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Abstract

Excess dosing of anticoagulant agents has been linked to increased risk of bleeding after PCI for 

women as compared with men, but these studies have largely included older patients. We sought 

to determine the prevalence and sex-based differences of excess dosing of anticoagulants 

including glycoprotein inhibitors (GPIs), bivalirudin and unfractionated heparin (UFH), in young 

patients with acute myocardial infarction (AMI) undergoing percutaneous coronary intervention 

(PCI) and to examine its association with bleeding. Among 2076 patients enrolled in the Variation 
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in Recovery: Role of Gender on Outcomes of Young AMI Patients (VIRGO) study who 

underwent PCI, we abstracted doses of UFH, bivalirudin and GPIs administered during PCI from 

the medical records. At least 47.2% received at least one excess dose of an anticoagulant, which 

did not differ by sex. We used logistic regression to determine the predictors of excess dosing and 

the association of excess dosing with bleeding. In multivariable analysis, only lower body weight 

and younger age were significant predictors of excess dosing. Bleeding was higher in young 

women who received excess dosing versus those who did not (9.3% vs. 6.0%, P=0.03); but was 

comparable among men (5.2% vs. 5.9%, P=0.69) in univariate analysis. In multivariable analysis, 

there was a trend to an association between excess dosing and bleeding [OR, 1.33; 95% CI 0.92–

1.91]; although not statistically significant. In conclusion, approximately half of the patients 

received excess dosing of anticoagulant drugs during PCI, which did not vary based upon sex. 

There was a trend towards an association between excess dosing and increased bleeding, although 

not statistically significant.
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Introduction

Anticoagulants and antiplatelet agents are commonly utilized in the management of patients 

undergoing percutaneous coronary intervention (PCI), but are prone to dosing errors.1–3 

Despite weight-based and renal dosing guidelines, anticoagulants continue to be 

administered in excess of the recommended dose in almost half of the patients with both non 

ST-elevation4 and ST-elevation acute coronary syndromes,5 including a high proportion of 

patients undergoing PCI. Dosing errors have been linked to increased risk of bleeding 

complications after PCI for women as compared with men, but these studies largely focused 

upon older patients.6–9 To investigate potential dosing errors in younger patients, we 

analyzed data from the Variation in Recovery: Role of Gender on Outcomes of Young AMI 

Patients (VIRGO) study that recruited patients with AMI who were ≤ 55 years of age.10 

Specifically, we identified VIRGO participants who underwent PCI during their initial 

hospitalization with AMI. In this population, we determined the prevalence and sex-based 

differences in excess dosing of anticoagulant drugs including, glycoprotein IIb/IIIa 

inhibitors (GPIs) (eptifibatide and abciximab), bivalirudin and unfractionated heparin 

(UFH). We also examined the association between excess dosing of these drugs and in-

hospital bleeding events.

Methods

Between August 8th, 2008 and January 5th, 2012, a total of 3,572 patients with AMI from 

103 US hospitals, 24 Spanish hospitals, and 3 Australian hospitals were enrolled in the 

VIRGO study. The study used a 2:1 female to male enrollment design to enrich the study’s 

inclusion of previously understudied young women. We limited our study to the 2985 

patients enrolled from the US only. The methods of VIRGO have been described 

previously.10 In brief, participants were 18–55 years old and AMI was confirmed by 
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increased cardiac biomarkers within 24 hours of admission and with either ischemic 

symptoms or electrocardiographic evidence of AMI. Participants must have presented 

directly to the enrolling site, or been transferred within 24 hours of presentation, thus 

ensuring that primary clinical decision-making occurred at the enrolling site. Exclusion 

criteria included (a) non-English/non-Spanish speaking patients (b) inability to provide 

informed consent, (c) incarceration and (d) those patients who developed elevated cardiac 

markers as a result of elective coronary revascularization. Institutional Review Board 

approval was obtained at each participating institution, and patients provided informed 

consent for their study participation including baseline and follow-up interviews.

