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Background: A wide variation exists in the patterns of pharmacotherapy among patients admitted with
cardiovascular diseases. Very few studies have evaluated the potential determinants of drug utilization.
Our objective was to evaluate the clinical characteristics and patterns of cardiovascular drug utilization
among patients in coronary care unit (CCU) and assess the determinants of cardiovascular drug use
among patients with coronary artery disease (CAD).
Methods: In this retrospective cohort study, the medical records of CCU patients were reviewed inde-
pendently by two trained physicians over one year. Patients were analyzed as two groups e those with
CAD and without CAD. Multivariate logistic regression was done to identify the determinants of car-
diovascular drug utilization in the CAD group.
Results: Of 574 patients, 65% were males, 57% were <60 years. The five commonly prescribed drug
classes were platelet inhibitors (88.7%), statins (76.3%), ACE-inhibitors/Angiotensin receptor blockers
(72%), beta-blockers (58%) and heparin (57%). Poly-pharmacy (>5 drugs) was noticed in 71% of patients.
A majority of patients had diagnosis of CAD (72.6%). CAD patients received significantly higher median
number of drugs and had longer duration of CCU stay (p < 0.0001). Renal dysfunction for ACE-inhibitors
[0.18 (0.09e0.36)], ST-elevation myocardial infarction for calcium channel blockers [0.29 (0.09e0.93)]
and brady-arrhythmias for beta-blockers [0.3 (0.2e0.7)] were identified as determinants of decreased
drug use in CAD group.
Conclusion: Predominance of male gender, age <60 and poly-pharmacy was observed in CCU. Antith-
rombotics, statins, ACE-inhibitors/Angiotensin receptor blockers and beta-blockers were the most
frequently prescribed drugs. Clinical co-morbidities (renal dysfunction, arrhythmias) decreased the
utilization of ACE-inhibitors, beta-blockers among CAD patients.

Copyright � 2013, SciBioIMed.Org, Published by Reed Elsevier India Pvt. Ltd. All rights reserved.

1. Introduction

Cardiovascular diseases (CVDs) have emerged as the leading
cause of mortality with developing countries accounting for 80% of
cardiovascular deaths.1 The mortality data from first phase of the
Million Death Study showed CVDs as the largest cause of deaths in
India leading to 1.7e2 million deaths annually.2

According to the Global burden of diseases study in India, cor-
onary artery disease is the largest contributor to CVD accounting for
over 35% of disease burden.3,4 As per predictions from studies by
the National Commission for Macroeconomics and Health,

Government of India, the number of patients with CAD is set to
increase over 60 million by 2015.5

Drug therapies in critically ill patients are often complicated by
the altered physiology and coexistence of multiple co-morbidities
that warrants polypharmacy. Polypharmacy may increase the risk
of adverse drug reactions (ADRs), medication errors and patient
non-compliance with treatment.6

The American College of Cardiology Federation/American Heart
Association (ACCF/AHA) guidelines e 2011 have recommended
pharmacotherapy with anti-thrombotics, Angiotensin Converting
Enzyme (ACE) inhibitors, Angiotensin Receptor Blockers (ARBs) and
beta-blockers based on results of multiple controlled trials to
improve survival benefits in Acute Coronary Syndrome (ACS).7e10

In spite of availability of standard guidelines, a wide variation ex-
ists in patterns of pharmacotherapy. An observational study which
evaluated treatment practices for acute myocardial infarction (MI)
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across hospitals in South India observed appropriate use of
thrombolytics, beta-blockers and ACE-inhibitors among 83%, 78%
and 99.3% of patients respectively.11 Only 40% of ACS patients
received combined beta-blockers, statins and ACE-inhibitors in an
Estonian study.12

Very few studies have evaluated factors that predict the utili-
zation of pharmacotherapy in patients with cardiovascular dis-
eases. Assiri et al13 has reported that presence of diabetes predicts
use of ACE-inhibitors [Adjusted Odds Ratio (aOR) ¼ 1.496 (1.055e
2.121)], whereas the diagnosis of unstable angina [aOR ¼ 9.803
(1.312e71.42)] and ST-elevation MI (STEMI) [aOR ¼ 8.064 (1.052e
62.5)] predicted use of statins. Assessment of drug utilization pat-
terns and potential determinants of utilization are highly essential
to establish the optimal utilization of evidence-based therapies.

The objectives of this study were to evaluate the demographics,
clinical characteristics and patterns of cardiovascular drug utiliza-
tion among patients admitted to CCU and assess the potential de-
terminants of utilization of cardiovascular drug classes among
patients with CAD.

2. Methods and materials

2.1. Study setting, design and data collection

This was a retrospective cohort study conducted in CCU of St
John’s Medical College, Bangalore, India, which is a 1500 bed ter-
tiary care teaching hospital. The study method and results on pat-
terns, predictors and preventability of adverse drug reactions in the
CCU of a tertiary hospital have been reported in our earlier paper.14

The case records of 574 consecutive patients admitted to CCU
between 1st January 2008 and 31st December 2008 were retro-
spectively reviewed by two trained physicians independently. All
patients admitted and treated for more than 24 h were included in
the study. Data on demographics, clinical characteristics and drug
prescription were collected in a specially designed case record
form. Patients withmissing details on relevant drug utilization data
were excluded from analysis. Institutional Ethical Review Board
(IERB) approved conduct of the study.

