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Abstract

Clopidogrel is usually discontinued 5-7 days before elective surgery to reduce the risk of bleeding. However, the peri-
operative safety of patients receiving low-molecular-weight heparin (LMWH) bridging therapy or continuing clopido-
grel therapy remains unknown. We identified patients who received clopidogrel for cardiovascular diseases and
underwent elective surgery at a large central hospital in China between June 2022 and January 2024. The primary
endpoints were perioperative blood transfusion events and bleeding-related reoperations. A total of 62 patients
who received clopidogrel and underwent abdominal surgery were included in this study. Based on the preoperative
clopidogrel therapy strategy, patients were categorised into three groups: the LMWH bridging group (clopidogrel
withdrawal followed by LMWH bridging therapy for 5-7 days; n =22), the no-bridging group (clopidogrel withdrawal
for 5-7 days; n = 26), and the continued group (clopidogrel therapy maintained; n = 24). Perioperative blood transfusion
rates were higher in the LMWH bridging and continued groups. However, there was not a significant distinction
(P=.197). Additionally, hospital stay length, bleeding-related reoperation, and 3-month mortality were similar across
the groups (P>.05). No patients experienced myocardial infarction or stroke within 3 months post-procedure.
Patients who received preoperative LMWH bridging therapy or continued clopidogrel therapy had a slightly higher
risk of perioperative bleeding. These findings need to be confirmed by further randomised controlled trials.
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Introduction

The prevention of perioperative bleeding and thrombo-
embolic events, especially in patients taking antithrombo-
tic drugs before surgery, continues to present a challenge
to clinicians.' Clopidogrel can be used for acute coronary
syndrome after percutaneous coronary intervention as well
as intracranial stent implantation and is among the most
commonly used antiplatelet drugs in clinical practice.’”
Although current guidelines recommend discontinuing
clopidogrel 5-7 days before surgery,* there is no firm
evidence supporting the benefits of this regimen for
patients undergoing non-cardiac surgery. The guideline-
recommended time windows are based on drug pharmaco-
kinetics, and whether discontinuing clopidogrel in patients
with hypercoagulability raises the chance of thrombotic
events is still unknown.

The use of low-molecular-weight heparin (LMWH) as
a bridging agent is supported by guidelines for patients
on long-term vitamin K antagonists (eg, warfarin) who re-
quire temporary interruption of anticoagulation for surgery
or invasive procedures. However, its role in the context of
antiplatelet therapy, such as with clopidogrel, remains con-
troversial.® This controversy arises primarily from the
distinct mechanisms of action of these agents. LMWH
exerts its anticoagulant effect by inhibiting factor Xa and
thrombin, whereas clopidogrel is an antiplatelet agent
that blocks the P2Y12 receptor on platelets, thereby
preventing platelet aggregation. The lack of mechanistic
overlap raises concerns about the efficacy and safety of
substituting one for the other. Despite these concerns,
there may be specific clinical scenarios where LMWH
bridging could be considered in patients on antiplatelet
therapy. For example, in patients with recent coronary
stent implantation or acute coronary syndrome who
require urgent non-cardiac surgery, the perioperative man-
agement of antiplatelet therapy is particularly challenging.
Discontinuing clopidogrel in these high-risk patients may
increase the risk of stent thrombosis or other ischemic
events, whereas continuing it may elevate the risk of
surgical bleeding. In such cases, LMWH bridging may
be explored as a potential alternative, though careful con-
sideration of the risks and benefits is essential.

Current guidelines generally recommend against the use
of LMWH as a bridging agent in the context of antiplatelet
therapy, emphasising the importance of individualised risk
assessment and multidisciplinary ~ decision-making.’
However, the evidence supporting these recommendations
remains limited, highlighting the need for further research to
clarify the role of LMWH bridging in specific high-risk po-
pulations. Therefore, in this study, we compared the peri-
operative bleeding risk of patients undergoing abdominal
surgery with LMWH bridging therapy, clopidogrel discon-
tinuation for 5-7 days, and continuation of clopidogrel and
analysed their perioperative outcomes.

Methods

Patient Classification

We included patients who underwent abdominal surgery at
a large central hospital in China between June 2022 and
January 2024. All patients received long-term antiplatelet
therapy with clopidogrel before surgery, and general
anaesthesia was administered to all patients. The mean
duration of clopidogrel therapy before surgery was
30 months (range: 6-95 months). Among the study cohort,
26% of patients were on dual antiplatelet therapy (DAPT),
combining clopidogrel with aspirin, whereas the remain-
ing 74% received clopidogrel monotherapy. The decision
to use DAPT or monotherapy was based on the underlying
clinical condition and relevant guidelines at the time of
treatment initiation. The exclusion criteria were intracra-
nial, intraspinal, and intraocular surgery, use of other anti-
coagulant drugs, and severe blood diseases.