Out of 2985 patients enrolled from the US, 2172 patients underwent PCI during their initial 

hospitalization in the study cohort and were included in our study. Out of these, we excluded 

patients with missing information regarding creatinine and weight which was necessary to 

calculate renal- or weight-based drug dosing, leading to a final population of N=2076. For 

patients who underwent PCI more than once, we only considered information from the 

initial PCI. We abstracted data for the administration of GPIs, bivalirudin and UFH 

administered prior to and during PCI from the patients’ medical records. For each 

medication, recommended dosing was defined in accordance with AHA guidelines, package 

inserts, and clinical trial publications. We characterized excess dosing into minor and major 

categories (Table 1). Minor excess dosing was defined as administration of the drug in up to 

10% excess of the recommended dose. Major excess dosing was defined as administration 

of the drug in more than 10% excess of the recommended dose.4,5

For GPIs, the strength of the solution administered (eptifibatide – 2 mg/mL or 0.75 mg/mL; 

abciximab – 2mg/mL or 9 mg/250 mL or other) was recorded to determine the dose of bolus 

(eptifibatide – mcg/kg; abciximab – mg/kg) and infusion (mcg/kg per minute for both). For 

bivalirudin, the bolus (mg or mL) and infusion (mg/h or mL/h) doses as recorded in the 

medical record abstraction tool were converted into the bolus (mg/kg) and infusion 

(mg/kg/h) doses administered using strength of bivalirudin (5 mg/mL) and total body 

weight. For UFH, bolus (U) and infusion doses (U/h) were divided by total body weight (kg) 

to determine the doses in U/kg and U/kg per hour respectively. For UFH boluses, we 

classified patients as receiving excess dosing if any individual bolus, not cumulative dose, 

was in more than 10% excess of standard dosing guidelines.11

We estimated glomerular filtration rate (GFR) using the CKD-EPI equation which has been 

shown to estimate GFR with the highest precision and accuracy, particularly in the younger 

age groups and in women.12 We defined patients as having renal dysfunction if their eGFR 

value was ≤60ml/min/1.73 m2.

We defined bleeding as (1) occurring at percutaneous entry site, during or after 

catheterization laboratory visit until discharge, which may be external or a hematoma > 10 

cm for femoral, > 5 cm for brachial, or > 2 cm for radial access; (2) retroperitoneal; (3) 

gastrointestinal; (4) genitourinary; and (5) other/unknown origin during or after 

catheterization laboratory visit until discharge. All bleeding events required a transfusion, 

prolonged hospital stay, and/or a drop in hemoglobin > 3.0 g/dL. This was in accordance 

with the commonly used definitions (CathPCI registry).13
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Patient characteristics, presentation and treatment are shown for overall patients, and are 

stratified by sex and whether they received excess dosing of anticoagulants or not. 

Categorical variables are reported as numbers (percentages) and continuous variables are 

reported as medians [interquartile ranges (IQR)] or mean (SD). We tested the significance of 

observed differences with chi-square tests for categorical variables and Wilcoxon rank sum 

tests or t-tests for continuous variables. We explored factors associated with excess dosing 

using multivariable logistic regression to adjust for patient demographics and co-morbidities 

previously shown to be associated with increased risk of both excess dosing and bleeding.4

We explored factors associated with bleeding in patients receiving these therapies by using 

multivariable logistic regression and adjusted for excess dosing and other socio-

demographic and clinical covariates previously shown to affect risk of bleeding.14 These 

included sex, age, weight, eGFR, diabetes mellitus, PCI urgency, systolic blood pressure and 

prior peripheral arterial disease. We repeated the analysis to examine the effect of ‘major’ 

excess dosing in place of ‘any’ excess dosing on bleeding, and repeated the bleeding models 

including a gender-excess dosing interaction. We considered a 2-sided P<0.05 as statistically 

significant. All analyses were done using SAS 9.3 (SAS Institute Inc., Cary, NC) and 

VIRGO data version 1.0.

Results

The final cohort consisted of 2076 AMI patients who underwent PCI, 1311 women and 765 

men. A total of 1172 (56.5%) patients received GPIs, 692 (33.3%) patients received 

bivalirudin and 1623 (78.2%) patients received UFH. Of these, 352 patients received a 

combination of bivalirudin and UFH, 152 patients received a combination of bivalirudin and 

GPIs, and 982 patients received a combination of UFH and GPIs.

