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ABSTRACT
Introduction: Some patients with cardiac stents will need thoracic surgery during the dual antiplatelet therapy (DAPT)
period. When surgery cannot be safely
delayed to allow 1 year of uninterrupted
DAPT, appropriate perioperative management of anticoagulation is critical.
Case Presentation: A patient treated
with new drug-eluting stents and DAPT
was concomitantly diagnosed with lung
cancer and required a lobectomy. We
describe the novel addition of ticagrelor
(a short-acting oral antiplatelet agent) to
eptifibatide (a short-acting intravenous
antiplatelet agent) to bridge DAPT for
surgery.
Discussion: This ticagrelor-eptifibatide perioperative bridge resulted in
decreased preoperative hospitalization
compared with eptifibatide alone. There
were no associated perioperative cardiac
or bleeding complications.

INTRODUCTION

In the Medicare population alone,
more than 300,000 patients undergo
stent placement via percutaneous coronary intervention (PCI) each year.1 It is
therefore not surprising that up to 10%
of candidates for major lung resection
will have had prior coronary artery intervention.2,3 Patients with drug-eluting
stents (DESs) placed via PCI are generally maintained on at least 1 year of dual
antiplatelet therapy (DAPT), most commonly aspirin and clopidogrel. The most
recent American College of Cardiology/
American Heart Association (ACC/
AHA) guidelines on this topic recommend an absolute minimum of 3 months
of uninterrupted DAPT before cessation
for elective surgery, and an ideal minimum of 6 months.4 Stent thrombosis and
perioperative myocardial infarction are
the most feared complications of DAPT
interruption and are associated with
considerable mortality. The risk of these

Perm J 2019;23:18.119
https://doi.org/10.7812/TPP/18.119

complications is highest in the first 4 to 6
weeks after PCI, but remains substantial
for up to 6 months.4
Evidence-based guidance for the perioperative management of patients who
need noncardiac surgery during this highrisk timeframe is extremely limited. Although all major guidelines and standards
of practice recommend the continuation
of aspirin in most cases, the appropriate
management of the second component of
DAPT, usually clopidogrel, is much less
clear. The ACC/AHA did not find sufficient evidence to recommend a bridging
regimen in their guidelines.4 The Society of
Thoracic Surgery guidelines for antiplatelet drug management suggest that shorteracting, reversible, intravenous antiplatelet
agents may be used to reduce the amount
of time without DAPT when noncardiac surgery must be performed sooner
than 6 months after DES placement, but
similarly do not describe or recommend
a bridging regimen.5 Although the major
guidelines do not provide information on
specific bridging therapy, a handful of case
reports and case series have described the
successful use of eptifibatide, a glycoprotein IIb/IIIa-inhibitor with a half-life of
2.5 hours,6 to bridge patients for surgery.
Eptifibatide’s inhibition of the glycoprotein IIb/IIIa receptor occurs downstream
of clopidogrel’s inhibition of the P2Y12
receptor,7 but still provides an adequate
second target of antiplatelet therapy to
aspirin’s COX-2 inhibition. Epitifibatide
intravenous infusion (“drip”) is generally
begun at 72 hours and stopped 4 to 12
hours before a planned procedure2,8-10 because platelet function returns to normal
4 to 6 hours after cessation.6 This timing
requires preoperative admission of more
than 72 hours in most reports, to begin the
eptifibatide drip at the appropriate time
after clopidogrel cessation, which usually
occurs 5 days before surgery. Eptifibatide
drip was not resumed postoperatively in
any of the reports; rather, in most cases,

clopidogrel was restarted 12 to 72 hours
after surgery, often with a loading dose.
To reduce the nontrivial length of preoperative admission as well as the overall
duration of DAPT interruption, we developed a new, multidisciplinary plan for
management. Our bridging protocol includes an inpatient pre- and postoperative
bridge with eptifibatide in addition to an
outpatient bridge with ticagrelor, an oral
antiplatelet agent with a short half-life of
7 hours.5 Like clopidogrel, ticagrelor is a
P2Y12 inhibitor, but they differ in 2 key
properties. First, ticagrelor is a direct-acting agent, giving it a faster onset of activity
after initial dosing than clopidogrel, which
must first be processed from its prodrug to
active form. Second, its receptor-binding
is reversible, so recovery after the last dose
is comparatively rapid—whereas recovery
after the last dose of clopidogrel, which
acts irreversibly, takes days because new
platelet synthesis is required.11,12 Platelet
activity after ticagrelor cessation becomes
subtherapeutic by 24 hours, and function
is only substantially reconstituted after 48
to 72 hours.5,13 Ticagrelor is approved for
use in DAPT and may actually provide
superior prevention of acute coronary
syndrome, with ACC/AHA guidelines
recommending its use over clopidogrel
in selected patients.4

