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Abstract in Greek language 

Εισαγωγή: Η περιεπεµβατική διαχείριση των ασθενών που λαµβάνουν αντιθροµβωτικούς 

παράγοντες και υποβάλλονται σε εκλεκτικές επεµβάσεις της σπονδυλικής στήλης 

αποδεικνύεται άκρως απαιτητική για την ιατρική οµάδα κυρίως λόγω του ενδογενούς 

αυξηµένου αιµορραγικού κινδύνου και της ταυτόχρονης ανάγκης για ελαχιστοποίηση του 

θροµβοεµβολικού κινδύνου. 

Σκοπός: Σκοπό της παρούσας µεταανάλυσης αποτελούν: α) η αναγνώριση των 

κατευθυντηρίων οδηγιών και συστάσεων για την περιεπεµβατική διαχείριση των ασθενών 

που λαµβάνουν αντιθροµβωτικούς παράγοντες και υποβάλλονται σε εκλεκτικές επεµβάσεις 

της σπονδυλικής στήλης και β) η αξιολόγηση της σαφήνειας και της ποιότητας της 

µεθοδολογίας αυτών µε το εργαλείο “Appraisal of Guidelines for Research and Evaluation 

(AGREE) II”. 

Μεθοδολογία: Πραγµατοποιήθηκε αναζήτηση της υπάρχουσας ιατρικής βιβλιογραφίας 

στην αγγλική γλώσσα στις βάσεις PubMed, Google Scholar και Scopus µέχρι 31 Απριλίου, 

2020. Η προσέγγιση “GRADE” χρησιµοποιήθηκε για την βαθµολόγηση τόσο της ποιότητας 

της αξιολόγησης των δεδοµένων όσο και της σύνοψης των ευρηµάτων. Το εργαλείο “AGREE 

II” χρησιµοποιήθηκε για την αξιολόγηση της σαφήνειας και της µεθοδολογικής ποιότητας 

των κατευθυντηρίων οδηγιών και συστάσεων. 

Αποτελέσµατα: Συνολικά 38 κατευθυντήριες οδηγίες και συστάσεις αναγνωρίστηκαν κατά 

την αρχική έρευνα. Στην τελική ανάλυση και αξιολόγηση συµπεριελήφθησαν συνολικά 16 

κατευθυντήριες οδηγίες και συστάσεις. Με βάση το εργαλείο AGREE II και την συµφωνία 

µεταξύ των κριτών (inter-rater agreement) oι συστάσεις των “Narouze 2018” και “Fleisher 

2014” πληρούσαν τόσο τα κριτήρια της υψηλής ποιότητας όσο και της επαρκούς συµφωνίας 

µεταξύ των κριτών (Cohen’s kappa >/= 0.60). Οι τοµείς «Σαφήνεια της παρουσίασης» 

(Clarity of presentation) και «Πεδίο εφαρµογής και σκοπός» (Scope and purpose) 

συγκέντρωσαν την υψηλότερη βαθµολογία (100%), ενώ ο τοµέας «Συµµετοχή των 

ενδιαφεροµένων», (Stakeholder involvement) την χαµηλότερη (48,5%) αντίστοιχα. 

Συµπεράσµατα: Η περιεπεµβατική διαχείριση των ασθενών που λαµβάνουν 

αντιθροµβωτικούς παράγοντες και υποβάλλονται σε εκλεκτικές επεµβάσεις της σπονδυλικής 

στήλης αποδεικνύεται ιδιαίτερα απαιτητική. Εξαιτίας της έλλειψης υψηλής ποιότητας 

δεδοµένων σε αυτόν τον τοµέα, εξακολουθεί να υπάρχει αβεβαιότητα όσον αφορά στη 

βέλτιστη διαχείριση της αντιθροµβωτικής αγωγής για την εξισορρόπηση του κινδύνου της 

αιµορραγίας και της θροµβοεµβολής. 

Λέξεις - Κλειδιά: Αναστολείς της συσσώρευσης των αιµοπεταλίων, διπλή 

αντιαιµοπεταλιακή θεραπεία, αντιπηκτικά, αναστολείς του παράγοντας Xa, αντιθροµβίνη, 

χειρουργική της σπονδυλικής στήλης, αιµορραγία, εµβολή και θρόµβωση, ενήλικες, 
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άνθρωποι, πέρι-επεµβατική περίοδος, περιεπεµβατική φροντίδα, κατευθυντήριες οδηγίες, 

συστάσεις, αγγλική γλώσσα. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Institutional Repository - Library & Information Centre - University of Thessaly
27/07/2024 08:53:29 EEST - 3.146.37.23



 
11 

Abstract 

Background: The management of patients who are treated with antithrombotic agents 

and undergo elective spinal procedures proves to be extremely challenging for the 

perioperative team due to the concurrent increased risk of bleeding and the need to 

minimize the risk of thrombosis. 

Aim: The present meta-analysis identified the clinical practice guidelines (CPGs) and 

recommendations (CPRs) on this topic and reported and assessed the clarity and quality 

of methods of the them with the Appraisal of Guidelines for REsearch and Evaluation 

(AGREE) II instrument. 

Methods: A data search of the English Medical Literature was conducted using PubMed, 

Google Scholar, and Scopus until April 31, 2020. The GRADE approach was used to 

evaluate the quality of evidence assessment and the summary of findings and the AGREE 

II to assess the methodological clarity and quality of the CPGs and CPRs respectively. 

Results: The initial search identified 38 CPGs and CPRs. The final analysis and critical 

appraisal with the AGREE II instrument included 16 CPGs and CPRs. Based on the AGREE 

II tool for CPGs and CPRs assessment and on the interrater agreement “Narouze 2018” 

and “Fleisher 2014” fulfilled the criteria of high quality and adequate interrater agreement 

(Cohen’s kappa >/= 0.60). The domains “Clarity of presentation” and “Scope and purpose” 

had the highest scores (100%), while “Stakeholder involvement” the lowest, with an 

average of 48.5% respectively. 

Conclusion: The management of the antithrombotic agents in patients undergoing 

elective spine surgery may prove challenging. Due to the lack of high quality data, there 

is still uncertainty when attempting to harmonize the risk of thromboembolism with that 

of bleeding. 

Keywords: Platelet aggregation inhibitors; Dual Anti-Platelet Therapy; Anticoagulants; 

Factor Xa inhibitors; Antithrombins; Spine surgery; Hemorrhage; Embolism and 

Thrombosis; Humans; Adults; Perioperative period; Perioperarive care; Guidelines; 

Recommendations; English language. 
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Abbreviations 

 

CPGs Clinical Practice Guidelines 

CPRs Clinical Practice Recommendations 

AGREE II 
Appraisal of Guidelines for REsearch and 

Evaluation II 

PRISMA 
Preferred Reporting Items for Systematic 

Review and Meta-analysis statement 

DES Drug - Eluting Stent 

BMS Bare - Metal Stent 

DAPT Dual Antiplatelet Therapy 

MACE Major Cardiovascular Events 

ST Stent Thrombosis 

UFH Unfractioned Heparin 

LMWH Low Molecular Weight Heparin 

VKA Vitamin K Antagonists 

WCK Weighted Cohen’s Kappa 
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1. Periprocedural management of antiplatelet agents 

1.1 Introduction 

 Over the years, the antiplatelet agents (appendix, table 1) have been recognized 

as the cornerstone for the prevention of the arterial thrombosis. As a matter of fact, the 

non-optimal perioperative management of the antiplatelet drugs can lead to severe 

complications such as the myocardial infraction, the thrombosis of both the coronary and 

the peripheral artery stent and the life-threatening bleeding (1–7). 

 In order to ensure the best possible management of the antiplatelet therapy 

perioperatively the co-operation, also known as teamwork, of the medical team (surgeon, 

anesthetist, vascular surgeon, hematologist, cardiologist) with the medical doctor that has 

administrated the antithrombotic agent seems mandatory (1,5,6,8). The medical team 

should also assess the thrombotic and the hemorrhagic risk that is related to both the 

patient and the invasive procedure and should decide a) if it is safe and absolutely 

necessary for the patient to undergo the procedure and b) when it is the best time frame 

for it. The next steps should include the decisions regarding a) the discontinuation or the 

appropriate modifications of the antiplatelet therapy, b) the need for bridging therapy, c) 

the optimal time frame for the discontinuati on of the antiplatelet preoperatively and d) 

for the resumption of the agent postoperatively and e) the available options/antidotes for 

the reversion of the antiplatelet action in case of bleeding complications. Last but not least, 

the detailed information of the patient regarding the perioperative risk, including the 

thromboembolic and the bleeding complications, from a multidisciplinary approach 

collaboration among the members of the perioperative team (surgeon, anesthetist, 

vascular surgeon, hematologist, cardiologist) and the written informed consent of the 

patient is of outmost important (1–9). 

1.2 Bleeding risk 

 The multidisciplinary evaluation of the bleeding risk of the patient and the invasive 

procedure is recommended (1–7,9,10). 

Bleeding risk of to the invasive procedure: The bleeding risk that is related to the 

invasive procedure is stratified in three categories (appendix, table 2) (1,3,6,7). 

 Low hemorrhagic risk (<1% risk of hemorrhage): sufficient hemostasis can be 

achieved. The hemorrhage a) does not put in danger the patient’s life, b) does not 

have impact on the outcome of the invasive procedure and c) does not increase the 

need for transfusion. 

 Intermediate hemorrhagic risk: sufficient hemostasis is difficult to be achieved and the 

hemorrhage does not have impact on the need for transfusion and/or re-intervention. 

 High hemorrhagic risk: the hemorrhage a) puts in dangers the patient’s life and/or 

leads to life-threatening bleeding, b) affects the outcome of the invasive procedure. 
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 The bleeding risk related to several procedures such as the dental, the invasive 

coronary artery and the radiological interventions has not yet been stratified as both the 

primary hemostasis and the direct compression of the bleeding areas are not always 

possible (1,3,6,7). 

Bleeding risk related to patient: Factors such as: the age > 65 years, the renal and/or 

liver failure, the atrial fibrillation, the acute coronary syndrome, the quantity and quality 

platelet abnormalities, the non-discontinuation of the antiplatelet agents and/or the 

concomitant administration of agents with antithrombotic action, the history of 

spontaneous bleeding during the last three months and/or in previous invasive procedure 

increase the bleeding risk that is related to the patient (6). 

 Of note, the non-discontinuation of the antiplatelet agents perioperatively was 

found to be responsible for increased bleeding risk. However, with the exception of the 

neurosurgical and the urological procedures, the reported bleeding cases were self-limited 

and they did not affect the outcome of the procedure or the patient (7,11). 

1.3 Thrombotic risk 

 For the optimal and complete evaluation of the thrombotic risk experts suggest the 

multidisciplinary evaluation of the risk of thrombosis the patient and the invasive 

procedure (1,5,12,13). 

Thrombotic risk of the invasive procedure: Table 3 (appendix, figure 1), as published 

in the 2014 ESC/ESA guidelines proves to be quite useful (13). 

Thrombotic risk related to patient: Factors such as: the advanced age, the medical 

history of acute coronary syndrome, of diabetes mellitus and of renal and/or heart failure, 

the resistance in the antiplatelet action of clopidogrel and the early/premature 

discontinuation of antiplatelet agents in patients with coronary or peripheral artery stents 

increase the thrombotic risk that is related to the patient (1,5,13). Furthermore, the 

patients that had suffered from an acute cerebrovascular event are facing an increased 

thrombotic risk during the first month after the thrombotic event and the risk is further 

increased if they discontinue early the dual antiplatelet therapy (5). 

 Table 3 (appendix) presents the main characteristics of high-thrombotic risk after 

coronary or peripheral artery stent implantation (1). Table 4 (appendix) demonstrates the 

clinical and angiographic characteristics of increased ischemic risk in patients who are 

treated with coronary artery stents (5). 

 For the thorough evaluation of the risk of thrombosis in patients who are treated 

with antiplatelet agents for secondary prevention (ischemic cerebrovascular event, carotid 

artery disease, coronary artery disease, peripheral artery disease) the following should be 

also taken under consideration; 

 The indications of the antiplatelet therapy. 

