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Abstract 

Background: Current guidelines indicate we can consider a bridging strategy that uses intravenous, reversible gly-
coprotein inhibitors for patients that required surgery following recent stent implantation. However, no strong clinical 
evidence exists that demonstrates the efficacy and safety of this treatment. Therefore, in this study, the efficacy and 
safety of a bridging strategy that uses intravenous platelet glycoprotein receptor inhibitors will be evaluated.

Methods: A meta-analysis was performed on preoperative bridging studies in patients undergoing coronary stent 
surgery. The primary outcome was the success rate of no major adverse cardiovascular events (MACE). The secondary 
outcomes were the success rate of no reoperations to stop bleeding.

Results: A total of 10 studies that included 382 patients were used in this meta-analysis. For the primary endpoint, 
the success rate was 97.7% (95% CI 94.4–98.0%) for glycoprotein IIb/IIIa inhibitors, 98.8% (95% CI 96.0–100%) for 
tirofiban (6 studies) and 95.8% (95% CI 90.4–99.4%) for eptifibatide (4 studies). For secondary endpoints, the success 
rate was 98.0% (95% CI 94.8–99.9%) for glycoprotein IIb/IIIa inhibitors, 99.7% (95% CI 97.1–100%) for tirofiban (5 stud-
ies), and 95.3% (95% CI 88.5–99.4%) for eptifibatide (4 studies).

Conclusion: The results of this study showed that the use of intravenous platelet glycoprotein IIb/IIIa inhibitors as 
a bridging strategy might be safe and effective for patients undergoing coronary stent implantation that require 
surgery soon after.
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Background
Current guidelines recommend that patients diagnosed 
with stable coronary artery disease with stent implants 
should receive dual antiplatelet therapy (DAPT) that uses 

a P2Y12 inhibitor and aspirin for 6 months and patients 
with acute coronary syndrome for 12 months unless they 
show contraindications such as bleeding [1–6]. However, 
approximately 5% of patients undergo surgery in the first 
year following their percutaneous coronary intervention 
(PCI) [7–9]. Dual antiplatelet therapy increases the intra 
and perioperative bleeding risk, and surgery is associ-
ated with pro-inflammatory and pro-thrombotic effects; 
therefore, increasing the risk of coronary thrombosis at 
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the level of the stented vascular segment and throughout 
the coronary vasculature [10].

Recent guidelines indicate that intravenous antiplatelet 
drugs may be considered for perioperative bridging treat-
ment. However, to the best of the authors’ knowledge, 
there is no strong clinical evidence that demonstrates 
the efficacy of bridging with either parenteral antiplate-
let therapies [1, 3]. Therefore, in this meta-analysis, the 
efficacy and safety of a bridging strategy that uses intra-
venous platelet glycoprotein receptor inhibitors will be 
evaluated.

Methods
A systematic search was conducted to identify relevant 
studies within databases, such as PubMed (January 
1, 1946, to November 15, 2020), EMBASE (January 
1, 1974, to November 15, 2020), and the Cochrane 
Library (inception to November 15, 2020). As a result, 
the following keywords were used: antiplatelet ther-
apy, aspirin, clopidogrel, ticagrelor, prasugrel, GP IIb/
IIIa inhibitor abciximab, tirofiban, eptifibatide, and 
surgery.

Any experimental and observational studies were 
included except for case reports without any limits and 
language restrictions. These studies described the use of 
an intravenous antiplatelet bridging treatment strategy 
for patients with coronary heart disease that had a stent 
implanted within 6 months of when surgery was planned.

Two reviewers independently extracted the data and 
contacted the relevant authors to obtain detailed data 
when the information was not comprehensive. Disa-
greement was resolved through negotiation. In addition, 
when there was no consensus, a recommendation from a 
third reviewer was involved.

Finally, 18 evaluation checklists were formed based 
on improvements to the Delphi technology. They were 
used to evaluate the quality of the case series study 
methodology. Each study counted the total number of 
positive items based on the consensus of the reviewers. 
This methodological quality assessment checklist did 
not recommend using scoring methods but gave cor-
responding options for each item. If the study met 14 
(70%) or more checklist parameters, it was considered 
acceptable.

