. Academic stress level was measured 
using students academic stress scale (SASS) in both groups. 
Group 1 underwent 1 month training with movement therapy, 
three times per week for a duration of 45 minutes per session 
which included 10 minutes of stretching warm up exercises,  
30 minutes of conditioning phase of free style dance 
move ments at 75 to 80% age related heart rate max and  
5 minutes of passive cool down. The control group was instruc
ted to continue their routine activities. Students Academic 
Stress Scale was scored in both the groups after 1 month of 
training and thereafter movement therapy was discontinued. 
Students were scored again on SASS after 1 month of 
discontinuation of movement therapy.

Results: Group 1 demonstrated statistically significant reduc
tion (p = 0) in stress level after 1 month of move ment therapy 
vs group 2, which did not show any change. In group I, after 
discontinuation of therapy, stress levels increased again though 
they remained lower than basal values. Group 2 main tained a 
fairly constant SASS score throughout the time duration.

Conclusion: Movement therapy helped to reduce stress levels 
in students. There was some carry over effect after discon ti
nuation of therapy.

Keywords: Movement therapy, Stress, Students academic 
stress scale, Physiotherapy students.
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INTRODUCTION

Stress is defined as ‘the specific response of the body to 
any demand on it.1 Setve described stress saying that it 
is a biopsychosocial model that refers to the consequence 
of failure of an organism to respond adequately to 
mental, emotional or physical demands, whether actual 
or imagined.2

There are innumerable stress factors since different 
individuals react differently to same stress conditions. 
College students experience high stress levels at predic
table times each semester due to academic commitments,3 
financial pressures, lack of time management skills,4 high 
parental expectations, staying in hostels, peer pressure, 
vastness of syllabus and lack of facilities for enter tainment.5 
When stress is perceived negatively or becomes exces
sive, students experience physical and psychological 
impairments.47

Studies have shown that students all over the world 
across all healthcare disciplines perceive stress equally 
as so is with physiotherapy students.8,9 Walsh et al in a 
questionnaire based study demonstrated that more than 
a quarter of physiotherapy students showed significant 
psychological morbidity with academic and personal 
issues being of highest causative concerns. Students 
adopt various coping strategies to try to maintain their 
homeostasis like positive reframing, planning, accep
tance, active coping and self distraction5 and some 
may even resort to hazardous behaviors like smoking, 
substance abuse, eating disorders and cyber addiction.10 

However, higher levels of psychological morbidity would 
warrant the need for additional remedial measures 
like manipulation of curricular factors. Researchers 
have studied effect of yoga, meditation, psychological 
counseling and multiple intervention plans in stress 
management.1114 The study was initiated to observe 
whether addition of external factors like movement 
therapy would help to relieve the internal stress situation 
created in students minds as regular physical activity is 
said to be effective in terms of defending against harmful 
effects of stress and building resilience.6

METHODOLOGY

The study was carried out at MGM School of Physiotherapy, 
Navi Mumbai, after obtaining local ethical committee 
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clearance. Fifty final year female physiotherapy students 
were invited to participate in the study. Twentyfive 
students agreed to participate in the 1 month training and 
were included in group 1—experimental group which 
underwent movement therapy (MT), the other twenty 
five were enrolled in group 2—control group which did 
not participate in MT and was instructed to carry on with 
their routine activities. None of the students presented 
with any cardiovascular, respiratory, musculoskeletal, 
neurological malignant, surgical conditions.

Academic stress was measured using students 
academic stress scale (SASS) (SASS score 1). It is an 
instrument that measures students’ affective, behavioral, 
physiological and cognitive responses to stress during 
their attempt to maintain homeostasis. Participants rated 
how much of the time they experienced symptoms on 
a 5point Likert scale with anchors being—(1) none of 
the time, (2) a little of the time, (3) some of the time, (4) 
most of the time, (5) all of the time. Items were scored 
and summed for total final SASS score. Higher scores 
indicated a greater stress response.15 

Group 1 underwent MT three times per week for  
1 month. The duration of each session was 45 minutes, 
which included a 10 min warmup that consisted of 
upper and lower limb movements with balance and 
stretching exercises. This was followed by a 30 minutes 
conditioning phase of free style dance movements at an 
intensity of at 75 to 80% HR max which was confirmed 
by Polar Heart Rate monitor. Sessions were conducted by 
a student trained in dance. Students of both groups were 
scored on SASS after group I completed their 1 month 
of MT (SASS score 2). MT was discontinued. Students of 
both groups were scored again on SASS 1 month after 
discontinuation of MT (SASS score 3).

