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Abstract

Introduction: Patients for Coronary Artery Bypass Grafting (CABG) are 
often treated with antiplatelet medications, most frequently Aspirin (ASA) 
and Adenosine-Diphosphate (ADP) -receptor antagonists. The drugs seem 
effective in reducing thromboembolic events when awaiting surgery, but carry 
a risk of increased bleeding and complications. Although inconsistent, the 
latest recommendation is to continue ASA, but discontinue ADP 5-days before 
surgery. The aim of this study was to evaluate possible associations between 
continued antiplatelet treatments and postoperative thromboembolic events.

Methods: A propensity based analysis on data from our mandatory Western 
Denmark Heart Registry (2007-2014). Eligible procedures were on/off-pump 
CABG with/without valve replacement (N=10.608). The endpoints were mortality 
and/or new ischaemic event (CAG/PCI/CABG) within 6 months together with 
transfusions and in-hospital incidence of stroke, MI and need for dialysis. 

Results: Patients continuing ASA had lower risk of postoperative new CAG 
in crude analysis, but otherwise no differences in outcomes between ASA and 
controls in crude or adjusted analysis. Postoperative drainage was marginally 
higher after ASA, but without difference in re-exploration due to bleeding. 
Comparing Clopidogrel and ASA, the only difference was a lower postoperative 
risk of stroke in the clopidogrel patients after adjustment. The Clopidogrel 
patients received more blood-products, bled more and were more often re-
explored due to bleeding.

Conclusion: Patients continuing ASA carry a minor risk of increased 
postoperative bleeding. The risk is increased if clopidogrel is not discontinued 
before surgery. The continued therapy had no effect on the frequency of 
postoperative thromboembolic events. The optimal timing of antiplatelet therapy 
still needs solid evidence.

Keywords: Coronary artery bypass grafting; Antiplatelet treatment; 
Ischemic events; Postoperative bleeding; Re-exploration

Glossary of Abbreviations
ACS: Acute Coronary Syndrome; ACT: Activated Clotting 

Time; ADP: Adenosine Diphosphate; AP: Antiplatelet; ASA: 
Acetylsalicylic Acid; AVR: Aortic Valve Replacement; CABG: 
Coronary Artery Bypass Grafting; CAG: Coronary Angiography; 
CPB: Cardiopulmonary Bypass; COLD: Chronic Obstructive Lung 
Disease; MI: Myocardial Infarction; MVR: Mitral Valve Replacement/
Repair; OR: Odds Ratio; PCI: Percutaneous Coronary Intervention; 
WDHR: Western Denmark Heart Registry 

Introduction
Patients with ischemic heart disease referred to cardiac surgery are 

often treated with Antiplatelet (AP) agents like Acetyl Salicylic Acid 
(ASA), oral Adenosine Diphosphate (ADP-) receptor antagonists 
and glycoprotein IIb/IIIa receptor inhibitors, but also different types 
of anticoagulation like Fondaparinux and Dalteparin. The long-
term standard of care is the irreversible platelet inhibitor, ASA. 
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The combined or stand- alone treatment with oral ADP-receptor 
antagonists is recommended for patients with actual or recent Acute 
Coronary Syndrome (ACS) or Percutaneous Coronary Intervention 
(PCI) [1-2]. Clopidogrel inhibits platelet activation and thereby 
aggregation via the ADP-receptor on the platelet membrane. 

The only way platelet function can be restored is either by 
transfusion or by de novo synthesis of platelets. A platelet lifespan is 
8-10 days and thus after 3-5 days half the platelets are renewed which 
is considered sufficient to normalize bleeding time [3]. The uses of the 
different agents at the time of surgery carry both benefits and risks. The 
drugs seem effective in reducing thromboembolic events in patients 
awaiting surgery [4-5], but also carry the risk of increased per- and 
postoperative bleeding [5-6]. Thus optimal timing for discontinuation 
of antiplatelet therapy prior to surgery is important. Until recently the 
international guidelines recommended discontinuing ASA two to ten 
days before elective cardiac surgery, while they advised that the ADP-
receptor antagonists should be withheld for at least five days before 
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elective Coronary Artery Bypass Grafting (CABG) [7-8]. The latest 
recommendations are to continue ASA [8] but still discontinue ADP-
receptor antagonists five days prior to surgery [8-10]. 

