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Abstract

Background: Postoperative bleeding remains an important
issue in patients undergoing coronary artery bypass graft-
ing (CABQG), being associated with blood product trans-
fusions (BPT) and re-exploration. Since 2020, We have
implemented a strict preoperative antithrombotic, specif-
ically platelet ADP/P2Y 12 receptor antagonist, manage-
ment based on the results of a previous study of our institu-
tion. The objective of the present study was to assess its im-
pact on clinical outcomes. Methods: Patients who under-
went elective isolated CABG between 2017 and 2022 at the
Catharina Hospital Eindhoven were included and divided
into two groups, based on whether they were treated accord-
ing to the modified antithrombotic management. The pri-
mary endpoints were perioperative BPT and re-exploration
for bleeding. Secondary endpoints included length of hos-
pital stay, in-hospital stroke, myocardial infarction (MI)
and 30-day mortality. Propensity score matching was per-
formed to compare outcomes of both cohorts. Results: A
total of 1506 patients were included, of which 1064 be-
longed to the first historical cohort. The remaining 442 pa-
tients (second cohort) were treated according to the mod-
ified management. In the 439 matched pairs, the imple-
mentation of the strict protocol was associated with a re-
duced incidence of blood product transfusions (14.8% vs.
24.1%, p = 0.001) and a shorter length of hospital stay (5
[interquartile range (IQR) 4-6] days vs. 6 [IQR 5-7.5]
days, p < 0.001), whereas the incidence of postoperative
MI and stroke did not differ. Re-exploration for bleeding
was less frequently observed in the second cohort (1.4% vs.
3.6%, p =0.052). Conclusions: The implementation of the
modified strict preoperative ADP/P2Y 12 antagonist man-
agement resulted in decreased incidence of blood product
transfusions, shorter hospital stay and a clinically relevant
decreased rate of re-exploration for bleeding.

coronary artery bypass grafting; anticoagulation; blood
transfusion; postoperative bleeding; re-exploration

Introduction

Despite a declining incidence of re-exploration
surgery following coronary artery bypass grafting (CABG)
and the gradual improvement in clinical outcomes,
bleeding-related complications and blood products transfu-
sion (BPT) continue to be significant concerns. Both are as-
sociated with a higher risk of infections, atrial fibrillation,
respiratory complications, kidney injury, short- and long-
term mortality and an increased length of hospital stay and
healthcare costs [1-5].

Proper management of the patient’s preoperative an-
tithrombotic (AT) therapy is essential for preventing the
bleeding-related outcomes. According to the current guide-
lines [6,7], all patients undergoing CABG should be treated
with acetyl salicylic acid (ASA), which should be contin-
ued throughout the preoperative period [6,7]. This practice
reduces the incidence of ischaemic events such as myocar-
dial infarction (MI) and stroke and can lead to a decrease in
mortality. Dual antiplatelet therapy (DAPT), which com-
bines ASA with a P2Y12 inhibitor, is typically used for
patients after a recent MI or percutaneous coronary inter-
vention (PCI). However, for patients scheduled for elec-
tive CABG, the continuation of P2Y'12 inhibitor, apart from
ASA, is not recommended. The guidelines provide specific
recommendations for the timely interruption of these ther-
apies to minimize bleeding risks [2].

A previous retrospective analysis at our institution re-
vealed that 40% of patients did not adhere to guideline rec-
ommendations for the timely cessation of preoperative an-
tithrombotic therapy, particularly dual antiplatelet therapy
(DAPT) [8]. Consequently, this non-adherence was asso-
ciated with higher rates of re-exploration for bleeding and
increased blood product transfusions. In response, our in-
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Main question

What is the impact of a modified preoperative
anticoagulation (AC) policy on bleeding-related

outcomes after elective isolated CABG?
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stitution enforced stricter preoperative antithrombotic man-
agement measures in 2020. This study assesses the impact
of these measures on bleeding-related complications in pa-
tients undergoing elective isolated coronary artery bypass
grafting (CABG).

Materials and Methods

Study Design and Population

This is an observational study conducted at the De-
partment of Cardiothoracic Surgery of the Catharina Hos-
pital Eindhoven, in the Netherlands. All patients undergo-
ing elective, isolated CABG between January 2017 and De-
cember 2022 were eligible for inclusion. Exclusion crite-
ria included minimally invasive revascularisation surgery,
prior cardiac surgery, concomitant procedures—for exam-
ple, surgical ablation—and non-elective surgery.

The studied population consisted of two cohorts. Co-
hort I included patients who underwent elective CABG
prior to the implementation of the modified AT manage-
ment (2017-2019), with data retrieved retrospectively from
patient files. Cohort II included patients who underwent the
procedure after the implementation (2020-2022), with col-
lected data prospectively in a registry.

The study was approved by the local Medical Ethics
Committee (W22.005) which waived the need for a patient
informed consent.
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Strict Preoperative Platelet ADP/P2Y12 Receptor Antag-

onist Management

Based on the findings of a previously published study
conducted at our institution, we revised our approach to
AT therapy management for patients undergoing elective
CABG. Our modifications align with the guidelines set
forth by the relevant scientific organizations in cardiology,
cardiac surgery, and anesthesia. These changes are in-
tended to assist clinicians in adhering to guideline-directed
AT management [6,7] and to improve postoperative out-
comes. The measures implemented are as follows (Fig. 1):

* An assessment of all patients accepted for CABG and
receiving a P2Y12-inhibitor during screening at the
preoperative outpatient clinic. In those patients hav-
ing no absolute indication, such as recent PCI or re-
cent (N)STEMI or acute coronary syndrome (ACS), the
P2Y 12-inhibitor is immediately stopped during the pre-
operative screening and the ASA is continued until the
time of the operation. The most commonly used P2Y 12
inhibiting agents in our population are clopidogrel and
ticagrelor (n=365; 24.2%). The usual practice of the re-
ferring cardiologists was to give clopidogrel 75 mg once
a day and ticagrelor 90 mg twice a day.

* For patients with a non-cardiac indication for a P2Y12
inhibitor (medical history of stroke, peripheral vascu-
lar disease), the P2Y 12 inhibitor is switched to dipyri-
damole until the date of the operation. According to
our earlier investigation [8], preoperative use of dipyri-

E1415


https://journal.hsforum.com/

Screening (PPOS)

AC-policy

|

r 3

Yes

Contact with
referring cardiologist

| |

Cardiac Non-cardiac <
o el o [ |
1 l &f l 1 1|B @] No indication found
Evaluation of Interdisciplinary 1
AC-therapy evaluation
|

| I—

v v

Discontinuation time Adjustment of AC- |
therapy?

Fig. 1. Summary of refining the preoperative antithrombotic management. AC, anticoagulation; PPOS, Preoperative Policlinic

Screening.

damole was not associated with postoperative bleeding
complication. This decision is made after an interdisci-
plinary consultation takes place with an expert vascular
surgeon or neurologist of our institution.

Patients were instructed by their treating physician to
discontinue their AT medication prior to surgery (5 days
for clopidogrel and phenprocoumon, 3 days for aceno-
coumarol and ticagrelor, and 2 days for direct oral anti-
coagulants).

All patients are called promptly before the date of the op-
eration and are instructed to timely stop the AT therapy.
Special attention was given to the timely cessation of
the platelet ADP/P2Y 12 receptor antagonist. Clopido-
grel was stopped 5 days preoperatively and ticagrelor 3
days preoperatively. In all cases, ASA was always con-
tinued until the time of operation without need to bridge
using other anti-platelet agents.

Upon hospital admission the day before surgery, the dis-
continuation was verified. If platelet ADP/P2Y 12 recep-
tor antagonist was not stopped timely, the operation was
postponed.

Only patients with recent PCI or (N)STEMI less than
three months preoperatively are allowed to continue
DAPT until the time of the operation. These patients
were recommended for off-pump CABG during the pre-
operative screening.
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Study Endpoints

Primary endpoints of the study included re-
exploration for bleeding and transfusions of blood
products. Secondary endpoints included the length of
hospital stay, in-hospital stroke, MI and 30-day mortality.

Definition of included variables are provided in the
supplementary materials.

Statistical Analysis

A subdivision of patients was made according to the
patient’s type of AT-therapy, whether they belonged to the
“ASA only” category or “Other AT than ASA only”. For
this subdivision of patients on other AT-regimens than ASA
only, we compared the adherence to guidelines’ recommen-
dation between cohorts.

Normality of the continuous variables was analysed by
verifying skewness and kurtosis, by visual inspection of his-
tograms and was tested with the Shapiro—Wilk test. Contin-
uous normal distributed data was presented as mean + SD,
and as median with interquartile range (IQR) for not nor-
mally distributed data. The students #-test or Mann Whitney
U test were applied to compare groups accordingly. Cate-
gorical data was presented as absolute and relative frequen-
cies and were compared using the Chi-square test, or the
Fisher’s exact test when the minimum expected cell-size as-
sumption did not apply.

Missing values of patients’ characteristics were lim-
ited (0.24%) and considered random. Missing data was
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handled with multiple imputation. Propensity score match-
ing analysis was performed on the main study cohorts to
adjust for potential confounders, using nearest neighbour
matching in a 1:1 ratio; without replacement and with the
calliper distance was set at 0.1. Standardized mean differ-
ence was used to compare the difference in means in units
of the pooled standard deviation. A value higher than 0.10
was considered an index of significant residual imbalance.
The propensity score matching model was calculated using
the following baseline characteristics as covariates: type of
AT therapy (ASA-only vs. other AT-regimens), use of ex-
tracorporeal circulation (ECC), preoperative haemoglobin,
age, sex, body mass index (BMI), renal impairment, chronic
pulmonary disease, hypertension, left ventricular ejection
fraction (LVEF) <30%, peripheral arterial disease (PAD),
medical history of stroke, and diabetes. Logistic regression
analysis was used to adjust for residual imbalance and to
assess the effect size of treatment protocol impact on the
primary and secondary outcomes.

A p-value < 0.05 was considered significant, all the
analyses were performed using SPSS 26 (IBM Corp., Ar-
monk, NY, USA) or R Statistical Software (v4.1.2; R Core
Team 2021, Boston, MA, USA).

This study included a total of 1506 patients who under-
went isolated elective CABG of which 1064 patients were
treated before implementation of the modified AT manage-

ment (cohort I) and 442 patients thereafter (cohort II). Sub-
divisions within Cohorts I and I were made based on an-
tithrombotic therapy types on the screening day, with Co-
hort I comprising 741 patients (69.6%) on ASA only and
323 patients (30.4%) on other AT therapies while Cohort
IT included 308 patients (69.7%) on ASA only and 134 pa-
tients (30.3%) on other AT therapies.

Cohort IT had a higher percentage of male patients
(88.2% vs. 83.7%, p = 0.026) and more often presented
with diabetes mellitus (31.2% vs. 24.7%, p = 0.009) and
hypertension (72.4% vs. 61.7%, p < 0.001) compared to
patients in cohort I. Patients in cohort IT were less frequently
operated on using ECC (63.3% vs. 72.7%, p < 0.001) in
comparison to patients in cohort I. ASA only was adminis-
tered to 69.6% of cohort I and 69.7% of cohort II, demon-
strating no significant difference between the two groups (p
=0.99). Within the subgroups of ASA only and other AT
regimens, significant differences in peripheral arterial dis-
ease (PAD) and history of cerebrovascular accidents (CVA)
were observed (Cohort I: PAD 14% vs. 18.9%, p = 0.044,
CVA 3.8% vs. 14.9%, p < 0.001; Cohort II: PAD 6.2% vs.
26.1%, p < 0.001, CVA 1% vs. 12.7%, p < 0.001). As
a result, EuroSCORE II was higher in patients with other
AT regimens, measuring 1.24 [0.85-1.82] in Cohort I and
1.89 [1.32-2.90] in Cohort II, compared to those on ASA
monotherapy with scores of 0.99 [0.71-1.51] in Cohort I
and 0.92 [0.68-2.21] in Cohort II (»p < 0.001 for both com-
parisons, Supplementary Table 1). Guideline adherence
regarding timely preoperative discontinuation of AT was
higher in cohort II compared to cohort I (97.0% vs. 82.0%,

Table 1. Baseline characteristics of both cohorts before matching.

Cohort 1 Cohort 2
p-value
(N =1064) (N =442)
Patient demographics, no (%)/median [IQR]
Age, years 69 [62-73] 68 [61-75] 0.21
Sex, male 891 (83.7) 390 (88.2) 0.026

Clinical characteristics, no (%)/ median [IQR]
BMI, kg/m?
LVEF <30%
Diabetes Mellitus
Chronic pulmonary disease
Peripheral vascular disease
History of stroke
Hypertension
eGFR <50 mL/min/1.73 m2
Preoperative Hb, mmol/L
Procedural characteristics, no (%)/median [IQR]
ASA only
EuroSCORE II
ECC use, n (%)

26.8 [24.7-30.4]

27.5[24.9-30.8] 0.29

31(2.9) 14 (3.2) 0.79
263 (24.7) 138 (31.2) 0.009
90 (8.5) 39 (8.8) 0.82
165 (15.5) 54 (12.2) 0.102
76 (7.1) 20 (4.5) 0.058
656 (61.7) 320 (72.4) <0.001
109 (10.2) 45(10.2) 0.97
8.7[8.1-9.2] 8.8 [8.1-9.4] 0.09
741 (69.6) 308 (69.7) 0.99
1.07[0.75-1.62]  1.02[0.76-1.65]  0.17
773 (72.7) 280 (63.3) <0.001

ASA, acetylsalicylic acid; BMI, body mass index; ECC, extracorporeal circulation; eGFR, estimated
glomerular filtration rate; EuroSCORE 11, European System for Cardiac Operative Risk Evaluation;
Hb, hemoglobin; IQR, interquartile range; LVEEF, left ventricular ejection fraction.
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p < 0.001). The other baseline characteristics showed no
significant differences between the two cohorts (Table 1).
Propensity score matching generated 439 pairs of patients
with well-balanced covariates (Supplementary Table 2).

In the matched population, patients in Cohort II re-
quired fewer transfusions of any blood products (14.8% vs.
24.1%, p = 0.001, OR = 0.55 [0.39-0.77]). Significant
differences were observed between the cohorts regarding
the postoperative administration of red blood cells (RBC)
(12.1% vs. 18.5%, p =0.011, OR = 0.61 [0.42—0.88]) and
platelets (PLT) (4.3% vs. 10.0%, p = 0.002, OR = 0.41
[0.24-0.71]). No difference was observed regarding the use
of fresh frozen plasma (FFP) (4.3% vs. 5.9%, p =0.36, OR
=0.72 [0.40-1.32]). The total length of hospital stay was
significantly shorter in Cohort II (5 days [IQR 4-6] vs. 6
days [IQR 5-7.5], p < 0.001). Re-exploration for bleeding
occurred less often in Cohort II, although this difference
was not statistically significant (1.4% vs. 3.6%, p = 0.052,
OR =0.38 [0.15-0.96]). No differences were observed be-
tween the two cohorts with regard to postoperative stroke
(0.9% vs. 0.7%, p = 1.00, OR = 1.29 [0.32-5.24]), post-
operative myocardial infarction (MI) (0.9% vs. 1.6%, p =
0.29, OR =1.00 [0.27-3.72]) or 30-day all-cause mortality
(0.5% vs. 0.8%, p=0.52, OR = 1.00 [0.17-5.80], Table 2).

Discussion

This study sought to evaluate the regular clinical prac-
tice of the preoperative assessment of patients undergo-
ing elective isolated CABG with regard to anti-thrombotic
management. After the results obtained in our previ-
ously published study [8], our department of cardiothoracic
surgery strived for an improvement of postoperative out-

comes by strictly adhering to the EACTS/EACTA guide-
line’s recommendations on timely discontinuation of an-
tithrombotic agents (other than ASA) prior to surgery.

The current study is an important example of imple-
menting improvement measures based on analysis of own
data. Despite earlier measures to minimize the incidence
of postoperative re-exploration for bleeding in our depart-
ment, we continued to search for other factors that could
influence this outcome. We observed that an unexpected
high percentage of patients accepted for elective CABG re-
ceive DAPT preoperatively. This was the main reason why
we performed the first retrospective analysis [8] which con-
firmed this observation. In almost 40% of patients receiving
preoperative DAPT, no absolute indication for the use of
P2Y 12 inhibitor was retrieved. Moreover, the majority of
these patients did not timely stop the P2Y'12 inhibitor preop-
eratively according the guidelines. In this particular group,
the incidence of postoperative re-exploration for bleeding
and blood transfusions was significantly higher compared
to other CABG patients [8].

A correct clinical assessment, as well as an interdisci-
plinary approach, and the eventual adjustment of antithrom-
botic medication are recommended [9]. Multiple studies
[10—14] have demonstrated that continuation of DAPT until
cardiac surgery increases the risk of perioperative bleeding,
transfusions and re-exploration and it is advised to discon-
tinue the P2Y 12 inhibitor whenever possible before elective
cardiac surgery [2,7,15].

The implementation of the strict policy meant a thor-
ough assessment of the patient’s AT therapy and therefore,
a tailored adjustment of these treatments according to the
patient’s profile and indication. These customized modifi-
cations of therapy were made interdisciplinary and aimed to
avoid exposing the patient to the risks associated to the pe-

Table 2. Post-operative outcomes.

Unmatched patients

Propensity matched patients

Cohort 1 Cohort2  p-value  Cohort 1 Cohort2  p-value  OR (95% CI) *
(N=1064) (N =442) (N=439) (N=439)
Primary outcomes, no (%)
Re-exploration for bleeding 32(3.0) 8(1.8) 0.19 16 (3.6) 6(1.4) 0.052  0.38 (0.15-0.96)
Blood product use 270 (25.4)  65(14.7) <0.001 106 (24.1) 65 (14.8) 0.001 0.55(0.39-0.77)
Secondary outcomes, no (%)/median [IQR]
30-day all-cause mortality 8(0.8) 2(0.5) 0.52 2(0.5) 2(0.5) 1.00 1.00 (0.17-5.80)
Postoperative MI 17 (1.6) 4(0.9) 0.29 4(0.9) 4(0.9) 1.00 1.00 (0.27-3.72)
Postoperative stroke 7(0.7) 4(0.9) 0.61 3(0.7) 4(0.9) 1.00 1.29 (0.32-5.24)
Length of hospital stay 6 [5-8] 5 [4-6] <0.001 6 [5-8] 5 [4-6] <0.001  0.32(0.26-1.58)
Transfusion of RBC 218(20.5)  53(12.0) <0.001  81(18.5)  53(12.1) 0.011 0.61 (0.42-0.88)
Transfusion of PLT 101 (9.5) 19 (4.3) <0.001 44 (10.0) 19 (4.3) 0.002  0.41(0.24-0.71)
Transfusion of FFP 65 (6.1) 19 (4.3) 0.16 26 (5.9) 19 (4.3) 0.36 0.72 (0.40-1.32)

FFP, fresh frozen plasma; IQR, interquartile range; PLT, platelets; MI, myocardial infarction; RBC, red blood cells.

*Effect size of undergoing CABG after implementation of the modified AT protocol on the outcomes.
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rioperative use of antithrombotic agents. After refining our
preoperative management, we observed a 97.0% adherence
to guidelines’ recommendations regarding the preoperative
discontinuation other AC-therapy than ASA.

Postoperative bleeding is a relatively common com-
plication after CABG with consequent adverse outcomes,
including re-exploration surgery and blood product trans-
fusion [16]. Re-exploration has been associated with an
increased mortality rate, postoperative stroke, renal in-
jury with need for dialysis, prolonged mechanical ventila-
tion, and postoperative mechanical circulation support [17].
Likewise, transfusion of blood products has also been re-
lated to a higher incidence of complications, including in-
fections, acute renal injury, post-cardiotomy syndrome and
mortality [18-21]. Even the transfusion of 1 or 2 units of
RBC has been associated with a substantial increase in mor-
bidity, mortality and healthcare costs [7].

Blood product transfusion is a critical facet of
the care of cardiac surgery patients and understanding
the importance of blood-preservation and the techniques
to prevent haemorrhage are key factors to a broader
term: ‘“Patient Blood Management”, referred to the
STS/SCA/AmMSECT/SABM guidelines updated in 2021
[22]. The implementation of the strict AT policy in our in-
stitution reflects the results of correctly following the major
principles of “Patient Blood Management” and intends to
promote its practice. It is important to note that our trans-
fusion protocol remained the same before and after refin-
ing the preoperative anti-thrombotic management. In gen-
eral, we adopt a restrictive transfusion policy especially in
CABG patients.

Although the findings of the current study are not sur-
prizing, we tried to demonstrate that adherence to the guide-
lines is not self-evident. Logistic factors and personal atti-
tude of surgeons and intensive care consultants can influ-
ence this adherence in the daily practice. This was one of
the conclusions of our first study [8]. According to an ear-
lier report in the Netherlands [4], there were major differ-
ences across various Dutch cardiothoracic centres regard-
ing the perioperative management of antithrombotic ther-
apy. Although surprising, the study of Janssen et al. [4]
shows the discrepancy between the real-world practice and
the guidelines, a fact that elaborates the importance of the
current study.

The strict preoperative AT management shows the im-
portance of own-data analysis and taking measures to im-
prove outcomes as an example of real-world practice. In the
last years, own-data analysis in our department has played
a crucial role in the improvement of outcomes after cardiac
surgery. The implementation of a restrictive transfusion of
RBC (instead of liberal), has led to both a reduced proba-
bility, and number of transfusions of red blood cells, with-
out increasing the risk of morbidity and mortality [23,24].
Similar practices, such as avoiding the direct availability of
RBC at the operating theatre, have also shown to consider-
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ably decrease the incidence of RBC transfusions [25]; and
other simple and low-cost strategies, such as the incorpora-
tion of intraoperative checklists [26], have demonstrated to
be effective in reducing the incidence of re-exploration due
to bleeding.

An interesting aspect of our findings was the observed
rates of secondary outcomes such as in-hospital stroke and
myocardial infarction. Despite the strict management of an-
tithrombotic therapy and consequently the temporarily ces-
sation thereof, the incidence of these postoperative com-
plications remained remarkably low, which suggests that
the timely discontinuation and management of P2Y12 in-
hibitors and other anticoagulants did not compromise car-
diac or cerebrovascular safety. It is to be noted that, in both
cohorts of the current study, ASA was always continued un-
til the time of the operation. No other anti-platelet agent was
used for bridging after preoperative cessation of clopidogrel
and ticagrelor (5 and 3 days respectively). Earlier Dutch
investigations [12,27] have shown that P2Y12 inhibitors
could be safely discontinued before elective CABG. In
these studies, ASA was always continued until the time
of surgery without bridging with other ant-platelet agents.
No increase in the postoperative thromboembolic compli-
cation was observed. In the most recent EACTS guidelines
(2024), ASA should be continued until surgery and preoper-
ative bridging should be considered only in urgent patients
with high thromboembolic risk. In case of elective cardiac
surgery, ASA should be continued and no bridging is rec-
ommended after discontinuation of P2Y 12 receptor antag-
onists [28].

Furthermore, the low rate of myocardial infarction and
stroke in the context of strict antithrombotic management
calls for a preoperative detailed examination of patient-
specific factors such as preoperative medication adherence,
patient physiological profile, and intraoperative manage-
ment strategies. It is noteworthy, however, that the study
was not powered for thromboembolic outcomes as end-
points.

Despite the data of the second cohort was prospec-
tively collected, data of the first cohort was retrospectively
obtained and this present study should be viewed in the con-
text of the limitations of observational research.

Due to the small number of re-exploration surgeries,
we could not reach a significant difference regarding the in-
cidence of this complication between the two cohorts, or a
possible correlation between this outcome and the imple-
mentation of the antithrombotic policy. However, the dif-
ference in the rate of re-exploration is clinically significant.
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Conclusions

The implementation of the strict preoperative platelet
ADP/P2Y 12 receptor antagonist management was associ-
ated with decreased transfusions of blood products, shorter
hospital stay, improved adherence to guidelines’ rec-
ommendations and a clinically relevant decrease in re-
exploration surgery.
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AT, anti-thrombotic; ASA, acetyl salicylic acid; BPT,
blood products transfusions; CABG, coronary artery bypass
grafting; CVA, cerebral vascular accident; DAPT, dual an-
tiplatelet therapy; DOAC, direct oral anticoagulants; ECC,
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