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Dear All,
Greeting from API Noida 

Association of Physicians of India-Noida Chapter 
welcomes you all to our new endeavour in bringing 

out this issue of the Journal of Internal Medicine of 
India which remained in hibernation over a long period 
of time. Thanks to all members and the Governing 
Body in encouraging me to revive this journal which 
was discontinued a decade before. After facing a lot of 
hardship, financial constraints we are finally able to bring 
this journal to the members & do expect lot of criticism 
and suggestion which are probably necessary to improve 
the subsequent issues. The journal attracts plethora of 
articles, research works related to internal medicine.  
I expect each one of you to support our collective objective 
and work in total cooperation to uplift UPAPI to new 
heights. Our common goal is to “make quality of life of 
a suffering patient better” for now and future. I request 
all the office bearers of various API chapters in entire 
Uttar Pradesh to send information regarding social and 
academic activities their chapter.

Over past 20 years Indian subcontinent as well as 
the whole world is experiencing a group of arboviral 
diseases which is taking a significant toll on human 
life.  Arboviruses are a group of RNA virus that are 
transmitted by arthropods notably mosquitoes and 
ticks. Historically Yellow Fever was the first recognized 
viral cause of epidemic haemorrhagic fever followed by 
Dengue, Chikungunya and West Nile Virus. Latest the 
Zika virus was discovered incidentally in Uganda in 1947 
in the course of mosquito and primate surveillance.[1]

The virus circulated predominantly in wild primates 
and arboreal mosquitoes such as Aedes Africana 
and rarely caused recognized spillover infection in 
human even in highly enzootic areas. The ongoing 

pandemics confirm that Zika is predominantly a mild 
or asymptomatic Dengue like disease that can be treated 
with the bed rest and supportive care.

In 2007, doctors in Yap Island in western pacific 
observed an alarming increase in number of patients 
with rashes, inflamed eyes and joint pain. The blood 
sample finally tested at CDC lab in Fort Collins, Colorado 
confirmed world first significant Zika outbreak. Zika 
has now spread to India, Pakistan, Malaysia, Vietnam 
Philippians, Thailand and Indonesia. In a pure Zika 
epidemic diagnosis can be made reliably on clinical 
grounds. Commercial tests for Zika have not been 
developed yet. Moreover because Zika is closely related 
to Dengue, serological samples may cross react in tests 
for either virus. Genetic detection tests such as PCR assay 
can reliably distinguish the three viruses.[2–3]

Two major clinical conditions that has been linked to 
Zika virus are the rise in cases of Gullian Barre syndrome 
and teratogenic effects (microcephaly).[2]

In our human dominated world, urban crowding, 
constant international travel and other human behaviour 
combined with human caused micro perturbation in 
ecologic balance can cause innumerable slumbering 
infectious agent to emerge unexpectedly causing havoc.

Long Live UPAPI
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Comparative Study to Evaluate the Efficacy and Safety 
of Amoxicillin-Sulbactam with Amoxicillin-Clavulanic 

Acid in the Management of Lower Respiratory  
Tract Infections

Naresh Khanna1, Amitesh Aggarwal2 and Seema Jain3

ABSTRACT
Background: Lower respiratory tract infections (LRTIs) are the common cause of morbidity and mortality in adults, 
leading to substantial use of antibiotics. β-lactam antibiotics play major role in the treatment of LRTIs, although 
β-lactamase enzyme produced by bacteria presents a major problem for the use of these antibiotics in treatment 
of LRTIs. To overcome this problem the β-lactam antibiotics are administered with β-lactamase inhibitors like 
sulbactam or clavulanic acid. The present comparative study was done to evaluate efficacy, safety and tolerability of 
amoxicillin-sulbactam and amoxicillin-clavulanic acid in LRTIs in adult patients.
Method: In this comparative, randomized study, total 179 patients suffering from LRTIs were enrolled and 
randomized to receive either amoxicillin-sulbactam (Group A, n=91) or amoxicillin-clavulanic acid (Group B, 
n=88). The Amoxicillin-clavulanic was administered at a dose of 625 mg thrice daily and amoxicillin-sulbactam 
was administered 1000 mg thrice daily for 7–10 days. Changes in baseline signs and symptoms were monitored for 
efficacy and all adverse events and changes in laboratory parameters were recorded for safety during study period. 
Chi square test and Student-t test were used to compare the clinical response and adverse events reported in both 
the treatment groups. Changes in signs and symptoms were monitored from day 2 to day 7/day 10. Efficacy was 
evaluated on the basis of changes in baseline signs and symptoms.
Results: At the end of study, 24 patients (12 in each group) were lost to follow up. Total 155 patients (Group A: 
79/91 and Group B: 76/88) completed the study. The demographic characteristics were comparable in both groups. 
Efficacy was evaluated in total of 155 patients. The clinical efficacy in response rate between the two groups was 
found not to be statistically different. Clinical cure rates for amoxicillin-sulbactam and amoxicillin-clavulanic acid 
were 86.8% and 86.3%, respectively. Both treatments were safe and well tolerated. 
Conclusion: Amoxicillin-sulbactam is as safe and effective as amoxicillin-clavulanic acid in the treatment of LRTI in 
adults, as no significant difference in clinical outcome and no serious adverse effects were observed in both study 
groups. 
Keywords: Amoxicillin-sulbactam, Amoxicillin-clavulanic Acid, Lower Respiratory Tract Infections, β-Lactamases, 
Resistance

Introduction

Worldwide, respiratory tract infections are common 
cause of morbidity and mortality. Lower respiratory 

tract infections (LRTIs) are generally more serious than 
upper respiratory infections and place a considerable 
economic burden on healthcare system. The pathogens 
involved in LRTI are Streptoccocus pneumonia, Haemophilus 
influenza, Moraxella catarrhalis. Staphylococcus aureus, 
streptocoocus pyogenes and Klebsiella pneumonia.[1,2,3] 
Community acquired pneumonia and acute exacerbation 
of chronic bronchitis are two common infections affecting 
lower respiratory tract. For several years, pencillin and 
related drugs have been extensively used in the treatment 
of LRTIs. However, problems have arisen over the use of 
these antibiotics in treatment of respiratory infections due 
to increased antibiotic resistance.[4] β-lactamases enzymes 

produced by bacteria continue to be the leading cause of 
resistance to β-lactam antibiotics. In recent years, there has 
been an increased incidence and prevalence of extended-
spectrum β-lactamases (ESBLs), enzymes that hydrolyze 
and cause resistance to most of the β-lactam antibiotics. 
ESBLs have become widespread throughout the world 
and are now found in a significant percentage.[ 5,6]

Amoxicillin, a β-lactam antibiotic is well tolerated 
and effective drug and has been used as one of the 
first choice drug for LRTIs for several years. However, 
the emergence of resistance to amoxicillin limits its 
therapeutic utility in the treatment of infections caused 
by β-lactamase enzymes producing bacterial strains. 
To overcome the resistance the β-lactamase inhibitors 
(sulbactam or clavulanic acid) can be combined with the 
antibiotic to inhibit β-lactamase enzyme. Clinical studies 
have shown the effectiveness of β-lactam antibiotic and 
β-lactamase inhibitor combinations in the treatment of 
respiratory tract infections.[7,8] Combination has broad-
spectrum antibacterial activity against most common 
pathogens of the respiratory and urinary tracts, sinusitis, 
pharyngeal tonsillitis, acute exacerbations of chronic 

1Professor, Department of Pharmacology,
2Associate Professor, Department of Medicine,
3Associate Professor, Department of Pharmacology, 
University College of Medical Sciences & GTB Hospital, 
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bronchitis, and cystitis, etc. The current IDSA (Infectious 
Disease Guidelines of America) guidelines support the 
use of β-lactam and β-lactamase inhibitor combination 
for the empiric therapy of respiratory tract infections.[9]

Several clinical studies have shown the effectiveness 
of amoxicillin-sulbactam and amoxicillin-clavulanic 
acid combinations in treatment of respiratory tract  
infections.[10,11,12] However, no comparative studies 
between the two combinations are available. The present 
study was done to evaluate the efficacy and safety of 
amoxycillin-sulbactam combination with amoxycillin-
clavulanic acid combination in the management of LRTIs 
in adult patients. 

Patients and Methods
Study Design

Fig.1: Study Design for the Study Comparing Efficacy and Safety of Amoxicillin-sulbactam 
with Amoxicillin-clavulanic Acid in Patients with Lower Respiratory Tract Infections

This was an open, comparative, randomized, fixed-dose 
combination study in adult patients who were having 
LRTIs. The study was conducted during February–
October 2011, at University College of Medical Sciences 
and Guru Teg Bahadur Hospital, Delhi, India. The study 
protocol was approved by Institute Ethical Committee and 
the study was conducted in accordance with the ethical 
standards of the Institutional Ethical Committee-Human 
Research of the University College of Medical Sciences, 

Guru Teg Bahadur Hospital, Delhi. Before recruitment of 
patients, the study protocol was completely explained to 
patients and written informed consent was obtained from 
each patient. The patients were free to withdraw from the 
study at any time without providing reasons whatsoever; 
however, all such cases (drop-outs) were recorded stating 
the reasons, if any. The execution and monitoring of 
study was done within the requirements of good clinical 
practice.

Patient Selection Criteria
Adult patients of either sex, willing to comply with the 
treatment and to attend OPD for follow ups on prescribed 
days were eligible for inclusion in the study. Patients 
aged ≥ 18 years, suffering from LRTIs such as pneumonia, 
bronchopneumonia and bronchitis that could be treated 
with an oral antimicrobial were enrolled. The patients 
were considered having LRTIs if they had presented any 
three of the following signs and symptoms: cough, fever, 
purulent sputum, dyspnoea, chest pain, leucocytosis, 
bronchial breathing sounds, ronchi and crepitations in 
addition to treating physician’s decision to treat as LRTI. 
Chest X-ray was also advised for diagnosis of LRTIs. The 
patients with upper respiratory tract infections, allergy or 
hypersensitivity to sulbactam, clavulanic acid, amoxicillin 
or any other compound, use of antibiotics within previous 
four weeks, were not included in the study. The patients 
having impaired renal functions, hepatic dysfunctions, 
and addiction to alcohol were also excluded from the 
study. Pregnant and lactating women and the patients 
who were not able to swallow the medicine were also not 
enrolled in the study.

Treatment Protocol
Eligible patients satisfying the inclusion/ exclusion 
criteria were randomly assigned to treatment as per the 
standardized treatment protocol. The patients received 
either amoxicillin-sulbactam, orally 1000 mg (Amoxicillin 
trihydrate equivalent to Amoxicillin: 500mg; Sulbactam 
pivoxil equivalent to Sulbactam: 500mg) or Amoxicillin-
clavulanic acid, orally 625 mg (Amoxicillin trihydrate 
equivalent to Amoxicillin: 500mg, Clavulanic acid:125mg). 
The amoxicillin-clavulanic was administered at a dose 
of 625 mg thrice daily and amoxicillin-sulbactam was 
administered 1000 mg thrice daily for a period of 7–10 
days. Patients having LRTIs were given one of the two 
medicines at least for seven days and maximum of 10 
days by oral route. If in this period their disease was 
not cured as per the treatment protocol he had full right 
to change the medication accordingly. All medications 
taken prophylactically or symptomatically, at the onset 
and or/ during the course of study were recorded. Any 
additional dose of test drugs or, any additional drug, 
(rescue/ concomitant), if taken, was recorded.

Clinical assessment was done at baseline (Day 1)-prior 
to initiation of therapy, and thereafter, on 7th day and/ or 
10th day or when patient has recovered (whichever earlier, 

Informed Consent
Informed Consent

Screening of patients for eligibility as per 
inclusion and exclusion criteria

Filling of History format 
form of patients

Patients investigation 
on ‘O’ day

Administration of medications to patients  
(n=179) as per randomization schedule

Amoxicillin-Sulbactam 
group (n=91)

Amoxicillin-clavulanic 
acid group (n=88)

12 Patients did not 
return after first visit  

(loss of follow up)

12 patients did not 
return after visit  

(loss of follow up)

Analyzed patients (n=79) Analyzed patients (n=76)
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minimum of 7 days). Before the start of treatment on 
Day 1, demographic profile, clinical sign and symptoms 
were recorded. All the patients underwent general 
examination like blood pressure, pulse rate etc. and 
baseline blood examination (hematology, biochemistry 
including hemoglobin, ESR, total blood count, blood 
sugar, renal function test, liver function tests) and chest 
X ray. Microbiological examination of sputum was also 
planned where sputum specimen was available. Sputum 
samples for microbiological examination were collected 
before therapy and, where possible, after completion of 
treatment. Urine examination was also done for routine 
and microscopic analysis. 

Efficacy Criteria
Changes insigns and symptoms were monitored from 
day 2 to day7/day 10. Efficacy was evaluated on the basis 
of changes in baseline signs and symptoms. The clinical 
response to therapy was assessed as cure (disappearance 
of clinical signs and symptoms within the treatment 
period), improved (resolution of most of the baseline 
symptoms) or failure (no adequate response to therapy 
or treatment with alternate therapy required). 

Safety Criteria
All unusual, unanticipated adverse events (nature/ 
duration, including starting date and ending dates) were 
recorded in a separate format. Severity of adverse events 
was graded as mild (awareness of sign and symptoms, 
but is easily tolerated), moderate (discomfort sufficient 
to disrupt usual activity), severe (incapacitating with 
inability to carry out usual activity). Onset of adverse 
events was recorded as sudden, gradual and unknown. 
Action taken were also recorded as none, symptomatic 
treatment, dose reduced, or drug withdrawn. Outcome 
of each adverse event, together with investigator’s 
comments, were recorded as: disappeared with 
continued therapy; tolerated with continued therapy; 
required symptomatic treatment but therapy continued 
and therapy discontinued due to adverse reactions. 
Provision were made if any serious adverse event(s) or 
SAE: In case of any serious drug related adverse events, 
the investigator were told to contact the Drug Reviewing 
Committee immediately so that immediate action can 
be taken to counter the drug related adverse event and 
suitable drug for the purpose could be given. 

Statistical Analysis
The clinical response and the incidence and severity of 
adverse events reported in both the treatment groups 
were compared using Student-t test and Chi-square test. 
A p-value of <0.05 was considered statistically significant. 
Statistical analysis was performed using the statistical 
software SPSS version.

Results 
A total of 179 patients (73 males and 106 females) 
suffering from LRTIs were enrolled in the study. Out 
of these total 91 (50.8%) patients were randomized 
to receive oral amoxicillin-sulbactam (Group A) and  

88 (49.1%) received oral amoxicillin-clavulanic acid 
(Group B). Table 1 shows the demographic characteristic 
of all patients. Demographic and baseline characteristics 
were comparable in both groups. There was no significant 
difference in demographic parameters in both groups. 
The age of patients in Group A, ranged from 19 to 70 years 
with a mean age of 36.04 ± 12.6 years. In group B, the age 
ranged from 18–80 years with mean age of 37.6 ± 15.19 
years. The disease baseline symptoms and signs were also 
similar in both the groups, as no significant difference was 
observed in both the groups (Table 2). Out of 179 patients, 
24 patients (12 patients in each group) did not turn up 
for further follow up. Thus, 155 patients (79 in Group A 
and 76 in Group B) were evaluated for efficacy and safety 
criteria. At the end of treatment, there were no differences 
between the two groups in regards to percentage of 
patients who did not show improvement. In amoxicillin-
sulbactam group and amoxicillin-clavulanic acid, cure 
rate were 86.8% and 86.3%, respectively (Table 3). There 
was no significant difference in clinical outcome of both 
the drugs. No serious adverse effect was observed in any 
patient during study period. Only one patient in each 
group experienced nausea and vomiting, which later on 
improved and patient was relieved of the symptoms. The 
4 patients in amoxicillin-sulbactam group and 6 patients 
complained of diarrhea. In both the cases, this did not lead 
to discontinuation of therapy. There was no significant 
difference in incidence of adverse events between two 
groups (Table 4). The pre-and post-treatment laboratory 
parameters were also compared in both the groups. The 
pre and post-treatment laboratory parameters were also 
compared in both the groups. A significant difference in 
total leucocytes counts was observed after treatment in 
both groups when compared with pretreatment values 
(Table 5).

Table 1: Demographic and Baseline Characteristics of Patients 

Parameters Group A (n=91) Group B (n=88) p-value
Males, n (%) 34 (37.3) 39 (44.3) 0.34
Females, n (%) 57 (62.6) 49 (55.6) 0.34
Age (Years) Range 19–70 18-80
Median Age (Mean ± SD) 37.6 ±15.19 36.04 ±12.6

Table 2: Disease Characteristics of Patients

Symptoms and Signs Group A (n=91) Group B (n=88) p-value
Cough 79 (86.8%) 76 (86.3%) 0.48
Fever 61 (67.03%) 59 (67.04%) 0.59
Body Ache 4 (4.39%) 7 (7.95%) 0.40
Chest Pain 16 (17.58%) 22 (25.0%) 0.38
Dyspnoea 2 (2.19%) 5 (5.68%) 0.27
Sputum 13 (14.28%) 11 (12.5%) 0.59
Bronchial Breathing 9 (9.89%) 11 (12.5%) 0.72
Hemoptysis 1 (1.13%) 0.32
Rhinorrhea 1 (1.13%) 0.32

Table 3: Clinical Response in Patients

Group A (n=91) Group B (n=88) p-value
Cured (%) 79 (86.8%) 76 (86.3%) 0.48
Failure/ Not Completed 12 (13.2%) 12 (13.6%) 0.84
Avg. Treatment days 6.2 6.3



JOURNAL OF INTERNAL MEDICINE OF INDIA• APRIL 2016 • VOL. 11 JOURNAL OF INTERNAL MEDICINE OF INDIA• APRIL 2016 • VOL. 11

 JIMI • APRIL 2016 • VOL. 118  JIMI • APRIL 2016 • VOL. 11 9

Table 4: Adverse Events Reported in Patients

Group A (n=79) Group B (n=76) p-value
Nausea and Vomiting 1 (1.26%) 1 (1.31%) 0.82
Diarrhea 4 (5.06%) 6 (7.86%) 0.73
Headache 1 (1.26%) 1 (1.31%) 0.82
Convulsion 0 0
Rash 0 0

Table 5: Laboratory Findings in Patients

Group A (n=79)
Mean+SD

Group B (n=76)
Mean+SD

Pre 
Treatment 

Post 
Treatment

p-value Pre 
Treatment 

Post 
Treatment

p-value

Hemoglobin 12.34 ±1.67 11.87 
±1.43

0.05 12.05 ±1.76 12.21 ±1.6 0.57

TLC (cells/ 
mm3)

14912 
±2277

8514.8 
±2266

<0.001 12744 
±2941.8

8471.3 
±2263

<0.001

Platelet 
Count

251.3 
±100.5

228.4 
±69.5

0.64 259.7 ±89.6 248.58 
±67.4

0.86

Serum 
Creatinine 
(mg/ dl)

0.78 ±0.152 0.75 
±0.137

0.62 0.82 ±0.124 0.77 ±0.134 0.10

Blood Urea 
(mg/ dl)

25.7 ±6.57 27.2 ±5.72 0.06 25.3 ±5.28 23.9 ±6.4 0.32

TLC: Total leucocytes counts.

Discussion
The present study shows the comparable efficacy and 
safety of combination of amoxicillin-sulbactam and 
amoxicillin-clavulanic acid in treatment of LRTIs in adults. 
The results indicate that treatment with amoxicillin-
sulbactam for 7–10 days was as effective as amoxicillin-
clavulanic acid treatment in adult patients with LRTIs 
as both the treatment were effective in treatment of 
LRTIs with good clinical response rates. No significant 
difference was observed in the proportion of patients 
who were cured at the end of study in both treatment 
groups. Both treatments were safe and well tolerated.

Respiratory infections are one of the most common 
reasons for prescribing antibiotics. The β-lactam 
antibiotics have been available for a long time and remain 
very effective against most of the common bacterial 
respiratory tract pathogens. However, β-lactamases 
produced by these pathogens has led to persistent and 
continuous resistance for use of these antibiotics. To 
overcome this resistance the β-lactam antibiotics are 
co-administered with β-lactamase inhibitors. Such 
combinations have shown activity against wide range of 
bacterial pathogens.[13,14,15] Many β-lactam/ β-lactamase 
inhibitor combinations are available, however only 
two sulbactam and clavulanic acid are available for 
oral use. These drugs irreversibly inhibit β-lactamase 
via formation of acyl-enzyme complex and allow the 
accompanying pencillins to exhibit bacterial killing. 
Common pathogens Staphylococcus aureus, Haemophilus 
influenza, Neisseria gonorrhoeae, Bacteroid fragilis (anerobes) 
etc. involved in etiology of LRTIs produce β-lactamase.[16] 
Therefore, to treat these infections and to conquer the 
resistance mechanism, it is rational to combine pencillin 
with a β-lactamase inhibitor, sulbactam or clavulanic acid 
to make certain that high serum and tissue antimicrobial 

concentration is achieved in patients with LRTIs. Evidence 
accumulating from clinical practice has indicated that 
these combinations have resulted in better appreciation 
in the treatment of variety of infections.[17,18,19,20] 

Moreover, current clinical guidelines support the use of 
these combinations for empirical treatment of respiratory 
infections.[11,12]

Various previous clinical studies have reported 
the efficacy of amoxicillin-sulbactam and amoxicillin-
clavulanic acid combinations in LRTIs and shown good 
cure rates.[20] However, no comparative studies between 
two combinations are available. To our knowledge this 
is the first study that has compared the oral amoxicillin-
sulbactam with oral amoxicillin-clavulanic acid in LRTIs. 
The efficacy and safety profiles of these combinations 
observed in this study make them suitable alternatives 
to existing therapies for infections caused by β-lactamase 
producing strains. 

Limitations
In the present study the examination of sputum for 
bacteriological analysis was a criterion to confirm the 
etiology, however, only 24 patients could produce 
sputum. The diagnosis of LRTI was based on clinical 
signs and symptoms, chest X ray findings, hematological 
findings and physician’s discretion. The numbers of 
patients included were relatively small.

Conclusion
The results from the present study suggest that amoxicillin-
sulbactam is as safe and effective as amoxicillin-clavulanic 
acid for the treatment of LRTIs in adult patients during 
short term use. Larger clinical studies are required to 
compare the efficacy and safety of these combinations in 
patients with LRTIs. 
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Study of Prevalence of Cardiovascular Events in  
Diabetic Patients in Relation to hsCRP Level

Ravi Kant1, Manisha Naithani2, Prem Kumar3 and Om Kumari Gupta4

ABSTRACT
Introduction: Diabetes mellitus is a group of diseases characterized by insufficient Production of insulin or the failure 
to respond appropriately to insulin, resulting in Hyperglycemia. Patients with diabetes have a twofold to fourfold 
increased risk for development and dying of CHD. Diabetes associates independently with a twofold to fivefold 
increased risk of heart failure (HF) as compared to those without diabetes, comprising both systolic and diastolic HF, 
Aims & Objective: The goal of this study was to ascertain the prevalence of cardiovascular events in relation to 
hsCRP level in diabetic patients attending outpatient department of a tertiary care teaching hospital in North India.
Material and Methods: Total 375 subjects were analysed. They were divided into two groups depending on the level 
of hsCRP. Group A (hsCRP<3mg/l) and group B (hsCRP ≥3mg/l). Group A (N=155, 41.3%) and group B (N=220, 
58.7%).
Results: The prevalence of adverse cardiovascular events in form of hypertension, ischemic heart disease , heart 
failure etc. (29.6 % ) was observed to be lower in group A than in group B (45%) p<0.05. In the subgroup analysis of 
males B1 (59.13%) as compared to A1 (31.7%) had more adverse cardiac events followed by females: B2 (42.8%) as 
compared to A2 (25.71%), with significant statistical difference (p < 0.05).
Conclusion: hsCRP level is a good indicator for predicting cardiovascular disease outcome and can be utilized for 
prevention of adverse cardiovascular events.
Keywords: hsCRP, Cardiovascular Events, Diabetes etc.

Introduction

Diabetes mellitus is a group of metabolic diseases 
characterized by hyperglycemia resulting from 

defects either in insulin secretion/ insulin action, 
or both. Diabetes is one of the largest global health 
emergencies of the 21st century with 415 million adults 
estimated to currently have diabetes and each year many 
more predicted to live with this condition, which can 
result in life-changing complications.[1],

This high global burden of escalating incidence and 
prevalence of type 2 diabetes is driven by increasing 
population age, obesity, and physical inactivity, as 
well as by the increasing longevity of patients with 
diabetes; estimates project that one in 10 adults will 
have diabetes by 2040.[1] Compared with non diabetic 
individuals, patients with diabetes have a twofold to 
fourfold increased risk of development and further risk 
of poor mortality due to Coronary heart disease (CHD).[2] 
Diabetes is associated with an increased risk for MI and 
a cross the spectrum of acute coronary syndrome (ACS) 
events, diabetes may in more than one in three patients,[3] 

diabetes increases the risks for development of stroke 
and peripheral  arterial disease. The diagnosis of diabetes 
portends a twofold increased stroke risk compared with 
non diabetic individuals, with hyperglycemia affecting 

approximately one in three patients with acute stroke, 
associated with a twofold to six fold increased risk for 
adverse clinical outcomes after stroke.[4] Among patients 
with peripheral arterial disease, the diabetes prevalence 
is 20% to 30% and accounts for approximately 50% of all 
lower extremity amputations.[5]

In the ambulatory setting, diabetes associates 
independently with a twofold to fivefold increased 
risk of heart failure (HF) compared with non diabetes, 
comprising both systolic and diastolic HF, and diabetes 
patients have worse outcomes once HF has developed.[6]  
In addition, diabetes is associated with an increased 
HF risk in the setting of ACS events.[7] The increased 
risk of HF observed in diabetes is multifactorial, caused 
by ischemia, metabolic abnormalities, and functional 
myocardial perturbations.[8]

C-reactive protein (CRP),an acute phase reactant 
synthesized mainly by the liver, is a member of the 
pentraxin family of proteins. Serum CRP levels are elevated 
in response to acute infections, inflammatory conditions 
and trauma. In these clinical situations, the serum CRP 
levels rise beyond 10 mg/l with a concomitantly elevated 
erythrocyte sedimentation rates (ESR).[9] 

The CRP has a relatively long half-life of 18 to 20 h, 
owing to its stable pentraxin structure. In addition, CRP 
levels are stable as these do not exhibit diurnal variations or 
variations in relation to food intake. Now, high-sensitivity 
assays having rapid turnaround times for measurement 
are available. These high-sensitivity assays help to 
quantify even low grades of systemic inflammation, in the 
absence of overt systemic inflammatory or immunologic 
disorders; estimated CRP here is labeled as hs CRP.  
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The hsCRP is the most widely evaluated biomarker in the 
quest for a biomarker for global cardiovascular disease 
(CVD) risk prediction. It has been incorporated into the 
Reynolds Risk Scoring system for CVD risk prediction in 
women with improved accuracy.[10]

On the basis of data obtained from the population 
based studies, the AHA/CDC (American Heart 
Association/Centres for Disease Control) working group 
on markers of inflammation in CVD has classified serum 
hsCRP levels <1, 1–3 and >3 mg/l as low-, intermediate-, 
and high-risk groups for global CVD, respectively.[11] 
The working group also recommends conducting two 
hsCRP assays at least two weeks apart in a fasting or a 
non-fasting state in a metabolically stable patient with no 
obvious signs of infection that could confound results. 
Thus various factors make hsCRP an attractive biomarker 
for cardiovascular risk prediction.

Material and Methods
Retrospective analysis of Type 2 Diabetic patients was 
done in Medicine department, AIIMS Rishikesh from 
June 2014 to May 2015. ADA diagnostic criteria was 
applied with fasting plasma glucose ≥ 7.0 mmol/liter (126 
mg/dL) and/or 2-hour plasma glucose ≥ 11.1 mmol/liter (200 
mg/dL) during standardized 75-g oral glucose tolerance test 
or symptoms of hyperglycemia plus non fasting plasma 
glucose ≥ 11.1 mmol/liter or HbA1c ≥ 6.5% were taken 
as diagnostic cut offs.[12] Total 375 subjects were analysed. 
They were divided into two groups depending on the 
level of hsCRP riz. Group A (hsCRP<3mg/l) and group 
B (hsCRP ≥3mg/l). Group A (N=155, 41.3%) and group 
B (N=220, 58.7%) were further sub divided on the basis 
of sex, Group A comprised of A1 (male=85, 54.83%/) & 
A2 (female=70, 45.16%/) and group B had B1 (male=115, 
52.27%/) & B2 (female=105, 47.72%/). 

Results
The cases in all groups were age, sex and social status 
matched. The mean age of the cases in the study was 
53.42±10.32 years.

Table 1: Characteristics of Study Groups

Group Group A Group B
Age 53.42±10.32 Years

Male
Female 
Total

85 (54.83%)
70 (45.16%)
155

115(52.27%)
105 (47.72%)
220

Cardiovascular Events
Male 
Female 
Total

[A1=27(31.7%)]
[A2=18(25.71%)]
45(29.6%)

[B1=68(59.13%)]
[B2=45(42.85%)]
99(45%)

The prevalence of adverse cardiovascular events in 
form of hypertension, ischemic heart disease, heart failure 

etc. (29.6%) were observed to be lower in group A than in 
group B (45%) p<0.05 (Fig. 1).

Fig. 1: Number of Patients having Cardiovascular Events in Group A & B 

  In the subgroup analysis of males, B1 (59.13%) had 
more adverse cardiac events than in A1 (31.7%) with 
significant statistical difference (p < 0.05) as depicted in 
Fig. 2 in the subgroup analysis of females B2 (42.85%) 
had more cardiac events than that in A2 (25.71%) so with 
significant statistical difference (p < 0.05) as depicted in 
Fig. 2.

Fig. 2: Number of Patients having Cardiovascular Events in Sub Groups of A & B 

Discussion
In this study peak prevalence of CVD outcome occurred in 
50–60 years age group, with 90.5% cases falling in the age 
group 50–70 years.  Prevalence of CVD outcome increases 
in individuals older than 45 years and doubles with each 
decade until age 65 years. This finding is mirrored by 
many previous studies indicating that people of Indian 
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Asian descent and inhabitants of the subcontinent, the 
so-called “Asian Indian Phenotype” which refers to an 
amalgamation of clinical, biochemical and metabolic 
abnormalities predispose this group to developing 
diabetes and premature CHD.[13] The astonishingly 
higher risk has been attributed to underlying genetic 
susceptibility, unmasking by environmental factors 
or predisposition in intrauterine programming itself. 
India alone is estimated to have millions suffering 
from diabetes, this being propelled by socio-economic 
transformation, population ageing, and burgeoning 
levels of overweight and as a result CHD will result in 
even greater future burdens.[14] In 2011 census, 5.3% of the 
Indian population was >65 years of age.[15] This number 
has steadily grown over past few years and is steeply 
growing. Since of all the diseases, type 2 diabetes mellitus 
(T2DM) is the single most common disease affecting 
a large number of elderly populations along with 
Hypertension. Therefore Diabetes and its complications 
take a major toll on the quality of life of the elderly and 
further increases the risk of cardiovascular mortality in 
older people.[16] Interestingly the burden of diabetes is 
often described in terms of its impact on working-age 
adults, and despite having the highest prevalence of 
diabetes of any age-group, older persons with multiple 
co morbidities are often excluded from randomized 
controlled trials of treatments. 

In this study males outnumber females, with higher 
cardiovascular morbidities including stroke. Higher 
incidence of strokes in male may be due to higher 
proportion of males in our country and also to our 
socio cultural trends. Sex differences in stroke are 
observed across epidemiologic studies, pathophysiology, 
treatments, and outcomes with these having profound 
implications in treatment. Though epidemiological studies 
have reported that type 2 diabetes is an independent 
risk factor for stroke.[17] but how much its effect varies 
by sex is uncertain with some studies depicting type 2 
diabetes may be having a stronger effect on stroke risk in  
women,[18,19] but few showing a greater effect in men.[20] 

The prevalence of adverse cardiovascular events in 
form of hypertension, ischemic heart disease, heart failure 
etc. was observed to be lower in group A (29.6 %)  than 
in group B (45%) and was statistically significant p<0.05. 

In the subgroup analysis of males B1 (59.13%) had 
more adverse cardiac events with significant statistical 
difference (p < 0.05). In the subgroup analysis of female 
A2 (25.71%) versus those in group B2 (42.85%) also with 
significant statistical difference (p < 0.05) thus indicating 
that hsCRP levels increased or escalated the risk as 
supported by previous studies. 

Many Studies have been conducted in past with 
clinical CVD events and hsCRP levels including a case-
control study by Rajeshwar et al.[21] (1,156 subjects; 
hsCRP levels predict ischaemic stroke), Goswami  
et al.[22] (200 subjects; hsCRP is an independent predictor 
of CAD) and Guruprasad et al.[23] (442 subjects; hsCRP 

levels are associated with an increasing severity of CAD). 
A prospective cohort study by Rao et al.[24] with 1,021 
subjects, of whom 772 had established CAD and the rest 
were controls, found that hsCRP was an independent 
predictor of repeat coronary events. A majority of these 
studies were case-control, cross-sectional or retrospective 
studies. Also it was noted that current evidence points to 
elevated basal levels of hsCRP even in the normal control 
group patients. Thus to define a specific value and range 
as normal for Indian subjects and define cut-off values 
for estimation of risk for CVD is the need of hour. Studies 
are also needed to estimate the role of hsCRP versus 
other risk factors such as lipids to justify the routine 
measurement of hsCRP in estimating the risk for CVD in 
Indian patients.

Conclusion 
The health burden of diabetics is immense with the 
associated complications involving both the life span and 
quality of life. Major one of these burdens is cardiovascular 
diseases. Since hs CRP is a good indicator of complications 
it is  important to conduct large prospective cohort studies 
with standardization of diagnostic tests  and adequate 
follow up of participants for cardiovascular outcomes to 
derive Indian population specific risk cut-off values. 
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Case Report

A 30 years old male patient treated as a case of leprosy 
one year back, currently presented with painful, 

nodular eruptions over Face (Fig. 1) bilateral hands, and 
feet (Fig. 2), of one year duration. These lesions were 
painful and were associated with moderate to high grade 
intermittent fever and occasional red coloured urine. His 
examination revealed nodular, papular and pustular 
eruptions on the extensor surface of both hands and 
feet and on the nose and malar areas of face. Both palm 
and soles were spared, there was no hypoaesthetic or 
anaesthetic patch or nerve thickening. Rest of systemic 
examination was unremarkable. Investigations; Hb 
10gm%; TLC-13600 with neutrophils 82%, urea-86mg% 
and creatinine-2.4mg%; urine routine and microscopic 
examination revealed Haematuria. The patient was 
subjected to skin biopsy from nodules that revealed dense 
neutrophilic infiltration with leukocytoclastic vasculitis 
(Fig. 3 ).

This patient was treated with corticosteroid and 
dapsone 100 mg daily. He responded dramatically and 
The skin lesions subsided within a week. The steroid 
was stopped within 15 days duration and dapsone was 
continued for one month and stopped. The lesions did 
not reappear over 2 years follow up and so were his 
leprosy symptoms.