Although both women and men were of similar age, women had a lower mean body weight 

than men (86.7 vs. 97.8 kg; p<0.01) (Table 2). Overall, 47.2% of the patients received at 

least one dose of an anticoagulant in excess, and 6.6% of patients received more than one 

class of medications in excess. Within individual categories of medications, 40% of the 

patients receiving GPIs, 49% of the patients receiving bivalirudin and 18.9% of the patients 

receiving UFH received at least one excess dose of these drugs (Table 3).

Of note, 25.9% (n=51) of the patients who were administered excess UFH boluses received 

a dose of exactly 5000 units and 21.9% (n=30) of the patients who were infused UFH in 

excess received a dose of exactly 1000 U/h when heparin therapy was initiated. For GPIs 

and bivalirudin, excess dosing was most frequently minor (77.6% and 87.3% respectively). 

However, 61.8% of excess dosing for UFH was major (Figure 1). Overall, the proportion of 

women who received at least one excess dose of these anticoagulant agents was not 

significantly different from men (Figure 2). However, UFH was administered in excess 

more frequently in women [n=206 (20.4%)] as compared with men [n=100 (16.3%)] (P 

value = 0.04) (Table 3).

In univariate analyses, patients receiving excess dosing were less likely to be obese (49.9% 

vs. 58.8%; p<0.0001) or to have diabetes (32% vs. 37%; p=0.02) than patients who did not 
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receive excess dosing. In multivariate logistic analysis, female sex was not significantly 

associated with excess dosing (OR 0.89, 95% CI: 0.73–1.08). Both lower body weight (OR 

1.07 per 5 kg decrease in weight, 95% CI: 1.05–1.09) and younger age (OR 0.93 per 5 years 

increase in age, 95% CI: 0.86–0.99) were significantly associated with increased likelihood 

of excess dosing (Table 4). In secondary analyses, we performed multivariate logistic 

analysis to identify predictors of major excess dosing, and the findings did not differ 

significantly from any excess dosing.

Bleeding occurred in 6.3% (n=131) of the patients who underwent PCI in the VIRGO 

population. Among patients who were administered GPIs and bivalirudin, bleeding rates 

were similar in patients receiving excess dosing compared with those who did not (GPIs: 

9.8% vs. 7.4%; p=0.2; bivalirudin: 3.6% vs. 3.4%; p=0.9). For UFH, the bleeding rate was 

slightly higher in patients receiving excess dose though this did not reach statistical 

significance (10.0% vs. 6.8%; p=0.06). When stratified by sex, frequency of bleeding was 

higher in women who received excess dosing of UFH compared with women who did not 

(9.3% vs. 6.0%, P=0.03); however rates in men were similar (5.2% vs. 5.9%, P= 0.69) 

(Figure 3). In the multivariable model, excess dosing was associated with increased bleeding 

(OR 1.34, 95% CI: 0.98–1.98), but this was not statistically significant (Table 5). While 

eGFR per 10 units decrease (OR 1.11, 95% CI: 1.03–1.21), higher systolic blood pressure 

(OR 2.16, 95% CI: 1.21–3.86) and ST-elevation myocardial infarction (OR 1.92, 95% CI: 

1.19–3.10) were associated with an increased likelihood of bleeding, the association with 

female sex did not attain statistical significance (OR 1.28, 95% CI: 0.91–1.98). In secondary 

analyses, we replaced ‘any’ excess dosing with ‘major’ excess dosing as a covariate in the 

multivariable model for bleeding, and the findings did not differ significantly. In addition, 

we also found that the interaction term for gender-excess dosing was not a significant 

predictor of bleeding (p=0.17) when included in the multivariable model for bleeding.

Discussion

Results from this prospective cohort study provide detailed characterizations of dosing of 

antithrombotic and antiplatelet agents in patients ≤ 55 years of age with AMI undergoing 

PCI. Of note, approximately half received at least one dose of an anticoagulant agent in 

excess of the recommended range, and 1 in 5 received more than 10% excess of at least one 

medication. Low body weight and younger age, but not sex, were noted to be significant 

predictors of excess dosing. However, excess dosing of these agents among young patients 

was not significantly associated with a higher likelihood of bleeding.

