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8.1            Antiplatelet agents 

8.1.1     Introduction 

 Perioperative management of antiplatelet (AP) drugs is a major challenge. Dual AP 
therapy (aspirin plus clopidogrel, prasugrel, or ticagrelor) is the key to preventing 
myocardial infarction (MI) after acute coronary syndrome (ACS) or stent thrombo-
sis (ST) following the implant of bare-metal (BMS) or drug-eluting stents (DES). In 
this population, platelet inhibition in the perioperative period is particularly impor-
tant because of the increased platelet activity associated with the postoperative 
acute infl ammatory response. Unfortunately, AP drugs also increase the risk of sur-
gical bleeding. The key question is whether the risk of thrombosis when AP agents 
are withdrawn is higher than the risk of hemorrhage when they are maintained. 
Current recommendations are based on the results of highly reliable cardiologic tri-
als (level of evidence A) and on large observational or prospective studies collected 
in surgery and anesthesiology (level of evidence B). Taken together, these data can 
be considered as adequate for defi ning the safest possible strategy.  
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8.1.2     Antiplatelet Therapy 

 The different AP agents are classifi ed according to the type of receptor they inhibit 
on the platelet (Fig.  8.1 ). Their pharmacology is described in Tables  8.1  and  8.2 . At 
doses of 50–160 mg/day, aspirin completely inhibits the cyclooxygenase-1  (COX- 1) 
enzyme which converts arachidonic acid to thromboxane A2 (TXA 2 ), the ligand for 
the homonymous platelet receptor. However, 6–10 % of the population shows a low 
response to aspirin treatment, resulting in insuffi cient platelet inhibition. In some 
patients, this is due to insuffi cient inhibition of the COX-1 enzyme by aspirin. Yet 
in others, due to a predominance of alternative activation pathways (e.g., ADP, 
thrombin), the platelet function remains normal in spite of suffi cient COX-1 inhibi-
tion. Competitive interaction with nonsteroidal anti-infl ammatory drugs (NSAIDs) 
may also reduce aspirin effi ciency (Patrono and Rocca  2010 ).

     Clopidogrel (Plavix™, Iscover™) is a prodrug which is oxidized into an active 
metabolite in a two-step process by hepatic cytochromes. This metabolite irrevers-
ibly blocks the adenosine diphosphate (ADP) receptor (P2Y12) and reduces platelet 
activity by 50–60 % (Hall and Mazer  2011 ). Clopidogrel’s effi ciency may be 
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  Fig. 8.1    Classifi cation of the different AP agents. Blockers of von Willebrand factor/adhesion 
molecules and thrombin receptor blockers are under investigation (Adapted with permission from 
  www.pac4.ch    ).  ADP  adenosine diphosphate,  cAMP  cyclic adenosine monophosphate,  COX-1  
cyclooxygenase-1,  Fib  fi brinogen,  inhib  inhibitor,  NSAID  nonsteroidal anti-infl ammatory drug, 
 TXA   2   thromboxane A 2 ,  vWF  von Willebrand factor       
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lowered because of competition for the same cytochromes by midazolam, fl uox-
etine, some lipophilic statins (particularly atorvastatin), and some proton pump 
inhibitors (particularly omeprazole). Although the evidence for an increase in car-
diovascular complications is modest, it is safer to avoid the administration of atorv-
astatin, omeprazole, and clopidogrel simultaneously (Bates et al.  2011 ). There are 
no major differences in terms of bleeding between aspirin and clopidogrel mono-
therapy. After cessation of aspirin or clopidogrel, bleeding time and global platelet 
activity return to baseline levels in 5 days (Bhatt et al.  2006 ). 

 Up to 30 % of patients respond poorly to clopidogrel. One reason is polymor-
phism in the genes that code the hepatic enzymes involved in the synthesis of the 
active metabolite. Patients with abnormal alleles are 1.6–3.5 times more likely to 
experience cardiovascular complications and stent thrombosis when treated with 
clopidogrel (Mega et al.  2010 ). Patients who maintain a residual platelet activity 
after a loading dose of clopidogrel are four to six times more likely to suffer infarc-
tion and stent thrombosis than normal responders (Aradi et al.  2010 ) (Fig.  8.2 ). 