Drugs were classified based on WHO’s Anatomic Therapeutic
Chemical Classification System.15 They were divided into groups
based on organ system (1st level), therapeutic and chemical char-
acteristics (2nd, 3rd, 4th levels). The total number of drugs and
cardiovascular drugs prescribed per person was noted. Among the
cardiovascular drugs prescribed, those from the WHO Essential
Drug list were noted.16

The patient population was considered as two groups: those
with diagnosis of CAD and those without CAD (Non-CAD group).
The diagnoses were defined based on clinical presentation, defi-
nite ECG changes, Echocardiography/angiography findings and
other investigation values using International Classification of
Diseases version-10 (ICD-10).17 Renal dysfunction was defined
based on the estimated creatinine clearance (ml/min) values
calculated using the CockcrofteGault equation. Baseline charac-
teristics, co-morbidities and treatment patterns were compared
across both groups. The characteristics of CAD patients were
analyzed to identify potential factors affecting utilization of car-
diovascular drug classes.

2.2. Statistical analysis

Descriptive measures (mean � SD, median, inter-quartile range)
were used to summarize numerical variables. For categorical vari-
ables, percentages were used. Chi-square test, Unpaired-t test and
ManneWhitney U test were used to analyze differences in baseline
characteristics between CAD and non-CAD group. Multivariate lo-
gistic regression was used to identify the determinants of drug
utilization among patients with CAD. Univariate analyses were
done with set of eleven independent variables and nine cardio-
vascular drug classes. The variables considered for the first step of
regression analysis included demographic data (gender and age)
and clinical co-morbidities [hypertension, diabetes mellitus, STEMI,
NSTEMI, unstable angina, ischemic heart disease (IHD), congestive
cardiac failure (CCF), renal dysfunction and arrhythmias]. Binary
logistic regression was done with independent variables found
significant in the univariate analysis (p < 0.2) to identify potential
factors affecting utilization of adjunctive pharmacotherapy among
CAD patients. The data were entered and analyzed in SPSS version-
20 software. Statistical significance was set at p < 0.05.

3. Results

3.1. Demographic and clinical characteristics

During the study period, a total of 574 consecutive patients were
admitted to CCU. 417 (72.6%) had a diagnosis of CAD (CAD group)
and 157 (27.3%) were hospitalized for conditions other than CAD
(Non-CAD group). Majority were males (65.1%) and were<60 years
(57.1%). Patients in CAD group were older (60 vs 50.5; p < 0.0001),
had a significantly longer median duration of CCU stay [3 (2e3) vs.
2 (2e3); p < 0.0001] and received significantly higher median

Table 1
Baseline characteristics of patients with CAD and non-CAD.

Variables Overall
N ¼ 574 (100%)

CAD (417; 72.6%) Non-CAD (157; 27.3%) p-Value*

Gendera; n (%) 0.768
�Males 374 (65.1) 274 (65.7) 100 (63.6)
�Females 200 (34.8) 143 (34.2) 57 (36.3)

Age; Mean (�SD)b 57.39 (15.1) 60.00 (13.4) 50.52 (17.0) <0.0001
<60a 328 (57.1) 216 (51.8) 112 (71.3)
>60a 246 (42.9) 201 (48.2) 45 (28.7) <0.0001

Median hospital stay (days)c 6 (4e10) 6 (4e11) 6 (4e10) 0.052
Median CCU stay (days)c 3 (2e3) 3 (2e3) 2 (2e3) <0.0001
Median no. of drugsc 10 (8e10) 10 (9e12) 8 (6e10) <0.0001
Median no. of cardiovascular drugsc 7 (5e7) 7 (6e9) 5 (4e6.5) <0.0001
Median no. of comorbidities 3 (2e4) 3 (2e4) 2 (1e3) <0.0001

Abbreviations: CAD (Coronary Artery Disease); Non-CAD (Non Coronary Artery disease); CCU (Coronary Care Unit).
* e p < 0.05 is considered statistically significant.
Data are given as:

a Number (n) of patients with percentages (%) in parentheses or as,
b Mean � standard deviation or as,
c Median with interquartile range in parentheses.
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number of drugs [10 (9e12) vs. 8 (6e10); p < 0.0001] than those in
non-CAD group (Table 1).

ACS was the most common admission diagnosis in CAD group
accounting for 72.5% cases [STEMI (38.6%); NSTEMI (24.2%); un-
stable angina (9.6%)]. Stable angina or a prior diagnosis of MI (IHD)
constituted the remaining 27.5% of CAD cases. The common co-
morbidities among CAD and Non CAD patients are presented in
Table 2. The median number of co-morbidities was significantly
more in CAD group than in non-CAD group [3 (2e4) vs. 2 (1e3);
p < 0.0001]. Hypertension (64.6%) and diabetes (43.4%) were the
most common co-morbidities.

3.2. Utilization patterns of cardiovascular drugs among CAD and
non-CAD patients

A total of 5532 drugs prescribed to 574 patients were catego-
rized into 14 groups based on the first anatomical level of ATC
classification. Distribution of drugs in different categories is shown
in Fig. 1. The five frequently prescribed drugs were aspirin (8.3%),

atorvastatin (7.8%), clopidogrel (7.6%), pantoprazole (6.8%) and
ramipril (5.7%). Cardiovascular drugs (ATC class B and C) accounted
for 69.3% of drugs prescribed. 70.5% of patients received more than
five cardiovascular drugs. 77.4% of cardiovascular drugs prescribed
were from WHO essential list.