STATISTICAL ANALYSIS

Statistical package for the social sciences 16 was used 
for data analysis. Descriptive analysis was performed 
for demographic features of participants namely—age, 
height, weight and the body mass index (Table 1). The 
clinical data were analyzed and means and standard 
deviations were assessed. Intergroup comparisons were 
done using analysis of variance (ANOVA) and interclass 
comparisons were done using post hoc studies (Tables 2 
and 3).

RESULTS

Demographic features of the two groups were comparable 
with mean age being 20.8 in group1 and 21.1 in group.2 
Height, weight and BMI were also comparable, as seen 
in Table 1. SASS score 1 (basal) of the two groups were 

Table 1: Descriptive and clinical characters of the 50 final year 
female physiotherapy students divided into group 1—experimental 
group undergoing MT and group 2—control group

Descriptive 
characteristics 

Group 1 Group 2 p-value
mean (SD) mean (SD)

Age (years) 20.8 (0.624) 21.1 (0.81) 0.25
Height (meters) 157.3 (6.196) 158 (7.10) 0.72
Weight (kilograms) 56.2 (11.121) 57.9 (9.14) 0.54
BMI 22.61 (3.718) 23.188 (3.02) 0.55

Table 3: Comparison of SASS of groups 1 and 2 at three levels 

Groups Level f-value p-value using ANOVA
1 1  2 26.20 0.00*

2  3 0.00*
1  3 0.51

2 1  2 0.18 0.84
2  3 0.84
1  3 0.84

*Level of significance set at p < 0.05; level 1: basal SASS; level 2: 
SASS after 1 month; level 3: SASS after 1 month of stopping MT 
of group 1

comparable with group 1 having a score of 124.8 and 
group 2 having a score of 124.1 (p = 0.93) as seen in Table 2. 
The SASS score 2 (after 1 month of training of group 1 
with MT) of group 1 showed a statistically significant 
fall (p = 0.000) as opposed to the SASS score of group 2 
which demonstrated a small rise. The SASS score 3  
(i.e. 1 month after cessation of MT) of group 1 increased 
as compared to SASS score 2 (p = 0.16) but did not reach 
the level of SASS score 1. Group 2 showed a relatively 
constant SASS score with slight variations, as seen in 
Table 2. Intragroup comparisons using ANOVA revealed 
significant differences in group 1 between the SASS score 
1 and 2 and SASS score 2 and 3 but not between SASS 
score 1 and 3. Intragroup comparisons of group 2 did not 
reveal significant difference between the 3 scores.

DISCUSSION

In the present study, students in the final year of physio
therapy bachelors degree program were the partici pants. 
Demographic features of the participants were similar 
to those of other studies of a similar nature where stress 
levels of students in different healthcare facilities have 
been studied.12,15 The fact that physiotherapy students too 
are exposed to a highly competitive environment where 
stressors may be academic, financial, time or health related 

Table 2: Comparison of SASS between groups I and II

Group 1 Group 2 p-value 
mean (SD) mean (SD)

SASS score 1 124.80 (16.38) 124.12 (36.35) 0.93
SASS score 2 89.60 (18.58) 129.40 (32.66) 0.00* 
SASS score 3 119.04 (20.16) 126.44 (24.05) 0.16

*Level of significance set at p < 0.05
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and selfimposed or personal in nature led us to measure 
stress levels on the SASS scale.