Discussion 
IN 1995, Strutton et al.[1] described 6 patients with an 
eruption involving the dorsum of hands. The lesions 
clinically resembled those of Sweet syndrome and 
showed similar histological evidence of a dense dermal 
neutrophilic infiltrate. These lesions were however 
different from Sweet syndrome as the distribution 
was limited almost entirely to the dorsum of hands 
and definite leukocytoclastic vasculitis was evident 
histopathologically. The term pustular vasculitis of the 

hands was used to describe these cases. Sweet[2] described 
acute febrile neutrophilic dermatosis in 1964. Most 
patients of with this rare disorder are women, who 
present with tender erythematous or violaceous plaques 
and nodules, predominantly on the face, upper trunk, 
and extremities.[3] Skin biopsy specimens show dense 
dermal neutrophilic infiltrates with leukocytoclasis. 
Associated findings may include fever, peripheral blood 
neutrophilia, and an elevated ESR. Diagnostic criteria for 
Sweet syndrome were proposed by Su and Liu in 1986.[4] 

Although the absence of vasculitis has been considered a 
diagnostic criterion, some reports describe focal fibrinoid 
necrosis of superficial vessels in a minority of cases with 
Sweet syndrome.[5]

The original description of acute febrile neutrophilic 
dermatosis noted the association with a preceding upper 
respiratory tract infection. Subsequent reports have 
linked Sweet syndrome to myeloproliferative disorders, 
myelocytic leukemia, visceral malignancies, inflammatory 
bowel disease, connective tissue diseases, pregnancy, 
infections, drug reactions, and other disorders. Sweet 
syndrome may sometimes occur as a drug reaction.[6] In 
typical cases, the initiation of the medication therapy and 
the onset of the eruption are closely associated in time. 
Neutrophilic dermatosis responds to steroid therapy.[7]

In the present case relapse of the disease after 
completion of multi drug therapy (MDT) was a clue 
to the alternative diagnosis, also there was no nerve 
involvement and absence of hypoaesthetic/anaesthetic 
patch favours the diagnosis of pustular vasculitis.The 
typical finding in the skin biopsy clearly ruled out the 
possibility of leprosy and established the diagnosis of 
leukocytoclastic Vasculitis.

Fig. 1: Showing Nodular Lesions on Face
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Pustular Vasculitis: A Case Report
Shruti Barnwal1, Ravi Kant2 and Om Kumari Gupta3

ABSTRACT
We report a rare case of pustular vasculitis involving hands, feet and face that was being treated as a case of erythema 
nodosum leprosum elsewhere .The suspicion was based on its clinical manifestation and relapse, after the treatment 
of leprosy.Nodular lesion histopathology proved the diagnosis of leukocytoclastic Vasculitis and patient responded 
dramatically to the treatment.
Keywords: Pustular Vasculitis, Erythema Nodosum, Histopathology
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Fig. 2: Showing Nodular Lesions on Hands and Feet

Fig. 3: Showing Extensive Neutrophilic Infiltration in the Biopsy 
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Introduction

COPD represents a disease state characterized by 
poorly reversible airflow limitation that is usually 

both progressive and associated with an abnormal 
inflammatory response of the lung.[1] Among the leading 
causes of death and disability, COPD is the one that is 
rising most rapidly. COPD is the fourth leading cause of 
death in the world and further increase in its prevalence 
and mortality can be predicted in the coming decades.[2] 
By the year 2020, COPD is expected to be the third leading 
cause of death and the fifth leading cause of disability.[3] 
WHO estimates that COPD is responsible for more than 
29 million disability adjusted life years (DALY) and 1 
million years of life Lost per annum.[2] 

Cigarette smoking is the most important risk factor 
leading to the development of COPD. Smoking accounts 
for nearly 90% cases of COPD. Yet, for unknown reasons, 
only 20% of Cigarette smokers develop COPD.[4] COPD 
is the major cause of mortality and morbidity in India. 
In most non-tubercular chest clinics in India, COPD 
constitutes 25–30% of the cases. In different studies by 
Aggarwal et al.[5] and Malik et al.[6] on different populations 
in north India, its prevalence varied from 1% in urban 

non-smokers to 21% of rural smokers.[6,7,8] Disease is 
equally prevalent in rural and urban India. Males are 
more affected than females. 

Traditionally COPD has been viewed as an 
inflammatory disease of lung, but several studies have 
shown that this pulmonary inflammation may also be 
detected in the systemic circulation. This has been shown 
by increased circulating concentrations of interleukin-6 
and of acute phase reactants such as CRP in COPD 
patients.[9,10] As reviewed by Gan et al., several systemic 
inflammatory mediators, like tumor necrosis factor-α 
(TNF-α), some interleukins (ILs), acute phase proteins 
[C-reactive protein (CRP), fibrinogen, lipopolysaccharide 
binding protein (LBP)] and leukocytes, are increased in 
COPD. One of the markers of systemic inflammation that 
is consistently shown to be increased in COPD patients 
compared to healthy controls is CRP.[11] The prevalence 
of increased CRP in COPD has been examined in Third 
National Health and Nutrition Examination Survey 
(NHANES III), which showed that 41% of patients with 
moderate COPD (FEV1≥ 50- 80% pred) had a CRP above 
3 mg/l and 6% above 10 mg/l, while as much as 52% of 
patients with severe COPD (FEV1<50%pred) had CRP 
above 3 mg/l and 23% above 10 mg/l.[12]

The present study was thus undertaken with the aim 
to investigate whether an increased concentration of 
high sensitivity (hs) CRP is related to the degree of lung 
function impairment, systemic inflammation in patients 
with advanced COPD. 

Material & Method
The present study was undertaken in Department of 
Medicine of Muzaffarnagar Medical College and Hospital, 
Muzaffarnagar. Patients of Chronic Obstructive Lung 
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Correlation of  hsC-Reactive Protein Levels with FEV-1  
in Chronic Obstructive Pulmonary Disease Patients

Jayant Mudgal1, S.K. Sharma2 and Ila Pahwa3

ABSTRACT
Chronic Obstructive Pulmonary Disease (COPD) is a disease state characterized by airflow limitation that is not fully 
reversible. The airflow limitation is usually progressive and associated with an abnormal inflammatory response 
of the lungs to noxious particles and gases. Pulmonary inflammation in COPD is shown by increasing circulating 
concentration of acute phase reactants such as hsCRP. 
AIM: The present study is to evaluate the levels of hsCRP in patients with COPD and to study the relationship 
between hsCRP levels and FEV1 in COPD patients.
Material & Method: The study enrolled patients of chronic obstructive lung disease of age 35 years and above 
undergoing treatment at Department of Medicine, Muzaffarnagar Medical College & Hospital, Muzaffarnagar UP. A 
total number of 80 cases were taken for the study. Routine hematological and biochemical investigations were carried 
out. All patients were subjected to spirometery and hsCRP levels which were measured at the time of enrollment into 
the study and all of the above mentioned parameters were repeated after 6 weeks in all patients.
Results: The hsCRP levels were correlated significantly with FEV1 and the correlation was highly significant  
(p = 0.000).
Conclusion: The circulating levels of the inflammatory marker hsCRP are significantly elevated in patients with 
COPD, supporting the view that COPD is in part an inflammatory disorder.
Keywords: Chronic Obstructive Pulmonary Disease, Forced Expiratory Volume, High Senstivity C-Reactive Protein, 
Forced Vital Capacity.

Original Article



JOURNAL OF INTERNAL MEDICINE OF INDIA• APRIL 2016 • VOL. 11 JOURNAL OF INTERNAL MEDICINE OF INDIA• APRIL 2016 • VOL. 11

 JIMI • APRIL 2016 • VOL. 1116  JIMI • APRIL 2016 • VOL. 11 17

Disease of age 35 years and above undergoing treatment 
in the Medicine department were included in the study. 80 
patients fulfilling the following inclusion criteria: having 
COPD with advanced disease [Forced expiratory volume 
in I second (FEV 1 )< 70% predicted], no exacerbation of 
COPD for at least 2 months and patients having age more 
than 35 years. And the exclusion criteria were Evidence 
of secondary Infections, Myocardial infarction within 
the past 6 months, Angina pectoris, Congestive heart 
failure, Malignancy, Cirrhosis, End stage renal disease, 
Rheumatoid arthritis. An informed consent was taken 
from all the patients.

Each patient was subjected for detailed clinical history 
and thorough physical examination for the inclusion and 
exclusion criteria. Particulars of the patients such as name, 
age, sex, pack, years of smoking, occupational history etc. 
were noted in detail on a pre structured Performa. A stable 
regime of inhaled and oral bronchodilators and inhaled 
steroids was maintained during the study duration. Use 
of systemic steroids was not allowed during this period.

Routine hematological and biochemical investigations 
were carried out in respective departments of the college. 
All patients had x-ray chest PA view and an ECG was 
also recorded. The following parameters were measured 
at the time of enrollment into the study and were repeated 
after 6 weeks in all the patients: Spirometry and hsCRP 
levels by ELISA method. 

All PFT measurements were done in a sitting position. 
FEV1 & forced vital Capacity (FVC) were calculated 
from the flow volume curve. The highest value of 3 
measurements was used and these patients whose 
disease were diagnosed by specialists and confirmed 
by spirometry according to the criteria of the Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) 
were included in the survey.

The hsCRP levels were measured by using a high 
sensitivity ELISA method with the same kit at the 
beginning and after 6 weeks. The values were interpreted 
in the ranges of less than 3 (normal and low risk) and 3 or 
more (High Risk). Data were analysed using descriptive 
statistics (eg: Percentage and Mean) and comparison 
of means (eg: Chi square test, Pearson’s correlation, 
Wilcoxon signed rank test). P<0.05 was considered 
significant.

Result
In the present study, data of 80 known COPD patients 
(69 Males and 11 Females) was assessed, who had no 
exaberations from the past two months. The baseline 
characteristics of the patients are shown in Table 1. The 
mean age of the patient was 55.50 years.

Table 1: Baseline Characteristics of the Chronic Obstructive Pulmonary  
Disease Patients at the Time of Enrollement into the Study

n=80 Minimum Maximum Mean Std. dev. Median
FEV1/FVCb 37.35 69.50 53.09 9.88 53.17
FEVb1 
(%PRED.) 21.00 68.30 45.40 13.09 47.3
hsCRPb (mg/l) 0.00 70.33 15.24 18.63 4.85

bAbbreviations: FEV, Forced expiratory volume; FVC, Forced Vital 
Capacity; hsCRP, High Senstivity C-Reactive Protein.

According to the GOLD criteria, none of the patients 
(0%) were in stage I, 36 patients (45%) were in stage II and 
remaining 44 patients were in stage III and stage IV. In 
Table 1, all the patients had FEV1/FVC ratio <70% with a 
mean value of 53.09±9.88. The mean FEV1 of the patients 
was 45.4± 13.9 with range from 21 to 68.3 and values of 
hsCRP were highly variable (mean 15.24±18.63). (Table 1.) 

The hsCRP levels were correlated with baseline 
functional ability parameters of patients using Pearson 
correlation. The hsCRP levels correlated negatively with 
FEV1 and correlation was highly significant (P 0.001). 
(Table 2.)

Table 2: Correlation of hsCRP Levels with Baseline Functional Ability Parameters

n=80 hsCRPb FEVb1
Pearson correlation 1 -0.4518
p-valuea  0.0001

ap<0.05 were considered significant. 
bAbbreviations: FEV, Forced expiratory volume; hsCRP, High 
 Senstivity C-Reactive Protein.

The data was statistically analysed using Wilcoxon 
Signed Ranked test and a negative “Z” value was 
suggestive of a significant result. The FEV1 values were 
45.40±13.09 and 52.30±13.72 at the time of enrollment in 
the study and after 6 weeks respectively with a significant 
p value of 0.012. The levels of hsCRP decreased from 
15.24+18.3 to 11.10 ±16.54 mg/l after weeks in all the 
cases with a highly significant p value of 0.000. (Table 3.) 

Table 3: Comparison of Laboratory Parameters of Patients at  
Day 1 and after 6 Weeks of Therapy (Mean±2S.D.) 

Parameter N=80
Baseline 
(Day 1)

After 6 
Weeks

Test Applied is Wilcoxon 
Signed Rank Test

Mean SD Mean SD W Value Z Value P Valuea

FEVb 1 Cases 45.40 13.09 52.30 13.72 100 -4.16 0.012
hsCRPb Cases 15.24 18.63 11.10 16.54 33 5.067 0.000

ap<0.05 were considered significant. 
bAbbreviations: FEV, Forced expiratory volume; hsCRP, High
 Senstivity C-Reactive Protein.

Discussion
The FEV1 is essential for the diagnosis and quantification 
of the respiratory impairment resulting from COPD.[13]  
In addition, the rate of decline in FEV1 is a good marker of 
disease progression and mortality.[14] In our study, majority 
of the patients had moderate to severe airway obstruction 
(85%). The baseline FEV1 correlated negatively with hsCRP 
levels significantly (P-0.000). The prevalence of increased 
CRP in COPD has been examined in the Third National 
Health and Nutrition Examination Survey (NHANES III),[12] 
which showed that there is significant negative correlation 
between CRP levels and FEV1.

COPD patients with slightly elevated CRP levels 
have not yet been characterized nor have there been 
studies to explore a potential role of CRP as marker 
for local or systemic impairments. Although a similar 
study did not find a correlation between CRP and lung 
function in patients with mild to severe COPD,[15] CRP 
seems to increase with increasing severity of COPD.[16] 
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In this study, more impaired post bronchodilator FEV1 
reversibility was also found in patients with elevated 
systemic CRP. The higher level of systemic inflammation 
in COPD patients with low reversibility suggests a more 
inflammation driven airflow limitation. 

The hsCRP is the systemic inflammatory marker and 
has extensively been studied in cardiovascular disorders. 
Recently it is being used as a marker in COPD and as 
an etiological factor of systemic effects of COPD. In 
our study, the value of hsCRP was highly variable and 
ranged from 0 to 70.33 mg/l. Mean value of hsCRP was 
15.24 mg/l which in itself is significant as compared to 
the previous studies. The prevalence of increased CRP in 
COPD has been examined in the Third National Health 
and Nutrition Examination Survey (NHANES III), which 
showed that 41% of patients with moderate COPD 
(FEV1≥ 50-80%) had a CRP above 3 mg/l and 6% above 
10 mg/l, while as much as 52% of patients with severe 
COPD (FEVI <50°/pred) had CRP above 3 mg/l and 
23% above 10 mg/l.[12] This survey showed that there are 
higher levels of CRP with increasing severity of COPD. 

In our study also, there is significant negative 
correlation with FEV1 (P 0.000). The hsCRP levels had 
already been correlated with various functional ability 
parameters in different studies but the results are still 
not well defined. In a study by Broekhuizen et a1.,[17] 
they analyzed 102 patients with COPD admitted to an 
inpatient pulmonary rehabilitation centre, most patients 
had severe to very severe COPD and nearly one third 
were on systemic corticosteroids. Broekhuize et al. 
found that reduced FEV1 was associated with systemic 
inflammation as reflected by increased plasma levels of 
C-reactive protein (CRP) and IL-6. 

CRP seems to be a marker for impairments in exercise 
capacity and distress due to respiratory symptoms as 
shown in this study, routine hsCRP analysis could prove 
itself to be of major clinical importance in COPD. CRP can 
be used routinely in clinical practice to risk stratify COPD 
patients. In those who have elevated levels, physicians 
should consider aggressive therapies (e.g. smoking 
cessation programs and other lifestyle interventions 
and possibly some pharmacologic agents) to reduce the 
risk of morbidity and mortality in such patients. Further 
research is needed to assess the value of CRP as biomarker 
for measuring progress of the disease and for the effects 
of treatment of COPD.

Conclusion
Chronic obstructive pulmonary disease patients (COPD) 
occur at a younger age in Indian population as compared 
to west and confirm that C-reactive protein levels are 
increased in stable COPD patients. The CRP levels are 
associated with important clinical variables that help 
in predicting outcome of the patients. FEV1 is the most 
important clinical variable. This finding reinforces and 

supports the relevance of CRP measurements and we 
suggest that information here presented should be 
considered when CRP levels are measured in stable 
chronic obstructive pulmonary disease patients (COPD).
Large scale longitudinal prospective studies are required 
to further elaborate the results.
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Introduction

Pain causes both psychological and physiological 
changes in the patients. It causes distress, anxiety, 

fear, cardiovascular, pulmonary, gastrointestinal, 
metabolic and neuroendocrinal changes. Pain relief 
measures include non-pharmacological methods and 
Pharmacological methods. Non-pharmacological 
methods include acupuncture, transcutaneous electrical 
stimulation (TENS), spinal cord stimulation, intracerebral 
stimulation and physical therapy.

Pharmacological modalities includes cyclooxygenase 
inhibitors, opioids, antidepressants, neuroleptics, 
anticonvulsants, corticosteroids and systemic 
administration of local anaesthesia. Traditionally, the 
analgesia for post-operative pain had been provided with 
oral, intramuscular and intravenous opioids. Oral route 
is usually unavailable during immediate post-operative 
period. Intramuscular opioids. It provide adequate pain 
relief in only up to 25% of patients and is usually given 

sub optimally due to the fear of opioid addiction and 
respiratory depression.

Subcutaneous infusion of analgesics has been tried with 
encouraging results. The advantages of this technique 
includes relative safety, low dose of drugs, decrease 
side effect and easy acceptability with patient comfort. 
Ketorolac Tromethamine, a parenteral nonsteroidal anti-
inflammatory drug beside intramuscular administration, 
has recently been reported to be also effective by local 
infiltration and subcutaneous infusion. Ketorolac may 
reduce incidence of opioid related adverse effects such as 
respiratory depression, nausea and vomiting, if used as 
subcutaneous infusion in post-operative period. 

The present study aims to combine the advantages 
of subcutaneous infusion as a route and ketorolac 
tromethamine as a drug for post-operative pain relief.

Material And Method
This study was conducted in department of 
Anesthesiology and Critical care, University College of 
Medical Sciences and Guru Teg Bahadur Hospital, Delhi 
in 2002 to 2003. This study was a single center, prospective 
study, involving 60 patients (ASA I &II) undergoing 
elective orthopaedic surgery.

Ethical approval was taken from ethical committee 
of the hospital and informed consent was taken from 
all the patients prior to inclusion in the study. Patients 
with hepatic, renal, cardiovascular disease, any bleeding 
abnormalities or any history of hypersensitivities or any 
contraindication to NSAIDs were excluded from the 
study.
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Comparison of Subcutaneous Infusion with 
Intramuscular Injections as a Route of  

Administration of Ketorolac-Tromethamine  
for Post-Operative Pain Relief
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ABSTRACT
Aims and Objective: Subcutaneous route of analgesia has several advantages: low dose, less side effect, easy 
administration, patient safety and clinical effectiveness. This study was conducted to assess the efficacy of ketorolac 
for post-operative pain management.
Material and Method: The study was a single center, prospective study, involving 60 patients (ASA I & II) 
undergoing elective orthopedic surgery. The patients were randomly divided into two groups. Group A (n=30) 
received subcutaneous ketorolac infusion and Group B received intramuscular ketorolac 30mg every 6 hourly. Pain 
was assessed using Visual analogue scale (VAS), time to first rescue analgesia and 24 hours analgesic requirement.
Results: VAS revealed higher pain scores in group B at 6,12,18,24 hours (p<0.05). 20 patients in group A and 22 in 
group B required rescue analgesia within 6 hours after surgery. The total dose was 48mgs in group A and 120mg in 
group B. The cardiorespiratory parameters were comparable in both groups.
Conclusion: Ketorolac is an effective and safe analgesic. Both subcutaneous infusion and intramuscular Ketorolac 
bolus provided equally effective analgesia (VAS<5), however, the effect was sustained with s/c infusion as compared 
to intermittent i/m route.
Keywords: Subcutaneous Ketorolac Tromethamine, Intramuscular Ketorolac Tromethamine, Ketorolac Tromethamine, 
Postoperative Pain Relief
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All patients were premedicated with tab Diazepam 
10mg on the night before surgery and 10mg 90 mins 
before surgery. Intravenous ketorolac 30mgs was 
injected just prior to induction of Anaesthesia. GA was 
induced with Inj. Fentanyl, sleep dose of inj. thiopentone 
and endotracheal intubation was facilitated by inj. 
Suxamethonium (1.5mg/kg). Anesthesia was maintained 
with oxygen, nitrous oxide (33:66), vecuronium and 
isoflurane (1.5–2.0%). 3 hours after induction, patients 
were randomly divided into 2 groups.

Group A ( n=30) received s/c ketorolac infusion 2mg 
(in 3ml)/hr. Group B ( n=30) received i/m ketorolac 30mg 
(1ml) every 6 hours.

Pain was assessed using VAS, VRS, time to first rescue 
analgesia and 24 hours analgesic requirement.

To facilitate subcutaneous infusion, a 24 G indwelling 
cannula was placed subcutaneously on the anterior 
abdominal wall under aseptic precautions and covered 
with aseptic dressing and this was connected with 
syringe pump to deliver at constant rate after induction 
of anesthesia.

Observation and Results
We studied 60 patients who underwent an elective 
orthopaedic surgery. They were randomly divided into 
two groups A and B. Group A received s/c ketorolac 
infusion while Group B received i/m ketorolac every 6 
hourly.

The demographic data such as age, sex, weight and 
duration of surgery of both the groups were comparable 
and there was no statistical difference between the two 
groups as shown in Table 1.

Table 1: Demographic Data (mean ± SD) of the Study Subjects

Group A Group B p-value
Age (years) 34.03±12.80 34.67±12.67 0.848 (NS)
Weight (kilograms) 61.63±10.08 60.50±8.32 0.637 (NS)
Duration of surgery (minutes) 159.67±65.34 157.47±59.75 0.796 (NS)
Sex (ratio) (M/F) 23/7 24/6 0.754 (NS)

NS-Not Significant

The preoperative parameters of both groups were 
recorded and were comparable in both groups. There was 
no statistical difference among them. (Table 2).

Table 2: Preoperative Baseline Parameters (mean ± SD)

Group A Group B p-value
HR/min 95.87±16.58 93.23±19.45 0.580 (NS)
SBP mmHg 133.10±15.05 128.87±15.26 0.284 (NS)
DBP mmHg 75.87±7.89 75.13±13.31 0.796 (NS)
MAP mmHg 97.97±12.14 95.34±12.92 0.425 (NS)
RR/min 16.13±2.73 16.87±2.76 0.305 (NS)
PEFR L/min 361.17±97.75 390.17±103.04 0.268 (NS)

NS-Not Significant

Postoperatively pain was assessed using a 10 cm 
horizontal visual analogue scale at 0 min, 30 min, 60 min, 
90 mins, 2 hrs., 3 hrs., 4 hrs., 5 hrs., 6 hrs., 9 hrs., 12, hrs., 15 
hrs., 18 hrs., 21 hrs. and 24 hrs. after the surgery .

Table 3 depict visual analogue scale score (mean ± 
standard deviation) in group A and B at different time 
points.

At 0 minute, the mean values of visual analogue scale 
score were 4.90±2.71 in group A and 4.27±2.84 in group 
B with no statistically significant difference between 
the two groups at this time point (p=0.381). In group A, 
visual analogue scale score varied between 4.90±2.71 at 0 
min to 0.72±0.55 at 24th hours. It was maximum at 0 min 
and minimum at 24th hour. There was a gradual decrease 
in visual analogue scale score over 24 hours during 
postoperative period.

In group B, visual analogue scale score varied 
between 4.27±2.84 at 0 min to 0.67±0.71. There was an 
increase in score at 6 hourly interval during the 24 hours 
postoperative period.

There was statistically significant difference between 
the groups at 6 hrs interval during postoperative period.

Table 3: Visual Analogue Scale Score in Both the Groups

Time Group A  
(mean ± SD)

Group B  
(mean ± SD)

Group A to B (p-value) 
(Student’s ‘t’-test)

0 min 4.90±2.71 4.27±2.84 0.381 (NS)
30 mins 2.47±1.24 2.72±1.64 0.508 (NS)
60 mins 2.08±1.59 2.15±1.26 0.858 (NS)
90 mins 2.12±2.24 1.80±1.19 0.496 (NS)
2 hr 1.83±1.43 1.68±0.95 0.634 (NS)
3 hr 1.68±1.28 1.55±1.12 0.669 (NS)
4 hr 1.50±1.03 1.75±1.27 0.472 (NS)
5 hr 1.53±1.52 1.90±1.05 0.281 (NS)
6 hr 1.35±0.99 2.68±1.37 0.000* 
9 hr 1.23±0.92 1.08±0.96 0.538 (NS)
12 hr 1.35±1.18 2.22±1.28 0.008* 
15 hr 1.00±0.83 0.92±0.85 0.703 (NS)
18 hr 1.00±0.84 1.82±1.09 0.002* 
21 hr 0.92±0.78 0.67±0.71 0.199 (NS)
24 hr 0.72±0.55 1.32±0.76 0.001*

NS-Not Significant

Table 4 depicts verbal rating score (mean ± standard 
deviation) in group A and B at different time points.

Verbal Rating Score: This was measured on a four 
point rating score. 0- No pain, 1- Mild, 2- Moderate,  
3- Severe.

The mean values of verbal rating score at 0 min were 
1.70±0.75 in group A and 1.73±0.87 in group B with no 
statistically significant difference between the two groups 
at this time point (p=0.874).

In groupA, verbal rating score varied between 1.70±0.75 
at 0 min to 0.70±0.47 at 24th hours. It was maximum at 0 
min. There was a gradual decrease in verbal rating score 
over 24 hours postoperative period.

In group B, verbal rating score varied between 
1.73±0.87 to 0.53±0.51. There was an increase in score at 6 
hourly interval during the 24 hours postoperative period.

There was statistically significant difference between 
the groups at 6 hrs interval during postoperative period.

Postoperatively patients were provided with injection 
Morphine 0.05 mg/kg intravenously, if the visual 
analogue scale score was more than 5 and verbal rating 
score more than 2.



JOURNAL OF INTERNAL MEDICINE OF INDIA• APRIL 2016 • VOL. 11 JOURNAL OF INTERNAL MEDICINE OF INDIA• APRIL 2016 • VOL. 11

 JIMI • APRIL 2016 • VOL. 1122  JIMI • APRIL 2016 • VOL. 11 23

Table 4: Verbal Rating Score in Both the Groups

Time Group A  
(mean ± SD)

Group B  
(mean ± SD)

Group A to B (p-value) 
(Student’s ‘t’-test)

0 min 1.70±0.75 1.73±0.87 0.87 (NS)
30 min 1.13±0.51 1.17±0.59 0.816 (NS)
60 min 0.93±0.52 1.13±0.57 0.162 (NS)
90 min 1.03±0.76 1.03±0.49 1.000 (NS)
2 hr 0.93±0.52 1.00±0.37 0.570 (NS)
3 hr 0.90±0.55 0.97±0.49 0.621 (NS)
4 hr 0.80±0.41 0.97±0.41 0.121 (NS)
5 hr 0.87±0.57 1.07±0.45 0.137 (NS)
6 hr 0.83±0.46 1.40±0.62 0.000 
9 hr 0.73±0.45 0.80±0.55 0.610 (NS)
12 hr 0.73±0.52 1.10±0.55 0.01
15 hr 0.70±0.47 0.73±0.52 0.795 (NS)
18 hr 0.70±0.47 0.97±0.41 0.023
21 hr 0.70±0.47 0.53±0.51 0.190 (NS)
24 hr 0.70±0.47 0.87±0.35 0.122 (NS)

NS-Not Significant

Table 5 depicts the number of patients requiring first 
dose of rescue analgesic during postoperative period.

A total of 20 patients in group A and 22 patients in 
group B required rescue analgesic. In group B, out of 
the 22 patients who required rescue analgesic, 2 patients 
required at 6th hour. The mean time for the first dose of 
analgesic given in mins were 16.5±47.15 mins in group A 
and 15.1±30.20 in group B.

There was no statistically significant difference 
between the two groups (p value = 0.348).

Table 5: Time for the First Dose of Rescue Analgesic

Time Group A Group B p-value
No. % No. %

0 min 17 56.66 17 56.66

0.348 (NS)

30 min 1 3.33 1 3.33
60 min 0 0 1 3.33
90 min 0 0 1 3.33

2 hr 1 3.33 0 0
3 hr 1 3.33 0 0
4 hr 0 0 0 0
5 hr 0 0 0 0
6 hr 0 0 2 6.66
9 hr 0 0 0 0
12 hr 0 0 0 0
15 hr 0 0 0 0
18 hr 0 0 0 0
21 hr 0 0 0 0
24 hr 0 0 0 0
Total 20 66.65 22 73.31
NS-Not Significant

Table 6 depicts the number of patients requiring 
different amount of total morphine consumed during 
postoperative period.

Table 6: Total Analgesic Requirement

Amount of morphine 
consumed (mg/kg)

Group A Group B p-value 
No. % No. %

0–0.05 15 50 11 36.66
0.057 
(NS)

0.06–0.09 0 0 0 0
0.10–0.15 4 13.33 9 30.00
0.16–0.20 1 16.66 2 6.66

Total 20 79.99 22 73.32
NS-Not Significant

The mean amounts of total Morphine consumed by 
each patient were 0.0675±0.037 mg/kg in group A and 

0.0954±0.053 mg/kg in group B. There was no statistically 
significant difference between the two groups (p-value = 0.057).

Postoperative Complications
Table 7 depictst the postoperative complications. The 
incidence of nausea and vomiting was 6.66% in group A 
and 13.33% in group B.

The incidence of epigastric pain was 10% in group A 
and 16.66% in group B.

The incidence of postoperative bleeding was 6.66% in 
group A and 10% in group B.

Table 7: Postoperative Complications

Complication Group A Group B 
No. % No. %

Gastrointestinal 
bleeding 

0 0 0 0

Postoperative 
bleeding

2 6.66 3 10

Nausea and vomiting 2 6.66 4 13.33
Epigastric pain 3 10 5 16.66

One patient had an urticaria after starting the 
subcutaneous infusion and at the same time blood was 
also started. Both subcutaneous infusion and blood 
stopped immediately and the patient was excluded from 
the study.

Discussion
The problem of inadequate relief of postoperative pain 
has been recognized for many years.[1–5] The standard 
method of providing postoperative analgesia has 
been intermittent “on demand” administration of 
intramuscular injections of opioids, but there may be 
delays in administration. Reasons for not satisfactory pain 
relief are inadequate assessment of pain, requirement of 
two nurses to check controlled drugs, pressure of work 
on medical and nursing staff, reluctance to administer 
drugs in sufficient doses because of fear of associated side 
effects, fear of addiction to opioid and sensitization of the 
central nervous system to noxious stimuli of surgery.[6]

Continuous infusion of opioids either intravenous or 
extradurally may lead to improved quality of analgesia, 
but may be associated with increased depression of 
respiration.[7] In view of the adverse effects of opioid 
analgesia, there has been renewed interest in the use of 
non-opioid analgesics with the aim of reducing opioid 
requirement and thus decreasing the frequency of 
unwanted side effects.

Ketorolac tromethamine is a parenteral non-steroidal 
anti-inflammatory drug, which exhibits potent analgesic, 
but only moderate anti-inflammatory activity. It has 
been investigated extensively for use in postoperative 
analgesia both as the sole agent and to supplement opioid 
analgesics. After intramuscular injection, maximum 
plasma concentrations are achieved within 45–60 mins.

The subcutaneous route has been found to have distinct 
advantages over the other routes.[8] The advantages of 
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this technique include low dose of drug, decreased side 
effects, and easy acceptability with patient comfort. 
Also, injections are less painful, effects lasts longer and 
more stable level of pain relief would be obtained over 
intramuscular route.

In the present study, adult patients (18–60 years) 
belonging to both sexes, scheduled for the elective 
surgery were included. To minimize the effects of 
apprehension and anxiety of operation and anesthesia on 
the baseline hemodynamic parameters, all the patients 
were premedicated with oral diazepam 10 mg given with 
a sip of water, 2 hours before the induction of anaesthesia.

Visual analogue scale score (VAS) and verbal rating 
score (VRS) were the standard techniques reported in 
literature for assessment of pain relief. It was simple 
to impart training to patients and hence can achieve 
maximum cooperation from the patient. In this study 
also, pain relief was assessed using both these techniques.

In the present study, at 0 min in postoperative 
period (immediately after the surgery), the VAS score 
was reported maximum (Group A - 4.90±2.71; Group 
B - 4.27±2.84) in both the groups. Similarly at 0 min. 
(immediately after the surgery) the VRS was maximum 
(group A - 1.70±0.75; group B - 1.73±0.84) in both the groups 
indicating that with regard to major surgery ketorolac 
provides insufficient analgesia when administered as the 
sole agent during the immediate postoperative period. 
This may be because of extubation response, movement 
of the injured site while shifting the patient and sedation 
in immediate postoperative period.

Our findings agree with those of Cepeda et al.[9] (1995) 
who had found that it was insufficient as the sole agent for 
moderate to severe pain after intraabdominal procedures. 
Only 10 of the 26 patients treated with ketorolac had 
satisfactory analgesia and 22 of these 26 (84.6%) patients 
required rescue doses of morphine. Wheatley et al.[10] 
(1996) also reported that, ketorolac 30 mg intravenously 
before a major orthopedic surgery does not improve 
postoperative analgesia nor increase the frequency 
of abnormal bleedings and opiate administration is 
necessary in more than 50% of the patients to achieve 
adequate analgesia. In yet another study, Castiglione  
et al.[11] (1997) demonstrated the same observations after 
major abdominal operations. However, Norman et al.[12] 
(2001) from their study concluded that intravenous 30 mg 
ketorolac appears to have preemptive analgesic effects 
in patients undergoing elective ankle fracture repair 
and ketorolac administered before tourniquet inflation 
prevents postoperative pain being perceived as more 
intense than preoperative pain.

In our study, there was statistically significant 
difference in the pain scores at 6 hourly interval in 
intramuscular group as compared with subcutaneous 
group. In group A patients who received subcutaneous 
infusion of ketorolac, a sustained decrease in VAS and 
VRS was observed whereas in group B, patients who 
received intramuscular ketorolac every 6 hourly showed 

an intermittent increase in pain scores at every 6 hourly 
interval during the 24 hours postoperative period 
coinciding with the lowest plasma concentration of 
ketorolac. There was a gradual decrease in pain scores 
over 24 hours during postoperative period in both the 
groups (Fig. 6 & 8).

Similar findings were reported by Campbell  
et al.[13] who studied the effect of short term ketorolac 
infusion following laparoscopic day surgery. They 
gave subcutaneous ketorolac infusion @ 1.75 mg/h for 
24 to 36 hours. They found that patients who received 
subcutaneous ketorolac required significantly less codeine 
prior to discharge. Kathryn G. Myers et al.[14] also reported 
the same findings. They used subcutaneous infusion of 
ketorolac in dose of 60 mg to 120 mg over 24 hours in 
cancer patients and found best responses of ketorolac in 
patients with predominantly bone related pain.

In yet another study, Blackwell et al.[15] who used 
continuous subcutaneous infusion of ketorolac in patients 
with malignant disease, reported that all patients became 
symptom free with infusion of ketorolac by subcutaneous 
route.

In the present study, postoperative rescue analgesia 
was provided with morphine 0.05 mg/kg intravenously 
if visual analogue pain score was more than 5 and VRS 
more than 2. 20 patients (66.65%) in group A and 22 
patients (73.31%) in group B required rescue analgesic. 
However, 2 patients in group B required rescue analgesia 
at 6th hour in postoperative period. The mean time for the 
first dose of rescue analgesic in group A was 16.5±47.15 
mins and 15.1±30.20 mins in group B. The mean amount 
of total morphine consumed by each patient was 
0.0675±0.037 mg/kg in group A and 0.0954±0.053 mg/kg 
in group B. There was no statistically significant difference 
between the two groups as regard to the mean time for 
the first dose of rescue analgesic and mean total amount 
of morphine consumed by each patient. Same results 
were mentioned by Higgins et al.[16] (1994) who examined 
the effects of oral ibuprofen and parenteral ketorolac on 
recovery after tubal ligation in a placebo controlled study. 
80% of patients in the control group and 73% of patients 
in each treatment group experienced postoperative pain 
that required treatment with parenteral opioids. The 
average morphine doses in this study were 7.0±1.2 mg 
for the control group, 5.7±1.4 mg and 6.1±1.4 mg for the 
ibuprofen and ketorolac groups respectively.

In the present study, onset of action of subcutaneous and 
intramuscular ketorolac was almost same: approximately 
30-45 mins. These findings were supported by Jung  
et al.[17] who measured the plasma concentration of 
ketorolac by high performance liquid chromatography 
(HPLC) with UV detection and found that peak plasma 
levels of 0.77±0.12 mcg/ml were achieved after a mean of 
0.8±0.2 hr following intramuscular injections.