 The characteristics and the course of the disease (i.e. stable, unstable). 
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 The time that has passed from the initiation of the antiplatelet therapy. 

 The need for any type of invasive therapy – such as stent – in addition to the antiplatelet 

therapy. 

 The time that has passed from the invasive therapy. 

However, it should be highlighted that the above – mentioned suggestions are mostly 

based on experts opinions due to the lack of randomized controlled studies (appendix, 

table 5, table 6, table 7, table 8) (1–3,6). 

 To conclude, for the assessment of the cardiovascular risk in patients treated with 

antiplatelets table 9 (appendix) proves quite useful (2,6). 

1.4 The idea of “combined ischemic risk” 

 As stated above, the decisions for the periprocedural management of antiplatelet 

therapy should be balanced with: 

 The thrombotic risk of the patient. 

 The build – in thrombotic risk of the invasive procedure. 

 The anticipated hemorrhagic risk based on patient characteristics. 

 The bleeding risk that arises from the individual features of the procedure (2,9,14). 

 When it comes to patients with coronary artery stents important challenges and 

safety concerns arise perioperatively (5,9,13,14). Nowadays, drug – eluting stents (DES) 

have successfully replaced the older types of stents (bare – metal stents, BMS) (5). 

Following DES implantation, dual antiplatelet therapy (DAPT), for the predefined duration 

as stated on the updated guidelines (appendix, figure 2), is of outmost importance to 

prevent the major cardiovascular events (MACE), such as stent thrombosis (ST), 

myocardial infraction and cardiovascular death during the vascular healing and the 

endothelialization process of the stent (5,15). However, up to 25% of patients with 

coronary artery stents require some type of intervention within this essential time frame 

(5). Moreover, invasive procedures may lead to the early discontinuation of DAPT quite 

often and along with anesthesia they are well-recognized triggers of inflammation and 

thrombotic response that attenuate the pathogenesis of MACE (figure 3) (5,16). 

 The estimated incidence of MACE in patients treated with coronary artery stents 

who have non-cardiac surgery is up to 11%(5). Experts suggest that the interplay between 

the time-frame, the need for DAPT and the combined thrombotic and hemorrhagic risk are 

the main determents of the perioperative outcome in patients treated with coronary artery 

stents (5). Moreover, several independent factors may increase the risk of MACE 

(5,17,18). These include: 

 The time from stent implantation to the invasive procedure. 

 The early discontinuation of DAPT. 

 The clinical and angiographic characteristics of the stent/stents. 

 The stent/stents type. 

Institutional Repository - Library & Information Centre - University of Thessaly
27/07/2024 08:53:29 EEST - 3.146.37.23



 
22 

The time from stent to the invasive procedure and the early discontinuation of DAPT have 

been recognized as the leading modifiable determinants of the ischemic risk. (2,6). 

 On this background the idea of “combined ischemic risk” (appendix, figure 4) was 

introduced based on the aforementioned independent risk factors in an attempt to 

highlight the uniqueness and the special characteristics of every patient with stent, as well 

as the urgency of the multidisciplinary approach collaboration among the members of the 

perioperative team, also known as “bleeding team” (5,8,9,15). 

1.5 Elective procedures 

 The decisions about the management of antiplatelet agents  perioperatively should be 

made from a multidisciplinary team of experts in Thrombosis and Antithrombotic 

Therapy (surgeon, anesthetist, vascular surgeon, hematologist, cardiologist), the 

“bleeding team” based on the assessment of the hemorrhagic and the thrombotic risk 

against the consequences that arise from the postponement of the procedure. The 

“bleeding team” should inform the patient in depth regarding the perioperative risk, 

including the thromboembolic and the bleeding complications and a written informed 

consent of the patient should be obtained. A singed copy of the consent should be kept 

in the medical file of the patient (1,4,5,7,8,9,19). 

 Figure 5 (appendix) demonstrates the basic steps for the management of the antiplatelet 

agents perioperatively in a simple algorithm (6). 

 Table 10 (appendix) introduces the basic principles for the DAPT (3). 

 Figure 2 (appendix) (see above, chapter 1.5) demonstrates the management of DAPT 

in coronary artery disease, while figure 6 (appendix) summarizes the recommendations 

on DAPT in patients who undergo non-cardiac surgery and suffer from coronary artery 

disease (15). 

 Figure 7 (appendix) and figure 8 (appendix) represent the proposals for the patients 

with peripheral arterial disease (20). Figure 9 (appendix) demonstrates the 

recommendations for the carotid artery stenosis (20). 

 In case that it is not possible to determine the hemorrhagic risk and/or the thrombotic 

risk experts suggest the formation of a thorough and detailed  individualized plan (for 

the exact patient and the exact procedure) from the “bleeding team” (1,9). 

1.6 Bridging therapy 

 There is a lack of high quality randomized studies regarding the bridging therapy 

(appendix, table 11 and figure 10 and figure 11) in patients treated with antiplatelet and 

undergo invasive procedures. Consequently, experts suggest that this kind of 

intervention is suitable only for patients with high/very high thrombotic risk and 

intermediate or high bleeding risk who should undergo a nondeferrable procedure at all 

costs (1,3,6,9,15). 
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 Bridging therapy should only be administrated in Intensive Care Unit and in hospitals 

with functional catheterization laboratory 24/7 (1,3,6,9,15). 

 For the bridging therapy of antiplatelet agents any kind of heparin and any kind of non-

steroidal anti-inflammatory drugs should not be used (1,3,6,9,15). 

1.7 Platelet function tests 

 The use of platelet function tests (appendix, table 12) is recommended preoperatively 

in order to determine the decreased platelet function due to the action of antiplatelet 

agents (IIB) (4,7). 

 In case that the platelet function tests are used outside from the laboratories (point of 

care tests) experts suggest that they should be assessed by the appropriate trained 

personnel, based on the updated guidelines (7). 

1.8 Means of neutralizing the effect of antiplatelet agents 

 Up until the writing of the present Thesis there were not any available agents for the 

reversal of the action of the antiplatelet agents (antidotes) (7). 

 For the neutralization of the effect of the antiplatelet agents the type of the antiplatelet 

along with the time that has passed from the last dose should be taken into consideration 

(7). 

 For the neutralization of the effect of aspirin experts suggest the transfusion with 

platelets (adult dose: 0.5 – 0.7 x 10 ^11/10 kg of body weight) (4,7). 

 For the neutralization of the effect of clopidogrel or prasugrel experts suggest the 

transfusion with platelets in higher doses than those suggested for the neutralization of 

aspirin. For the neutralization of the effect of prasugrel the dose should be at least 

doubled, compared to that suggested for the neutralization of aspirin (4,7). 

 For the neutralization of the effect of ticagrelor if the last dose of ticagrelor was < 24 

hours experts suggest to withhold the platelet transfusion. When > 24 hours have 

passed since the last dose of ticagrelor the dose of platelet transfusion should be at least 

doubled, compared to that suggested for the neutralization of aspirin (4,7). 
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2. Periprocedural management of anticoagulant agents 

2.1 Introduction 

 Anticoagulant agents (appendix, table 13) are the cornerstone for the treatment of 

thrombosis and a variety of thromboembolic complications (2,4,6,9,21–23). The non-

optimal perioperative management of the anticoagulants may lead to life-threatening 

thromboembolic and bleeding complications (2,4,6,9,21–23). 

 In order to ensure the best possible management of the antiplatelet therapy 

perioperatively the co-operation, also known as teamwork, of the medical team (surgeon, 

anesthetist, vascular surgeon, hematologist, cardiologist) with the medical doctor that has 

administrated the antithrombotic agent seems mandatory (1,6–8,14). The medical team 

should also assess the thrombotic and the hemorrhagic risk that is related to both the 

patient and the invasive procedure and should decide a) if it is safe and absolutely 

necessary for the patient to undergo the procedure and b) when it is the best time frame 

for it. The next steps should include the decisions regarding a) the discontinuation or the 

appropriate modifications of the antiplatelet therapy, b) the need for bridging therapy, c) 

the optimal time frame for the discontinuation of the antiplatelet preoperatively and d) for 

the resumption of the agent postoperatively and e) the available options/antidotes for the 

reversion of the antiplatelet action in case of bleeding complications. Last but not least, 

the detailed information of the patient regarding the perioperative risk, including the 

thromboembolic and the bleeding complications, from a multidisciplinary approach 

collaboration among the members of the perioperative team (surgeon, anesthetist, 

vascular surgeon, hematologist, cardiologist) and the written informed consent of the 

patient is of outmost important (1–9). 

2.2 Bleeding risk 

 The assessment of the bleeding risk should follow a multidisciplinary approach and 

should include the evaluation of the bleeding risk of the invasive procedure and the patient 

(2,4,6,23,24). 

Bleeding risk of the invasive procedure: The hemorrhagic risk, that is related to the 

invasive procedure is stratified in three categories (appendix, figure 12) (9,24). 

 Low hemorrhagic risk (<1% risk of hemorrhage): sufficient hemostasis can be 

achieved. The hemorrhage a) does not put in danger the patient’s life, b) does not 

have impact on the outcome of the invasive procedure and c) does not increase the 

need for transfusion. 

 Intermediate hemorrhagic risk: sufficient hemostasis is difficult to be achieved and the 

hemorrhage does not have impact on the need for transfusion and/or re-intervention. 

 High hemorrhagic risk: the hemorrhage a) puts in dangers the patient’s life and/or 

leads to life-threatening bleeding, b) affects the outcome of the invasive procedure. 
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 The bleeding risk related to several procedures such as the dental, the invasive 

coronary artery and the radiological interventions has not yet been stratified as both the 

primary hemostasis and the direct compression of the bleeding areas are not always 

possible (1,3,6,7). 

Bleeding risk related to patient: Figure 13 (appendix) demonstrates the risk factors 

that should be examined during the assessment of the bleeding risk that is related to 

patient (25). Of note, it is recommended that the “HAS - BLED” score should be used as a 

tool a) to identify the factors that may increase the bleeding risk, b) in an attempt to 

optimize any of them when possible in an attempt to decrease the bleeding risk (25). 

2.3 Thromboembolism risk 

 For the optimal and complete evaluation of the thrombotic risk experts suggest the 

multidisciplinary evaluation of the risk of thrombosis the patient and the invasive 

procedure (9,17,24–28). 

Thromboembolism risk related to patient: The multidisciplinary assessment of the 

patient from the members of the “bleeding team” is recommended based on table 14, 

table 15 and table 16 (appendix) (9,17,25,27,28). 

Thromboembolism of the invasive procedure: For the complete thromboembolic risk 

the estimation of the thrombotic risk of the procedure is recommended (24,26,27). The 

laparoscopic procedures, especially the ones that are performed in Trendelenburg position, 

along with those that are classified as major operations are accompanied by a strong pre-

thrombotic effect and an increased risk for venous thromboembolism (24,26). 

Furthermore, patients with atrial fibrillation are at increased risk for ischemic 

cerebrovascular events when they undergo neurosurgical or vascular procedures. On the 

other hand, it seems that the abdominal and the pelvic operations have lower risk for 

thromboembolism perioperatively (27). 

2.4 Elective procedures 

 The decisions about the management of the anticoagulant agents perioperatively should 

be made from a multidisciplinary team of experts in thrombosis and antithrombotic 

therapy (surgeon, anesthetist, vascular surgeon, hematologist, cardiologist), the 

“bleeding team” based on the assessment of the hemorrhagic and the thrombotic risk 

against the consequences that arise from the postponement of the procedure. The 

“bleeding team” should inform in depth the patient regarding the perioperative risk, 

including the thromboembolic and the bleeding complications and a written informed 

consent of the patient should be obtained. A singed copy of the consent should be kept 

in the medical file of the patient (6,9,24,25). 

 Figure 14 (appendix) demonstrates the basic steps for the management of the 

anticoagulant agents perioperatively in a simple pathway decision algorithm (25). 
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 If the members of the bleeding team decide that bridging therapy is necessary it should 

only be administrated in Intensive Care Unit and in hospitals with functional 

catheterization laboratory 24/7 (6). 

2.4.1 Unfractioned Heparin 

 In patients treated with Unfractionated Heparin (UFH) due to high risk of 

thromboembolism experts suggest: 

 UFH should be discontinued at least for 6 hours before the invasive procedure, if the 

values of aPTT are within therapeutic range. The values of aPTT should be checked one 

hour before the procedure and if they are within normal range the patient may undergo 

the procedure. 

 If the values of aPTT are beyond the therapeutic range, the procedure should be 

postponed for at least 6 hours and ideally until the values of aPTT are within the 

therapeutic range (9,17,25). 

 Postoperatively the reinstitution of UFH should be a multidisciplinary decision of the 

members of the bleeding team and always after the estimation of the risk of bleeding. 

In case of high bleeding risk the administration of UFH should start after 24 - 48 hours, 

while in non - high bleeding risk at 6 - 8 hours postoperatively, without a loading dose 

(9). 

2.4.2 Low Molecular Weight Heparin 

 When Low Molecular Weight Heparin (LMWH) is administrated in therapeutic dose 

experts suggest: 

 The last dose of LMWH should be administrated at least 24 hours before the procedure 

(9,17). 

 In case of high bleeding risk the need for administration of half the last dose 

preoperatively should be considered(4,9,17). 

 In high bleeding risk procedures the administration of UFH should start after thorough 

consultation with the surgical team, 48 hours postoperatively (9,17). 

2.4.3 Vitamin K Antagonists 

 Figure 19 and tables 17, 18 and 19 (appendix) demonstrate a basic algorithm for the 

management of Vitamin K Antagonists (VKA) perioperatively (9). 

2.4.4 Direct oral anticoagulants 

 For the management of the patients who are treated with Direct Oral Anticoagulants 

(DOACs) perioperatively the estimation of the procedural bleeding risk (figure 12, 

appendix) in conjunction with the following proves to be mandatory: 

 The time since the last dose of the DOAC. 

 The plasma half-life adapted to the creatinine clearance (CrCl, Cockcroft-Gault) 

(4,9,22,29). 
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 Table 20 (appendix) provides some information regarding the effect of DOACs on 

anticoagulants tests (29). 

 For a number of minimal or low bleeding risk procedures the discontinuation of DOACs 

may not be required. If the decision to withhold the therapy is made tables 21, 22 and 

23 (appendix) present the current guidelines. Bridging therapy is generally not required 

(9,29). 

 The decision for reinstitution of DOACs postoperative should be also made from the 

bleeding team. Table 24 (appendix) demonstrates a simple guidance (9,29). 

2.4.5 Dual Antithrombotic therapy 

 For the optimal management of patients with Lower Extremity Artery Disease who 

require dual antithrombotic therapy please refer to chapter 1.5 and figure 8 (appendix) 

(20). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Institutional Repository - Library & Information Centre - University of Thessaly
27/07/2024 08:53:29 EEST - 3.146.37.23



 
29 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Special Issue 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Institutional Repository - Library & Information Centre - University of Thessaly
27/07/2024 08:53:29 EEST - 3.146.37.23



 
30 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Institutional Repository - Library & Information Centre - University of Thessaly
27/07/2024 08:53:29 EEST - 3.146.37.23



 
31 

 Perioperative antithrombotic therapy in elective spinal procedures: A 

critical assessment and summary of the Clinical Practice Guidelines with 

the AGREE II tool 

3. Introduction 

The long-term use of antithrombotic (antiplatelet or anticoagulant) agents 

continues to rise, mainly due to the aging of the population (30,31). Every year almost 

250,000 patients who are treated with antithrombotic agents undergo surgery in North 

America (9,17,32,33). Antiplatelet agents remain the essential treatment for the coronary 

artery or peripheral vascular disease. Anticoagulants are the cornerstone for the 

prevention of stroke due to atrial fibrillation and for the management of the venous 

thromboembolism (9,19,23,31).  

The foundation of the optimal perioperative management entails for the risk of 

perioperative blood loss to be balanced against the risk of thromboembolism 

(9,17,23,32,34). Consequently, before any invasive spinal procedure the evaluation of 

both the patient and the procedural specific factors for hemorrhage and thrombosis, along 

with the special characteristics of the antithrombotic agents should be assessed and risk - 

stratified (9,17,23,32,34). In addition, the multidisciplinary patient-centered approach is 

of utmost importance for the arrangement of the antithrombotic treatment perioperatively 

(8,39,40). Therefore, the collaboration between the members of the perioperative team, 

along with the open communication and the transparency with the patients and the 

caregivers proves to be mandatory for the escalation of the quality of care and the 

optimization of patients’ safety (32). 

However, the perioperative management of the antiplatelet and anticoagulant 

agents represents an extremely challenging clinical problem for patients that undergo 

spinal procedures (9,17,19,33,37). To begin with, there is lack of high-quality data, such 

as large randomized control clinical trials. Therefore the current available 

recommendations are mostly based on experts’ opinion (34). In addition, the vast majority 

of spinal procedures - with the exception of the spinal embolization - are classified as high 

bleeding risk procedures (figure 15, appendix) (9,25,34). Last of all, the basic principles 

of teamwork and patient-centered care, such as cooperation, communication, shared goals 

and decision - making require continuous medical education and training. Hence, there 

are quite time consuming, making the risk of failure to comply with the basic standards of 

teamwork (38). 

To the best of our knowledge, the available recommendations on the perioperative 

management of patients treated with antithrombotic (antiplatelet or anticoagulant) agents 

in elective spinal procedures has not been systematically reviewed and methodologically 

assessed yet. The aims of this meta - analysis are: 1) to identify the clinical practice 
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guidelines (CPGs) and clinical practice recommendations (CPRs) on the management of 

antithrombotic (antiplatelet or anticoagulant) agents in the elective spinal procedures and 

2) to report and assess the clarity and quality of methods of the CPGs and CPRs with the 

Appraisal of Guidelines for Research and Evaluation (AGREE) II instrument. 
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4. Material and methods 

We performed an electronic literature search looking for published guidelines or 

recommendations. The search involved three databases (PubMed, Google Scholar, and 

Scopus) using the strategy depicted in table 25, (appendix). Additional CPGs were traced 

in the reference list of the gathered records. In our current review we included CPGs 

focusing on the management of patients who are treated with antithrombotic agents and 

undergo elective spinal procedures. We excluded CPGs on elective spinal procedures that 

did not comment on the use of antithrombotic agents. However, we included general CPGs 

on the periprocedural use of antithrombotic agents, even if they did not focus on elective 

spinal procedures. 

For the study selection, two authors (MPNt and AGB) assessed the titles and 

abstracts to eliminate records based on study design. Additional CPGs were discarded 

studies after reading the full - text document. For the appraisal process, the full – texts 

and the updated versions of the gathered recommendations, including their supplements 

were examined, in depth. Two reviewer authors, an experienced anesthesiologist (MPNt) 

and a neurosurgeon experienced with Bioinformatics and Biostatistics (AGB), worked 

together. Both reviewers completed the AGREE II online training (36,39,40). None of them 

had participated in the writing or the development of any of the gathered records. 

The AGREE II tool consists of 23 items organized in five domains (scope and 

purpose, stakeholder involvement, rigor of development, clarity of presentation, 

applicability, and editorial independence) and two additional items (overall assessment). 

Each item was rated on a 7 - point Likert scale (1, strongly disagree; 7, strongly agree). 

Final domain scores were calculated according to the AGREE II tutorial and sample test 

practice guideline. The two reviewers rated each domain, independently (39,40). The 

results were then visualized in bar plots side – by - side. At present there is no specific 

quality thresholds in order to determine the quality of the guidelines as high or low (39,40). 

The domain scores were categorized as high (≥ 80%), medium (60 – 79%), low (40 – 

59%), or very low (≤ 40%). The degree of agreement between reviewers was determined 

by the measurement of weighted Cohen’s kappa (WCK). A value between 0 - 0.20 

corresponded to “No agreement”, 0.21 - 0.39 to “Minimal agreement”, 0.40 - 0.59 to 

“Weak agreement”, 0.60 - 0.79 to “Moderate agreement”, 0.80 - 0.90 to “Strong 

agreement”, and above 0.90 to “Almost perfect agreement”. 

In anticipation of deviation from the normal distribution, the results were 

summarized using median values along with their interquartile range, and visualized in 

bar plots and boxplots, accordingly. Comparisons of mean group values was realized using 

Kruskal - Wallis non - parametric ANOVA tests, followed by Dwass - Steel - Critchlow - 
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Fligner pairwise comparisons. All statistical analyses were performed using Excel, R - 

statistical environment, and the Real Statistics package. Statistical significance was 

considered for p - values of less than 0.05. 
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5. Results 

5.1 Search of the literature 

The search of the literature resulted in 38 unique CPGs. Twelve records were 

discarded with respect to their abstract and additional 10 records after reading their full 

text respectively. The remaining 16 CPGs were included in our review (figure 16, 

appendix). 

5.2 CPGs scores 

As depicted in table 26 (appendix), the list of the top - 5 scores included the CPGs 

were reported by Kozek et al., (88%), Narouze et al., (81%), CEC et al., (81%), Armstrong 

et al., (81%), and Madhugiri et al., (81%). The CPS with the lowest scores were those 

reported by Albaladejo et al., (50%), Goldier et al., (63%), Rossini et al., (63%) and 

Steffel et al., (63%) (figure 17, appendix). 

5.3 Overall AGREE-II domain scores 

The highest scores were recorded in the “Clarity of presentation” and “Scope and 

purpose” domains (table 27, appendix), reaching as high as 100%. On the contrary, the 

lowest scores were registered in the “Stakeholder involvement”, “Rigor of development”, 

and the “Applicability” domains, with an average of 48.5%, 57%, and 58%, respectively 

(figure 18, appendix). The differences between the domain scores were frequently 

significant, particularly when comparing the high- and low-score domains (table 28, 

appendix). 

5.4 Interrater agreement 

The mean interobserver agreement was as high as 84% (IQR: 66.5 - 98.2%), 

corresponding to “Strong agreement” between the two reviewers (table 29, appendix). 

However, large variations were noted among the individual CPGs, ranging from as low as 

19% for the CPGs by Rossini et al., to as high as 100% for the CPGs by Douketis et al., 

and Armstrong et al., (figure 19, appendix). 
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6. Discussion 

Several disorders of the spine mandate the elective surgical treatment in a notable 

number of patients annually (34,41). On the other hand, more than a few medical 

conditions require the administration of antithrombotics in order to outweigh the risk of 

thrombosis (23,34,37). Perioperatively the decisions regarding the antithrombic therapy 

in patients undergoing spine procedures remain challenging , in the terms of the lack of 

high quality data (1,5,42). Spine procedures are accompanied by high - bleeding risk 

(table 30, appendix) and hence, the discontinuation of the antithrombotic therapy 

perioperatively may be required (5,42). However, maintaining the antiplatelet or the 

anticoagulant agents may lead to hemorrhagic incidents (5,7). Thus, any decision should 

be made by a team of experts based on the current available guidelines (8,9,43). 

6.1 Methodological aspects 

Following our literature search with the provided search terms, 16 CPGs and CPRs 

were published since 2009 and met our inclusion criteria. With respect to the 

methodological quality of the CPGs and CPRs from which the data were extracted, certain 

crucial aspects need to be analyzed. To begin with, the methodological framework of the 

included guidelines varies significantly. Hence, the processes with which the available 

evidences were merged into the provided recommendations is not the same between the 

CPGs and CPRs that were used in our analysis. Furthermore, the level of evidences and 

the strength of recommendations was graded in the guidelines using different grading 

systems and might not be exactly the same as the Guidelines organizations. Consequently, 

the interpretation of the statements and the direct comparison of the guidelines, based on 

their strength, proves to be quite challenging and should be addressed with utmost 

caution. 

Although the AGREE II is a validated tool it indicates a broad assessment of the 

methodological quality of the guideline synthesis (39,40). Hence, no pre-defined 

thresholds exists to define high, moderate or low-quality CPGs (31). An arbitrary threshold 

of < 30% to define low quality and > 70% to define high quality can be used for the AGREE 

II instrument (31). In addition, with respect to the AGREE II manual, guidelines should be 

considered of high quality if the domain “Rigour of development” scored at least 70% and 

the remaining domains along with the overall assessment scored at least 50% (39,40,44). 

Thus, the use of the overall score of the AGREE II instrument as a sole indicator of the 

methodological quality is discouraged. Moreover, with respect to the primary research aim 

of the CPGs and CPRs, certain domains may have a higher influence (e.g. “applicability”, 

“stakeholder involvement”) and so their rates will require discrete analysis. Therefore, 

physicians are discouraged from preferring to follow or disapproving a specific guideline 
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over another one based merely on the AGREE results. On the other hand, AGREE II could 

prove to be a valuable asset during the development of the guidelines with respect to the 

key domains that are vital for a robust guideline. 

The guidelines that fulfil the aforementioned criteria are; “Narouze 2018”, “Fleisher 

2014”, “Valgimigli 2018” and “de Hert 2018” (table 26, appendix). However, experts 

suggest that “little confidence should be placed in the study results for any kappa below 

0.60, as it indicates inadequate experts’ agreement”. Therefore, based on the results of 

the interrater agreement and the Cohen’s kappa (with a threshold of 0.60) only “Narouze 

2018” and “Fleisher 2014” seem to fulfil the criteria of high and adequate interrater 

agreement. 

In our study “Scope and purpose” and “Clarity of presentation” had the higher 

scores, reaching as high as 100% in terms of quality. “Editorial independence” had medium 

to high scores, while “Stakeholder involvement” and “Applicability” had the lower scores. 

In “Scope and purpose” and “Clarity of presentation” Narouze had high scores (94%, 97%) 

respectively. On the other hand, in “Stakeholder involvement” and “Applicability” Narouze 

had low scores (58% and 56%). In addition, in “Scope and purpose” and “Clarity of 

presentation” Fleisher had perfect scores (100%) and moderate (67%) in “Stakeholder 

involvement” and in “Applicability” (65%) respectively. The most impressive scores range 

was detected in “Stakeholder involvement” with Madhugiri and Armstrong scoring very 

low (0%), and Valgimigli and de Hert medium to almost high (78% and 75%) respectively. 

It is worth mentioning that either the lack of time or the financial burdens could be 

a possible explanation for the poor scores (40). The low scores of “Stakeholder 

involvement” could be the result of the exclusion of some of the stakeholders such as the 

patients, payers and other physicians. Their involvement could potentially improve the 

quality of the recommendations. Moreover, the reflection on potential barriers for the 

implementation of the guidelines in the authors’ clinical practice could improve the low 

scores on “Applicability”. As a matter of fact, that way the authors could also manage to 

broaden the applicability of their guidelines to the rest of the healthcare systems. Last but 

not least, the guideline developers should be aware of the limitations during the 

implementation of the suggested guidelines within the healthcare systems (39,40). 

 Regarding the scores of the “Editorial independence” domain it should be 

highlighted that it can prove difficult to find members for the review process during the 

guideline development who are being acknowledged as experts in a specific field, yet they 

are not included to the editors. This is quite important when it comes to topics that we 

lack high-quality data, such as in the management of the antithrombotic therapy 

perioperatively, especially in high-bleeding risk environment. However, it proves to be of 

outmost importance to maintain the editorial independence, since the interference with 

that process could bias the results. Hence, the transparency in the “disclosures” may 
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mitigate this conflict. In our study the medium to high scores of “Editorial independence” 

indicate that the available guidelines lack bias in this domain. More specifically, Albaladejo 

had the lower scores (46%), however there was a disclosure of interest, regarding 

unrestricted grants from various medical companies. On the contrary, Madhugiri, Douketis 

and de Hert had the higher scores (100%) in this domain. 

 It seems mandatory for the CPGs and CPRs to identify the obstacles during the 

application of their recommendations and to demonstrated how they could be 

implemanted in the everyday clinical routine. Likewise, in order to upgrade the 

“Applicability” domain scores the auditing criteria should be demonstrated in the 

guidelines. Moreover, detailed information of the target users of the CPGs and CPRs and 

more information regarding the implementation of the views and the preferences of the 

patients could improve the “Stakeholder involvement” domain. Based on the results of this 

meta - analysis it seems that additional modifications may improve the quality of the 

recommendations and methods of the available CPGs and CPRs 

6.2 Key features and summary of the CPGs and CPRs 

Fleisher et al, 2014 

 With respect to the patient that undergoes elective noncardiac surgery these 

guidelines focused on patients treated with antiplatelet agents (45). The recommendations 

are mostly based on consensus of experts’ opinion, small or retrospective studies and 

registries and were rated as “level of evidence C” (45). The guideline panel consists of 17 

physicians mainly from cardiovascular specialties and their conflict of interests were 

displayed. 

 The key clinical settings discussed are the perioperative management of 

monotherapy and DAPT. The authors highlight the importance of a consensus decision 

among treating clinicians as to the relative periprocedural risks and the maintaining 

against the discontinuation of the antiplatelet therapy. The consensus between the treating 

physician and the patient with respect to the perioperative plan is also emphasized (45). 

 The authors address the importance of the continuation of the antiplatelet therapy 

when the increased cardiovascular risk cardiac outweighs the risk of hemorhage. 

Moreover, the significance of the maintenance of the DAPT for the first 4 to 6 weeks, 

according to the type of stent is highlighted. Last but not least, the authors point out the 

value of the consensus among the surgeon, the anaesthesiologist and the cardiologist who 

should evaluate the relative risk of bleeding against the risk of thrombosis perioperatively 

(45). 

Narouze et al, 2018 (second edition) 

 With respect to the patient that undergo interventional spine procedures these 

guidelines focus on patients treated with both antiplatelet and anticoagulant agents (42). 

The guideline panel include 124 physicians. Eighty four percent of the members are 
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anaesthesiologists, while the rest of them are neurological surgeons, orthopaedic 

surgeons, neurologists and physical medicine and rehabilitation physicians (42). Conflicts 

of all authors are listed in the publication. 

 The challenge of the classification of the interventional pain spine procedures, with 

respect to the potential risk of bleeding complications, is exceptionally acknowledged. 

Moreover, attention is drawn to the patient related bleeding risks. The authors recommend 

that the patients with high risk of bleeding (e.g. advanced age, bleeding tendency, 

concurrent use of antithrombotic agents, liver or renal diseases) that are presented for 

low- and/or intermediate-bleeding risk procedures should be treated as intermediate or 

high bleeding risk respectively (42). Table 30 (appendix) provides proposed classification 

of the invasive spine procedures according to the potential risk of serious bleeding and the 

summary of the proposed recommendations respectively. 

 Worth mentioning is that the authors affirm the lack of high quality, randomized, 

data regarding the management of procedures with high bleeding risk in patients receiving 

antithrombotic agents. Therefore, they acknowledge that it is not possible to provide 

strength and grading although the recommendations were extracted based on the current 

best available quality data (42). 

Summary of the CPGs and CPRs 

Table 31 (appendix) provides a summary of the proposed elective spinal procedure 

classification according to the potential risk of serious bleeding. Table 31 provides a 

summary of the proposed recommendations for the periprocedural management of the 

antithrombotic agents in the elective spinal settings. 

Antiplatelet agents 

As far as the the management of antiplatelets is concerned, the guidelines focus 

on aspirin and clopidogrel. However, there are specific recommendations regarding the 

rest of the antiplatelet agents, including the P2Y12 inhibitors, the phosphodiesterase 

inhibitors and the non-ASA NSAIDS. It is noteworthy that all guidelines emphasize the 

imperative value of the balance of the risk of bleeding against that of thromboembolic 

complications and the need for shared and patient centered decisions along with the 

neurosurgeons, the anaesthesiologists, the cardiologists and the prescribing physician. 

In general, the need for the discontinuation of all antiplatelet agents preoperatively 

in intermediate and high bleeding risk elective spinal procedures is highlighted. Especially 

when ASA is being prescribed for primary prophylaxis in the aforementioned settings it 

should be discontinued for at least 6 days. However, in secondary prophylaxis a shared 

and individualized assessment and risk stratification management of the antithrombotics, 

especially in high thrombotic risk is strongly advised. As far as the challenging 

management of DAPT it is concerned, it is advised that the elective spinal procedures 

should be deferred until the completion of the DAPT course and the that the decisions 
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should not be made from junior doctors. Resumption of antiplatelet therapy is 

recommended at least 28 hours postoperatively without a loading dose with respect to 

shared assessment and risk stratification. 

Anticoagulant agents 

The VKA, the LMWH and the DOACs are being discussed. Regarding the VKA the 

discontinuation of both the coumadins and acenocoumarol perioperatively for high and 

intermediate bleeding risk procedures is highly advised for at least 5 and 3 days 

respectively and until normal INR values have been achieved in the time of the spinal 

procedure. The reinstitution of the VKA therapy is advised at least 48 hours postoperatively 

and always after the adequate haemostasis has been confirmed by the neurosurgeon. 

Moving on to LMWHs, enoxaparin in prophylactic dose should be discontinued for at least 

12 hours, while when therapeutic doses are being used a 24 hours interval is strongly 

advised, along with the halfling of the last preoperative dose. The same recommendations 

as the therapeutic dose of enoxaparin are applied for dalteparin. Postoperatively, in 

intermediate and high bleeding risk procedures the reinstitution of LMHWs should be 

delayed for at least 48-72 hours and LMWHs should only be administrated after the 

adequate haemostasis has been confirmed and in half dose based on shared assessment 

if there are any concerns regarding the risk of bleeding. Lastly, at least a 5-half-life 

interval, adjusted for renal function, between discontinuation of any one of the DOACs in 

medium- and high-risk elective spinal interventionss is advised. Of note, for patients 

treated with any of the above mentioned anticoagulants and undergo low bleeding risk 

surgery the guidelines advise the shared assessment and risk stratification by a 

multidisciplinary experts’ team for the anticoagulants. 

6.3 Limitations and strengths 

A limitation of our meta - analysis could be the fact that we followed a more 

inclusive approach and a more extensive literature search. Our attempt was to present a 

comprehensive overview of the literature regarding the management of the antiplatelet 

and the anticoagulant agents in a predominantly high - bleeding risk environment. 

Therefore, we decided to include the 16 articles that our literature search produced with 

the search terms that was provided. Additionally, we decided to describe the key features 

of the two guidelines that fulfilled the criteria for the higher quality along with the higher 

interrater agreement. However, both percent agreement and Cohen’s kappa have strength 

and limitations. Cohen’s kappa was designed to exclude the possibility that ratters guessed 

on scores and thus it may lower the estimate of the agreement excessively as the 

assumptions it makes are not well supported (46). Nonetheless, experts suggest that “little 

confidence should be placed in the study results for any kappa below 0.60, as it indicates 

inadequate experts’ agreement”. In addition, the different background of the reviewers 
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(anaesthesia, neurosurgery) could strengthen the results in terms of a more 

multidisciplinary approach and increases patient safety. 

The AGREE II tool has also a number of limitations. Experts support that it is highly 

subjective and thus there is a chance for the score to be the lowest possible (1/7) for this 

key item if the answer is not clearly mentioned in the evaluated guidelines. Lastly, its 

domains are not weighted and due to the lack of clear threshold it may prove quite 

challenging for the appraiser to come to a unbiased conclusion regarding the accuracy of 

the CPGs and CPRs. 

To the best of our knowledge this is the first meta - analysis to summarize and 

critically assess the evidences on the management of the antiplatelet and anticoagulant 

agents in the elective spine surgery. Based on both a clinical and a methodological 

perspective we ought to emphasize the limitations and the strengths of the available 

evidences/recommendations in the field of the perioperative management of antiplatelet 

and anticoagulant agents in elective spine surgery. 
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7. Conclusions 

The perioperative management of antiplatelet and anticoagulant agents in elective 

spinal surgery proves to be challenging. Due to the lack of high quality data in this field, 

there is still uncertainty as to the optimal practices to balance the risk of thromboembolism 

against that of bleeding. Therefore, it is imperative to continue to develop level I evidences 

and use it to form methodologically sound guidelines with a rigorous, balanced and 

evidence – based process that involves all relevant stakeholders. To conclude with, the 

decisions regarding the complicated and challenging perioperative management of 

antithrombotic agents should be based on a multidisciplinary patient - centered approachs 

and should be made by a team of experts based on the current available guidelines. 
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Table 1. Basic characteristics of the antiplatelet agents (47)

Aspirin Clopidogrel Prasugrel Ticagrelor Cangrelor Eptifibatide Tirofiban Abciximab

Administration Oral Oral Oral Oral Intravenous Intravenous Intravenous Intravenous

Bioavailability 68% 50% 80% 36%

Plasma peak 

concentration

30-40 

minutes
1 hour

30 

minutes
1.5 hours Seconds

Dose 

dependent

Dose 

dependent

Dose 

dependent

Plasma half - 

life

15-30 

minutes
8 hours 7 hours 7 hours 2-5 minutes 10-15 minutes 2.5 hours 2 hours

Plasma protein 

binding
Strong Strong Strong Strong

Reversibility 

of platelet 

inhibition

No No No Yes Yes Yes Yes Yes
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Table 2. Bleeding risk of procedures (48)

Low Intermediate High

General - Orthopaedic - Urologic procedures

• Hernioplasty, plastic surgery of incisional 

hernias 

• Cholecystectomy, appendectomy, colectomy, 

gastric resection, intestinal resection 

• Breast surgery 

• Hand surgery, arthroscopy 

• Cystoscopy, stereoscopy

• H e m o r r h o i d e c t o m y, s p l e n e c t o m y, 

gastrectomy, bariatric surgery, rectal 

resection, thyroidectomy 

• Prosthetic shoulder, knee, foot surgery 

• Major spine surgery 

• Prostate biopsy, orchiectomy

• Hepat i c resec t i on , duodenoce fa l o -

pancreasectomy 

• Hip and proximal femur fracture surgery 

• Major pelvic surgery 

• Nephrectomy, cystectomy, TURP, TURBT, 

prostatectomy

Vascular procedures

• Carotid endarterectomy  

• Bypass or endarterectomy of lower 

extremity 

• EVAR, TEVAR 

• Limb amputation

Open abdominal aorta surgery Open thoracic and thoracoabdominal surgery

Cardiac procedures

• Mini-thoracotomy 

• TAVR (apical approach), OPCAB, CABG 

• Valve replacement

• Re-intervention 

• CABG in PCI failure 

• Endocarditis  

• Aortic dissection
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Figure 1. Thrombotic risk of the invasive procedure (50) 
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Table 3. Features of high - thrombotic risk after stent implantation (1)

• Chronic renal disease (Clearance of creatinine <60 mL/min)

• Diffuse atherosclerotic disease especially in patients suffering from diabetes mellitus

• History of stent thrombosis even under treatment with adequate antiplatelet therapy

• Placement of a stent on the last patent coronary vessel

• At least 3 lesions treated

• At least 3 stents implanted

• Two stents implanted in a bifurcation

• Stents implantation with total length > 60 mm

• Treatment of a chronic total occlusion
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Table 4. Increased Ischemic Risk Factors following Coronary Artery Stents implantation (50)

Clinical risk factors

• Acute Coronary Syndrome during the PCI

• Multiple previous myocardial infraction

• History of stent thrombosis even under treatment with adequate antiplatelet therapy

• Ejection fraction of the left ventricular < 35%

• Chronic renal disease

• Diabetes mellitus

Angiographic risk factors

• More than one or long stents (at least 3 stents or three lesions treated or total stent length >60 mm)

• Stents that overlap

• Diameter of stents <2.5 mm

• Two stents implanted in a bifurcation

• Extensive coronary artery disease

• Incomplete revascularization

• Treatment of chronic total occlusion
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Table 5. Risk of thrombosis in Acute Coronary Syndrome * (51)

Low <1% Intermediate 1-5% High >5%

Duration of Antiplatelet Therapy (months)

>12 >6 >12 6-12 3-6 <12 <6 <3

• PCI + BMS/

DES/DEB 

OR 

• CABG

Medical 

Treatment

• PCI + BMS/DES/

DEB or CABG and 

risk factors** 

• PCI + 1st 

generation DED 

(rapamycin, 

paclitacel) + 

bioasborbable 

vascular scaffold

• PCI + BMS/

DES/DEB 

OR 

• CABG

Medical 

Treatment

• PCI + BMS/DES/

DEB or CABG and 

risk factors** 

• PCI + 1st 

generation DED 

(rapamycin, 

paclitacel) + 

bioasborbable 

vascular scaffold

• PCI + BMS/

DES/DEB 

OR 

• CABG

Medical 

Treatment

BMS: bare metal stent; CABG: coronary artery bypass grafting; PCI: percutaneous coronary intervention; CRF: chronic renal failure; DEB: 

drug - eluting balloon; DES: drug - eluting stent DM: diabetes mellitus; HF: heart failure; LVEF: Left ventricular ejection fraction; TIA: 

transient ischemic attack. 

* Particular high risk of cardiovascular death and myocardial infraction during the first 30 days. 

** Risk factors: as stated above
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Table 6. Risk of thrombosis in Stable Coronary Artery Disease * (51)

Low <1% Intermediate 1-5% High >5%

Duration of Antiplatelet Therapy (months)

>12 >6 >12 6-12 3-6 <12 <6 <3

• PCI + BMS/

DES/DEB 

OR 

• CABG

Medical 

Treatment

• PCI + BMS/DES/

DEB or CABG 

and risk 

factors** 

• PCI + 1st 

generation DED 

(rapamycin, 

paclitacel) + 

bioasborbable 

vascular scaffold

• PCI + BMS/

DES/DEB 

OR 

• CABG

Medical 

Treatment

• PCI + BMS/DES/

DEB or CABG and 

risk factors** 

• PCI + 1st 

generation DED 

(rapamycin, 

paclitacel) + 

bioasborbable 

vascular scaffold

• PCI + BMS/

DES/DEB 

OR 

• CABG

Medical 

Treatment

BMS: bare metal stent; CABG: coronary artery bypass grafting; PCI: percutaneous coronary intervention; CRF: chronic renal failure; DEB: 

drug - eluting balloon; DES: drug - eluting stent DM: diabetes mellitus; HF: heart failure; LVEF: Left ventricular ejection fraction; TIA: 

transient ischemic attack. 

* Particular high risk of cardiovascular death and myocardial infraction during the first 30 days. 

** Risk factors: as stated above
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Table 7. Risk of thrombosis in Cerebrovascular Disease * (51)

Low <1% Intermediate 1-5% High >5%

Duration of Antiplatelet Therapy (months)

>12 >6 >12 6-12 3-6 <12 <6 <3

• Ischemic stroke 

• Carotid artery stenting

• Ischemic stroke 

• Carotid artery stenting

• Ischemic stroke 

• Carotid artery stenting

* Particular high risk of thrombosis during the first month (cardiovascular death and myocardial infraction).

Table 7. Risk of thrombosis in Peripheral Artery Disease * (51)

Low <1% Intermediate 1-5% High >5%

Duration of Antiplatelet Therapy (months)

>12 >6 >12 6-12 3-6 <12 <6 <3

Acute peripheral vascular 

event + revascularization with 

DES OR in chronic occlusions

Acute peripheral vascular 

event + revascularization with 

DES OR in chronic occlusions

Acute peripheral vascular 

event + revascularization with 

DES OR in chronic occlusions

DES: drug - eluting stent. 

* Particular high risk of cardiovascular death and myocardial infraction during the first 30 days.
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Table 9. Cardiovascular risk in patients treated with antiplatelet agents (47, 51)

Low - moderate Intermediate - high High - very high

• All the patients that do not fit to the 

“moderate to high” and high to very high” 

categories

• ACS more 12 months before the procedure 

• PCI/DES >6 months before the procedure 

• PCI/BMS >1 month before the procedure 

• CABG >6 weeks before the procedure 

• CVA/TIA >1 month before the procedure 

• Peripheral vascular disease

• ACS <12 months before the procedure 

• PCI/DES <6 months before the procedure 

• PCI/BMS <1 month before the procedure 

• CABG <6 weeks before the procedure 

• CVA/TIA <1 month before the procedure 

ACS: acute coronary syndrome; BMS: bare metal stent; CABG: coronary artery bypass grafting; PCI: percutaneous coronary intervention;  

DES: drug - eluting stent; CVA: cerebrovascular accident; TIA: transient ischemic attack.
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Figure 2. DAPT in coronary artery disease (52) 
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Figure 3. The pathogenesis of coronary artery stent thrombosis perioperatively (50) 
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Figure 4. “Combined ischemic risk” (50) 
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Figure 5. Perioperative management of antiplatelet therapy - General algorithm (51) 
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Table 10. Perioperative management of Dual Antiplatelet Therapy (DAPT) - Basic Principles (48)

Risk Thrombotic

Haemorrhagic Low <1% Intermediate 1-5% High >5%

Low

• Continue ASA 

• Stop P2Y12 receptor inhibitors 

• Reinstitute APT (24-72 hours) with 

a loading dose

• Do not continue with elective procedures 

• If the surgery cannot be deferred: 

✓Continue ASA 

✓S top P2Y12 r e c ep t o r i n h i b i t o r s 

Reinstitute APT (24-72 hours) with a 

loading dose

• Do not continue with elective procedures 

• If the surgery cannot be deferred; continue ASA and 

P2Y12 receptor inhibitors perioepratively

Intermediate

• Continue ASA 

• Stop P2Y12 receptor inhibitors 

• Reinstitute APT (24-72 hours) with 

a loading dose

• Do not continue with elective procedures 

• If the surgery cannot be deferred: 

✓Continue ASA 

✓Stop P2Y12 receptor inhibitors 

✓Reinstitute APT (24-72 hours) with a 

loading dose

• Do not continue with elective procedures 

• If the surgery cannot be deferred: 

✓Continue ASA 

✓Stop P2Y12 receptor inhibitors 

✓Reinstitute APT (24-72 hours) with a loading dose 

✓Consider the need to bridge with short - acting IV APT

High

• Continue ASA 

• Stop P2Y12 receptor inhibitors 

• Reinstitute APT (24-72 hours) with 

a loading dose

• Do not continue with elective procedures 

• If the surgery cannot be deferred: 

✓Continue ASA 

✓Stop P2Y12 receptor inhibitors 

✓Reinstitute APT (24-72 hours) with a 

loading dose

• Do not continue with elective procedures 

• If the surgery cannot be deferred: 

✓Continue ASA 

✓Stop P2Y12 receptor inhibitors 

✓Reinstitute APT (24-72 hours) with a loading dose 

✓Consider the need to bridge with short - acting IV APT

APT: antiplatelet therapy ASA: aspirin IV: intravenous
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Figure 6. DAPT in elective non-cardiac procedures (52)
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Figure 7. Antiplatelets in lower extremity disease (A) (52) 
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Figure 8. Antiplatelets in lower extremity disease (B) (52) 
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Figure 9. Antiplatelets in carotid artery stenosis (52) 
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Table 11. Short - acting intravenous bridging antiplatelet agents (48)

Tirofiban Eptifibatide Cangrelor

Onset of action Immediate Immediate Immediate

Platelet inhibition Potent Potent Potent

Half - life 120 minutes 150 minutes 3-5 minutes

Offset of action 4-6 hours 4-6 hours 1 hour

Ρ2Υ12 specific Ρ2Υ12 specific Not Ρ2Υ12 specific

Dose (no bolus)

0.1 µg/kg/min 

(0.05 µg/kg/min if the clearance 

of creatinine is < 50 mL/min)

2.0 µg/kg/min 

(0.1µg/kg/min if the clearance of 

creatinine is < 50 mL/min)

0.75 µg/kg/min 

(Dose adjustment for impaired 

renal function is not required)
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Figure 10. Essential perioperative time frames fro discontinuation and reinstitution of DAPT (52) 
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Figure 11. Proposed perioperative intravenous bridging algorithm (48) 
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Table 12. Basic platelet function tests for the evaluation of the effect of antiplatelets in the laboratory(53)

Conventional photometric aggregation Multiplate

Serum thromboxane B2 ROTEM platelet

VASP test PFA

VerifyNow TEG

Aggregation is mainly detected by changes in impedance PlateletMappringTM
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Table 13. Basic Anticoagulant Agents (47)

Oral Parental

Warfarin Dabigatran Apixaban Edoxaban Rivaroxaban UFH (s.c./i.v) LMWH (s.c.)
Fondaparinux 

(s.c.)

Biovailability 80% 6% 66% 62% 80% 30% 90% 100 hours

Half - life
20-60 

hours
12-14 hours

8-15 

hours

10-14 

hours
7-10 hours 1 hour 4 hours 17 hours

Duration of 

action from last 

dose

48-96 

hours
48 hours 24 hours 24 hours 24 hours

Dose dependent 

(s.c.)
Dose dependent 48-96 hours

Peak plasma 

concentration
Variable 2 hours

2.5-4 

hours
1-2 hours 1-3 hours 4 hours (s.c.) 3 hours 2 hours

Elimination Metabolism 80% renal
25% 

renal

50% 

renal

50% renal, 

50% hepatic

Reticulo-

endothelial 

system

Hepatic 

metabolism, 

renal excretion 

10%

Renal

Drug 

interaction

CYP2CP, 

CYP3A4, 

CYP1A2

P-GP inh
CYP3Y4, 

P-GP inh
P-GP inh

CYP3Y4, 

P-GP inh ή 

P-GP ind
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Figure 12. Two - day risk of major procedural bleeding (54) 
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Figure 13. Patient related bleed risk factors (55) 
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Table 14. Risk of thromboembolism (9)

Mechanical 

heart valve

Bileaflet aortic valve prosthesis 

(no AF or other risk factors for 

stroke)

Bileaflet aortic valve prosthesis plus one or 

more of the following: 

• AF, prior stroke or TIA 

• Arterial hypertension 

• Diabetes mellitus 

• Congestive heart failure 

• >75 years old

• Mitral valve prosthesis 

• Caged - ball or tilting disc aortic valve 

prosthesis 

• Stroke or TIA within 6 months 

Atrial 

Fibrillation  

(AF)

CHADS2 0 - 2 (no prior stroke or 

TIA)
CHADS2 3 - 4 

• CHADS2 5 - 6 

• Stroke or TIA within 3 months 

• Rheumatic valvular heart disease

Venous 

Thromboembol

ism (VTE)*

VTE beyond 12 months with no 

other risk factors

• VTE within the previous 3 - 12 months 

• Non- seve re t h romboph i l i a ( e . g . 

prothrombin gene mutation) 

• Recurrent VTE 

• Active cancer

• VTE within the previous 3 months 

• S e v e r e t h r o m b o p h i l i a ( e . g . 

antiphospholipid antibodies)

ΤΙΑ: transient ischemic attack 

*Patients who require surgery within the first three months following an episode of VTE are likely to benefit from delaying elective surgery, 

even if the delay is only for a few weeks
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Table 15: CHADS2 score (55)

Score

Congestive heart failure +1

Hypertension +1

Age >/=75 έτη +1

Diabetes Meliitus +1

Previous stroke/transient ischemic attack +2

Table 16: CHA2DS2-VASc score (5)

Score

Age <65: 0, 65-74: +1, >/=75: +2

Gender Female: +1, Male: 0

Congestive heart failure +1

Previous stroke/transient ischemic attack +1

Vascular disease +1

Diabetes Meliitus +1
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Figure 14. Perioperative management of anticoagulant therapy - Pathway decision algorithm (55) 
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Table 17. Plan for the discontinuation of warfarin pre-operatively (no bridging therapy is required) (9)

Days 

preoperatively
6 5 4 3 2 1 0

Warfarin
Take last dose 

of warfarin
No warfarin No warfarin No warfarin No warfarin No warfarin No warfarin

INR Check if INR < 1.5

Table 18. Plan for the discontinuation of warfarin pre-operatively and institution of enoxaparin (no bridging therapy is 

required) (9)

Days 

preoperatively
6 5 4 3 2 1 0

Warfarin
Take last dose 

of warfarin
No warfarin No warfarin No warfarin No warfarin No warfarin No warfarin

INR Check INR

Either 1 day prior, or morning of 

surgery: 

Check if INR < 1.5

Enoxaparin No enoxaparin No enoxaparin Start enoxaparin when INR is </=2
Stop enoxaparin 24 hours before 

procedure
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Table 19. Enoxaparin plan (9)

Creatinine clearance (CrCl) Dose*

If CrCl <30 mL/min Hematologist or renal physician help

If CrCl >/=30 mL/min

1 mg/kg subcutaneous injection twice daily 

OR 

1,5 mg/kg once daily

*Adjus doses for extremes of body weight

Table 20. Effect of DOACs on coagulation assays (9)

Dabigatran Rivaroxaban Apixaban

Unlikely
aPTT and thrombin time 

(ΤΤ) normal
PT normal

Normal PT DOES NOT exclude 

presence of therapeutic apixaban

Likely
aPTT and thrombin time 

(ΤΤ) prolonged
PT prolonged PT prolonged or normal

Specific assays
Dilute thrombin clotting 

time (Hemoclot assay)

Modified anti-Xa, specific for 

rivaroxaban
Modified anti-Xa, specific for Apixaban

Institutional Repository - Library & Information Centre - University of Thessaly
27/07/2024 08:53:29 EEST - 3.146.37.23



Institutional Repository - Library & Information Centre - University of Thessaly
27/07/2024 08:53:29 EEST - 3.146.37.23



Table 21. Perioperative plan for Dabigatran (9)

Dabigatran 

(110 or 150 mg twice a day)
Low bleeding risk surgery High bleeding risk surgery

CrCl >/=80 mL/min Last dose 1 day preoperatively Last dose 2 days preoperatively

CrCl 50-80 mL/min Last dose 1 - 2 days preoperatively Last dose 2 - 3 days preoperatively

CrCl 30-49 mL/min Last dose 48 - 72 hours preoperatively Last dose 4 days preoperatively

CrCl <30 mL/min Specialist advice is required

Table 22. Perioperative plan for Apixaban (9)

Apixaban 

(2.5 or 5 mg twice a day)
Low bleeding risk surgery High bleeding risk surgery

CrCl >/=50 mL/min Last dose 1 day preoperatively Last dose 2 - 3 days preoperatively

CrCl 30-50 mL/min Last dose 2 days preoperatively Last dose 3 days preoperatively

CrCl <30 mL/min Specialist advice is required
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Table 23. Perioperative plan for Rivaroxaban (9)

Rivaroxaban 

(15 or 20 mg once a day)
Low bleeding risk surgery High bleeding risk surgery

CrCl >/=50 mL/min Last dose 1 day preoperatively Last dose 2 - 3 days preoperatively

CrCl 30-50 mL/min Last dose 2 days preoperatively Last dose 3 days preoperatively

CrCl <30 mL/min Specialist advice is required

Table 24. Recommencing DOACs after a procedure (9)

Risk of major procedural bleeding 

(48 hours)
When to recommence DOACs

Low risk 

(0% - 2%)
Reinstitute 1 day postoperatively

High risk 

(2% - 4%)

Do not start therapeutic dosing until 2 to 3 days postoperatively 

Think about VTE prophylaxis when required
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Figure 15. Common Neurosurgical procedures and associated procedural bleeding risk (55) 
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Table 25. Search strategy 

 

Frame 

P (patients, 

participants, 

population) 

I 

(intervention) 

C (comparator / 

reference test) 

O 

(outcome) 
Time 

Mesh 

terms 

#1. Adults 

#2. “Anticoagulants” OR 

“venous 

thromboembolism, 

prevention” OR “venous 

thromboembolism, 

control” 

#3. “Guidelines” OR 

“Recommendations” 

# 4. English language 

#5.“Cranial 

surgery” OR 

“Spine surgery” 

#6. Any 

#7.“Risk of 

bleeding”, 

OR “Risk of 

coagulation” 

OR “other” 

The search 

period: 

1964 until 

March, 

2020 

Last 

search: 

(-) 

Search #1 AND #2 AND #3 AND #4 AND #5 AND #6 AND #7 

Exclusion 

Criteria 

Irrelevant title or abstract, Irrelevant full-text, Editorial, reviews, case-reports, meta-analysis, 

pediatric/neonatal studies, experimental/nonhuman studies, non –English studies, observational 

studies, experimental studies, editorials, letter to the editor 

Sources 
Databases (PubMed and Scopus) 

Reference list 
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Figure 16. Prisma flowchart 
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Table 26. Individual score of guidelines 

 

Recommendations 

Scope 

and 

purpose 

Stakeholder 

involvement 

Rigor 

of 

development 

Clarity 

of 

presentation 

Applicability 
Editorial 

independence 
Overall Average 

Albaladejo (2018) 0,83 0,56 0,17 0,81 0,44 0,46 0,50 0,54 

Goldier (2018) 0,83 0,28 0,42 0,92 0,50 0,50 0,63 0,58 

Madhugiri (2018) 1,00 0,00 0,23 1,00 0,17 1,00 0,81 0,60 

Rossini (2018) 0,94 0,50 0,56 0,81 0,56 0,54 0,63 0,65 

Armstrong (2013) 1,00 0,00 0,56 0,89 0,33 1,00 0,81 0,66 

Kozek (2016) 0,94 0,22 0,80 1,00 0,38 0,50 0,88 0,67 

Steffel (2018) 0,97 0,17 0,50 0,97 0,81 0,79 0,63 0,69 

Cec (2018) 1,00 0,53 0,31 1,00 0,73 0,50 0,81 0,70 

Bono (2009) 1,00 0,44 0,98 1,00 0,27 0,63 0,75 0,72 

Douketis (2012) 1,00 0,00 0,58 1,00 0,92 1,00 0,75 0,75 

Doherty (2017) 1,00 0,47 0,65 1,00 0,60 0,83 0,75 0,76 

Kristensen (2014) 1,00 0,75 0,55 1,00 0,65 0,67 0,75 0,77 

Narouze (2018) 0,94 0,58 0,78 0,97 0,56 0,83 0,81 0,78 

Fleisher (2014) 1,00 0,67 0,88 1,00 0,65 0,67 0,75 0,80 

Valgimigli (2018) 1,00 0,78 0,86 1,00 0,92 0,92 0,75 0,89 

Hert (2018) 1,00 0,75 0,93 1,00 0,83 1,00 0,75 0,89 
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Figure 17. AGREE II, elective spine procedures 
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Table 27. Summary scores on the topic 

 
 Value 

 Applicability 
Clarity of 

presentation 

Editorial 

independence 
Overall 

Rigor of 

development 

Scope 

and 

purpose 

Stakeholder 

involvement 

Valid  16  16  16  16  16  16  16  

Missing  0  0  0  0  0  0  0  

Median  0.5800  1.000  0.7300  0.7500  0.5700  1.000  0.4850  

Std. 

Deviation 
 0.2270  0.06718  0.2057  0.09430  0.2486  0.05808  0.2742  

Minimum  0.1700  0.8100  0.4600  0.5000  0.1700  0.8300  0.000  

Maximum  0.9200  1.000  1.000  0.8800  0.9800  1.000  0.7800  

25th 

percentile 
 0.4250  0.9575  0.5300  0.7200  0.4800  0.9400  0.2075  

50th 

percentile 
 0.5800  1.000  0.7300  0.7500  0.5700  1.000  0.4850  

75th 

percentile 
 0.7500  1.000  0.9400  0.8100  0.8150  1.000  0.6025  

  

 

 

 

Figure 18. Boxplots 
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Figure 19. 
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Table 28. Non – parametric ANOVA for comparison 

One-Way ANOVA (Non-parametric) 

Kruskal-Wallis 

  χ² df p ε² 

Value   64.3  6  < .001  0.579  

Dwass-Steel-Critchlow-Fligner pairwise comparisons between the 

AGREE-II domains 

  W p 

Applicability  Clarity of presentation  6.393  < .001  

Applicability  Editorial independence  2.592  0.526  

Applicability  Overall  2.820  0.419  

Applicability  Rigor of development  0.374  1.000  

Applicability  Scope and purpose  6.664  < .001  

Applicability  Stakeholder involvement  -2.215  0.704  

Clarity of presentation  Editorial independence  -4.263  0.041  

Clarity of presentation  Overall  -6.664  < .001  

Clarity of presentation  Rigor of development  -6.172  < .001  

Clarity of presentation  Scope and purpose  0.184  1.000  

Clarity of presentation  Stakeholder involvement  -6.933  < .001  

Editorial independence  Overall  -0.323  1.000  

Editorial independence  Rigor of development  -1.950  0.814  

Editorial independence  Scope and purpose  4.462  0.027  

Editorial independence  Stakeholder involvement  -4.249  0.042  

Overall  Rigor of development  -1.878  0.839  

Overall  Scope and purpose  6.869  < .001  

Overall  Stakeholder involvement  -5.102  0.006  

Rigor of development  Scope and purpose  6.282  < .001  

Rigor of development  Stakeholder involvement  -2.722  0.464  

Scope and purpose  Stakeholder involvement  -6.935  < .001  
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Table 29. Interobserver agreement 

  Weighted Cohen’s kappa 

N  16  

Missing  0  

Median  0.840  

Minimum  0.190  

Maximum  1.00  

25th percentile  0.665  

50th percentile  0.840  

75th percentile  0.982  

Interpretation: 

0-.20: No agreement 

0.21-0.39: Minimal agreement 

0.40-0.59: Weak agreement 

0.69-0.79: Moderate agreement 

0.80-0.90: Strong agreement 

Above 0.90: Almost perfect agreement 
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Terms and Conditions

INTRODUCTION

1. The publisher for this copyrighted material is Elsevier.  By clicking "accept" in connection
with completing this licensing transaction, you agree that the following terms and conditions
apply to this transaction (along with the Billing and Payment terms and conditions
established by Copyright Clearance Center, Inc. ("CCC"), at the time that you opened your
Rightslink account and that are available at any time at http://myaccount.copyright.com).

GENERAL TERMS

2. Elsevier hereby grants you permission to reproduce the aforementioned material subject to
the terms and conditions indicated.

3. Acknowledgement: If any part of the material to be used (for example, figures) has
appeared in our publication with credit or acknowledgement to another source, permission
must also be sought from that source.  If such permission is not obtained then that material
may not be included in your publication/copies. Suitable acknowledgement to the source
must be made, either as a footnote or in a reference list at the end of your publication, as
follows:

"Reprinted from Publication title, Vol /edition number, Author(s), Title of article / title of
chapter, Pages No., Copyright (Year), with permission from Elsevier [OR APPLICABLE
SOCIETY COPYRIGHT OWNER]." Also Lancet special credit - "Reprinted from The
Lancet, Vol. number, Author(s), Title of article, Pages No., Copyright (Year), with
permission from Elsevier."

4. Reproduction of this material is confined to the purpose and/or media for which
permission is hereby given.

5. Altering/Modifying Material: Not Permitted. However figures and illustrations may be
altered/adapted minimally to serve your work. Any other abbreviations, additions, deletions
and/or any other alterations shall be made only with prior written authorization of Elsevier
Ltd. (Please contact Elsevier’s permissions helpdesk here). No modifications can be made to
any Lancet figures/tables and they must be reproduced in full.

6. If the permission fee for the requested use of our material is waived in this instance,
please be advised that your future requests for Elsevier materials may attract a fee.

7. Reservation of Rights: Publisher reserves all rights not specifically granted in the
combination of (i) the license details provided by you and accepted in the course of this
licensing transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment
terms and conditions.

8. License Contingent Upon Payment: While you may exercise the rights licensed
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immediately upon issuance of the license at the end of the licensing process for the
transaction, provided that you have disclosed complete and accurate details of your proposed
use, no license is finally effective unless and until full payment is received from you (either
by publisher or by CCC) as provided in CCC's Billing and Payment terms and conditions.  If
full payment is not received on a timely basis, then any license preliminarily granted shall be
deemed automatically revoked and shall be void as if never granted.  Further, in the event
that you breach any of these terms and conditions or any of CCC's Billing and Payment
terms and conditions, the license is automatically revoked and shall be void as if never
granted.  Use of materials as described in a revoked license, as well as any use of the
materials beyond the scope of an unrevoked license, may constitute copyright infringement
and publisher reserves the right to take any and all action to protect its copyright in the
materials.

9. Warranties: Publisher makes no representations or warranties with respect to the licensed
material.

10. Indemnity: You hereby indemnify and agree to hold harmless publisher and CCC, and
their respective officers, directors, employees and agents, from and against any and all
claims arising out of your use of the licensed material other than as specifically authorized
pursuant to this license.

11. No Transfer of License: This license is personal to you and may not be sublicensed,
assigned, or transferred by you to any other person without publisher's written permission.

12. No Amendment Except in Writing: This license may not be amended except in a writing
signed by both parties (or, in the case of publisher, by CCC on publisher's behalf).

13. Objection to Contrary Terms: Publisher hereby objects to any terms contained in any
purchase order, acknowledgment, check endorsement or other writing prepared by you,
which terms are inconsistent with these terms and conditions or CCC's Billing and Payment
terms and conditions.  These terms and conditions, together with CCC's Billing and Payment
terms and conditions (which are incorporated herein), comprise the entire agreement
between you and publisher (and CCC) concerning this licensing transaction.  In the event of
any conflict between your obligations established by these terms and conditions and those
established by CCC's Billing and Payment terms and conditions, these terms and conditions
shall control.

14. Revocation: Elsevier or Copyright Clearance Center may deny the permissions described
in this License at their sole discretion, for any reason or no reason, with a full refund payable
to you.  Notice of such denial will be made using the contact information provided by you. 
Failure to receive such notice will not alter or invalidate the denial.  In no event will Elsevier
or Copyright Clearance Center be responsible or liable for any costs, expenses or damage
incurred by you as a result of a denial of your permission request, other than a refund of the
amount(s) paid by you to Elsevier and/or Copyright Clearance Center for denied
permissions.

LIMITED LICENSE

The following terms and conditions apply only to specific license types:

15. Translation: This permission is granted for non-exclusive world English rights only
unless your license was granted for translation rights. If you licensed translation rights you
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may only translate this content into the languages you requested. A professional translator
must perform all translations and reproduce the content word for word preserving the
integrity of the article.

16. Posting licensed content on any Website: The following terms and conditions apply as
follows: Licensing material from an Elsevier journal: All content posted to the web site must
maintain the copyright information line on the bottom of each image; A hyper-text must be
included to the Homepage of the journal from which you are licensing at
http://www.sciencedirect.com/science/journal/xxxxx or the Elsevier homepage for books at
http://www.elsevier.com; Central Storage: This license does not include permission for a
scanned version of the material to be stored in a central repository such as that provided by
Heron/XanEdu.

Licensing material from an Elsevier book: A hyper-text link must be included to the Elsevier
homepage at http://www.elsevier.com . All content posted to the web site must maintain the
copyright information line on the bottom of each image.

Posting licensed content on Electronic reserve: In addition to the above the following
clauses are applicable: The web site must be password-protected and made available only to
bona fide students registered on a relevant course. This permission is granted for 1 year only.
You may obtain a new license for future website posting.

17. For journal authors: the following clauses are applicable in addition to the above:

Preprints:

A preprint is an author's own write-up of research results and analysis, it has not been peer-
reviewed, nor has it had any other value added to it by a publisher (such as formatting,
copyright, technical enhancement etc.).

Authors can share their preprints anywhere at any time. Preprints should not be added to or
enhanced in any way in order to appear more like, or to substitute for, the final versions of
articles however authors can update their preprints on arXiv or RePEc with their Accepted
Author Manuscript (see below).

If accepted for publication, we encourage authors to link from the preprint to their formal
publication via its DOI. Millions of researchers have access to the formal publications on
ScienceDirect, and so links will help users to find, access, cite and use the best available
version. Please note that Cell Press, The Lancet and some society-owned have different
preprint policies. Information on these policies is available on the journal homepage.

Accepted Author Manuscripts: An accepted author manuscript is the manuscript of an
article that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and editor-author
communications.

Authors can share their accepted author manuscript:

immediately
via their non-commercial person homepage or blog
by updating a preprint in arXiv or RePEc with the accepted manuscript
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via their research institute or institutional repository for internal institutional
uses or as part of an invitation-only research collaboration work-group
directly by providing copies to their students or to research collaborators for
their personal use
for private scholarly sharing as part of an invitation-only work group on
commercial sites with which Elsevier has an agreement

After the embargo period
via non-commercial hosting platforms such as their institutional repository
via commercial sites with which Elsevier has an agreement

In all cases accepted manuscripts should:

link to the formal publication via its DOI
bear a CC-BY-NC-ND license - this is easy to do
if aggregated with other manuscripts, for example in a repository or other site, be
shared in alignment with our hosting policy not be added to or enhanced in any way to
appear more like, or to substitute for, the published journal article.

Published journal article (JPA): A published journal article (PJA) is the definitive final
record of published research that appears or will appear in the journal and embodies all
value-adding publishing activities including peer review co-ordination, copy-editing,
formatting, (if relevant) pagination and online enrichment.

Policies for sharing publishing journal articles differ for subscription and gold open access
articles:

Subscription Articles: If you are an author, please share a link to your article rather than the
full-text. Millions of researchers have access to the formal publications on ScienceDirect,
and so links will help your users to find, access, cite, and use the best available version.

Theses and dissertations which contain embedded PJAs as part of the formal submission can
be posted publicly by the awarding institution with DOI links back to the formal
publications on ScienceDirect.

If you are affiliated with a library that subscribes to ScienceDirect you have additional
private sharing rights for others' research accessed under that agreement. This includes use
for classroom teaching and internal training at the institution (including use in course packs
and courseware programs), and inclusion of the article for grant funding purposes.

Gold Open Access Articles: May be shared according to the author-selected end-user
license and should contain a CrossMark logo, the end user license, and a DOI link to the
formal publication on ScienceDirect.

Please refer to Elsevier's posting policy for further information.

18. For book authors the following clauses are applicable in addition to the above:  
Authors are permitted to place a brief summary of their work online only. You are not
allowed to download and post the published electronic version of your chapter, nor may you
scan the printed edition to create an electronic version. Posting to a repository: Authors are
permitted to post a summary of their chapter only in their institution's repository.

19. Thesis/Dissertation: If your license is for use in a thesis/dissertation your thesis may be
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submitted to your institution in either print or electronic form. Should your thesis be
published commercially, please reapply for permission. These requirements include
permission for the Library and Archives of Canada to supply single copies, on demand, of
the complete thesis and include permission for Proquest/UMI to supply single copies, on
demand, of the complete thesis. Should your thesis be published commercially, please
reapply for permission. Theses and dissertations which contain embedded PJAs as part of
the formal submission can be posted publicly by the awarding institution with DOI links
back to the formal publications on ScienceDirect.

 

Elsevier Open Access Terms and Conditions

You can publish open access with Elsevier in hundreds of open access journals or in nearly
2000 established subscription journals that support open access publishing. Permitted third
party re-use of these open access articles is defined by the author's choice of Creative
Commons user license. See our open access license policy for more information.

Terms & Conditions applicable to all Open Access articles published with Elsevier:

Any reuse of the article must not represent the author as endorsing the adaptation of the
article nor should the article be modified in such a way as to damage the author's honour or
reputation. If any changes have been made, such changes must be clearly indicated.

The author(s) must be appropriately credited and we ask that you include the end user
license and a DOI link to the formal publication on ScienceDirect.

If any part of the material to be used (for example, figures) has appeared in our publication
with credit or acknowledgement to another source it is the responsibility of the user to
ensure their reuse complies with the terms and conditions determined by the rights holder.

Additional Terms & Conditions applicable to each Creative Commons user license:

CC BY: The CC-BY license allows users to copy, to create extracts, abstracts and new
works from the Article, to alter and revise the Article and to make commercial use of the
Article (including reuse and/or resale of the Article by commercial entities), provided the
user gives appropriate credit (with a link to the formal publication through the relevant
DOI), provides a link to the license, indicates if changes were made and the licensor is not
represented as endorsing the use made of the work. The full details of the license are
available at http://creativecommons.org/licenses/by/4.0.

CC BY NC SA: The CC BY-NC-SA license allows users to copy, to create extracts,
abstracts and new works from the Article, to alter and revise the Article, provided this is not
done for commercial purposes, and that the user gives appropriate credit (with a link to the
formal publication through the relevant DOI), provides a link to the license, indicates if
changes were made and the licensor is not represented as endorsing the use made of the
work. Further, any new works must be made available on the same conditions. The full
details of the license are available at http://creativecommons.org/licenses/by-nc-sa/4.0.

CC BY NC ND: The CC BY-NC-ND license allows users to copy and distribute the Article,
provided this is not done for commercial purposes and further does not permit distribution of
the Article if it is changed or edited in any way, and provided the user gives appropriate
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1. Duration of License: Permission is granted for a one time use only. Rights herein do
not apply to future reproductions, editions, revisions, or other derivative works. This
permission shall be effective as of the date of execution by the parties for the
maximum period of 12 months and should be renewed after the term expires.

i. When content is to be republished in a book or journal the validity of this
agreement should be the life of the book edition or journal issue.

ii. When content is licensed for use on a website, internet, intranet, or any publicly
accessible site (not including a journal or book), you agree to remove the
material from such site after 12 months, or request to renew your permission
license
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which may be considered derogatory to the title, content, authors of the material, or to
Wolters Kluwer Health, Inc.

4. Indemnity: You hereby indemnify and hold harmless Wolters Kluwer Health, Inc. and
its respective officers, directors, employees and agents, from and against any and all
claims, costs, proceeding or demands arising out of your unauthorized use of the
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5. Geographical Scope: Permission granted is non-exclusive and is valid throughout the
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6. Copy of Content: Wolters Kluwer Health, Inc. cannot supply the requestor with the
original artwork, high-resolution images, electronic files or a clean copy of content.

7. Validity: Permission is valid if the borrowed material is original to a Wolters Kluwer
Health, Inc. imprint (J.B Lippincott, Lippincott-Raven Publishers, Williams &
Wilkins, Lea & Febiger, Harwal, Rapid Science, Little Brown & Company, Harper &
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8. Third Party Material: This permission does not apply to content that is credited to
publications other than Wolters Kluwer Health, Inc. or its Societies. For images
credited to non-Wolters Kluwer Health, Inc. books or journals, you must obtain
permission from the source referenced in the figure or table legend or credit line
before making any use of the image(s), table(s) or other content.

9. Adaptations: Adaptations are protected by copyright. For images that have been
adapted, permission must be sought from the rightsholder of the original material and
the rightsholder of the adapted material.

10. Modifications: Wolters Kluwer Health, Inc. material is not permitted to be modified
or adapted without written approval from Wolters Kluwer Health, Inc. with the
exception of text size or color. The adaptation should be credited as follows: Adapted
with permission from Wolters Kluwer Health, Inc.: [the author(s), title of book,
edition, copyright holder, year of publication] or [the author(s), titles of article, title of
journal, volume number, issue number, inclusive pages and website URL to the
journal page].

11. Full Text Articles: Republication of full articles in English is prohibited.
12. Branding and Marketing: No drug name, trade name, drug logo, or trade logo can be

included on the same page as material borrowed from Diseases of the Colon &
Rectum, Plastic Reconstructive Surgery, Obstetrics & Gynecology (The Green
Journal), Critical Care Medicine, Pediatric Critical Care Medicine, the American
Heart Association publications and the American Academy of Neurology publications.

13. Open Access: Unless you are publishing content under the same Creative Commons
license, the following statement must be added when reprinting material in Open
Access journals: "The Creative Commons license does not apply to this content. Use
of the material in any format is prohibited without written permission from the
publisher, Wolters Kluwer Health, Inc. Please contact permissions@lww.com for
further information."

14. Translations: The following disclaimer must appear on all translated copies: Wolters
Kluwer Health, Inc. and its Societies take no responsibility for the accuracy of the
translation from the published English original and are not liable for any errors which
may occur.

15. Published Ahead of Print (PAP): Articles in the PAP stage of publication can be
cited using the online publication date and the unique DOI number.

i. Disclaimer: Articles appearing in the PAP section have been peer-reviewed and
accepted for publication in the relevant journal and posted online before print
publication. Articles appearing as PAP may contain statements, opinions, and
information that have errors in facts, figures, or interpretation. Any final
changes in manuscripts will be made at the time of print publication and will be
reflected in the final electronic version of the issue. Accordingly, Wolters
Kluwer Health, Inc., the editors, authors and their respective employees are not
responsible or liable for the use of any such inaccurate or misleading data,
opinion or information contained in the articles in this section.

16. Termination of Contract: Wolters Kluwer Health, Inc. must be notified within 90
days of the original license date if you opt not to use the requested material.

17. Waived Permission Fee: Permission fees that have been waived are not subject to
future waivers, including similar requests or renewing a license.

18. Contingent on payment: You may exercise these rights licensed immediately upon
issuance of the license, however until full payment is received either by the publisher
or our authorized vendor, this license is not valid. If full payment is not received on a
timely basis, then any license preliminarily granted shall be deemed automatically
revoked and shall be void as if never granted. Further, in the event that you breach any
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of these terms and conditions or any of Wolters Kluwer Health, Inc.’s other billing and
payment terms and conditions, the license is automatically revoked and shall be void
as if never granted. Use of materials as described in a revoked license, as well as any
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(collectively "WILEY"). By clicking "accept" in connection with completing this licensing
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license. Permission is granted subject to an appropriate acknowledgement given to the
author, title of the material/book/journal and the publisher. You shall also duplicate the
copyright notice that appears in the Wiley publication in your use of the Wiley
Material. Permission is also granted on the understanding that nowhere in the text is a
previously published source acknowledged for all or part of this Wiley Material. Any
third party content is expressly excluded from this permission.

With respect to the Wiley Materials, all rights are reserved. Except as expressly
granted by the terms of the license, no part of the Wiley Materials may be copied,
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continuance of this Agreement. You agree that you own no right, title or interest in or
to the Wiley Materials or any of the intellectual property rights therein. You shall have
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license or interest to any trademark, trade name, service mark or other branding
("Marks") of WILEY or its licensors is granted hereunder, and you agree that you
shall not assert any such right, license or interest with respect thereto

NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR
REPRESENTATION OF ANY KIND TO YOU OR ANY THIRD PARTY,
EXPRESS, IMPLIED OR STATUTORY, WITH RESPECT TO THE MATERIALS
OR THE ACCURACY OF ANY INFORMATION CONTAINED IN THE
MATERIALS, INCLUDING, WITHOUT LIMITATION, ANY IMPLIED
WARRANTY OF MERCHANTABILITY, ACCURACY, SATISFACTORY
QUALITY, FITNESS FOR A PARTICULAR PURPOSE, USABILITY,
INTEGRATION OR NON-INFRINGEMENT AND ALL SUCH WARRANTIES
ARE HEREBY EXCLUDED BY WILEY AND ITS LICENSORS AND WAIVED
BY YOU. 

WILEY shall have the right to terminate this Agreement immediately upon breach of
this Agreement by you.

You shall indemnify, defend and hold harmless WILEY, its Licensors and their
respective directors, officers, agents and employees, from and against any actual or
threatened claims, demands, causes of action or proceedings arising from any breach
of this Agreement by you.

IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR
ANY OTHER PARTY OR ANY OTHER PERSON OR ENTITY FOR ANY
SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT, EXEMPLARY OR
PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING OUT OF OR IN
CONNECTION WITH THE DOWNLOADING, PROVISIONING, VIEWING OR
USE OF THE MATERIALS REGARDLESS OF THE FORM OF ACTION,
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LIMITATION, DAMAGES BASED ON LOSS OF PROFITS, DATA, FILES, USE,
BUSINESS OPPORTUNITY OR CLAIMS OF THIRD PARTIES), AND WHETHER
OR NOT THE PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES. THIS LIMITATION SHALL APPLY NOTWITHSTANDING ANY
FAILURE OF ESSENTIAL PURPOSE OF ANY LIMITED REMEDY PROVIDED
HEREIN. 

Should any provision of this Agreement be held by a court of competent jurisdiction
to be illegal, invalid, or unenforceable, that provision shall be deemed amended to
achieve as nearly as possible the same economic effect as the original provision, and
the legality, validity and enforceability of the remaining provisions of this Agreement
shall not be affected or impaired thereby. 

The failure of either party to enforce any term or condition of this Agreement shall not
constitute a waiver of either party's right to enforce each and every term and condition
of this Agreement. No breach under this agreement shall be deemed waived or
excused by either party unless such waiver or consent is in writing signed by the party
granting such waiver or consent. The waiver by or consent of a party to a breach of
any provision of this Agreement shall not operate or be construed as a waiver of or
consent to any other or subsequent breach by such other party. 

This Agreement may not be assigned (including by operation of law or otherwise) by
you without WILEY's prior written consent.

Any fee required for this permission shall be non-refundable after thirty (30) days
from receipt by the CCC.

These terms and conditions together with CCC's Billing and Payment terms and
conditions (which are incorporated herein) form the entire agreement between you and
WILEY concerning this licensing transaction and (in the absence of fraud) supersedes
all prior agreements and representations of the parties, oral or written. This Agreement
may not be amended except in writing signed by both parties. This Agreement shall be
binding upon and inure to the benefit of the parties' successors, legal representatives,
and authorized assigns. 

In the event of any conflict between your obligations established by these terms and
conditions and those established by CCC's Billing and Payment terms and conditions,
these terms and conditions shall prevail.

WILEY expressly reserves all rights not specifically granted in the combination of (i)
the license details provided by you and accepted in the course of this licensing
transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment terms
and conditions.

This Agreement will be void if the Type of Use, Format, Circulation, or Requestor
Type was misrepresented during the licensing process.

This Agreement shall be governed by and construed in accordance with the laws of
the State of New York, USA, without regards to such state's conflict of law rules. Any
legal action, suit or proceeding arising out of or relating to these Terms and Conditions
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hereby consents and submits to the personal jurisdiction of such court, waives any
objection to venue in such court and consents to service of process by registered or
certified mail, return receipt requested, at the last known address of such party.

WILEY OPEN ACCESS TERMS AND CONDITIONS

Wiley Publishes Open Access Articles in fully Open Access Journals and in Subscription
journals offering Online Open. Although most of the fully Open Access journals publish
open access articles under the terms of the Creative Commons Attribution (CC BY) License
only, the subscription journals and a few of the Open Access Journals offer a choice of
Creative Commons Licenses. The license type is clearly identified on the article.

The Creative Commons Attribution License

The Creative Commons Attribution License (CC-BY) allows users to copy, distribute and
transmit an article, adapt the article and make commercial use of the article. The CC-BY
license permits commercial and non-

Creative Commons Attribution Non-Commercial License

The Creative Commons Attribution Non-Commercial (CC-BY-NC)License permits use,
distribution and reproduction in any medium, provided the original work is properly cited
and is not used for commercial purposes.(see below)

Creative Commons Attribution-Non-Commercial-NoDerivs License

The Creative Commons Attribution Non-Commercial-NoDerivs License (CC-BY-NC-ND)
permits use, distribution and reproduction in any medium, provided the original work is
properly cited, is not used for commercial purposes and no modifications or adaptations are
made. (see below)

Use by commercial "for-profit" organizations

Use of Wiley Open Access articles for commercial, promotional, or marketing purposes
requires further explicit permission from Wiley and will be subject to a fee.

Further details can be found on Wiley Online Library
http://olabout.wiley.com/WileyCDA/Section/id-410895.html
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