More than a decade after the Institute of Medicine reported medication errors to be a 

nationwide epidemic;15 we found dosing errors in more than half of the young patients with 

AMI undergoing PCI. Appropriate dosing of antiplatelet and anticoagulant agents, in 

particular, is of critical importance in patients undergoing PCI, as dosing outside of the 

‘therapeutic window’ of these drugs may increase the risk of bleeding complications.4,5,16. 

In a previous study by Alexander et al., 42% of older patients with non ST-elevation 

myocardial infarction received at least one dose of anticoagulant in excess of the 

recommended range and older age was strongly associated with higher likelihood of excess 

dosing.4 Our study suggests that dosing errors are also highly prevalent among younger 
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patients. In our population of patients <=55 years of age, every 5 year decrease in age was 

associated with increased risk of excess dosing. The reasons why youngest patients are at 

increased risk of excess dosing are unclear but may warrant further study.

In contrast with previous investigators, we did not identify sex-based differences in the 

likelihood of receiving excess dose.4,16 Temporal changes in care, possible age-gender 

interactions and differences in definition of overdosing and inclusion criteria may account 

for this discordance. While sex differences were prominently noted for excess dosing of 

GPIs in a relatively elderly population with non ST-elevation myocardial infarction in the 

CRUSADE study, our cohort is comprised of young patients with AMI undergoing PCI. In 

addition, our definition of excess dosing was based not only on the administration of a ‘full 

dose’ in patients with decreased creatinine clearance in their study, but the precise doses of 

all the drugs administered in the catheterization laboratory.

In unadjusted analyses, UFH was more frequently administered in excess among young 

women as compared with men, consistent with prior studies.4,5 Of note, the majority of the 

overdosing for UFH met our definition of major excess dosing. One of the potential reasons 

for this difference can be attributed to their smaller body size. Low body weight was 

independently related with excess dosing in the adjusted model which may reflect 

challenges in accurately estimating the body weight of thinner patients.

Our analysis also suggests that weight-based dosing guidelines for anticoagulants may not 

have been universally adopted. A high proportion of both men and women received the 

exact bolus dose of 5000 units and/or infusion dose of 1000 units/hr of UFH. This may be 

due to chance, but raises the possibility that a ‘one size fits all’ approach may still be 

employed by many clinicians. Furthermore, high frequency of excess dosing of all three 

classes of anticoagulants in our study suggests that overdosing is a relatively common 

occurrence in the catheterization laboratory. Possible solutions to this problem include 

allocating the responsibility of accurate weight measurement to dedicated staff for all 

patients going to the catheterization laboratory, use of standardized order sets, closer 

collaboration with pharmacy staff, and computerized dose calculations for these 

medications.

When stratified by sex, we found a higher unadjusted rate of bleeding in women who 

received excess dosing compared with those who did not, while bleeding rates were 

comparable in men who did and did not receive excess dosing. This is consistent with 

previous studies that demonstrated the relationship of excess dosing with bleeding to be 

stronger in women than men.16 However, after adjustment, gender was no longer a 

significant predictor of bleeding. The young patients enrolled in our study had relatively few 

bleeding events, and our study was likely underpowered to identify a clinically important 

association between excess dosing and bleeding outcomes. Based on estimates from 

previous studies, we anticipated that our study would have power to detect at least 3% 

difference in bleeding.4,5,16 Nevertheless, the fact that such a large proportion of patients 

receive excess doses of commonly used medications is of concern and identifies the need to 

develop strategies that would prevent deviance from accepted dosing guidelines.
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Our study has some limitations. First, participation of the patients in the VIRGO study was 

voluntary. Patients who agreed to participate may not have been representative of the larger 

population of young patients with AMI. Second, information about doses of upstream 

medications, especially for transfer-in patients (41.6% of the total patients) may have been 

limited by availability of data as this information was derived from the admit notes. 