In present study, intramuscular ketorolac 30 mg at 6 
hourly intervals was effective in providing postoperative 
analgesia after major orthopaedic surgery. Our findings 
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were similar to O’Hara et al.[18] (1987), who found that 
efficacy ratings from ketorolac 30 and 90 mg, were similar. 
They concluded that ketorolac 30 mg was an adequate 
intramuscular dose and that there was little advantage 
to giving the higher dose. Yee et al.[19] (1986) also, found 
intramuscular ketorolac to be effective for relief of severe 
postoperative pain from general and major surgery. 
However, they mentioned that all three doses of ketorolac 
were better than morphine 6 mg. Ketorolac 10 and 30 mg 
were equal to morphine 12 mg and ketorolac 90 mg was 
superior to morphine 12 mg. Since Yee et aI[19] conducted 
their study in patients with severe pain that may explain 
why ketorolac 90 mg was more effective than 30 mg in 
their study and not significantly more effective in O’Hara 
et al.[18]

Jung et aI17 (1988) also reported the same findings in 
their study on pharmacokinetic of ketorolac tromethamine 
after intravenous, intramuscular and oral administration. 
They obtained the peak levels of ketorolac approximately 
0.8mcg/ml after intramuscular injection of 10 mg in tmax 
of 0.8 hr. This was followed by a biexponential decay 
with a terminal () half-life of 4.99±1.88hr, similar to that 
found after intravenous administration. They also found 
that mean residence time (MRT), the average time a drug 
molecule resides in the body after an intravenous dose 
averaged 5.3±1.0 hours. and systemic bioavailability of 
ketorolac after intramuscular injection was essentially 
complete. So, intramuscular injection of ketorolac at 6 
hourly interval was adequate in maintaining uniform 
plasma concentration.

The earlier reported side effects of the drug were 
headache (17%), gastrointestinal pain (13%), nausea (12%), 
dyspepsia (12%), drowsiness (6%), pain at injection site 
(2%), oliguria and proteinuria (<1%). Other reported side 
effects from post marketing experience were anaphylaxis, 
anaphylactoid, GI hemorrhage and wound hemorrhage. 
In present study the reported side effects were as follows: 
Nausea and vomiting were present in 6.66% patients in 
group A and 13.33% patients in group B. The incidence 
of epigastric pain was 10% in group A and 16.66% in 
group B. In group A (subcutaneous ketorolac) had lower 
incidence of nausea and vomiting as compared with 
intramuscular ketorolac.

Stouten et al.[20] reported similar findings in 1992. They 
found that more patients in intramuscular ketorolac 
group (30 mg) complained of gastrointestinal distress 
than did patients in the ketorolac 10 mg intramuscular 
group after major surgery.

In a study by Powell and co-workers,[21] nausea 
and vomiting were reported to be the most common 
undesirable side effects. However, they stressed that as 
these events occurred before administration of study 
drugs, they might not necessarily be related to these drug.

In our study, none of the patient in either group had 
any significant gastrointestinal bleeding. The Committee 
on Safety of Medicine guidelines suggests that parenteral 
treatment with ketorolac should not exceed 48 hours. But 

Kathryn G. Myers et al.[14] (1994) reported that ketorolac 
was well tolerated for 21 days and more. They found 
that 36% of the patients receiving subcutaneous infusion 
of ketorolac for cancer pain had no adverse effects. 
However, in this study 4 patients had gastrointestinal 
bleeding while receiving ketorolac. Two of these patients 
had upper gastrointestinal malignancies; the third had 
bleeding from distal colon, related to radiation proctitis 
(upper gastrointestinal endoscopy was normal) and the 
fourth suffered upper gastrointestinal bleeding when 
high dose dexamethasone was introduced. All four of 
these patients were over 65 years of age. So it was assumed 
that all these cases were casually related to ketorolac, as 
there may have been other contributing factors.

None of the patient in our study had any significant 
drowsiness or deep sedation.

O’Hara and colleagues[18] observed that the only 
side effect in 3% of patients in their study group was 
somnolence with morphine use.

In our study, none of the patient in both the groups 
reported any local tissue reaction to subcutaneous 
infusion of ketorolac. Similar findings were reported 
by Kathryn G Myers et al.[14] in 1994 who gave ketorolac 
infusion for up to 115 days (mean 21 days; median 15 
days; range 3–115 days) in pain due to advanced cancer 
in 36 patients. Only 2 patients experienced minor painless 
bleeding from injection site, which was managed by 
regular changes of dressing with no long-term adverse 
effects to the skin. Similar findings were also reported 
by De Cono et al.[22] in 1992 who evaluated the local and 
systemic tolerability of ketorolac administered through 
continuous subcutaneous infusion in 10 cancer patients. 
No patients complained of local discomfort or pain and 
only mild local bleeding was observed in 7 cases. The 
duration of subcutaneous infusion varied from 1 to 7 
days.

All NSAIDs inhibit platelet aggregation by the 
reversible blockade of prostaglandin synthetase. In 
the present study, 2 patients (6.66%) in group A and 3 
patients (10%) in group B had slightly more blood loss as 
reported by surgeons. In group B, slightly more incidence 
of blood loss could be because of high doses of ketorolac 
(120 mg) used as compared to (48 mg) in group A.

None of the patient in either group had any significant 
complication as regard to surgical wound healing, wound 
hemostasis or infection. Similar findings were reported 
by David et al.[23] in 1995 who gave wound infiltration 
with ketorolac 30 mg in saline, 0.25% bupivacaine and 
ketorolac 60 mg intramuscular. They had no problem 
either during or after operation in terms of wound 
hemostasis secondary to the use of ketorolac. Late follow 
up in the surgical clinic revealed no complications, 
including wound hematoma, delayed healing or infection.

In the present study one patient had urticaria after 
starting the subcutaneous infusion of ketorolac. This 
patient was excluded from the study. The exact cause of 
urticaria could not be assessed.
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Conclusion
This study suggest that ketorolac is an effective analgesic 
agent, with minimum and tolerable adverse effects in 
patients undergoing major orthopedic surgery. Both 
routes of administration of ketorolac (intramuscular 
injections and subcutaneous infusion) are equally 
effective in providing postoperative pain relief, however 
subcutaneous infusion provides sustained pain relief 
with fewer side effects while intramuscular injections are 
associated with intermittent increase in pain intensity.

References
1. Donavan, M., Dillon, P. and Mcguire, L., “Incidence and 

Characteristics of Pain in a Sample of Medical-surgical 
Inpatients”, Pain, 1987, Vol. 30, p. 69, 1987.

2. Marks, R.M. and Sachar, E.J., “Under Treatment of Medical 
Inpatients with Narcotic Analgesics”, Am. Intern. Med., Vol. 
78, p. 173, 1973.

3. Cohen, F.L., “Post Surgical Pain Relief: Patients’ Status and 
Nurses’ Medication Choices”, Pain, Vol. 9, p. 256, 1980.

4. Weis, O.F., Sriwatanakul, K., Alloza, J.L., Weintraub, M. 
and Lasagna, L., “Attitudes of Patients, House Staff, and 
Nurses Toward Postoperative Analgesic Care”, Anesth. 
Analg., Vol. 62, pp. 70–74, 1983.

5. Editorial; Review of Postoperative Pain. Br. Med. J., Vol. 2, 
p. 517, 1978.

6. Salmon, P. and Manyande, A., “Good Patients Cope with 
their Pain: Postoperative Analgesia and Nurses Perceptions 
of their Patients’ Pain”, Pain, Vol. 68, pp. 63–68, 1996.

7. Graves, D.A., Arrigo, J.M. and Foster, T.S. et al., 
“Relationship between Plasma Morphine Concentrations 
and Pharmacological Effects”, Clin. Pharm., Vol. 4, p. 41, 
1985.

8. Goudie, T.A., Allan, M.M.B., Lonsdale, M., Burrow, L.M., 
Macrae, W.A. and Grant, I.S., “Continuous Subcutaneous 
Infusion of Morphine for Postoperative Pain Relief”, 
Anaesthesia, Vol. 40, pp. 1086–1092, 1985.

9. Cepeda, M.S., Vargas, L., Ortegon, G., Sanchez, M.A. and 
Carr, D.B., “Comparative Analgesic Efficacy of Patient 
Controlled Analgesia with Ketorolac Versus Morphine 
after Elective Intra-abdominal Operations”, Anesth Analg, 
Vol. 80, pp. 1150–3, 1995.

10. Wheatley, R.G., “Analgesic Efficacy of Ketorolac”, Acta 
Anathesiol Belg., Vol. 47, No. 3, pp. 135–42, 1996.

11. Castigolione, G., Hauf, M.E., Panascia, E., Scuderi, C. 
and Crimi, G., “Does the Preoperative Administration of 
Ketorolac Improve Postoperative Analgesia”, Minerva 
Anesthesiol., Vol. 63, No. 7–8, pp. 237–43, 1997.

12. Norman, P.H., Daley, M.D. and Lindsey, R.W., “Preemptive 
Analgesic Effect of Ketorolac in Ankle Fracture Surgery”, 
Anesthesiology, Vol. 94, No. 4, pp. 599–603, 2001.

13. Campbell, L., Plummer, J., Owen, H., Czuchwicki, A. and 
Ilsley, A., “Effect of Short Term Ketorolac Infusion on 
Recovery Following Laproscopic Day Surgery”, Anaesth 
Intensive Care, Vol. 28, pp. 654–659, 2000.

14. Myers, Kathryn G. and Trotman, Ivan F., “Use of Ketorolac 
by Subcutaneous Infusion for the Control of Cancer-related 
Pain”, Postgrad Med. J., Vol. 70, pp. 359–362, 1994.

15. Blackwell, N., Bangham, L., Hughes, M., Melzack, D. 
and Trotman, I., “Subcutaneous Ketorolac—A New 
Development in Pain Control”, Palliative Medicine, Vol. 7, 
pp. 63–65, 1993.

16. Higgins, M.S., Givogre, J.L., Marco, A.P., Blumenthal, P.D. 
and Furman, W.R., “Recovery from Outpatient Laproscopic 
Tubal Ligation is not Improved by Preoperative 
Administration of Ketorolac or Ibuprofen”, Anesth Analg, 
Vol. 79, pp. 274–80, 1994.

17. Jung, D., Mroszczak, E. and Bynum, L., “Pharmacokinetics 
of Ketorolac Tromethamine in Humans after Intravenous, 
Intramuscular and Oral Administration”, EurJ. Clin. 
Pharmacol., Vol. 35, pp. 423–425, 1988.

18. O’Hara, D.A., Fragen, R.J., Kinzer, M. and Pemberton, D., 
“Ketorolac Tromethamine as Compared with Morphine 
Sulfate for Treatment of Postoperative Pain”, Clin. 
Pharmacol. Ther., Vol. 41, pp. 556–561, 1987.

19. Yee, J.P., Koshiver, J.E., Allbon, C. and Brown, C.R., 
“Comparison of Intramuscular Ketorolac Tromethamine 
as Compared with Morphine Sulfate for Analgesia of Pain 
after Major Surgery”, Pharmacotherapy, Vol. 6, pp. 253–261, 
1986.

20. Stouten, E.M., Armbruster, S., Houmes, R.J., Prakash, 
O., Eradmann, W. and Lachmann, B., “Comparison of 
Ketorolac and Morphine for Postoperative Pain After Major 
Surgery”, Acta. Anaesthesiol. Scand., Vol. 36, pp. 716–721, 1992.

21. Powell, H., Smallman, J.M. and Morgan, H., “Comparison 
of Intramuscular Ketorolac and Morphine in Pain Control 
after Laparotomy”, Anaesthesia, Vol. 45, No. 7, pp. 538–42, 
1990.

22. DeConno, F., Zecca, E., Martini, C., Ripamonti, C., 
Caracerica, A. and Saita, L., “Tolerability of Ketorolac 
Administered via Continuous Subcutaneous Infusion 
for Cancer Pain: A Preliminary Report”, J. Pain Symptom 
Manage, Vol. 9, No. 2, pp. 119–21, 1994.

23. David, B., Katz, E., Gaitini, L. and Goldir, Z., “Comparison 
of Intramuscular and Local Infiltration of Ketorolac with 
and without Local Anaesthetic”, Brit. J. Anaesth, Vol. 75, 
pp. 409–412, 1995.



JOURNAL OF INTERNAL MEDICINE OF INDIA• APRIL 2016 • VOL. 3 JOURNAL OF INTERNAL MEDICINE OF INDIA• APRIL 2016 • VOL. 3

 JIMI • APRIL 2016 • VOL. 1126  JIMI • APRIL 2016 • VOL. 11 27

Epidemiology, Clinical and Biochemical Profile of 
Malarial Patient in Bundelkhand Region
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Abhishek Kumar4, Neeshu Mathur5 and Nutan Agrawal6

ABSTRACT
Background & Objective: There are reports from all over India about changing spectrum of clinical presentation of 
severe malaria. The present study was planned to study epidemiology, clinical and biochemical profile of malarial 
patient in Bundelkhand region.
Methods: This was a prospective study which was carried out in the department of medicine at MLB Medical College, 
Jhansi from May 2012 to October 2015. In this prospective study, 901 patients of malaria were enrolled who met both 
inclusion and exclusion criteria as specified.Incidence of different plasmodium species and their biochemical and 
clinical profile were taken into account and statistically evaluated.
Results: Out of 901 patients, 435 (48.28%) patient were Plasmodium falciparum positive, 376 (41.73%) patient were 
P.vivax positive and 90 (9.99%) patient were of mixed infection. Fever (94.89%), chills and rigors (85.09%) were the 
most common complaint in all three varieties of plasmodium infection. Pallor (64.71%) was most common sign 
followed by icterus (41.43%). Anemia and jaundice were more common in P. Falciparum and mixed infection as 
compared to P. vivax.Splenomegaly wasseen inonly 51.17% pt. of malaria. Cerebral malaria was seen in 24.19% 
of cases. Mortality was highest in P. Falciparum (11.26%) positive patients, followed by mixed infection (8.89%) & 
P. vivax (7.18%). Low GCS score, jaundice, hypotension, renal failure, acidosis, hyperlactatemia,severe anemia & 
Thrombocytopenia were significantly associated with poor outcome.
Conclusion: The present study highlights P. vivax as an increasingly recognized causative agent for severe malaria in 
bundelkhand region, with similar clinical presentation and outcome to that caused by P. falciparum. Low GCS score, 
acidosis, hyperlactatemia, jaundice, hypotension, renal failure, severe anemia, thrombocytopenia or combination 
of above; were associated with poor outcome and mortality in malarial patients. A better understanding of these 
clinical and biochemical parameters will allow their use in early diagnosis of malaria complications and monitoring 
treatment response.
Keywords: Malaria, Epidemiology, Clinical Profile, Biochemical, Bundelkhand

Introduction

Malaria is a protozoan disease transmitted by the 
bite of infected Anopheles mosquitoes. Six species 

of the genus Plasmodium cause nearly all malarial 
infections in humans. These are P. falciparum, P. vivax, 
two morphologically identical sympatric species of  P. 
ovale, P. malariae, and P. knowlesi.[3] While most of the 
deaths are caused by falciparum malaria;P. knowlesiand 
P. vivax also cause severe illness and even death.[3] WHO 
estimates that there were 219 million cases of malaria in 
2010 resulting in 660,000 deaths.[1] India contributes 77% 
of the total malaria in Southeast Asia. World malaria 
report 2012 reports India alone has an estimated 24 
million cases per year.[2] Malaria is not a uniform disease; 
it encompasses many manifestations and its impact varies 
on epidemiological setting. Multi-organ involvement/
dysfunction is reported in both Plasmodium falciparum 
and P. vivax cases.[13] Malaria is endemic in bundelkhand 
regionand mortality due to malaria and its complications 
is significantly high which necessitates full clinical and 
biochemical profile study in this region.

Material and Methods
This prospective study was conducted among 901 adult 
patients of malaria in department of Medicine at MLB 
Medical College,Jhansifrom May 2012 to October 2015. 
Institutional ethical clearance was obtained from the 
college ethical committee and individual consent was 
taken from each patient.

All the patients of fever with suspicion of malaria, and 
aged >14 yearswhere investigated forPeripheral thick/
thin smear and/orquantitative buffy coat examination 
for malaria. Those positive were included in this study. 
Patients having a past history of systemic illnesses like 
hypertension, diabetes, chronic renal failure, tuberculosis, 
nephritic syndrome, acute or chronic viral hepatitis and 
chronic liver disease, and those taking medication that 
was likely to affect liver and renal function tests, were 
excluded from this study.

Patients who fulfilled inclusion criteria were 
thoroughly interrogated with regards to presenting 
complaints like fever, chills, jaundice, oliguria, hematuria, 
swelling over body, breathlessness, bleeding tendencies, 
altered sensorium, convulsions etc. On admission, vital 
parameters like temperature, pulse rate, blood pressure, 
and respiratory rate were recorded. Signs such as pallor, 
icterus, edema, hepato-spleenomegaly,bleeding were 
noted. Systemic examination was done. Investigations 
including peripheral smears, complete blood counts, 
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platelet count, urea and creatinine, bilirubin, liver 
enzymes, ABG, lactate levels, electrolytes and blood 
sugar tests were done.

Diagnosis of Malaria
The diagnosis of malaria was made by the gold standard 
method of peripheral blood smear examination by 
demonstration of asexual form of plasmodium. The thin 
smear was prepared from a finger prick, methanol fixed, 
and stained with diluted Giemsa using buffered water 
at pH 7.2 seen under oil immersion, and a minimum of 
hundred fields were examined before declaring the slides 
negative. Optimal test detecting the plasmodium lactate 
dehydrogenase (rapid diagnosis) was also used in all 
patients.

Statisticalanalysis
Data collected was systematically tabulated and analysis 
was done using standard statistical software Graph Pad 
prism.[6] The Student’s t-test for continuous normally 
distributed variables was used. For categorical data, 
the chi-square test was used and Fisher’s exact test was 
used for small numbers. For the variables not normally 
distributed, Wilcoxon’s Mann-Whitney test was 
used. P < 0.05 was considered as statistical significant 
at 95% confidence intervals. Multivariate analysis was 
done using multilinear regression analysis for various 
complications of malaria and outcome.

Observation & Result
The present study was conducted on 901 adult malaria 
confirmed patients of both sexes admitted during May 
2012 to October 2015.

Table 1: Showing Distribution of Different Species among Total Malarial  
Positive Cases and their Respective Mortality

Malarial Species No. of Cases (n=901) 
(%  of Total Cases)

Mortality (%)

P. falciparum (PF) 435 (48.28%) 49 (11.26%)
P. vivax(PV) 376 (41.73%) 27 (7.18%)
PF+PV 90 (9.99%) 08 (8.89%)
TOTAL 901 (100%) 84 (9.32%)

A total of 901 patients were included in the study 
which included 435(48.28%) cases of PF, 376(41.73%) cases 
of PV and 90(9.99%) cases of mixed infection i.e.(PF+PV).
Highest mortality was observed in patient who were 
positive for p. falciparum(49(11.26%). Mortality was also 
observed in p. vivax positive patient27(7.18%).08(8.89%)
patient expired with combined/mixed infection (i.e. 
p.vivax+ p. falciparum).

Table-2: Showing Gender Distribution of Total Malarial Positive Cases

SEX Total No. of 
Cases  

(n=901)

P. Falciparum P. vivax Mixed 
Infection

Male 505 (56.04%) 228 (45.15%) 192 (38.01%) 85 (16.83)
Female 396 (43.95%) 209 (52.78%) 134 (33.84%) 53 (13.38%)
Total 901 (100%) 437 (48.50%) 326 (36.18%) 138 (15.32%)

Out of total 901 patients of malaria, 505(56.04%)
patients were male out of which 228 (45.15%) were p. 
falciparum positive, 192 (38.01%) patients were p. vivax 
positive, and 85 (16.83) were positive for both i.e. mixed 
infection. A total of 396 (43.95%) patients in this study 
were female out of which 209 (52.78%) were p. falciparum 
positive, 134 (33.84%) patients were p. vivax positive, and 
53 (13.38%) were positive for both i.e. mixed infection. 

Clinical Features

Table 3: Showing Incidence of Symptoms
Symptoms Total No of 

Patients (%)   
(n=901)

P.falciparum P. vivax Mixed

Fever 855 (94.89%) 416 (48.65%) 350 (40.93%) 89 (10.41%)
Chills and 
rigors 774 (85.90%) 397 (51.29%) 297 (38.37%) 80 (10.33%)

Headache 422 (46.83%) 241 (57.11%) 156 (36.96%) 25 (5.92%)
Nausea and 
vomiting 590 (65.48%) 295 (50.00%) 213 (36.10%) 82 (13.89%) 

Diarrhoea 134 (14.87%) 66 (49.25%) 51 (38.05%) 17 (12.68%)
Altered 
sensorium 218 (24.19%) 151 (69.26%) 61 (27.98%) 6 (2.75%)

Fever was the most common manifestation.It was 
present in 855(94.89%) of the total patients. Chills 
and rigors were present in 774(85.90%)of the patients. 
Nausea and vomiting was one of the frequent symptoms 
after fever and chills. It was seen in 590(65.48%) of 
the cases. Headache was a presenting complaint in 
422(46.83%)of the patients. Altered sensorium was seen 
in 218(24.19%)of the patients.Diarrhea was observed in 
134(14.87%) of the total cases.

Table 4: Various Signs
Signs Total No of 

Patients/ (%)
P. Falciparum P. vivax Mixed

Pallor 583 (64.71%) 314 (53.85%) 228 (39.11%) 41 (7.03%)
Icterus 376 (41.73%) 194 (51.59%) 158 (42.02%) 24 (6.38%)
Splenomegaly 461 (51.17%) 246 (53.36%) 182 (39.47%) 33 (7.16%)
Hepatomegaly 119 (13.21%) 74 (62.18%) 30 (25.21%) 15 (12.60%)
Altered 
sensorium 218 (24.19%) 151 (69.26%) 61 (27.98%) 6 (2.75%)

Hypotension 263 (29.19%) 161 (61.22%) 75 (28.52%) 27 (10.26%)

Pallor was noted in 583 (64.71%)of the total cases.
Pallor was the most frequent physical sign in present 
study. Icterus was noted in 376 (41.73%)patients. Out 
of 901 patients in the study 461 (51.17%)patients had 
splenomegaly. Hypotension was present in 263 (29.19%)
patients. Cerebral malaria was present in 218 (24.19%)
patients. Hepatomegaly was present in 119 (13.21%)
patients.

Table 5: Glasgow Coma Scale

GCS Totalcases (%)
N=901

Improved (%) Expired (%)

<5 63 (6.99%) 3 (4.76%) 60 (95.24%)
5-13 140 (15.53%) 116 (82.85%) 24 (17.14%)
>13 698 (77.46%) 698 (100%) 00 (0%)
Total 901 (100%) 817 (90.68%) 84 (9.32%)

Out of total 901 patients, 203 (22.53%) patients had 
GCS <13. 63 (6.99%) patients had GCS <5, out of which 
60 (95.24%) expired, 3 (4.76%) patient survived. GCS 
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in the range of 5–13 was found in 140 (15.53%) patients 
out of which 116 (82.85%) patients improved while 24 
(17.14%) patients expired. 698 (77.46%) patients had GCS 
>13 and all the patients improved and none (0%) expired.
Neurological dysfunction (GCS score) was the strongest 
predictor of poor outcome (p <0.0001).

Table 6: Renal Failure

S.Creatinine 
(mg%)

Total Patients 
(%) (n=901)

Improved (%) Expired (%)

>5 (mg %) 105 (11.65%) 60 (57.14%) 45 (42.85%)
1.3-4.9(mg %) 260 (28.85%) 237 (91.15%) 23 (8.84%)
<1.2 (mg %) 536 (59.48%) 520 (97.01%) 16 (2.98%)
TOTAL 901 (100%) 817 (90.68%) 84 (9.32%)

Acute renal failure was present in 365 (40.51%) patient 
out of 901 patients. Among 365 patients of renal failure 
(s. creatinine >1.2) 68 (18.63%) patients died. 260 (28.85%)
patients had serum creatinine values in the range 1.3–4.9 
mg%, out of which 237 (91.15%) patients improved while 
23 (8.84%) of them died. 105 (11.65%)patients had serum 
creatinine values above 5 mg%, out o f them 60 (57.14%) 
patients improved and 45 (42.85%) patients died.Acute 
renal failure was a bad prognostic factor (p<0.0001).

Table 7: Jaundice

S. Bilirubin 
(mg %)

Total cases (%)
n=901

Improved (%) Expired (%)

<2(mg%) 607 (67.36%) 593 (97.69%) 14 (2.30%)
>2(mg%) 294 (32.63%) 224 (76.19%) 70 (23.56%)
TOTAL 901 (100%) 817 (90.68%) 84 (9.32%)

Out of total 901 (100%) patients, jaundice (S. bilirubin 
>2 mg %) was observed in 294 (32.63%)cases. Out of 294 
patients of jaundice, 224 (76.19%) patients improved 
while 70 (23.56%) patients expired which was found 
to be statistically significant. Thus hyperbilirubinemia  
(S. bilirubin >2mg %) is one of the strongest predictor of 
mortality (p<0.0001).

Table 8: Hypotension

Hypotension 
(BP<70 mmHg)

Total No of 
Patients (%)

(n=901)

Improved no 
of Patients (%)

Expired No of 
Patients (%)

<70 (mmHg) 263(29.18%) 208(79.08%) 55(26.44%)
>70 (mmHg) 638(70.82%) 609(95.45%) 29(4.54%)
TOTAL 901(100%) 817(90.68%) 84(9.32%)

Out of total 901 patients, hypotension (BP <70mmhg) 
was found in 263(29.18%) patients. Out of these 
208(79.08%)patients improved while 55(26.44%) patients 
died. 638(70.82%)patients had BP >70 mmHg and out 
of them, 609(95.45%)patients survived while 29(4.54%)
patients died. Hypotension was also one of the significant 
factor associated with mortality (p <0.0001).

Table 9: Hypoglycemia

Blood Sugar 
(mg %)

Total (%)
(n=901)

Improved (%) Expired (%)

>60 (mg %) 664(73.69%) 610(91.86%) 54(8.13%)
<60 (mg %) 237(26.30%) 207(87.34%) 30(12.65%)
TOTAL 901(100%) 817(90.68%) 84(9.32%)

Among 901 patients, hypoglycemia (blood sugar <60 
mg %) was found in 237(26.30%)patients of cases. Out of 
these 237 patients 207(87.34%)patients improved while 
30(12.65%)patients’ died. 664(73.69%)patients had blood 
sugar within normal limits, out of which 610(91.86%)
patients improved and 54(8.13%)patients died. This was 
not found to be statistically significant.(p=0.0502).

Table 10 : Hyponatremia

S.Sodium (mEq/l) Total (%)n=500 Improved (%) Expired (%)
<135 (mEq/L) 146(29.20%) 121(82.87%) 25(17.12%)
>135 (mEq/L) 354(70.80%) 330(93.22%) 24(6.77%)
TOTAL 500(100%) 451(90.20%) 49(9.80%)

Out of total 500 patients, Hyponatremia (s. sodium<135 
meq/L) was found in 146(29.20%)patients. Out of these 
146 patients 121(82.87%) patients improved while 25 
(17.12%) patients died. S. sodium >135 meq was found 
in 354 (70.80%) patients, among these patients only 24 
(6.77%) patients died.Hyponatremia is one of the bad 
prognostic factor for mortality in malaria (p <0.0008).

Table 11: Acidosis

S. Bicarbonate 
(mmol/l)

Total Patients 
(%) n=500

Improved No. 
of Patients (%)

Expired No. of 
Patients (%)

<15 (mmol/l) 165(33.00%) 124(75.15%) 41(24.84%)
>15 (mmol/l) 335(67.00%) 327(97.61%) 08(2.38%)
TOTAL 500(100%) 451(90.20%) 49(9.80%)

Among 500 patients acidosis (S. HOC3<15mmol/l) 
was present in 165(33.00%) patients who had bicarbonate 
level lessthan 15 mmol/l. Out of total 165 patients 
124(75.15%)patients improved while 41(24.84%) patients  
died. 335(67.00%)patients had bicarbonate level above 
15 mmol/l out of which only 08(2.38%)patients died. 
Acidosis was one of the most significant factor associated 
with mortality (p <0.0001).

Table 12: Lactate

S. Lactate 
(mmol/l)

Total (%)
n=300

Improved (%) Expired (%)

<2 206(68.67%) 204(99.03%) 2(0.97%)
>2 94(31.33%) 67(71.28%) 27(28.72%)
TOTAL 300(100%) 271(90.33%) 29(9.67%)

Among 300 patients lactic acidosis (S. lactate>2mmol/l) 
was present in 94(31.33%)patients who had lactate level 
greater than 2 mmol/l. Out of total 94 patients,67(71.28%)
patients improved while 27(28.72%) patients  died. 
206(68.67%)patients had lactate level less than 2 mmol/l, 
out of which only 2(0.97%)patients died. Hyperlactatemia 
was also one of the important significant factor associated 
with mortality (p<0.0001).

Table 13: Haemoglobin

Hb (gm/dl) Total (%) Improved (%) Expired (%)
<7 218(24.19%) 166(76.14%) 52(23.85%)
7-10 325(36.07%) 307(94.46%) 18(5.53%)
>10 358(39.73%) 344(96.08%) 14(3.91%)
TOTAL 901(100%) 817(90.68%) 84(9.32%)

Out of total 901 cases of malaria, severe anemia <7 
gm. % was seen in 218(24.19%) patients. Out of total 218 
patients with severe anemia (Hb <7) 52(23.85%) patients 
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died while 166 (76.14%) patients improved. Patients with 
Hb in the range 7-10 gm% were 325 (36.07%). Out of 325 
patients 307 (94.46%) improved. 358 (39.73%) patients 
had Hb >10 gm% out of them only 14 (3.91%) patients 
died and rest improved. Severe anemia (Hb <7gm/dl) 
was associated with poor outcome in malarial patient. 
(p< 0.0001).

Table 14: Leukocyte Count

Leukocyte (/mm3) Total (%) Improved (%) Expired (%)
<4000/mm3 229(25.41%) 210(91.70%) 19(8.29%)
4000-11000/ mm3 491(54.49%) 467(95.11%) 24(4.88%)
>11000/mm3 181(20.08%) 140(77.34%) 41(22.65%)
TOTAL 901(100%) 817(90.68%) 84(9.32%)

Out of total 901 patients, leukopenia (<4000/mm3) 
was observed in 229(25.41%) and leukocytosis (>11000/
mm3) in 181(20.08%) of cases. Out of 181 patients with 
leukocytosis 140(77.34%)patients improved while 
41(22.65%) patients died. As compared to only 19(8.29%)
patients with leukopenia died.Both leukopenia(p value 
=0.6) and leucocytosis were seen in malarial patient. 
Butleucocytosis was more strongly associated with poor 
outcome. (p<0.0001).

Table 15: Platelet Count

Platelet (/mm3) Total (%) Improved (%) Expired (%)
<80000 /mm3 501(55.60%) 441(88.02%) 60(11.97%)
>80000 /mm3 400(44.39%) 376(94.00%) 24(6.00%)
TOTAL 901(100%) 817(90.68%) 84(9.32%)

Thrombocytopenia (<80000/mm3) was another 
complication and was found in 501(55.60%)cases among 
901 patients. Out of these 501 patients, 441(88.02%) 
patients improved while 60(11.97%) patients died. It was 
another adverse prognostic factor and statistically was 
associated with increased mortality.(p<0.0025).

Discussion
The prevalence of complicated malaria has significantly 
increased in the last decade. The clinical course of malaria is 
variable and its outcome depends on the presence of one or 
several complications.[3] P.falciparum was most common 
species followed by P. vivax in this study.Mortality was 
highest in P. Falciparum patients (11.26%),followed 
bymixed infection (8.89%). In P vivax positive patient 
mortality was 7.18%. P. falciparum infection is frequently 
associated with complications which if recognized earlier 
in course and treated accordingly could bring down 
mortality significantly.[3] The present study also highlights 
P. vivax as an increasingly recognized causative agent 
for severe malaria in bundelkhand region, with similar 
clinical presentation and outcome to that caused by  
P. falciparum.

Fever (94.89%), chills and rigors (85.09%) were 
the most common complaint in all three varieties of 
plasmodium infection. Headache, diarrhea and altered 
sensorium were other symptoms frequently detected in 
malarial patients.Every patient who presents with fever 
and chills should be fully investigated for malaria and its 

complication. Cerebral malaria was present in 24.19% of 
cases.Due to increased mortality, malaria positive patient 
who presents with neurological dysfunction should be 
given special attention and preferably treated in ICU 
settings.

Pallor (64.71%) was most common sign followed 
by icterus(41.43%). Splenomegaly (51.17%) was often 
detected in individuals with malaria. Hepatomegaly 
was seen in only 13.21% of cases. Hypotension was 
frequently associated with P. falciparum followed by 
P. vivax infection. It was also significantly associated 
with increased mortality in all species infection. Anemia 
and jaundice were more common in P. Falciparum as 
compared to P. vivax. Malarial anemia is capable of 
causing severe morbidity and mortality especially in 
children and pregnant women infected with Plasmodium 
falciparum hence correction of anemia is essential to 
decrease morbidity and mortality. Jaundice is also 
common in malaria. Most often it is caused by hemolysis 
and accordingly there is elevation of unconjugated 
bilirubin levels.[9] The present study showed a high 
incidence (32.63%) of hepatic involvement, which 
indicates that malaria is one of the causes of severe 
jaundice in adult population in bundelkhand region. It 
also shows that jaundice is significantly associated with 
increased mortality in both P. falciparum and P. vivax 
positive cases.

White blood cell (WBC) counts during malaria 
are generally characterized as being low to normal, a 
phenomenon that is widely thought to reflect localization 
of leukocytes away from the peripheral circulation and to 
the spleen and other marginal pools, rather than actual 
depletion or stasis. Leukocytosis is typically reported in 
a fraction of cases and may be associated with concurrent 
infections and/or poor prognosis.[9,13] In this study both 
leukopenia and leukocytosis are associated with poor 
outcome and mortality in both species. Butleucocytosis 
was more strongly associated with mortality.

Despite not being a criterion for severe malaria, 
thrombocytopenia is one of the most common 
complications of both Plasmodium vivax and Plasmodium 
falciparum malaria. The speculated mechanisms leading 
to thrombocytopenia are: coagulation disturbances, 
splenomegaly, bone marrow alterations, antibody-
mediated platelet destruction, oxidative stress and the 
role of platelets as cofactors in triggering severe malaria.[4,9] 

Thrombocytopenia was seen in 55.60% of cases in the 
study. Finding of thrombocytopenia is of diagnostic help 
as it raises the suspicion of malaria.

In this study GCS score was the single most important 
factor in predicting mortality. GCS<5 was seen in 6.99% 
of cases out of which 95.24% expired despite proper 
intensive treatment. Acidosis was also most important 
independent factor in predicting mortality in malarial 
patients. It was seen in 33.00% cases out of which 24.84% 
patients expired. 
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Hyperlactatemia was also associated with increased 
mortality. Serum lactate levels can be independently used 
as an indicator of severity of complications and mortality. 
Those having hyperlactatemia can be observed more 
carefully for complications and care can be intensified 
in these patients so that morbidity and mortality is 
effectively reduced.

Although hyponatremia occurs in most patients with 
severe malaria, its pathogenesis, prognostic significance, 
and optimal management have not been established.[10]

In this study hyponatremia was significantly associated 
with increased mortality. Hyponatraemia was more 
common and more severe in falciparum malaria than 
vivax malaria.

Hypoglycemia is a frequently encountered 
complication in malaria that is usually ascribed to increased 
glucose use and impaired glucose production caused 
by the inhibition of gluconeogenesis.[5] Hypoglycemia 
was not significantly associated in this study but  
hypoglycemia is one of the tricky complications of 
falciparum malaria and may often go unnoticed, adding 
to the morbidity and mortality. Therefore, hypoglycemia, 
which is easily treatable, may be missed. Added to this, 
hypoglycemia can occur repeatedly and hence continuous 
monitoring of blood glucose levels is needed.