However, the most recent results regarding discontinuation of 
ASA are still conflicting [11-12]. The aim of the present study was 
to evaluate if continued AP treatment in connection with cardiac 
surgery has impact on postoperative thromboembolic complications, 
with the hypothesis being that this group of patients have an increased 
risk of postoperative complications including new ischemic events 
and mortality.

Patients and Methods
An analysis was carried out with data from three cardiac centers 

registered in the Western Denmark Heart Registry (WDHR) [13] 
from 2007-2014. The health care in Denmark is fully tax-funded for 
all Danish residents. Theinvolved centers provide cardiac surgery for 
a mixed rural-urban population constituting approximately fifty-five 
percent of the entire Danish population. 

Registration in WDHR is mandatory and completed 
perioperative by the surgeon and attending anesthetist and includes 
detailed patient-, surgery-, anesthesia-, intensive care related data 
together with in-hospital complications. Data quality is ensured using 
automatic validation rules at data entry combined with systematic 
validation procedures and random spot-checks of data after entry. 
The database obtains daily mortality information from the Danish 
Civil Registration system [14], which keeps record on residency, 
migration, civil- and vital status of all Danish citizens including date 
of death.

Eligible procedures were CABG, alone or combined with Aortic 
Valve Replacement (AVR), Mitral Valve Replacement/Repair 
(MVR) and MAZE procedures for atrial fibrillation or combination, 

with maximum triple procedures included. Both on-pump and 
off-pump CABG procedures were included regardless of urgency 
status. Exclusions were 150 patients scheduled for aortic surgery, 373 
patients with invalid civil registration number or missing required 
information together with 320 patients receiving another treatment 
than ASA and/or Clopidogrel like Fondaparinux, leaving 10,608 
patients in the study cohort (Figure 1). The study was approved by 
the Danish Data Protection Agency (record number 1-16-02-541-
16). According to Danish law use of data from Danish registers for 
research does not require ethical approval.

Perioperative procedure
During the first part of the study period, it was standard care for 

patients to discontinue ASA and oral ADP-receptor antagonist five 
days prior to surgery. The surgeon evaluated indication for continued 
treatment and if indicated, patients with increased risk of ischemic 
events continued aspirin until the day of surgery. The procedure 
was adjusted during 2013 and from that time point ASA was 
continued until the day before surgery. ADP-receptor antagonists 
were usually discontinued five days prior to surgery but a number of 
patients continued treatment until the day before surgery. Vitamin 
K-antagonists were usually withheld two to three days prior to 
surgery and the effect controlled by laboratory values and antidotes 
given if necessary. 

The surgical techniques were at the discretion of the 
surgical team. Patients received general anesthesia with invasive 
hemodynamic monitoring and standardized Cardio Pulmonary 
Bypass (CPB). Myocardial protection was achieved by either 
intermittent cold crystalloid or blood cardioplegia. Patients were 
maintained either normothermic or mildly hypothermic. CPB was 
established using a closed system consisting of tubing, an arterial 
filter with heparin coating, a hollow fiber-membrane oxygenator, 
and a venous cardiotomy reservoir. Heparin was administered to 
achieve an Activated Clotting Time (ACT) above 400 seconds and 
was neutralized after CPB using protamine-sulphate. During CPB 
the blood flow was kept at 2.4/L/min/m2 and the mean arterial blood 
pressure at 50-70 mmHg. Residual blood from the CPB circuit was 
routinely re-transfused at the end of surgery. 

Blood products were given at the discretion of the attending 
anesthesiologist or surgeon, based on local transfusion guidelines 
and the national recommendations for blood transfusion [15]. The 
majority of patients received antifibrinolytic treatment in the form of 
tranexamic acid, while a minor fraction of patients received aprotinin.

Postoperatively ASA was as standard resumed on the first 
postoperative day. Clopidogrel was resumed individually and decided 
by the surgeon.