Based on the preoperative clopidogrel therapy strategy,
patients were categorised into three groups: the LMWH
bridging group (clopidogrel withdrawal followed by
LMWH bridging therapy for 5-7 days), the no-bridging
group (clopidogrel withdrawal for 5-7 days), and the con-
tinued group (clopidogrel therapy maintained). Group as-
signment was determined by the clinical judgment of the
treating physician, considering factors such as bleeding
risk, thrombotic risk, and surgical urgency. This study
was designed as a pilot investigation. Given the explora-
tory nature of this research and the lack of prior data on
this specific population, a formal sample size calculation
was not initially performed. However, based on similar
studies in the literature and practical considerations, we
aimed to enrol a minimum of 20 patients per group to en-
sure a reasonable distribution of baseline characteristics
and facilitate preliminary comparisons.

The hospital ethics committee gave its approval for this
study. Every participant in the study signed an informed
consent form after being fully educated about the trial’s
procedures. The Chinese Clinical Trial Registry website
has this trial recorded (ChiCTR1900028558).

Data Collection and Perioperative Management
of Patients

Data on patient age, gender, body mass index (BMI),
American Society of Anaesthesiologists (ASA) classification
score, concomitant diseases, and smoking history were col-
lected. Preoperative examinations included haemoglobin
(Hb) level, platelet count (PLT) and other laboratory data.
In addition, thromboelastography (TEG) was completed
1 h before the patient received anaesthesia. The TEG indica-
tors included K, R, alpha angle, and MA. Finally, the length
of hospital stay, perioperative blood transfusion events, and
bleeding-related reoperations were recorded. Adverse events,
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including mortality, venous thromboembolism (VTE), myo-
cardial infarction, and stroke within 3 months postopera-
tively, were documented during follow-up.

Patients treated with LMWH bridging therapy were
subcutaneously administered LMWH after discontinu-
ation of clopidogrel 5-7 days before surgery and 12 h be-
fore surgery. The LMWH dose was 100 1U/kg twice daily,
initiated 48 h before surgery and resumed 24 h postopera-
tively. Preoperative renal function was assessed, and
LMWH doses were adjusted for patients with impaired re-
nal function. If there were no major bleeding complica-
tions, all patients resumed oral antiplatelet therapy
within 24 h after surgery. Indications for perioperative
transfusion were determined by consensus between the
anaesthesiologists and surgeons based on perioperative
Hb levels and intraoperative vital signs. At our institution,
the transfusion threshold was an Hb level below 8 g/dL.

Statistical Analysis

The Shapiro-Wilk test was used to check for normality in
the statistical analysis, which was conducted using IBM
SPSS Statistics for Windows, version 26 (IBM Corp.,
Armonk, NY, USA). The mean + standard deviation
(x £ 5) is used to express measurement data that follows
a normal distribution. Interquartile ranges and medians
are terms used to describe other measurement data.
Percentages (%) are used to express count data. Analysis
of variance was used to analyse measurement data that fol-
lowed a normal distribution, whereas the non-parametric
Mann-Whitney U test was applied to non-normally distrib-
uted data. The Tukey-Kramer post hoc test was used for
pairwise comparisons. Depending on the sample size, the
chi-square or Fisher’s exact test was used to analyse the
count data. A significance level of P<.05 was established.

Results

Patient Characteristics and Surgical Procedures

According to the inclusion criteria, 62 patients were en-
rolled in this study, with 26, 22, and 14 patients assigned
to the LMWH bridging, no-bridging, and continued
groups, respectively. Among the enrolled patients, the
average age was 62.52 years, with the oldest being over
80 years old. No significant differences in age, sex ratio,
ASA classification, BMI, concomitant diseases, or smok-
ing history were observed between the three groups (P>
.05; Table 1). The types and numbers of procedures per-
formed in the three groups are shown in Table 2.

Preoperative Examinations and TEG Parameters

Upon comparing the preoperative Hb, PLT, traditional co-
agulation indices, and TEG indices between the three

groups, no significant differences in Hb, PLT, PT, INR,
or DD were observed (P>.05). However, the APTT and
MA of the three groups differed significantly (P=.032;
P =.042; Table 3).

Perioperative Outcomes

Compared with patients in the no-bridging group, those in
the LMWH bridging and continued groups had a higher in-
cidence of perioperative blood transfusion; however, the
difference was not statistically significant (P =0.197).
In addition, no significant differences were found in the
length of hospital stay, reoperation, or mortality among
the three groups (P>.05). During the 3-month follow-up,
no patients experienced myocardial infarction, stroke, or
VTE. The results for all perioperative periods are presented
in Table 4.