Deranged renal functions, like rise in blood urea and 
creatinine in malaria have been attributed to various 
factors like dehydration, increased catabolism, and 
impaired renal function. Pathophysiology of ARF in 
malaria is complex andmay be due to interplay of a 
number of factors. Three types of renal lesions are known 
in human malaria. They are ARF, glomerulonephritis 
(GN), and nephrotic syndrome. Two mechanisms are 
known in the pathogenesis of renal failure in P.falciparum 
malaria: specific effects of parasitized erythrocytes with 
hemorrhagic changes and nonspecific inflammatory 
and associated factors like hypervolemia, intravascular 
hemolysis, intravascular coagulation, catecholamine 
effect, endotoxaemia, and jaundice.[9,13] In this study renal 
failure was observed in 40.51% of cases out of which 
18.63% patient expired. Derangedserum creatinine level is 
also one of the important prognostic factors in predicting 
mortality in malarial patients.

In this study Low GCS score, acidosis, hyperlactatemia, 
severe jaundice, hypotension, renal failure, anemia, 
thrombocytopenia or combination of above; were 
significantly associated with poor outcome and mortality.

A better understanding of these clinical and 
biochemical parameters will allow their use in early 
diagnosis of malaria complications and monitoring 
treatment response.

References
1. WHO Malaria Report 2010.
2. WHO Malaria Report 2014.
3. White, Nicholas J. and Breman, Joel G., Malaria, Harissons 

Principles of Internal Medicine, Vol. 2, 19th Edition, 2001.
4. Mohpatra, M.K. and Das, S.P. et al., “Malaria Severity Score; 

A Method for Severity Assessment and Risk Prediction 
of Hospital Mortality for Falciparum Malaria in Adults”, 
JAPI, Feb. 2009, Vol. 57, pp. 119–126, 2009.

5. Terrie, E. et al., “Blood Glucose Levels in Malawian  
Children Before and During the Administration of 
Intravenous Quinine for Severe Falciparum Malaria”, 
The New England Journal of Medicine, Vol. 319, No. 16,  
pp. 1040–1047, 1988.

6. Anand, Anil C. et al., “PankajPuri: Incidence of Malaria”, 
Journal of Gastroenterology and Hepatology,  Vol. 20, pp. 1322–
1332, 2005.

7. Nicholas, P.J. et al., “Pathophysiology and Prognostic 
Significance of Acidosis  in Severe Adult Malaria”, Critical 
Care Medicine, June 2008, Vol. 28, No. 6, pp. 1833–1840, 2008.

8. Hanson, Josh et al. “A Simple Score to Predict the Outcome 
of Severe Malaria in Adults”, Clin. Infect Dis., Vol. 50,  
Issue 5, pp. 679–685, 2010.

9. Joseph, V. et al., “Comparison of Clinical Profile and 
Complication of Mixed Malarial Infections of Plasmodium  
Falciparum and Plasmodium Vivax  Versus Plasmodium 
Falciparum Mono Infection”, SultanqaboosUniv Med. J. 2011, 
Aug., Vol. 11, No. 3, pp. 377–382, 2011.

10. Van, Wolfswinkel M.E. et al., “Hyponatremia in Imported 
Malaria is Common and Associated with Disease Severity”, 
Malar J. 2010, May 25, Vol. 9, p. 140, 2010.

11. Mohapatra, B.N., Jangid, S.K. and Mohanty, R., “GCRBS 
Score: A New Scoring System for Predicting Outcome in 
Severe Falciparum Malaria”, J. Assoc. Physicians India, 2014 
Jan., Vol. 62, No. 1, pp. 14–7, 2014.

12. Malaria Country Profile India (1995–2007), Available at 
http://www.whoindia.org/LinkFiles/Malaria_Country_
Profile-Malaria.pdf, Bhattacharya, S., Sharma, C., Dhiman, 
R.C. and Mitra, A.P. (2006), “Climate Change and Malaria 
in India”, Current Science, 10 Feb 2006, Vol. 90, No. 3,  
pp. 369–375, Full Text at http://www.ias.ac.in/currsci/
feb102006/369.pdf

13. http://www.malariasite.com/malaria-india/



Cardiac Interventions: Future Directions:  
Status Report 2016
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ABSTRACT
In the last decade or so, interventional cardiology has grown by leaps and bounds. Cardiac diseases, which earlier 
were treated with complex cardiac surgeries, are now being increasingly tackled by interventional cardiologists 
with gratifying results. Newer developments are being introduced in this field at an alarming pace. However, as 
percutaneous interventions have supplanted surgical approaches for many types of patients and anatomical subsets, 
the risk and benefit assessment is critical. The complexity of coronary and noncoronary interventions has changed 
dramatically. Nowadays rarely is just a balloon used, the procedure is almost invariably calm and predictable, and 
now the real interventional cardiologist is “pan-vascular” and evolving to practice an “intracardiac” genre, facile in 
all of the noncoronary vasculature procedures including the ability to close a patent foramen ovale (PFO) or left atrial 
appendage, or perform transcatheter valve repair. 

Antiplatelets in Acute Coronary Syndromes 
and Percutaneous Cornary Intervention

Platelets play a pivotal role in the pathophysiology 
of acute coronary syndromes (ACS) and their 

complications after percutaneous coronary intervention 
(PCI). As a result, platelet-inhibiting drugs form the 
cornerstone of treatment in these clinical scenarios.[1] 
Currently, two oral antiplatelet therapies are available 
and widely applied for the short-and long-term 
prevention of atherothrombotic complications in patients 
who have ACS or are undergoing PCI.[2] The use of these 
agents in clinical practice has significantly improved 
cardiovascular outcomes both in the long and short term. 
In particular, results from several randomized landmark 
trails and meta-analysis have confirmed the clinical 
benefit of combined aspirin and thienopyridine treatment 
especially in high-risk patients of ACS both with and 
without PCI.[3]

Classification of Antiplatelet Agents
Antiplatelet agents can interfere at a number of levels 
with platelet functions like aggregation, release of granule 
contents, and platelet-medicated vascular constriction. 
They can roughly be classified as follows according to 
their mechanism of action:

• Aspirin and related compounds (non-steroidal 
anti-inflammatory drugs and sulfinpyrazone) 
block cyclo-oxygenase (prostaglandin H synthase), 
the enzyme that mediates the first step in the 
biosynthesis of prostaglandins and thromboxanes 
(including TxA2) from arachidonic acid.

• Dipyridamole inhibits phosphodiesterase-mediated 
breakdown of cyclic AMP, which prevents platelet 
activation by multiple mechanisms. 

• The theinopyridines clopidogrel, ticlopidine, 
and prasugrel block the binding of ADP to a 
specific platelet receptor P2Y12, thereby inhibiting 
activation of the GP IIb/IIIa complex and platelet 
aggregation.

• GP IIb/IIIa antibodies and receptor antagonists 
(abciximab, eptifibatide and tirofiban) inhibit the 
final common pathway of platelet aggregation 
(the cross-bridging of platelets by fibrinogen 
biding to the GP IIb/IIIa receptor) and may also 
prevent their adhesion to the vessel wall. We shall 
briefly review newer antiplatelet agents.

Newer Agents
The limitations of current theinopyridine therapy include 
a slow onset especially for situations requiring urgent 
PCI, non reversible nature effecting CABG and their 
great variability in response among different subgroups 
and situations. Additional therapeutic approaches are 
still needed because patients who receive currently 
available dual antiplatelet therapy may still develop 
atherothrombotic events. A number of promising 
antiplatelet therapies currently in advanced stages of 
clinical testing offer hope for improving cardiovascular 
outcomes both in the short and long term. 

Cilostazol
Cilostazol is a potent inhibitor of type III phosphodiesterase 
in both platelets and vascular smooth muscle cells. 
The antiplatelet effect of cilostazol is 10-30 times more 
potent than that of aspirin.[4}A recent study suggested 
that cilostazol could ameliorate platelet responsiveness 
to clopidogrel in patients who underwent primary PCI.
[5] Furthermore some other studies showed that the 
administration of cilostazol after PCI could significantly 
lower the incidence of in-stent restenosis.[6] Lee at al[7] 

compared the effects of triple antiplatelet vs. dual 
antiplatelet strategy on stent thrombosis up to 30 days 
after the index procedure in all patients for underwent 
PCI with both bare metal stents and drug eluting stents. 
Their results showed that compared with the dual 
antiplatelet regimen, triple antiplatelet therapy seemed to 
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be more effective in preventing thrombotic complications 
after stenting without an increased risk of side effects. 
However, that study included only a relatively small 
number of acute myocardial infarction (MI) cases. 

A retrospective observational study suggested that 
triple antiplatelet therapy by adding cilostazol to dual 
antiplatelet therapy may further reduce the risk of stent 
thrombosis, particularly in patients or lesions at increased 
risk. The rate of stent thrombosis was significantly lower 
in patients receiving cilostazol compared to aspirin and 
ticlopidine alone (0.1% vs. 0.5%). There was no difference 
in the rate of major bleeding. In a recent registry from 
South Korea, the KAMIR investigators followed up 
>2500 patients of AMI with DES on dual antiplatelet 
(aspirin and clopidogrel) and >1600 patients on triple 
antiplatelet (aspirin, clopidogrel and cilostazol for at least 
1 month) and concluded that there was similar incidence 
of bleeding, but a lower in hospital mortality and better 
outcomes at 8 months and in the diabetic subgroup with 
triple antiplatelet therapy. There was no effect on target 
lesion revascularisation and repeat PCI.[8] Cilostazol also 
has pleiotropic effects on preventing the progression of 
atherosclerosis. Nakamura et al. reported that treatment 
with cilostazol in type 2 diabetic patients with peripheral 
arterial disease could induce some beneficial changes in 
serum lipid profile and plasma fatty acid composition. 
These mechanisms might be associated with the reduction 
in repeat PCI observed in diabetic patients.

Further data are needed to confirm these findings 
before triple antiplatelet therapy can be recommended 
for routine therapy. 

Prasugrel
Initial phase 2 studies demonstrated that prasugrel had a 
more rapid onset of action and was able to achieve higher 
degree of platelet inhibition than clopidogrel, and had 
a comparable rate of significant bleeding. Furthermore, 
prasugrel effectively suppressed platelet activity in a 
larger numbers of patients than clopidogrel, since 20–25% 
of patient appeared to be clopidogrel-resistant. 

TRITO-TIMI 38 trial directly compared prasugrel to 
clopidogrel in 13,608 moderate-to high-risk acute coronary 
syndrome (ACS) patients undergoing PCI, including 
10,074 with non-ST-elevation ACS. Prasugrel was given 
as a loading dose of 60 mg followed by a maintenance 
dose of 10 mg/day while clopidogrel was given as a 300 
mg loading dose followed by 75 mg/day maintenance 
dose; the median duration of therapy was 14.5 months. 
Long-term aspirin therapy was recommended in all 
patients. At 15-month follow-up, the primary efficacy 
end point (cardiovascular death, non-fatal MI or non-
fatal stroke) occurred significantly less often in patients 
treated with prasugrel (9.9% vs. 12.1%; hazard ratio 0.81; 
95% CI 0.73-0.90) irrespective of whether or not they 
underwent PCI with stenting (the benefits were similar 
in non-ST-elevation and ST elevation syndromes).[9,10] 

This was driven primarily by a significant reduction 

in non-fatal MI (7.4% vs. 9.7%). Among patients who 
sustained a non-fatal MI or stroke, the likelihood of a 
recurrent primary end-point was significantly reduced 
with prasugrel compared to clopidogrel (10.8 vs. 15.4%), 
as was the likelihood of cardiovascular death. The rate 
of definite or probable stent thrombosis (ARC definition) 
was significantly reduced in the prasugrel group (1.1% 
vs. 2.4%) of patients who received either drug eluting 
or bare metal stents. The safety end-point of a major 
bleeding event not associated with CABG was reached 
significantly more often in patients treated with prasugrel 
(2.4% vs. 1.8%; HR 1.32; 95% CI 1.03-1.68). This difference 
was attributable to an increase in bleeding events with 
prasugrel after the first 3 days. The rate of life-threatening 
bleeding was also significantly increased with prasugrel.

In a pre-specified subset analysis of TRITON-TIMI 
38, patients with (n=3,146) and without (n=10,462) 
diabetes were evaluated.[11] The primary endpoint was 
significantly reduced with prasugrel among patients 
both with (12.2% vs. 17%) and without diabetes (9.2% vs. 
10.6%), attributable to fewer episodes of MI. 

Ongoing Studies
• TIMI: 44 trial is comparing prasugrel with a 600 

mg loading dose of clopidogrel followed by a 
crossover during maintenance phase.

• Triology ACS (TABY) is an ongoing study to test 
efficacy of prasugrel vs. clopidogrel for patients of 
ACS undergoing medical management alone.

• TRIGGER PCI trial is an ongoing study testing 
maintenance prasugrel vs. clopidogrel post PCI 
in both non responders and responders based on 
platelet activity tests.

• S.W.A.P.: Switching antiplatelet therapy 
(clopidogrel to prasugrel).

• ACAPULCO: Prasugrel vs. high dose clopidogrel 
(600 mg loading dose/150 mg maintenance dose) 
in diabetes mellitus.

• OPTIMUS-3: Prasugrel vs. high dose clopidogrel 
(600 mg loading dose/150 mg maintenance dose) 
in diabetes mellitus. 

Prasugrel appears to be an important advance in 
antiplatelet therapy. With appropriate patient selection 
for prasugrel treatment, one can expect significant 
benefits with respect to subacute stent thrombosis with 
an acceptable risk of bleeding.

Cangrelor
Cangrelor is a potent direct platelet P2Y12 antagonist. Its 
onset of effect occurs in seconds, assuming a bolus dose is 
given, and it can inhibit up to 100% of ADP receptors. It 
has a predictable steady-state dose-effect relation, which 
appears to be desirable. The drug has a short plasma 
half-life, clearance that is independent of renal or hepatic 
function with complete platelet recovery within 20 
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minutes to 1 hour, and clinical effects similar to those of an 
intravenous glycoprotein IIb/IIIa inhibitor but with the 
potential for greater convenience and less bleeding. The 
TRITON-TIMI 38 showed that more potent antiplatelet 
blockade reduces inchemic events further, so cangrelor 
might be expected to suppress periprocedural ischemic 
events to an even greater extent, even in patients who are 
pretreated with clopidogrel. This was tested in phase 3 
trials like Champion PCI which compared, in a double-
blind study, cangrelor intravenous bolus and infusion 
to clopidogrel 600 mg orally given immediately prior 
to PCI in 9,000 subjects undergoing PCI. CHAMPION 
PLATFORM was a randomized, double-blind, placebo-
controlled, parallel group study in over 4,400 patients, 
with the primary objective to demonstrate whether 
cangrelor plus usual care is superior to placebo plus 
usual care in patients requiring PCI. Both CHAMPION 
trials had essentially negative results. The enrollment 
was terminated prematurely when it was realized that 
the primary end-points will not be met. However detailed 
analysis reveals that perhaps the design of the trial(s) in 
particular delaying the loading dose of clopidogrel and 
use of cangrelor infusion to only 2 hours with an abrupt 
cessation were not particularly helpful to identify the place 
of cangrelor. Cangrelor can be used when an antiplatelet 
therapy is needed for a short term, when oral drugs can’t 
be used and when a short drug half-life is needed e.g. in 
bridging patients on drugs like clopidogrel who need to 
go off the drug to undergo non-cardiac surgery. 

Ticagrelor (AZD6140)
Ticagrelor is the first oral, direct-acting, 
cyclopentyltriazolopyrimidine (CPTP), reversible 
inhibition of P2Y inhibitor. It is not a thienopyridine or 
ATP analog but has greater antiplatelet efficacy than 
clopidogrel. It is not a prodrug and does not require 
metabolic activation. Its onset of action starts within 
2 hours with peak plasma levels at 2–3 hours. CPTP 
inhibition of platelet aggregation vs. clopidogrel is more 
consistent and its degree of inhibition reflects plasma 
concentration. The offset of effect is within (36–48 h) 
which results in functional recovery of all circulating 
platelets.[12]

The platelet inhibition and patient outcomes (PLATO) 
study will randomize 18,000 patients with ACS or STEMI 
to receive clopidogrel 300 mg loading dose followed 
by 75 mg daily vs. ticagrelor 90 mg twice daily for 6–12 
months. The primary outcome is CV death, MI, or stroke. 
Phase 2 studies indicate that ticagrelor has a safety profile 
similar to that of clopidogrel. However, the prevalence 
of dyspnea and ventricular pauses was higher during 
ticagrelor therapy, in the DISPERSE-2 study, while the 
prevalence of MI was lower with ticagrelor. 

SCH 530348
SCH 530348 provides relatively rapid, potent,  
dose-dependent, and durable inhibition of thrombin 
receptor-activating peptide-induced platelet aggregation 

(>80% at 2 hours after a 40 mg loading dose and at 30 
and 60 days with 1.0 and 2.5 mg maintenance doses). It 
does not have a measurable effect on platelet aggregation 
induced by other agonists (e.g., ADP, arachidonic acid, 
collagen). Bleeding and clotting times are not significantly 
affected by this drug. Large-scale phase III clinical trials 
of SCH 5.0348 are presently under way.

Elinogrel (PRT 060128)
It is being tested in a phase II (INNOVATE-PCI) trial. Its 
oral effect starts within seconds.

Glycoprotein IIb/IIIa Antagonits
Regardless of the initiating agonist, the final common 
pathway for platelet aggregation or binding one to 
another is the cross-linking of fibrinogen and the 
glycoprotein (GP) IIb/IIIa receptor. This makes GP IIb/
IIIa inhibitors many times more effective in inhibiting 
platelet aggregation than other agents, such as aspirin, 
cilostazol, and clopidogrel. Intravenous GP IIb/IIIa 
inhibitors inhibit ADP-induced platelet aggregation in 
vitro by approximately 30–40% for thienopyridines. 

The three GP IIb/IIIa inhibitors presently in clinical use 
are the chimeric antibody abciximab, the cyclic heptapeptide 
eptifibatide, and peptidomimetric molecule tirofiban. At 
therapeutic doses, these GP IIb/IIIa antagonists achieve 
>80% inhibition of available platelet bound receptors, 
which appears to be necessary for inhibition of platelet 
dependent thrombus formation (Table 1).

Table 1: Characteristics of Glycoprotein IIb/IIIa Inhibitors

Type Abciximab 
Monocional 

Antibody  
Fragment

Eptifibatide 
Small 

Molecule 
(KGD 

Sequence)

Tirofiban 
Small 

Molecule 
(RGD 

Sequence)

Platelet-bound half-life Long 
(Hours)

Short 
(Seconds)

Short 
(Seconds)

Plasma half-life Short 
(Minutes)

Long (2.5 
Hours)

Long 1.8 
Hours)

Drug-to-receptor ratio 1.5-2.0 250-2,500 >250

% of dose in bolus ~75% <2-5% <2.5%
Dosage adjustment in 
renal insufficiency None Yes Yes

Specificity selectively 
IIb/IIIa  
αvβ3 
Mac-1

xxx 
xxx 

x

xxx 
x xxx

Platelet aggregation 
recovery 48 hours ~ 4 hours ~ 4 hours

Reversibility with 
platelet transfusion Yes No No

Recommendations for Use in Acute  
Coronary Syndromes
Several large-scale placebo-controlled trials were 
completed for IIb/IIIa inhibitors in the setting of unstable 
angina and non-ST-elevation myocardial infarction 
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(NSTEMI). Overall, the 6 trials showed a 9% relative 
reduction in the 30-day occurrence of death or MI. While 
most patients in these studies were treated relatively 
conservatively regarding PCI, some did undergo early 
intervention.

Timing
The optimal time of initiation of GP IIb/IIIb inhibitor 
therapy in patients with an NSTEMI who are treated 
with an early invasive strategy is not clearly defined. 
This issue was addressed in the ACUITY Timing trial, 
which was a subrandomization of the ACUITY trial of 
moderate to high-risk acute coronary syndrome (ACS) 
patients. In ACUITY Timing, 9207 non-ST-elevation 
ACS patients scheduled to undergo an invasive strategy 
were randomly assigned to either upstream GP IIb/
IIIa inhibitor or deferred GP IIb/IIIa inhibitor using the 
following dosing schedules:
• For patients assigned to upstream therapy (i.e. initiated 

at the time of diagnosis), the dose of eptifibatide was a 
180 µg/kg bolus plus 2.0 µg/kg/min infusion and that 
of tirofiban was 0.4 µg/kg/min bolus for 30 minutes 
followed by 0.1 µg/kg/min infusion. 

• For patients assigned to deferred therapy (i.e., 
initiated in the catheterization laboratory), the dose of 
eptifibitide was 180 µg/kg/min plus 2.0 µg/kg/min 
with a second bolus given in 10 minutes or abciximab 
0.125 mg/kg bolus plus 0.125 µg/kg infusion, with a 
maximum of 10 µg/min.
The primary outcome was assessment of non 

inferiority of deferred GP IIb/IIIa inhibitor use compared 
with upstream administration for the prevention of 
composite ischemic events. The following findings were 
noted at 30days:
• The composite primary end-point of death, MI or 

unplanned revascularization occurred more often in 
patients in the deferred group (7.9% vs. 7.1%; relative 
risk 1.12, 95% CI 0.97-1.29) and therefore the criteria 
for non inferiority for deferred therapy was not met.

• Deferred use resulted in significantly reduced 30 day 
rates of major bleeding (4.9% vs. 7.1%). The lower rate 
of bleeding with deferred therapy probably reflects 
selective use. With deferred therapy, a GP IIb/IIIa 
inhibitor would only be given to those undergoing 
PCI, while all patients would be treated with upstream 
therapy.
The suggestion of better clinical outcomes with 

upstream therapy is consistent with findings from the 
much smaller (93 patients) EVEREST trial, which looked at 
parameters of tissue level perfusion.[13] Upstream therapy 
with tirofiban (0.4 µg/kg/min bolus for 30 minutes 
followed by 0.1 µg/kg/min up to 12 hours after PCI) 
compared to deferred therapy with tirofiban or abciximab 
was associated with significant benefits: a lower rate of 
TIMI myocardial perfusion grade 0/1 (28% vs. 67% and 
71% in the other two groups); improved perfusion on 

intracoronary myocardial contrast echocardiography; 
and a lower rate of post procedural cardiac troponin-I 
elevation (9% vs. 30% and 39%).

Meta-analysis
In order to more fully understand the efficacy and 
safety of intravenous GP IIb/IIIa inhibitors given with 
aspirin and heparin in patients with a non-ST-elevation 
ACS, a meta-analysis examined individual data from 6 
randomized trials of 31,400 patients who did not undergo 
early (<48 hours) revascularization during study drug 
infusion.[14]

A limitation to applying the following findings to 
current practice is that the patients were not treated with 
clopidogrel.
• GP IIb/IIIa inhibitors were associated with a significant 

reduction in the combined end-point (death or MI) at 5 
days (5.7% vs. 6.9% for placebo/control, OR 0.84, 95% 
CI 0.77-0.93) and at 30 days (10.8% vs. 11.8%, OR 0.91, 
95% CI 0.85-0.98); a reduction was also seen for the 
individual end-points of death and MI.

• The benefit of therapy was limited to 38% of patients 
in whom PCI or coronary artery bypass graft surgery 
was performed within 30 days (OR for death or MI 
0.89, 95% CI 0.80-0.98). In other patients who did not 
undergo coronary revascularization, the OR for death 
or MI was not significantly reduced (OR 0.95, 95% CI 
0.86-1.05).

• The benefit of therapy also appeared to be limited 
to patients with a positive serum troponin T or I 
concentration (>0.1 ng/mL) OR 0.85, 95% CI 0.71-
1.03). In contrast, there was no benefit in those with 
concentrations <0.1 ng/mL.

• Gender may be important. GP IIb/IIIa inhibitors 
significantly decreased the combined end-point at 30 
days in men (10.4% vs. 12.6%, OR 0.81, 95% CI 0.75-
0.89); in comparison, there was a significant increase in 
the end-point in women (11.5% vs. 10.4, OR 1.14, 95% 
CI 1.01-1.30). This difference in outcome disappeared 
when troponin status was included, since men more 
often presented with positive baseline troponin.

• GP IIb/IIIa inhibitors were associated with an 
increased risk of major bleeding complications 
compared to placebo/control (2.4%vs. 1.4%, OR 1.64, 
95% CI 1.36-1.97).
Similar to the randomized clinical trials of PCI, most of 

the benefit form IIb/IIIa inhibitors among ACS patients 
was a reduction in MI. Most trials showed no reduction 
in 30 day mortality. A noted exception is that all trials, 
except PARAGON B, showed a non-significant lowering 
of mortality among diabetic patients receiving IIb/IIIa 
inhibitors. 

Management
Recent observations have demonstrated that the 
primary cause of aspirin resistance is poor compliance to 
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medication. Therefore, it is imperative when performing a 
platelet function test assessing for aspirin responsiveness 
that the patient is compliant with treatment. The second 
most important factor in the management of aspirin-
resistant patients is whether the patients are receiving 
treatment with substances, such as ibuprofen, which 
interfere with COX-1 acetylation. Some investigators 
have considered increasing the dose of aspirin in 
resistant patients. However, there is no evidence that 
increasing the dose of aspirin based on these measures in 
accompanied by better clinical outcomes. On the contrary, 
higher aspirin doses are known to be associated with an 
increased risk of bleeding.

Although multiple factors have been attributed to 
inadequate clopidogrel response, the factors that appeared 
to be the most important for the management of patients 
with inadequate platelet inhibition are compliance and 
dosing.

Switching to alternative antiplatelet medications 
based on a laboratory finding of resistance is also not 
indicated, as there is no evidence on the effectiveness 
of this strategy from dedicated randomized clinical 
trials. This is currently being evaluated in the ASpirin 
non responsiveness and Clopidogrel End-point Trial 
(ASCET). In this study, 1,000 patients with documented 
CAD are being randomized to either continued treatment 
with aspirin 160 mg/day or a change to clopidogrel 
75 mg/day after initial determination of their platelet 
reactivity while receiving aspirin treatment. Clinical 
end-point will be recorded for about 2 years and related 
to the initial aspirin response.[15] The safety and efficacy 
of high clopidogrel dosing in patients with inadequate 
clopidogrel response is also currently being evaluated 
in the Gauging Responsiveness with a Verify Now 
Assay-Impact on Thrombosis and Safety (GRAVITAS) 
study. Recent observations from the OPTIMUS-2 study 
have shown that adjunctive treatment with cilostazol in 
addition to aspirin and clopidogrel is associated with 
enhanced P2Y inhibition.[16] These biologic findings may 
explain better clinical outcomes, including reduced 
stent thrombosis, in patients receiving triple versus 
dual antiplatelet therapy.[17] The result of these studies is 
expected to help arrival at firm recommendations for use 
of antiplatelet therapy in diverse clinical situations.

In-Stent Restenosis in the Drug-Eluting  
Stent Era

Restenosis after angioplasty and stent implantation 
has been historically considered the most significant 
problem in coronary interventional treatment.[18] Drug-
eluting stents (DES) have dramatically reduced the rates 
of restenosis and target lesion revascularization (TLR) 
compared with bare-metal stents (BMS).[19] However, a 
low rate of in-stent restenosis (ISR) after DES still exists, 
and its prevalence is not negligible because the population 
treated with DES is large. Although the low frequency of 
ISR events with DES makes clinical investigation difficult, 

many studies have addressed the incidence, mechanism, 
predictors, and optimal treatment of DES restenosis.

Definition
Binary angiographic restenosis is defined as >50% luminal 
narrowing at follow-up angiography. Clinical restenosis 
is defined as diameter stenosis >50% and associated with 
one of the following:
• Positive history of recurrent angina pectoris, 

presumably related to target vessel
• Objective signs of ischemia at rest (ECG changes) 

or during exercise test (or equivalent), presumably 
related to target vessel

• Abnormal results of any functional diagnostic test 
(e.g. coronary flow velocity reserve, FFR <0.80); IVUS 
minimum cross-sectional area <4 mm2 (and <6.0 mm2 

for left main stem) has been found to correlate with 
abnormal FFR and need for subsequent TLR
TLR with diameter stenosis >70% even in absence of 

the above ischemic signs or symptoms.

Incidence
The initial pivotal randomized trials comparing DES and 
BMS were conducted in patients with de novo native 
coronary artery lesions, and ISR was observed at follow-
up in _6% of patients.[20] After these promising initial 
results, DES were rapidly and widely adopted, enabling 
more complex percutaneous procedures than in the 
preceding era. Subsequently, restenosis rates increased 
to the double-digit domain in randomized head-to-head 
DES comparisons including more complex patients and 
lesions. Moreover, a number of clinical registries and 
observational studies that included complex, unselected 
patients reported restenosis rates higher than 10%.[14]

Clinical Presentation
Common clinical presentation of ISR are effort angina, 
unstable angina, AMI and rarely sudden death.

Pathophysiologic Mechanisms
Biological, mechanical and technical factors that 
contribute to ISR after DES implantation are listed in 
Table 2.

Table 2: Possible Mechanisms of Restenosis After DES

Biological Factors
Drug resistance
Hypersensitivity
Mechanical Factors
Stent underexpansion
Nonuniform stent strut distribution
Stent fracture
Nonuniform drug elution/deposition
Polymer peeling
Technical Factors
Barotrauma outside stented segment
Stent gap
Residual uncovered atherosclerotic plaques
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Predictors of In-Stent Restenosis
Predictive factors for DES restenosis, such as diabetes 
mellitus, complex lesions (B2/C), small vessels, longer 
stents, and stent underexpansion, identified from  
real-world data seem to be similar to those for BMS 
restenosis (Table 3)

Table 3: Predictors of ISR or TLR after DES Implantation

Patient 
Characteristics

Lesion 
Characteristics

Procedural 
Characteristics

Age 
Female sex 
Diabetes mellitus 
Multivessel coronary 
artery disease

ISR 
Bypass graft 
Chronic total occlusion 
Small vessels 
Calcified lesion 
Ostial lesion 
Left anterior 
descending 
coronary artery lesion

Treatment of multiple 
lesions 
Type of DES 
Final diameter 
stenosis

Clinical Approach and Treatment Options
The optimal treatment for DES restenosis remains 
undefined. The variety of treatment options (conventional 
balloon angioplasty, cutting or scoring balloon, drug-
eluting balloon, BMS, same DES, different DES, vascular 
brachytherapy [VBT], or bypass surgery) and the 
variable etiologies of DES restenosis make it difficult for 
interventional cardiologists to determine the optimal 
therapy for this condition, except for the almost uniform 
avoidance of VBT. Although not specifically outlined 
in any guideline document, a patient treated with a 
new DES for ISR should be considered high risk and 
should continue on dual antiplatelet therapy unless a 
complication emerges. Therefore, the track record of 
dual antiplatelet adherence until ISR development is also 
important because any complication or noncompliance 
issues may preclude further interventional treatment 
options and favour coronary artery bypass graft selection.

Future Directions
Several randomized trials investigating treatment 
strategies for DES ISR are currently ongoing. The 
randomized GISE-CROSS (DES Crossover for In-Stent 
Restenosis) trial is evaluating same versus different DES 
as alternate therapies for DES restenosis. Moreover, 2 
Korean multicenter trials are currently enrolling patients. 
The DES-ISR trial is evaluating the relative efficacy of PES 
and SES for diffuse DES ISR, and the FOCUS (Focal In-
Stent Restenosis After Drug-Eluting Stent) trial compares 
cutting balloon angioplasty with SES for focal DES ISR. 
The drug-eluting balloon is another novel promising 
modality to treat DES ISR. The theoretic advantage of 
a drug-eluting balloon over DES could be that it allows 
for delivery of an antirestenotic agent without adding a 
second layer of metal. The drug-eluting balloon has been 
shown to be effective in the treatment of BMS ISR. The 
PEPCAD-DES (Treatment of DES In-Stent Restenosis 
With SeQuent Please Paclitaxel Eluting PTCA Catheter) 
trial is currently recruiting patients to investigate the 

efficacy of a paclitaxel-eluting balloon for the treatment 
of DES ISR.[21,22]

Conclusion
DES result in reduced rates of restenosis compared with 
BMS across all lesion and patient subsets. Angiographic 
coronary restenosis rates after DES implantation have 
fallen below 10% in several randomized trials. However, 
this rate increases when complex lesions are treated. 
Although predictors of restenosis after BMS deployment-
such as diabetes mellitus, small vessels, and stenting 
long lesions-are still significant in the era of DES, the 
morphologic pattern of restenosis is different following 
BMS versus DES implantation. The predominant pattern 
of angiographic restenosis is focal, and this pattern is 
related to better prognosis. However, a diffuse pattern 
type still exists and is associated with a high incidence of 
restenosis recurrence. In addition, the issues of delayed 
restenosis and the mechanisms of restenosis with DES 
have not been fully investigated with these devices. 
Further detailed studies are warranted to understand 
the development of restenosis in DES and its precise 
treatment. We anticipate that these studies will become 
more complex with the emergence of new types of DES. 

Bioabsorbable Stents
Bioabsorbable stents, once they are bioabsorbed, 
leave behind only the healed natural vessel, allowing 
restoration of vasoreactivity with the potential of vessel 
remodeling. Late stent thrombosis is unlikely since the 
sent is gone, and prolonged antiplatelet therapy is not 
necessary in this instance. Biabsorbable stents can also 
be suitable for complex anatomy where stents impede 
on vessel geometry and morphology and are prone to 
crushing and fractures, such as in seen in saphenous 
femoral and tibial arteries. Biabsorbable implant stents 
can be used as a delivery device for agents such as drugs 
and genes, and will perhaps play a role in the treatment 
of vulnerable plaque. Transferring genes that code key 
regulatory pathways of cell proliferation inside the cells 
of the arterial wall using polymer stents as vehicles is 
feasible. Regardless of which agent (drug or gene) will 
finally conquer restenosis, a polymer stent restenosis an 
optional vehicle for such delivery. Finally, bioabsorbable 
stents are compatible with magnetic resonance imaging 
(MRI) and multi-slice computed tomography imaging. 

Bioabsorbable Polymers and Stent Designs
There are several conditions to consider when selecting 
a polymer or alloy for the bioabsorbable stent. These 
include the strength of the polymer to avoid potential 
immediate recoil, the rate of degradation and corrosion, 
biocompatibility with the vessel wall and lack of toxicity. 
The change in the mechanical properties and the release 
profiles of drugs from bioabsorbable stents would 
directly depend on the rate of degradation of the stent, 
which can be controlled by selection of the stent alloy, 
passivation agents and the manufacturing process of the 
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stent. Currently there are two types of materials used 
for bioabsorbable stnets: polymeric-based and metallic-
based. Polymers have been widely used in cardiovascular 
devices and are currently primarily used as delivery 
vehicle for drug coatings. Among the polymers suggested 
for bioabsorbable stents are poly-L-lactic acid (PLLA), 
polyglycolic acid (PGA), poly(D,L-lactide/glycolide) 
copolymer (PDLA), and polycaprolactone (PCL). Each of 
these polymers was designed as either self-expanding or 
balloon-expandable stents. Another proposed design is 
the hybrid stent, which combines polymeric absorbable 
stents with a metalic backbone to enable strength and 
prevent recoil.

Among the first polymeric stents to be tested was 
the PLLA bioabsorbable stent reported to hold up to 
1,000 mm Hg crush pressure and maintain its radial 
strength for 1 month. This stent was almost completely 
degraded by 9 months with minimal thrombosis, 
moderate neointimal growth and a limited inflammatory 
response in porcine coronary arteries. The Igaki-Tamai 
stent, another polymetric stent, is made of poly-L-lactic 
acid monofilament (molecular mass = 183 KDa) with 
zigzag helical coil design. Another interesting concept 
is the multilayered biodegradable stent designed by 
Eury et al., which is made of various polymers such as 
poly-L-lactic acid, polyglycolic acid, polycaprolactone, 
polyorthoesters or polyanhydrides. The unique feature 
of the stent is that one layer addresses the structural 
requirements of the stent and an additional layer controls 
the release of different drugs. The laminated construction 
allows the combination of a plurality of different drugs 
containing different materials all within a single stent. 
By appropriate configuration of the layers, drug release 
characteristics can be adjusted. 