Table 3 shows patterns of utilization of major cardiovascular
drug classes among CAD and non-CAD groups (ATC 3rd & 4th
levels). The detailed table on utilization of drug classes and indi-
vidual drugs among CAD and non-CAD groups is given in Appendix
1. Among 3832 cardiovascular drugs, the five commonly prescribed
subgroups were platelet aggregation inhibitors excluding heparin
(23.5%), statins (11.4%), heparin group (9.4%), ACE-inhibitors (8.9%)
and selective beta-blocking agents (7.3%). The utilization of ma-
jority of drug classes was significantly more among patients with
CAD with the exception of vitamin-K antagonists (CAD, 4.8% and
non-CAD, 24.2%; p ¼ 0.0001) and digitalis (CAD, 6% and non-CAD,
22.3%; p < 0.0001).

Aspirin (88.7%) and clopidogrel (89.7%) were the most
frequently used drugs among CAD group. Use of glycoprotein IIB/
IIIA receptor antagonists were reported in 3.8% patients with CAD,
with eptifibatide being prescribed more frequently (3.1%)-
(Appendix 1). 79% patients with ACS received heparin. Direct
thrombin inhibitors-fondaparinux was utilized in 5.2% patients of
whom 3.5% presented with ACS. 81% of patients in the non-CAD
group were prescribed antithrombotics (platelet aggregation-
inhibitors/heparin group/vitamin-K antagonists). Common di-
agnoses included arrhythmias (21%), valvular heart disease (9.5%),
cardiomyopathy (8.2%), pulmonary thromboembolism (8.2%).

Beta-blockers and ACE-inhibitors/ARBs were prescribed to 67%
and 79% of patients with ACS respectively. Out of 22 patients of
cardiomyopathy in non-CAD group, 17 were on ACE-inhibitors/
ARBs. Calcium channel blockers (CCBs) were prescribed to 28%
patients of which amlodipinewas themost frequently used (22.5%).

Of 47% patients with CAD on diuretics, 33% had a diagnosis of
ACS. 17% patients with ACS utilized aldosterone antagonists. Newer
anti-anginal agents (nicorandil, ranolazine and trimetazidine) were
prescribed to 32.4% patients (Appendix 1). Cardiac glycosides were
prescribed significantly more in non-CAD group (22.3%) where the
common clinical diagnoses were cardiomyopathy (10.2%) and
valvular heart disease (5.73%) complicated by heart failure (15.3%).

Table 2
Common comorbidities among CAD and non-CAD patients at discharge.

Comorbidities Overalla

N ¼ 574
CAD groupa

N ¼ 417
Non-CAD
groupa

N ¼ 157

p-Value*

Hypertension 326 (64.6) 266 (63.8) 60 (38.2) <0.0001
Diabetes mellitus 249 (43.4) 211 (50.6) 38 (24.2) <0.0001
Dyslipidemia 136 (23.7) 112 (26.9) 24 (15.3) 0.002
Heart failure 122 (21.3) 82 (19.7) 40 (25.5) 0.138
LRTI 109 (19.0) 72 (17.3) 37 (23.6) 0.095
Renal dysfunction 101 (17.6) 79 (18.9) 22 (14) 0.178
Arrhythmias 91 (15.9) 50 (12) 41 (26.1) <0.0001
Cardiomyopathy 34 (5.9) 12 (2.9) 22 (14) <0.0001
CVA/Old-CVA 29 (5.1) 20 (4.8) 9 (5.7) 0.671
Peripheral vascular disease 28 (4.9) 20 (4.8) 8 (5.1) 0.831
Valvular heart disease 20 (3.5) 3 (0.7) 17 (10.8) <0.0001
Pulmonary

thromboembolism
15 (2.6) 1 (0.2) 14 (8.9) <0.0001

Pulmonary hypertension 9 (1.6) 0 (0) 9 (5.7) <0.0001

*p < 0.05 considered statistically significant (Chi-square test).
LRTI e Lower Respiratory Tract Infection; CVA e Cerebrovascular Accident.

a Data are given as number (n) of patients with percentages (%) in parentheses.
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3.3. Determinants of utilization of cardiovascular drug classes in
CAD

Four hundred and seventeen patients with diagnosis of CAD
were analyzed to identify the potential factors affecting utilization
of nine cardiovascular drug classes (platelet aggregation inhibitors,
statins, vasodilators, CCBs, beta-blockers, diuretics, heparin and
other antithrombotics, ACE-inhibitors/ARBs and anti-arrhythmics).
The results of six drug classes are presented as the remaining three
showed no significant difference in utilization across selected
variables (Table 4).

Logistic regression analysis was done adjusting for variables
significant in univariate analysis (significance set at p < 0.2) to
identify the determinants of drug use among patients with
CAD (Table 5).

3.3.1. ACE-inhibitors and ARBs
In univariate analysis, age <60 [2.19 (1.30e3.69)] and renal

dysfunction [0.20 (0.11e0.36)] were significant predictors of ACE-
inhibitor/ARB use. Their utilization was decreased by 42% in pa-
tients with diabetes [0.58 (0.35e0.97)]. In multivariate analysis,
renal dysfunction was identified as the significant determinant,
which decreased utilization by 80% [0.18 (0.09e0.36)].

3.3.2. Calcium channel blockers (CCBs)
In univariate analysis, the utilization of CCBs was signifi-

cantly more in patients with hypertension [3.26 (1.89e5.65)],
IHD [1.62 (0.99e2.63)] and renal dysfunction [2.84 (1.66e4.87)].
A diagnosis of STEMI decreased the utilization of CCBs by 65%
[0.35 (0.21e0.59)]. Logistic regression identified hypertension
[3.70 (1.95e7.03)], renal dysfunction [2.85 (1.61e5.06)] and
STEMI [0.29 (0.09e0.93)] as major determinants for CCB use.