 Compared to clopidogrel, prasugrel (Effi ent™) is faster acting, is more potent, 
and has a much lower rate of low responders. It is more effi cient in diabetics and 
patients with ST-elevation MI and is twice as effi cient in preventing stent 

   Table 8.1    Activity and route of administration of antiplatelet drugs   

 Receptor 
 Link with 
receptor  Biotransformation  Route 

 Aspirin  COX-1 (TXA 2 )  Irreversible  None  Oral 
 Clopidogrel  ADP P2Y 12   Irreversible  P450 (liver, 2-steps)  Oral 
 Prasugrel  ADP P2Y 12   Irreversible  P450 (liver)  Oral 
 Ticagrelor  ADP P2Y 12   Reversible  None  Oral 
 Abciximab  GP IIb/IIIa  Irreversible  None  Intravenous 
 Tirofi ban  GP IIb/IIIa  Reversible  None  Intravenous 
 Eptifi batide  GP IIb/IIIa  Reversible  None  Intravenous 

  Adapted with permission from   www.pac4.ch      

   Table 8.2    Pharmacokinetics of antiplatelet drugs   

 Loading dose  Maintenance dose 
 Time-to- peak 
effect  Half-life 

 Aspirin  160–325 mg  50–160 mg/day  <1 h  <1 h a  
 Clopidogrel  300–600 mg  75 mg/day (150 mg/day)  3 (600)–6 h 

(300 mg) 
 7.5 h (metab <1 h) a  

 Prasugrel  60 mg  10 mg/day  1 h  3.7 h (metabolite) a  
 Ticagrelor  180 mg  2 × 90 mg/day  2 h  7–10 h 
 Abciximab  0.25 mg/kg  0.125 mcg/kg/min  2 h  23 h 
 Tirofi ban  0.4 mcg/kg/min  0.1 mcg/kg/min  15 min  2.0 h 
 Eptifi batide  180 mcg/kg  2.0 mcg/kg/min  10 min  2.5 h 

  Adapted with permission from   www.pac4.ch     
  Perf  continuous perfusion,  Iv  intravenous,  Metab  metabolite 
  a The pharmacological half-life does not correspond to the clinical effect for irreversibly blocking 
agents because termination of clinical activity relies on platelet renewal (10 %/day)  
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thrombosis. However, it does increase the risk of spontaneous hemorrhage 1.5 times 
and of surgical bleeding up to four times (Wiviott et al.  2007 ). Considering its 
potency, prasugrel cessation 7 days before surgery is recommended. 

 Ticagrelor (Brilinta™, Brilique™, Possia™) is a powerful and reversible ADP 
receptor blocker. One hour after a loading dose, 80 % of platelet activity is inhibited 
and after cessation, it takes 3 days for platelet function to recover (Gurbel et al. 
 2009 ). Ticagrelor is more effi cient than clopidogrel in preventing stent thrombosis, 
yet does not increase the hemorrhagic risk (Wallentin et al.  2009 ). Because some 
patients produce a long-acting metabolite, it is recommended to stop ticagrelor 5 
days before an operation.

   Cangrelor is an intravenous fast onset and offset drug, which will be useful for 
preoperative substitution of long-acting agents. It abolishes platelet aggregation but 
allows a complete recovery of platelet activity within 1–3 h of stopping the perfu-
sion (Angiolillo et al.  2012 ). 

 Dual AP therapy is essential after ACS or stent implantation because vascular 
lesions and stents behave like unstable plaques if they are not fully covered by a 
cellular layer. It takes 6 weeks for the frame of a BMS to become covered by smooth 
muscle cells and 3 months to be protected by a normal endothelium. DES have a 
slower endothelialization rate: 20 % at 3 months and 60 % at 1 year (Joner et al. 
 2006 ). Thus, the minimal duration of dual AP therapy following implantation is 6 
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  Fig. 8.2    Rate of major adverse cardiac events (MACE,  in blue ) after percutaneous coronary inter-
vention and stenting according to the residual platelet activity after a loading dose of aspirin and 
clopidogrel. Since adverse events cluster in the highest quartile (Q4), there is a larger benefi t to 
decrease platelet activity from Q4 to 50 % than from 50 % to Q1. The curve for hemorrhagic risk 
( in red ) is mirrorlike and varies in the opposite direction. These two curves determine an optimal 
window with the best combination of minimal risk of bleeding and maximal platelet inhibition 
(Adapted with permission from Price ( 2009 ))       
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weeks for BMS and 12 months for DES (Table  8.3 ) (Task Force on Myocardial 
Revascularization of the European Society of, the European Association for Cardio- 
Thoracic et al.  2010 ). These periods can be prolonged beyond 1 year for high-risk 
stents (DES implanted in dominant, ostial, or bifurcated positions) and high-risk 
patients (previous ST, diabetes, cardiac or renal failure). Late DES thrombosis is a 
rare (0.6 %/year) but catastrophic event with a mortality of 9–45 % since it leads to 
the acute interruption of fl ow in a previously normal vessel (Dangas et al.  2011 ). 
New-generation DES have a faster rate of endothelialization and a lower incidence 
of ST; depending on the type of stent, the duration of dual AP therapy is 6–12 
months.