However, doses administered in the catheterization laboratory are considered reliable as 

these were directly abstracted from the catheterization log. Moreover, for patients who 

underwent more than one PCI or a coronary artery bypass graft surgery after PCI, we 

included the dosing details of the first PCI only. However, repeat PCI and coronary artery 

bypass graft surgery occurred only in 4.5% and 1.9% of the patients included in our study 

and would likely not have influenced our findings substantially. Additionally, risk of 

bleeding may have been influenced by additional therapies delivered to the patient after the 

procedure. These may include the need for additional invasive procedures, sheath 

management, and antithrombotic and antiplatelet therapies. Unfortunately, this information 

was not collected as part of the VIRGO study and these aspects of care cannot be considered 

in the analysis. Finally, wide confidence intervals demonstrated in our adjusted results did 

not allow us to draw definitive conclusions about the relationship of excess dosing with 

bleeding.
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Figure 1. 
Distribution of Excess Dosing of GPIs, Bivalirudin and UFH above the Recommended 

Range in Young Patients with AMI Undergoing PCI
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Figure 2. 
Sex Differences in ‘Major’ Excess Dosing of Anticoagulant Agents in Young Patients with 

AMI Undergoing PCI
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Figure 3. 
Bleeding Complications in Patients Receiving Excess Dosing of Anticoagulants in Young 

Patients with AMI Undergoing PCI

Gupta et al. Page 11

Am J Cardiol. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gupta et al. Page 12

Table 1

Dosing Recommendations and Categories for Antiplatelet and Antithrombotic agents for patients undergoing 

percutaneous coronary intervention adapted from the American College of Cardiology/American Heart 

Association guidelines – 2009 update

Drug Recommendations during PCI Minor Excess Dosing Major Excess Dosing

GPIs

  Abciximab Bolus 0.25 mg/kg IV; Infusion 0.125 
mcg/kg/min (maximum 10 mcg/min)

0.25mg/kg> Bolus <0.275 mg/kg; 
0.125 mcg/kg/min > Infusion 

<0.1375 mcg/kg/min

Bolus > 0.275 mg/kg; Infusion 
>0.1375 mcg/kg/min OR 
Infusion > 10 mcg/min 

whichever is less

  Eptifibatide Bolus 180 mcg/kg IV; Infusion 2.0 
mcg/kg/min, reduce to 1.0 mcg/kg/min if 

CrCl<50 mL/min

180 mcg/kg > Bolus < 198 
mcg/kg; 2.0 mcg/kg/min > 

Infusion rate < 2.2 mcg/kg/min

Bolus > 198 mcg/kg; Infusion 
rate > 2.2 mcg/kg/min OR; Full 

dose if CrCl< 50 mL/min

Bivalirudin Bolus 0.75 mg/kg; Infusion 1.75 mg/kg/
hour

0.75 mg/kg > Bolus < 0.825 
mg/kg; 1.75 mg/kg/hour > 

Infusion rate < 1.925 mg/kg/hour

Bolus > 0.825 mg/kg; Infusion 
rate > 1.925 mg/kg/hour

Unfractionated Heparin With GPIs : 50–70 U/kg No GPIs: 70–
100 U/kg; Infusion rate: 12–15 U/kg/

hour

With GPIs: 70U kg >UFH 
bolus<77 U/kg ; No GPIs: 100 

U/kg> UFH bolus< 110 U/kg; 15 
U/kg/hour> Infusion <16.5 U/kg/

hour

With GPIs : UFH bolus> 77 
U/kg; No GPIs: UFH bolus> 

110 U/kg; Infusion>16.5 U/kg/
hour

Abbreviations: CrCl – Creatinine clearance
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Table 2

Baseline Characteristics by Sex in Patients ≤ 55 Years of Age with Acute Myocardial Infarction Undergoing 

Percutaneous Coronary Intervention

Patient characteristics Overall (n=2076) Women (n=1311) Men (n=765) P value

Age (years), median (IQR) 48.0 (44.0 – 52.0) 49.0 (44.0 – 52.0) 48.0 (44.0 – 52.0) 0.13

Obesity (BMI ≥ 30 kg/m2) 1133 (54.6%) 764 (58.3%) 369 (48.2%) <0.01

Weight (kg), mean (std) 90.8 (23.1) 86.7 (22.6) 97.8 (22.2) <0.01

Nonwhite race 469 (22.6%) 335 (25.6%) 134 (17.5%) <0.01

Diabetes mellitus 720 (34.7%) 532 (40.6%) 188 (24.6%) <0.01

Hypertension 1368 (65.9%) 885 (67.5%) 483 (63.1%) 0.04

Current smokers 1194 (57.5%) 788 (60.1%) 406 (53.1%) <0.01

Prior stroke 84 (4.0%) 69 (5.3%) 15 (2.0%) <0.01

Prior myocardial infarction 319 (15.4%) 190 (14.5%) 129 (16.9%) 0.15

Prior revascularization 362 (17.5%) 211 (16.1%) 151 (19.9%) 0.03

Prior heart failure 68 (3.3%) 58 (4.4%) 10 (1.3%) <0.01

eGFR (ml/min/1.73m2), mean (std) 89.1 (23.1) 88.9 (24.7) 89.4 (20.2) 0.64

eGFR<50 ml/min/1.73m2 98 (4.7%) 80 (6.1%) 18 (2.4%) <0.01

Renal Dysfunction (eGFR<=60) 211 (10.2%) 151 (11.6%) 60 (7.9%) 0.01

Serum Creatinine (mg/dL), median (IQR) 0.9 (0.7 – 1.0) 0.8 (0.7 – 0.9) 1.0 (0.9 – 1.1) <0.01

Creatinine >2mg/dL 45 (2.2%) 33 (2.5%) 12 (1.6%) 0.15

Presentation variables

Signs of heart failure 69 (3.5%) 51 (4.1%) 18 (2.5%) 0.06

Systolic blood pressure (mm Hg), mean (std) 144.7 (31.0) 143.5 (32.4) 146.7 (28.4) 0.02

Heart rate (bpm), mean (std) 82.8 (19.6) 83.6 (19.2) 81.4 (20.1) 0.02

ST depression 855 (41.5%) 544 (41.8%) 311 (40.9%) 0.66

Treatment

Aspirin 2012 (97.3%) 1263 (96.9%) 749 (98.2%) 0.07

Unfractionated heparin 1623 (78.2%) 1009 (77.0%) 614 (80.3%) 0.08

Glycoprotein IIb/IIIa inhibitors 1172 (56.5%) 717 (54.7%) 455 (59.5%) 0.03

    Eptifibatide 899 (43.3%) 556 (42.4%) 343 (44.8%) 0.28

    Abciximab 273 (13.2%) 161 (12.3%) 112 (14.6%) 0.12

Clopidogrel 1718 (89.2%) 1080 (89.5%) 638 (88.6%) 0.55

  Prasugrel 256 (13.3%) 156 (12.9%) 100 (13.9%) 0.55

  Ticlopidine 3 (0.2%) 2 (0.2%) 1 (0.1%) 1.00

Bivalirudin 692 (33.3%) 459 (35.0%) 233 (30.5%) 0.03

*
: All tables percentages are calculated by excluding missing values

Abbreviations: BMI – Body mass index; std – standard deviation; bpm – beats per minute; eGFR – estimated glomerular filtration rate; IQR – 
interquartile range
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Table 5

Multivariate Logistic Model for the Association between Excess Dosing of Anticoagulant Agents and 

Bleeding in Young Patients with Acute Myocardial Infarction Undergoing Percutaneous Coronary 

Intervention

Any Excess Dosing (>0%) Overall Drug (n=1681)

Covariates Odds Ratio (95% CI) P value

Excess dosing 1.34 (0.91 – 1.98) 0.14

Female vs. Male 1.28 (0.83 – 2.00) 0.27

Diabetes mellitus 1.41 (0.93 – 2.13) 0.11

Percutaneous coronary intervention urgency 1.07 (0.50 – 2.33) 0.86

Systolic blood pressure 2.16 (1.21 – 3.86) 0.01

Prior peripheral arterial disease 2.17 (0.83 – 5.63) 0.11

ST-elevation Myocardial Infarctiona 1.92 (1.19 – 3.10) 0.01

Aspirin + prasugrelb 0.42 (0.19 – 0.92) 0.03

eGFR (decrease of 10 points) 1.11 (1.03 – 1.21) 0.01

Age (increase of 5 years) 1.03 (0.87 – 1.23) 0.70

Weight (decrease of 5 kg) 1.00 (0.96 – 1.05) 0.98

a
Reference group for this variable is Non ST-elevation Myocardial Infarction

b
Reference group for this variable is aspirin + clopidogrel/ticlopidine

Abbreviation: eGFR – Estimated Glomerular Filtration Rate
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