3.3.3. Heparin and other antithrombotics
STEMI [3.53 (1.16e10.73)] and NSTEMI [4.86 (1.41e16.72)] were

two significant predictors in multivariate analysis.

3.3.4. Beta-blockers
Patients <60 years were 2.96 times more likely to be on beta-

blockers than older patients 2.96 (1.91e4.60)]. Diagnosis of STEMI
increaseduseby1.63 times [1.63 (1.04e2.55)]. CCF [0.49 (0.29e0.83)],
renal dysfunction [0.58 (0.34e0.99)] and arrhythmias including heart
blocks [0.34 (0.18e0.65)] decreased utilization (Table 4). Multivariate
analysis identified STEMI [1.58 (1.01e2.46)] and brady-arrhythmias
[0.365 (0.2e0.7)] as significant determinants of beta-blocker
use (Table 5).

3.3.5. Diuretics
Renal dysfunction [4.37 (2.29e8.29)] and heart failure [11.26

(4.47e28.33)] were the significant determinants that increased
their utilization. Patients <60 years were less likely to be on di-
uretics than those >60 years [0.34 (0.20e0.55] (Table 5).

3.3.6. Anti-arrhythmics
Logistic regression identified arrhythmias [7.10 (3.20e15.76)],

CCF [3.03 (1.33e6.92)] and NSTEMI [3.44 (1.1e10.8)] as significant
predictors of increased use.

4. Discussion

In this study, we analyzed data of 574 patients admitted to CCU
of a tertiary hospital in India over one year and assessed their
baseline characteristics, clinical co-morbidities and drugs pre-
scribed during the duration of hospital stay. This study has pro-
vided a picture of cardiovascular drug prescribing patterns and
identified the potential predictors of drug utilization among pa-
tients with CAD.

4.1. Demographic and clinical characteristics

Patients in our study were younger (57 � 15) than those in
observational studies done in developed countries (63e69 years)
(Table 1).18,19 Early age at onset of CAD has been documented as one

Table 3
Utilization patterns of common cardiovascular drug classes in CAD and non-CAD patients.

Drug classes (as per ATC 3rd & 4th levels) Overall (N ¼ 574)a CAD group (n ¼ 417)a Non-CAD group (n ¼ 157)a p-Value*

Vitamin-K antagonists [B01AA] 58 (10.1) 20 (4.8) 38 (24.2) 0.0001
Heparin group [B01AB] 327 (57) 269 (64.5) 58(36.9) 0.0001
Platelet aggregation inhibitors [BO1AC] 509 (88.7) 409 (98.1) 100 (63.7) 0.0001
Enzymes [B01AD] 47 (8.2) 39 (9.4) 8 (5.1) 0.124
Other antithrombotic agents [B01AX] 30 (5.2) 27 (6.5) 3 (1.9) 0.033
Digitalis [C01AA] 60 (10.5) 25 (6) 35 (22.3) <0.0001
Antiarrythmics-class 111 [C01BD] 53 (9.2) 33 (7.9) 20 (12.7) 0.104
Adrenergic & dopaminergic agents [C01CA] 32 (5.6%) 22 (5.3) 10 (6.4%) 0.683
Organic nitrates [C01DA] 211 (36.8) 179 (42.9) 32 (20.4) 0.0001
Other vasodilators used In cardiac disease [C01DX] 105 (18.3) 103 (24.7) 2 (1.3) 0.0001
Other cardiac preparations [C01EB] 86 (15) 74 (17.7) 12 (7.6) 0.002
Diuretics 264 (46) 197 (47.2) 67 (42.7) 0.348
Thiazides [C03A] 10 (1.7) 8 (1.9) 2 (1.2)
Low ceiling diuretics excl thiazides [C03B] 5 (0.9) 1 (0.2) 4 (2.5)
High Ceiling Diuretics [C03C] 245 (42.7) 177 (42.4) 68 (43.3)
Aldosterone antagonists [C03D] 101 (17.6) 78 (18.7) 23 (14.6)

Beta-blockers [C07] 334 (58.2) 270 (64.7) 64 (40.8) 0.0001
Non-selective beta-blockers [C07AA] 2 (0.3) 2 (0.5) 0 (0)
Selective beta-blockers [C07AB] 276 (48.1) 229 (54.9) 47 (29.9)
Alpha and beta-blocking [C07AG] 63 (11) 45 (10.8) 18 (11.5)

Calcium channel blockers [C08] 161 (28) 117 (28.1) 44 (28) 1.00
Selective CCBs with mainly vascular effects [C08C] 131 (22.8) 97 (23.3) 34 (21.7)
Selective CCB with direct cardiac effects [C08D] 33 (5.7) 23 (5.5) 10 (6.4)

ACE inhibitors [C09AA] 340 (59.2%) 280 (67.1) 60 (38.2) 0.000
Angiotensin 11 antagonists [C09CA] 74 (12.9) 58 (13.9) 16 (10.2) 0.26
Statins [C10AA] 438 (76.3) 364 (87.3) 74 (47.1) 0.0001

* e p < 0.05 considered as statistically significant (Chi square test).
a Data are given as number (n) of patients with percentages (%) in parentheses.
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of the unique barriers of the optimal management of CAD in In-
dia.20 The alarming rates of hypertension (65%) and diabetes (43%)
are a disturbing trend (Table 2). Prevalence of hypertension in India,
for the last three decades has increased by about 30 and 10 times
among urban and rural residents respectively.21 It is projected that
India would contribute to more than one fifth of worlds’ total dia-
betic population by 2030.22 Hypertension and diabetes mellitus are
major and modifiable risk factors which when controlled can
significantly reduce CVDs morbidity and mortality.23

The percentage of patients receiving more than five drugs
(70.5%) was quite high. Polypharmacy may be justified as this was a
tertiary critical care setting where majority of patients were hos-
pitalized with multiple co-morbidities. The interplay of poly-
pharmacy and multiple comorbidities are proven risk factors for
ADRs, which significantly increase the duration of hospital stay.24

This explains the increased median duration of hospital stay in
CAD group compared to non-CAD group (3 vs 2; p < 0.0001). The
percentage of drugs prescribed from the essential drug list was
optimal (77%). This reflects on the increasing use of newer antith-
rombotic and anti-anginal agents, which are not yet available in
the list.