8.1.3        Withdrawal of AP Agents 

 Cessation of AP therapy is associated with an increased mortality and ischemic risk: 
the shorter the duration, the higher the complication rate. Aspirin withdrawal is 
associated with an increased risk of cardio- and cerebrovascular complications 
(Biondi-Zoccai et al.  2006 ). Cases of acute DES thrombosis following aspirin with-
drawal have been reported more than 3 years after stent implantation (Artang and 
Dieter  2007 ; Fujimoto et al.  2009 ). Thrombotic events peak 7 days after interrup-
tion, whatever the duration of treatment (Eisenberg et al.  2009 ). Therefore, aspirin 
should be a lifelong therapy, never interrupted (Task Force on Myocardial 
Revascularization of the European Society of, the European Association for Cardio- 
Thoracic et al.  2010 ). Stopping clopidogrel is the most signifi cant independent pre-
dictor for ST (Gaglia and Waksman  2011 ). During the fi rst 6 months of therapy, the 
average delay between clopidogrel cessation and ST is 9 days (Schulz et al.  2009 ). 
Although the usefulness of prolonging dual therapy beyond 1 year remains unset-
tled, there is clear clinical evidence that its cessation during that fi rst year is exceed-
ingly dangerous (Valgimigli et al.  2012 ). 

   Table 8.3    Recommended duration of antiplatelet therapy   

 Aspirin (75–325 mg/day): lifelong therapy, without interruption 
 Dual therapy: aspirin plus clopidogrel (75–150 mg/day) or prasugrel (10 mg/day) or ticagrelor 
(90 mg 2×/day) 
  Simple angioplasty without stenting  4–6 weeks 
  PCI and bare-metal stents  Min 6 weeks, optimally 6–12 months 
  Myocardial infarction  Minimum 6 months 
  Acute coronary syndrome (unstable)  12 months 
  PCI and drug-eluting stents (fi rst generation)  Minimum 12 months 
   PCI and drug-eluting stents (second to third 

generation): 
 6–12 months 

  High-risk situations  >12 months, occasionally lifelong 

  Adapted with permission from   www.pac4.ch     
  PCI  percutaneous coronary intervention  
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 The interruption of AP drugs is more hazardous in the perioperative period 
because of the ensuing increased platelet stimulation and the acute systemic infl am-
matory reaction. Interruption is the major independent factor predicting cardiac 
complications after noncardiac surgery (Barash and Akhtar  2010 ). Stopping dual 
AP therapy to allow major surgery during the fi rst 3 months after angioplasty and 
stenting (BMS or DES) leads to an average cardiac mortality of 30–50 %, whereas 
it is ≤5 % when the treatment is maintained perioperatively (Sharma et al.  2004 ; 
Schouten et al.  2007 ; Nuttall et al.  2008 ; Rabbitts et al.  2008 ). Mortality is inversely 
related to the delay between revascularization and surgery (Fig.  8.3 ).

   The recommended delays between revascularization and noncardiac surgery are 
as follows:
•    Angioplasty without stenting: 2–4 weeks (vital surgery only).  
•   BMS and coronary artery bypass graft (CABG): 6 weeks for vital surgery and 

3 months for elective surgery.  
•   DES: >12 months for elective surgery; vital surgery could be performed within 

2–12 months under full AP therapy.     