Human Experience with the Polymer Stent
Tamai et al. were the first to report immediate and 
6-month results after implanting the Igaki-Tamai stent 
in 15 patients. A total of 25 stents were electively and 
successfully implanted in 19 lesions, with angiographic 
successes in all procedures. The authors provide clinical 
and angiographic follow-up data at 1 day, 3 months and 
6 months. No stent thrombosis or major cardiac event 
occurred at 30 days. Angiographically, both the restenosis 
rate and TLR rate per lesion were 10.5%, while the rates per 
patient were 6.78% at 6 months. Even so, the presence of 
a loss index of 0.48 at 6 months is encouraging. The study 
showed that the Igaki-Tamai stent may not be associated 
with more pronounced intimal hyperplasia than stainless 
steel stents. Interestingly, there was evidence of vascular 
remodeling at the stented site, with an increase of the 
cross-sectional area from 7.42 mm2 at baseline to 8.18 mm2 

at 3 months as evaluated by intravascular ultrasound. 
This persistent expansion was associated with a decrease 
in the lumen cross sectional area, although after the third 
month, no further stent expansion was observed. Tsugi et 
al. reported 1-year follow-up data in a total of 63 lesions 
in 50 patients who underwent elective stent implantation 

with the Igaki-Tamai stent. No complications with 
regard to stent implantation were reported. Quantitative 
coronary angiography at 3, 6 and 12 months demonstrated 
percent diameter stenoses of 12 + 8, 25 + 23, and 33 + 23, 
respectively. Restenosis rates were 21% (12/58 lesions) at 
6 months and 19% (7/36 lesions) at 12 months. The TLR 
rate was 12% (7/58 lesions) at 6 months and 17% (6/36 
lesions) at 12 months. A recent report of 4-year follow 
up pf this cohort supported the long-term safety profile 
of the Igaki-Tamai stent. Further studies with this stent 
demonstrated feasibility and safety in deployment of 
these stents over a length of 70 mm. Overall, these findings 
demostrated feasibility and safety, with acceptable 
efficacy of the use of biodegradable poly-L-lactic acid 
stents in human coronary arteries. 

Limitations of the Polymer Stents
Polymeric biodegradable stents have demonstrated 
several limitations. Their strength is lower when 
compared to metallic stents, which can result in early recoil 
postimplantation. They are associated with a significant 
degree of local inflammation. The bioabsorption rate is 
relatively slow, and may still result in restenosis. These 
stents are radiolucent, which may impair accurate 
positioning. Furthermore, it is difficult to deploy the stent 
smoothly and precisely without fluroscopic visualization. 
The polymer alone has a limited mechanical performance 
and a recoil rate of approximately 20%, which requires 
thick struts that impede their profile and delivery 
capabilities, especially in small vessels.

Bioabsorbable Metalic Stents
Metal bioabsorbable stents are intuitively attractive 
since they have the potential to perform similarly to 
stainless steel metal stents. So far, two bioabsorbable 
metal alloys have been proposed for this application: 
iron and mangesium. The biocompatibility of these 
stents depends on their solubility and their released 
degradation products. Their local toxicity is related to the 
local concentration of the elements over time. The tissue 
tolerance for physiologically occurring metals depends 
on the change of their tissue concentrations induced by 
corrosion. Thus metals with high tissue concentrations 
are the ideal candidates for bioabsorption stents.

Initial Clinical Trials with the Mg Alloy  
Absorbable Stent
The first clinical trial to test the feasibility and safety of 
the magnesium bioabsorbable stent was performed in 20 
patients who presented with claudication due to severe 
peripheral vascular disease (Rutherford Class IV and 
V), and who are were candidates for amputation. These 
patients had lesions in the proximal two-thirds of one or 
more infrapopliteal arteries, and were subjected to PCI 
with the magnesium stent under a compassionate base 
protocol. Following predilatation, the 3.0 x 15 and 3.5 x 
15 mm magnesium stents were successfully deployed 
with good angiographic and ultrasound results. There 
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was no evidence of blood or vessel toxicity, and the 
patency rates at 3 and 6 months postimplantation were 
89% and 78%, respectively. Limb salvage was obtained 
in all patients at 3 months, while at 6 months, 1 patient 
underwent amputation to the limb intervened upon. 
Duplex ultrasound and MRI demonstrated complete 
absorption of stents at 3 months. 

The results of this study have led to a clinical trial with 
the magnesium stent in coronary arteries. The PROGRESS 
study is designed as a safety study in 65 patients in 7 
European centers. The intravascular ultrasound follow-
up scheduled at 4 months will determine whether these 
stents are indeed disappearing and will indicate what the 
restenosis rate will be. The initial implantation of these 
stents in the coronary arteries was successful, with good 
apposition of the stent imaged by IVUS.

Currently, magnesium stents are not visible by X-ray 
and are not leaded with drugs for the prevention of 
restenosis. The need for such a drug will be determined 
by the results of the clinical trials since the recoil is 
minimized with the use of a metallic stent and the trigger 
for continuous inflammation is gone shortly after stent 
deployment. This stent will result in less restenosis than 
is seen with bare metal stents. If drugs are essential to 
control restenosis, they can be loaded with another 
bioabsorbable polymer or without an additional vehicle 
using the magnesium as the platform for those drugs.

Future Directions
Though biodegradable polymer stents and biocorrodible 
metallic stents seem to be ultimate candidates for the 
ideal stent, further research is required before they can 
substitute the conventional bare metal or drug-eluting 
stent. If so, they may eliminate the need for prolonged 
antiplatelet therapy and will be compatible with future 
noninvasive imaging of the coronary tree.

By controlling the ideal absorption time and rate, they 
can be useful for other applications such as angiogenesis 
and gene transfer. Once they deposit the drug locally, 
the vehicle as a whole will disappear in the surrounding 
tissue. In the meantime, it would be interesting to follow 
whether the bioabsorbable stent concept will be adopted 
and thus eliminate the current practice in which many 
patients chronically carry metal prostheses in their 
coronary arteries. 

Percutaneous Coronary Interventions  
through Transradial Approach

Transradial angiography and intervention is widely 
practiced throughout the world.23 Although the transradial 
approach offers many clinical and economical advantages, 
the most tangible benefit is a reduction in vascular access 
site bleeding complications after PCI.[24] Recently, the 
science of transradial PCI has been advanced with the 
publication of several studies pertaining to radial artery 
access,[25,26] right versus left radial artery approaches, and 
understanding the mechanisms of transradial PCI failure.[27 ]

What is the Optimal Antithrombotic Strategy  
for Transradial PCI ?
Since transradial PCI is associated with a < 1% vascular 
access complication rate, it is reasonable to reconsider 
the transradial antithrombotic paradigm. Although 
access site bleeding and vascular complications are 
neatly eliminated with transradial access, non-access site 
bleeding continues to be an appreciable risk. It is clear 
that the risk of non-access site bleeding varies with the 
population studied and the antithrombotic regimens 
used. From the recently published survey of global 
practice patterns among transradial operators, there does 
not seem to be a consensus on the antithrombotic strategy 
used for PCI.[23] For elective and low-risk PCI cases, a 
majority of operators in the United States use bivalirudin 
(53.2%), whereas in other countries, unfractionated 
(UFH) heparin alone is most commonly used. For ACS 
patients, UFH with or without glycoprotein inhibitor 
(GPI) is frequently used outside of the United States. 
In the United States, UFH with or without GPI and 
bivalirudin with or without GPI regimens are similarly 
used. Given the available data, it is difficult to make a 
strong evidence-based recommendation for any particular 
regimen. What does appear important is an adoption of 
approaches that reduce both access site and non-access 
site bleeding. As previously mentioned, radial access 
nearly eliminates access site bleeding but would not be 
expected to reduce non-access site bleeding. Concomitant 
pharmacological approaches are necessary to accomplish 
“global” reduction in bleeding risk. Therefore, combining 
transradial PCI with appropriate dosing of antithrombin 
and antiplatelet agents, or with bivalirudin or intravenous 
enoixaoarin, appears to be a reasonable approach until 
further data are available. 

Transradial Access for STEMI
The treatment of ST-elevation MI (STEMI) has evolved 
over time such that outcomes have significantly 
improved. Despite this improvement, patients with 
STEMI undergoing PCI have higher acute mortality 
rates, lower procedural success rates, higher resource 
utilization, and more bleeding complications compared 
with patients undergoing elective PCI or PCI for non-ST-
segment elevation ACS. Bleeding in particular appears 
to be a major risk factor that is linked to subsequent 
mortality. Transradial access offers another approach to 
lowering bleeding risk in this high risk cohort of patients. 
A meta-analysis of radial primary PCI studies showed an 
association between transradial primary PCI and reduced 
mortality, which was ostensibly driven by limiting 
postprocedure vascular and bleeding complications.

Given the learning curve that is associated with 
adopting transradial PCI and the clinical priority given 
to door-to-door-balloon times, starting a transradial 
primary PCI program should be reserved for those 
operators and catheterization laboratory staff who are 
experienced with complex transradial PCI. No clear 
guidelines are available, and each operator’s learning 



JOURNAL OF INTERNAL MEDICINE OF INDIA• APRIL 2016 • VOL. 11 JOURNAL OF INTERNAL MEDICINE OF INDIA• APRIL 2016 • VOL. 11

 JIMI • APRIL 2016 • VOL. 1138  JIMI • APRIL 2016 • VOL. 11 39

will likely differ. In addition laboratory staff, who are an 
integral part of the STEMI team, must be proficient with 
the patient setup, equipment, and postprocedure care 
that are unique to radial procedures. 

There are certain principles that can facilitate the 
performance of transradial primary PCI in the context 
of current door-to-balloon time pressures. First, tests 
for determining dual circulation to the hand (eg. Allen’s 
test, Barbeau test) can be performed quickly either in the 
emergency department or immediately upon arrival in 
the procedure area. Second, radial access can be achieved 
simultaneously with patient setup because fluroscopy 
is usually not necessary. Third, it is important to have 
a bailout strategy in case radial access, traversing the 
arm or chest vascular, or engaging the coronary arteries 
creates a delay to prompt reperfusion. Another strategy 
that has been described is the routine use of the left radial 
approach for primary transradial PCI due to a lower 
incidence of subclavian tortuosity compared with the 
right side. Subclavian tortuosity has been described as the 
cause of transradial PCI procedural failure in up to 18% 
of cases. This may be even more relevant among elderly 
patients and those of short stature; therefore, either a 
routine left radial approach or a selective left radial 
approach in older patients and those who are <65 inches 
in height may reduce primary transradial PCI procedural 
failure.

There are several reports in the literature that have 
demonstrated the feasibility if using the radial approach 
for the treatment of STEMI. Given the relatively localized 
expertise with this technique, these studies are limited to 
a few centers. Each of these studies required the operators 
to have performed >100 transradial PCI procedures. 
In these studies, they were able to achieve similar 
procedural success rates with less bleeding complications 
when compared to the transradial approach. In some 
cases, the door-to-reperfusion time was increased by 
a few minutes, whereas in other cases, there was no 
difference between transradial and transfemoral access. 
The recently completed RIVAL trial will report on major 
adverse cardiac outcomes between STEMI patients who 
were randomized to radial or femoral approaches to 
primary PCI and will provide further data on the efficacy 
and safety of primary transradial PCI.

Radial Artery Occlusion
Radial artery occlusion after transradial PCI has been 
shown to occur in up to 8% of patients. Although the 
pathogenesis is not well understood, it is likely related 
to arterial injury during catheter manipulation that leads 
to spasm and thrombosis. The current literature suggests 
that most radial artery occlusion is clinically silent, but 
most studies have not routinely surveyed patients for this 
event and often exclude patients that lack dual circulation 
to the hand. Importantly, there is inconsistent evidence 
supporting the utility of the Allen’s test for identifying 
patients who are at risk of developing symptomatic 
radial artery occlusion. Further, many patients who 

develop radial artery occlusion will often recanalize 
their radial artery at 30 days. Risk factors for radial 
artery occlusion include high ratio of the arterial sheath 
diameter to the radial artery diameter, lack of systemic 
anticoagulation during transradial procedures, multiple 
arterial accesses in the same artery, and prolonged 
occlusive arterial compression. Given these risk factors, 
several strategies can be adopted to minimize the risk of 
radial artery occlusion. These include the use of systemic 
anticoagulation (eitherUFH, low-molecular-weight 
heparin, or bivalirudin), minimizing arterial sheath 
size, and using patent hemostasis. The concept of patent 
hemostasis revolves around maintaining antegrade flow 
in the radial artery while achieving hemostasis. This 
technique is of paramount importance and has been 
shown to significantly decrease the rate of radial artery 
occlusion-almost tenfold in one study.

Conclusion
As transradial PCI gains worldwide popularity, 
developing a strong evidence base for the individual 
aspects of the procedure has become a priority. Three 
areas of interest include antithrombotic strategies for 
transradial PCI, transradial primary PCI, and prevention 
of radial artery occlusion. Although definitive data on the 
optimal antithrmbotic regimen for transradial PCI have 
not yet emerged, attention must be paid to both access 
site and non-access site bleeding. The radial approach 
addresses the former but not the latter. Combining 
radial and pharmacological approaches may achieve 
the lowest bleeding risk. With respect to primary PCI, 
transradial access is associated with reduced mortality 
but should only be adopted by experienced operators 
and catheterization laboratory staff. Finally, radial artery 
occlusion is a major complication of transradial PCI, and 
operators should adopt preventive strategies. 

Percutaneous Coronary Interventions Versus  
Coronary Artery Bypass Graft Surgery for 

Left Main Coronary Artery Disease
The AHA/ACC guidelines state that ‘The benefit of surgery 
over medical treatment for patients with significant left 
main stenosis is little argued.’[28] In the 2004 update of 
the AHA/ACC guidelines, CABG is recommended over 
PCI for any patient with stable angina, unstable angina, 
mild or asymptomatic disease and significant left main 
or left main equivalent coronary stenosis; as well as for 
patients with poor left ventricular function, acute MI or 
life-threatening ventricular arrhythmias and significant 
left main coronary artery (LMCA) or left main equivalent 
disease.

Percutaneous Coronary Intervention
The results outlined above of medically managed LMCA 
disease mean that this is not an acceptable alternative in 
operable patients, and the risks of PCI in LMCA stenosis 
already described have meant that until relatively 
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recently these patients were excluded from most trials 
of PCI. Historically, LMCA stenosis has been treated 
percutaneously in three circumstances: electively when 
the LMCA is already ‘protected’ by a patent bypass graft; 
as an emergency for acute closure caused by diagnostic 
catheterization; or in the setting of acute MI. This limited 
experience encouraged some groups to attempt LMCA 
PCI in broader patient categories. Over 20 studies of 
elective and emergency LMCA PCI in over

3000 patients have been published to date. Although 
initial experience was discouraging: in-hospital mortality 
in elective patients ranged from 9% to 36%, increasing to 
over 80% in emergency patients;[29] in-hospital mortality 
rates were lower in subsequent studies. For example, 
Silvestri et al. reported an in-hospital mortality of 3% in 
140 patients.[30] Tan et al. reported 1-year mortality from 
all causes of 24% and from cardiac causes of 20% in 278 
unselected patients; however, even in relatively low risk, 
elective patients, 1-year event-free survival was poor at 
around 70%. In-stent restenosis after BMS is the most 
important reason for bypass surgery being the first choice 
of treatment. Further, in-stent restenosis in patients with 
BMS makes repeat intervention sufficiently complex 
such that surgery is often required. Bifurcation and ostial 
lesions appear to be at higher risk of restenosis than 
stented lesions in the body of the LMCA.

More recently, several observational studies reported 
high procedural success and improvements in event-free 
survival at 1 year using drug-eluting stents in LMCA 
stenosis. Park et al. conducted a study comparing clinical 
and angiographic outcomes of sirolumus-eluting stent 
(SES) and BMS for elective unprotected LMCA stenosis.[31] 

Elective SES was performed in 102 patients compared 
with 121 patients with BMS. Procedural success rate was 
100% for both groups with no incidents of death, stent 
thrombosis, Q-wave MI or emergent bypass surgery 
during hospitalization. SES patients showed a lower rate 
of lumen loss and had a lower 6-month angiographic 
restenosis rate (7.0% vs. 30.3%, p < 0.001) than the BMS 
patients. At 12 months, the rate of freedom from death, 
MI and TLR was 98.0 + 1.4% in the SES group and 81.4 
+ 3.7% in the BMS group (p=0.0003). This was despite 
the fact that SES patients had more complex baseline 
characteristics with more multivessel disease, more 
bifurcation lesions and longer lesion lengths.

In the DES era, location of disease may help select 
patients for LMCA intervention beyond standard 
surgical risk status. Breuren et al. conducted one of the 
few studies to make any attempt to further differentiate 
LMCA lesions: they state that their strategy of viewing 
short LMCA lesions involving the bifurcation as a 
contraindication to PCI was an important factor in their 
excellent outcomes.[32] If the findings of this study were 
reproduced, their outcomes of 97.2% freedom from 
death or re-intervention at 1 year, and ‘coronary artery 
disease’-related annual mortality of 1% would merit a 
review of the current guidelines of indications for CABG. 

Other patient characteristics have also been found to 
yield prognostic information. The Unprotected Left Main 
Trunk Investigation Multicenter Assessment (ULTIMA) 
registry of 279 consecutive patients undergoing LMCA 
PCI at 25 centres between 1993 and 1998 identified 
several patient characteristics that were independent 
correlates of allcause mortality, including left ventricular 
ejection fraction <30%, mitral regurgitation grade 3 or 4+, 
presentation with MI or shock, creatinine >2.0 mg/dl and 
severe lesion calcification. 

In the Synergy between Percutaneous Coronary 
Intervention with Taxus and Cardiac Surgery (SYNTAX) 
trial, 1800 patients with three-vessel or left main disease 
were randomized to undergo CABG or PCI with DES.[33] 

This trial was not powered for analyzing data from the 
subgroup of patients with LMCA disease, and conclusions 
about longer term outcomes are currently limited by the 
12-month follow-up. In both the overall study and in the 
group of patients with left main disease, the difference 
in the combined trial endpoint of death from any cause, 
stroke, MI or repeat revascularization was driven 
primarily by increased repeat revascularization in the 
PCI group. In LMCA patients, there was a similar rate 
of major adverse cardiac and cerebrovascular events in 
CABG and PCI arms (13.7% and 15.8%, respectively; 
p=0.44). Rate of revascularization was higher in the PCI 
arm (11.8% vs. 6.5% in the CABG group; p=0.02). There 
were significantly higher rates of stroke in the CABG 
subgroup with LMCA disease (2.7%, vs. 0.3% in PCI; 
p=0.01): 16% of the 19 strokes in the overall CABG arm 
(n=3) occurred preoperatively. 

The trial is particularly noteworthy for its ‘all-comers’ 
design that included more complex disease anatomy than 
has previously been the case in randomized trials of this 
nature, as well as for the detailed description of diagnostic 
angiograms, which were scored using the SYNTAX score 
algorithm. More than 80% of lesions were at bifurcations 
or trifurcations, over 60% were multivessel, more than 
25% were in diabetics, 20% of lesions were longer than 20 
mm and over 25% were totally occluded: all of which are 
known predictors for restenosis. Routine angiographic 
assessment at 12 months was not part of the study 
protocol and, as in other studies of this nature, it is not 
completely clear how much of the higher rate of repeat 
angiography in the PCI arm (151 patients compared with 
56 patients in the CABG group) was driven by clinicians’ 
individual bias towards repeat angiography in post-
PCI patients rather than clinical presentation. It is also 
difficult to quantify the impact of the differences in the 
percentages of patients on aspirin, statins, beta-blockers 
and angiotensin-converting enzyme inhibitors between 
the PCI and CABG arms at discharge, 6 and 12 months 
after randomization, all of which were significantly lower 
in the CABG arm. 

Further randomized controlled trials comparing 
CABG and PCI are under way. In the Bypass Surgery 
Versus Angioplasty Using Sirolimus-Eluting Stent 
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in Patients with Left Main Coronary Artery Disease 
(PRECOMBAT) trial, Park et al. will compare CABG to 
PCI with SES in patients with LMCA disease looking 
at the primary outcome of major adverse cardiac and 
cerebrovascular event (MACCE): the composite of 
death, MI, stroke and ischaemia-driven target-vessel 
revascularization after 12 months. Given the available 
data, who should undergo PCI of left main stem disease? 
Symptomatic patients with relative contraindications to 
surgery such as major co-morbidity or debilitation, or a 
strong personal preference for a percutaneous approach 
may benefit from PCI, particularly if they do not possess 
risk factors for procedural mortality, which include 
emergency presentation and reduced ejection fraction. 
A high SYNTAX score and ostial disease, short left main 
stems, bifurcation and calcific disease are predictive of 
adverse clinical outcomes after PCI, which should be 
probably be avoided in such patients.

Percutaneous Coronary Intervention in 
Native Vessels with Angiographically  

Visible Thrombus
The utilization of PCI has steadily increased over time 
due to greater operator experience, advances in device 
technology, and improved adjunctive pharmacotherapy. 
Percutaneous coronary intervention is now performed 
for a broad spectrum of indications ranging from stable 
disease to STEMI. However, there remain specific 
lesion subsets that are challenging and are associated 
with adverse outcomes. One such group of patients 
comprises those with intracoronary thrombus, which is 
typically present during ACS.[34] The burden of thrombus 
is greatest in patients with STEMI in whom it is usually 
occlusive, whereas non-STEMI is generally associated 
with nonocclusive thrombi.[35]

Important advances over the past 15 years with 
respect to performing PCI in thrombusrich lesions 
include: 1) the introduction of coronary stents; 2) the use 
of potent antiplatelet and antithrombin drugs, and, more 
recently; 3) thrombectomy and distal protection devices. 
Conversely, there have been concerns raised regarding 
the increased potential for early and late stent thrombosis 
with DES in ACS,[36] because the thrombus may act as a 
nidus for stent thrombosis and alter arterial wall drug 
delivery and retention.[37]

Trends in In-Hospital Outcomes  
and the Impact of Stents 
Prior data from observational studies and randomized 
trials have clearly indicated that the presence of thrombus 
on the angiogram is an independent predictor of major 
adverse clinical events due to an increased risk of abrupt 
closure, distal embolization, and procedural failure.[38]

Recent evidence suggests that bleeding and blood 
transfusions following PCI may be independent 
determinants of adverse outcomes. Thus, it is reassuring 
that there has been a decline in the frequency of femoral 

artery access site bleeding and the need for blood 
transfusions in patients with thrombotic lesions who 
receive the most aggressive adjunctive antiplatelet 
and anticoagulant therapy. The potential reasons for 
the reduction in access site bleeding include smaller 
sheaths, shorter sheath dwell time, reduced intensity of 
intraprocedural anticoagulation, and the avoidance of 
post-procedure heparin infusions. In contrast, the rates 
of retroperitoneal and gastrointestinal tract bleeding 
have not decreased. Both these major hemorrhagic 
complications are associated with an increased morbidity 
and mortality and efforts need to be continued to develop 
strategies to decrease their occurrence.

DES and Long-Term Outcomes 
Drug-eluting stents have been a major advance in PCI and 
are superior to BMS with regards to reducing restenosis 
and TLR. There is suggestion that DES use reduces TLR 
in thrombotic lesions in clinical practice. Recently, there 
have been growing concerns regarding the safety of DES 
use, particularly in the presence of an angiographically 
visible thrombus, due to the increased risk for late and 
very late stent thrombosis with associated increased 
morbidity and mortality.[39] Observational data also 
suggest that there is increased predisposition to late stent 
thrombosis in patients with ACS, perhaps due to the 
presence of an inflammatory and thrombogenic milieu in 
the lesion.[40] In this regard, data are reassuring, because 
the mortality and the combined end point of death or MI 
in the DES era were similar to that observed in the BMS 
era. Taken together with the findings of prior randomized 
trials comparing BMS and DES in STEMI, and the recently 
published HORIZONS AMI (Harmonizing Outcomes 
With Revascularization and Stents in Acute Myocardial 
Infarction) trial, in which the use of the paclitaxel-eluting 
stent in STEMI was not associated with a higher rate of 
stent thrombosis or MACE when compared with the 
use of BMS; the body of evidence suggests that DES 
use is safe in thrombotic lesions, though longer-term 
follow-up is required. Though the use, or type, of stent 
did not predict adverse long-term outcomes, markers 
of atherosclerotic burden and the presence of comorbid 
diseases independently predicted the occurrence of death 
or MI during follow-up.

Thrombectomy and Distal Protection Devices 
Inability to improve survival in patients with 
angiographically visible thrombus may, in part, be due 
to the limitation of current PCI techniques in preventing 
macro-and micro-embolization and the resulting 
microvascular dysfunction in patients with thrombotic 
lesions. Distal embolization is a universal phenomenon 
during PCI for MI, occurring pre-dominantly at the 
time of first balloon inflation and stent deployment. 
Moreover, thrombus burden is as an independent 
predictor of adverse outcomes. Thus, there is a need to 
develop novel strategies to remove thrombus during PCI 
with the goal of improving outcomes. There has been a 
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gradual increase in the use of aspiration and AngioJet 
thrombectomy catheters (Possis Medical, Minneapolis, 
Minnesota) as well as distal protection devices. Based 
on current evidence, it is recommended that aspiration 
thrombectomy is the preferred adjunctive mechanical 
strategy of choice for the majority of patients undergoing 
primary PCI.[41]

Cardiac Interventions Guided by Magnetic 
Resonance Imaging

Interventional magnetic resonance imaging (iMRI) is 
a young, emerging technology that has already been 
demonstrated to have the potential to complement, or 
even to replace in part, X-ray-guided procedures. MRI-
guided intervention can add considerable benefit in 
procedures that rely on good visualization of soft-tissue 
or 3-dimensional anatomy, in addition to immediate 
pre-and postinterventional assessment of physiologic 
parameters of cardiovascular function. As experience in 
the technically challenging field of iMRI is accumulating 
rapidly, much interesting new work can be expected in 
the near future.

Catheter Tracking-is it Finally Getting there?
Catheter tracking is typically classified as passive, hybrid, 
and active approaches. Passive tracking devices produce 
negative contrast (dysprosium, carbon dioxide, iron 
oxide) or positive contrast (gadolinium, fluorine-19), 
are considered safe, and are simple to manufacture. 
Although passive devices often generate only modest 
signal contrast to their background, they are, if carefully 
chosen in respect to the requirements of an interventional 
procedure, well suited for a variety of applications. 
Resonance circuits, as used in hybrid designs, produce 
an intense local signal readily perceptible to the observer. 
In addition, this approach allows automated slice 
tracking using fiberoptics for safe signal transmission. 
Active tracking methods allow automated slice/
catheter detection, but suffered for a long time from the 
drawback of safety issues as a result of heating during 
radiofrequency transmission. A new concept for safe 
bioelectrical signal transmission was recently proposed 
that is based on the integration of miniature transformers 
into the transmission line.

Potential uses of MRI[42]

1. MRI-guided cardiac catheterization 
2. Transcatheter closure of patent foramen ovale (PFO) 

or atrial septal defect (ASD)
3. Stent placement for native coarctation of aorta
4. Endovascular treatment of aortic aneurysm
5. Stent placement and angioplasty of pulmonary 

artery stenosis
6. Percutaneous transcatheter placement of valved 

stents across pulmonary or aortic valve

7. Transvascular drug delivery
8. Electrophysiological studies

Summary
During recent years, MRI techniques have emerged for 
real-time visualization of anatomy, and for ultrafast 
assessment of cardiovascular function. These features 
have made MRI into a dynamic modality that is suited 
to guiding endovascular interventions and to providing 
immediate information on the physiologic response 
to pharmacological or catheter-based treatment. 
Nevertheless, continuing efforts are needed to resolve 
the technically challenging problems of iMRI, which are 
as plentiful as the promises held out by this emerging 
imaging modality.

Transcatheter Aortic-valve Implantation  
for Aortic Stenosis

Recently, transcatheter aortic-valve implantation (TAVI) 
has been suggested as a less invasive treatment for high-
risk patients with aortic stenosis (AS). Several key points 
in favour of TAVI are mentioned below. First, standard 
medical therapy (including balloon aortic valvuloplasty, 
when performed does not alter the natural history of severe 
aortic stenosis; at the end of 1 year, the rate of death from 
any cause is approximately 50%, and the rate of death from 
cardiovascular causes is approximately 44.6%. Second, 
transfemoral TAVI is superior to standard therapy, 
markedly reducing the rate of death from any cause (the 
primary end point), the rate of death from cardiovascular 
causes, and the rate of repeat hospitalization. In the first 
year, only five patients needed to be treated with TAVI to 
prevent one death, and only three patients needed to be 
treated to prevent either a death or repeat hospitalization. 
Third, the rate of death at 30 days among patients who 
undergo TAVI (5.0% in the intention-to-treat population, 
and 6.4% among patients who underwent TAVI) does 
not differ significantly from that among patients who 
received standard therapy in this cohort of patients who 
are not suitable candidates for surgery, despite the use of 
early-generation systems for TAVI and minimal operator 
experience with the TAVI procedure. Fourth, TAVI is 
also associated with a significant reduction in symptoms, 
as assessed with the use of the NYHA classification 
system and the results of a 6-minute walk test. Fifth, there 
are more neurologic events (including all strokes and 
major strokes), major vascular complications, and major 
bleeding events in the TAVI group than in the standard-
therapy group. Sixth, echocardiographic findings after 
TAVI indicated that the hemodynamic performance of the 
prosthetic valve is excellent and that there is no evidence 
of deterioration in the first year. TAVI is accompanied by 
the frequent occurrence of paravalvular regurgitation, 
which is usually mild, remains stable during the 1-year 
follow-up period, and rarely requires further treatment 
for worsening symptoms. 
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The early clinical outcomes (at ≤30 days) after 
transfemoral TAVI are similar to those seen in other 
recent studies of the same balloon-expandable bovine 
pericardial heart valve.[43] Undoubtedly, the large femoral 
access sheaths that are required to insert the TAVI 
system contributes to the frequent occurrence of vascular 
complications and bleeding events. Ongoing studies are 
assessing the use of a lower-profile valve and support 
frame, which may reduce vascular complications, allow 
patients who have smaller iliofemoral arteries to undergo 
this procedure, and facilitate percutaneous access and 
closure. 

Strokes remain a troublesome adverse effect following 
TAVI; strokes occur more frequently among patients who 
undergo TAVI than among patients who receive standard 
therapy. Recently, diffusion-weighted MRI studies have 
shown that there are new perfusion deficits in many 
patients after TAVI, presumably due to atherothrombotic 
emboli.[44] The combination of smaller, less traumatic 
TAVI systems than the ones currently in use and novel 
cerebral protection devices is being evaluated in an effort 
to reduce the frequency of embolic neurologic events 
associated with TAVI. Additional randomized clinical 
trials are needed to compare the frequency of procedural 
strokes after TAVI with the frequency after surgical aortic 
valve replacement.

On the basis of a rate of death from any cause at 1 year 
that was 20 percentage points lower with TAVI than with 
standard therapy, balloon-expandable TAVI should be 
the new standard of care for patients with AS who are 
not suitable candidates for surgery. These results cannot 
be extrapolated to other patients with AS. Additional 
randomized trials are needed to compare TAVI with 
aortic-valve replacement among high-risk patients with 
AS for whom surgery is a viable option and among low-
risk patients with AS. 

We have the experience of performing TAVI for first 
time in the world with a CoreValve in a 75 years old male 
with lung cancer.[45]

Percutaneous Left Atrial Appendage 
Transcatheter Occlusion

Atrial fibrillation (AF) patients are at inherent risk for 
thromboembolic stroke. Since the left atrial appendage 
(LAA) is known to be the primary site for thrombus 
formation in nonvalvular AF, its exclusion may offer 
an attractive alternative to long-term anticoagulation 
therapy in such patients.

Transcatheter LAA Exclusion
The basic principle of transcatheter LAA exclusion is to 
plug the LAA cavity, close to its orifice, to induce stasis, 
controlled thrombosis, and ultimately organization and 
fibrosis of the LAA and coverage of the atrial surface 
of the device by endocardium, resulting in complete 
exclusion of the LAA (and the device for that matter) 
from the circulation. Several devices exist, and the 

basic implantation procedure is similar for all. The 
LAA is reached from the right atrium via a transseptal 
puncture or a PFO or ASD if present, accessing from the 
right femoral vein. Localization of the LAA is either by 
fluoroscopic contrast injection alone or under additional 
guidance using transoesophageal echocardiography 
(TEE) or intracardiac ultrasound. The device is delivered 
through a transseptal sheath placed within the LAA.

Percutaneous LAA Occluder
PLAATO System: Consists of a selfexpandable 
nitinol cage covered with an occlusive expanded 
polytetrafluoroethylene membrane. The membrane 
occludes the orifice of the LAA but allows tissue 
incorporation into the device, and has small anchors along 
the struts for device anchoring. The delivery catheter, 
which is 11 French or larger, houses the restrained implant 
whose sizes range between 15 and 32 mm in diameter. 
The implant position is checked by a series of criteria 
including effective occlusion of LAA by the device, 
residual compression (>10%) of the device and a wiggling 
maneuver. The clinical performance of the device has been 
investigated in a multicentre prospective observational 
study encompassing 111 patients (age 71 ± 9 years) [15]. 
Implantation was successful in 108 of 111 patients (97%) 
who underwent 113 procedures. One patient experienced 
two major adverse events within the first 30 days: need 
for cardiovascular surgery and in-hospital neurological 
death. Three other patients underwent in-hospital 
pericardiocentesis due to haemopericardium. Average 
follow-up was 10 months. Two patients had a stroke. 
No migration or mobile thrombus was noted on TEE 
at one and six months after device implantation. A few 
hundred devices had been implanted worldwide until 
its withdrawal by the company in 2006 due to over-large 
financial investment projected to obtain clinical approval.[46] 

Amplatzer Devices: The Amplatzer Cardiac Plug 
(ACP) was developed as a dedicated LAA occlusion 
device taking advantage of its ease of use and low 
thrombogenicity of the Amplatzer devices in general. Its 
primary feature distinguishing it from other Amplatzer 
occluders is a crown of retaining hooks at the distal end. 
Made of flexible braided nitinol mesh with a polyester 
fabric, the ACP consists of a distal lobe connected by a 
central waist to a proximal disc, and is designed to provide 
occlusion with full cross-sectional coverage. The ACP self-
expands to hug the LAA wall, covering the orifice of the 
LAA with its proximal disk (pacifier principle). Positional 
adaptivity is achieved through a waist that acts as an 
articulating, compliant connection between proximal 
disc and distal lobe, allowing the disc to self-orient to 
the left atrial wall and providing apposition against the 
left atrial wall under gentle tension. Like other devices, 
the ACP has the capability to be retrieved, repositioned 
or replaced, if necessary until release from the delivery 
cable. The ACP is available in 8 sizes ranging from 16 to 
30 mm, requiring delivery sheaths from 9 to 13 French. 
Device oversizing of at least 2–4 mm above the LAA neck 
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diameter where the distal lobe is placed is recommended 
to enhance fixation.[47] 

Currently over 200 ACPs have been implanted 
worldwide. There were no implantation failures but 
2 device embolizations and 2 pericardial effusions 
requiring drainage. The Cardiac Plug European Registry 
is an ongoing, prospective, post-market, open-label 
registry of 100 patients with paroxysmal, persistent or 
permanent AF in 8 centres. The recommended antiplatelet 
therapy is low-dose acetylsalicylic acid for 6 months and 
clopidogrel 75 mg for 1 month. A follow-up TEE at 1 and 
6 months is also recommended. The ACP received CE-
Mark certification in December 2008.