Convenient sampling was used to divide participants 
into two groups after obtaining informed consent.
Group 1 underwent movement therapy in addition to 
their routine activities and group 2 was instructed to 
continue their routine activities of academic and personal 
nature. Researchers have studied different techniques 
like integrated mind body training, yoga and meditation 
to try to reduce stress. Effect of physical activity has 
been studied for its various effects like improvement in 
fitness level, level of skill, improvement in general mental 
health hence we proposed to study the effect of simple 
movement related therapy on stress levels in students. 
The advantage of movement therapy was that it was 
economical, easy to follow, did not require any special 
training and was enjoyable for the students.

The possible benefits obtained after performing 
the therapy was reflected as a reduction in SASS score 
measured after 1 month of training in group 1 as opposed 
to group 2 whose SASS score did not show any fall but 
in fact showed a small insignificant rise. It is proposed 
that physical activity releases beta endorphins into the 
system that induces a feeling of calmness, satisfaction 
and euphoria.2122 Studies have also shown less cortisol 
production and improved emotional status in students. 
Just as yoga was shown to have a buffering effect on 
stress induced decrease in cellular immunity, creating an 
optimized secretion of cortisol and restoring autonomic 
reflex regulatory mechanisms11,12 increased physical 
activity in the form of dance therapy could also offer 
similar benefits.

Dance has proved to be effective in reduction of depres
sion in the elderly.16 Qi dance, hath yoga was effective in 
reducing stress using the perceived stress scale PSS.17,18 

Mood alterations after aerobics and hip hop dancing19 
and movement based courses like Pilates, Taijiquan, 
Gryrokinesis in students showed better scores and mind
fulness subscales.20

In the current study too, the experimental group 
showed significant improvement in the student’s aca
demic stress scale score which has been shown to be 
reliable and valid in identifying problems in students 
affective, behavioral, physiological and cognitive res
ponses to stress as against other tools like academic stress 
scale, student problem inventory, depression, anxiety 
and stress scale DASS. Reduction in stress levels could 
be attributed to movement therapy as all other activities 
were common between the two groups and there was 
an increase in stress level after movement therapy was 
stopped. The control group did not show any change in 
SASS scores and in fact showed a small rise.

Possible effect of MT including free style dance in 
reducing stress could be due to enhanced self awareness, 
a positive sense of well being.19, 21, 22 Movement therapy 
focuses the mind and offers distraction from external and 
internal stressors which causes individuals to ruminate 
over negative thoughts. However, the effect was seen 
to be transient as after discontinuation of MT the SASS 
score of group 1 showed a rise as the students probably 
experienced increased stress again after cessation of 
therapy as they had no leisure distractions.

There was some carry over effect of therapy as the 
SASS score of group 1 still remained lower than that of 
group 2 even after 1 month of discontinuation of therapy.

Analysis of other objective measures of stress 
reduction like biomarkers and cortisol levels that could 
have further revealed the effect of movement therapy on 
body homeostasis was not possible which is a limitation 
of the study.

CONCLUSION

One month of movement therapy showed an improvement 
in the SASS score measured in final year physiotherapy 
students as opposed to controls who went about their 
routine activities. The decrease in the SASS score was 
transient as after discontinuation of therapy the SASS 
score showed a rise. Controls did not show significant 
changes in SASS score. Some carry over effect of therapy 
was seen in group 1.

It would also be desirable to study the effect of 
longterm movement therapy in ameliorating the effect 
of stress in physiotherapy students and if it has any 
connotations on academic performance as it would then 
help to answer the question that should compulsory 
physical activity be a part of all academic programs. The 
possible merits of movement therapy in reducing stress 
levels in highly demanding academic programs could 
be looked upon to be a part of the curriculum, whereby 
not much time or money would be invested to obtain 
positive coping strategies and distraction from stressors 
as opposed to negative coping strategies like denial, 
behavioral disengagement and psychological morbidity 
in students.
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ABSTRACT
Dextrocardia when associated with situs inversus usually has 
no structural defects. A case of dextrocardia with situs inversus 
and atrial septal defect (ASD) in a 14-year-old boy born of 
consanguineous marriage is reported because of its rarity.
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INTRODUCTION

The normal position of heart is situs solitus and 
levocardia. On the other hand, dextrocardia indicates 
the heart is mainly on the right and its apex points 
to the right. Dextrocardia when associated with situs 
inversus usually has no structural defects. A case of 
dextrocardia with situs inversus and atrial septal defect 
(ASD) in a 14-year-old boy born of consanguineous 
marriage is reported. The interest of this case lies in the 
rare association of congenital heart disease (CHD) in 
dextrocardia with situs inversus. 