Patient and outcome characteristics 
Primary endpoints were 6-months mortality (all deaths occurring 

within six months of the primary surgery) and/or new possible 
ischemic event, defined as re-interventions in the form of Coronary 
AngioGraphy (CAG) / PCI / CABG within 6 months post-surgery. 
Only CAG with the indication “suspected myocardial infarction”, 
“unstable or stable angina pectoris”, and “complication after CABG” 
or “control after CABG” were included. CAG with other indications, 
e.g. “cardiac arrhythmia”, planned “Completion PCI” were excluded 

 

Figure 1: Cohort 2006 to 2014 of patients undergoing coronary artery bypass 
grafting. Overall numbers, exclusions, groups before and after propensity 
score match.



Austin Cardiol 2(1): id1008 (2017)  - Page - 03

Jakobsen CJ Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

together with planned hybrid procedure (patients preoperatively 
scheduled for combined CABG/PCI). 

Secondary outcome parameters were 30-days mortality and the 
postoperative incidence of new Myocardial Infarction (MI), stroke or 
new need for dialysis during the index hospitalization. MI was defined 
by the following criteria: the occurrence of a new Q-wave and/or a 
CK-MB more than five times the upper reference level. Stroke was a 
combined outcome index defined as both transitory ischemic attacks 
lasting less than 24 hours and/or a new neurological deficit lasting 
more than 24 hours. We did not distinguish between hemorrhagic 
and ischemic stroke. We registered postoperative acute renal failure 
as new need for dialysis without differentiating between the actual 
mode of renal replacement therapy or the precise indication. 

Tertiary outcomes were transfusions and re-exploration due to 
bleeding.

Statistical analysis
We used propensity score matching to reduce the risk of bias due 

to confounding and the non-random discontinuation of preoperative 
anti-platelet medication. Two independent propensity matched 
cohorts were established; 1 (continued stand-alone ASA treatment 
versus discontinued treatment; 2) continued Clopidogrel (alone or 
combination with Clopidogrel and ASA) treatment versus standalone 
ASA treatment. 

The included covariates in the propensity match were; age, sex, 
Chronic Obstructive Lung Disease (COLD), peripheral artery disease, 

Figure 2: Standardized differences of all matching criterions before and after propensity score. The included covariates were; age, sex, COLD (chronic obstructive 
lung disease), peripheral artery disease, poor mobility (preoperative central nervous disease, EuroSCORE 1), s-creatinine > 200 µmol/l, previous cardiac surgery, 
endocarditis, critical preoperative state/condition,  unstable angina, myocardial infarction ≤ 90 days before surgery, left ventricular function (3 groups), acute 
surgery, procedure type (3 groups), all above EuroSCORE 1 and 2 criteria. Extra corporal circulation time (3 groups), insulin dependent diabetes, preoperative 
dalteparin, perioperative vasoconstrictors, perioperative inotropes, contrast +/- 7 days of procedure, BMI group (4 groups).

Figure 3: Overall event-free probability divided on aspirin/control.  Hazard 
ratio 0.76 (0.63-0.91); P=0.029 (Upper panel) and overall event-free 
probability divided on clopidogrel/aspirin.  Hazard ratio 1.17 (0.87-1.58); 
P=0.31, (Lower panel).
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poor mobility/preoperative central nervous disease, s-creatinine 
> 200 µmol/l, active endocarditis, previous cardiac surgery, critical 
preoperative state, unstable angina, myocardial infarction within 90 
days, left ventricular function (ejection fraction > 50/30-50/<30), acute 
surgery and type of surgery (Standalone CABG/double procedure/
triple procedure), all above EuroSCORE I/II criteria. Further, CPB 
time (Off pump/≤ 120 minutes/> 120 minutes), insulin dependent 
diabetes, preoperative Dalteparin, perioperative vasoconstrictors, 
perioperative inotropes, contrast +/- 7 days of surgery, body mass 
index (BMI<25.0/25-29.9/30-39.9/≥40.0). 