8.1.4     Hemorrhagic Risk Linked to AP Agents 

 The body of evidence shows that aspirin or clopidogrel taken alone increase average 
blood loss by 20 % during noncardiac surgery (Chassot et al.  2007 ). Some opera-
tions can show a signifi cant increase in postoperative hemorrhage, such as 
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  Fig. 8.3    Schematic illustration of the relationship between mortality for noncardiac surgery and 
time since revascularization in case of perioperative interruption of dual antiplatelet therapy. 
During the fi rst 6 weeks after coronary artery bypass graft surgery ( CABG ), bare-metal stents 
( BMS ), or drug-eluting stents ( DES ), mortality is around 30 %. After BMS and CABG, it takes 
3 months    for postoperative mortality to reach the level of patients with no active coronary artery 
disease, whereas after DES the plateau of the curve is reached only after 12 months       
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tonsillectomy or transurethral prostatectomy. Life-threatening hemorrhage has only 
been reported in intracranial neurosurgery. A meta-analysis including 474 studies 
comparing surgical bleeding across all kinds of surgery reports no difference in 
mortality and complication rates between patients who took aspirin and those who 
did not (Burger et al.  2005 ). 

 With aspirin and clopidogrel dual therapy, the relative risk of bleeding increases 
by up to 50 %, as observed in orthopedic, vascular, abdominal, thoracic, urologi-
cal, and endoscopic surgery (Moore and Power  2004 ; Albaladejo et al.  2011 ; 
Chernoguz et al.  2011 ; Taylor et al.  2011 ). Although hemostasis is diffi cult and 
tedious, particularly because of the increased oozing from bones and raw tissues, 
surgical mortality and long-term morbidity are not increased. In series comparing 
general surgery with and without dual AP therapy, the transfusion rate is inconsis-
tently affected (relative increase: 4, 12, 16, and 17 %) (Wilson et al.  2003 ; 
Schouten et al.  2007 ; Rabbitts et al.  2008 ; Chernoguz et al.  2011 ). Aspirin and 
clopidogrel do not appear to cause an increase in surgical complications, except 
for surgery in a closed space (intracranial neurosurgery, surgery of the spinal 
canal or the posterior ocular chamber) or surgery associated with massive hemor-
rhage and diffi cult hemostasis. In these cases, clopidogrel, prasugrel, and ticagre-
lor should be interrupted or substituted by a short-acting agent (Chassot et al. 
 2007 ; Eberli et al.  2010 ). In cardiac surgery, the situation is more critical due to 
the full heparinization during heart-lung bypass: blood loss and reoperation for 
bleeding control are more than doubled; the transfusion rate is increased up to 
four times; however, mortality remains unchanged (Task Force on Myocardial 
Revascularization of the European Society of, the European Association for 
Cardio-Thoracic et al.  2010 ).  

8.1.5     Recommendations and Guidelines 

 Current recommendations are based on the safest possible management of the dan-
gers of discontinuing AP agents prematurely (Douketis et al.  2008 ; American 
Society of Anesthesiologists Task Force on Neuraxial et al.  2009 ; Task Force on 
Myocardial Revascularization of the European Society of, the European Association 
for Cardio-Thoracic et al.  2010 ; Korte et al.  2011 ). They are illustrated as an algo-
rithm in Fig.  8.4  and are summarized in Table  8.4 .
•      Aspirin for primary prevention can be interrupted 5 days before surgery, except 

in high-risk cases, such as diabetics.  
•   Aspirin or clopidogrel monotherapy for secondary prevention after a stroke, 

ACS, MI, or coronary revascularization should be maintained throughout the 
perioperative period, whatever the duration of treatment.  

•   Aspirin plus dipyridamole dual therapy after stroke should be maintained 
throughout the perioperative period.  

•   Aspirin plus clopidogrel/prasugrel/ticagrelor dual therapy in patients with a low 
cardiovascular risk: maintain continuous treatment with aspirin; stop clopidogrel 
5 days, prasugrel 7 days, and ticagrelor 5 days before surgery; restart 
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clopidogrel/prasugrel/ticagrelor within 24 h after surgery, preferably with a load-
ing dose (if hemorrhagic risk is low).  

•   Aspirin plus clopidogrel/prasugrel/ticagrelor dual therapy in patients with high 
cardiovascular risk: delay elective surgery for 3 months after a stroke, BMS, or 
CABG, 6 months after acute coronary syndrome or infarction, and 12 months 
after DES. Beyond these delays: maintain aspirin; if clopidogrel/prasugrel/
ticagrelor is still prescribed, discuss with the cardiologist and the surgeon 
whether to stop or maintain. Delay vital or semi-urgent surgery for at least 6 
weeks if possible; maintain both aspirin and dual therapy.    
 During the fi rst 6 weeks after ACS or revascularization, the operative risk is 

