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Abstract

Background: Medication errors are unintended and can be reduced by considering the related factors.
Tactics to this are expected to be diverse in research and routine care. Elderly patients, pregnant women, and
patients suffering from chronic disease are at higher risk of getting medication-related errors.

Methods: A thorough literature search was performed using PubMed and Google scholar. The author
selected the articles bases on their relevance. Medication error, drug-related error, cardiovascular disease,
and cardiovascular drugs were the major searched keyword. Secondary sources included from the published
medical news articles.

Results: Through the literature, it has been observed that patients with coronary artery disease admitted to
the in-patient department are more prone to medication-related errors, especially the elderly population, and
pregnant women are more vulnerable to medication-related errors. This review enlightened the medication
errors, the patient at higher risk of a medication error, and various methods to overcome medication errors.

Conclusion: In the pregnant and elder populations, treating physicians should consider age and
physiological-related change in pharmacodynamic and pharmacokinetic parameters during prescribing to
avoid medication related errors. To reduce medication error, clinical pharmacists should be considered as a
part of a healthcare team.
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Introduction

Medication errors are the utmost communal type
of medical error and in-patient medication for
cardiovascular disease holds a large proportion of
these errors. An average of one medication error
occurs per hospitalised patient per day [1].
Medication errors rank as the eighth leading cause
of death in the United States (US) and are
estimated to account for approx. 1,00,000 deaths
per year [2]. Each year in the United States, the
estimated avoidable medication-relatederrorcost
around 3.5 billion US dollars [3]. In 2001,
congress capitalized 50 million US dollars to
initiate patient safety and directed the Healthcare
Research and Quality agency to establish the
Centre for Quality Improvement and Patient
Safety. American Heart Association (AHA) in
2002, delivered its first scientific report on
medication error in acute cardiac care [4]. In
2003, congress approved the Medicine
Modernization Act to charge the Institute of
Medicine to formulate a national agenda to reduce
medication-related errors. Despite research and
public awareness toward the medical error, the
impression of medication error on patient safety
remains a substantial problem [3]. The American
College of Cardiology (ACC)/AHA developed
guidelines with respect to classifications of
recommendation and level of evidence which are
as follow.

Classification of Recommendation

Class I: Conditions for which there is evidence
and/or general agreement that a given procedure
or treatment is beneficial, useful, and effective.
Class Il: Conditions for which there is conflicting
evidence and/or a divergence of opinion about the
usefulness/efficacy of a procedure or treatment.
Class lla: Weight of evidence/opinion is in favour
of usefulness/efficacy.

Class Ilb: Usefulness/efficacy is less well
established by evidence/opinion.

Class IlI: Conditions for which there is evidence
and/or general agreement that a  procedure/
treatment is not useful/effective and in some cases
may be harmful.

Level of Evidence

Level of Evidence A: Data derived from multiple
randomized clinical trials or meta-analyses.

Level of Evidence B: Data derived from a single
randomized trial or nonrandomized studies.

Level of Evidence C: Only consensus opinion of
experts, cases studies, or standard of care.

Medication Error Definition and Categories
The US Food and Drug Administration define
medication error as an event(s) related to
professional  practice, procedure, healthcare
products and healthcare system including
prescribing,  communication,  compounding,
labelling, administration, education, monitoring
and use [5]. Variation in definition and ability to
uncover errors have contributed to a wide range of
medication error rates estimates. In the present
review, medication errors will include improper
dosing and timing, delivery of unnecessary and
incorrect medication, error of commission and
error of omission.

Similar Medication Name

The US Pharmacopeia MEDMARX is an
anonymous online-based program used by several
hospitals and institutions to track, report and
analyse the medication-related error. In 2006,
MEDMARX reported several medication-related
errors which were all directed to a drug that was
sound alike, look alike (Table 01) [6]. Many
errors were reported, related to the selection of
incorrect drugs. For example, several anti-
hypertensives and anti-anginal medications often
come in several formulations for immediate
versus sustained-release, including nifedipine,
diltiazem, verapamil, metoprolol, carvedilol, and
nitrates. In addition, it has become progressively
known that acute administration of specific
medications may cause QT-interval prolongation,
which leads to an increased risk of torsade de
points [7]. Failure to appropriately monitor the
QT interval and adjust therapy in patients
receiving QT-prolonging medications constitutes
a medication error

Table 01: Drug names commonly used in acute cardiovascular practice

Medication Name

Sound-alike Medication Name

Isosorbide mononitrate

Isosorbide dinitrate

Plavix (anti-platelet)

Paxil (anti-depressant)

Pravachol (HMG-CoA reductase inhibitor)

Propranolol (beta-blocker)