CASE REPORT

A 14-year-old male patient born of second degree consan-
guineous marriage presented with complaints of pro-
gressive breathlessness on exertion since past 4 months, 
associated with intermittent episodes of palpitations and 
swelling of feet. There was no orthopnea or paroxysmal 
nocturnal dyspnoea. There was no history of recurrent 
respiratory tract infection.

The patient is first child born by full term normal 
delivery. The mother’s antenatal period was uneventful. 
There was no history of fever or rash or exposure to drugs 
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or radiation during pregnancy. The patient achieved 
normal developmental milestones and is presently doing 
well in school. The second child is 12-year-old male born 
of full term normal delivery; he is apparently normal.

On examination, the patient is moderately built and 
nourished. Pulse: 80 beats per minute, regular, normal 
volume, normal character, with no radio-radial or radio-
femoral delay. Blood pressure: 110/70 mm Hg. Ankle 
edema: present; no pallor, icterus, cyanosis or clubbing.

Systemic examination—shape of chest wall is 
normal, the apical impulse visible in 4th intercostal 
space in right midclavicular line. No visible parasternal 
pulsations, dilated veins, scars or sinuses. On palpation 
apical impulse felt in 4th right intercostal space in mid 
clavicular line, normal in character. No palpable P2. On 
percussion, his cardiac borders corresponded to 2nd 
intercoastal space on left parasternal, 2nd intercoastal 
space on right parasternal and lower corresponded to 
right 4th intercostal space in midclavicular line. Liver 
dullness is in left 6th intercostal space in midclavicular 
line and tympanitic note is heard in right 7th intercostal 
space. On auscultation, S1 and S2 normal heard in right 
4th intercostal space in midclavicular line; P2 heard 
loud in right 2nd intercostal space with ejection systolic 
murmur and wide fixed split A2 and P2. Per abdomen 
examination revealed liver in left hypochondrium, 
palpable 2 cm below left costal margin in midclavicular 
line. Rest of the systemic examination—unremarkable.

INVESTIGATIONS

Chest X-ray

Dextrocardia with situs inversus. The heart is in the right 
hemi-thorax with apex to the left.

Gastric air bubble is visualized under the right hemi-
diaphragm which is slightly at the lower level than the 
left hemi-diaphragm and liver shadow on left side (Fig. 1).

Electrocardiography

Complete right bundle branch block (RBBB) pattern 
with QRS complexes tallest in lead V1 and diminishing 
progressively toward lead V6; lead I and a VL showing 
cavity complexes, i.e. P wave and T wave inverted and 
QRS having dominant downward deflection.
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Ultrasonography of Abdomen

Liver and gallbladder are in left hypochondrium, spleen 
is in right hypochondrium.

CT Abdomen

Liver is on left side and spleen is on right side. Aorta is 
located on right side, inferior vena cava (IVC) on left side.

There is accessory spleen on right side. Pancreas head 
is located on left side and body and tail on right side.
Stomach is on right side, well distended. Kidneys are 
normal, ureters normal. Small bowel and large bowel 
are normal.

HRCT Chest

Trachea and bronchi appear normal. Mediastinum: 
dextrocardia noted with aorta on right and superior 
venacava on left side. Mirror image of tracheobronchial 
anatomy with long left principle bronchus. No evidence 
of bronchiectasis. Chest wall is normal.

2D Echo and Color Doppler

Situs inversus with dextrocardia. Ostium secundum 
atrial septal defect measuring 1 cm with left to right 
shunt. Right atrium and right ventricle dilated. Normal 
pulmonary venous drainage (Figs 2A and B).