4.2. Utilization patterns of cardiovascular drugs among CAD and
non-CAD patients

Almost all patients with CAD received antiplatelet agents (98%)
similar to rates recorded in other tertiary care centers in South
India.11,25 Clopidogrel was prescribed at a higher rate (90%)
(Table 3) than seen across other registries (50%e80%).18,19 This is in
line with updated 2007 recommendation of dual antiplatelet
therapy in ACS, which has proven to confer a 20% reduction in
cardiovascular events in both low and high risk patients.26,27

The utilization of anticoagulants at 78% among ACS patients was
similar to patterns observed in other Indian studies (75%e85%).20,28

Guidelines recommend regimens other than unfractionated hepa-
rin (enoxaparin/fondaparinux) when anticoagulant therapy is
given for more than 48 h because of the risk of heparin induced
thrombocytopenia.7,26

The utilization of other evidence based treatments in CAD
especially ACE-inhibitors (81%) and statins (87%) were optimal and
similar to previous studies.20,25 However the lower use of beta-
blockers (65%) though similar to that reported in CREATE registry
(61%) could be improved provided there are no signs of cardiogenic
shock, heart blocks (greater than first degree) and other relative

contraindications to beta-blockade. A study among ACS patients in
Saudi Arabia also showed sub-optimal prescribing of beta-blockers
(69%) and ACE-inhibitors (59%).13

This study has documented the use of newer anti-anginal drugs
and vasodilators like nicorandil, trimetazidine and ranolazine.
Several randomized controlled trials with nicorandil and trimeta-
zidine among patients with chronic angina have shown their effi-
cacy in significantly reducing surrogate cardiac events on follow-
up.29,30 The MERLIN-TIMI 36 trial, which randomized 6560 hospi-
talized patients (NSTE-ACS) to either ranolazine or placebo recor-
ded significantly lower incidence of arrhythmias in the first week
after admission in ranolazine group.31 However they did not reduce
the rates of death or recurrent MI.

Guidelines recommend vitamin-K antagonists along with low
dose aspirin therapy in patients with rheumatic valvular disease
complicated by atrial fibrillation or thrombo-embolic episodes.32

This explains increased use of vitamin-K antagonists in the non-
CAD group (24%) where 20% patients had diagnosis of valvular
heart disease and pulmonary thromboembolism. Arrhythmias
were seen significantly more in non-CAD group (26%). The signifi-
cantly increased use of digoxin (22%) and adenosine (1%) among
non-CAD patients is probably explained by their efficacy in supra-
ventricular arrhythmias. Majority of patients with cardiomyopathy
were managed with recommended treatments, which included
ACE-inhibitors, beta-blockers, diuretics and digoxin.

4.3. Determinants of cardiovascular drug use among CAD patients

We studied factors that may predict the utilization of these
evidence-based treatments among patients with CAD (Table 5).
Renal dysfunction was found to significantly decrease the utiliza-
tion of ACE-inhibitors. ACE-inhibitors can interfere with the auto-
regulation of GFR mediated by angiotensin-II and lead to deterio-
ration of renal function especially in patients with bilateral renal
artery stenosis. Large controlled trials have proved their efficacy in
reducing proteinuria and slowing the progression of kidney dis-
ease.33 Hence National Kidney Foundation guidelines recommend
ACE-inhibitors and ARBs as the preferred agents for diabetic and
non-diabetic kidney disease with proteinuria.34 In univariate
analysis, utilization of ACE-inhibitors and ARBs was decreased
among diabetics (Table 4). On exploring factors, which contributed
to this pattern, renal dysfunction emerged significant. Therefore in
an acute care setting, physicians may choose to avoid ACE-
inhibitors to prevent further deterioration, however with careful

Table 5
Determinants of cardiovascular drug utilization in CAD patients.

Drug classes Adjustment variables Significant variables Adjusted OR with 95% CI

ACE-inhibitors & ARBs Age, sex, DM, CCF, renal dysfunction, arrhythmias Renal dysfunction 0.18 (0.09e0.36)
CCBs Age, sex, HTN, NSTEMI, STEMI, unstable angina,

IHD, renal dysfunction
HTN 3.70 (1.95e7.03)
STEMI 0.29 (0.09e0.93)
Renal Dysfunction 2.85 (1.61e5.06)

Heparin & antithrombotics Age, sex, HTN, STEMI, NSTEMI, unstable angina, IHD STEMI 3.53 (1.16e10.73)
NSTEMI 4.86 (1.41e16.72)

Beta-blockers Age, sex, DM, STEMI, renal dysfunction, CCF, arrhythmias Age 0.96 (0.95e0.98)
STEMI 1.58 (1.01e2.46)
Arrhythmias 0.36 (0.20e0.68)