Zebeta (beta-adrenergic blocker)

Diabeta (hypoglycaemic)

Tiazac (calcium channel blocker)

Ziac (beta-adrenergic blocker and diuretic)

Tricor (hypo-lipidemic)

Tracleer (endothelin antagonist)

Protamine (heparin reverser)

Protonix (proton pump inhibitor)
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Medication Dosing, Dispensing and Timing

Institute for Healthcare Improvement and Institute
for Safe Medication Practices stated anti-
coagulants, narcotics and insulin as high alert
medication [8]. The joint commission defines
high alert drugs as those that have the highest
jeopardy of causing damage when misused. Many
investigators have stated that anti-coagulants and
anti-platelets, frequently used in cardiovascular
disease accounts for a majority of the medication-
related error [9,10]. In 2009, the joint commission
approved Patient Safety Goals to advance the
safety of medication use by directing on reducing
the possibility of injury from anticoagulation.

Omission Error

Omission errors are one of the major
underrecognized medication-related errors in
patients with acute cardiovascular diseases. The
proportion of reperfusion-qualified patients
presenting with ST-segment elevation myocardial
infarction (STEMI) who received instant
reperfusion therapy endured only 71% in 2006.
Failure to prescribe adjunctive therapies,
including antiplatelet agents, [11] B-blockers, [12]
angiotensin-converting enzyme inhibitors,[13]
and cholesterol-lowing agents,[14] for patients
with the acute coronary syndrome (ACS) is an
additional example of an error of medication
omission.

Patient Groups at High Risk of Medication
Errors

Elder Patients

Elder patients are at higher jeopardy of
medication error and are more prone to
undergoing lethal and harmful medication errors
[15]. Omission and improper dose are the major
medication-related error in the elder population.
Most cardiovascular drug errors in an elder
population are omission errors [16].The use of
heparin, aspirin and fibrinolytic agents remains
suboptimal even among ideal older adults with
acute myocardial infarction with indications for
these medications and no contraindications to
their use [17,18]. In 1992, a population study
from 15,000 hospitals discharge, showed that
patients with age more and equal to 65 had a
twofold rate of avertible adverse medication
events [19].

In an elder population, pharmacokinetic and
pharmacodynamic factors are altered hence one
size fits approach to anticoagulants might result in
major bleeding disorders [20].
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Chronic Kidney Disease

Estimation of kidney functions is one of the
significant factors that physicians should ponder
while prescribing both in out-patient and in in-
patients. In 2007, unstable angina/non-STEMI
guidelines suggested regulating doses of renal
cleared cardiovascular drugs on the foundation of
eCrCI[21]. As per the CRUSADE  study,
medication dose alternation should be done based
ontheCockcroft gault formula [22]. The use of the
Cockcroft gault formula is highly controversial as
the National Kidney Foundation and National
Kidney Disease Education Program have
suggested using either eCrCl or eGFR for drug
doing [23,24]. FDA has recently delivered a
public health advisory asserting that exposure to
gadolinium-based contrast agents increases the
jeopardy for nephrogenic systemic fibrosis in
patients with acute or stage IV chronic kidney
disease or acute renal insufficiency of any
severity [25]. 1t has been recommended that
policies to avert contrast-induced nephrotoxicity
or an alternative imaging method be measured in
patients with stage forth or fifth chronic kidney
disease who undertake angiography with an
iodine-based contrast agent or magnetic resonance
imaging with a gadolinium-based contrast agent.

Disease Based Contraindication

Acute Coronary Syndrome

The most common type of medication-related
error in this group of patients include dose error,
omission and miscalculation of patient weight. In
STEMI patients, the most commonly found error
is omission error, which includes a low rate of
reperfusion therapy, aspirin, clopidogrel, beta-
blockers, ACE inhibitors, and  statins
[26,24,21,28]. Guideline recommendations have
been reformed recently for the administration of
IV beta-blockers in STEMI patients [29]. Because
of an increased risk of cardiogenic shock in
patients treated with intravenous [-blockers,
present recommendations now counsel the
evasion of therapy in patients with any signs of
heart failure and in those at increased risk of
developing heart failure. What former may have
been measured as an error of omission may now
be measured as a medication error. Data analysis
from CRUSADE National Quality Improvement
initiative  assessing unnecessary dosing in
NSTEMI patients, 42% of the patients with
antithrombotic agents received at least one initial
dose outside the suggested range [18]. Similarly,
excess dosing was found in unfractionated
heparin, low molecular weight heparin and
glycoprotein IIb/Illa inhibitors. The overall author
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concluded that 15% of the major bleeding was
credited to unnecessary dosing (Table 02).