Normal systemic venous drainage. Interventricular 
septum is intact. Atrioventricular and ventriculoarterial 
concordance (aorta arises from the left ventricle and 
pulmonary artery arises from the right ventricle); AV 
valves are normal structurally and functionally. No 
regional wall motion abnormality. Normal left ventricular 
ejection fraction (LVEF) 60%. No hepatic congestion. No 
pulmonary arterial hypertension.

Karyotyping: His genetic karyotyping was normal.

DISCUSSION

Dextrocardia is a common cardiac malposition anomaly.
This term refers to the condition in which the heart is in 
the right hemithorax and the left sided chambers are on 
the right, the left ventricular apex being plapble on the 
right side. Dextrocardia may be associated with situs 
inversus in which other organs, such as liver and stomach 
are also abnormally placed, i.e. liver is on the left and 
stomach is on the right. Such dextrocardias are termed 
mirror-image dextrocardias. 

Incidence of congenital cardiac anomalies in 
dextrocardia with situs inversus is low as compared to 
congenital cardiac anomalies in isolated dextrocardia. 
Total situs inversus or mirror image reversal of visceral 
asymmetry itself is an uncommon condition. On review 
of literature, the incidence approximately appears to be 
1:10,000 adults and although it appears to be genetically 
determined, the exact mode of inheritance is not clear.1 

Situs inversus with dextrocardia is a type of cardiac 
malposition most likely to exist with structurally normal 
heart. 

Fig. 1: Chest X-ray

Figs 2A and B: 2D echo and color Doppler
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Associated cardiac anomalies described in patients of 
dextrocardia with situs inversus are: ventricular septal 
defect (VSD), ASD, complete AV canal defect, pulmonary 
atresia (PA), tetralogy of fallout (TOF) and double outlet 
right ventricle (DORV).

Kulkarni and Inamdar from Government Medical 
College, Nanded, reported a case of large perimembranous 
VSD associated with dextrocardia and situs inversus.4

In a population-based study of cardiac malformations 
and outcomes associated with dextrocardia, cardiac 
malformations were found in 96% cases of situs solitus, 
23% cases of situs inversus, and 100% cases of situs 
ambiguous or isomerism.2

In dextrocardia with situs solitus the abdominal 
organs are not reversed (stomach on left and liver on 
right). Such dextrocardias are usually associated with 
multiple cardiac anomalies. The common congenital 
cardiac anomalies associated with isolated dextrocardia 
are atrial situs solitus (93%), discordant AV connection 
(44%), and discordant ventriculo-atrial (VA) connection 
(30%).3

Dextrocardia with situs inversus, though mostly 
having structurally normal heart poses a special problem 
in angina pectoris and acute myocardial infarction (AMI), 
where chest pain is felt on the right side of the chest 
and radiates to right arm. Cardiac interventions like 
transcatheter closure of PDA, ASD, VSD and procedures 
like baloon mitral valvotomy (BMV) also pose orientation 
problems for the operator.

The present case is a mirror-image dextrocardia with 
osteum secundum atrial septal defect, which makes it a 
very rare condition. 

Cardiac catheterization study and ASD device closure 
is awaited in this case.

CONCLUSION

The presence of atrial septal defect in dextrocardia 
with situs inversus is a rare clinical conditon. Can be 
easily diagnosed by clinical examination and basic 
investigations? The treatment is similar to atrial septal 
defect with situs solitus. The development of later 
complicatons needs to be evaluated. The incidence with 
consaguineous marriage needs to be investigated and 
the parents have to be advised accordingly.
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ABSTRACT
In India, viper bites are more common than any other poisonous 
snake bites. In these patients, the cardinal features are local 
pain, swelling and mild coagulation abnormalities; but gang
renous changes involving bilateral upper and lower limbs are 
uncommon. We are reporting a case of a 62yearold man bitten 
by a Russell viper on the right thumb. He experienced local 
pain, swelling and later developed disseminated intra vascular 
coagulo pathy, prerenal azotemia, sepsis, acute respi ratory 
distress syndrome (ARDS) and peripheral gang renous changes 
involving bilateral upper and lower limbs. He succumbed to 
his ailment 5 months after the bite. There have been very few 
cases of gangrenous changes involving distal part of extremities 
associated with snake bite.
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CASE REPORT

A 62-year-old Indian male, gardener by occupation was 
brought to our casualty with history of snake bite on 
the palmar aspect at the base of the right thumb. The 
dead snake was identified as Daboia russelii (Russell 
Viper) (Fig. 1). There was no history of ptosis, diplopia, 
dysphagia, dysphonia or convulsions. There was no 
history suggestive of any connective tissue disorder.