The primary outcome of this meta-analysis was the 
success rate of no major adverse cardiac events defined 
by each study, such as myocardial infarction, stent 
thrombosis, cardiogenic shock, sudden cardiac death, 
and death. The secondary outcome was the success rate 
of no reoperation to stop bleeding as defined by each 
study.

Statistical analysis was performed using Stata 
(Stata15, USA) software. To calculate the success 
rate of the bridging treatment, calculations were 
based on two aspects, avoiding major adverse car-
diovascular events (primary endpoint) and avoiding 
reoperation due to bleeding (secondary endpoint). 
Cochrane Q statistic (p-values ≤ 0.1 were considered 
significant) and  I2 statistic (25%, 50%, and 75% were 
associated with low, medium, and high heterogene-
ity, respectively) were used to evaluate the heteroge-
neity between various studies. Publication bias was 
assessed using Egger’s test (p < 0.1). In addition, the 
sensitivity was evaluated to ensure the robustness of 
the results, and subgroup analysis was conducted after 
the bridge therapy drugs were separated (tirofiban 
and eptifibatide).

Results
The initial search yielded 582 unique studies for 
review (Fig.  1). Following the screening, a full-text 
review was conducted on 50 special reports. Finally, 
11 studies were included in the qualitative synthesis. 
Out of 11 studies, 10 provided sufficient details for 
meta-analysis. The key characteristics and findings of 
the included studies, which included two prospective 
and eight observational studies, are given in Table  1. 
Other important details of each article are shown in 
Table 2.

This study included ten studies [11–20] with 382 
patients. Among them, 6 studies [11, 12, 14, 16–18] 
included 215 patients that used tirofiban for bridging 
therapy. Four studies [13, 15, 19, 20] had 167 patients that 
used eptifibatide for bridging therapy.

MACE was reported in all studies included, while 
reoperation due to bleeding was reported in seven 
studies. Walker 2017 mentioned that four bleeding 
events occurred in all patients, three minimal TIMI 
bleeding, one minor TIMI bleeding, and only one 
required blood transfusion and drug discontinuation. 
The results of Polito 2018 suggested three cases of 
uncomplicated anemia in bridging patients after sur-
gery. So we believed that there were no cases of reop-
eration due to bleeding in these studies and included 
them in the calculation. Reoperation due to bleeding 
might be considered the most objective safety end-
point because it does not depend on the different 
criteria adopted for bleeding transfusion. All studies 
included were supposed to be of acceptable quality 
according to the modified Delphi technique (Table  3) 
[21].
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Among the 382 patients, 367 did not show any major 
adverse cardiac events, and the success rate was 97.7% 
(95% CI 94.4–98.0%). According to the results of six 
studies, the success rate of tirofiban was 98.8% (95% 
CI 96.0–100%). In addition, the success rate of epti-
fibatide was 95.8% (95% CI 90.4–99.4%) based on the 
results of four studies (Fig. 2a). The risk of publication 
bias appeared to be low (p = 0.508, 95% CI − 0.391 to 
0.727) (Fig. 3a). The findings were robust to sensitivity 

analyses performed for bias, study design, type of oper-
ation, and the variations in estimate modeling men-
tioned previously (Fig. 4a).

Because each study used a different definition of 
bleeding, and each patient underwent another kind of 
surgery, the risk of bleeding differed. Therefore, reop-
eration due to bleeding was considered the secondary 
endpoint of the study. Among the 382 patients, 369 
did not record reoperation due to bleeding, and the 

Fig. 1 Transparent reporting of meta-analyses flow diagram outlining the search strategy results from initial search to included studies
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success rate was 98.0% (95% CI 94.8–99.9%). Accord-
ing to the results from six studies, the success rate of 
tirofiban was 99.7% (95% CI 97.1–100%). The success 
rate of eptifibatide was 95.3% (95% CI 88.5–99.4%) 
based on the results of four studies (Fig. 2b). The risk 
of publication bias appeared to be low (p = 0.11, 95% 
CI − 0.227 to 1.145) (Fig. 3b), and sensitivity analysis 
was robust (Fig. 4b).