CASE PRESENTATION

Presenting Concerns

A 72-year-old man with history of
hypertension, diabetes, and benign prostatic hypertrophy presented with dyspnea
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on exertion. Coronary artery computed
tomography (CT) revealed atherosclerotic
disease, and an elective cardiac catheterization later that same month resulted
in placement of 2 DESs. He was subsequently prescribed aspirin and clopidogrel
according to the standard of care. A small
pulmonary nodule had been detected incidentally during the coronary CT, and a
dedicated chest CT further characterized
it as a 1.8-cm, spiculated, right upper lobe
nodule with imaging features highly suggestive of malignancy. Because of the risk
of bleeding associated with an interventional radiology biopsy while on DAPT,
the nodule was instead further evaluated
with positron emission tomography-CT
and was found to be strongly tracer-avid,
also highly suggestive of malignancy.

Therapeutic Intervention and Treatment

The patient was evaluated in our thoracic surgery clinic only 3 weeks after placement of DESs. To avoid a substantial delay
in curative surgery for this early-stage cancer, we developed a plan for perioperative
management of his DAPT via collaborative decision making among members of
a multidisciplinary care team. A detailed
discussion of thrombotic risk assessment

is beyond the scope of this report, but a
number of factors were considered by the
team, including the patient’s comorbidities,
stent size and length, number of stents,
and size of the territory at risk. These were
weighed against the risk of interval cancer
metastasis, at which point the high chance
of cure would be lost. Ultimately, the surgery was postponed for the 6-week period
of highest risk after DES placement but
not for the usual 3 months. It was believed
that the new protocol’s minimization of the
patient’s time on antiplatelet monotherapy
allowed an acceptable risk-benefit balance
to enable a sooner oncologic operation.
The surgery was planned at a facility where
interventional cardiology would be available in case of perioperative cardiovascular
complications.
The timeline and details of his perioperative bridging protocol are shown in
Table 1. Consistent with the ACC/AHA
guidelines, aspirin therapy was never interrupted. The incision was made less than
8 hours after the eptifibatide drip was
stopped. His video-assisted thoracoscopic
surgery right upper lobectomy proceeded
without complication. The estimated blood
loss was 50 mL, and the case duration was
135 minutes. The eptifibatide drip was

Table 1. Timeline of the case of a 72-year-old man on DAPT (aspirin 81 mg daily +
clopidogrel 75 mg daily) with suspicious primary nodule
Daya
−49
(−7 weeks)
−32
−28

−26
−10
−9
−2
−1
0
+2

Events/Treatment
Patient underwent cardiac catheterization with placement of 2 DESs.
PET-CT results confirmed likelihood of lung cancer diagnosis. Thoracic surgery consult
was ordered.
In thoracic surgery consult, the very likely new lung adenocarcinoma with no evidence
of metastatic disease was discussed with the patient, as well as treatment options.
VATS lobectomy was recommended. Multidisciplinary discussions of timing and DAPT
management began.
Multidisciplinary consensus was reached (protocol as noted below).
Last dose of clopidogrel 75 mg was taken in the morning (aspirin 81 mg was also taken
on this and all mornings, which was unchanged).
Patient took ticagrelor 85-mg loading dose in the morning and first dose of ticagrelor
90 mg in the evening, which continued twice daily.
Patient took last dose of ticagrelor 90 mg in the morning.
Patient was admitted to the hospital and was given eptifibatide 2 μg/kg/min.
Eptifibatide was stopped 6 h before surgery (8 h before incision time). Patient underwent
VATS lobectomy. Eptifibatide 2 μg/kg/min was resumed 6 h after surgery.
Clopidogrel was restarted with the first dose of 75 mg in the morning. Eptifibatide drip was
stopped 3 h after the clopidogrel dose. Patient was discharged home in the afternoon.