Diuretics Age, DM, NSTEMI, unstable angina, CCF, renal dysfunction,
IHD, arrhythmia

Age 0.34 (0.20e0.55)
Renal dysfunction 4.37 (2.29e8.29)
CCF 11.26 (4.47e28.33)

Antiarrhythmics Age, HTN, DM, NSTEMI, unstable angina, IHD, CCF,
renal dysfunction, arrhythmias

CCF 3.03 (1.33e6.92)
Arrhythmias 7.09 (3.20e15.76)
NSTEMI 3.44 (1.10e10.80)

CI: Confidence Interval; OR: Odds’ Ratio.
Abbreviations: ACEI & ARB: ACE-inhibitors and Angiotensin Receptor blockers; CCBs: Calcium Channel Blockers; CCF: Congestive cardiac failure; DM: Diabetes Mellitus; HTN:
Hypertension; IHD: Ischemic Heart Disease; NSTEMI: Non-ST-Elevation Myocardial Infarction; STEMI: ST-Elevation Myocardial Infarction.
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monitoring, most patients with CKD can be maintained on these
drugs, even at low levels of GFR.34

Utilization of CCBs was increased by 3.7 times among hyper-
tensives. This probably reflects the high percentage of hypertensive
patients in our study (64%) and their requirement for drugs like
CCBs and ACE-inhibitors that have a neutral effect on glucose and
lipid metabolism. A diagnosis of STEMI decreased CCB use by
70% (Table 5). A meta-analysis on CCBs has reported no beneficial
effect on the incidence of deaths or myocardial infarction.35

Heart failure, renal dysfunction and brady-arrhythmias signif-
icantly decreased beta-blocker use in univariate analysis whereas
age <60 and a diagnosis of STEMI increased their use. Their
mortality benefit has been well established in several large trials
among patients with mild-moderate heart failure.36,37 However
guidelines recommend exclusion of patients from beta-blocker use
in an ICU setting and to initiate therapy once stabilized.38 On
adjusted analyses, age <60 and a diagnosis of STEMI were
important predictors for increased use in line with current
recommendation to initiate beta-blocker therapy as soon as STEMI
diagnosed.26 Brady-arrhythmias emerged as the significant
determinant that decreased beta-blocker use (Table 5). Atrioven-
tricular blocks (greater than first degree) are known to contrain-
dicate beta-blocker use. NSTEMI and congestive heart failure are
known to be complicated by life threatening arrhythmias and
heart blocks, which explain the increased utilization of anti-
arrhythmics in both.

5. Limitations

We have attempted to study the broader spectrum of cardio-
vascular drug use in CCU. Further we identified the determinants of
evidence based drug utilization in a real world setting. However
there are some limitations. It was a retrospective study in a tertiary
care setup based on review of medical records where medications
as received by the patient during duration of hospital stay were
recorded. Though retrospective designs are acceptable methods for
drug utilization, prospective studies generate more accurate data
due to more intense data collection. Also, patterns of drug utiliza-
tion based on population characteristics like socioeconomic status
could not be assessed.

6. Conclusion

In conclusion, this study provides an insight on the various
cardiovascular disorders encountered in a CCU setting and the
spectrum of cardiovascular drug utilization in them. Predominance
of male gender, age <60 years and poly-pharmacy were observed.
The data on patterns of drug utilization was largely similar to those
recorded in hospital and registry-based studies in India. However, it
has identified areas to further rationalize and optimize patterns of
polypharmacy and evidence based use of medications like beta-
blockers, newer anticoagulants/antiplatelet agents and newer
anti-anginal agents. The results on the major determinants of car-
diovascular drug use in CCU matched with the existing indications
and cautions for use with each drug class.

Conflicts of interest

All authors have none to declare.

Disclosures

The authors declare no conflict of interest. The authors declare
that they had nofinancial or personal relations to other organizations

whose interests could have affected the content of this article in any
way, either positively or negatively.

Acknowledgments

The authors gratefully acknowledge Mrs. Sushma Santosh, Se-
nior Research Fellow, Pharmacovigilance Center, Department of
Pharmacology, St. John’s Medical College, Bangalore for her
contribution in data collection. We also thank Mrs. Sumitra,
Biostatistician, St. John’s Research Institute, Bangalore for indis-
pensable contribution in statistical analysis.

Appendix A. Supplementary data

Supplementary data related to this article can be found athttp://
dx.doi.org/10.1016/j.jcdr.2013.12.001.

References

1. AlaAlwan.World Health Organization. Global Status Report of NCD 2010. Geneva:
World Health Organization; 2011. http://www.who.int/nmh/publications/ncd_
report_full_en.pdf. Accessed 4.6.13.

2. Registrar General of India. Report on Causes of Death in India 2001e2003. New
Delhi: Registrar General of India, Ministry of home Affairs; 2009. http://www.
cghr.org/wordpress/wp-content/uploads/Causes_of_death_2001-03.pdf.
Accessed 1.05.13.

3. Murray CJ, Lopez AD, Jamison DT. The global burden of disease in 1990:
summary results, sensitivity analysis and future directions. Bull World Health
Organ. 1994;72:495e509.

4. Gupta R, Joshi P, Mohan V, Reddy KS, Yusuf S. Epidemiology and causation of
coronary heart disease and stroke in India. Heart. 2008;94:16e26.

5. Indrayan A. Forecasting Vascular Disease Cases and Associated Mortality in India.
Reports of the National Commission on Macroeconomics and Health. India:
Ministry of Health and Family Welfare; 2005. www.whoindia.org/EN/
Section102/Section201_888.htm. Accessed 4.06.13.