exceedingly high – even higher than without coronary revascularization. The full 
benefi t of revascularization only manifests itself 3 months after BMS or CABG and 
12 months after DES, when mortality returns to the level of noncoronary patients. 
All elective operations should therefore be postponed beyond these delays. Only 
vital surgery should be performed on patients still on dual AP therapy; unless the 
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  Fig. 8.4    Algorithm for the preoperative management of patients under antiplatelet therapy. Low- 
risk conditions are depicted in  yellow , high-risk conditions in  red , and decisions in  magenta. 1  
High-risk stents: multiple stents, long stent, proximal location (left main), and bifurcation lesions; 
patients with previous stent thrombosis; stent in unique patent vessel.  2  Excessive risk of bleeding: 
invasive surgery associated with severe bleeding and diffi cult hemostasis, or bleeding in closed 
spaces (intracranial neurosurgery, intramedullary canal surgery, posterior eye chamber ophthalmic 
surgery).  3  The same recommendations apply to prasugrel and ticagrelor. In all cases, restart AP 
within 24 h postoperative.  BMS  bare-metal stent,  DES  drug-eluting stent,  ACS  acute coronary syn-
drome,  MI  myocardial infarction,  PCI  percutaneous coronary intervention,  CABG  coronary artery 
bypass graft surgery (Adapted with permission from   www.pac4.ch     and form Eberli et al. ( 2010 ))       
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   Table 8.4    Recommended preoperative management of patients under antiplatelet therapy accord-
ing to the hemorrhagic risk of surgery   

  Low-risk patient  
 >3 months after 
PCI, BMS, 
CABG or CVA 
 >6 months after 
ACS or MI 
 >12 months 
after regular 
DES 

  Intermediate risk  
 6–12 weeks after PCI, 
BMS, CABG, or CVA 
 3–6 months after MI or 
ACS 
 >12 months after 
high-risk DES 

  High-risk patient  
 <6 weeks after PCI, 
BMS, CABG, ACS, CVA 
 <3 months MI or ACS 
 <6 months after MI or 
ACS with complications 
 <12 months after DES 

  Low hemorrhagic risk  
 Transfusion not 
required 
 Peripheral and wall 
surgery, minor ENT and 
orthopedics, endoscopy 
without biopsy/
resection, eye anterior 
chamber, dentistry 

 Maintain aspirin 
or clopidogrel 

 Proceed with elective 
surgery: maintain 
aspirin 
 Maintain clopidogrel, 
prasugrel, or ticagrelor 
if prescribed 

 Postpone elective surgery 
 Proceed with vital/urgent 
surgery: maintain aspirin 
and clopidogrel, 
prasugrel, or ticagrelor 
without interruption 

  Intermediate risk  
 Transfusion may be 
required 
 Visceral and vascular 
surgery, major ENT and 
orthopedics, urology, 
endoscopy with biopsy/
resection 

 Maintain aspirin 
or clopidogrel 

 Postpone elective 
surgery according to 
risk balance 
 Proceed with vital 
surgery: maintain 
aspirin, maintain 
clopidogrel, prasugrel, 
or ticagrelor if 
prescribed 

 Postpone elective surgery 
 Proceed with vital 
surgery: maintain aspirin 
and clopidogrel, 
prasugrel, or ticagrelor 
without interruption 

  High hemorrhagic risk  
 Transfusion required 
 Cardiac surgery, surgery 
with massive bleeding 
 Surgery in closed space 
(intracranial, 
intramedullary canal, 
posterior eye chamber) 

 Stop aspirin or 
clopidogrel if 
necessary 
(5 days 
preoperatively) 
 Restart <24 h 
postoperatively 

 Postpone elective 
surgery 
 Proceed with vital/
urgent surgery: 
maintain aspirin 
 Stop clopidogrel 
(5 days), prasugrel 
(7 days), or ticagrelor 
(3–5 days) if 
prescribed, restart 
<24 h postoperatively 

    Postpone elective surgery 
 Proceed with vital/urgent 
surgery: maintain aspirin 
 Stop clopidogrel (5 days), 
prasugrel (7 days), 
ticagrelor (3–5 days). 
Substitution with 
tirofi ban or eptifi batide 
(3–4 days perfusion) 