Patients receiving ASA were matched with a control with no 
or discontinued ASA with the nearest propensity score within a 
maximum caliper range of ± 0.025 and without replacement. We 
were able to match 2489 of the 2694 (92.4%) patients continuing ASA 
treatment. The second analysis was patients continuing Clopidogrel 
(+/- ASA) matched with patients continuing standalone ASA 
treatment, where 583 of 699 (83.4%) of these patients were matched. 
Standardized differences of all matching criterions before and after 
propensity scores are shown in (Figure 2) and actual numbers in 
(Table 1). Patients receiving Dalteparin were included in the match 
and the analysis (Clopidogrel (+/-ASA)/ASA n=184/182 and ASA/
control n= 285/295).

We used conditional logistic regression to take into account 
the non-independency within each pair when estimating odds ratio 

(OR) for the specified outcomes. Both crude and adjusted analyzes 
wre carried out. The adjustment factors were blood transfusion 
(longitudinal 0-8 units), year before/after 2013, department and 
number of grafts in CABG.Time related factors were furthermore 
analyzed as cumulated risk in a Kaplan Meier plot. Distribution 
of factors before and after the propensity score matching – when 
indicated χ2-test or Mann-Whitney test. P-values less than 0.05 were 
considered statistically significant. 

Propensity scores and conditional regression analysis were 
performed using the statistical software package Stata® 13.0 package 
(StataCorp LP, Texas, US). All other analyses were performed with 
MedCalc Statistical Software version 15.8 (MedCalc Software bvba, 
Ostend, Belgium; https://www.medcalc.org; 2015).

Results
In crude analysis patients continuing ASA had lower risk of 

postoperative CAG in crude regression analyzed. However, the 
differences did not remain after adjustment analyses (Table 2). There 
was no difference in 30-days or 6-months mortality comparing 
patients continuing ASA with controls, and the groups were also 
without differences in the other outcomes: stroke, dialysis, AMI and 
PCI/CABG within 6 months both in crude and adjusted for potential 
confounders (Table 2, upper panel). 

Comparing the ASA group with Clopidogrel (+/- ASA) patients 

Table 1: Distribution of factors before and after the propensity score matching. COLD=Chronic Obstructive Lung Disease, BMI=Body Mass Index; LV=Left 
Ventricular; AMI=Acute Myocardial Infarction; CABG=Coronary Artery Bypass Grafting; ECC=Extra Corporal Circulation Time. Statistics: *) χ2-test; !) Mann-
Whitney test.
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there was no difference in 30-days or 6-months mortality. There was a 
lower risk of stroke in the Clopidogrel-treated group after adjustment. 
Otherwise the groups did not differ in other parameters (Table 2, 
lower panel). Evaluation of the individual factors in adjusted analysis 
showed that fewer anastomoses increased the risk of a new ischaemic 
event within the first 6 months after primary surgery (Table 3). The 
adjusted conditional regression revealed that blood transfusion was 
an individual risk factor in almost all outcomes (Table 3). Year of 
procedure did not show independent impact and analyzing number 
of ischemic events within 6 month in patients continuing on ASA 
did not show any difference from 2007 to 2014 (P=0.204; χ2-test).
Postoperative bleeding and platelet transfusions were marginally 
higher after ASA, but without difference in re-exploration due to 

bleeding. Patients in the Clopidogrel group bled more and were more 
often re-operated due to bleeding in addition to a higher transfusion 
rate (with all types of blood products), (Table 4). The Kaplan-Meier 
plot showed a significant difference between ASA and control 
patients. The plot shows that the increased risk of ischemic events 
is primarily during the first days after which the curves are parallel 
(Figure 3, upper panel). No difference was found between Clopidogrel 
(+/- ASA) and ASA patients (Figure 3, lower panel).

Discussion
Previous studies investigating antiplatelet therapy have primarily 

focused on the risk of bleeding. The present study supports the 
evidence of this risk but additionally demonstrates no increased 
risk of thromboembolic events for patients discontinuing their 
ASA or Clopidogrel a few days prior to cardiac surgery. Several 
studies support a protective effect of continuing ASA [16-17]. Jacob 
et al. [3] investigated early (6 or more days) versus late (within five 
days of surgery) discontinuation of ASA and found no difference 
in postoperative MI or stroke or in-hospital all-cause mortality. 
Gielen et al. [18] made a subgroup analysis on 1065 patients 
from the FIBER study. They tried to identify the optimal day for 
discontinuing antithrombotic treatment before CABG. This was, 
however, not possible and they found no clinical relevant effect on 
blood loss, major adverse cardiovascular and cerebrovascular events. 
Interestingly, last use two days before surgery or earlier resulted in a 