Table 02: Medication-related error in acute coronary syndrome patients.

complications

Drug Name Error Type Use Preventable AE Recommendation [21, 29]
Aspirin Underuse, Infarct prevention Increased risk of thrombotic Consider dose reduction in
misuse and haemorrhagic patients taking clopidogrel

Beta-blocker

Overuse, misuse

Prevention of
reinfarction and
arrhythmia

Bradyarrhythmia and
cardiogenic shock

Patients with hypotension,

lung congestion and patient

with increased cardiogenic
shock

progression

risk of haemorrhage

Heparin Misuse Prevention of Haemorrhagic complications Weight-based dosing
reinfarction
Low molecular Misuse Prevention of Increased risk of thrombotic Weight-based dosing,
weight heparin infarction and haemorrhagic patient with renal
complications impairment
Small molecule Misuse Prevention of Increased risk of thrombotic Weight-based dosing,
GP lIb/llla infarction and haemorrhage patients with renal disorder
inhibitors
Fibrinolytics Underuse Prevention of infarct Failure to attain reperfusion, | Confirm dosing corresponds

to proper fibrinolytic

Anti-platelet Agents

The Second International Study of Infarct
Survival (IS1S-2) used 162.5 mg of aspirin while
in the US commonly prescribed dose is 325mg
[30]. Cross-sectional data showed that the use of a
lower aspirin dose (81mg) after discharge may be
safer, particularly when combined with
clopidogrel [31]. However, a higher dose of
aspirin may be wuseful in the immediate
percutaneous coronary intervention [32]. The
CURRENT-OASIS 7 trial found no significant
difference between a lower and higher dose of
aspirin in ACS patients regarding ischemic or
bleeding outcomes at 30 days [33].One of the
complexities with aspirin is drug allergy, 3-4% of
patients have been identified as aspirin intolerant
[34]. Recently, omission error with clopidogrel
has been reported in patients with NSTEMI. The
number of patients with NSTEMI, treated with
clopidogrel within 24 hours of admission who did
not undertake primary percutaneous coronary
intervention has amplified from 30% in 2002% to
50% in 2005 [35].The majority of the randomised
control trial reported that women and elder adults
are at higher risk of having a bleeding disorder.

Women getting glycoprotein Ilb/llla inhibitors
were more likely to have excessive doses than
men [36].

Fibrinolytic Agents

In 5-12% of STEMI patients, inappropriate dosing
of fibrinolytic drugs has been reported [37].
Regimens for every fibrinolytic i.e., tissue
plasminogen activator, reteplase and streptokinase
vary significantly. Global Use of Strategies To
Open occluded arteries (GUSTO-I) trial reported
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dosing error with the use of streptokinase (13.5%)
and with alteplase (11.5) [38]. However, dosing
errors with the combination drug (reteplase and
tenecteplase) were suggestively lower [36,39].
ASsessment of the Safety and Efficacy of a New
Thrombolytic (ASSENT-2) study reported that in
4.9% and 3.6% of patients, an incorrect dose of
alteplase and tenecteplase were administered
respectively. Among patients with tenecteplase,
3.1% received underdose and 1.5% received
overdose. A trial reported that female, elder
patients, weight and patients with higher Killip
class were more linked to medication-related
errors.

Anticoagulant Agents

Nearly 4% of the preventable medication error
occurs with anticoagulant therapy. About 49% of
the patients with STEMI receive an unnecessary
dose of unfractionated heparin in current medical
practice [40, 41]. High dose error of
anticoagulants was found to be more in females
and individuals with lower body weight [20].
Recently ACC/AHA guided physicians to
prescribe unfractionated heparin based on
individual body weight (60 U/kg and maximum
up to 4000 U). One of the causes for dosing error
with unfractionated heparin is in ACS patients
with  pulmonary embolism (80 U/kg and
maximum up to 5000 U) [42].CRUSADE,
reported that 35% of the time excess weight-
adjusted unfractionated heparin was administrated
and female sex and older age was the significant
factor found to be associated with dosing error.
[20]. CRUSADE Quality Improvement Initiative
also reported that 19% of the patients on
enoxaparin received overdose while 29% of the
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patients on enoxaparin received an underdose of
the recommended dose [43]. In 2008, The Joint
Commission National Patient Safety Goal
designed strategies to improve the safety of
anticoagulants in hospitalized patients [44].

Statins

For a patient with an acute coronary syndrome,
omission error with statins is common [14].
Statin’s concentration was found to be high in the
presence of cytochrome inhibitors like diltiazem,
amiodarone, verapamil, clarithromycin and
ketoconazole. Recently, FDA reported the dose-
dependent drug interaction between simvastatin
and amiodarone [45]. Simvastatin dose greater
than recommended dose with amiodarone can
lead to rhabdomyolysis. In a patient with
myocardial infarction, amiodarone is one of the
prescribed drugs to manage supraventricular or
ventricular tachyarrhythmias hence dose of
simvastatin should be prescribed and monitor with
proper consideration.