  Adapted with permission from Chassot et al. ( 2010 ) and from   www.pac4.ch     
  ACS  acute coronary syndrome,  BMS  bare-metal stents,  CABG  coronary artery bypass graft,  CVA  
cerebrovascular accident,  DES  drug-eluting stent,  ENT  ear, nose and throat surgery,  MI  myocardial 
infarction,  PCI  percutaneous coronary intervention  

hemorrhagic risk is excessive, dual AP therapy should not be interrupted before 
surgery. Heparin and LMWHs have no AP activity and are not adequate substitutes 
for long-acting AP drugs since stent thrombosis is a platelet-mediated phenomenon. 
A bridge using a 3-day continuous perfusion of a short-acting anti-GP IIb/IIIa agent, 
such as eptifi batide or tirofi ban, is the only effective substitute for clopidogrel or 
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prasugrel, when aspirin is maintained (Savonitto et al.  2010 ). The perfusion can be 
stopped 6–8 h before surgery. After the operation, AP therapy should be resumed 
within the fi rst 24 h.  

8.1.6     Intraoperative Management 

 Intrathecal and epidural anesthesia are strictly contraindicated in case of dual AP 
therapy, although they are allowed in patients taking aspirin only, up to 325 mg/day 
(Gogarten et al.  2010 ). Although they undoubtedly improve patient comfort, their 
impact on cardiovascular outcomes is negligible. With a fi ve- to tenfold increase in 
MI, the risk linked to AP withdrawal is obviously much higher than the benefi t 
expected from neuraxial blockade. Stopping AP drugs in order to perform an intra-
thecal or epidural anesthesia is therefore clearly unjustifi ed. 

 Aspirin, clopidogrel, and prasugrel are irreversible blockers. Since they have no 
antidotes, platelet renewal (10 %/day) is the only way for platelet aggregation to 
return to normal. As soon as 50 % of platelets have been renewed, blood hemostasis 
functions normally. Therefore, 5–7 days without AP therapy are required to prevent 
excessive surgical bleeding. It is commonly accepted that a substance’s plasma level 
is negligible after 3 half-lives. Therefore, 24 h after the last intake of clopidogrel 
(half-life: 7.5 h) and 12 h after the last dose of prasugrel (half-life: 3.7 h), there is no 
residual AP activity in the plasma. Although the patient’s native platelets are still 
inhibited, the platelets transfused after these delays will function adequately. 

 After cessation of the reversible AP drug ticagrelor, platelet function recovers 
more rapidly compared to clopidogrel, since it is not dependent on platelet renewal. 
Yet, 48 h after interruption of either drug, platelets still show the same degree in 
inhibition. Only 3 days after cessation, ticagrelor shows a lower degree of inhibition 
than clopidogrel (Gurbel et al.  2009 ). 

 As a reversible drug, ticagrelor will be redistributed from circulating platelet 
receptors to the receptors of transfused platelets. Platelet transfusion my therefore 
not be effi cient to reverse the AP effect in emergency situations. 

 Postoperative stent thrombosis – usually manifested as an acute ST-elevation MI 
leading to cardiogenic shock – is an extreme emergency. It must be treated within 
3 h by PCI and angioplasty and has a survival rate of only 65 % (Berger et al.  2001 ).   

8.2     Anticoagulants 

8.2.1     Introduction 

 Anticoagulant therapy is an integral part of perioperative management. The mecha-
nisms of action of currently used anticoagulant drugs are described in Fig.  8.5 , and 
their effects on coagulation are listed in Table  8.5 .

    Patients can be prescribed prophylactic doses of anticoagulants to prevent venous 
thromboembolism. They can receive therapeutic doses of anticoagulants to treat or 
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prevent recurrence of a venous thromboembolism or to prevent stroke or systemic 
arterial embolism in a context of atrial fi brillation, heart failure, or after the place-
ment of prosthetic heart valves. 

 During the preoperative phase, the indications for anticoagulation therapy have 
to be confi rmed in order to determine, on one hand, the thrombotic risk in case of 
interruption and, on the other hand, the risk of bleeding when continuing anticoagu-
lation (Kearon et al.  2012 ). 

 Following this investigation, a detailed protocol comprising the pre-, peri-, and 
postoperative phases can be established. The urgency of the surgical procedure must 
also be taken into account when setting up of the protocol. 

 In this section, we will review existing anticoagulants and propose strategies for 
their use in a perioperative context.  

8.2.2     Heparins and Fondaparinux 

8.2.2.1     Introduction 
 Unfractionated heparin (UFH) and low-molecular-weight heparins (LMWH) are 
polysaccharides that bind to antithrombin (AT) and potentiate its inhibitory effect 
on thrombin (FIIa) and activated factor X (FXa) (Fig.  8.5 ). This effect varies accord-
ing to the type of heparin molecule used:
•    UFH predominantly potentiates anti-IIa activity.  
•   LMWHs predominantly potentiate anti-Xa activity.    