6. Davies EC, Green CF, Mottram DR, Pirmohamed M. Adverse drug reactions in
hospitals: a narrative review. Curr Drug Saf. 2007;2:79e87.

7. Wright RS, Anderson JL, Adams CD, et al. 2011 ACCF/AHA focused update of the
guidelines for the management of patients with unstable Angina/Non-st-
elevation myocardial infarction (updating the 2007 guideline): a report of
the American College of Cardiology Foundation/American heart Association
Task Force on practice guidelines developed in collaboration with the American
College of Emergency physicians, Society for cardiovascular angiography and
Interventions, and Society of Thoracic Surgeons. J Am Coll Cardiol. 2011;57:
1920e1959.

8. Randomised trial of intravenous streptokinase, oral aspirin, both, or neither
among 17,187 cases of suspected acute myocardial infarction: ISIS-2. ISIS-2
(Second International Study of Infarct Survival) Collaborative Group. Lancet.
1988;2:349e360.

9. Randomised trial of intravenous atenolol among 16 027 cases of suspected
acute myocardial infarction: ISIS-1. First International Study of Infarct Survival
Collaborative Group. Lancet. 1986;2:57e66.

10. ISIS-4: a randomised factorial trial assessing early oral captopril, oral mono-
nitrate, and intravenous magnesium sulphate in 58,050 patients with sus-
pected acute myocardial infarction. ISIS-4 (Fourth International Study of Infarct
Survival) Collaborative Group. Lancet. 1995;345:669e685.

11. George E, Hunsberger S, Savitha D, Pais P. Treatment of acute myocardial
infarction: does the type of hospital make a difference? PPAMI Study Group.
Indian Heart J. 1999;51:161e166.

12. Marandi T, Baburin A, Ainla T. Use of evidence-based pharmacotherapy after
myocardial infarction in Estonia. BMC Public Health. 2010;10:358.

13. Assiri AS. The underutilization of adjunctive pharmacotherapy in treating acute
coronary syndrome patients admitted to a tertiary care hospital in southwest
region, Saudi Arabia. Heart Views. 2010;11:99e102.

14. Devi P, Kamath DY, Anthony N, Santosh S, Dias B. Patterns, predictors and
preventability of adverse drug reactions in the coronary care unit of a tertiary
care hospital. Eur J Clin Pharmacol. 2012;68:427e433.

15. WHO Collaborating Centre for Drug Statistics Methodology,Guidelines for ATC
Classification and DDD Assignment, 2012. Oslo; 2011. www.whocc.no/atcddd/.
Accessed 6.04.13.

16. WHO. Model Lists of Essential Medicines. 17th ed.; 2011. http://www.who.int/
medicines/publications/essentialmedicines/en/. Accessed 4.03.13.

17. WHO. International Classification of Diseases. Version 10; 2010. apps.who.int/
classifications/icd10/browse/2010/en. Accessed 4.03.13.

18. Goodman SG, Huang W, Yan AT, et al. The expanded Global Registry of Acute
Coronary Events: baseline characteristics, management practices, and hospital
outcomes of patients with acute coronary syndromes. Am Heart J. 2009;158:
193e201.

J. George et al. / Journal of Cardiovascular Disease Research 4 (2013) 214e221220

http://dx.doi.org/10.1016/j.jcdr.2013.12.001
http://dx.doi.org/10.1016/j.jcdr.2013.12.001
http://www.who.int/nmh/publications/ncd_report_full_en.pdf
http://www.who.int/nmh/publications/ncd_report_full_en.pdf
http://www.cghr.org/wordpress/wp-content/uploads/Causes_of_death_2001-03.pdf
http://www.cghr.org/wordpress/wp-content/uploads/Causes_of_death_2001-03.pdf
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref3
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref3
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref3
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref3
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref4
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref4
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref4
http://www.whoindia.org/EN/Section102/Section201_888.htm
http://www.whoindia.org/EN/Section102/Section201_888.htm
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref6
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref6
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref6
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref7
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref7
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref7
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref7
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref7
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref7
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref7
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref7
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref7
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref8
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref8
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref8
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref8
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref8
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref9
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref9
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref9
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref9
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref10
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref10
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref10
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref10
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref10
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref11
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref11
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref11
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref11
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref12
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref12
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref13
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref13
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref13
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref13
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref14
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref14
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref14
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref14
http://www.whocc.no/atcddd/
http://www.who.int/medicines/publications/essentialmedicines/en/
http://www.who.int/medicines/publications/essentialmedicines/en/
http://apps.who.int/classifications/icd10/browse/2010/en
http://apps.who.int/classifications/icd10/browse/2010/en
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref18
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref18
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref18
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref18
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref18


19. Mandelzweig L, Battler A, Boyko V, et al. The second Euro Heart Survey on acute
coronary syndromes: characteristics, treatment, andoutcomeofpatientswithACS
in Europe and theMediterranean Basin in 2004. Eur Heart J. 2006;27:2285e2293.

20. Xavier D, Pais P, Devereaux PJ, et al. Treatment and outcomes of acute coronary
syndromes in India (CREATE): a prospective analysis of registry data. Lancet.
2008;371:1435e1442.

21. Pradeepa R, Mohan V. Hypertension & pre-hypertension in developing coun-
tries. Indian J Med Res. 2008;128:688e690.

22. The Global Burden. www.idf.org/diabetesatlas/5e/the-global-burden. Accessed
22.04.13.

23. Rodgers A, Lawes C, MacMahon S. Reducing the global burden of blood
pressure-related cardiovascular disease. J Hypertens Suppl. 2000;18:S3eS6.