Watchman System: The Watchman device (Atritech, 
Inc., North Plymouth, MN, USA) the third device line 
introduced, was first implanted on 12 August 2002 in 
Siegburg, Germany. It comprises a self-expanding nitinol 
frame structure with fixation barbs and a permeable 
polyester fabric that covers the atrial face of the occluder. 
The device is constrained in a 12 French delivery catheter 
and is available in 5 sizes from 21 mm to 33 mm expanded 
diameter. Device embolization was frequent in initial 
studies, resulting in redesign of the barbs to achieve better 
fixation. The PROTECT-AF study was a prospective 
randomized trial comparing closure of the LAA with 
longterm warfarin therapy. Almost 800 patients from 59 
enrolling centres in the US and Europe were randomized 
in a device-to-control ratio of 2:1. Patients were followed 
up by TEE at 45 days, six months and one year, were seen 
for clinical follow-up biannually for up to five years, and 
had regular INR monitoring while on warfarin. Patients 
included were those with documented nonvalvular AF 
who could take long-term warfarin but had no indication 
that would require warfarin. After randomization patients 
either began treatment with warfarin or underwent 
device implantation.[48] Device patients were also treated 
with warfarin until day 45. Thereafter warfarin was 
replaced by acetylsalicylic acid. At 1065 patient-years of 
follow-up the primary efficacy event rate was 3.0 per 100 
patient-years (95% credible interval 1.9–4.5) in the device 
group and 4.9 per 100 patient-years (2.8–7.1) in the control 
group (rate ratio 0.62, 95% CI 0.35–1.25). The probability 
of non-inferiority of the intervention was >99.9%. 
Primary safety events were more frequent in the device 
group than in the control group (7.4 per 100 patient-
years, 95% CI 5.5–9.7, vs. 4.4 per 100 patient-years, 95% CI 
2.5–6.7; RR 1.69, 1.01–3.19). Adverse safety events in the 
intervention group were mainly a result of periprocedural 
complications. Implantation of the Watchman device 
carries substantial up-front procedural risk, which may, 
however, decrease with increasing experience. Among 
449 attempted implantations the device was successfully 
placed in 408 patients (91%); 12% of patients had 
serious procedural complications: pericardial effusion 
requiring drainage (5%), acute ischaemic stroke due 
to air or thromboembolism (1%), device embolisation 
and removal (3 patients), postimplantation sepsis and 
removal (1 patient). 

The Watchman device received FDA approval on 
23 April 2009. The vote to recommend approval was 
conditional, i.e., that implantation be performed in centres 
with surgical backup and the creation of a physician 
certification programme. The panel also recommended 
the creation of a registry and extended follow-up of 
current clinical trials.

Transcatheter LAA Exclusion as an Alternative to 
Antithrombotic Therapy
Today we have come nearer than ever before to the 
target of transcatheter LAA exclusion as an alternative 
to antithrombotic therapy for AF patients. The promising 
results of the PROTECT-AF trial in spite of the limitations 
of the Watchman device are a landmark on the way to 
establishment of this treatment concept. The availability of 
the ACP with the excellent record of low thrombogenicity 
of the roughly 300,000 Amplatzer devices implanted 
over the past 15 years, and its user-friendliness, will 
facilitate the adoption of the technique by more operators 
and centres and render it even safer. However, further 
evidence is still needed before this becomes a widespread 
treatment modality, especially bearing in mind the 
imminence of warfarin-alternative drugs.

Advances in Transcatheter Interventions in 
Patients with Congenital Heart Disease

Percutaneous Pulmonary Valve Implantation
Perhaps the most anticipated advance in percutaneous 
interventions applicable to adults with congenital heart 
disease has been the development and approval of the 
Medtronic Melody Percutaneous Pulmonary Valve, 
which received humanitarian devise exemption (HDE) 
approval by the Food and Drug Administration (FDA) 
in early 2010. The Melody valve is currently approved 
for use in a circumferential right ventricular outflow 
tract conduit that was greater than 16 mm at the time of 
implantation and which is either moderately obstructed 
(mean right ventricular outflow gradient >35 mm Hg) or 
moderately regurgitant. The Melody valve has received 
widespread acceptance across the globe and has been 
implanted in a number of situation not adherent strictly 
to the current

FDA indications. In the right ventricular outflow tract 
position, the Melody valve is effective in both relieving 
obstruction and regurgitation. The procedure is not 
significantly different than standard right ventricular 
outflow tract stent placement, with the exception that 
the delivery system is significantly larger and stiffer. 
As with routine right ventricular outflow tract stenting 
procedures, care must be taken that the Melody 
implantation does not compress important adjacent 
vascular structures (eg, coronary arteries) and respect 
must be paid to the size, shape, and compliance of the 
right ventricular outflow tract. Midterm results are good 
with excellent valve competency several years out and 
80% to 90% freedom from intervention at 2 years. Most 
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reintervention is due to reobstruction, in part due to stent 
fractures. Modifications to the implantation technique 
including bare metal stenting before Melody implantation 
may improve subsequent outcomes and long term follow-
up is eagerly awaited.

Coarctation of Aorta
There is wide acceptance that balloon angioplasty, with 
or without stent placement, is the preferred treatment in 
adults with recurrent coarctation after prior surgery or 
transcatheter intervention. Transcatheter address of native 
coarctation of the aorta is more controversial, but many 
centers continue to advocate endovascular treatment as 
the preferred option. Although no direct comparison has 
been made, most interventionalists prefer stent placement 
to simple angioplasty in the adult with an anatomically 
suitable lesion because of higher hemodynamic success 
rates and lower rates of reobstruction. In addition, 
aneurysm formation may be less common with primary 
stent placement. Stent placement in large vessels such as 
the aorta required the off-label use of peripheral vascular 
stents, frequently with undesirable design characteristics 
and maximal inflation diameters. Traditional criterion for 
intervention in coarctation of the aorta is a peak systolic 
pressure gradient at catheterization of greater than 20 mm 
Hg, although this dichotomous decision point derives 
from sparse supportive data. In clinical practice, multiple 
additional factors must be considered, including the 
presence of collateral vessels, ventricular hypertrophy, 
systemic arterial hypertension, and other comorbidities.

The use of endovascular stents for coarctation is 
associated with excellent hemodynamic results, with low 
residual gradients and infrequent reobstruction.[49] The most 
feared complications of stent placement for coarctation 
are acute dissection and early or late aneurysm formation.

Pulmonary Artery Stenosis 
Pulmonary artery stenosis may occur anywhere within 
the pulmonary vascular bed. Most often pulmonary 
artery stenosis occurs in conjunction with recognized 
cardiac or genetic associations (eg, tetralogy of 
Fallot, Williams syndrome, and others). Generally, 
intervention is recommended in patients with greater 
than 50% decrease in luminal diameter, a subpulmonary 
ventricular systolic pressure greater than 50 mm Hg, or 
symptoms. Transcatheter therapies include conventional 
low-pressure (≤8 atm), high-pressure (8–20 atm), and 
ultrahigh (>20atm) balloon angioplasty, bladed balloon 
angioplasty, and endovascular stent placement. Success 
rates range from approximately 60% with conventional 
angioplasty, to 70%–80% with high-pressure balloons. 
Bladed balloon angioplasty has been reported to have 
procedural success rates as high as 90%, but with the 
current maximal diameter of 8 mm, their use in the 
adult may be limited to peripheral pulmonary arteries 
where reobstruction and important vascular trauma 
may be greater. Endovascular pulmonary artery stent 
placement in the adult generally results in excellent 

hemodynamic success and low complication rates, with 
the exception of smaller distal pulmonary arteries where 
reobstruction is fairly common. Complications including 
death, uncontained vascular tears, and pulmonary edema 
are rare, usually less than 5%, but remain important 
considerations, and the interventionalist needs to be 
prepared to address them.

Coronary Artery Fistulae
Coronary artery fistulae are rare and heterogeneous 
anomalies. Most clinically diagnosed fistulae arise 
from the right coronary artery, but fistulae have been 
described from all major coronary arteries. The drainage 
site is typically the coronary sinus, right atrium, or right 
ventricle.[51] Although closure of small coronary artery 
fistulae remains controversial, large fistulae or fistulae 
with attributable symptoms or signs warrant surgical or 
transcatheter closure. Although computed tomography 
or magnetic resonance imaging (MRI) may often provide 
gross anatomic delineation of coronary artery fistulae 
and are adequate for diagnosis, many practitioners 
recommend cardiac catheterization for complete 
characterization of the fistulae and associated normal 
branch coronary arteries. No formal comparison has been 
made, but transcatheter and surgical closure appear to 
offer similar results.51 When transcatheter methods are 
used, complete occlusion is obtained in approximately 
70% to 80%, and although short-term complication 
rates are relatively low, long-term outcomes are less 
encouraging with up to 15% experiencing major adverse 
events, mostly related to ischemia. Currently, the only 
anatomic factor to predict adverse outcomes is drainage 
to the coronary sinus; however, these are complex cases 
with complex coronary flow dynamics, and patients 
with late adverse outcomes are also more likely to have 
multiple comorbidities.

Atrial Septal Defect Closure
Presently there are two FDA-approved devices for 
closure of secundum atrial septal defects (ASDs): The 
Amplatzer Septal Occluder and the Gore Helix device. 
Each device has its own set of unique characteristics that 
guide device selection. By far, the most common device 
used worldwide is the Amplatzer Septal Occluder, in 
part because of its relatively simple delivery system and 
ease of recapture before complete release. Device closure 
can be performed under fluoroscopic visualization alone 
or more commonly with the addition of transthoracic, 
TEE, or intracardiac echocardiography. Although early 
closure rates are somewhat different, successful closure 
with either the Amplatzer Septal Occluder or the 
Gore Helix device are greater than 95% at 1 year. The 
Amplatzer Septal Occluder has been associated with 
a rare complication of late erosion, estimated at 0.3%. 
Debate surrounds risk analysis of this rare complication, 
but oversized devices and defects in close relation to the 
aorta or atrial free walls appear to be at highest risk.[52]
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Patent Foramen Ovale
Patent foramen ovale (PFO) closure is indicated only 
in patients with recurrent cryptogenic stroke despite 
therapeutic oral anticoagulation. In this setting, both 
the NMT CardioSEAL device and Amplatzer PFO 
Occluder were once approved by the FDA under HDE, 
but that approval was withdrawn in 2006, in part because 
implantations exceeded the 4000/year permitted under 
HDE guidelines. Access to these and other devices for 
PFO closure is now available through enrollment in 
clinical trials only. Patent foramen ovale closure is also 
quite successful in relieving systemic arterial desaturation 
in the setting of orthodeoxia-platypnea, a rare syndrome 
in which positional right-to-left shunting occurs through 
a PFO. 

Ventricular Septal Defect Closure
Those that are amenable to transcatheter closure 
include postoperative residual defects, defects of the 
membranous septum, and congenital or acquired 
(posttraumatic or myocardial infarction) defects of the 
muscular septum. Closure of a ventricular septal defect 
(VSD) in the adult patient is indicated in the setting of 
hemodynamically significant lesions without severe 
pulmonary hypertension and in the setting of recurrent 
but fully treated endocarditis. There are currently 2 types 
of devices approved for transcatheter closure of muscular 
ventricular septal defects, the NMT STARFlex and 
CardioSEAL devices and the Amplatzer Muscular VSD 
Occluder. Transcatheter closure of perimembraneous 
defects remain controversial, in large part due to 
concern of important and sometimes unpredictable 
conduction block as a result of the proximity of the 
perimembraneous septum to the conduction system. 
Transcatheter ventricular septal defect closure remains 
a technically challenging procedure, and there are many 
important anatomic and physiologic considerations, but 
overall technical success is typically quite good.[53] Long-
term success is often dictated by the underlying patient’s 
clinical status.

Impact of Fetal Cardiac Intervention on 
Congenital Heart Surgery

Fetal cardiac interventions performed by interventional 
cardiologists are currently in clinical experimental 
phase. The majority of fetal cardiac interventions can be 
subdivided in 3 groups:[54]

1. Aortic Balloon Valvuloplasty for Critical AS with 
a Small Left Ventricle (LV) or with a Normal Size 
LV but Poor Function: The aim is to increase the 
chances of biventricular repair, and the hope is to 
alter the natural history of mid gestation fetal AS 
toward evolving hypoplastic left heart syndrome 
(HLHS). The potential benefit of fetal cardiac 
intervention for evolving HLHS is that decreasing 
LV afterload or promoting flow through the left 
heart may help prevent progressive left heart 

dysfunction and hypoplasia. Technical success, 
strictly defined as being able to perform the 
balloon valvuloplasty, is currently as high as 80% 
in experienced hands. Moderate to severe post 
dilation aortic regurgitation occurs in nearly 40% of 
technically successful procedures. After successful 
aortic valvuloplasty, there is improvement in in 
utero aortic and mitral valve growth, LV ejection 
fraction, bidirectional flow across the foramen, 
and antegrade flow in the transverse arch as 
compared with control fetuses. However, there 
are only modest changes in LV growth velocity. 
Thus, there are clear benefits in physiology, 
but few if any on LV growth per se. Fetal aortic 
valvuloplasty carries a risk of fetal demise of 
about 10%. About half the fetuses undergoing this 
procedure experience bradycardia and/or right 
ventricular dysfunction of variable degree.

2. Atrial Septostomy for Highly Restrictive or Intact 
Atrial Septum in HLHS: The higher risks of demise 
in patients with HLHS and highly restrictive 
or intact atrial septum are well known, with its 
hallmark manifestations of profound hypoxia and 
pulmonary venous congestion. The pulmonary 
vasculature has been exposed to long-standing 
hypertension in utero, and this results in thickened 
pulmonary veins as well as damaged pulmonary 
parenchyma. Opening the atrial septum in utero, 
thus decompressing the pulmonary venous 
channels, offers the opportunity to not only allay 
the perinatal symptoms, but more importantly to 
potentially avoid the damaging effects of chronic 
left atrial hypertension in utero. It follows logically 
that this intervention should be performed as 
early as possible during fetal life. Unfortunately, 
experience has shown that, mainly because of the 
small size of the left atrium, there are technical 
limitations to achieving an opening between the 
atria, and more importantly, one that remains open. 
Ballooning alone does not result in an ASD that 
remains open long enough. For all these reasons, 
atrial septal stenting is now preferred, and the 
procedure is performed during early-to-mid third 
trimester. At least 3 patients have undergone Stage 
I Norwood with removal of atrial stent. These 3 
patients have had none of the pulmonary changes 
commonly associated with HLHS and intact atrial 
septum. In cases where the atrial septal defect has 
remained >3 mm (before stenting era), neonates 
have required urgent balloon atrial septostomy 
less frequently. Therefore, it is thought that in 
utero atrial septoplasty may be truly helpful in 
patients with HLHS and intact atrial septum. 

3. Pulmonary Valvuloplasty for Pulmonary Atresia/ 
Intact Ventricular Septum and Hypoplastic 
Right Ventricles: In newborns with pulmonary 
atresia/intact ventricular septum, the likelihood 
of a biventricular outcome is markedly reduced 
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if the tricuspid annulus z score is <3. Aiming 
at promotion of blood flow through the right 
ventricle (and thus theoretically growth of the 
tricuspid valve), several groups have reported 
third-trimester fetal pulmonary valvuloplasty. 
This includes perforation of the atretic pulmonary 
valve. Eleven patients have undergone this 
procedure so far, with 7 successful pulmonary 
valve perforations. In those 7, the right ventricle, 
tricuspid, and pulmonary valve annuli grew 
significantly compared with a matched control 
group.
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Hypothyroidism from a Neurologist Eye
Bhupendra Chaudhary1, Binay Karak2 and S.P. Sondhi3

ABSTRACT
Thyroid disease commonly affects nervous system which can be easily recognized when there are frank signs of 
thyroid dysfunction. The clinical spectrum of hypothyroidism ranges from sub-clinical hypothyroidism to frank 
myxoedema coma in severe hypothyroidism. It is necessary to consider thyroid diseases in differential diagnosis 
when neurological manifestation express itself as unexplained encephalopathy, progressive cerebellar degeneration, 
polyneuropathy, psychosis or progressive cognitive decline and even dementia. Due to protean non-specific 
diverse manifestations, hypothyroidism may remain undiagnosed for many years hence proactive search and early 
replacement therapy helps in better therapeutic outcome. Congenital Hypothyroidism is potentially preventable 
and correctable form of metabolic cerebral disease and mental retardation necessitating neonatal screening for early 
detection and treatment.
Keywords: Hypothyroidism, Myxoedema, Myopathy, Neuropathy, Cretinism

Introduction

Disorders of the Thyroid glands are among the most 
common endocrine maladies. Hypothyroidism is the 

most prevalent form of thyroid disease. Thyroid hormones 
have a critical influence on cellular metabolic activity 
and also is integrally involved in growth, development 
and function of the central nervous system (CNS). 
There appears to be extensive inter-reliance between 
thyroid hormones, acehylcholine, nerve growth factor 
and hippocampal function, since the thyroid hormones 
dramatically affect the maturation of specific neuronal 
populations. The absence of these hormones during 
the period of active neurogenesis leads to irreversible 
mental retardation and is accompanied my multiple 
morphological alterations in the brain. Low thyroid 
hormone levels cause slowing of various metabolic 
processes. Adult onset hypothyroidism is usually caused 
by primary thyroid gland disorders like autoimmune 
thyroiditis, surgical or radiological ablation of the 
thyroid gland, iodine deficiency, thyroid gland tumors 
or as a result of various medications such as para-amino 
salicylates, iodides and thiocynates. Hypothyroidism 
can also be secondary to pituitary dysfunction, causing 
impaired release of thyroid stimulating hormone (TSH).

The clinical manifestation of hypothyroidism depends 
on the age of onset eg. cretinism (severe hypothyroidism 
during intrauterine life or postnatally) leads to irreversible 
brain damage where in adults it can be reversed with 
adequate replacement therapy.[1–3]

Being more common in females, hypothyroidism may 
clinically present with marked psychomotor retardation, 
weight gain, fatigue, cold intolerance, bradycardia or sub-
normal temperature. Other features include headache, 

weakness, dry skin, brittle hair, constipation, menstural 
irregularities and lipid abnormalities.

Effect of Hypothyroidism on  
Nervous System

Thyroid hormone deficiency during the critical period 
of neural differentiation produces permanent and severe 
alterations in the morphology and function of the nervous 
system leading to permanent deficit in intelligence, learning 
and sensory motor functions. The clinical manifestations 
depend on the age of onset of hypothyroidism, severity, 
and rate of development of deficiency, and presence of 
other hormonal deficiencies.[2, 3]

Neurocognitive Impairment
Insufficiency of thyroid hormones in the adulthood 
causes a wide range of cognitive dysfunctions, including 
deficits in learning, memory and apathy. Adult-onset 
hypothyroidism is associated with neurological changes 
which may be related to alterations of synaptic plasticity 
manifesting as diminished attention span, poor recent 
memory, impaired abstract thinking, slowness in 
comprehension and difficulty in word fluency. Most 
patients improve substantially when treated.

Neuropsychiatric Manifestations
The relationship between the thyroid axis and psychiatric 
symptoms and disease is well established. In myxeodema, 
psychomotor retardation, lethargy, impaired attention, 
concentration, and dementia are not unusual. An overlap 
may exist between depression, dementia & psychosis 
of hypothyroid state. “Myxeodema madness” has been 
used to describe the symptoms of irritability, paranoia, 
hallucinations, and delusions that accompany this state. At 
the other extreme, severe depression and melancholia are 
also observed. In about one fourth of rapid cycling severe 
form of bipolar disorder an underlying hypothyroid 
status is noted.[4]

Dementia
Despite being considered as potentially reversible cause 
of dementia the overall incidence of hypothyroidism 
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in dementia is actually low. This dementia of thyroid 
origin is sub-cortical in nature and commonly present as 
apathy and cognitive slowing and is easily overlooked. 
Even after adequate replacement the cognitive function 
does not improve to expected level suggesting the role 
of some other additional etiological factors. Appropriate 
treatment with replacement therapy will sometimes 
improve mental changes, though they are frequently only 
partially reversible. The longer the condition remains 
undiagnosed, the worse the outcome.

Epileptic Seizures
Hypothyroidism perse does not produce seizure except 
in myxodema coma where other associated metabolic 
factors like hyponatremia and hypoglycemia plays a 
major role to produce epileptic seizure.

Headache
An association of hypothyroid status (especially in 
children) and headache is found in one quarter of cases 
with headache carrying no distinguishing features. It 
commonly manifest as diffuse, chronic, and recurrent 
headache.[5]

Cerebro Vascular Accidents (CVA)
An indirect association of CVA and hypothyroid state is 
attributed to factors like diastolic hypertension, increased 
low density lipoproteins, increased homocysteine and 
dyslipidemia which affects endothelial function and 
coagulation profile hence increasing the risk of stroke.

Cerebellar Degeneration and ATAXIA
One third of cases of hypothyroidism develop 
unsteadiness of gait which is reversed in some of the 
patients with restoring euthyroid which suggests thyroid 
mediated dysfunction of cerebellum. In others the 
cerebellar deficit persists or progresses despite thyroid 
replacement, suggesting different mechanism. The non-
familial adult onset cerebellar degeneration presenting 
as progressive gait ataxia with a euthyroid state indicate 
generalised autoimmune disorder like Hashimoto’s or 
Autoimmune thyroiditis.[6] As the disease progresses 
the ocular, motor, brain stem, extra pyramidal and 
peripheral nerve manifestation gives a picture similar to 
olivopontocerebellar atrophy with brain image showing 
mid-line cerebellar atrophy.

Cranial Nerve Abnormalities
Reversible sensory neural hearing loss with or without 
tinnitus is seen in three-fourth of long standing hypothyroid 
individuals due to accumulation of myxoedematous 
tissue around eighth nerve and accumulation of fluid 
in inner ear rather than due to neurologic dysfunction. 
Similarly myxoedematous deposition in tongue and 
larynx result in thick and slurred speech. The distortion 
of taste and smell is common and reverses back to normal 
with attainment of euthyroid status. Night blindness may 
be caused by deficient synthesis of pigment required 

for night vision. In long-standing untreated primary 
hypothyroidism pituitary gland may enlarge leading to 
compression of optic chiasma and field defects, which 
reverse back to normal after T4 correction.

Peripheral Nervous Systems Abnormalities
Hypothyroidism can have mononeuropathy or 
polyneuropathy. Generalized neuropathy is less common 
than mononeuropathy. Associated B12 deficiency may 
increase the symptoms.

Mononeuropathy–Carpal Tunnel Syndrome (CTS)
Mononeuropathies are frequently seen in hypothyroidism, 
the most common being carpal tunnel syndrome (CTS) 
resulting from compression of median nerve as it 
traverses across the wrist. It occurs in upto 30% of newly 
diagnosed hypothyroid patients.[7] Typically, patient 
presents with symptoms like tingling, numbness and pain 
in sensory distribution of median nerve which worsen at 
night. Gradually it becomes bilateral. A retrograde pain 
sensation in forearm and even upto arm, mimics like pain 
of C6 cervical radiculopathy.

Carpal tunnel syndrome results from local physical 
factors like myxedematous tissue accumulation leading 
to reduced space in the flexor retinaculum. Replacement 
therapy may produce considerable improvement in 6–8 
weeks but on the contrary the individuals with axonal 
degeneration generally show delayed and incomplete 
recovery justifying the need of early diagnosis and 
treatment to avoid long term disability. In cases with 
severe sensory symptoms and atrophy of thenar 
musculature, surgical decompression of median nerve 
may be required.

Other mononeuropathies related to hypothyroid state 
are tarsal tunnel syndrome and meralgia paresthetica 
secondary to compression of posterior tibial nerve and 
lateral cutaneous nerve of thigh respectively.

Polyneuropathy
Hypothyroidism may rarely be associated with a large fibre 
neuropathy with reduced vibration and proprioception, 
distal paresthesias and objective distal sensory loss 
alongwith sensory symptoms like painful dysesthesias in 
the hands and feet and lancinating pains.[8] Weakness is a 
common complaint but objective evidence of this is rarely 
found. Reflexes may be diminished and ankle jerk may 
show delayed relaxation. The slow relaxation is the result 
of disturbances in energy transfer within muscle rather 
than slowing within neural pathways. Nerve conduction 
velocities are slowed. The cerebrospinal fluid protein is 
usually increased, believed to be a reflection of increased 
serum protein in hypothyroidism.

There is evidence suggesting dysfunction of both 
the Schwann cell (leading to demyelination and slowed 
nerve conduction) and axon or neuron (leading to axonal 
degeneration). The mechanism by which lack of thyroid 
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hormone produce these changes is not clear. The cases 
in which marked axonal degeneration has occurred, the 
recovery will be delayed and incomplete.[7]

Muscle Disorders
Muscle involvement in a variety of forms is a 
common complication of adult-onset hypothyroidism. 
Hypothyroid myopathy spans a clinical spectrum that 
includes a number of different manifestations. Ranging 
from asymptomatic CK elevation to overt muscle 
complaints like myalgia, severe muscle weakness, cramps, 
polymyositis like syndrome, rhabdomyolysis and acute 
compartment syndrome can be the manifestations of 
thyroid affection to muscle tissue.

The frequency of myopathy in hypothyroidism ranges 
from 30-80%, the major symptoms related are muscle 
cramps, myalgia and proximal muscle weakness. It 
itself can present as a sole manifestation, hence in every 
unexplained subacute myopathy thyroid function test 
(TFT) must be done.

Examination reveals proximal muscle weakness (lower 
limbs more than upper limbs) and delayed relaxation of 
tendon reflexes.

Pseudomyotonia with delayed relaxation of muscle 
may occur and a prolonged tendon reflex relaxation time 
is typical. Myoedema, the “mounding phenomenon”, 
may be elicited in some hypothyroid patients on direct 
percussion of the muscle or tapping with reflex hammer. 
This mounding typically relaxes slowly and lasts for 
seconds to minutes.

Muscle weakness, aches and cramps, stiffness and 
delayed tendon jerk relaxation are usual features 
of hypothyroid myopathy (30–80%), while muscle 
hypertrophy, myoedema and wasting are occasionally 
seen. They evolve gradually over a long period of time.

A rare association is Hoffman’s syndrome, which 
is characterised by muscular pseudohypertrophy, 
weakness, and slowness of movement, while muscle 
enlargement and apparent hypertrophied calf muscles are 
described in infants known as Kocher-Debre-Semelaigne 
syndrome. The unique look has been called as “Infant 
Hercules” because of increase in muscle bulk without 
increasing muscle power.

Adult patients with myopathy associated with acute 
transient hypothyroidism is also described. Patients 
presented with severe muscle aches and cramps, stiffness 
and spasms. Muscle enzymes were markedly elevated 
but histological changes are generally absent in muscle 
biopsy, probable because of the short duration of 
metabolic disturbance. The myopathy subsided promptly 
when the hypothyroid state is reversed.

Hypothyroidism is also a risk factor for statin-
induces myopathy (SIM) and even spontaneous 
myopathy. Muscle aches, cramps and weakness are the 
typical clinical features irrespective of the precipitant 

like heavy exercise, pre-existing renal failure and 
hypolipidemic drugs. Rhabdomyolysis, the most feared 
and potentially fatal complication of SIM, is also rarely 
caused by isolated hypothyroidism. When this is seen, 
it is usually characterised by a moderate rise in creatine 
phosphokinase (CPK) because of these associations, 
patients thyroid status should always be considered 
before initiating lipid-lowering medications and for 
patients receiving statin therapy, thyroid function should 
be assessed whenever myopathic symptoms or resistance 
to therapy is noted.

Increased serum activities of enzymes of muscle 
origin (MM), particularly the creatine kinase isoenzyme, 
are found in hypothyroidism whether or not muscle 
symptoms are present. Serum myglobin concentrations 
are also raised.

Electromyogram (EMG) examination of proximal 
muscles may reveal short duration, low-amplitude, 
polyphasic motor unit action potentials (myopathic units) 
without spontaneous activity. There is “electric silence” 
in myoedema. Routine histopathological studies show 
non-specific findings, but histochemical studies have 
shown atrophy and reduced frequency of type 2 fibres.

Coma in Hypothyroidism

Myxoedema Coma
Myxoedema coma is a complication of long-standing 
untreated hypothyroidism. The term is largely a 
misnomer since most patients are not comatose. This 
condition is characterised by marked impairment of the 
central nervous system and of cardiovascular function.

It’s a severe life-threatening hypothyroidism usually 
occurring in <1% elderly females. Precipitating factors 
are exposure to cold, concurrent infection, congestive 
heart failure, and stroke. Sometimes in undiagnosed 
hypothyroid patients’ drugs such as sedatives, 
antidepressants, hypnotics, and anesthetics may 
precipitate coma.

Patient shows signs of hypothyroidism like dry skin, 
bradycardia, swelling over body. Unique features are 
hypothermia, hypotension, hypoventilation, bradycardia, 
and distant heart sound. Hypothermia is present in 
almost three-fourth of patients. It is associated with high 
mortality. Patients having core body temperature of <90° 
Fahrenheit (F) have poor prognosis.

Some patients of primary hypothyroidism can have 
associated adrenal deficiency (Schmidt’s syndrome) 
leading to Cortisol deficiency. Presence of alopecia and 
vitiligo should alert the physician about possibility of 
polyglandular autoimmune deficiency syndrome. In 
patients with secondary or tertiary hypothyroidism 
features of secretory pituitary tumor like acromegaly 
may be seen. Associated Cortisol deficiency must be 
kept in mind as it needs to be replaced before thyroxine 
replacement.
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Hashimoto Encephalopathy
Hashimoto encephalopathy, also known as steroid-
responsive encephalopathy associated with autoimmune 
thyroiditis is a potentially fatal condition associated 
with a presentation of myoclonus, altered conscious 
state, stroke like episodes, rapid cognitive decline, 
and neuropsychiatric symptoms, including psychosis, 
hallucinations, and abulia. It is an important differential 
diagnosis of rapidly progressive dementia. It is also 
an important cause of potentially reversible dementia 
because with prompt and appropriate treatment its 
symptoms can be completely reversed. Controversially, 
Hashimoto encephalopathy can present in the absence 
of thyroid function abnormalities, even though it is 
associated with titers of antithyroid peroxidase and 
antithyroglobulin antibodies.

Hypothyroidism of Fetal and Neonatal Life
Thyroid gland of fetus starts functioning at the end of 
first trimester. Till that period fetus is dependent on 
mother for supply of thyroid hormone. Children born to 
untreated hypothyroid mothers are found to have mean 
IQ score of 4-7 points below normal. Hence, mothers who 
are hypothyroid should be treated with L-thyroxine to 
keep free T4 in upper range of normal and TSH below 
2.5 in the first trimester and below 3 in second and third 
trimester.

Congenital Hypothyroidism
Babies with congenital hypothyroidism may have variable 
clinical picture ranging from subtle neurocognitive 
defects to mental retardation in severe untreated cases. 
The mental retardation would be severe if diagnosis is 
delayed as thyroid hormone is essential for development, 
differentiation, and myelination of cortical neurons. 
Congenital hypothyroidism is a uniquely treatable cause 
of mental retardation. About 30–40% will be missed 
clinically, hence neonatal screening of hypothyroidism 
is necessary. Clinical markers arousing suspicion are 
post maturity, macrosomia, an open posterior fontanelle, 
delayed passage of meconium, prolonged neonatal 
jaundice, and umbilical hernia. The only extra thyroid 
malformation consistently associated with dysgenesis of 
thyroid is defects in heart septation.

Neurologic Cretinism
The characteristic features of neurological endemic 
cretinism are severe mental retardation, squint, deaf-
mutism, and spasticity.[9] The posture is typical with hip 
and knees flexed and trunk tilted forward. The gait is 
broad-based and knock kneed. The arms are held with 
shoulders abducted and elbows flexed. The mean IQ is 
<30, which indicates severe mental retardation. There 
is excessive laxity of weight-bearing joints. Nearly 
one-third have squint. In severe cases gait is spastic 
and ataxic and even standing is not possible. Goiter is 
common but thyroid functions are normal. Neurological 

cretinism is due to maternal iodine deficiency (thereby 
thyroxin deficiency) during second and third trimester of 
pregnancy. The thyroid hormone is essential for dendritic-
axonal development and organization of neurons. As 
cochlea, cerebral cortex, and basal ganglia neurons are 
formed during later part of second trimester; they suffer 
irreversible damage from lack of thyroid hormones. 
Hence, these effects cannot be corrected by giving thyroid 
hormone at birth or thereafter. Iodine supplementation 
to the mother before and during the first trimester of 
pregnancy is the only way for prevention.[10]

With iodine supplementation in the form of injectable 
iodized oil, thyroid functions improve only in children < 
4 years but not in older patients indicating that thyroid 
gradually loses its capacity to function. Cretinism can be 
prevented by maternal iodine prophylaxis.

Conclusion
Thyroid disorders are common and often associated 
with neurological manifestations. However, high index 
of suspicion is needed when neurological symptoms 
are presenting features. In such cases, proactively doing 
thyroid function tests and antibody testing is necessary as 
treatment may lead to complete recovery.
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Extracorporeal Therapies in Management of Poisoning
Nutan Agrawal1,  Kshitiz Nath2, Archit Gupta3, Virendra Kumar Gupta4 and Pranjal Mishra5

ABSTRACT
The use of an extracorporeal treatment in a poisoned patient may be life-saving in a limited number of scenarios. 
The decision for the use of extracorporeal treatment in poisoning is complex: most nephrologists are not trained 
to assess a poisoned patient while clinical toxicologists rarely prescribe extracorporeal treatment. Deciding on 
which extracorporeal treatment is most appropriate for a poison, requires a good understanding of the poison’s 
physicochemical and pharmacokinetic properties. Further, a detailed understanding of the capabilities and 
limitations of the different extracorporeal treatments can be useful to select the most appropriate extracorporeal 
treatment for a given clinical situation. This manuscript provides a stepwise approach to assess the usefulness of 
extracorporeal treatment in poisoning.
Keywords: Extracorporeal Treatment, Poisoning, Hemodialysis, Hemoperfusion, Therapeutic Plasma Exchange, 
Peritoneal Dialysis

Everyday around the world, almost 700 people die from 
poisonings and for every person that dies, several 

thousands more are affected by poisoning. Poisoning 
occur in all regions and countries and affect people in all 
age and income group[1]. According to WHO more than 
three million poisoning cases with 251,881 deaths occur 
worldwide annually, of which, 99% of fatal poisonings 
occur in developing countries, particularly among 
agricultural workers1. Agents involved in overdoses 
include illicit drugs such as opiates and cocaine, prescribed 
drugs such as antiepileptic and cardiovascular agents 
(digoxin, antiarrythmics) and poison (metal, herbicides). 
Overdose & poisoning also occur by deliberate ingestion 
of barbiturates, alcohol, psychotherapeutics, analgesic 
etc.

Treatment of overdoses or poisoning includes 
prevention of further drug absorption, antidotal 
therapy if available, support of vital organ function and 
enhancement of drug elimination.

Enhancement of drug elimination is brought about by 
following methods:
• Multiple dose of activated charcoal
• Forced diuresis
• Alkalinization of urine
• Chelation
• Extracorporeal techniques
• Hyperbaric oxygen for carbon monoxide poisoning

Extracorporeal Therapies
Extracorporeal therapy involve purification of blood 
and removal of harmful toxin/poisons and subsequent 
return of that blood to the body. Hemodialysis is most 
commonly used technique for extracorporeal removal 
of toxins. Hemodialysis was first used in 1913 for the 
removal of salicylic acid in experimental poisoning (Abel 

et al. 1914)[2] but was not tried clinically until 1950 when it 
was used for the treatment of aspirin poisoning (Doolan 
et al. 1951).[3] Since then it has been used on a considerable 
scale.

Various Extracorporeal techniques available:
• Intermittent hemodialysis (IHD)
• Sustained low-efficiency dialysis (SLED)
• Intermittent hemofiltration (IHF) and 

hemodiafiltration (IHDF)
• Continuous renal replacement therapy (CRRT)
• Hemoperfusion (HP)
• Therapeutic plasma exchange (TPE)
• Exchange transfusion
• Peritoneal dialysis (PD)
• Albumin dialysis
• Cerebrospinal fluid exchange
• Extracorporeal  membrane oxygenation (ECMO) and 
• Emergency cardiopulmonary bypass

The indications for use of extracorporeal therapies in 
poisoning are listed in Table 1.

Table 1: Indications for Extracorporeal Therapies in Poisoning

Indications for Extracorporeal therapies in Poisoning
1. Progressive deterioration despite intensive supportive therapy.
2. Severe intoxication with depression of midbrain function 

leading to hypoventilation, hypothermia, and hypotension.
3. Development of complications of coma, such as pneumonia or 

septicemia, and underlying conditions predisposing to such 
complications (e.g., obstructive airways disease).

4. Impairment of normal drug excretory function in the presence 
of hepatic, cardiac, or renal insufficiency.

5. Intoxication with agents with metabolic and/or delayed effects 
(e.g. methanol, ethylene glycol, and paraquat).

6. Intoxication with an extractable drug or poison, which can be 
removed at a rate exceeding endogenous elimination by liver 
or kidney.