Outcome factor Crude analysis Adjusted analysis

ASA versus Control

Mortality 30-days 0.93 (0.65 - 1.34) 0.98 (0.55 - 1.77)

Mortality 6-month 1.05 (0.79 - 1.41) 1.32 (0.87 - 2.03)

Stroke 0.88 (0.58 - 1.32) 1.09 (0.64 - 1.87)

New Dialysis 0.75 (0.52 - 1.09) 1.07 (0.51 - 2.24)

AMI 0.93 (0.73 - 1.21) 1.04 (0.74 - 1.48)

CAG < 6-month 0.72 (0.58 - 0.89) 0.85 (0.63 -1.14)

PCI/CABG < 6-month 0.82 (0.58 - 1.14) 0.81 (0.51 - 1.29)

Clopidogrel versus ASA

Mortality 30-days 1.20 (0.71 - 2.04) 1.19 (0.60 - 2.40)

Mortality 6-month 1.07 (0.70 - 1.66) 1.09 (0.61 - 1.93)

Stroke 0.52 (0.24 - 1.13) 0.24 (0.07 - 0.88)

New Dialysis 0.80 (0.54 - 1.34) 0.44 (0.12 - 1.52)

AMI 0.85 (0.54 - 1.34) 0.85 (0.52 - 1.40)

CAG < 6-month 1.05 (0.96 - 2.71) 0.95 (0.62 - 1.48)

PCI/CABG < 6-month 1.57 (0.93 - 2.64) 1.49 (0.68 - 3.19)

Table 2: Crude and adjusted odds-ratio and 95% confidence limits of selected 
outcome parameters in patients divided on ASA and control (Upper panel) and 
patients divided on Clopidogrel and ASA (lower panel). Adjustment factors 
blood transfusion (longitudinal 0-8 units), year before/after 2013, department 
and number of grafts in CABG. Stroke, New dialysis and AMI are in-hospital 
complication.

CAG PCI/CABG Event < 6 month

ASA 0.85 (0.63 - 1.14) 0.81 (0.51 - 1.29) 0.82 (0.62 - 1.08)

Year group 1.24 (0.84 - 1.83) 0.66 (0.38 - 1.17) 0.93 (0.66 - 1.33)

No of anastomoses 0.88 (0.76 - 1.03) 0.81 (0.64 - 1.03) 0.83 (0.72 - 0.97)

Blood 1.14 (1.05 - 1.24) 1.19 (1.02 - 1.35) 1.16 (1.07 - 1.26)

Clopidogrel 0.95 (0.62 - 1.48) 1.48 (0.70 - 3.19) 1.19 (0.78 - 1.82)

Year group 1.28 (0.55 - 2.99) 0.63 (0.17 - 2.23) 0.81 (0.37 - 1.78)

No of anastomoses 0.89 (0.68 - 1.16) 0.63 (0.42 - 0.95) 0.82 (0.63 - 1.06)

Blood 1.10 (0.99 - 1.22) 1.16 (0.98 - 1.36) 1.12 (1.01 - 1.22)

Table 3: Individual odds-ratios (95 CL) of factors in adjusted conditional 
regression analysis of ASA versus control (upper panel) and Clopidogrel versus 
ASA (lower panel). Year group is before/after 2013, No of anastomoses is risk per 
grafts (longitudinal) and blood transfusion is risk per transfusion (longitudinal).