24. Classen DC, Pestotnik SL, Evans RS, Lloyd JF, Burke JP. Adverse drug events in
hospitalized patients. Excess length of stay, extra costs, and attributable mor-
tality. JAMA. 1997;277:301e306.

25. Banerjee S, Kumar V, Ramachandran P, Kamath A. Does the Pharmacological
management of unstable angina vary with age and gender e a descriptive
study. J Clin Diagnostic Res. 2010;4:3150e3157.

26. King III SB, Smith Jr SC, Hirshfeld Jr JW, et al. 2007 focused update of the ACC/
AHA/SCAI 2005 guideline update for Percutaneous coronary Intervention: a
report of the American College of Cardiology/American heart Association Task
Force on practice guidelines: 2007 Writing group to review new evidence and
update the ACC/AHA/SCAI 2005 guideline update for Percutaneous coronary
Intervention, Writing on Behalf of the 2005 Writing Committee. Circulation.
2008;117:261e295.

27. Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, Fox KK. Effects of clopi-
dogrel in addition to aspirin in patients with acute coronary syndromes
without ST-segment elevation. N Engl J Med. 2001;345:494e502.

28. Malhotra S, Grover A, Verma NK, Bhargava VK. A study of drug utilisation and
cost of treatment in patients hospitalised with unstable angina. Eur J Clin
Pharmacol. 2000;56:755e761.

29. Effect of nicorandil on coronary events in patients with stable angina: the
Impact Of Nicorandil in Angina (IONA) randomised trial. Lancet. 2002;359:
1269e1275.

30. Szwed H, Sadowski Z, Elikowski W, et al. Combination treatment in stable
effort angina using trimetazidine and metoprolol: results of a randomized,
double-blind, multicentre study (TRIMPOL II). TRIMetazidine in POLand. Eur
Heart J. 2001;22:2267e2274.

31. Scirica BM, Morrow DA, Hod H, et al. Effect of ranolazine, an antianginal agent
with novel electrophysiological properties, on the incidence of arrhythmias in
patients with non ST-segment elevation acute coronary syndrome: results
from the Metabolic Efficiency with Ranolazine for Less Ischemia in Non
ST-Elevation Acute Coronary Syndrome Thrombolysis in Myocardial Infarction
36 (MERLIN-TIMI 36) randomized controlled trial. Circulation. 2007;116:
1647e1652.

32. Salem DN, O’Gara PT, Madias C, Pauker SG. Valvular and structural heart dis-
ease: American College of Chest physicians evidence-based clinical practice
guidelines (8th Edition). Chest. 2008;133:593Se629S.

33. Kshirsagar AV, Joy MS, Hogan SL, Falk RJ, Colindres RE. Effect of ACE in-
hibitors in diabetic and nondiabetic chronic renal disease: a systematic
overview of randomized placebo-controlled trials. Am J Kidney Dis. 2000;35:
695e707.

34. K/DOQI clinical practice guidelines on hypertension and antihypertensive
agents in chronic kidney disease. Am J Kidney Dis. 2004;43:S1eS290.

35. Yusuf S, Wittes J, Friedman L. Overview of results of randomized clinical trials
in heart disease. I. Treatments following myocardial infarction. JAMA.
1988;260:2088e2093.

36. Packer M, Coats AJ, Fowler MB, et al. Effect of carvedilol on survival in severe
chronic heart failure. N Engl J Med. 2001;344:1651e1658.

37. Tepper D. Frontiers in congestive heart failure: effect of Metoprolol CR/XL in
chronic heart failure: metoprolol CR/XL Randomised Intervention Trial in
Congestive Heart Failure (MERIT-HF). Congest Heart Fail. 1999;5:184e185.

38. Hunt SA, Abraham WT, Chin MH, et al. 2009 focused update incorporated into
the ACC/AHA 2005 Guidelines for the Diagnosis and Management of Heart
Failure in Adults: a report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines: developed in
collaboration with the International Society for Heart and Lung Trans-
plantation. Circulation. 2009;119:e391ee479.

J. George et al. / Journal of Cardiovascular Disease Research 4 (2013) 214e221 221

http://refhub.elsevier.com/S0975-3583(13)00101-0/sref19
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref19
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref19
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref19
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref20
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref20
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref20
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref20
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref21
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref21
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref21
http://www.idf.org/diabetesatlas/5e/the-global-burden
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref22
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref22
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref22
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref23
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref23
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref23
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref23
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref24
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref24
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref24
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref24
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref24
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref25
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref25
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref25
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref25
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref25
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref25
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref25
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref25
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref26
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref26
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref26
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref26
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref27
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref27
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref27
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref27
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref28
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref28
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref28
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref28
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref29
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref29
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref29
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref29
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref29
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref30
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref30
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref30
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref30
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref30
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref30
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref30
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref30
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref31
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref31
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref31
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref31
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref32
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref32
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref32
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref32
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref32
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref33
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref33
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref33
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref34
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref34
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref34
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref34
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref35
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref35
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref35
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref36
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref36
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref36
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref36
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref37
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref37
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref37
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref37
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref37
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref37
http://refhub.elsevier.com/S0975-3583(13)00101-0/sref37