Discussion
This study showed that the use of glycoprotein IIb/
IIIa inhibitors for bridging antiplatelet therapy might 
be safe and effective for patients undergoing coronary 

stent implantation that require surgery within 6 
months and whose bleeding was classified as high risk. 
However, the intensive care unit must perform the 
bridging treatment with sufficient monitoring and test-
ing conditions.

Glycoprotein IIb/IIIa are receptors on the surface of 
platelets that mediate the binding of fibrinogen, von 
Willebrand factor, and vitronectin to platelets, which 
cause platelets to cross-link and aggregate. Abciximab, 
tirofiban, and eptifibatide block this process in a tar-
geted manner. Tirofiban and eptifibatide have a shorter 
action time, and their platelet inhibitory effect can last 
for 2–4 h following administration [22].

Table 2 Key information of the included studies

Reference No. of patients MACE definition The follow-up time DAPT (No. of patients) Dose for bridging therapy

Xia (2013) 21 Cardiovascular death, MI, tar-
get lesion revascularization

3 months Aspirin(21)
Clopidogrel(21)

0.1 µg/kg/min
0.05 µg/kg/min(if CrCl < 30 mL/
min)

Walker (2017) 20 Death,repeat myocardial 
infarction, stent thrombosis,or 
target lesion revascularization

During hospitalization Aspirin(20)
Clopidogrel(16)
Ticagrelor(4)

0.1 µg/kg/min
0.05 µg/kg/min(if CrCl < 30 mL/
min)

Savonitto (2010) 30 Cardiovascular death, MI, an 
acute occlusion of the target 
lesion

During hospitalization Aspirin(30)
Clopidogrel(30)

0.1 µg/kg/min
0.05 µg/kg/min(if CrCl < 30 mL/
min)

Polito (2018) 21 Death, reinfarction, cardiovas-
cular events

21.6 months Aspirin(21)
Clopidogrel(1)
Ticagrelor(13)
Prasugrel(7)

0.1 µg/kg/min
0.05 µg/kg/min(if CrCl < 30 mL/
min)

Marcos (2011) 36 Death, repeat myocardial 
infarction, target vessel 
revascularisation, target 
lesion revascularization, stent 
thrombosis

30 days Aspirin(36)
Clopidogrel(36)

Not mentioned

Servi (2016) 87 All-cause death; myocardial 
infarction; definite stent 
thrombosis

30 days Aspirin(87)
Clopidogrel(84)
Ticagrelor(1)
ticlopidine (2)

0.1 µg/kg/min
0.05 µg/kg/min(if CrCl < 30 mL/
min)

Waldron (2017) 30 Myocardial infarction or death 30 days Aspirin(30)
Clopidogrel(30)

2 µg/kg/min
1 µg/kg/min(if CrCl < 30 mL/
min)

Rassi (2012) 100 Death, myocardial infarction, 
urgent revascularization, and 
ischemic stroke

During hospitalization Aspirin
Clopidogrel prasugrel 
(No specific number)

Not mentioned

Morrison (2012) 19 Stent thrombosis acute coro-
nary syndrome, and death

30 days Aspirin(19)
Clopidogrel(19)

2 µg/kg/min
1 µg/kg/min(if CrCl < 30 mL/
min)

Barra (2016) 18 Stent thrombosisand death 90 days Aspirin(18)
Clopidogrel(15)
Prasugrel(3)

2 µg/kg/min
1 µg/kg/min(if CrCl < 30 mL/
min)
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The previous studies [23] found that in patients with 
coronary heart disease that underwent non-cardiac 
surgery within 1 month of coronary stent implanta-
tion, the incidence of perioperative death, acute myo-
cardial infarction, stent thrombosis, and other cardiac 
adverse events was as high as 30%; in 2 out of 6 of 
cases, surgery was performed at the end of the month, 
and the incidence of the previously mentioned adverse 
events decreased to 10–15%; after 6 months, the inci-
dence of surgery decreased to < 10%. Therefore, for 
patients with coronary stent implantation, if surgery 
with a high risk of bleeding is planned, it is necessary 
to carefully assess the advantages and disadvantages 
(e.g., the risk of cardiovascular complications that are 
caused by discontinuing antiplatelet drugs and the 
risk of bleeding caused by continuing drugs).

According to a multidisciplinary management opin-
ion [24], in patients > 12  months after PCI, the risk 
of perioperative thromboembolism was low, and 

therefore, elective surgery could be performed. In 
patients < 12  months after PCI, the time for elec-
tive operation should be determined based on several 
factors. In summary, elective surgery should be per-
formed ≥ 2 weeks after coronary artery balloon dila-
tion, ≥ 1 month after implantation of a BMS, and ≥ 3 
months after the implantation or elective surgery 
is performed again. For the new generation of DES, 
the time could be appropriately shortened based on 
the situation, and elective surgery should be per-
formed ≥ 12 months after implantation of a bioabsorb-
able stent (BVS).

The risk of bleeding during the perioperative period 
is mainly affected by the type of surgery or the inva-
sive nature of the procedure. In general, any long-
duration (> 45  min) surgery and surgery on vital 
organs (e.g., central nervous system and heart), blood-
rich organs (e.g., liver and spleen), large blood vessels, 
active fibrinolytic sites (i.e., the urinary system) and 

Table 3 Quality assessment checklist

18-Criteria checklist Number of 
studies saying 
yes

Number of 
studies saying 
no

1. Is the hypothesis/aim/objective of the study stated clearly in the abstract, introduction, or methods section? 10 0

2. Are the characteristics of the participants included in the study described? 10 0

3. Were the cases collected in more than one center? 2 8

4. Are the eligibility criteria (inclusion and exclusion criteria) for entry into the study explicit and appropriate? 10 0

5. Were participants recruited consecutively? 7 3

6. Did participants enter the study at a similar point in the disease? 8 2

7. Was the intervention clearly described in the study? 10 0

8. Were additional interventions (co-interventions) clearly reported in the study? 10 0

9. Are the outcome measures clearly defined in the introduction or methods section? 10 0

10. Were relevant outcomes appropriately measured with objective and/or subjective methods? 9 1

11. Were outcomes measured before and after intervention? 8 2

12. Were the statistical tests used to assess the relevant outcomes appropriate? 7 3

13. Was the length of follow-up reported? 5 5

14. Was the loss to follow-up reported? 10 0

15. Does the study provide estimates of the random variability in the data analysis of relevant outcomes? 8 2

16. Are adverse events reported? 10 0

17. Are the conclusions of the study supported by results? 10 0

18. Are both competing interests and sources of support for the study reported? 10 0
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Fig. 2 a The forest map for non-MACE, b the forest map for non-reoperation
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invasive procedures should be considered to have a 
high risk of bleeding [25, 26]. In patients treated with 
antiplatelet drugs before surgery, the PRECISE-DAPT 
score could be used to evaluate the patient’s risk of 
bleeding [27].

This study has two main limitations. First, the included 
studies were observational and were not randomized 
controlled experiments. Second, the included studies 
used a different definition of bleeding; therefore, only the 
success rate of freedom from reoperation without bleed-
ing was included.

Conclusions
In patients that require surgery after recent stent implan-
tation, a bridging strategy that uses intravenous platelet 
glycoprotein receptor inhibitors might allow the tempo-
rary discontinuation of dual antiplatelet drugs without 
increasing the risk of bleeding. The decision to perform 
bridging treatment and careful risk stratification of 
ischemic events and bleeding requires strict cooperation 
between surgeons, cardiologists, and anesthesiologists. 

Large-scale randomized clinical trials are needed to con-
firm this result further.
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