Parameter
ASA / Control ASA / Clopidogrel

Control ASA ASA Clopidogrel

Transfusions

No platelets 84.9 % 78.9 %

<0.0001

73.9 % 53.3 %

<0.0001

1-2 units 9.9 % 15.8 % 17.8 % 28.6 %

3-4 units 3.2 % 3.7 % 5.5 % 11.5 %

5-6 units 1.4 % 1.0 % 1.4 % 3.9 %

> 6 units 0.6 % 0.5 % 1.4 % 2.6 %

No plasma 86.1 % 84.0 %

0.054

79.6 % 63.5 %

<0.0001

1-2 units 7.3 % 7.2 % 7.4 % 16.1 %

3-4 units 3.4 % 4.6 % 6.2 % 10.8 %

5-6 units 1.2 % 1.8 % 3.1 % 4.1 %

> 6 units 2.0 % 2.5 % 3.8 % 5.5 %

No blood 73.5 % 74.2 %

0.709

64.3 % 51.8 %

0.0004

1-2 units 14.7 % 13.3 % 17.7 % 21.3 %

3-4 units 5.8 % 5.7 % 7.0 % 11.8 %

5-6 units 2.2 % 3.0 % 4.6 % 6.3 %

> 6 units 3.7 % 3.9 % 6.3 % 8.7 %

Re-do bleeding 3.9 % 4.5 % 0.135 4.5 % 9.6 % 0.0006

Drainage

0-400 ml 34.6 % 28.9 %

0.0003

28.1 % 21.9 %

0.0001
401-800 ml 37.1 % 39.7 % 38.4 % 30.8 %

801-1200 ml 14.2 % 16.6 % 16.7 % 19.7 %

> 1200 ml 14.1 % 14.9 % 16.8 % 27.7 %

Table 4: The impact on bleeding, transfusion and re-do due to bleeding divided 
on treatment group in the two propensity matched cohorts.
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30% reduction (p<0,001) of patients receiving platelet transfusions 
compared with continuation of dual antiplatelet medication until the 
day before surgery. The ATACAS study investigated whether ASA 
could reduce the occurrence of death and thrombotic complications 
in at-risk patients who were undergoing coronary artery surgery 
[12]. They found no association between preoperative use of aspirin, 
a decreased risk of death or thrombotic complications nor a higher 
risk of surgical bleeding, need for transfusion or need for reoperation. 
Our study supports these findings as we saw no increased mortality 
and no increased risk in other outcomes, dialysis or AMI. 

In our data Clopidogrel treatment did not affect the primary 
endpoints, which was also the conclusion by Kulik et al. [19]. We found 
a decreased risk of stroke in the Clopidogrel group. An explanation 
might be that the risk of stroke is a perioperative phenomenon with 
Clopidogrel still having a protective effect. A recently published 
study shows no additional reduction in ischemic events with dual 
antiplatelet therapy one year after CABG compared to ASA alone 
[20]. Others have suggested that its continuation up to the date of 
surgery may increase perioperative morbidity and mortality [21-22]. 
It has been reported that the mortality risk is greatest when the drug 
is given within 48 hours of surgery [22]. 

There is an increased risk of bleeding when continuing both ASA 
and Clopidogrel. This is well known [3,21,23] and the risk should 
be evaluated against the risk of thromboembolic complications 
when discontinuing antiplatelet therapy. Increased bleeding and 
transfusion of allogeneic blood products are indirect risk factors 
for increased mortality and risk of later ischemic events [24-25]. 
Discontinuing Clopidogrel for a few days is generally recommended 
to reduce bleeding and transfusion requirements especially in high-
risk-patients. According to The ESC Guidelines for the management 
of STEMI, acute surgery should not be delayed due to Clopidogrel 
treatment [10]. This is supported by a meta-analysis of 34 studies 
[23], arguing that the risk of reoperation due to Clopidogrel has 
decreased through the last decade and no longer differs from controls. 
Further they found no difference in the triple end point of death, MI 
or stroke whether Clopidogrel was continued until surgery or not. 
Discontinuation of Clopidogrel 5-7 days before operation did not 
confer increased risk of worse cardiac outcomes. Firanescu et al. [26] 
found that the blood loss and the use of blood products in a group 
ceasing Clopidogrel three days preoperatively were similar to that of 
the group ceasing treatment five days preoperatively. 

Responsiveness to Clopidogrel and ASA is not uniform in all 
patients and is subject to inter- and intra-individual variability [27]. 
Platelet function testing is recommended as a guide to antiplatelet 
therapy interruption rather than arbitrary use of a specified period 
of delay in patients undergoing CABG surgery [8,28]. Patients 
treated with ASA and Clopidogrel less than 5 days before CABG who 
have a preoperative ADP-induced platelet aggregation ≥50% have 
a bleeding risk similar to those receiving aspirin as mono-therapy. 
Reduced platelet reactivity to ADP can predict postoperative bleeding 
in CABG patients on dual antiplatelet therapy [29]. On the contrary, 
no randomized controlled trial has demonstrated that routine platelet 
function testing or genetic testing to guide ADP-receptor antagonist 
therapy improves outcome; thus, the routine use of platelet function 
and genetic testing is not recommended in general [8,28].

The postoperative standard in this study was that ASA was 
resumed on the first postoperative day and Clopidogrel restarted 
on an individually evaluation by the surgeon. Several studies, 
including meta-analyses and consensus guidelines confirms that 
early postoperative aspirin improves vein graft patency, reduces 
ischemic complications and improves survival in patients undergoing 
CABG [8,19,28]. Regarding Clopidogrel AHA/ACC 2016 guidelines 
[30] recommend that Clopidogrel is resumed postoperatively but 
do not elaborate appropriate timing. Former studies recommend 
that Clopidogrel should be given after CABG-surgery as soon as 
considered safe [8,28,31]. 

It has previously been suggested to avoid CPB to minimize the risk 
of bleeding [32]. As the CPB time is a used as a factor in the propensity 
model we are not able to verify this. However, our results indicate in 
a standard regression analysis of the entire cohort that a short CPB-
time (<120 min) decreases the risk of a new ischemic event within the 
first 6 months, but the cause is outside the scope of this article and 
remains unclear. Patients with longer CPB-time are expected to have 
more complex disease and may be more atherosclerotic. Furthermore 
a longer CPB-time may increase the inflammatory reaction, as well 
as the activating of both the coagulation system and the complement 
system [33]. 

At the same time we find that an increased number of grafts, 
probably reflecting a better revascularization decrease the risk of a 
new ischemic event. A reduced number of coronary grafts could be 
patients with severe diffuse coronary artery disease thereby providing 
incomplete revascularization. The current study does not provide us 
with this information.

Limitations of the Study
The present study has some limitations. The study is observational 

without randomizations and prognostic factors may influence 
the treatment and decision-making and thereby bias estimates of 
treatment effects. Additionally, there is a risk of confounding by 
indication. Furthermore the method of propensity matching is 
highly dependent on the choice of variables following potential bias. 
In addition, a group of patients are excluded due to lack of match. 
However, since the included fraction of patients is relatively high this 
risk seems less important. The advantage in matching is that patients 
are compared equally. A randomized controlled trial is more ideal 
to control for unknown confounders but the propensity matching is 
an attempt to get as close as possible to compare groups similar in 
all ways except for continuing ASA/Clopidogrel. Furthermore, it is a 
disadvantage that the effect of Clopidogrel can only be investigated as 
a part of dual antiplatelet therapy and not alone. 

An obvious limitation is that the patients, especially in the period 
up to 2013 with continued antiplatelet therapy are those who are 
exposed to acute surgery due to e.g. recent myocardial infarction, 
unstable angina pectoris or heart failure. However, as all the above 
mentioned is part of EuroSCORE risk evaluation and all are part of 
the matching model, the risk is attenuated. Further we encompassed 
into the model perioperative indicators of problematic foundations 
by including perioperative administration of vasoconstrictors and 
inotropes as found in previous studies [34,35].

Theoretically, not all patients with postoperative ischemic may be 
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accounted for. However, with the tax-funded health system with equal 
and free access to the hospital system we consider this possibility as 
extremely low.

We do not know if there has been any preoperative events in the 
time from indication of surgery is made where medication maybe is 
started until surgery as this information cannot be extrapolated from 
our data. Further we do not know if patients have been cancelled and 
rescheduled. Another weakness of our data is that dead within 1-3 
days postoperatively is not registered as a new ischemic event even 
though it might be the cause. 

Conclusion
We found no increased risk of thromboembolic events for 

patients continuing their ASA in a few days due to cardiac surgery. 
Patients continuing ASA therapy carry a minor risk of increased 
postoperative bleeding. The risk is further increased if Clopidogrel 
is continued until the day before surgery. The optimal timing of AP 
therapy still needs solid evidence.
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