 Fondaparinux is a synthetic pentasaccharide that selectively binds and activates 
AT. It is too short a molecule to enable bridging between AT and thrombin; thus, it 
selectively potentiates the anti-Xa activation of AT without effecting thrombin; see 
Fig.  8.5  (Garcia et al.  2012 ).  

8.2.2.2     Monitoring 
 The anticoagulant response to UFH varies between patients; it is therefore standard 
practice to monitor UFH and adjust the dose based on the results of coagulation 
tests. When administered at therapeutic doses, the anticoagulant effect of UFH is 
usually monitored using the activated partial thromboplastin time (aPTT). Activated 
clotting time (ACT) allows monitoring of the higher UFH doses given in the context 
of PCI or cardiac surgery. A therapeutic aPTT range of 1.5–2.5 times the control 
time is widely accepted (Basu et al.  1972 ; Garcia et al.  2012 ). UFH levels can also 
be monitored using anti-Xa assays. “Heparin resistance” is a term used when 
patients require unusually high doses of heparin to achieve a therapeutic aPTT 
(Green et al.  1994 ; Levine et al.  1994 ; Anand et al.  1997 ; Garcia et al.  2012 ). Several 
mechanisms explain heparin resistance: AT defi ciency (Olson et al.  1998 ), increased 
UFH clearance (Hirsh et al.  1976 ; Green et al.  1994 ), high levels of heparin-binding 
proteins (Whitfi eld et al.  1983 ; Brey  1992 ), and elevated levels of FVIII (Edson 
et al.  1967 ; Levine et al.  1994 ) and/or fi brinogen (Edson et al.  1967 ). 

 Monitoring LMWH and fondaparinux is unnecessary, except in the contexts 
of obesity, renal failure, or pregnancy (Garcia et al.  2012 ). LMWH and 
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    Table 8.5    Effects of anticoagulants on coagulation tests   

 Anticoagulant  Target  aPTT  PT  INR  TT  Fibrinogen   d -dimers  Anti-Xa 
 Anti- 
IIa  

 Vitamin K 
antagonists 

 II, VII, IX, X, 
protein C and S 

 ↑  ↑  ↑  ↑  ↔  ↔  ↔  ↔ 

 Unfractionated 
heparin 

 IIa and Xa 
(AT-dependent) 

 ↑  ↔  ↔  ↑  ↔  ↔  ↑  ↑ 

 Low-
molecular- 
weight heparin 

 Mainly Xa 
(AT-dependent) 

 ↔  ↔  ↔  ↑  ↔  ↔  ↑  ↔ 

 Dabigatran  IIa a   ↑  ↑  ↑  ↑  ↔  ↔  ↔  ↑ 
 Rivaroxaban  Xa a   ↑  ↑  ↑  ↔  ↔  ↔  ↑  ↔ 
 Apixaban  Xa a   ↑  ↑  ↑  ↔  ↔  ↔  ↑  ↔ 

  Refs. Barrett et al. ( 2010 ), Pengo et al. ( 2011 ), Ageno et al. ( 2012 ), Asmis et al. ( 2012 ), Garcia 
et al. ( 2012 ), Samama et al. ( 2012 ) 
  AT  antithrombin, coagulation factors are indicated by roman numbers, the “a” suffi x stands for 
“activated” 
  a Free and bound form  

  Fig. 8.5    Anticoagulants and their targets (anticoagulation in the context of heparin-induced 
thrombocytopenia is presented in Chap.   7    ). Vitamin K antagonists produce their anticoagulant 
effect by interfering with the γ-carboxylation of the vitamin K-dependent factors II, VII, IX, and 
X ( in black ). Unfractionated heparin ( UFH ) is an indirect anticoagulant that binds to antithrombin 
( AT ), enhancing its ability to inhibit activated factor X (FXa), thrombin (FIIa), and other coagula-
tion factors. Low-molecular-weight heparins ( LMWH ) derived from UFH by chemical or enzy-
matic depolymerization and fondaparinux is a synthetic analog of the AT-binding pentasaccharide 
found in UFH and LMWH. Fondaparinux, too short to enable bridging between AT and thrombin, 
selectively potentiates the anti-FXa activity of AT. