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Abstract

Background—Current guidelines recommend that clopidogrel should be held for 5 days prior to

coronary artery bypass graft (CABG) procedure. However, it is unknown if this recommendation

should apply to robotic-assisted (rCABG), which is less invasive because it does not involve

sternotomy and thus reduces the risk of bleeding.

Objective—To compare postoperative bleeding for rCABG patients who were taking clopidogrel

within 5 days of the procedure with those who were not taking clopidogrel.

Methods—This was a retrospective cohort study conducted between January 1, 2012 and

December 31, 2012 of consecutive patients undergoing rCABG. Patients were categorized into 2

groups based on whether or not clopidogrel was administered within 5 days prior to the date of

surgery. The primary outcome measure was the occurrence of the Bleeding Academic Research

Consortium (BARC) definition for CABG-related bleeding. The secondary outcome measure was

a comparison of chest tube output during the first 24-hour postoperative period.

Results—A total of 136 rCABG patients were included in the final analyses. Of these, 39 (29%)

received clopidogrel within 5 days of surgery. CABG-related bleeding using the BARC definition

occurred in 26% of patients who received clopidogrel and 8% of patients who did not (P = .011).

Median chest tube output during the first 24-hour postoperative period was also greater in patients

who received clopidogrel (900 vs 735 mL, P = .002).

Conclusions—The use of clopidogrel within 5 days of rCABG is associated with greater

postoperative bleeding and chest tube output, as defined by the BARC criteria.
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Introduction

Coronary artery bypass graft (CABG) procedures have been used widely since the 1970s to

improve morbidity and mortality in patients with multivessel heart disease.1 This procedure

is associated with significant complications, including bleeding risks. It is estimated that

even if a restrictive transfusion strategy were used, close to half of patients undergoing

traditional CABG would require blood transfusions postoperatively.2 This has led to the

introduction of less-invasive techniques, such as robotic CABG (rCABG), which is fully

endoscopic, with low rates of morbidity and mortality.3 Compared with traditional CABG,

this technique may be associated with decreased blood transfusions, hospital length of stay,

and mortality.4,5

Because of their previous cardiovascular history, patients who require a CABG procedure

are often chronically taking P2Y12 platelet inhibitors such as clopidogrel. After myocar-dial

infarction (MI), clopidogrel has been shown to reduce the risk for subsequent MI, stroke,

and death.6,7 In addition, P2Y12 inhibitors, such as clopidogrel, are routinely recommended

after percutaneous coronary intervention (PCI) to prevent stent thrombosis.8 However,

clopidogrel use at the time of CABG may increase the risk for bleeding, transfusions, and

need for reoperation. Given this risk, the American Heart Association recommends that

clopidogrel should be held for at least 5 days prior to a CABG.9 However, this guidance

may not be necessary for rCABG because it is minimally invasive and is associated with less

bleeding. This would enable the continuation of clopidogrel therapy during the pre-operative

period. Thus, there is a gap in the literature regarding the need for cessation of clopidogrel

prior to rCABG.

The purpose of this study was to evaluate bleeding-related outcomes in patients who had

undergone rCABG. Patients who stopped their clopidogrel for at least 5 days prior to robotic

CABG were compared with patients who did not stop their clopidogrel in the preoperative

period. The primary outcome measure was the occurrence of the Bleeding Academic

Research Consortium (BARC) definition for CABG-related bleeding.10 The secondary

outcome measure was a comparison of chest tube output during the first 24-hour

postoperative period.

Methods

Study Design and Patient Selection

This was a retrospective cohort study conducted in a tertiary care academic institution in the

United States. Institutional review board approval was obtained prior to data collection. All

patients 18 years and older who underwent rCABG at the study site between January 1,

2012, and December 31, 2012, were included. Patients were categorized into 2 groups: those

who (1) received clopidogrel within the 5 days preceding surgery (clopidogrel group) and

(2) did not receive clopidogrel or any other P2Y12 inhibitor within 5 days preceding surgery

(control group). The use of clopidogrel was assessed in the preanesthesia clinic or on

hospital admission by an anesthesiologist or nurse.
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Data Collection

Data were collected from the patients’ electronic medical records and from a database of

rCABG procedures performed at the institution, on standardized data collection forms. Prior

to data collection, all fields and locations were identified in the medical record and the

rCABG database to ensure consistency of data collection. Data collected included

information on patient demographic parameters, comorbidities, anticoagulants and

antiplatelets used in the perioperative period, transfusions (platelets, packed red blood cells,

cryoprecipitate, and fresh frozen plasma), and postoperative chest tube output. In addition,

postoperative and daily hemoglobin values were recorded. If several hemoglobin values

were reported on any given day, the final value in that 24-hour period was recorded.

Conversion from a thoracotomy to a partial sternotomy modality was recorded because this

would increase postoperative bleeding. Also, the need for reoperation after closure of

sternotomy for bleeding control was recorded.

Outcome Measures

The primary outcome measure was the occurrence of the BARC definition for CABG-

related bleeding.10 This definition was created based on consensus from academic research

organizations from the United States and Europe, representatives from the FDA, and

representatives from device manufacturers to standardize clinical outcomes. Based on this

definition, CABG-related bleeding is said to occur if any of the following are present: (1)

perioperative intracranial bleeding within 48 hours, (2) reoperation after closure of

sternotomy for the purpose of controlling bleeding, (3) transfusion of ≥5 units of whole

blood or packed red blood cells within a 48-hour period, or (4) chest tube output of 2 L

within a 24-hour period. The secondary outcome measure in this study was chest tube output

with the first 24-hour period after surgery. Outcomes in terms of TIMI (thrombolysis in

myocardial infarction) major and minor bleeding10 were also reported to enable comparison

with other studies. TIMI major bleeding includes any intracranial bleeding (excluding

microhemorrhages <10 mm evident only on gradient-echo MRI), clinically overt signs of

hemorrhage associated with a drop in hemoglobin of ≥5 g/dL, and fatal bleeding directly

resulting in death within 7 days. TIMI minor bleeding is defined as clinically overt bleeding

(including in imaging), resulting in a hemoglobin drop of 3 to <5 g/dL.

Data Analysis

Fisher's exact test was used to compare the incidence of CABG bleeding and other

categorical variables between the 2 groups. Student's t test was used to compare normally

distributed continuous variables between groups, and data were reported as means with

standard deviations (SDs). Continuous variables that were not normally distributed were

compared using the Wilcoxon rank-sum test, and data were reported as medians with

interquartile ranges (IQRs). A logistic regression analysis was performed to adjust for

baseline differences between groups. All statistical analyses were conducted in STATA 11

(StataCorp, College Station, TX). A 2-tailed α<.05 was considered to be statistically

significant for all analyses.
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Results

Study Patients

A total of 136 patients underwent rCABG during the study time period. No patients were

excluded. The mean age of the cohort was 68 ± 11 years, and 89 (65.4%) were male. The

majority of rCABG cases involved 1-vessel (n = 80, 58.8%) or 2-vessel (n = 51, 37.5%)

revascularization on the beating heart via a small left thoracotomy. A few patients (n = 10,

7.5%) required a partial sternotomy approach.

Overall, 39 (28.7%) received and 97 (71.3%) did not receive clopidogrel within 5 days of

rCABG. The groups were similar with regard to baseline demographic characteristics, with

the exception of current smoking status, which was more common in the clopidogrel group

(Table 1). All but one of the patients in the clopidogrel group had undergone preoperative,

staged PCI as part of a hybrid procedure. Clopidogrel is expected in these cases because it is

strongly indicated early after stent placement. The groups were similar with regard to

number of vessels operated on or type of rCABG used (Table 2). Also, preoperative (within

24 hours of surgery) use of other antiplatelets and anticoagulants was similar between

groups, with the exception of aspirin, which was more commonly used in the clopidogrel

group and likely related to previous PCI in this group (Table 2).

Outcomes

The primary outcome of CABG-related bleeding per the BARC definition occurred in more

patients in the clopidogrel group than in the no-clopidogrel group (25.6% vs 8.3%,

respectively; P = .011), as also seen by the odds ratio (OR) after adjusting for smoking

status and aspirin use (OR = 3.4; 95 % CI = 1.2 to 10.1; P = .027). The clopidogrel group

had significantly greater bleeding during the first 24-hour postoperative period as measured

by median chest tube output (900 mL [IQR = 700-1340 mL] vs 735 mL [IQR = 490-980

mL]; P = .002) and by chest tube output adjusted for smoking status and aspirin use

(coefficient = 319 mL; 95% CI = 39 to 599 mL; R2 = 0.060; P = .026).

A comparison of bleeding at other time points (intraoperative and up to 96 hours

postoperatively) and hemoglobin levels are reported in Table 3. The clopidogrel group had

greater intraoperative bleeding and lower hemoglobin levels postoperatively, even though

these were similar at baseline (Table 3). There were significantly more patients in the

clopidogrel group who required intraoperative transfusions of fresh frozen plasma and

platelets, with a trend toward more red blood cell transfusions (Table 3). TIMI minor

bleeding occurred in 3 patients in the clopidogrel group and 1 patient in the no-clopidogrel

group (P = .071). No patient had TIMI major bleeding, such as intracranial or fatal bleeding.

One patient in each group had a reoperation for bleeding. The median length of hospital stay

was 5 days (IQR = 3-9 days) in the clopidogrel group and 4 days (IQR = 3-6 days) in the no-

clopidogrel group (P = .137). Patients who had CABG-related bleeding as defined by BARC

had a longer hospital length of stay (6.5 days [IQR = 5-13 days] vs 4 days [IQR = 3-7 days];

P = .005). All patients survived to hospital discharge.
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Discussion

To our knowledge, this is the first study that examines the effect of clopidogrel taken within

5 days of a rCABG procedure on bleeding-related outcomes. The effect was consistent

across measured outcomes, indicating greater bleeding with clopidogrel use. This included a

well-accepted definition of CABG-related bleeding per BARC,10 chest tube output,

transfusions, and hemoglobin levels.

Most research related to the perioperative use of clopidogrel is from studies conducted in

patients with traditional CABG. It is recommended that patients with acute coronary

syndromes be given P2Y12 antagonists, such as clopidogrel, because this has been shown to

improve outcomes associated with MI, stroke, and death.6,7 Unfortunately, a subset of these

patients may require a subsequent CABG based on their coronary anatomy. These patients

taking clopidrogrel have an increased risk for bleeding resulting in reoperation and

transfusions after a traditional CABG.11 This has led to a less-than-expected use of

clopidogrel for acu te coronary syndromes.12 The American Heart Association (AHA)

recommends that when patients are referred for elective CABG, clopidrogrel should be held

for greater than 5 days.9 However, this is not possible for urgent CABG, for which the

recommendation is to discontinue clopidogrel for at least 24 hours prior to CABG to

minimize the risk of bleeding. Our investigation expands the concerns about the bleeding

risks of clopidogrel by demonstrating that rCABG does not entirely circumvent this risk,

suggesting that it should be discontinued for 5 days prior to the date of surgery. However,

the less-invasive technique may reduce the magnitude of bleeding caused by clopidogrel.

In our study, there were more patients in the clopidogrel group who were also taking aspirin

within 24 hours prior to surgery. Thus, it is possible that the increased postoperative

bleeding in the clopidogrel group was also related to coad-ministered aspirin. However, after

adjusting for aspirin use in our multivariate analysis, clopidogrel was independently

associated with bleeding. In addition, in a recent large multicenter cohort study of more than

6000 patients, preoperative aspirin use prior to CABG was not associated with postoperative

bleeding. However, patients with preoperative clopidogrel use had increased postoperative

bleeding and reoperation rates.13 The AHA recommends that aspirin should be administered

to CABG patients preoperatively.9 This is because studies have shown that aspirin use

preoperatively has been associated with decreased in-hospital mortality in these

patients.14,15 In addition, aspirin use in these studies was not associated with increased

postoperative bleeding, need for blood product transfusions, chest tube output, or surgical

re-exploration. Thus, it is reasonable that this recommendation by the AHA would apply to

rCABG as well, and our findings were likely related to clopidogrel.

The study has a few limitations related to its study design. This was a retrospective, single-

center study. Thus, the results are hypothesis generating and should be extrapolated with

caution to other centers. These results need to be verified in larger prospective trials. It is

possible that there were other unmeasured factors that could have influenced our outcomes.

However, there was a large difference in effect between the treatment groups, and important

variables that could influence bleeding such as demographics, medication use and procedure

data were reported. Overall, the groups were well matched with regard to these variables,
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and multivariate analysis was conducted to adjust for baseline differences. Information such

as dosing of clopidogrel prior to surgery was not available. This could also influence

bleeding, especially if patients were given higher-than-standard doses. Postoperative

hemoglobin values could have been influenced by transfusions. However, patients in the

clopidogrel group had lower hemoglobin values even after receiving more transfusions.

Thus, the difference in hemoglobin values between groups is likely conservative.

Conclusion

The use of clopidogrel within 5 days of rCABG is associated with greater postoperative

bleeding and chest tube output. These data may prove helpful when considering the timing

of rCABG in patients who are actively treated with clopidogrel. Future prospective studies

are needed to confirm these findings.

Acknowledgments

Dr Poston's salary is partly supported by NIH grant: R01HL084080.

Funding

The author(s) received no financial support for the research, authorship, and/or publication of this article.

References

1. Eagle KA, Guyton RA, Davidoff R, et al. ACC/AHA 2004 guideline update for coronary artery
bypass graft surgery: a report of the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines (Committee to Update the 1999 Guidelines for Coronary Artery
Bypass Graft Surgery). Circulation. 2004; 110:e340–e437. doi:10.1161/01.CIR.
0000138790.14877.7D. [PubMed: 15466654]

2. Hajjar LA, Vincent JL, Galas FR, et al. Transfusion requirements after cardiac surgery: the TRACS
randomized controlled trial. JAMA. 2010; 304:1559–1567. doi:10.1001/jama.2010.1446. [PubMed:
20940381]

3. Lee JD, Srivastava M, Bonatti J. History and current status of robotic totally endoscopic coronary
artery bypass. Circ J. 2012; 76:2058–2065. doi:10.1253/circj.CJ-12-0981. [PubMed: 22893280]

4. Anderson JE, Chang DC, Parsons JK, Talamini MA. The first national examination of outcomes and
trends in robotic surgery in the United States. J Am Coll Surg. 2012; 215:107–114. discussion
14-16. doi:10.1016/j.jamcollsurg.2012.02.005. [PubMed: 22560318]

5. Jones B, Desai P, Poston R. Establishing the case for minimally invasive, robotic-assisted CABG in
the treatment of multivessel coronary artery disease. Heart Surg Forum. 2009; 12:E147–E149. doi:
10.1532/HSF98.20091042. [PubMed: 19546065]

6. Sabatine MS, Cannon CP, Gibson CM, et al. Addition of clopidogrel to aspirin and fibrinolytic
therapy for myocardial infarction with ST-segment elevation. N Engl J Med. 2005; 352:1179–1189.
doi:10.1056/NEJMoa050522. [PubMed: 15758000]

7. Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, Fox KK. Effects of clopidogrel in addition
to aspirin in patients with acute coronary syndromes without ST-segment elevation. N Engl J Med.
2001; 345:494–502. doi:10.1056/NEJMoa010746. [PubMed: 11519503]

8. Levine GN, Bates ER, Blankenship JC, et al. 2011 ACCF/AHA/SCAI Guideline for Percutaneous
Coronary Intervention: a report of the American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines and the Society for Cardiovascular Angiography and
Interventions. Circulation. 2011; 124:e574–e651. doi:10.1161/CIR.0b013e31823ba622. [PubMed:
22064601]

9. Hillis LD, Smith PK, Anderson JL, et al. 2011 ACCF/AHA Guideline for Coronary Artery Bypass
Graft Surgery: a report of the American College of Cardiology Foundation/American Heart

Vainrub et al. Page 6

Ann Pharmacother. Author manuscript; available in PMC 2014 August 12.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Association Task Force on Practice Guidelines. doi:10.1161/CIR.0b013e31823c074e. Circulation.
2011; 124:e652–e735.

10. Mehran R, Rao SV, Bhatt DL, et al. Standardized bleeding definitions for cardiovascular clinical
trials: a consensus report from the Bleeding Academic Research Consortium. Circulation. 2011;
123:2736–2747. doi:10.1161/CIRCULATIONAHA.110.009449. [PubMed: 21670242]

11. Berger JS, Frye CB, Harshaw Q, Edwards FH, Steinhubl SR, Becker RC. Impact of clopidogrel in
patients with acute coronary syndromes requiring coronary artery bypass surgery: a multicenter
analysis. J Am Coll Cardiol. 2008; 52:1693–1701. doi:10.1016/j.jacc.2008.08.031. [PubMed:
19007688]

12. Burke MA, Lee R, Fintel DJ. Early clopidogrel use in non-ST elevation acute coronary syndrome
and subsequent coronary artery bypass grafting. Am Heart J. 2011; 161:832–841. doi:10.1016/
j.ahj.2011.01.020. [PubMed: 21570511]

13. Kremke M, Tang M, Bak M, et al. Antiplatelet therapy at the time of coronary artery bypass
grafting: a multicentre cohort study. Eur J Cardiothorac Surg. 2013; 44:e133–e140. doi:10.1093/
ejcts/ezt230. [PubMed: 23660554]

14. Bybee KA, Powell BD, Valeti U, et al. Preoperative aspirin therapy is associated with improved
postoperative outcomes in patients undergoing coronary artery bypass grafting. Circulation. 2005;
112:I286–1292. doi:10.1161/CIRCULATIONAHA.104.522805. [PubMed: 16159833]

15. Dacey LJ, Munoz JJ, Johnson ER, et al. Effect of preoperative aspirin use on mortality in coronary
artery bypass grafting patients. Ann Thorac Surg. 2000; 70:1986–1990.
doi:S0003-4975(00)02133-0. [PubMed: 11156107]

Vainrub et al. Page 7

Ann Pharmacother. Author manuscript; available in PMC 2014 August 12.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Vainrub et al. Page 8

Table 1

Demographic Characteristics.

Variable Clopidogrel (n = 39), n (%) or Mean ±
SD

No Clopidogrel (n = 97), n (%) or Mean
± SD

P Value

Age, years 66.4 ± 11.6 68.8 ± 10.2 .268

Weight, kg 81.8 ± 18.3 86.6 ± 26.0 .227

Sex .844

    Male 25 (64.1) 64 (66.0)

    Female 14 (35.9) 33 (34.0)

Race .174

    Caucasian 29 (74.4) 82 (84.5)

    Hispanic 8 (20.5) 14 (14.4)

    Other 2 (5.1) 1 (1.0)

Past medical history

    Percutaneous coronary intervention 38 (97.4) 38 (39.2) <.001

    Hypertension 36 (92.3) 88 (90.7) 1.000

    Myocardial infarction 23 (59) 47 (48.5) .343

    Diabetes 15 (38.5) 40 (41.2) .848

    Smoker (within past 2 weeks) 10 (25.6) 9 (9.3) .026

    Congestive heart failure 6 (15.4) 18 (18.6) .805

    Peripheral arterial disease 5 (12.8) 10 (10.3) .763

    Stroke 3 (7.7) 10 (10.3) .757

    Previous coronary arterial bypass graft 3 (7.7) 9 (9.3) 1.000

    Atrial fibrillation/flutter 3 (7.7) 8 (8.3) 1.000

    Transient ischemic attack 1 (2.6) 3 (3.1) 1.000
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Table 2

Medication and Procedure Information.

Variable Clopidogrel (n = 39), n (%) or Mean ±
SD

No Clopidogrel (n = 97), n (%) or Mean
± SD

P Value

Preoperative medications
a

    Aspirin 30 (76.9) 44 (45.4) .001

    GIIb/IIIa inhibitor 3 (7.7) 3 (3.1) .353

    Heparin infusion 1 (2.6) 4 (4.1) 1.000

    Prophylactic unfractionated heparin 0 (0) 3 (3.1) .557

    Prophylactic enoxaparin 0 (0) 1 (1) 1.000

    Warfarin 0 (0) 1 (1) 1.000

Procedure information

    Partial sternotomy performed 4 (10.3) 6 (6.2) .472

    Valve repair or replacement 0 (0) 4 (4.1) .578

    Transmyocardial laser revascularization 1 (2.6) 2 (2.1) 1.000

Number of vessels operated on .115

    1 20 (51.3) 60 (61.9)

    2 19 (48.7) 32 (33)

    3 0 (0) 5 (5.2)

Status of rCABG procedure .087

    Elective 24 (61.5) 75 (77.3)

    Urgent
b 15 (38.5) 22 (22.7)

Abbreviations: GIIb/IIIa inhibitor, glycoprotein IIb/IIIa inhibitor; rCABG, robotic-assisted coronary artery bypass graft.

a
Medications are within 24 hours prior to surgery.

b
Defined as urgent if performed during the index admission.
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Table 3

Comparison of Blood Loss and Transfusions.

Variable Clopidogrel (n = 39), Median (IQR) or
Mean ± SD or n (%)

No Clopidogrel (n = 97), Median (IQR) or
Mean ± SD or n (%)

P Value

Intraoperative blood loss, mL 400 (200-800) 150 (50-300) .033

Chest tube output post-rCABG, mL

    First 24 hours 900 (700-1340) 735 (490-980) .002

    25-48 hours 315 (130-410) 260 (116-465) .550

    49-72 hours 110 (0-300) 80 (0-200) .623

    73-96 hours 0 (0-120) 0 (0-25) .388

Hemoglobin, g/dL

    Postoperative day 0 11.5 ± 1.6 11.8 ± 1.6 .292

    Postoperative day 1 10.9 ± 1.6 11.5 ± 1.6 .042

    Postoperative day 2 10.6 ± 1.5 11.1 ± 1.4 .061

    Postoperative day 3 10.3 ± 1.4 11 ± 1.5 .008

Intraoperative transfusions, n (%)

    Red blood cells 17 (43.6) 25 (25.8) .064

    Fresh frozen plasma 9 (23.1) 9 (9.3) .048

    Platelets 8 (20.5) 7 (7.2) .035

    Cryoprecipitate 4 (10.3) 5 (5.2) .277

Abbreviations: IQR, interquartile range; rCABG, robotic-assisted coronary artery bypass graft.
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