Factors affecting removal of toxins by extracorporeal 
therapy:

Toxin Related
• Water solubility (water/lipid soluble)
• Distributed in extracellular fluids
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• Volume of distribution (Low/ High)
• Molecular weight 
• Protein binding (Low/ High)
• Lipid solubility (Low/ High)

Hemodialysis Hemoperfusion/ 
Tpe

Hemofiltration/ 
Hemodiafiltration

Water 
Solubility

Water Soluble Water/ Lipid 
Soluble

Water Soluble

Volume of 
distribution

Low - Low

Protein bound Low High Low
Lipid bound Low High Low
Molecular 
weight

Low High High

Approach to Management of Poisoning

Hemodialysis

Dialysis is based on the process of diffusion, during 
which solutes move across a semipermeable membrane 
from the side of higher to the side of lower concentration. 
Hemodialysis permits good clearance of small molecular 
weight toxins and rapid correction of electrolyte and acid–
base abnormalities with diffusion, as well as removal of 
excess fluid with ultrafiltration. Intermittent hemodialysis 
(IHD) is the most commonly used extracorporeal 
modality in acute kidney injury (AKI), end-stage renal 
disease (ESRD), and poisoning. IHD has a relatively 
low cost and lower complication rate when compared 
to hemoperfusion, therapeutic plasma exchange, and 
albumin dialysis.

In hemodialysis for poisoning it is necessary to 
maintain a high rate of flow and this may necessitate the 
use of a blood pump in circuit. The efficiency of dialysis 
as measured by the clearance rate of the poison and the 
half-life of the blood level, other things being equal, is 
related to the surface area of the dialyzing membrane. 
Dialysis for poisoning has been continued for as long 
as 18 hours, and for some poisons such as glutethimide 
which is sequestrated in fat, or aspirin, methyl salicylate, 
barbiturates or alcohol where further gut absorption 

occurs, it may be necessary to repeat the dialysis. Varying 
dialyzing fluids have been used or recommended 
on an experimental basis, e.g. containing plasma for 
paracetamol, albumin for barbiturates, fat emulsions for 
glutethimide or stabilized with tromethamol (THAM) for 
salicylates and some barbiturates. 

The most commonly dialyzable poisoning are that of 
paracetamol, salicylates, barbiturates, alcohols, lithium, 
phenytoin and amanita phalloides. Other poisons that 
can be dialyzable are shown in Fig. 1.

Alcohols: Primary-methyl; 
ethyl Citrates Lead  

(+ chelating agents)
Tertiary- methylpentynol, Cyclophosphamide Lithium
Ethchlorvynol Dichloroethane Meprobamate
Amanita phallodes Dichromate 

(potassium salt) Mercury
Amphetamines Dichlorophenazone Methaqualone
Aniline DNOC Methotrexate
Antibiotics : Ampicillin, 
neomycin, Ergotamine Methylprylone
Cephaloridine, 
chloramphenicol,

Ethchlorvynol 
(Placidyl)

MAO inhibitors: 
Pargyline

Cycloserine, 
nitrofurantoin,

Ethinamate 
(Valmid)

Phenelzine, 
tranylcypromine

Kanamycin, streptomycin, Ethylene glycol Orphenadine
Penicillin, polymyxin, 
tetracycline, Eucalyptus oil Paracetamol
Sulphonamides, 
vancomycin Fluorides Paraldehyde
Arsenic 5-Flurouracil Phenformin

Barbiturates Gallamine 
triethiodide Phenytoin

Bromides Glutethimide 
(Doriden) Primidone

Carbon tetrachloride Isoniazid Salicylates (Aspirin)
Chlorates Iodides Strontium

Chloride (sodium chloride 
poisoning in children )

Iron (+ chelating 
agents)

Thiocyanate 
(potassium salt)

Chromic acid

Fig. 1: Shows Poisons that can be Dialyzable

Intermittent Hemofiltration and Hemodiafiltration
Intermittent hemofiltration (IHF) is a technique that relies 
on convection only, while intermittent hemodiafiltration 
(IHDF) combines convection and diffusion. The efficacy 
of convection is mainly dependent on the size of the 
dialyzer membranes pores. Blood flow during convective 
techniques can be as high as those prescribed during IHD 
(400 ml/ minute). Convection-based techniques have 
similar removal properties as IHD regarding the volume 
of distribution and percentage of protein-binding. 
However, IHD and IHDF allow a higher molecular cut-
off than IHD[4,5] while conserving comparable clearance 
for small molecules.[6,7]

Although this makes high-efficiency intermittent 
convective techniques very appealing for poisonings, 
reports of their use in poisoned patients remain limited 
because of their greater technical requirements and lesser 
availability.[8]

INDICATIONS FOR EXTRACORPOREAL THERAPY

AVAILABLE ALTERATIVE THERAPY/ ANTIDOTE

VD>1–2 L/Kg or ENDOGENOUS CLEARANCE >4L/Kg/min

EXTRACORPOREL THERAPY 

PROTIEN BOUND WATER SOLUBLE

MOLECULAR WEIGHT• Therapeutic plasma exchange
• Hemoperfusion

>10000 Da<10000 Da

Hemodialysis Hemoperfusion  
Therapeutic plasma exchange

NO

NO 
EXTRACORPOREAL 

THERAPY

YES

YES
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Continuous Renal Replacement Therapy and Sustained 
Low-Efficiency Dialysis
Continuous renal replacement therapies (CRRT) comprise 
continuous venovenous hemodialysis (CVVHD), 
continuous venovenous hemofiltration (CVVH), and 
continuous venovenous hemodiafiltration (CVVHDF). 
These techniques are performed in the intensive care unit 
for patients who are too hemodynamically unstable to 
withstand high-efficiency intermittent treatments. The 
continuous venovenous techniques have largely replaced 
continuous arteriovenous hemodialysis (CAVHD), 
continuous arteriovenous hemofiltration (CAVH), and 
continuous arteriovenous hemodiafiltration (CAVHDF) 
because of improved safety and non-reliance on arterial 
flow. The main advantage of continuous techniques is 
their capacity to remove fluid and solute over a prolonged 
period of time.

All principles regarding dialysis and convection 
mentioned previously for intermittent therapies are 
applicable to continuous techniques, except that both 
blood and effluent (which includes dialysate and 
ultrafiltrate) flows are usually lower than during 
intermittent treatments like IHD, IHF, and IHDF. 
Therefore, clearance will be lower over a similar period 
of time.[9]

Sustained low-efficiency dialysis (SLED) is a hybrid 
technique usually provided as a prolonged treatment 
using both reduced dialysate (QD) and blood (QB) flow 
rate. SLED, also called “Prolonged Intermittent Renal 
Replacement Therapy” (PIRRT), is a modality sometimes 
reserved for hemodynamically unstable patients who 
would alternatively be candidates for CRRT.[10,11] SLED 
differs from CRRT in three key areas. First, the typical 
duration of SLED is shorter than CRRT, ranging from 6 to 
12 hours daily, rather than 24 hours. Second, the dialysate 
flow rate is also higher than in CRRT. Lastly, SLED can be 
administered using the same equipment as standard IHD, 
which has the advantage of easing some of the technical 
and nursing burdens associated with CRRT.

Though SLED uses a higher QD than CRRT, small 
solute clearance between these two modalities is 
reportedly similar.[12] However, in one case report on 
lithium poisoning, daily clearance was higher with SLED 
than with CRRT8. The modeled clearance of middle and 
large solutes during CRRT is greater than during SLED, 
likely due to the extended duration and additional 
convective clearance provided by CRRT.[12] There is very 
limited literature with the use of sustained low-efficiency 
dialysis (SLED) in poisoning.[8]

Although both SLED and CRRT can be used for a 
prolonged duration in a poisoned patient, it remains 
unclear if they provide any advantage over higher 
efficiency intermittent techniques. Solute removal is lower 
per unit of time, as both blood and effluent/dialysate 
flow rates are lower. Also, intermittent techniques can 
also be employed for longer than the usual 4–6 hours, if 
required.[13]

Some authors favor the use of CRRT or SLED in 
poisoned patients because they can prevent the sudden 
increase in plasma poison concentration following an 
intermittent treatment, known as rebound phenomenon. 
Rebound is can be caused by reabsorption of poison from 
the gastrointestinal tract, adipose tissue and skin.

When poison removal is urgent, SLED and CRRT are 
not the treatments of choice, except in hemodynamically 
unstable patients.

Hemoperfusion
It is a process whereby blood is passed through a device 
containing adsorbent particles. Most commonly, the 
adsorbent particles are activated charcoal or some sort 
of resin. Although hemoperfusion may be more effective 
than hemodialysis in clearing the blood of many protein 
bound drugs (because the charcoal or resin in the cartridge 
will compete with plasma proteins for the drug, adsorb 
the drug, and thereby remove it from the circulation), 
modern high-flux dialyzers may also perform in a similar 
manner.

Hemoperfusion will remove many lipid-soluble drugs 
from the blood much more efficiently than hemodialysis. 
If a drug is equally well removed from the blood by 
hemoperfusion and hemodialysis, then hemodialysis 
is preferred: potential problems of cartridge saturation 
are avoided, and the incidence of hemoperfusion 
complications such as thrombocytopenia and leukopenia 
is reduced; plus, with hemodialysis, any coexisting acid–
base or electrolyte disturbances can be treated.

Some of the poisonings where hemoperfusion is 
preferred over hemodialysis are of carbamazepine and 
theophylline. Other poisonings where HP can be used are 
ethylene glycol, valproic acid, acetaminophen, lithium, 
phenothiazine, etc.

Therapeutic Plasma Exchange
Therapeutic plasma exchange (TPE) is the process 
involving the extracorporeal separation of plasma from 
the cellular components of blood, either by centrifugation 
or filtration. During centrifugation, blood enters a 
centrifuge and gravity and density differentiate plasma 
compounds from erythrocytes, platelets, and leukocytes. 
During filtration, blood passes through one (single) or 
two (cascade filtration) large pore filters. The plasma is 
either discarded or exchanged for a sterile solution (donor 
plasma, albumin, fresh-frozen plasma, cryoprecipitate-
poor plasma, and red blood cells) and returned to the 
patient together with the blood cells.[14] The efficacy 
of both procedures, as indicated by the amount of 
plasma protein cleared per unit of plasma exchanged, is  
comparable.[15] Although TPE can be successfully 
performed with a peripheral venous access, using a 
central catheter will allow for optimization of QB and 
clearance and is therefore recommended in poisoning. 
The clearance capacity of TPE is dependent on the number 
of volume exchanged. 
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For removal of poisons, the benefit appears to plateau 
beyond two plasma volumes. In poisoning, the American 
Society for Apheresis (ASFA) guidelines recommend an 
exchange volume of between one to two total plasma 
volumes per day until clinical symptoms have decreased 
and release of toxin from tissues is no longer significant. 
Because TPE can essentially remove all substances 
from plasma including proteins, it is particularly suited 
to eliminate very large[16] and highly protein-bound 
poisons.[17] However, the clearance capacity of TPE is 
much lower than IHD, IHF, or HP. As most commonly 
encountered poisons are small or middle-sized, TPE is 
used infrequently in poisoning. In fact, there are no well-
established clinical indications for the use of TPE in the 
treatment of the poisoned patient, although there is some 
support for it in exposures to the mushroom Amanita 
Phalloides, thyroxine, vincristine, and cisplatin.

Peritoneal Dialysis
In peritoneal dialysis (PD), a solution (dialysate) is 
infused in the peritoneal cavity via a peritoneal catheter. 
Solutes move from blood to dialysate and vice versa, 
via a concentration gradient by diffusion through the 
peritoneal membrane instead of a dialyzer. In PD, 
the clearance capacity depends on dialysate flow rate 
(number of exchanges and volume per exchange), the 
surface area of the peritoneum and the molecular weight 
of the compound, as well as on the hemodynamic  
status, as the clearance decreases in hypotensive  
patients.[18,19] The use of peritoneal dialysis (PD) is 
infrequent in poisoning, due to its limited clearance 
capacity.[18,19] The overall clearances are much lower 
with PD than other techniques. For example, clearances 
for theophylline are 10 ml/minute with PD compared 
to 85 ml/minute with IHD. Continuous flow peritoneal 
dialysis (CFPD) was developed to offer superior solute 
clearance from either continuous ambulatory PD or 
classic automated PD. CFPD requires the insertion of a 
dual lumen PD catheter or two single-lumen catheters at 
opposite positions. A fixed volume of dialysate is continuously 
replenished in and out of the peritoneal cavity, either by 
single pass of sterile dialysate or by regenerated dialysate, 
using a hemodialysis or sorbent apparatus. Dialysate flows 
up to 300 mL/min have been reported.[20] Higher mass 
transfer for urea and creatinine has been demonstrated, with 
reported clearance up to 125 ml/minute for urea20 and up to 
63 ml/minute for creatinine. 

In conclusion, PD has limited benefit in poisoning 
and is not advocated in this context unless the patient is 
already receiving PD for ESRD, the poisoning effects are 
minimal and no other treatment option is available.

Exchange Transfusion
Exchange transfusion is a therapeutic apheresis 
procedure in which the patient’s red blood cells are 
separated from other blood components and replaced 
with normal donor red blood cells alone or colloid, or 
both. Automated procedures allow for precise volumetric 
exchange and accurate prediction of posttreatment 

hemoglobin concentration. A single volume exchange 
will usually remove approximately two-thirds of 
circulating erythrocytes. The usual indication of exchange 
transfusion is to reduce a pathogenic factor associated 
with the red cell (e.g., sickle cells, parasites in severe 
malaria, or babesiosis, etc.) and in severe hemolysis. In 
toxicology, exchange transfusion is seldom used, but 
has been described in poisoning with xenobiotics highly 
bound to erythrocytes like cyclosporine or tacrolimus and 
to treat methemoglobinemia induced by a toxic exposure 
(e.g., propanol, aniline, dapsone, and sodium nitrite). 
Exchange transfusion has the advantage of being simpler 
to use in infants, and has been tried in that population for 
poisonings to salicylates, theophylline and barbiturates.

Conclusion
For the vast majority of poisonings, sound medical 
judgment and appropriate supportive care are more 
important than active elimination enhancement 
techniques. However, a clinician attending to a poisoned 
patient needs to assess the risk of the specific exposure and 
consider the cost-benefit ratio of extracorporeal therapy. 
Complications associated with extracorporeal therapy 
are usually minimal and costs of a single hemodialysis 
treatment, including equipment and nursing/physician 
fees, are anticipated to be minor compared to the cost of 
a single day in an ICU. In the absence of adequate clinical 
outcome data, further studies are required. These should, 
as a minimum, demonstrate significant drug removal 
with extracorporeal therapy, based on the portion of 
body stores removed or the change in total clearance. 
Empirical decisions regarding the decision to initiate a 
particular extracorporeal therapy requires knowledge 
of the poison’s physicochemical and toxicokinetic 
characteristics. Although hemodialysis is the most 
efficient method of clearing poisons with a low Volume 
of distribution, Protein bound and Molecular weight and 
limited endogenous clearances, there are various other 
circumstances where it can also be useful. Additional 
benefits such as rapid correction of life-threatening acid-
base abnormalities and restoration of volume status 
are other considerations, but these decisions are based 
on usual clinical criteria rather than above-mentioned 
factors.
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Clinically Significant Adverse Drug Reactions and  
Drug Interactions of Oral Hypoglycaemic Agents
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Introduction

Diabetes mellitus (a group of metabolic aetiologies 
characterised by hyperglycaemia together with 

disturbances of carbohydrate, fat and protein metabolism 
resulting from defect in insulin secretion, insulin action or 
both), though a topic of hot discussion in current scenario 
has its origin since ages. It has been recognised and 
described in ancient literatures from all parts of world 
including Charak Samhita. Till recent time (the actual 
pathology of diabetes was known) it was being managed 
by life style modifications, diet modifications and 
empirical use of herbal medicines and other scientifically 
less approved modalities. Great moment came in 
the history of diabetes when the association between 
destruction of pancreas and diabetes was hypothesized 
and confirmed by great scientist Joseph von Mering 
and Oscar Murkowski in the mid of nineteenth century. 
Till then number of modalities have been introduced 
to control this debilitating disease. The isolation of 
insulin and its use in management of diabetes mellitus 
was one of the greatest moments in the medical history 
and everyone was in hope that now the diabetes will be 
controlled well if not cured. This hope was faded when 
the physicians and patients became aware that insulin 
cannot be given by route other than injection. The fear 
of repeated injections and related complications led the 
scientists to think about something which can be used in 
more acceptable manner. The oral route is supposed to be 
the most acceptable mode of treatment and here came the 
need to develop oral hypoglycaemic agents. 

The history of development of oral hypoglycaemic 
agents starts way back middle of twentieth century when 
oral administration of synthalin, a guanidine derivate 
was found to have potency of reducing blood sugar. 
This set a platform to develop agents which can reduce 
blood sugar level even by oral administration. This was 
followed by introduction of glyprothiazole, a former 
member of sulfonylurea group. From then number 
of oral hypoglycaemic agents have been developed 
using the different targets of action. Division of the 
pharmacotherapeutic agents for diabetes mellitus can 
broadly be done on basis of parenteral therapy and oral 
therapy.

Parenteral Pharmacotherapeutic Agents
Multiple types of insulin and it’s analogues:

•	Rapid Acting: Insulin lispro, Insulin aspart, Insulin 
glulisine 

•	Short Acting: Regular (soluble) insulin 
•	Intermediate Acting: Insulin zinc suspension or Lente 

[7: 3 mixture of ultralente (crystalline) and semilente 
(amorphous) insulin zinc suspension], Neutral 
protamine hagedorn (NPH) or isophane insulin 

•	Long Acting: Insulin glargine, Insulin detemir

Insulin Combinations:
(1) 75/25-75% protamine lispro, 25% lispro 
(2) 70/30-70% protamine aspart, 30% aspart 
(3) 50/50-50% protamine lispro, 50% lispro 
(4) 70/30-70% NPH, 30% regular

Oral agent (Oral Hypoglycaemic Agents/ Oral 
Antidiabetic Agents)
• Increase insulin secretion from the existing islets of 

langerhans
o By directly acting on beta cells 
	 Sulphonylureas: 

First Generation: Chlorpropamide, Tolazamide, 
Tolbutamide
Second Generation: Glimepiride, 
Glibenclamide (Glyburide),  Glipizide, 
Gliclazide

	 Non-Sulphonylureas(Meglitinide/phenylalanine 
analogues):
Repaglinide, Nateglinide

o By indirectly helping through incretins (local 
gastrointestinal hormones)
	 By increasing the half life of incretins (inhibitors 

of DPP4 enzyme)
Sitagliptin, Vildagliptin, Saxagliptin, 
Alogliptin, Linagliptin

	 By mimicking the action of incretins (GLP1 
analogues):
Exenatide, Liraglutide

• Increase the insulin action on different body tissues
o Biguanides

Metformin
o Through PPAR γ activation (Thiazolidinediones):

Pioglitazone, Rosiglitazone
• Reduce the glucose absorption from the gastrointestinal 

tract 
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o Alpha glucosidase inhibitors:
Acarbose, Miglitol, Voglibose
Amylin analogues:
Pramlintide

• Increase the glucose excretion from the renal system 
(SGLT2 inhibitors):
Canagliflozin, Dapagliflozin, Empagliflozin.
Any pharmacotherapy has both sides of coin, 

the useful actions and the undesired unintended 
adverse drug reactions including side effects and drug 
interactions. We are aware of that diabetics are prone to 
have coexistence of multiple ailments other than raised 
blood sugar and its complication. Most of the diabetics 
in which oral hypoglycaemic drugs are effective (type 
2 DM) are in age group of more than 40 years. As the 
age advances chances of co-morbidities increases and so 
does the risk of multiple medication. As the number of 
medication increases the risk of drug-drug interactions 
(pharmacokinetic type, pharmacodynamic type or both) 
also increases. The present review is to focus on the 
important ADRs and DDIs related to the currently used 
oral hypoglycaemic agents. 

Biguanides: (AMPK Activator) Metformin 
Adverse Reactions
The commonest side effects of biguanides are 
gastrointestinal but fortunately mild and transient. 
Approximately 10-25% of patients starting this medication 
report metallic taste, nausea, indigestion, abdominal 
cramps or bloating, diarrhoea, or combination of these. In 
fact, the favourable effect of metformin on body weight 
may be due, in part, to its unpleasant GI tract effects. Only 
less than 5% of patients may discontinue due to intolerable 
GI side effects. Most GI adverse effects of metformin can 
be minimized by using low and going slow policy. It has 
been seen that administration of metformin along with 
meals rather than before meals is more acceptable by 
the patients. Most GI reactions disappear on long term 
treatment or when the dosage is lowered or the drug 
is discontinued. Use of metformin is associated with  
20–30% lower blood levels of vitamin B12,[1] probably due 
to malabsorption. Through neurological or haematological 
consequences of this have not been confirmed it is wise to 
supplement vitamin B12 while patients is on long term 
metformin therapy.

Phenformin has been withdrawn due to high risk 
of metabolic acidosis. The associated risk of lactic 
acidosis with metformin too. It has been associated with 
producing concentration-dependent inhibition of lactate 
metabolism that can result in lactic acidosis. The most 
concrete evidence of this is from cases of metformin 
overdose where very high circulating levels of the drug 
were associated with high plasma lactate and acidemia. 
However, the estimated incidence of lactic acidosis 
attributable to metformin use is 3-6 per 100,000 patient-

years of treatment,[2,3] which is comparable to rates in 
type 2 diabetic patients not using metformin. Moreover, 
several recent analyses of this association have raised 
doubts as to whether the association of lactic acidosis 
with metformin is causal.[4] Many cases of lactic acidosis 
associated with the use of metformin have been reported 
in patients with concurrent conditions that can cause poor 
tissue perfusion such as sepsis, myocardial infarction, 
and congestive heart failure. Even a temporary reduction 
in renal function such as occurs after pyelography or 
angiography, can result in lactic acidosis in patients 
receiving biguanides therapy. When acidosis emerges, 
metformin should be discontinued. The drug should be 
discontinued two days before procedures that reduce 
renal function and restarted only after renal function 
returns to normal. Excessive alcohol intake, which also 
causes lactic acidosis, and conditions associated with 
hypoxemia such as heart failure, shock.

Renal failure is another common comorbidity 
reported in patients having lactic acidosis associated 
with metformin use, and decreased glomerular filtration 
rates are thought to increase plasma metformin levels by 
reducing clearance of drug from the circulation. There 
are no consensus guidelines for renal contraindications 
for metformin use; because clearance of the drug is not 
altered significantly until the creatinine clearance drops 
below 50 mL/minute, metformin is probably safe in 
patients with this level of renal function.[5] It is important 
to assess renal function before starting metformin and 
to monitor function at least annually. Metformin should 
be discontinued preemptively in situations where renal 
function could decline precipitously, such as before 
radiographic procedures that use contrast dyes and 
during admission to hospital for severe illness. Also, 
about 10–20% NIDDM patients should be excluded 
from metformin therapy because of renal insufficiency. 
Hepatic failure and surgery also are indications to 
discontinue metformin. To minimize the incidence of 
drug-related lactic acidosis, patients should be monitored 
for renal (serum creatinine clearance) and hepatic 
sufficiency/disease as well as other medical conditions 
that increase tissue lactate production. It should be noted 
that metformin does not induce hypoglycaemia per se 
(antihyperglycaemic action) but Metformin combination 
formulations may cause hypoglycaemia. Biguanides may 
increase the risk of lactic acidosis in patients with a history 
of alcoholism, liver disease, renal disease, pregnancy 
and lactation and CHF or patients with CV disease and 
chronic cardiopulmonary disease. Metformin should be 
stopped for at least two days prior to radiographic dye 
studies since these dyes may be hyperosmolal and induce 
dehydration, increasing the incidence of acidosis.

Drug Interactions
Metformin is not metabolized in human tissues, hence 
metabolism-based drug interactions are rare to occur. 
Cationic drugs that are eliminated by tubular secretion 
may compete with metformin for elimination and this 
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may result in clinically significant interactions. Thus 
patients taking metformin with other cationic drugs 
(procainamide, quinidine, trimethoprim, vancomycin) 
that may compete for elimination should be monitored 
carefully. Coadministration of metformin and furosemide 
is reported to result in increased Cmax (22%) and AUC 
(15%) for metformin and decreased Cmax (31%), AUC 
(12%) and terminal half-life (32%) for furosemide. These 
interactions do not appear to be related to altered renal 
clearance, and their significance remains to be established. 
In a number of studies no significant pharmacokinetic 
or pharmacodynamic interactions were noted when 
metformin was used concurrently with glyburide, 
nifedipine, propranolol or ibuprofen. However, caution 
should be exercised when metformin is administered 
concomitantly with drugs that may cause hyperglycemia.

Sulfonylurea: (KATP Channel Blockers) 
Chlorpropamide, Tolazamide, Tolbutamide, 
Glimepiride, Glibenclamide (Glyburide), Glipizide, 
Gliclazide
Adverse Reactions
Hypoglycaemia is the major adverse effect of 
sulfonylureas. It depends on the individual members 
and also depends on dose/duration/patient condition/
patient behaviour.. This is a particular concern in elderly 
patients with impaired hepatic or renal function who are 
taking longer-acting sulfonylureas (a major reason first-
generation agents are rarely used). Weight gain of 1–3 kg 
is a common side effect of improving glycemic control 
with sulfonylurea treatment. May be more common 
with some more potent, longer acting sulfonylureas. 
Less significant side effects like nausea and vomiting are 
usually well tolerated. Dangerous but fortunately less 
frequent side effects of sulfonylureas include cholestatic 
jaundice, agranulocytosis, aplastic and hemolytic 
anemias, generalized hypersensitivity reactions, and 
dermatological reactions. Rarely, patients treated 
with these drugs (mainly with tolbutamide) develop 
an alcohol-induced flush similar to that caused by 
disulfiram or hyponatremia. Mild diuresis, particularly 
with tolazamide, acetohexamide and glyburide. Fluid 
retention and hyponatremia with chlorpropamide and, 
to a lesser extent, tolbutamide A long-running debate 
has centered on whether treatment with sulfonylureas is 
associated with increased cardiovascular mortality. This 
likely reflects the expression of the sulfonylurea receptor 
on vascular smooth muscle cells and cardiac myocytes, 
where activation of the sulfonylurea prevents the 
beneficial effects of ischemic preconditioning. Glyburide, 
but not glimepiride, interacts with the sulfonylurea 
receptor in these nonislet sites and may be associated 
with increased cardiovascular risk. Use with caution in 
patients with hepatic dysfunction, renal impairment. Do 
not use in pregnancy. 

Drug Interactions
A loss of glycemic control may occur when patients 
are treated concurrently with a sulfonylurea and drugs 
that produce hyperglycemia. These include thiazides 
(hydrochlorthiazide, diazoxide), corticosteroids (“adrenal 
diabetes”), estrogens, oral contraceptives, phenothiazines, 
thyroid products, phenytoin, nicotinic acid, isoniazid, 
sympathomimetics, beta-blockers (propranolol) and 
some calcium channel blockers (nifedipine). The 
hypoglycaemic effect of sulfonylureas may be enhanced 
due to various mechanisms (eg, decreased hepatic 
metabolism, inhibition of renal excretion, displacement 
from protein-binding sites, decreased blood glucose, 
alteration of carbohydrate metabolism). Monitor blood 
glucose carefully upon initiation, cessation, or changes in 
therapy with any of agents which are likely to interact with 
sulfonylureas is very essential. Other drugs which are 
metabolized by cytochrome P450 systems (miconazole, 
phenytoin, diclofenac, naproxen, mefenamic acid) may 
decrease clearance of sulfonylureas and precipitate 
hypoglycemia. Drugs that induce cytochrome enzymes 
like rifampin, may enhance sulfonylurea clearance and 
reduce efficacy and chances of treatment failure are there.

Some Important Drugs which Interact with Sulfonylureas 
by Various Mechanisms

1. Displace sulfonylureas from plasma proteins 
Clofibrate, phenylbutazone, salicylates, sulfonamides 

2. Reduce hepatic sulfonylurea metabolism Dicumarol, 
chloramphenicol, MAOIs, phenylbutazone 

3. Decrease urinary excetion of sulfonylureas 
or their metabolites Allopurinol, probenecid, 
phenylbutazone, salicylates, sulfonamides

4. Intrinsic hypoglycaemic activity Insulin, alcohol, 
ß-blockers, salicylates, MAOIs, guanethidine

Tolazamide, chlorpropamide, Careful in renally 
impaired patients since active metabolite is eliminated 
renally and may accumulate (risk of hypoglycemia). 
Chlorpropamide- Dilutional hyponatremia-results 
from enhanced vasopressin secretion and potentiation 
of its effect at the renal tubule by rare chlorpropamide 
hematologic toxicity (SIADH) Chlorpropamide may 
produce a disulfiram reaction (inhibition of alcohol 
metabolism) with symptoms including nausea/vomiting, 
hypotension, breathlessness and flushing. 

Thiazolidinediones (Glitazones): (PPAR γ Activator)
Rosiglitazone and Pioglitazone
Adverse Reactions
The most common adverse effects of the thiazolidinediones 
are weight gain and edema. Edema attributable to 
thiazolidinedione treatment occurs in up to 10% of 
patients in clinical trials and has been reported equally 
with pioglitazone and rosiglitazone. Beyond the effects 
of edema, treatment with thiazolidinediones causes an 
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increase in body adiposity and an average weight gain of 
2-4 kg over the first year of treatment. Importantly, in both 
preclinical models and in human studies the gain of body 
weight occurs peripherally, in subcutaneous adipose 
tissue, and visceral fat changes little or is reduced. The 
use of insulin with thiazolidinedione treatment roughly 
doubles the incidence of edema and amount of weight 
gain, compared with either drug alone. Aggressive insulin 
dosing in combination with glitazone is associated with 
further reductions in HbA1c but with an increased risk 
of hypoglycaemia. Troglitazone, due to its propensity to 
hepatic damage was removed from the market. Though 
there have been few cases of severe hepatocellular damage 
attributable to the newer thiazolidinediones they have 
not been confirmed. But for the patient safety it is better 
that thiazolidinediones be withheld from patients with 
clinically apparent liver disease and that liver function 
be monitored intermittently during treatment. However, 
the FDA recommends monitoring hepatic function at the 
start of glitazones therapy and every two months during 
the first year of treatment. Patients should also be advised 
to monitor for signs and symptoms suggestive of hepatic 
dysfunction such as nausea, vomiting, abdominal pain, 
fatigue, anorexia, dark urine, or jaundice. Macular edema 
has been reported in patients using both rosiglitazone and 
pioglitazone,[6] usually in association with more general 
fluid retention. Beyond regular annual retinal exams, 
diabetic patients taking thiazolidinediones should be 
observed for visual changes. Paresthesias, and elevations 
of creatinine phosphokinase (CPK) have occurred 
in some pioglitazone-treated patients. Reductions in 
hemoglobin and hematocrit have also been observed. 
Glitazone therapy is not recommended for Class III 
and IV CHF patients and close monitoring of the fluid 
status of Class I and II patients is necessary. The use of 
thiazolidinediones in diabetic patients without a history 
of heart failure, or with compensated heart failure, can 
be initiated, but monitoring for signs and symptoms of 
congestive heart failure is important, especially when 
insulin is also used. Thiazolidinediones should not be 
used in patients with moderate to severe heart failure, 
and they should be discontinued in those who develop 
clinically apparent heart failure while being treated.[7] 
The glitazones are reported to produce increases in low-
density lipoprotein-cholesterol (LDL-C), high-density 
lipoprotein-cholesterol (HDL-C), and total cholesterol. 
LDL-C is increased the least with pioglitazone. The LDL/
HDL ratio is preserved, although with rosiglitazone, 
there is a lag time of several months before HDL-C 
rises relative to LDL-C. Triglycerides decrease with 
troglitazone and pioglitazone, whereas the effect with 
rosiglitazone is variable. Evidence from clinical trials 
indicates that treatment with thiazolidinediones can 
increase the risk of bone fracture in women.[8,9,10] This effect 
has been proposed to result from increased shunting of 
mesenchymal stem cells into the adipocyte lineage, and 
away from osteogenesis, as a result of increased PPARγ 

activity. Treatment with thiazolidinediones has also 
been associated with a small but consistent reduction 
in the hematocrit. This has generally been attributed to 
hemodilution due to plasma volume expansion, but 
thiazolidinediones may conceivably shunt erythroid 
precursors into adipose tissue development. 

Drug Interactions
The steady state pharmacokinetics of glipizide 
and metformin are not altered by pioglitazone co-
administration. Incidence of hypoglycaemia may be 
increased when glitazones are used with a sulfonylurea. 
Currently there are no controlled published studies on the 
hypoglycemic effects of troglitazone with the biguanides 
or alpha-glucosidase inhibitors. Pioglitazone may induce 
the metabolism and reduce efficacy of OCPs .

Meglitinide/ Phenylalanine Analogue
Repaglinide and Nateglinide
Adverse Reactions
During comparative clinical trials, 13% of repaglinide 
patients discontinued therapy because of adverse events 
vs 14% of sulfonylurea patients. Hypoglycaemia and 
related symptoms were the most common adverse events 
resulting in discontinuation. It should be noted that with 
the meglitinides, like other antidiabetic drugs, the risk 
of serious hypoglycaemia may be increased in elderly, 
debilitated or malnourished patients, and those with 
adrenal, pituitary or hepatic insufficiency. In general, the 
adverse reaction profile of repaglinide is similar to that 
noted for the sulfonylurea drugs, including weight gain 
(5 lb). In comparative trials, the incidence of individual 
cardiovascular adverse reactions (hypertension, 
abnormal ECG, MI, arrhythmias, palpitations) with 
meglitinides was not greater than that observed for the 
sulfonylurea. Repaglinide is metabolized primarily by 
the liver (CYP3A4) to inactive derivatives. Repaglinide 
should be used cautiously in patients with hepatic 
insufficiency. Because a small proportion (~10%) is 
metabolized by the kidney, dosing of the drug in patients 
with renal insufficiency should be performed cautiously. 
As with sulfonylureas, the major side effect of repaglinide 
is hypoglycemia. Like sulfonylureas, repaglinide is 
associated with a decline in efficacy (secondary failure) 
after initially improving glycaemic control. Nateglinide 
is metabolized primarily by hepatic CYPs [2C9, 70%; 3A4, 
30%] and thus should be used cautiously in patients with 
hepatic insufficiency. About 16% of an administered dose 
is excreted by the kidney as unchanged drug. Dosage 
adjustment is unnecessary in renal failure. As with 
sulfonylureas and repaglinide, secondary failure occurs.

Drug Interactions
Repaglinide metabolism may be decreased by 
inhibitors of CYP 3A4 such as the azole antifungal 
(ketoconazole, miconazole, etc.) and some antibiotics 
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including erythromycin, resulting in increased serum 
concentrations. Conversely, drugs that induce the 
CYP 3A4 (i.e. troglitazone, rifampin, barbiturates, 
carbamazepine) may increase repaglinide metabolism 
and thereby decrease its anti-diabetic effects when used 
concurrently. The actions of oral hypoglycemic agents 
may be potentiated by certain drugs including NSAIDs 
and other drugs that are highly protein bound such as 
salicylates, sulfonamides, chloramphenicol, coumarins, 
probenecid, MAOIs, etc. (for a complete listing, see 
Drug Interactions under Sulfonylureas). Thus patients 
should be monitored closely for loss of glycemic control 
when these agents are added to or withdrawn from 
patients on repaglinide therapy. Thiazide diuretics, 
corticosteroids, phenothiazines, thyroid products, 
estrogens, oral contraceptives, phenytoin, nicotinic acid, 
sympathomimetics, calcium channel blockers, isoniazid 
and other drugs that produce hyperglycaemia should be 
used cautiously and with monitoring in patients treated 
with repaglinide.

Alpha-Glucosidase Inhibitors: Acarbose, Miglitol, 
Voglibose 
Adverse Reactions
The most common adverse reactions associated with 
50 to 300 mg tid acarbose therapy are gastrointestinal 
in nature and include flatulence (77%), abdominal pain 
and distension or bloating (21%), diarrhoea (33%) and 
borborygmus. Abdominal pain and diarrhoea typically 
improves upon continued therapy, and the intensity of 
flatulence also decreases. All of the GI reactions may 
be minimized by initiating therapy at low doses (25 mg 
t.i.d). The GI tract symptoms are a manifestation of the 
mechanism of action of these drugs and is related to the 
presence of undigested carbohydrate in the lower GI tract 
where they are fermented by bacteria. Thus these drugs 
should be avoided in patients with IBD and other GI tract 
disorders

Unlike sulfonylureas, miglitol and acarbose do not 
cause hypoglycaemia, hyperinsulinemia or weight 
gain. Of course, hypoglycaemia may occur when used 
with insulin or sulfonylureas. For hypoglycaemia in 
the setting of α-glucosidase use, glucose rather than 
sucrose or more complex carbohydrates should be used 
for treatment. Systemic adverse events associated with 
acarbose and miglitol have been reported only rarely. 
Anaemia and elevated transaminase levels are reported 
to be significantly more common in acarbose than in 
placebo-treated patients, occurring in 3.8 and 1.1% of 
patients, respectively. Small reductions in hematocrit 
may also occur, but these have not been associated with 
reductions in haemoglobin. Cutaneous hypersensitivity 
has been described but is also rare. 

Drug Interactions
Since acarbose and miglitol may potentiate the 
hypoglycaemic effects of insulin and the sulfonylureas, the 
doses of these agents may require adjustment when used 
concurrently. When acarbose is used, hypoglycaemia will 
not respond as efficiently to oral carbohydrates. The effects 
of acarbose and miglitol may be reduced by concomitant 
administration of intestinal absorbents such as charcoal 
and digestive enzyme preparations such as amylase and 
pancreatin. Digestive enzymes may breakdown miglitol 
particularly. The effects of acarbose and miglitol may be 
potentiated by concurrent administration of neomycin 
or cholestyramine. Acarbose interferes with metformin 
absorption. Patients treated with acarbose and miglitol 
should be monitored carefully for loss of blood glucose 
control when drugs that produce hyperglycaemia 
(thiazides, corticosteroids, estrogens, oral contraceptives, 
phenothiazines, thyroid products, phenytoin, nicotinic 
acid, isoniazid, sympathomimetics and calcium channel 
blockers) are administered concurrently. Acarbose can 
decrease the absorption of digoxin and miglitol can 
decrease the absorption of propranolol and ranitidine. 

Glucagon Like Peptide-1(GLP-1) Receptor Agonists: 
Exenatide, Liraglutide
Adverse Reactions
The side effects of GLP-1 receptor agonists mimic 
the pharmacology of native GLP-1. Intravenous or 
subcutaneous administration of GLP-1 causes nausea and 
vomiting in a dose-dependent manner; the doses above 
which GLP-1 causes GI side effects are higher than those 
needed to regulate blood glucose. Despite this therapeutic 
window that minimizes adverse effects, nausea, 
vomiting, and other problems related to GI function are 
common with these drugs. Based on data from clinical 
trials, up to 40-50% of subjects given a GLP-1 receptor 
agonist report nausea at the initiation of therapy. Because 
the GI side effects of these drugs wane over time, most 
affected patients are able to continue a course of therapy. 
The activation of the GLP-1 receptor can delay gastric 
emptying; thus exenatide and other drugs of this class 
should be used with caution with other compounds that 
affect gastric emptying. Moreover, GLP-1 agonists may 
alter the pharmacokinetics of drugs that require rapid GI 
absorption, such as oral contraceptives and antibiotics. 
In the absence of other diabetes drugs that cause low 
blood glucose, hypoglycaemia associated with GLP-1 
agonist treatment is rare. The combination of exenatide or 
liraglutide with sulfonylurea drugs causes an increased 
rate of hypoglycaemia compared to sulfonylurea 
treatment alone. Because of the high degree of renal 
clearance, exenatide should not be given to persons with 
moderate to severe renal failure (creatinine clearance 
<30 mL/minute). There is no current recommendation 
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for dose adjustments of other GLP-1 receptor agonists 
for decreased renal function. Exenatide has also been 
rarely associated with acute renal failure. Based on 
surveillance data, there is a possible association of 
exenatide treatment with pancreatitis, including fatal and 
nonfatal hemorrhagic or necrotizing pancreatitis. There is 
currently no mechanism to explain this association, and 
cases linking exenatide to pancreatitis are rare. 

Dipeptidyl Peptidase-4 (DPP-4) inhibitors: Sitagliptin, 
Vildagliptin, Saxagliptin, Alogliptin, Linagliptin

Adverse Reactions
There are no consistent adverse effects that have been 
noted in clinical trials with any of the DPP-4 inhibitors. 
With few exceptions the incidence of adverse effects 
in drug-treated and placebo-treated patients has been 
similar. DPP-4 is expressed on lymphocytes; in the 
immunology literature, the enzyme is referred to as 
CD26. Although there is some evidence of minor effects 
on in vitro lymphocyte function with DPP-4 inhibitors, 
there is no evidence from clinical studies of major adverse 
effects in humans.

Amylin analogue: Pramlintide
Adverse Reactions
The most common adverse events associated with 
pramlintide therapy are nausea and hypoglycaemia. 
Although pramlintide alone does not lower blood 
glucose, addition to insulin at mealtimes has been noted 
to cause increased rates of hypoglycaemia, occasionally 
severe. It is currently recommended that prandial insulin 
doses to be reduced by 30–50% at the time of pramlintide 
initiation and then retitrated. Because of its effects on 
GI motility, pramlintide is contraindicated in patients 
with gastroparesis or other motility disorders. Because 
pramlintide can delay gastric emptying, it should be used 
with caution when combined with other compounds that 
affect GI motility. Moreover, the pharmacokinetics of 
drugs that require rapid GI absorption may be altered. 
Pramlintide is a pregnancy Category C drug. Pramlintide 
can be used in persons with moderate renal disease 
(creatinine clearance >20 mL/minute).

SGLT-2 Inhibitors: Canagliflozin, Dapagliflozin, 
Empagliflozin
Adverse Reactions
Important and serious adverse effect include diabetic 
ketoacidosis (DKA) in Type II diabetes mellitus and 
urinary tract infections. Clinical trials have reported 
vulvovaginal candidiasis and yeast infections as the 
common side effect, specifically for females. The incidence 
of these infections was approximately 10%. Dosing of 
SGLT2 inhibitors must be based on kidney function. 

Osmotic diuresis may lead to reductions in intravascular 
volume and orthostatic hypotension. Hyperkalemia and 
renal insufficiency may occur as a result of a diuresis. 
Follow-up labs in 1 to 2 weeks are necessary after starting 
SGLT2 inhibitors. Clinical trials with these agents also 
showed an increase in LDL of 2% to 3%. Dehydration 
and low blood glucose levels have also been reported. 
Patients who take Dapagliflozin are five times more 
likely to develop bladder cancer. These drugs are not 
FDA-approved for use in patients with Type-1 diabetes 
or people with diabetic ketoacidosis (DKA) or a history 
of DKA. Patients with kidney problems also should not 
use these drugs. 

Conclusion 
Diabetes mellitus one of the most common endocrinal 
and metabolic disorders of adults can be managed 
by non-pharmacotherapeutic as well as various 
pharmacotherapeutic agents including insulin. Oral 
hypoglycaemic agents possess very important role in 
management of T2DM. These agents act by different 
mechanisms to regulate the blood sugar level. However 
these drugs are not without risks of adverse drug effects 
and potential drug-drug interactions. The safe use of 
these agents can only be done after judicious analysis 
of patients’ characters and the properties of drugs. One 
should remember always that he is not the only treating 
physician for that patient so always elicit the detailed 
medical history before prescribing any oral hypoglycaemic 
drugs. The chances of hypoglycaemic episodes are always 
there with any kind of hypoglycaemic therapy and the 
patients should be well versed with the symptoms and 
signs of hypoglycaemia and should be warned not to take 
over the counter medications including so called natural 
remedies because of the risk of potential drug –drug or 
drug-food interaction.
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Introduction

Childhood obesity is lethal impact on the health of 
children in the age group of 5 to 18 years. The rise in 

childhood obesity has caused many diseases rare to notice 
in children such as T2DM, dyslipidemia, hypertension, 
sleep apnea, and fatty liver disease.[1,2] 

BMI charts published by CDC defined obesity as 
a BMI equal to or greater than 95th percentile for age 
and sex. Children with a BMI between 85th and 95th are 
defined as overweight. The prevalence of childhood 
obesity is increasing since 1971 in developed countries. 
An alarming 3 to 4 fold increase has been observed in 
obesity prevalence in the last 4 decades. According to 
the NHANES data, approximately 17% of children and 
adolescents aged 2–19 years are obese. The prevalence 
is higher in older children, males, and certain racial and 
ethnic minorities.[3] The situation concerning the issue in 
India is also alarming. According to recent Indian data, 
prevalence of overweight among 14–17 year old urban 
children in 2006–2007 was 29% in private schools and 
11.3% in government-funded schools in New Delhi.[4] 

Predisposing Factors
Various factors contribute to increasing prevalence of 
childhood obesity viz. interactions between genetic, 
neuroendocrine, metabolic, psychological, environmental 
and socio- cultural factors. The environment influence 
like increased calorie intake and decreased physical 
activity are major determinants of childhood obesity. 

Singh et al. (2007) has demonstrated that in developing 
countries like India, the biochemical consequences of 
childhood obesity are hyperinsulinemia, increased 
LDL, FFA levels and increased hepatic transaminases.[5] 
The triglycerides, HDL, fasting hyperglycemia and 
hypertension do not seem to have association with 
metabolic syndrome in children as seen in adults. They 
also have proposed to redefine the diagnostic parameters 
of metabolic syndrome in children with population-based 
values with these new biochemical parameters.

Gender, Racial and Socioeconomic Factors
African Americans as well as native American children 
and Hispanics have greatest prevalence of childhood 

obesity[6] that is now crossing the limits of socioeconomic 
status, race and gender. Approximately 39% of native 
American children are overweight.[7] Obese children 
are less active in extracurricular activities and sports at 
school.[8] In the cities where children are bound to indoor 
games and activities cause them to refrain from sports is 
the root cause of physical inactivity.  

Socioeconomic factors are also very important. 
The less availability of cheap fresh food and easy 
accessibility of fast food and junk food chains are a 
major determinant.[9] Awareness about adverse effects of 
unhealthy food is inadequate among children and their 
parents. Densely populated areas most often have few 
open spaces where children could go out for physical 
activity. The fear of traffic on the streets and the violence 
outside hinders the parents to restrict their kids to play 
at home where TV, videos and computer games offer a 
sedentary and addictive entertainment.[10] The increasing 
dependency on cars and other vehicles instead of public 
transports, sidewalk, parks and cycling and biking also 
contribute a lot to decreased physical activity. Unhealthy 
competitiveness in career oriented examinations has its 
great impact on them and they spend most of their time 
in their studies. 

Cultural Myths
It is a common myth in developing countries that fat 

child is a healthy child and this prompts the parents to 
feed them high calorie food containing oil, ghee, cheese 
and butter. Maternal smoking during pregnancy and 
early cessation of breast feeding cause overweight and 
obesity in early age of the child.[11]

Endocrine Disorders and Other  
Secondary Causes

Unlike exogenous obesity, endocrinopathies like 
hypothyroidism, cushing’s syndrome, growth hormone 
deficiency and pseudohypoparathyroidism may be 
associated with obesity. Genetic disorders like Leptin 
deficiency,  MC4R mutation, Prader Willi Syndrome 
and Bardet Biedl Syndrome are uncommon causes of 
childhood obesity. 

Evaluation of Childhood Obesity
Assessment starts with measurement of daily calorie 
intake and physical inactivity of the child. The history 
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about onset and progression of obesity must be taken.  
Exclude weight gain caused by drugs like glucocorticoids, 
OCPs, anti-depressants, mood stabilizers, anticonvulsants 
and antipsychotics. 

Endocrine disorders should be suspected in cases 
of obesity associated with short stature. Growth charts 
must be maintained and reviewed at each follow up visit. 
Children without GHD have normal to increased IGF 
and IGF-BP3. Investigate the suspects of hypothyroidism, 
Cushing’s syndrome, and pseudohypoparathyroidism 
accordingly if the diagnosis clinches. Bone age is delayed 
in hypothyroidism and advanced in Cushing’s and 
exogenous obesity.

Prevention and Treatment
The counseling and weight management  programme 
on appropriate intake of calorie and its consumption 
through physical activity must be held with child along 
with family. Nowadays children and adolescents prefer 
comfortability in their life which makes them fat causing 
obesity. To avoid this, healthy lifestyle choices must be 
instructed to them. 

To make children and parents aware of bad impact of 
obesity, more and more obesity clinics must be created. 
Children prefer indoor activities like watching TVs, and 
playing video games spending most of their time on 
couches and beds with computer. To curb this, sports 
involving physical activities must be promoted. Children 
should be inspired to cut down their TV watching time. 
High calorie junk food low in nutrition if served in the 
schools must be modified and replaced with adequate 
calorie nutritious food. 

Public awareness programs must be conducted 
concerning complications of childhood obesity and its 
impact on school performance. The recommendations 
made by Endocrine Society of US suggests that action for 
childhood obesity prevention starts with child birth.[12] It 
also recommends:

1. Breast feeding should be for 6 months minimum.
2. In place of high calorie and low nutrient food, food 

rich in dietary fibers like fruits and vegetables 
must be timely given.

3. At least 1 hour physical exercise ranging from 
moderate to vigorous.

American Academy of Pediatrics recommends daily 
screen time should be spanned 1–2 hours. Government 
Organizations must provide and promote citizen safe 
areas for walking and recreational activities. 

USFDA has approved Orlistat for the treatment of 
childhood obesity for 12 years and above. Dietary and 
lifestyle modification should be maintained throughout 
the treatment.

Conclusion
Childhood obesity is progressively increasing globally 
especially in developing countries. It has a great impact 
on physical and psychological health. Overweight 

children are more likely to suffer from depressive 
illnesses, cardiovascular and gastrointestinal disorders. 
Lifestyle modification regarding food habits and 
encouraging physical activity are the key measures to 
prevent childhood obesity.     
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A 22 year old male laborer presented in the Medicine 
OPD with history of intermittent fever, anorexia, 

weight loss and gradually progressive abdominal 
distention with dragging sensation in left hypochondrium 
for last 3 months. There was no history of jaundice, 
seizures, bony pains, any bleeding diathesis or swelling 
elsewhere in the body. Personal and family history were 
insignificant . 

General examination was within normal limits except 
for moderate pallor. Abdominal examination showed 
massive, firm splenomegaly crossing the umbilicus 
with maximum dimensions being 19.8 cm below the left 
subcostal margin. There was no other organomegaly 
or any free fluid in the abdomen. All other systems i.e. 
cardiovascular, respiratory, musculoskeletal and central 
nervous system had no significant findings. Fundus 
examination was also within normal limits.

In the lab investigations, complete hemogram 
showed haemoglobin level of 6.5g/dl, total WBC count 
of 2,80,000/ cumm with lymphocytes-8%, eosinophils- 
4%, basophils-3%, blast cells-2%, promyelocytes-12%, 
myelocytes-20%, metamyelocytes-10%, band cells and 
neutrophils- 41%. Platelet count was 1 lac/cumm and ESR 
was 48mm/hr. Examination of peripheral blood smear 
was suggestive of microcytic hypochromic RBCs with 
DLC having shift to left with many immature myeloid 
precursors. Platelets were slightly reduced in number but 
normal in morphology. Liver function and kidney function 
tests were normal except for raised ALP ( 480 IU/L) and 
serum uric acid (7.9 mg/ dl). USG abdomen showed 
splenomegaly of 21.3 cm with moderate hepatomegaly.
Bone marrow aspiration revealed hypercellular marrow 
with M:E ratio of 30:1. Myelopoiesis showed blast 02%, 
metamyelocytes 11%, promyelocytes 36%, myelocytes 
09%, eosinophils 02%, band forms and neutrophils 36%, 
basophils 04%. Erythropoeitic cells were adequate in 
number and had normal morphology and maturation. 
Lymphopoiesis and plasma cells were also adequate in 
number with normal morphology and maturation. No 

haemoparasite or metastatic deposition was seen in the 
bone marrow. On the basis hemogram, peripheral blood 
smear and bone marrow reports, a diagnosis of chronic 
myeloid leukemia (CML) was made.

Discussion 
CML is characterized by a specific genomic abnormality, 
the BCR ABL1 gene, coding for a tyrosine kinase protein 
(PTK) and causing the leukemic transformation of 
hemopoietic stem cells. The incidence of CML increases 
slowly with age until the middle forties, when it starts 
to rise rapidly. It is exceptionally rare in infancy. The 
incidence is 0.7/million children/year for patients 
aged 1–14 years, 1.2/million/year in adolescents, 5.2/
million/year in patients aged 18–29 years, 13 million/
year in patients aged 30–60 years and 15.2 million/year 
in patients aged more than 70 years.[1]

The incidence of chronic myeloid leukemia (CML) 
increases with age, but it is unclear how the characteristics 
of the disease vary with age. In children and young adults, 
where CML is very rare, it presents with more aggressive 
features including huge splenomegaly, higher cell count 
and higher blast cell percentage. Young adults (18–29 years 
old) significantly differ from adults (30–59 years old) and 
elderly patients (at least 60 years old) particularly for the 
frequency of splenomegaly. The splenomegaly is almost 
universally attributed to the expansion of myelopoiesis in 
the spleen. A classic textbook says: “In chronic phase, the 
spleen is enlarged due to infiltration of the red pulp cords 
by granulocytes in different maturation stages.”[2]

The management of CML is based on the phase of the 
disease at presentation and response levels as these are 
measures of leukemic cell burden and early surrogate 
markers of survival.[3] Three phases of CML have been 
described in the literature. Most patients are diagnosed in 
the first phase, called the chronic phase with the median 
duration of 4–5 years. It can develop over time into the 
second accelerated phase (6–8 months) and the third blast 
crisis phase (3–9 months). Accelerated phase and blast 
phase have the worst prognosis.

Allogenic bone marrow transplant is the most 
successful therapy if a suitable HLA identical donor is 
available in chronic phase. For the patients without a 
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CML in a Young Adult—A Rare Presentation
Abha Gupta1, Sanjay Bhaskar2 and Yogesh Gaur3

ABSTRACT 
Chronic myeloid leukemia (CML) is a myeloproliferative disorder affecting the hematopoietic stem cell compartment. It is 
predominantly a disease of adults, accounting for about 20% of adult leukemia’s. CML incidence is strongly related to age with 
the peak age of presentation being around 60 years. Men are affected more often than women (3:2). Since the disease is rare in 
young adults, we report one such case of CML in a 22 year old male patient.
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suitable donor, control of the disease with chemotherapy 
with tyrosine kinase inhibitors(TKIs), hydroxyurea/ 
busulphan or alpha interferon is the best alternative. 
However, the median survival in cases with early 
onset disease < 25 years has been 30–35 months due to 
transformation to acute leukemia and septicemia. It has 
been stated that outlook for CML in young adults and 
children remains poor and treatment needs reevaluation. 

As the number of young adult patients is small, it is 
not easy to detect differences in response and outcome 
according to age. A careful monitoring of young patients 
should be performed. It is likely that in young adults 
extended use of second-generation TKIs may improve 
the outcome.[4]
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Isolated Rectus Sheath Hematoma Mimicking a 
Desmoid Tumor: A Rare Presentation of Dengue Fever

Anjum Mirza Chughtai1, Muhammad Uwais Ashraf2 and M.R. Ajmal3

ABSTRACT
Recently, many new presentations have been described in association with dengue fever. These newer manifestations 
may cause delay in diagnosis and management of dengue fever due to lack of suspicion. Rectus sheath hematoma 
can be rare manifestation of dengue fever. It is more common in female patients and usually responds well to 
conservative management. Clinically it is difficult to differentiate a rectus sheath hematoma from abdominal wall 
tumors. In the case we describe here, rectus sheath hematoma was confused with a desmoid tumor and the two 
could not be differentiated even on CT scan, so a biopsy was done.

Introduction

Rectus sheath hematoma (RSH), is an uncommon 
condition which can present as a rare cause of acute 

abdominal pain. RSH is an accumulation of blood in 
rectus abdominis sheath. It can occur as a result of damage 
to epigastric arteries or may result due to a direct tear of 
rectus muscle. A physician needs to be cautious about 
this condition as it may mimic acute abdomen which may 
warrant immediate surgical intervention. The etiologies 
may include trauma, anticoagulant therapy, abdominal 
operations, subcutaneous drug injections, trocar site 
injury, hematological diseases and blood dyscrasias, 
hypertension, exercise, pregnancy, etc. Rectus Sheath 
Hematoma usually occurs in lower abdominal wall and 
usually does not cross the midline.[1] We report a probable 
case of Dengue fever which presented with a mass in the 
abdomen and was diagnosed by clinical examination and 
confirmed by ultrasound and computed tomography 
(CT). The patient recovered uneventfully after bed rest, 
intravenous fluid replacement, platelet transfusion and 
supportive therapy.

Case Report
A 55 year old female, known case of bronchial asthma 
on bronchodilators, came to OPD with complaints of 
pain in the lower abdomen. There was history of fever 
a few days back. The patient also noticed a lump in the 
lower abdomen. She was a regular visitor to the OPD and 
during her last visit a week back, she was thoroughly 
examined and there was no lump at that time. The lump 
was restricted to the lower abdomen. She had no history 
of diarrhea or constipation or distension of abdomen. 
There was no history of vomiting. There was no history 
of bleeding per vaginum or any history suggestive of 
intestinal obstruction. 

On examination, her pulse rate was 96 per minute, 
regular, blood pressure was 100/60 mmHg, temperature 
was 98.6°F. Per Abdomen Examination revealed minimal 

echhymotic patches in the lower abdomen and lump 
in the lower abdomen, of the size of 7X7 cm with mild 
tenderness in the lump. The lump was freely mobile with 
a relaxed abdomen, however it got fixed when the patient 
was asked to contract the abdominal muscles. 

It was an acute onset lump, as the patient was examined 
in the OPD one week prior to her recent presentation and 
there was found to be no abdominal lump at that time. 
The basic investigations like CBC, RFT, LFT etc were 
ordered and the patient was immediately referred to the 
surgeons for any urgent surgical intervention. 

Meanwhile, the investigation reports ordered by the 
physician came and revealed Hb: 10.0 gm%, TLC: 4500, 
DLC: P60L40, Platelets: 35000 only. Since the patient had 
presented in an endemic area, at the peak season of Dengue 
Fever, a dengue serology was ordered, which revealed 
an IgG positive status for Dengue. An Ultrasonography 
of the abdomen was done which revealed a lump of 
the size of 11 cm X 4.5cm. The patient was referred 
back to us, and was reexamined. There were significant 
ecchymotic patches over the abdomen (Fig. 1), the size 
of lump had also increased. The general condition of the 
patient had dipped, however, she was maintaining vitals. 
Interestingly, there was no bleeding from any other site.

Fig. 1. Lump in the Lower Abdomen with Extensive Ecchymoses Over the Abdomen

Repeat investigations revealed a platelet count of 
65,000, Hct was 35%, BT, CT, PT, aPTT were normal, 
Dengue serology revealed IgG positive status. However, 
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to ascertain what exactly the lump was, a CECT 
abdomen was planned. Patient was put on conservative 
management. Platelet concentrate was transfused.

CECT Abdomen revealed, a well-defined, 
circumscribed, heterogeneously enhancing, soft tissue 
density lesion, with few areas of hypodensities within the 
lesion, involving the rectus sheath on the left side causing 
splaying of the left rectus abdominis muscle in the 
paramedian region on left lower abdominal quadrants, 
with no evidence of calcification (Fig. 2–3). The size of the 
lesion was 6.15 X 7.11 X 11 cm. There was no evidence of 
any regional lymphadenopathy.

Based on these findings, the radiologists made an 
impression of a desmoid tumor. Since the diagnosis of 
dengue was already in doubt as the patient had only 
an IgG positive status with Ns1 antigen and IgM being 
negative, and there was no evidence of bleeding from 
any other site as occurs in dengue, it was thought that the 
patient had a basically developed a desmoid tumor and 
the ecchymotic patches could be due to bleeding within 
the fascial planes. 

Fig. 2

Fig 3.

Based on this assumption, the patient was again 
referred to the surgeons, who took a biopsy of the mass. 
However, the patient was continued on the conservative 
management and no surgical intervention was carried 
out. The patient’s condition was improving and as the 

biopsy report was awaited, the patient was discharged on 
personal request, with instructions to report to the OPD 
with the biopsy report.

The patient reported back to the OPD and it was found 
that lump had regressed and only minimal ecchymotic 
patches were left (Fig. 4). The size of the lump on repeat 
ultrasound was 6.6 X 3.1 X 6.6 cm. Report of biopsy 
specimen revealed only Red Blood Cells. So, the lump 
which was being thought to be a desmoid tumor, was 
actually a hematoma only, which could be secondary to 
thrombocytopenia due to probable dengue fever.

Fig 4.

Discussion
We present here a rare case in which, rectus sheath 
hematoma secondary to probable dengue presented as 
a desmoid tumor on CT scan of the abdomen. Although 
the initial work-up of the patient had pointed towards 
this diagnosis, due to concomitant thrombocytopenia 
and IgG positive status, but the CT findings complicated 
the issue. However, the diagnosis of dengue was only 
probable. But, as the biopsy report confirmed the mass to 
be a hematoma, we can say that we were dealing with a 
case of dengue as, according to the WHO guidelines, our 
patient was fitting into the diagnosis of dengue fever with 
warning signs. The diagnosis of probable dengue can be 
made if the patient is a resident of/traveler to endemic 
area with any two of the following:
• Aches and pains: Headache, Myalgia, Arthralgia, 

Retro-orbital pain
•  Rash
• Haemorrhagic manifestations: petechiae, +ve 

tourniquet test
•  Nausea/vomiting 
•  Leukopenia 
•  Any warning signs 
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Although, a single titre of IgG was positive in our 
patient, we need to demonstrate an increasing titre. 
Another important point for diagnosis is the occurrence 
in the same place or time as other cases of confirmed 
dengue.

Rectus sheath hematoma is rarely seen in association 
with dengue fever as a cause of acute abdominal pain. 
Very few case reports exist in literature.[2] Rectus sheath 
hematoma occurs more commonly in females, probably 
due to the fact that women have smaller muscle mass 
[3]. Causes of Rectus sheath hematoma include trauma, 
anticoagulant therapy, excessive coughing, intra-
abdominal injections etc.[4] Clinical presentation is 
with abdominal pain, mass in the abdomen, vomiting, 
abdominal cramps etc.[3]

Diagnosis can be confirmed by ultrasonography, CT 
scan, and MRI. Ultrasonography is cost-effective with 
no danger of radiation. However, it is a known fact that 
on ultrasound, these Rectus sheath hematomas may 
be confused with abdominal wall tumors as occurred 
in our patient.[5] CT scan of the abdomen is superior to 
ultrasound as it can give the extent and the site of the 
hematoma.

Complete resorption of the hematoma usually occurs 
in around three months.[6] The mainstay of treatment 
is conservative management in patients who are 
hemodynamically stable and in whom the hematoma is 
non-expanding.

Conclusion
We have reported an interesting case here which 
is not a straight forward case of dengue fever with 
thrombocytopenia. Important finding was an acute 

onset of abdominal lump in the presence of documented 
thrombocytopenia. On biopsy, this came out to be a 
hematoma and the patient responded well to conservative 
treatment. In our clinical set up, we have to remember 
that these acute febrile illnesses like dengue, malaria, 
leptospirosis etc can have a myriad of presentations and 
making a correct diagnosis boosts the confidence of both 
the patient and the treating physician and unwanted 
procedures may be timely avoided as in this case, there 
was no role of surgical intervention, which was avoided 
due to prompt and correct diagnosis.
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Mentzer Index

The Mentzer index, described in 1973 by Mentzer,[1] is 
said to be helpful in differentiating iron deficiency 

anemia from beta thalassemia.[2] If a CBC indicates 
microcytic anemia, the Mentzer index is said to be a 
method of distinguishing between them. In practice, the 
Mentzer index is not a reliable indicator and should not, 
by itself, be used to differentiate. Indeed, the relevance 
of the index may be questioned, as the presence of iron 
deficiency is easily determined by measuring the serum 
ferritin level, which should be obtained routinely in 
all cases of microcytic anemia. In addition, it would be 
possible for a patient with a microcytic anemia to have 
both iron deficiency and thalassemia, in which case the 
index would only suggest iron deficiency. (RWP 8-15-13)

The index is calculated from the results of a complete 
blood count. If the quotient of the mean corpuscular volume 
(MCV, in fL) divided by the red blood cell count (RBC, in 
Millions per microLiter) is less than 13, thalassemia is said 
to be more likely. If the result is greater than 13, then iron-
deficiency anemia is said to be more likely.[3]

The principle involved is as follows: In iron deficiency, 
the marrow cannot produce as many RBCs and they are 
small (microcytic), so the RBC count and the MCV will both 
be low, and as a result, the index will be greater than 13. 
Conversely, in thalassemia, which is a disorder of globin 
synthesis, the number of RBC’s produced is normal, but the 
cells are smaller and more fragile. Therefore, the RBC count 
is normal, but the MCV is low, so the index will be less than 
13. (In practice, the MCV has to be extremely low and/or 
the RBC extremely high to produce an index of less than 13, 
something rarely encountered, further calling into question 
the usefulness of the index. - RWP 8-15-13)
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Knowledge Forum

This was how physicians used to hear lung and heart sounds before Lennac 
invented stethoscope. Doctor over centuries never forgave Lennac for his 
discovery.
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Thanks & Regards

Editor-in-Chief UP JIMI 
Dr. S. Chakravorty
Mob: 9810210479

E-mail: apinoidachapter@gmail.com
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API-UP CHAPTER
MEMBERSHIP FORM

To,
Honorary Secretary
Association of Physician of India ( U.P. Chapter),
Dept. of Medicine, K.G’s. Medical University, Lucknow–226003.

We hereby propose the admission of
Name (in full & block letters) :

Father’s Name ______________________________________________________________Gender M    F
Qualification : _____________________________________________________________________________________________
( Mention the discipline in which postgraduate qualification obtained)
Institution/University : _____________________________________________________________________________________
Year of Obtaining first postgraduate qualification : _____________________________________________________________
API Member (Yes / No), If yes Membership No. _______________________________________________________________
Mailing Address : __________________________________________________________________________________________
 __________________________________________________________________________________________________________
Contact No. : __________________________E – mail: ____________________________________________________________
Permanent Address : _______________________________________________________________________________________
__________________________________________________________________________________________________________
Applied for: (Please  appropriate after reading the conditions overleaf)
Life Member(LM)   Associate Member(AM)   Provisional Associate Member (PAM)
          (For PG Students)
To the best of our knowledge and belief, the above particulars are correct and we consider him/her a fit and proper person 
to be admitted as a member of the association.
_______________________               ___________________________
Signature of Proposer                                     Signature of Seconder

Name ________________________________    Name________________________________________
API Membership No.___________________    API Membership No. __________________________
UP API Membership No. _______________    UP API Membership No._______________________

Life membership Subscription (Inclusive of Admission Fee) Rs. 4000/- ( Rupees Four thousand only) is herewith enclosed 
vide Bank Draft No. __________________ Dated ____________ in Favour of “API-U.P. CHAPTER” Payable at Lucknow.

Subject to approval of the Governing Body in a Special Meeting, I agree to become a member and if admitted, to abide by the Rules and 
Regulations of the Association.
_______________________
Signature of Candidate
....................................................................................................................................................................................................................

For Office Use
Admitted / Not Admitted Vide Governing Body Meeting Dated : ________________ held at __________________
Payment received Rs. ____________________ Vide Bank Draft No. ________________ dated ___________________
drawn on ___________________________________Bank.
Membership No.: L/AM/PAM _______________
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Documents to be Enclosed :

• Photocopy of registration with UP Medical Council of India or the Central Medical Council of India.
• Photocopy of the postgraduate qualification.

There are Two Categories of Membership:
1. Life Member: Any person who is a member of Central body of Association of Physicians of India and is residing 
in Uttar Pradesh of India is eligible to become life member of U.P. Chapter. Central API membership is permissible 
to those who hold a postgraduate degree M.D. or D.M. or its equivalent in Internal Medicine from any institution or 
University recognised by the Medical Council of India or approved by the Governing body of the Association of Physicians 
of India provided he/she is not engaged in general or dispensing practice. Internal Medicine includes specialities such 
as Cardiology, Gastroenterology, Diabetology, Nephrology, Neurology, Clinical Hematology, Chest, Immunology, 
Rheumatology, Medical Oncology, Psychiatry, Pediatric Medicine, Dermatology, Radiation Medicine, Ultrasonography 
and others approved by Governing Body.

2. Associate Life Member: There are three categories of Associate Life Member:
I. Those who are eligible to become Ordinary or Life member of Central body of API but have not become so far.
II. Any person holding a postgraduate degree or diploma recognized by Medical Council of India in any branch of 

Medical Science but is not eligible to become life member is eligible to become Associate Life Member.
III. Provisional Associate Member: A Postgraduate student in Medicine may be enrolled as “Provisional Associate 

Member” on payment of full membership fees of the chapter. Such Membership will ordinarily last for five years 
unless the member informs about completion of postgraduate courses. In such cases he/she will be considered for Life 
Member/ Associate Life Members as per fulfillment of the requirement.

Note:
•	 Associate Life Member shall not have right to vote, propose, second or contest any position of the governing body. They shall also 

not be entitled for participation, except when stated otherwise, in any “Award Session” or for recommendation for any distinction 
conferred by the U.P. Chapter.

•	 Photocopy of this form can also be used.



Registration Form
Delegate Details:   Prof.   Dr.   Mr.   Mrs.
Name........................................................................................................................................................
Designation...............................................................................................................................................
Mailing Address.........................................................................................................................................
Name on the badge..................................................................................................................................
Mobile........................................................................E-mail ....................................................................

Registration Fee
Pre Conference Symposium (GDM)  Rs. 500   Bank Details

Category Early Bird
Upto

31st March
2016

Upto 30th

September
2016

From 1st

Oct 2016
& Spot

Registration
*UPAPI Member Rs. 2000 Rs. 3000 Rs. 5000
*Non UPAPI Member Rs. 2500 Rs. 3500 Rs. 5000
Accompanying
Person (Per Person)

Rs. 2000 Rs. 3000 Rs. 5000

*PG Student Rs. 1500 Rs. 1500 Rs. 2000
Industry Professional Rs. 3000 Rs. 5000 Rs. 7000

*Pre Conference Symposium complimentary for registered delegates.

Please include one day room rent advance for accommodation booking along with registration fee.

Registration Fee Rs. ................................... Accommodation Advance Rs. ...............................................

Total amount Rs. ..........................................................................................................................................

Payment to be made by DD/ at par cheque drawn in favor of “UP APICON 2016 Allahabad” payable at Allahabad.

PG Students/ Residents should attach a certificate from their Head of the Department.

Mail to:
Dr. Sarita Bajaj, Organising Secretary, 3/6 Panna Lal Road, Allahabad–211002

E-mail: upapicon2016@gmail.com
Website: www.upapicon2016.com

UP APICON 2016
Association of Physicians of India, UP Chapter

I5th & 16th October, 2016
14th October: Pre Conference Symposium

Allahabad

Account Name: UP APICON 2016

Account No: 35307470527

Bank Name: State Bank of India

Bank Address: 5-C Lowther Road,
Moti Lal Nehru Medical College,
Allahabad, U.P. 211001

IFS Code: SBIN0003040

Swift Code: SBININBB828
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Total amount `.... .... .... .... .... .... .... .... .... ... .... ... ... .... ... .... .... ... .... ... ... .... .... ... .... .. .... .... .... ... .... ... .... .... .. 

Payment to be made by DD/at par cheque drawn in favor of "UP APICON 2016 Allahabad" payable at Allahabad 
 

PG Students/Residents should attach a certificate from their Head of the Department 
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