On examination, his pulse was 96 beats per minute, 
blood pressure was 110/70 mm Hg. His peripheral 
pulsations were normal. Patient was conscious, oriented. 
Small bruising was noted at the site of bite which later 
progressed to pain and swelling of the right thumb and 
then the hand. Twenty minutes whole blood clotting time 
was normal at the time of admission.
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However, after 3 hours, his 20 minutes whole blood 
clotting time prolonged for more than 1 hour. He 
was given antitetanus toxoid, analgesics and wound 
dressing was done. He received 100 IU of ASV and 
developed severe hypotension and bradycardia (blood 
pressure 70/40 mm Hg, pulse 50 beats per minute) and 
consequently was started on inotropic support, anti-
histaminics and steroids.

The next day, he started complaining of abdominal 
pain, loose stools and reduced urine output. On per 
abdomen examination, there was diffuse tenderness. He 
received intravenous fluid. After 6 hours, his 20 minutes 
whole blood clotting time was still greater than 1 hour. 
He was again administered another 100 units of ASV.

On the third day, he developed breathlessness with 
tachypnea and tachycardia (pulse rate increased to 130 
beats per minute). Patient was electively intubated and 
put on mechanical ventilator.

On the fourth day, he developed gangrenous changes 
in bilateral upper and lower limbs; initially in the right 
thumb, 2nd and 3rd finger and then over the left thumb 
and digits of the left hand extending up to the tip of 
metacarpals, both mid foot and digits of both lower limbs 
(Figs 2 and 3). 

After 72 hours, patient recovered and was weaned off 
from mechanical support. His blood pressure and urine 
output improved. During this course, he received about 
4 units of fresh frozen plasma.

His right hand showed improvement. He was advised 
amputation of his both legs and left hand followed by 
a reconstruction surgery with prosthesis. However, 
patient denied and was taken home. After 5 months, he 
succumbed to snake bite and its complications.

Laboratory investigations revealed: Hb—11.4 gm/dl, 
total leukocyte count: 10,400, platelets—1.06 lakhs/mm3, 
20 minutes white blood cells test (WBCT)—on admission 
4 minutes and 10 seconds which increased to more than 
1 hour after 3 hours, random blood sugar levels—82.1  
mg/dl, serum creatinine: 1.2 mg/dl which progressed to 
2.3 mg/dl and again came to 1.6 mg/dl suggestive of acute 
kidney injury, septicemia, disseminated intravascular 
coagulopathy diagnosed on the basis of prolonged 
prothrombin time which was INR 1 and progressed to 
INR 1.8 and low platelet counts as shown in the Table 1. 
Chest X-ray showed fluffy shadows on days 3 (Figs 4 
and 5). Electrocardiography was normal. Arterial blood 
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Fig. 1: Russell’s viper (Daboia russelii) Fig. 2: Developed acrocyanosis with gangrenous changes in 
bilateral upper limbs

Fig. 3: Developed acrocyanosis with gangrenous changes in 
bilateral lower limbs

Fig. 4: Chest X-ray showed bilaterally fluffy shadows

Fig. 5: Chest X-ray after 3 days of intubation showing resolving 
fluffy shadows

gas analysis revealed hypoxia with Murray’s score of 2.5. 
Color Doppler study for the arteries of both upper and 
lower limbs were normal. 

Patient received 200 units of polyvalent anti-snake 
venom, higher antibiotics, systemic anticoagulation in 
the form of heparin, fresh frozen plasma and his renal 
functions improved on his own.