Discussion

In this study, we tested the hypothesis that LMWH
bridging therapy or uninterrupted clopidogrel therapy
raises the possibility of perioperative bleeding among
patients experiencing abdominal surgical procedures.
Our findings did not show that LMWH bridging therapy
or continued clopidogrel treatment significantly raises
the possibility of perioperative bleeding among patients
experiencing abdominal surgical procedures. We as-
sessed the risk of perioperative bleeding in three
groups: continuation of clopidogrel, discontinuation
of clopidogrel, and LMWH bridging therapy. As far
as we know, this is the first study that investigates three
clopidogrel discontinuation strategies before abdom-
inal surgery.

In the current research, we discovered that among the
62 patients undergoing abdominal surgery, those who re-
ceived LMWH bridging therapy or continued clopidogrel
had a higher incidence of perioperative transfusion events
than those who discontinued clopidogrel preoperatively;
however, this difference was not statistically significant.
Although previous studies compared patients who did
not receive clopidogrel,7’8 patients in the control group
did not continue to receive clopidogrel after surgery, and
delayed bleeding and embolic events usually occurred in
the postoperative period. In addition, we found statistically
significant variations in APTT in each group. In compari-
son to the other two groups, we found statistically substan-
tial modifications in the bridging therapy group, which
may be related to changes in heparin treatment after admis-
sion. We also found a significant difference in preoperative
MA among the TEG indicators in the three groups. The
MA in the TEG index is affected by platelet function,” sug-
gesting that the continuous use of antiplatelet drugs during
the perioperative period affects platelet function, and the
discontinuation of clopidogrel before surgery can restore
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Table I. Patient Demographics. [n (%), X +5s ].

LMWH Bridging Group

No Bridging Group Continued Group

Variable Total (N=62) (n=22) (n=26) (n=14) P value
Age (years) 62.52 +9.87 64.73 +10.65 61.23 +8.54 61.43+11.00 431
BMI (kg/m?) 23.71 £2.59 23.34+3.28 23.75+2.35 2424+ 1.71 .600
Gender (%) .845

Male 26 (41.94) 10 (45.45) Il (42.31) 5(35.71)

Female 36 (58.06) 12 (54.55) 15 (57.69) 9 (64.29)

ASA score .074

2 20 (32.26) 6 (27.27) 6 (23.08) 8 (57.14)

>2 42 (67.74) 16 (72.73) 20 (76.92) 6 (42.86)
Hypertension (%) 28 (45.16) 10 (45.45) 14 (53.85) 4 (28.57) .309
Diabetes (%) 7 (11.29) 4 (18.18) 2 (7.69) 1 (7.14) .584
Hyperlipidaemia (%) 5 (8.06) 3 (13.64) 2 (7.69) 0 (0.00) .349
Smoking (%) 8 (12.90) 5(22.73) 1 (3.85) 2 (14.29) 124

Abbreviations: ASA, American Society of Anaesthesiologists Physical Status Classification; BMI, body mass index.

Table 2. List of Surgical Procedures by Group.

LMWH Bridging Group
(n=22)

Procedure

No Bridging Group
(n=26)

Continued Group
(n=14)

N

Laparoscopic cholecystectomy

Laparoscopic appendectomy

Laparoscopic inguinal hernia repair

Open inguinal hernia repair

Ostomy closure

Laparoscopic colon resection

Open colon resection

Laparoscopic choledocholithotomy

Laparoscopic subtotal gastrectomy with gastrojejunostomy
Liver resection of left lateral lobe

Laparoscopic fenestration and drainage of hepatic cysts
Laparoscopic radical resection of rectal cancer
Laparoscopic hiatal hernia repair
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platelet function. Based on our data, this degree of platelet
function restoration did not lead to a catastrophic thrombo-
embolic event.

Clopidogrel is an effective antiplatelet drug for treating
cardiovascular and cerebrovascular diseases, which is es-
sential for treating acute myocardial infarction and prevent-
ing cerebral thrombosis.'®'? Currently, the perioperative
benefits and risks of direct discontinuation of clopidogrel
or heparin bridging therapy before surgery in patients
undergoing overtime clopidogrel treatment remain unclear.
In a randomised controlled trial involving 43 general sur-
gery procedures, clopidogrel was not linked to a significant
risk of perioperative bleeding during elective general sur-
gery."? According to a retrospective analysis of 104 pa-
tients experiencing abdominal procedures, the majority of
bleeding events were effectively managed by blood trans-
fusions, despite the fact that using clopidogrel within 7
days of surgery raised the risk of postoperative bleeding.'*
Despite their relatively small sample size, the findings of

these studies strongly suggest that preoperative continu-
ation of clopidogrel is unlikely to increase the risk of peri-
operative bleeding in general surgery.

In addition, whether patients treated with clopidogrel
require heparin-bridging therapy before surgery remains
unclear. Although bridging therapy with LMWH can re-
duce thromboembolic events and benefit patients,'> recent
studies reported that bridging anticoagulation strategies
increase the risk of bleeding without a clear benefit in
reducing thromboembolism.'®™'® Patients in our study
did not report myocardial infarction or cerebrovascular
events. Nonetheless, research indicates that asymptomatic
periprocedural myocardial infarction may occur in as
many as 50% of patients.'” Considering the occurrence
of major perioperative adverse cardiovascular events
with clopidogrel discontinuation, we believe it is best to
avoid stopping clopidogrel for general surgical treatments
with little chance of blood loss, especially during the crit-
ical period after coronary intervention. For patients at high
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Table 3. Comparison of Preoperative Examinations and TEG Parameters Among the Three Groups. [M (Q), Q3), X +s ].

Continued Group

Variable Total (N=62) LMWH Bridging Group (n=22) No Bridging Group (n=26) (n=14) P value
Hb (g/L) 117.47 +9.31 116.77 +10.49 119.73 +7.09 11436 +10.54 202
PLT (107"9/L) 162.26 +53.52 164.09 +39.66 167.85 +57.47 149.00 + 65.51 .565
PT (S 11.20(10.80, 11.90) 11.30 (10.83,12.28) 11.15 (10.72,11.70) 11.20 (10.90,11.65) .398
INR 0.97 (0.87, 1.07) 1.00 (0.95,1.11) 0.96 (0.84,1.04) 0.97 (0.85,1.03) .280
APTT (S) 25.40 (24.52, 27.07) 26.85 (25.33,29.50) 25.05 (24.42,25.78) 25.25 (24.47,26.77) .032
DD (ug/ml)  0.40 (0.30, 0.70) 0.30 (0.12,1.20) 0.45 (0.40,0.60) 0.40 (0.23,0.78) 449
R (min) 6.95 (6.23, 7.80) 7.15 (6.35,7.80) 6.80 (5.55,7.60) 7.05 (6.90,7.75) 465
K (min) 1.70 (1.30, 1.98) 1.40 (1.30,1.78) 1.70 (1.30,2.00) 1.90 (1.72,2.10) .052
o angle (°) 66.39+5.36 66.55+5.15 67.79 +5.61 63.55+4.33 .055
MA (mm) 65.25+5.37 65.53+6.75 66.65+4.11 62.24 +3.94 .042

Abbreviations: TEG, thromboelastography; Hb, haemoglobin; PLT, platelet count; APTT, activated partial thromboplastin time; PT, prothrombin time;

DD, D-dimer; FIB, fibrinogen; INR, International standardised ratio.

Table 4. Three-Month Perioperative Outcomes. [n (%), M (Q,, Q3)].

LMWH Bridging Group

No Bridging Group Continued Group

Variable (n=22) (n=126) (n=14) P value
Length of hospital stay (days) 19.00 (11.25, 21.00) 15.50 (10.00, 25.00) 14.00 (10.50, 26.00) .955
Blood transfusion events (%) 5(22.73) 2 (7.69) 4 (28.57) 197
Bleeding-related reoperation (%) | (4.55) 0 (0.00) 0 (0.00) .581
Myocardial infarction (%) 0 0 0 NS
Stroke (%) 0 0 0 NS
VTE 0 0 0 NS
Mortality (%) | (4.55) 1 (3.85) 0 (0.00) I
Abbreviations: VTE, venous thromboembolism.

risk for embolism, even if antiplatelet drugs are discontin- Conclusion

ued during the perioperative period, bridging therapy is
still recommended.?*!

Our study has some limitations. All patients were from
a single centre, and the sample size was small. To further
validate our findings, future studies should include a larger
sample size. In addition, despite preoperative platelet func-
tion analysis using TEG, dynamic testing and analysis of
intraoperative and postoperative platelet functions were
not performed to identify patients at a higher chance of
bleeding. Clopidogrel, an ADP-receptor antagonist, also
has a relatively long half-life.*? Surgical treatment results
in significant trauma, intense stress, and rapid changes in
coagulation function. In addition, there are differences in
primary diseases, CYP2CI9 gene polymorphisms, liver
and kidney function, and other factors that directly lead
to differences in the efficacy of different patients receiving
conventional doses of clopidogrel.23’24 Thus, as periopera-
tive coagulation monitoring and platelet function tests be-
come more accurate and readily available, the importance
of these tests in our patient group will grow, helping re-
duce the likelihood of bleeding and thrombotic complica-
tions in high-risk patients.” Individualised guidance based
on precise monitoring provides the optimal time to discon-
tinue clopidogrel therapy.

Our findings suggested that patients who underwent
abdominal surgery and received preoperative LMWH
bridging therapy or continued clopidogrel therapy had a
slightly higher risk of perioperative bleeding. However,
this difference was not statistically significant. Our study
provides evidence for a strategy for clopidogrel discon-
tinuation before abdominal surgery. These findings need
to be confirmed by further randomised controlled trials.
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