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VER THE LAST 2 DECADES, utilization of percutaneous coronary interventions (PCIs) for the treatment of coronary artery disease has increased by more than 320%.1 In contemporary practice, most nonsurgical interventions for coronary artery disease involve placement of stents in the diseased coronary circulation2 because coronary artery stent placement improves the short- and long-term patency rate of coronary vessels compared with simple balloon angioplasty.3,4 In 2003 alone, 84% of the 660,000 coronary procedures performed in the United States involved placement of at least 1 coronary stent.1 The initial trials of coronary artery stents were complicated by unacceptably high rates of stent thrombosis (up to 8.6% incidence if PCI was performed during myocardial infarction).5-9 Stent thrombosis is a potentially lethal event characterized by the formation of platelet-rich thrombus on the metal stent struts before the development of a protective endothelial barrier. Mortality rates between 30% and 50% have been reported when stent thrombosis occurs and myocardial infarction always follows. This rate of thrombosis has subsequently decreased to less than 1% due, in large part, to a better understanding of the pathophysiology of thrombosis, implementation of effective antiplatelet agents, and advances in stent deployment and design.10 Given the increasing role of PCI in the management of coronary artery disease and the aging of the population, there will be many more patients presenting in the perioperative period with a history of coronary stent placement, either recent or remote. Perioperative physicians need to be aware of the issues surrounding antiplatelet therapy, stent thrombosis, and bleeding risks as they pertain to this patient population. The problem is further confounded by the fact that this is one of the
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fastest changing areas of medicine, making it difficult to stay current and deliver optimum patient care. In addition, the popularity of drug-eluting stents (DESs) combined with the lack of large, prospective studies of these patients in the perioperative period add to the complexity of clinical management. PATHOPHYSIOLOGY OF STENT OCCLUSION



Two possible mechanisms exist to explain the closure of a previously patent coronary artery stent: in-stent restenosis (ISR) or stent thrombosis. It is important that the reader understand the difference between these 2 clinical entities because the pathophysiology and clinical implications differ markedly. Some of these differences are shown in Figure 1. Coronary artery ISR has been and continues to be a key limiting factor in the long-term success of PCI procedures. Before 2002, only bare metal stents (BMSs) were placed. The use of BMSs, however, may be complicated by the development of neointimal hyperplasia resulting in renarrowing or occlusion of the coronary vessel. This complication occurs in more than 30% of high-risk subgroups, including those patients with diabetes mellitus, small coronary vessels, or long lesions.11 Angioplasty and the placement of coronary artery stents result in coronary artery de-endothelialization and deposition of a layer of platelets and fibrin in the injured artery.12 Smooth muscle cells release cytokines that attract leukocytes. Growth factors released by these leukocytes and platelets lead to the migration of smooth muscle cells to the neointima. Over time, this matrix becomes less cellular as the production of extracellular elements increases, leading to partial or complete occlusion of the stent.12 Essentially, the problem of native artery atherosclerotic disease is replaced by the problem of scar tissue growth inside the stent.13 Until recently, there have been no effective interventions to prevent this complication, and percutaneous treatment options have been of little help in the treatment of ISR. In 2002, the Food and Drug Administration approved the use of DESs. These stents currently account for approximately 85% of stents placed in the United States.14 Both Taxus (Boston Scientific, Natick, MA) (paclitaxel-eluting) and Cypher (Cordis, Johnson and Johnson, Miami Lakes, FL) (sirolimuseluting) stents make use of slowly released molecules that contain anti-inflammatory and antiproliferative properties. This change in technology has proven useful in the prevention of ISR. In the TAXUS-IV trial, paclitaxel-eluting stents were shown to significantly reduce the rates of target vessel
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Fig 1. The differentiation between stent thrombosis and instent restenosis. (A) An artist’s illustration and (B) an angiographic demonstration of stent thrombosis. Note the absence of flow in the thrombosed vessel (arrow). (C and D) The neointimal hyperplasia of in-stent restenosis with diminished but detectable flow in the affected vessel (arrows).



failure and major adverse cardiac events versus BMSs at the 1-year follow-up.15 In the SIRIUS trial of 1,058 patients, Moses et al11 showed a statistically significant reduction in the rate of target vessel failure at 9 months in patients treated with sirolimus-eluting stents versus patients treated with BMSs. Despite the usefulness of DESs in preventing ISR, as of yet, they have not been shown to influence the rates of myocardial infarction or death.16 In contrast to ISR, which develops over a period of months and can be asymptomatic in 50% of cases, stent thrombosis is a sudden, potentially catastrophic complication of PCI. Stent thrombosis is defined as partial or total stent occlusion and historically was thought most likely to occur within 30 days of PCI.17 It manifests as an acute myocardial infarction with sudden onset of chest pain; is generally associated with STsegment elevation on the electrocardiogram; and can lead to ventricular arrhythmias, cardiogenic shock, or sudden death. This “early stent thrombosis” (⬍30 days after placement) is typically because of mechanical causes such as coronary artery dissection or incomplete deployment of the stent13 and has a frequency of approximately 0.5 to 2%. Although late stent thrombosis is known to occur with BMSs,18 the incidence is thought to be very low. With the recent use of predominantly DESs, an ever-increasing number of cases of late stent thrombosis months to years after placement are being reported with many of these events occurring in the perioperative period.18-25 The cause of late stent thrombosis, especially with the DES, remains incompletely understood. Potential causes include delayed arterial healing,26 delayed endothelialization of the DES,27,28 stent malapposition, and possible resistance to the antiplatelet



effects of aspirin or theniopyridines.13 The acute and often complete nature of stent thrombosis has severe consequences because most cases result in a transmural myocardial infarction (MI) or death.6,20,29,30 Regardless of timing, platelets play a central role in the development of stent thrombosis, and their activation is an important early step in the pathophysiology of thrombosis. Platelet activation involves 3 essential steps: (1) a conformational change increases the effective surface area of the platelet membrane; (2) the secretion of prothrombotic, inflammatory, and chemoattractant mediators that propagate the thrombotic process; and (3) the activation of the glycoprotein IIb/IIIa receptor from its inactive form that allows binding of fibrinogen and cross-linking with other platelets.31 Multiple agonists including thromboxane and adenosine diphosphate contribute to the activation of platelets. Aspirin antagonizes the production of thromboxane by inhibiting the enzyme cyclooxygenase 1. The thienopyridines (ticlopidine and clopidogrel) irreversibly inhibit binding of adenosine diphosphate to its receptor. The ultimate effect of combining these 2 agents is a synergistic reduction in platelet aggregation32-34 and represents the current recommended antiplatelet therapy after PCI.35 The early trials of thienopyridines combined with aspirin essentially all used ticlopidine. Clopidogrel (Bristol-Myers Squibb Company, New York, NY), an acetate derivative of ticlopidine, has subsequently emerged as the thienopyridine of choice in the United States and in many other countries. The full antiplatelet effects of ticlopidine are delayed for several days after initiation of therapy, whereas the near-maximal effects of clopidogrel are seen only 2 hours after a 300-mg oral loading dose.31 Clopidogrel also has been shown to exert more
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powerful platelet antiaggregant effects.36 Lastly, ticlopidine use may be complicated by severe neutropenia in about 1% of patients37 and thrombotic thrombocytopenic purpura in 1:1,000 patients.38 These pharmacologic differences, combined with the fact that numerous trials have now shown the efficacy of clopidogrel and ticlopidine to be at least equal,39-41 have led to the use of clopidogrel and aspirin combination therapy as the standard of care for the prevention of coronary stent thrombosis. Despite clopidogrel being the current thienopyridine of choice, it should be noted that recent evidence suggests that 4% to 30% of patients will not show an adequate platelet response to conventional doses.42 These “nonresponders” may represent a group of patients at high risk for stent thrombosis. Without adequate antiplatelet therapy, patients remain at high risk of stent thrombosis until complete endothelialization of the stent has occurred, at which time the risk of thrombosis decreases significantly.43 Endothelialization of bare metal stents typically occurs 2 to 6 weeks after placement; however, this process is delayed for an undetermined amount of time when DESs are placed (see later). The American College of Cardiology, American Heart Association, and Society for Cardiovascular Angiography and Interventions (ACC/AHA/SCAI) recently released updated guidelines for oral antiplatelet therapy after PCI. In summary, patients already taking aspirin should continue this therapy before PCI, and patients not previously on aspirin should be given 300 to 325 mg at least 2 hours before PCI. Postprocedurally, patients should continue to take 325 mg of aspirin daily for 1 month after a BMS, for 3 months after placement of sirolimus-eluting stents, and for 6 months after placement of paclitaxel-eluting stents; following these intervals, aspirin therapy should be continued indefinitely at 75 to 162 mg/d. In addition, patients should receive 300 mg of clopidogrel 6 hours before PCI and continue with 75 mg/d for 1 month after BMS, for at least 3 (sirolimus stents) to 6 (paclitaxel stents) months after DESs, and ideally up to 12 months if not at high risk of bleeding complications.35 Although DESs have proven useful in decreasing the rate of neointimal hyperplasia that leads to restenosis, they also likely inhibit the normal endothelialization process.28 Endothelialization is important in providing a protective covering of the thrombogenic stent and thus preventing thrombosis. As a consequence, patients with DES actually require longer courses of antiplatelet therapy and are potentially at higher risk of thrombosis should these agents be discontinued prematurely. Stabile et al22 recently described 2 interesting cases of late stent thrombosis. Both patients had multivessel coronary disease treated with combinations of BMSs and DESs. One patient discontinued clopidogrel 3 months after stenting and stopped aspirin 12 months after stenting. The second patient stopped both aspirin and clopidogrel 11 months after stent placement in preparation for colonoscopy and polypectomy. Both patients subsequently developed symptoms of an acute coronary syndrome. Angiographic studies of both patients revealed thrombosis of the DES while the BMS remained patent.22 This report highlights the potential for late stent thrombosis after discontinuation of antiplatelet therapy in patients who have received DESs and may indicate clinically important differences in the rate of endothelialization between BMSs and DESs.



MAUERMANN ET AL



SURGERY AFTER CORONARY STENTING



Several case series have attempted to evaluate the risk of noncardiac surgery (NCS) after recent PCI with stent placement. In 2000, Kaluza et al44 published a series of 40 patients who underwent BMS placement 1 to 39 days (average of 13 days) before NCS. They found an alarmingly high rate of adverse outcomes with 8 deaths, 7 MIs, and 11 major bleeding episodes. The authors attributed 6 of the 8 deaths to MI, whereas 2 resulted from bleeding complications. Four of the patients who died had both MI and bleeding complications. Angiography confirmed stent thrombosis in 2 of the patients suffering MIs. All deaths and the majority of the bleeding complications occurred in patients who underwent NCS less than 14 days after stent placement. The mortality rate for the 25 patients undergoing surgery less than 14 days after stent placement was 32%. Most of the patients in the group suffering complications had their aspirin and ticlopidine withheld only 1 to 2 days before operation.44 Subsequently, Wilson et al45 described their experience in a series of patients from the Mayo Clinic Percutaneous Coronary Intervention and Surgical Databases. They identified 207 patients who underwent NCS within 2 months of BMS placement. Eight of these 207 patients (4%) suffered a major adverse cardiac event, and 6 of these patients died. All of the patients suffering major adverse events underwent surgery within 6 weeks of stent placement; there were no complications in the 39 patients undergoing NCS 7 to 9 weeks after stent placement. Compared with the report of Kaluza et al,44 Wilson and colleagues found a significantly lower occurrence of both thrombotic complications and excessive perioperative bleeding. Twenty-six percent of patients received aspirin and a thienopyridine up to the time of surgery. Another 14% of study patients continued aspirin and had received the last dose of thienopyridine within 10 days of surgery. Only 2 of these patients were described as having “excessive bleeding.” Continuing antiplatelet therapy up to the day of surgery did not appear to influence transfusion requirements compared with stopping therapy ⬎10 days before surgery (p ⫽ 0.54).45 These authors hypothesized that the decrease in adverse perioperative events when patients underwent NCS ⬎6 weeks after stent placement corresponded to the time course of re-endothelialization and that, when possible, elective surgery should be delayed for at least 6 weeks to allow completion of an antiplatelet therapy with aspirin and a thienopyridine.45 Two additional studies provide support for this recommendation.46,47 These 2 retrospective reports also showed that the risk of adverse events was related to the timing of surgery after PCI with BMS, with the optimal waiting period appearing to be approximately 6 weeks. These 2 studies failed to show an increased risk of bleeding complications when antiplatelet agents were continued up to the day of surgery, and, in fact, 1 study showed lower mortality with this approach.47 Recently, the first review of a prospectively maintained database of patients undergoing NCS after PCI has been published.48 This series included 103 patients undergoing NCS within 1 year of stent placement. The authors attempted to identify the type of stent placed but were largely unsuccessful because of poor documentation. However, this cohort included
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at least 5 patients who had previously undergone DES placement. In this study, antiplatelet therapy was either continued throughout the perioperative period or it was discontinued ⬍3 days before surgery, and patients were maintained on either low–molecular-weight heparin (LMWH) (1 mg/kg/d) or unfractionated heparin infusions (⬎1.5-fold activated partial thromboplastin time).48 Five patients died (4.9%) because of cardiac events. Four patients had “excessive” bleeding with no patient receiving more than 6 units of packed red blood cells. The proximity of PCI to surgery was again found to be an important factor in outcome; patients undergoing NCS ⬍35 days after PCI had a 2-fold increased risk of adverse events versus patients undergoing NCS ⬎90 days after PCI.48 The vast majority of the patients enrolled in the previously described studies received a BMS, making these data of decreasing relevance in the modern era of predominant DES placement. However, a recent series begins to shed light on the subject of DES in the perioperative period. Schouten et al18 described the outcome of 192 patients undergoing NCS within 2 years of stent placement. Importantly, 99 of these patients had received DESs. There was a wide range of surgery, and the decision of whether or not to continue antiplatelet therapy into the perioperative period was left to the discretion of the primary physician. Ultimately, 101 patients (53%) were maintained on their antiplatelet therapy throughout the perioperative period, and 91 patients had clopidogrel and aspirin withheld 1 week prior to surgery. Five patients died of cardiac complications with 4 of the deaths caused by stent thrombosis (2 BMSs and 2 DESs). The patients who died had all had their antiplatelet agents withheld. Indeed, cessation of clopidogrel before the period suggested by the ACC/ AHA/SCAI guidelines conferred a 30.7% risk of death versus no deaths for a similar group of patients who were continued on antiplatelet therapy. There was 1 patient with a DES that had stent thrombosis 253 days after placement when antiplatelet agents were withheld. PERIOPERATIVE DECISION-MAKING IN PATIENTS WITH CARDIAC STENTS



The previously described studies permit some conclusions to be reached while leaving other questions unresolved. Timing of surgery after PCI is consistently a factor in the complication rate. For BMSs, the minimum safe waiting period appears to be 6 weeks. This information is not yet available for patients with a DES, but current ACC/AHA/SCIA guidelines35 suggest that patients with DESs should complete a minimum of 3 (sirolimus) to 6 (paclitaxel) months of antiplatelet therapy before elective surgery. The numerous reports19-25,39 describing late and unpredictable thrombotic complications suggest that there may be no completely “safe” time to stop antiplatelet therapy. An important finding in these reports is that many cases of thrombosis occurred more than 1 year after stent placement. There is literature to suggest that prolonged antiplatelet therapy (up to 12 months) after PCI decreases the incidence of cardiovascular ischemic events,49,50 and a recent trial showed that beneficial reductions in death and MI may be seen if clopidogrel is continued for 24 months after DES placement.51 Furthermore, the ACC/AHA/SCIA guidelines suggest that clopidogrel therapy be continued ideally up to 12 months in
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patients who are not at risk for bleeding complications.35 The prolonged course of antiplatelet therapy may be required to protect the DES until endothelialization has occurred. The risk of late stent thrombosis with DESs is currently undergoing extensive scrutiny by the Food and Drug Administration with recognition that there is a small but definite increased risk with DESs compared with BMSs; whether prolongation of dual antiplatelet therapy will reduce this excess risk is uncertain. One further conclusion that can be reached from the reported studies is that the risk of thrombotic complications appears to significantly outweigh the risk of bleeding problems. This is particularly exemplified in the study of Vicenzi et al.48 Of the 46 (out of a total of 103) patients suffering a perioperative complication, only 4 patients had bleeding complications; all other adverse events were cardiac in nature. Importantly, the 5 deaths in this study were from cardiac causes. In 3 of the reported studies,45-47 continuing antiplatelet therapy into the perioperative period did not increase the risk of bleeding complications. These studies and previous experience from the cardiac surgery literature52 suggest that, at a minimum, aspirin may be safely continued perioperatively for the majority of scheduled procedures. The optimal timing of clopidogrel cessation before surgery that would prevent hemorrhagic complications has yet to be determined. The effects of both clopidogrel and aspirin are irreversible for the lifespan of each individual platelet they bind.53 Thus, recovery of platelet function is dependent on the generation of new platelets. At least 3 to 5 days are likely needed to accumulate a significant number of new, unaffected platelets.54 The bleeding consequences of clopidogrel exposure before surgery have been described in the cardiac surgery literature.33,36,54 Data from the CURE trial indicate that, at least in cardiac surgery, withholding clopidogrel 5 days before operation decreases the risk of hemorrhagic complications.55 The decision of when or if to stop clopidogrel may also be influenced by the choice of anesthesia. The American Society of Regional Anesthesia advises discontinuation of ticlopidine 10 days and clopidogrel 7 days before the performance of neuraxial anesthesia techniques to avoid spinal or epidural hematoma.56 Lastly, the type of surgical procedure will be an important factor in determining optimal management of antiplatelet therapy. Patients undergoing open procedures in which bleeding sites may be readily identified are potentially at less risk of catastrophic bleeding complications when compared with those undergoing intracranial, urologic, neuraxial, or laparoscopic procedures. In the previously described studies, clopidogrel was stopped from 0 to 10 days preoperatively. This decision as to whether or not to continue antiplatelet therapy into the perioperative period must be weighed against the risk of thrombotic complications and its devastating effects. A consistent finding in the trials evaluating stent thrombosis in nonsurgical patients is the premature cessation of antiplatelet therapy.17,57 The hypercoagulable state seen in the perioperative period likely adds another risk factor for thrombosis. Although the use of heparin and LMWH to prevent stent thrombosis when antiplatelet agents are withheld has been described,48,58 caution should be used in applying this practice. Stent thrombosis is a platelet-mediated event as described
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earlier and neither heparin nor LMWH is likely to offer significant protection. The 2 studies describing anticoagulation to prevent stent thrombosis were nonrandomized and likely much too small to show success in preventing a relatively rare, albeit devastating, event.48,58 Lastly, data from the interventional cardiology literature suggest that LMWH is of little benefit in preventing stent thrombosis.59,60 If an agent with a shorter half-life is desired for transition off of clopidogrel, a small molecule glycoprotein IIb/IIIa inhibitor, such as tirofiban or eptifibatide, both of which have relatively short half-lives, may be an effective choice. These agents are profound inhibitors for platelet function, and their use in the perioperative period for prevention of stent thrombosis has been described in at least 1 case report.61 Prospective trials will be required to study the use of these agents in this setting before any strong recommendations can be made. All of the previously described factors will be important variables in considering how best to proceed with this complex patient population. Patients having undergone PCI within the last year presenting for elective but necessary surgery (eg, excision of colon cancer) should be discussed and managed with the input of a knowledgeable cardiologist, anesthesiologist, and surgeon. Truly elective surgeries should be avoided in the first 3 months after a sirolimus stent and the first 6 months after a paclitaxel stent. Given the recent ACC/AHA/SCAI recommendation that clopidogrel ideally be continued for up to 12 months in patients receiving DES and the recent evidence indicating the beneficial effects of prolonged antiplatelet therapy,51 it may be reasonable to postpone truly elective surgery (eg, knee arthroscopy, hip arthroplasty, and so on) until that interval has elapsed. Patients found to have significant coronary disease during a preoperative cardiac evaluation deserve a similar discussion and may have more options. If coronary revascularization is desired preoperatively and the procedure can be safely delayed for 6 weeks, a BMS may be used. In the contemporary practice of using ␤-adrenergic blockade for at-risk patients,62 and in view of the lack of evidence supporting revascularization before NCS,63,64 it may be reasonable to proceed with the surgical procedure using judicious ␤-blockade with postoperative cardiac risk stratification and treatment. Lastly, simple balloon angioplasty followed by surgery also would be a reasonable option.65 The patients most at risk are likely those presenting for urgent or emergent surgery with the history of recent PCI. In patients at high risk of thrombotic complications consideration may be given to performing the procedure at an institution where prompt access to the cardiac catheterization laboratory is available should stent thrombosis occur. Again, the relative risk of stent thrombosis must be weighed against the risks of bleeding in making the decision to continue or withhold antiplatelet therapy in these urgent or emergent situations.



In considering all of the available data, the authors believe that strong consideration should be given to continuing clopidogrel and aspirin up to the time of surgery and reinstituting therapy as soon as possible after surgery in any patient having undergone placement of a sirolimus DES less than 3 months before NCS or a paclitaxel DES ⬍6 months before NCS.35 It should be further noted that even if patients are outside of this time course, they may still be at significant risk for stent thrombosis and should be monitored for such. If the risks of perioperative bleeding complications are considered low, continuing antiplatelet therapy should be considered in any patient undergoing surgery less than 1 year after DES placement. When the risk of bleeding complications is believed to be unacceptably high, the antiplatelet agents should be withheld for the shortest period possible and reinstituted as soon as possible postoperatively. CONCLUSION



Patients with coronary artery disease treated with PCI present a unique and potentially underappreciated challenge to the perioperative physician. Many physicians may believe that the presence of a coronary stent guarantees flow in a treated coronary vessel without fully appreciating the tenuous balance of factors maintaining stent patency and coronary blood flow, the real risk of stent thrombosis, and the potentially severe consequences associated with this complication. Although the optimum time frame for NCS after PCI is still undetermined, current data suggest postponing elective procedures for at least 6 weeks in patients with BMSs and possibly up to 12 months in patients with DESs to minimize the risk of stent thrombosis. A growing body of literature, however, suggests that there may be no truly “safe” time to stop antiplatelet therapy, and these patients should be managed as though they are at continued risk of stent thrombosis. Although the risks of stent thrombosis versus bleeding should be carefully weighed for each individual patient, the literature strongly suggests that the balance should be weighted toward avoiding thrombotic complications. Note Added in Proof Shortly after the acceptance of this article for publication, the American Heart Association, American College of Cardiology, Society for Cardiovascular Angiography and Interventions, American College of Surgeons, and American Dental Association released an advisory statement regarding the risks and prevention of premature discontinuation of dual antiplatelet therapy in patients with coronary artery stents.66 While this statement and its recommendations are consistent with those made in this article, readers are encouraged to familiarize themselves with this important advisory statement.
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