Acute Heart Failure

Patients with acute heart failure usually have
polypharmacy and are highly associated with
medication errors. For example, amiodarone and
dronedarone  can  alter  digoxin  serum
concentration.As patients shift from stable heart
failure to acute heart failure, administration of
vasopressor or inotrope therapy may be
obligatory. In this setting, care should be taken to
decrease or stop dosages of B-blockers or ACE
inhibitors in the aspect of low blood pressure.
Vigilant monitoring of potassium and magnesium
concentrations and renal function is significant for
patients receiving diuretics, ACE inhibitors,
angiotensin-receptor blockers, and aldosterone
inhibitors [46].Renal and hepatic functions in
heart failure patients should be considered even in
the absence of cardiogenic shock. The serum
concentration of drugs like digoxin, lidocaine,
milrinone, anticoagulants and antiplatelet can be
altered in the presence of impaired renal
functions.Medication errors occur while heart
failure patients are being transitioned back to the
outpatient setting. Because heart failure medicines
are titrated hastily during hospitalization, precise
prescriptions that wage courtesy to dosing,
electrolyte management, and monitoring of renal
function are important soon after discharge [47].

Methods to limit Medication Errors

The chief methods for detecting medication errors
and related adverse drug-related events are chart
review, computerized monitoring, administrative
databases, and claims data, and direct observation.
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All of these methods have both advantages and
confines.

Chart Review

It is retrospective and based on practice sources
like medication charts, lab reports. It can be
improved by using computerised data like
computer integrated triggers and computerised
physician order entry. The most precise way to
detect adverse events is chart review but at the
same time chart review is not useful for detecting
medication error [48,49].

Computerized monitoring

Advanced software applications can be used as a
support in the health care system with the
integration of laboratory and clinical data, which
can prevent and detect medication-related errors.
Computerised physician order entry or CPOE can
be used with a clinical decision support system
(CDSS). The application of information
technology is expensive and essential for safety,
but it can also give rise to new, unknown risks.
[50,51].

Administrative Database

Administrative databases screen International
Classification of Diseases, 9th revision codes, for
arithmetical purposes. Patient safety indexes and
adverse event-adjusted rates are explained from a
grouping of discharge data. Though, due to the
dearth of clinical data, adverse events are poorly
observed.

Claims Data

The value of screening of claims data is partial by
the fundamental reasons for lawsuits, which are
sometimes frolicsome. Events often still need to
be established, and about one-third of entitlements
lack evidence of errors. Claims data have a
positive analytical value for adverse events of
about 50%, of which only about 18% point to a
medication source [52].

Direct Observation

Direct observation is one the of methods to detect
errors in drug administration. A registered nurse is
a person who observes drug administration,
registration of observingtheaction and compare
physician order. The observer must be qualified
and should visit diverse units.

Conclusion

Despite being in the spotlight for most
researchers, medication errors that affect the
outcome in cardiovascular diseases continue to be
theutmostcommon and expensive problem. When
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prescribing to older patients, a physician should
consider age-related changes in pharmacodynamic
parameters, pharmacokinetics, hepatic function,
and renal function. The majority of the
cardiovascular drugs are prescribed based on
patient weight and renal functions hence it is
critical to analyzeeCrCl with the Cockcroft Gault
method. To eradicate medication errors, clinical
pharmacists should be considered as a part of the
health care team.

Acknowledgment

The authors would like to acknowledge the
Department of Pharmacy, Integral University,
Lucknow, U.P. India for providing all the
research facilities and manuscript communication
number (IU/ R & D/2021-MCN0001247)

References

1. Health Grades Inc. Patient Safety in
American Hospitals. Golden, Colo: Health
Grades Inc; 2004.

2.  Kohn LT, Corrigan JM, Donaldson MS, eds;
for the Committee on Quality of Health Care
in America, Institute of Medicine. To Err Is
Human: Building a Safer Health System.
Washington, DC: National Academy Press;
2000.

3. Aspden P, Wolcott J, Bootman JL,
Cronenwelt LR, eds; for the Committee on
Identifying and Preventing Medication
Errors, Institute of Medicine. Preventing
Medication  Errors.  Washington, DC:
National Academy Press; 2006.

4. Freedman JE, Becker RC, Adams JE, Borzak
S, Jesse RL, Newby LK, O'Gara P, Pezzullo
JC, Kerber R, Coleman B, Broderick J,
Yasuda S, Cannon C. Medication errors in
acute cardiac care: an American Heart
Association Scientific Statement from the
Council on Clinical Cardiology
Subcommittee on Acute Cardiac Care,
Council on Cardiopulmonary and Critical
Care, Council on Cardiovascular Nursing,
and Council on  Stroke. Circulation.
2002; 106: 2623-2629.

5.  National Coordination Council for
Medication Error Reporting and Prevention
Web site. Available at:
http://www.nccmerp.org/aboutMedErrors.ht
ml.Accessed February 9, 2010.

6. Hicks RW, Becker SC, Cousins DD, eds.
MEDMARX Data Report: A Report on the
Relationship of Drug Names and Medication
Errors in Response to the Institute of
Medicine’s Call to Action (2003-2006
Findings and Trends 2002-2006). Rockuville,

Eur. Chem. Bull. 2023, 12(Special Issue 10), 389 —-397

10.

11.

12.

13.

14.

Md: Center for the Advancement of Patient
Safety, US Pharmacopeia; 2008.

Drew BJ, Ackerman MJ, Funk M, Gibler
WB, Kligfield P, Menon V, Philippides GJ,
RodenDM, Zareba W; on behalf of the
American Heart Association Acute Cardiac
Care Committee of the Council on Clinical
Cardiology, the Council on Cardiovascular
Nursing, and the American College of
Cardiology Foundation. Prevention of
torsade de pointes in hospital settings: a
scientific statement from the American Heart
Association and the American College of
Cardiology  Foundation. Circulation. 2010;
121: 1047-1060

5 Million Lives Campaign. Getting Started
Kit: Prevent Harm From High-Alert
Medications. Cambridge, Mass: Institute for
Healthcare Improvement; 2008. Available at:
http://www.ihi.org. Accessed December 1,
2009.

Howard RL, Avery AJ, Slavenburg S, Royal
S, Pipe G, Lucassen P, Pirmohamed M.
Which drugs cause preventable admissions to
hospital? A systematic review. Br J Clin
Pharmacol. 2007; 63: 136-147.

Kanjanarat P, Winterstein AG, John TE,
Hatton RC, Gonzalez-Rothi R, Segal R.
Nature of preventable adverse drug events in
hospitals: a literature review. Am J Health
Syst Pharm. 2003; 60: 1750-1759.

Lee HY, Cooke CE, Robertson TA. Use of
secondary prevention drug therapy in
patients with acute coronary syndrome after
hospital discharge. J Manag Care Pharm.
2008; 14: 271-280.

Mehta RH, Roe MT, Chen AY, Lytle BL,
Pollack CV Jr, Brindis RG, Smith SC Jr,
Harrington RA, Fintel D, Fraulo ES, Califf
RM, Gibler WB, Ohman EM, Peterson ED.
Recent trends in the care of patients with
non-ST-segment elevation acute coronary
syndromes: insights from the CRUSADE
initiative. Arch Intern Med. 2006; 166: 2027—
2034.

Michaels AD, Maynard C, Every NR, Barron
HV; National Registry of Myocardial
Infarction 2 Participants. Early use of ACE
inhibitors in the treatment of acute
myocardial infarction in the United States:
experience from the National Registry of
Myocardial Infarction 2. Am J Cardiol.
1999; 84: 1176-1181.

Murphy SA, Cannon CP, Wiviott SD, de
Lemos JA, Blazing MA, McCabe CH, Califf
RM, Braunwald E. Effect of intensive lipid-
lowering therapy on mortality after acute

394



Impact Of Medication Errors On Outcomes In Admitted Coronary Artery Disease Patients: A Review  Section A-Research Paper

15.

16.

17.

18.

19.

20.

21.

coronary syndrome (a patient-level analysis
of the Aggrastat to Zocor and Pravastatin or
Atorvastatin ~ Evaluation and Infection
Therapy-Thrombolysis in Myocardial
Infarction 22 trials). Am J Cardiol. 2007,
100: 1047-1051.

Zaidenstein R, Eyal S, Efrati S, Akivison L,
Michowitz MK, Nagornov V, Golik A.
Adverse drug events in hospitalized patients
treated with cardiovascular medications and
anticoagulants. Pharmacoepidemiol Drug
Saf. 2002; 11: 235-238.

Picone DM, Titler MG, Dochterman J,
Shever L, Kim T, Abramowitz P, Kanak M,
Qin R. Predictors of medication errors
among elderly hospitalized patients. Am J
Med Qual. 2008; 23: 115-127.

Ellerbeck EF, Jencks SF, Radford MJ,
Kresowik TF, Craig AS, Gold JA, Krumholz
HM, Vogel RA. Quality of care for Medicare
patients with acute myocardial infarction: a
four-state pilot study from the Cooperative
Cardiovascular  Project. JAMA. 1995; 273:
1509-1514.

Alexander KP, Roe MT, Chen AY, Lytle BL,
Pollack CV Jr, Foody JM, Boden WE, Smith
SC Jr, Gibler WB, Ohman EM, Peterson ED;
CRUSADE Investigators. Evolution in
cardiovascular care for elderly patients with
non-ST-segment elevation acute coronary
syndromes: results from the CRUSADE
National Quality Improvement Initiative. J
Am Coll Cardiol. 2005; 46: 1479-1487.
Thomas EJ, Brennan TA. Incidence and
types of preventable adverse events in elderly
patients: population based review of medical
records. BMJ. 2000; 320: 741-744.
Alexander KP, Chen AY, Roe MT, Newhy
LK, Gibson CM, Allen-LaPointe NM,
Pollack C, Gibler WB, Ohman EM, Peterson
ED; CRUSADE Investigators. Excess dosing
of antiplatelet and antithrombin agents in the
treatment of non-ST-segment elevation acute
coronary syndromes [published correction
appears in JAMA. 2006;295:628]. JAMA.
2005; 294: 3108-3116.

Anderson JL, Adams CD, Antman EM,
Bridges CR, Califf RM, Casey DE lJr,
Chavey WE 2nd, Fesmire FM, Hochman JS,
Levin TN, Lincoff AM, Peterson ED,
Theroux P, Wenger NK, Wright RS.
ACC/AHA 2007 guidelines for the
management of patients with unstable angina
/non-ST-elevation myocardial infarction: a
report of the American College of
Cardiology/American  Heart  Association
Task Force on Practice Guidelines (Writing

Eur. Chem. Bull. 2023, 12(Special Issue 10), 389 —-397

22.

23.

24.

25.

26.

217.

28.

Committee to Revise the 2002 Guidelines for
the Management of Patients With Unstable
Angina/Non-ST-Elevation Myocardial
Infarction). Circulation. 2007; 116:  e148-
e304.

Melloni C, Peterson ED, Chen AY, Szczech
LA, Newby LK, Harrington RA, Gibler WB,
Ohman EM, Spinler SA, Roe MT, Alexander
KP. Cockcroft-Gault versus Modification of
Diet in Renal Disease: importance of
glomerular filtration rate formula for
classification of chronic kidney disease in
patients with non-ST-segment elevation
acute coronary syndromes.J Am Coll
Cardiol. 2008; 51: 991-996

FR calculator. National Kidney Foundation
Web site. Available at:
http://www.kidney.org/professionals/KLS/G
FR.cfm. Accessed December 1, 2009.

CKD and drug dosing: information for
providers: estimation of kidney function for
prescription medication dosage in adults.
National Kidney Disease Education Program
Web site. Available at:
http://www.nkdep.nih.gov/professionals/drug
-dosing-information.htm.Accessed December
1, 2009.

US Food and Drug Administration.
Information for healthcare professionals:
Gadolinium-based contrast agents for
magnetic resonance imaging (marketed as
Magnevist, MultiHance, Omniscan, Opti
MARK, ProHance). Available at: http://
www.fda.gov/Drugs/DrugSafety/Postmarket
DrugSafetyInformationforPatientsandProvide
rs/lucm142884.htm. Last update August 13,
2009. Accessed December 1, 2009.

Gibson CM, Pride YB, Frederick PD,
Pollack CV Jr, Canto JG, Tiefenbrunn AJ,
Weaver WD, Lambrew CT, French WJ,
Peterson ED, Rogers WJ. Trends in
reperfusion strategies, door-to-needle and
door-to-balloon  times, and in-hospital
mortality among patients with ST-segment
elevation myocardial infarction enrolled in
the National Registry of Myocardial
Infarction from 1990 to 2006. Am Heart
J. 2008; 156: 1035-1044.

Rogers WJ, Bowlby LJ, Chandra NC, French
WJ, Gore JM, Lambrew CT, Rubison RM,
Tiefenbrunn AJ, Weaver WD. Treatment of
myocardial infarction in the United States
(1990 to 1993): observations from the
National Registry of Myocardial Infarction.
Circulation. 1994; 90: 2103-2114.

Mehta RH, Montoye CK, Faul J, Nagle DJ,
Kure J, Raj E, Fattal P, Sharrif S, Amlani M,

395



Impact Of Medication Errors On Outcomes In Admitted Coronary Artery Disease Patients: A Review  Section A-Research Paper

29.

30.

31.

32.

Changezi HU, Skorcz S, Bailey N, Bourque
T, LaTarte M, McLean D, Savoy S, Werner
P, Baker PL, DeFranco A, Eagle KA,
American College of Cardiology Guidelines
Applied in Practice Steering Committee.
Enhancing quality of care for acute
myocardial infarction: shifting the focus of
improvement from key indicators to process
of care and tool use: the American College of
Cardiology Acute Myocardial Infarction
Guidelines Applied in Practice Project in
Michigan: Flint and Saginaw Expansion. J
Am Coll Cardiol. 2004; 43: 2166—-2173.

Kushner FG, Hand M, Smith SC Jr, King SB
3rd, Anderson JL, Antman EM, Bailey SR,
Bates ER, Blankenship JC, Casey DE Jr,
Green LA, Hochman JS, Jacobs AK,
Krumholz HM, Morrison DA, Ornato JP,
Pearle DL, Peterson ED, Sloan MA, Whitlow
PL, Williams DO. 2009 Focused updates:
ACC/AHA guidelines for the management of
patients with  ST-elevation myocardial
infarction (updating the 2004 guideline and
2007 focused update) and ACC/AHA/SCAI
guidelines on  percutaneous  coronary
intervention (updating the 2005 guideline
and 2007 focused update): a report of the
American College of Cardiology Foundation/
American Heart Association Task Force on
Practice Guidelines. Circulation. 2009; 120:

2271-2306.
Peters RJ, Mehta SR, Fox KA, Zhao F,
Lewis BS, Kopecky SL, Diaz R,

Commerford PJ, Valentin V, Yusuf S;
Clopidogrel in Unstable angina to prevent
Recurrent Events (CURE) Trial
Investigators. Effects of aspirin dose when
used alone or in combination with
clopidogrel in patients with acute coronary
syndromes: observations ~ from  the
Clopidogrel in Unstable angina to prevent
Recurrent Events (CURE) study. Circulation.
2003; 108: 1682-1687.

Peters RJ, Mehta SR, Fox KA, Zhao F,
Lewis BS, Kopecky SL, Diaz R,
Commerford PJ, Valentin V, Yusuf S;
Clopidogrel in Unstable angina to prevent
Recurrent Events (CURE) Trial
Investigators. Effects of aspirin dose when
used alone or in combination with
clopidogrel in patients with acute coronary
syndromes: observations ~ from  the
Clopidogrel in Unstable angina to prevent
Recurrent Events (CURE) study. Circulation.
2003; 108: 1682-1687

Berger JS, Stebbins A, Granger CB, Ohman
EM, Armstrong PW, Van de Werf F, White

Eur. Chem. Bull. 2023, 12(Special Issue 10), 389 —-397

33.

34.

35.

36.

37.

38.

39.

HD, Simes RJ, Harrington RA, Califf RM,
Peterson ED. Initial aspirin dose and
outcome among ST-elevation myocardial
infarction patients treated with fibrinolytic
therapy. Circulation. 2008; 117: 192-199.
Mehta SR. A randomized comparison of a
clopidogrel high loading and maintenance
dose regimen versus standard dose and high
versus low dose aspirin in 25,000 patients
with acute coronary syndromes: results of the
CURRENT OASIS 7 trial. Eur Heart
J. 2009; 30. Abstract.

Ramanuja S, Breall JA, Kalaria VG.
Approach  to  “aspirin  allergy” in
cardiovascular patients. Circulation. 2004,
110: el—e4.

Alexander D, Ou FS, Roe MT, Pollack CV
Jr, Ohman EM, Cannon CP, Gibler WB,
Fintel DJ, Peterson ED, Brown DL. Use of
and inhospital outcomes after early
clopidogrel  therapy in patients not
undergoing an early invasive strategy for
treatment of non-ST-segment elevation
myocardial infarction: results from Can
Rapid risk stratification of Unstable angina
patients Suppress ADverse outcomes with
Early implementation of the American
College of Cardiology/American Heart
Association  guidelines (CRUSADE). Am
Heart J. 2008; 156: 606-612

Alexander KP, Chen AY, Newby LK,
Schwartz JB, Redberg RF, Hochman JS, Roe
MT, Gibler WB, Ohman EM, Peterson ED;
for the CRUSADE (Can Rapid risk
stratification of Unstable angina patients
Suppress ADverse outcomes with Early
implementation of the ACC/AHA guidelines)
Investigators. Sex differences in major
bleeding with glycoprotein I1b/ll1a inhibitors:
results from the CRUSADE (Can Rapid risk
stratification of Unstable angina patients
Suppress ADverse outcomes with Early
implementation of the ACC/AHA guidelines)
Initiative. Circulation. 2006; 114: 1380-
1387.

Cannon CP. Thrombolysis medication errors:
benefits of bolus thrombolytic agents. Am J
Cardiol. 2000; 85: 17C-22C.

Vorchheimer DA, Baruch L, Thompson TD,
Kukin ML. North American vs non-North
American streptokinase use in GUSTO-I:
impact of protocol deviation on mortality
benefit of tPA. Circulation. 1997; 96 (suppl):
1-535. Abstract.

Cannon CP. Multimodality reperfusion
therapy for acute myocardial infarction. Am
Heart J. 2000; 140: 707-716.

396



Impact Of Medication Errors On Outcomes In Admitted Coronary Artery Disease Patients: A Review  Section A-Research Paper

40.

41.

42.

43.

44,

45.

46.

47.

48.

Bates DW, Cullen DJ, Laird N, Petersen LA,
Small SD, Servi D, Laffel G, Sweitzer BJ,
Shea BF, Hallisey R, Vander Vliet M,
Nemeskal R, Leape LL; ADE Prevention
Study Group. Incidence of adverse drug
events and potential adverse drug events:
implications for prevention. JAMA. 1995;
274: 29-34.

Wang TY, Chen AY, Alexander KP, Ohman
EM, Gibler WB, Peterson ED, Roe MT.
Excess heparin dosing among fibrinolytic-
treated patients with ST-segment elevation
myocardial infarction. Am J Med. 2008; 121.:
805-810

Kearon C, Kahn SR, Agnelli G, Goldhaber S,
Raskob GE, Comerota AJ; American College
of Chest Physicians. Antithrombotic therapy
for  venous thromboembolic  disease:
American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines
(8th edition) [published correction appears
in Chest.  2008;134:892]. Chest. 2008; 133
(suppl): 454S-545S.

LaPointe NM, Chen AY, Alexander KP, Roe
MT, Pollack CV Jr, Lytle BL, Ohman ME,
Gibler BW, Peterson ED. Enoxaparin dosing
and associated risk of in-hospital bleeding
and death in patients with non ST-segment
elevation acute coronary syndromes. Arch
Intern Med. 2007; 167: 1539-1544.

2008 National patient safety goals: hospital.
The Joint Commission Web site. Available
at: http://www. jointcommission. org/ NR/
rdonlyres/82B717D8-B16A-4442-AD00-CE
3188C2F00A/0/08_HAP_NPSGs_Master.pd
f. Accessed December 1, 2009.

MedWatch safety alerts for human medical
products. US Food and Drug Administration
Web site. Available at: http://www. fda.
gov/Safety/MedWatch/SafetyInformation/Saf
etyAlertsforHumanMedicalProducts/ucm095
009.htm. Accessed December 1, 2009.
Juurlink DN, Mamdani MM, Lee DS, Kopp
A, Austin PC, Laupacis A, Redelmeier DA.
Rates of hyperkalemia after publication of
the Randomized Aldactone Evaluation
Study. N Engl J Med. 2004; 351: 543-551.
Ponniah A, Shakib S, Doecke CJ, Boyce M,
Angley M. Post-discharge medication
reviews for patients with heart failure: a pilot
study. Pharm World Sci. 2008; 30: 810-815.
Hogan H, Olsen S, Scobie S, Chapman E,
Sachs R, McKee M, Vincent C, Thomson R.
What can we learn about patient safety from
information sources within an acute hospital:
a step on the ladder of integrated risk

Eur. Chem. Bull. 2023, 12(Special Issue 10), 389 —-397

49.

50.

51.

52.

management? Qual Saf Health Care. 2008;
17:209-15.

Tam KWT, Kwok KH, Fan YMC, Tsui KB,
Ng KK, Ho KYA, Lau KT, Chan YC, Tse
CWC, Lau CM. Detection and prevention of
medication  misadventures in  general
practice. Int J Qual Health Care. 2008; 20:
192-9.

Dean B, Schachter M, Vincent CA, Barber
N. Prescribing errors in hospital inpatients:
their incidence and clinical significance.
Qual Saf Health Care. 2002;11:340-4.
Bonnabry P, Despont-Gros C, Grauser D,
Casez P, Despond M, Pugin D, Rivara-
Mangeat C, Kock M, Vial M, Iten A, Lovis
C. A risk analysis method to evaluate the
impact of a computerized provider order
entry system on patient safety.J Am Med
Inform Assoc. 2008;15:453-60.

Studdert DM, Mello MM, Gawande AA,
Gandhi TK, Kachalia A, Yoon C, Puopolo
AL, Brennan TA. Claims, errors, and
compensation  payments in  medical
malpractice litigation. N Engl J Med. 2006;
354:2024-33.

397