Consult = consultation; DAPT = dual antiplatelet therapy; DESs = drug-eluting stents; PET-CT = positron emission
tomography-computed tomography; VATS = video-assisted thoracoscopic surgery.
a
day 0 = day of surgery.
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restarted by 6 hours after surgery. We had
intended to restart clopidogrel on postoperative day 1, but this was postponed and
the eptifibatide was continued for possible
chest tube removal. On postoperative day
2, the decision was made to leave the chest
tube in place because of the persistence
of a small air leak. Clopidogrel was subsequently restarted, and the eptifibatide
drip was discontinued 3 hours later. The
loading dose of clopidogrel, which had
been part of the planned protocol, was
omitted on the basis of the surgeon’s
assessment of bleeding risk based on
intraoperative findings.

Follow-up and Outcomes

The patient’s postoperative course was
uneventful, without bleeding or cardiovascular complications. There were no
Emergency Department visits or hospital
re-admissions after discharge. The patient
recovered appropriately, and continued to
be well at 24-month follow-up.

DISCUSSION

Our protocol resulted in only 17 hours
of perioperative antiplatelet monotherapy
(vs a usual 22-58 hours).2,8-10 This regimen additionally allowed a decrease in
the preoperative hospitalization (1 day vs
a usual 3-4 days) and thus in total length
of stay.2,8-10 There were no complications
in the 2-year follow-up period.
There are several unique features of this
novel bridging protocol that may have
contributed to its success, both in terms
of acceptance by the consulting teams and
in terms of its clinical outcomes. Ticagrelor has a rapid onset of action and allows
a more rapid reconstitution of platelet
function after its withdrawal than does
clopidogrel; as such, the surgery team
was comfortable with continuing oral
antiplatelet therapy until closer to the
time of surgery, minimizing the duration
of preoperative admission for intravenous therapy. The novel continuation of
eptifibatide postoperatively also permitted an earlier return to full DAPT; the
rapid onset resulted in a near-immediate
therapeutic effect after redosing, and the
surgeons were willing to accept the risk
because the eptifibatide could be rapidly
withdrawn in case of a bleeding event.
The combination of the preoperative oral
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ticagrelor and intravenous eptifibatide
bridge with a postoperative eptifibatide
bridge reduced the interruption of DAPT
and the associated cardiac risk to a level
that was acceptable to the cardiology team.
Both the ACC/AHA and the Society
of Thoracic Sugeons guidelines promote
multidisciplinary risk-assessment and
decision making individualized for each
patient and clinical situation.4,5 This measure was crucial in our case, as it ultimately
led to the development of this new bridging protocol.
Although this operation would be
considered “elective noncardiac surgery”
by most guidelines, delays on the order of
months are considered clinically significant
for the curative resection of lung cancer that
is localized on presentation. This bridging
protocol could potentially be applied to any
patient with DESs and a similar indication
for time-sensitive “elective” surgery during
the DAPT period. We describe our first
experience with this protocol in a single
patient; additional studies will be needed to
verify the efficacy and safety of this novel
bridging protocol in a larger cohort. Future
applications of the regimen should attempt
to restart clopidogrel with a loading dose, as
was originally intended in this case.

CONCLUSION

Necessary thoracic surgery (in this case,
a lung cancer operation) during the recommended period of DAPT following DES
placement is not an uncommon clinical
scenario, and yet there are no well-defined
bridging guidelines. A bridging protocol of
oral ticagrelor followed by short-duration
intravenous eptifibatide preoperatively and
intravenous eptifibatide postoperatively
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may be used in these situations to permit
a prompt oncologic resection while minimizing the balanced risks of cardiac and
surgical complications. The reduction in
length of stay by 2 to 3 days is an important advantage of this protocol over similar eptifibatide-based bridging regimens.
Consideration should also be given to
application of this protocol to other surgical subspecialty operations necessitated
within the DAPT period. v
Disclosure Statement
The author(s) have no conflicts of interest to
disclose.
Acknowledgments
The authors would like to thank Bradley Cohn,
MD, and Aman Dua, MD, for their contributions to
the design of this protocol.
How to Cite this Article
Ely S, Dominguez DA, Velotta JB. Novel antiplatelet
perioperative bridging protocol for lung lobectomy:
A case report. Perm J 2019;23:18.119. DOI: https://
doi.org/10.7812/TPP/18.119
References

1. Riley RF, Don CW, Powell W, Maynard C,
Dean LS. Trends in coronary revascularization
in the United States from 2001 to 2009: Recent
declines in percutaneous coronary intervention
volumes. Circ Cardiovasc Qual Outcomes 2011
Mar;4(2):193-7. DOI: https://doi.org/10.1161/
circoutcomes.110.958744.
2. Ceppa DP, Welsby IJ, Wang TY, et al. Perioperative
management of patients on clopidogrel (Plavix)
undergoing major lung resection. Ann Thorac
Surg 2011 Dec;92(6):1971-6. DOI: https://doi.
org/10.1016/j.athoracsur.2011.07.052.
3. Schoos M, Chandrasekhar J, Baber U, et al.
Causes, timing, and impact of dual antiplatelet
therapy interruption for surgery (from the patterns
of non-adherence to anti-platelet regimens in
stented patients registry). Am J Cardiol 2017 Sep
15;120(6):904-10. DOI: https://doi.org/10.1016/j.
amjcard.2017.06.016.

4. Levine GN, Bates ER, Bittl JA, et al. 2016 ACC/
AHA guideline focused update on duration of
dual antiplatelet therapy in patients with coronary
artery disease: A report of the American College of
Cardiology/American Heart Association Task Force
on Clinical Practice Guidelines. Circulation 2016
Sep 6;134(10):e123-55. DOI: https://doi.org/10.1161/
cir.0000000000000404.
5. Ferraris VA, Saha SP, Oestreich JH, et al. 2012
update to the Society of Thoracic Surgeons guideline
on use of antiplatelet drugs in patients having cardiac
and noncardiac operations. Ann Thorac Surg 2012
Nov;94(5):1761-81. DOI: https://doi.org/10.1016/j.
athoracsur.2012.07.086.
6. Kleiman NS. Pharmacokinetics and
pharmacodynamics of glycoprotein IIb-IIIa inhibitors.
Am Heart J 1999 Oct;138(4 Suppl):S263-75. DOI:
https://doi.org/10.1053/hj.1999.v138.a100459.
7. Jiang X, Samant S, Lesko LJ, Schmidt S. Clinical
pharmacokinetics and pharmacodynamics of
clopidogrel. Clin Pharmacokinet 2015 Feb;54(2):14766. DOI: https://doi.org/10.1007/s40262-014-0230-6.
8. Wessler JD, Saldana F, Giugliano RP. Bridging
therapy after recent stent implantation: Case report
and review of data. Cardiovasc Revasc Med 2012
Jan-Feb;13(1):30-8. DOI: https://doi.org/10.1016/j.
carrev.2011.08.004.
9. Bigalke B, Seizer P, Geisler T, Lindemann S,
Gawaz M, May AE. Perioperative antiplatelet therapy
in patients at risk for coronary stent thrombosis
undergoing noncardiac surgery. Clin Res Cardiol
2009 May;98(5):335-9. DOI: https://doi.org/10.1007/
s00392-009-0005-5.
10. Morici N, Moja L, Rosato V, et al. Bridge with
intravenous antiplatelet therapy during temporary
withdrawal of oral agents for surgical procedures:
A systematic review. Intern Emerg Med 2014
Mar;9(2):225-35. DOI: https://doi.org/10.1007/
s11739-013-1041-8.
11. Ford I, Scott NW, Herd V, Mitchell LR, Williams DJ,
Brittenden J. A randomized controlled trial of platelet
activity before and after cessation of clopidogrel
therapy in patients with stable cardiovascular
disease. J Am Coll Cardiol 2014 Jan 28;63(3):233-9.
DOI: https://doi.org/10.1016/j.jacc.2013.10.018.
12. Takiuchi H, Tanemoto K. Optimal timing of clopidogrel
discontinuation in Japanese patients: Platelet
aggregation test using the VerifyNow® system. Gen
Thorac Cardiovasc Surg 2015 Nov;63(11):601-6.
DOI: https://doi.org/10.1007/s11748-015-0583-2.
13. Storey RF, Bliden KP, Ecob R, et al. Earlier recovery
of platelet function after discontinuation of treatment
with ticagrelor compared with clopidogrel in patients
with high antiplatelet responses. J Thromb Haemost
2011 Sep;9(9):1730-7. DOI: https://doi.org/10.1111/
j.1538-7836.2011.04419.x.

The Permanente Journal • For personal use only. No other uses without permission. Copyright © 2019 The Permanente Press. All rights reserved.
3

