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Perioperative management after 
coronary stenting: role of risk assessment 
and the antiplatelet conundrum

  Review

This review aims to provide an insight into the prognostic impact of perioperative stent thrombosis, in 
order to offer clarification on the mechanisms related to the devastating effect of stent thrombosis, to 
illustrate risk factors for and prevention of stent thrombosis in the context of a case report, and to review 
the perioperative management of antiplatelet therapy following percutaneous coronary intervention 
with stenting.
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Percutaneous coronary intervention (PCI) includ-
ing bare metal stent (BMS) or drug-eluting stent 
(DES) implantation is an established treatment 
for patients with coronary artery disease (CAD), 
reducing the risk of abrupt vessel closure and res-
tenosis when compared with balloon angioplasty 
alone [1]. Currently, it is recommended that dual 
antiplatelet therapy with acetylsalicylic acid and 
clopidogrel is given for a period of ≥1 month after 
BMS and for ≥12 months after DES implanta-
tion or after PCI in the event of acute coronary 
syndrome regardless of stent [2,3]. The chance 
that a patient with CAD requires noncardiac 
surgery within 1 year following coronary stent-
ing amounts to 5% [4]. The risks related to a 
surgical intervention include, increased platelet 
volume and activation, enhanced inflammatory 
state, arterial hypotension with impaired coro-
nary perfusion in the context of general anaes-
thesia and/or blood loss, and early cessation of 
antiplatelet therapy due to actual or perceived 
bleeding risk.

In the context of temporary endothelial den-
udation related to PCI, the premature stop of 
dual or even mono antiplatelet therapy poses 
the patient at risk for stent thrombosis (Figure 1). 
Notwithstanding the relatively rare occurrence 
of noncardiac surgery after PCI with stenting, 
the consequences of stent thrombosis within 
1 year of such a procedure are likely dire [5], thus 
rendering risk assessment for stent thrombosis 
at the time of PCI and perioperative antiplatelet 
therapy important.

Therefore, the aim of this article is to provide 
an insight into the prognostic impact of peri
operative stent thrombosis, to offer clarification 
on the mechanism(s) related to the devastating 
effect of stent thrombosis, to illustrate risk factors 

for and prevention of stent thrombosis in the con-
text of a case report and to review the periopera-
tive management of antiplatelet therapy following 
PCI with stenting.

Prognostic impact of perioperative 
stent thrombosis
Surgery induces a prothrombotic state thus pre-
disposing to stent thrombosis, but there is no con-
vincing evidence favoring a difference between 
the prognostic impact of stent thrombosis with 
or without associated surgery. In patients under-
going a variety of elective noncardiac surgery 
within 1 year of coronary stenting, the rate of 
major adverse events has been shown to be very 
high (45%; 46 of 103 patients; five deaths) and 
mainly due to cardiac events (43 of 46) [4]. In this 
context, it has to be pointed out that the major 
adverse cardiac event is not stent thrombosis, but 
cardiac death, myocardial infarction, unstable 
angina pectoris, troponin elevation, sustained 
ventricular tachycardia or re-do PCI. According 
to the definition of stent thrombosis, it can often 
not be definitely confirmed (symptoms suggestive 
of an acute coronary syndrome and angiographic 
or pathologic confirmation of stent thrombosis 
[6]). However, cardiac death is covered by the 
definitions other than definite stent thrombosis 
probable – unexplained death within 30 days or 
target vessel myocardial infarction without angi-
ographic confirmation of stent thrombosis; pos-
sible – any unexplained death after 30 days [6]. 
In the study by Vicenzi et al., the risk for adverse 
events doubled if surgery was performed less 
than 35 days after stenting [4]. Of note, bleed-
ing occurred in only four out of 103 patients in 
the study by Vicenzi et al. and this was the case, 
despite the fact that patients were continued on or 
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had only briefly interrupted antiplatelet therapy. 
It is undisputed in the literature that perform-
ing surgery within 3–6 weeks of stenting confers 
the greatest risk of adverse cardiac events, with 
mortality rates as high as 25% (time window 
<3 weeks: mortality 85%) [7]. The large variabil-
ity in reported adverse event rates and mortality 
is mainly related to the low power of the studies 
on perioperative complications (n = 38–239 [7]) 
as opposed to investigations on stent thrombosis 
as a whole. In this context, the differentiation 
between adverse event rates among patients with 
BMS and DES is even more difficult in stud-
ies exclusively focusing on perioperative stent 

thrombosis; for example, in the study by Vicenzi 
et al., stent identification was impossible in 79 of 
103 cases, due to insufficient documentation [4].

Cumulative survival rate of 6 months after acute 
myocardial infarction has been shown to amount 
to 92–97%, depending on the absence or presence 
of angiographic collaterals at the time of primary 
PCI (Figure 2) [8]. In comparison, lower survival rates 
after stent thrombosis leading to acute myocardial 
infarction has been documented: 79–89% follow-
ing BMS implantation and 55–71% after treatment 
with DES, respectively [9–12]. Chechi et al. reported 
results consistent with those mentioned above, in 
other words, cumulative 6‑month survival rate of 
79% in patients with stent thrombosis as opposed 
to 90% in the group with acute myocardial infarc-
tion in the absence of stent thrombosis [5]. In this 
study, stent thrombosis independently predicted 
angiographically unsuccessful primary PCI with 
a lower rate of normalized flow. It was reasoned 
that an antiplatelet regimen not aggressive enough 
for the increased thrombus load was responsible 
for the more dreadful outcome in the patients 
with versus those without stent thrombosis [13]. 
However, the deeper cause for widespread micro-
embolization with no-reflow phenomenon, in this 
particular case, must be looked for elsewhere.

Possible mechanism(s) related to the 
prognosis of stent thrombosis
No-reflow in the context of extensive micro
embolization is dependent on coronary throm-
bus load, which itself is prevented from build-up 
by the presence of residual flow to the occluded 

Figure 1. Left coronary artery angiograms. (A) After (anteroposterior, caudal projection) percutaneous coronary intervention with 
drug-eluting stent implantation into the ostial and mid left circumflex coronary artery and into the first diagonal branch of the left 
anterior descending artery. (B) After (anteroposterior projection) approximately 1 h showing stent thrombosis in the ostial left circumflex 
coronary artery with extension into the left main and left anterior descending artery.
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Figure 2. Cumulative survival in patients following acute myocardial 
infarction depending on the presence or absence of angiographic 
collaterals.
BMS: Bare metal stent; DES: Drug-eluting stent.
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artery. Is the probability of residual flow dif-
ferent in the context of a gradual chronic total 
occlusion (CTO) in comparison with the sud-
den total occlusion occurring with stent throm-
bosis? There are several arguments in favor of 
a systematically diminished residual, that is, 
collateral blood supply to the area at risk for 
infarction in the presence of a stent thrombosis 
as opposed to CTO, which may occur entirely 
unnoticed (Figure 3). Coronary collateral func-
tion in the presence of CTO without or with 
myocardial infarction is significantly higher 
than in the context of a less severe coronary 
atherosclerotic lesion (approximately 35% of 
normal flow during vessel patency versus 20%, 
respectively); in fact, there is a direct correlation 
between the degree of stenosis and collateral 
function [14,15]. As a consequence, treatment of 
a stenotic lesion by PCI (i.e., the event preced-
ing that of stent thrombosis) leads to a decrease, 
although incomplete elimination of collateral 

function from the mentioned average value of 
20–15% of collateral, relative to normal flow 
during vessel patency [16]. The amount of post-
PCI collateral function reduction is greater fol-
lowing DES than BMS implantation (Figure 4) 
[17], the fact of which has been interpreted 
related to the anti-inf lammatory action of 
DES, which counteracts monocyte function, 
which is crucial in the pathogenesis of collateral 
growth. This collateral function pruning fol-
lowing PCI together with the fact that collateral 
artery growth in response to reocclusion takes 
several weeks to fully occur [15], renders the 
sudden total occlusion during stent thrombosis 
prone to devastating effects in the sense of large 
infarcts despite often only short occlusion times. 
In addition, the sudden total coronary occlusion 
in stent thrombosis is unique, because ischemic 
preconditioning with repetitive episodes of 
ischemia before total occlusion and coronary 
collateral recruitment does not take place as 

LAD

RCA

Figure 3. Collateralized, occluded left anterior descending artery. (A–C) Angiograms of the left coronary artery (anteroposterior, 
cranial projection) showing total occlusion of the LAD (black arrow). The systolic left ventricular function in this patient was entirely 
normal (left ventricular angiogram during diastole and during systole; right anterior oblique projection). (D) Angiogram of the RCA in 
the same patient with total retrograde contrast filling of the LAD via a branch collateral artery (white arrow). 
LAD: Left anterior descending artery; RCA: Right coronary artery.
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in chronic CAD (Figure 5) [18]. Considering the 
relatively low overall incidence of stent throm-
bosis of 0.5–1% per year [19] and the prospect 
that newer generation DES may tend to have a 
lower incidence than earlier DES and than BMS 
(0.8 vs 1.7% per 5 years; p = 0.21 [20]), clinical 
practice of DES and BMS implantation should 
not be altered based on the abovementioned 
mechanisms related to the prognostic impact 
of stent thrombosis.

Case report of acute stent 
thrombosis
Figure 1 illustrates the case of acute stent throm-
bosis in a 75‑year-old female patient who had 
suffered from angina pectoris and dyspnea for 
3 months prior to hospital admission for elective 
coronary angiography. The peri-PCI occurrence 
of the event renders it obvious that it is not a case 
related to a surgical intervention.

However, its swift temporal dynamics and 
the details of the antiplatelet therapy exemplify 
the potentially even riskier, because slowed-
down situation of perisurgery stent thrombo-
sis. Cardiovascular risk factors of the patient 
included systemic hypertension, smoking, 
obesity and diabetes mellitus. Her medication 
at the start of the invasive exam included acetyl
salicylic acid, amlodipin, insulin, pantoprazol 
and citalopram.

Renal function was normal. Left ventricular 
ejection fraction was 62% and without regional 
wall motion abnormalities. Coronary angiogra-
phy (start time 8:54 AM) revealed a completely 
collateralized (angiographic degree 3 of 0–3) 
ostial CTO of the right coronary artery; there 

was a 75% diameter stenosis of the first diagonal 
branch of the left anterior descending artery and 
a 50% stenosis of the ostial as well as an 80% ste-
nosis of the mid left circumflex coronary artery. 
Fractional flow reserve in the left circumflex 
coronary artery with the pressure sensor located 
downstream of the more distal stenosis was 
0.80. Before PCI, the patient received 5000 U 
of heparin. PCI (6F AL1 guiding catheter) of 
the first diagonal branch and of both stenotic 
lesions of the left circumflex coronary artery was 
performed (Figure 1A); three everolimus-eluting 
stents were implanted (2.5  ×  28  mm in the 
diagonal branch, 2.5 × 28 mm in the ostial and 
2.5 × 12 mm in the mid-left circumflex coronary 
artery, overlapping); end of PCI: 10:47 AM. At 
10:57 AM, 600 mg of clopidogrel per os was 
given (treatment with clopidogrel following 
PCI is standard at our institution). Right femo-
ral artery closure was performed by compres-
sion. The patient developed a vasovagal reaction 
(nausea, sweating, bradycardia and hypotension) 
30  min later, which was successfully treated 
with 1 mg intravenous atropine. At 11:45 AM, 
the patient complained about chest pain and 
lost consciousness with development of shock 
immediately thereafter.

Cardiac resuscitation was initiated right away 
and the patient was intubated within 10 min. 
At 12:05  PM, the invasive re-examination 
commenced and the left coronary angiogram 
revealed stent thrombosis involving the left main 
stem (Figure 1B), which was treated by balloon 
angioplasty. At 12:45 PM and under continu-
ous resuscitation, a left ventricular assist device 
(TandemHeart®) was implanted. At 1:32 PM, 
reanimation was terminated due to insufficient 
left ventricular mechanical action and asystole.

In summary, long and small-sized ostial, 
overlapping stents were implanted in an elderly, 
diabetic female patient with diabetes mellitus, 
three-vessel CAD with a well collateralized ostial 
CTO of the right coronary artery. The patient 
developed vasovagal reaction in the context of 
groin compression and went into shock while still 
being in the catheterization laboratory and was 
not resuscitable despite the use of a left ventricular 
assist device.

�� Interpretation
The initiating event leading to ostial left cir-
cumflex coronary stent thrombosis with exten-
sion into the left main stem was the vasovagal 
reaction in the context of groin compression. At 
the time when the vasovagal reaction occurred, 
the patient was not under full dual antiplatelet 
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Figure 4. Collateral flow index in patients 6 months following a bare metal 
stent or drug-eluting stent implantation.
Reproduced with permission from [15].
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therapy, because clopidogrel was given only 
30 min earlier; peak plasma levels of the main 
metabolite of clopidogrel occur approximately 
1 h after dosing (i.e., in this regard analogous to 
early stop of clopidogrel before surgery). All con-
ditions of Virchov’s triad explaining the patho-
physiology of thrombosis were fulfilled: there 
was diminished coronary perfusion, endothe-
lial denudation due to stent implantation and 
enhanced blood coagulation because of insuf-
ficient platelet inhibition. Due to the complete 
collateral supply of the entire right coronary 
artery territory, all of the myocardium, includ-
ing that of the right ventricle, was cut short of 
any blood supply in the context of the left main 
coronary occlusion. In the presence of right ven-
tricular infarction, left ventricular assist device 
was ineffective due to insufficient hemoglobin 
oxygenation.

Risk factors for & prevention of stent 
thrombosis
The above case history provides information 
about the majority of risk factors for stent 
thrombosis, and in this context, it could have 
been prevented by not performing PCI. Seven 
out of 12 risk factors were present in the patient 
described: she was an elderly patient, who suf-
fered from diabetes mellitus and antiplatelet 
therapy was started late after stent implantation 
(equivalent to early stop); risk factors in regard 
to PCI were: stenting of an ostial lesion, long 
stents, overlapping stents and small-sized stents 
≤2.5 mm [7]. Risk factors for stent thrombosis, 
in addition to those described in the patient are: 
insufficient response to antiplatelet therapy, renal 
insufficiency, low left ventricular ejection frac-
tion, acute coronary syndrome and a suboptimal 
PCI result [7].

Preventive actions against stent thrombosis 
are mainly effective among patients undergoing 
elective as opposed to urgent, unexpected sur-
gery. If they concern the antiplatelet manage-
ment, prevention of stent thrombosis has to be 
balanced against the risk of bleeding, the latter 
of which is obviously dependent on the type 
of surgery (see below). In the context of elec-
tive surgery, the most effective way of prevent-
ing stent thrombosis is not to perform PCI if 
possible (Figure 6). The widespread use of PCI 
before noncardiac surgery attempting to reduce 
the rate of perioperative cardiac complications 
has decreased, because it has not been demon-
strated to be effective when performed solely for 
this purpose [21]. Preoperative PCI is, however, 
indicated in the following circumstances [22]: 

acute ST-elevation myocardial infarction, non-
ST-elevation myocardial infarction or high-risk 
unstable angina pectoris, stable angina pectoris 
with left main stem stenosis, stable angina 
pectoris with three-vessel CAD, stable angina 
pectoris with two-vessel CAD involving proxi-
mal left anterior descending artery and left 
ventricular ejection fraction <50% or demon-
strable ischemia. Considering the above case 
presentation, the guidelines for preoperative PCI 
give room for interpretation: the absence of a 
significant stenosis in the left anterior descend-
ing artery of the patient could have allowed the 
definition of a two-vessel CAD. In this case, the 
obtained fractional flow reserve value of 0.80 in 
the left circumflex coronary artery would have 
been taken for absent ischemia and the decision 
not to perform PCI would have been justifiable. 
Conversely, the 75% stenosis of the first diagonal 
branch was sufficient to allow the definition of a 
three-vessel CAD.

As an alternative to omit PCI entirely for 
preventing perioperative stent thrombosis, mere 
balloon angioplasty can be attempted. The pri-
mary risk factor for perioperative stent throm-
bosis, aside from PCI, is the early deviation from 
the recommended dual antiplatelet therapy: 
≥1  month acetylsalicylic acid plus clopidog-
rel in case of BMS implantation, ≥12 months 
acetylsalicylic acid plus clopidogrel in case of 
DES implantation, ≥12 months acetylsalicylic 
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acid plus clopidogrel in case of an acute coro-
nary syndrome irrespective of the type of stent 
used [2]. However, very recent data suggest that 
6 months of dual antiplatelet treatment follow-
ing DES implantation is likely equivalent to 
24 months [23].

The antiplatelet conundrum
The puzzle of perioperative antiplatelet therapy 
is caused by the multitude of variables influenc-
ing the outcome of either excess bleeding dur-
ing surgery or stent thrombosis. In the context 
of elective surgery, the number of variables is 
primarily related to the three questions, whether 
dual antiplatelet therapy (i.e., the gold standard 
for preventing stent thrombosis) can be fully 
maintained during surgery, whether it has to be 
replaced by mono antiplatelet therapy (aspirin 
100 mg daily), or whether it has to be entirely 
stopped (Figure 6). To answer these questions, 
the different types of surgery have to be taken 
into account. The perioperative bleeding risk is 
usually not increased in minor surgical inter-
ventions including dental procedures, cataract 
surgery, dermatologic operations, angiographic 
and endoscopic diagnostic procedures, which 
all can be performed under dual antiplatelet 
therapy [24].

Conversely, surgical procedures in closed 
space such as intracranial surgery, posterior 
eye chamber surgery or medullary canal sur-
gery or when major bleeding complications 
are to be expected and even require antiplate-
let monotherapy to be stopped 5–7  days 

preoperatively  [24]. In the context of vascular, 
visceral and transbronchial surgery, an increase 
in hemorrhagic risk has been consistently 
reported [25,26], the fact of which requires a 
change from dual to mono antiplatelet therapy 
with clopidogrel administration ceased 5 days 
before surgery. Of course, altering antiplatelet 
therapy is necessary only when the abovemen-
tioned surgical procedures are elective, but can-
not be delayed >6 weeks after BMS implan-
tation or >12 months after DES implantation 
(Figure 6). Therefore, one of the crucial questions 
to be answered in the context of stent thrombo-
sis prevention, aside from the indication of PCI, 
is whether surgery can be deferred.

In patients undergoing unexpected, urgent or 
emergent surgery after stent implantation, stop-
ping antiplatelet therapy will not diminish plate-
let inhibition in a timely fashion and therefore, 
not mitigate the bleeding risk [24]. Therefore, the 
management focus is primarily directed towards 
treatment of hemorrhagic complications using 
platelet transfusion and/or other procoagulant 
interventions than on the prevention of stent 
thrombosis. If unexpected surgery is not urgent, 
the question of its deferral beyond the time of 
necessary dual antiplatelet therapy has to be eval-
uated analogous to elective surgery: >6 weeks 
from BMS implantation and >12 months from 
DES implantation.

If surgery cannot be deferred beyond the men-
tioned time lines (exception: minor noncardiac 
surgery; see above), full antiplatelet therapy is 
required perioperatively, but acetylsalicylic acid 

Multidisciplinary approach to evaluate
individual needs for/risks of PCI and
noncardiac surgery

Is PCI required on 
symptomatic/
prognostic grounds,
independently of
planned surgery?
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Figure 6. Antiplatelet therapy algorithm for percutaneous coronary intervention before 
elective noncardiac surgery.
BMS: Bare metal stent; DES: Drug-eluting stent; PCI: Percutaneous coronary intervention. 
Reproduced with permission from [7].
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and/or clopidogrel cannot be employed and a 
‘bridging’ therapy should be considered using 
the short-acting platelet antagonists eptifi-
batitide or tirofiban [24]. However, these proto-
cols have been evaluated only in small patient 
populations and there is currently no clear evi-
dence to support their broad application. In the 
same context, neither unfractionated heparin 
nor low-molecular-weight heparin can provide 
the antiplatelet effects of acetylsalicylic acid 
and/or clopidogrel.

The role of new antiplatelet drugs, such as 
the irreversible adenosine diphosphate recep-
tor blocker prasugrel or the reversible P2Y12 

antagonist ticagrelor with regard to the risk of 
perioperative stent thrombosis versus bleeding 
has not been defined yet [24].

Financial & competing interests disclosure
The author has no relevant affiliations or financial involve-
ment with any organization or entity with a financial 
interest in or financial conflict with the subject matter or 
materials discussed in the manuscript. This includes 
employment, consultancies, honoraria, stock ownership or 
options, expert testimony, grants or patents received or 
pending, or royalties.

No writing assistance was utilized in the production of 
this manuscript.

Executive summary

�� Surgery induces a prothrombotic state, thus predisposing to coronary stent thrombosis.
�� The chance that a patient with coronary artery disease requires noncardiac surgery within 1 year after stenting is 5%.
�� In patients undergoing elective noncardiac surgery within 1 year of coronary stenting, the rate of major adverse events mainly due to 

stent thrombosis is high.
�� The poor prognosis of stent thrombosis is related to its sudden onset leaving no time for collateral development to the ischemic area.
�� In the context of elective surgery, the most effective way of preventing stent thrombosis is not to perform percutaneous coronary 

intervention if possible.
�� For prevention of stent thrombosis, dual antiplatelet therapy with acetylsalicylic acid and clopidogrel is given for ≥1 month after bare 

metal stent and for ≥12 months after drug-eluting stent implantation or after percutaneous coronary intervention in the event of acute 
coronary syndrome.

�� Perioperative bleeding risk is usually not increased in minor surgical interventions such as dental procedures, cataract surgery, 
dermatologic operations, angiographic and endoscopic diagnostic procedures, which all can be performed under dual antiplatelet 
therapy.

�� Surgical procedures in a closed space (intracranial surgery, posterior eye chamber surgery or medullary canal surgery) even require 
antiplatelet monotherapy to be stopped.

�� Vascular, visceral and transbronchial surgery require a change from dual to mono antiplatelet therapy with a stop of clopidogrel 5 days 
before surgery.

�� In patients undergoing unexpected surgery after stent implantation, stopping antiplatelet therapy will not diminish the bleeding risk.
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