DISCUSSION

Snake bite remains a problem in the developing world. 
It has been estimated by the World Health Organization 
that there are 15 to 20 thousand deaths per year in India.1

Peripheral gangrene is distal ischemic damage in 
more than two sites in the absence of major vascular 
disease. There is a high mortality rate with high fre-
quency of multiple limb amputations in the survivors. 
Disseminated intravascular coagulopathy has been the 
cause of common pathway of its pathogenesis. It occurs 
due to spontaneous activation of factor V and factor X 
by procoagulants present in the venom. It has also been 

suggested that small dose of venom, as typically injected 
in humans, leads to continuous activation of fibrinogen, 
producing a fragile fibrin more susceptible to lysis than 
ordinary fibrin, leading to bleeding manifestations. 
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Table 1: Serial laboratory investigations of the case

Date/investigation 31/8/10 1/9/10 2/9/10 3/9/10 4/9/10 5/9/10 6/9/10 7/9/10
Hemoglobin (gm/dl) 11.4 13.2 13.8
Total count (mm3) 16,400 25,000 21,900
Platelet count 
(lac/mm3)

1.06 50,000 58,000 63,000 80,000

BUN 18 32
Creatinine (mg/dl) 1.2 1.8 2.3 1.9
Prothrombin time (mins) 13 36 20
Chest Xray WNL B/L fluffy 

shadows
BUN: Blood urea nitrogen; WNL: Within normal limit

Toxic vasculitis due to action of the toxins on vascular 
endothelium is also a possible mechanism in turn leading 
to DIC and thrombocytopenia.2

Most of the viper venoms act on the hematological 
system, particularly on capillary endothelium. Viper 
bite being primarily vasculotoxic, causes spontaneous 
hemorrhage, damages vascular endothelium and inhi-
bits platelet aggregation. Procoagulant venom factors act 
at various points of clotting cascade, while fibrinolytic 
factors act directly by activating plasminogen. Systemic 
bleeding due to consumption coagulopathy and 
thrombocytopenia due to activation of procoagulants is 
the leading manifestation and cause of death in Russell’s 
viper systemic envenoming.

Local necrosis with viper bites often appears to be 
mainly ischemic, developing slowly over weeks and 
presenting like dry gangrene. Disseminated gangrene 
at sites apart from the local bitesite has been rarely 
reported with snakebites.3,4 Toxic vasculitis due to 
action of the toxins on vascular endothelium is also a 
possible mechanism inturn leading to DIC and thrombo-
cytopenia.5 Another possibility includes inotropic drugs 
that are common in the intensive care unit (ICU).

Severe local complications, such as skin necrosis and 
digital gangrene appear to be more common with green 
pit viper bites. Skin necrosis is more common if blisters 
are present and if the bites are on fingers and toes.

Anti-snake venom remains the major treatment option 
for all patients with signs of systemic envenomation 
including coagulopathy, renal failure and extensive 
local swelling of the bite site. Early treatment in the 3 to 
6 hours of systemic signs may be effective in reducing 
renal damage6 however, there is little evidence on its 
effectiveness to reverse gangrene.7

CONCLUSION

Peripheral gangrene in more than two sites in the 
absence of a major vascular disease occurs in rare cases. 
Dissemi nated intravascular coagulation has been stated 
as the pathogenesis behind it. There is high mortality 
rate with high frequency of multiple limb amputations 
in the survivors.

This is a rare presentation of Russell viper, vasculotoxic 
snake bite with gangrenous changes in all four limbs 
due to disseminated intravascular coagulopathy with 
probable effect of vasopressors, acute respiratory distress 
syndrome, prerenal azotemia and septicemia. However, 
patient denied surgery for reconstruction of limbs, 
survived for 5 months with this morbidity.
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Original articles are full length papers that address research questions with exhaustive study design and methodology. The entire 
manuscript including abstract and references should not exceed 3,500 words and should not contain more than 40 references. 

Reviews of basic and clinical topics of interest to the leadership will be solicited by the editors. The length of review articles should not 
exceed 10 typed pages. 

Case reports should be limited to 1,500 words, should not have more than four authors and should not contain over two illustrations 
and 20 references. Case reports submitted with a review of literature, must also conform to these rules.

Letters to the editor containing interesting observations and comments on the articles published in the journal are welcome for 
publication. The replies to such letters will also be published as and when received from the authors. The letter should not exceed  
600 words and should not contain more than five references.
 All manuscripts would be peer-reviewed. Manuscripts that are outside the range of interest of journal readership or that fail to satisfy 
the technical requirements would be rejected and promptly returned to authors without further review. Manuscripts returned to authors for 
modification should be returned back to the editorial office as early as possible but not later than 3 months. The editorial board reserves 
the right to assess suitability of the language, modify the text, improve the photographs to enhance clarity of presentation without affecting 
the message being conveyed by the article.

MANUSCRIPT PREPARATION

Submit an original manuscript, typed double spaced. Manuscripts should be organized as follows: title page, abstract, introduction, 
methods, results, discussion, acknowledgments, references, tables and figure legends. Cite references and figures by numbers in the 
text. All weights and measures must be given in metric units. Avoid use of full stops in the middle of abbreviations (ECG, not E.C.G).

Title Page

Type the full names and affiliations of all authors. The title should not exceed 100 characters including spaces between words. Designate 
a corresponding author and provide a telephone number, fax number, e-mail and mailing address. Number all pages consecutively 
beginning with the title page, including an abbreviated title of not more than 40 characters.

Abstract

State the problem considered, methods, results and conclusions in less than 250 words, and list at least three keywords.

Tables

Each table should have a title and be numbered in the order of appearance in the text. Use superscript letters to indicate footnotes typed 
at the bottom of the table. Quote all tables in the text.
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Images

All image files must be of high quality (300 DPI) in TIF or BMP format. Do not send JPG or GIF files. Line drawings should be in editable 
format. All images should be submitted separately and not as part of main manuscript. Quote all images in the text as figure numbers 
in Arabic numerals.

Legends

Legends should state degree of magnification or scale bars should be used on the photograph. Graphs must be of professional quality. 
Computer-generated graphs should be of laser quality. High contrast prints of roentgenographic photographs and electron micrographs 
are essential. 

References

Reference should be numbered in the order of appearance in the text. Citation of unpublished observation or personal communications 
(include permission to quote from appropriate individual) should be placed in the text in parenthesis. 
 Reference number in the text should be typed as superscript, e.g. hyperlipidemia after transplant.10 

Journal Articles

Author(s), title of the article, name of the journal, year of publication; volume (issue no): page numbers.
 Example: Curtis JJ, Luke RG, Jones P, Diethelm AG. Hypertension in cyclosporine-treated renal transplant recipients is sodium 
dependent. Am J Med 1988 Aug;85(2):134-138.

Abstract

Yoo KH, Norwood VF, el-Dahr SS, et al. Regulation of angiotensin II AT1 and AT2 receptors in neonatal ureteral obstruction (abstract). 
Am J Physio 1997 Aug;273(2 Pt 2):503-509.

Chapters in Books

Author(s), chapter title, book title, edition, editor(s), city of publication and publishers, year, page. Example: Broune WE. The immunobiology 
of different types of renal allograft rejection. In: Contemporary issues in nephrology, renal transplantation. Milford EL, Brenner BM, Stein 
JH (Eds). New York, Churchill, 1989. p. 45-96.

GENERAL INSTRUCTIONS

• Use generic names of drugs. Do not use abbreviations in the title. Define all abbreviations at the first use in the manuscript. For 
references, the names of all authors should be mentioned instead of using et al. The abbreviations used for name of a particular 
journal should be according to Index Medicus/MEDLINE.

• Please submit a signed statement from all the authors concerned, along with the article that they agree to the authorship.
• Manuscript submission is totally electronic. Online submission is the preferred mode of manuscript submission. For more details, 

about alternate modes of submission to contact Editor-in-Chief at chander.puri@rediffmail.com or Editorial office: drrpdixit47@gmail.
com
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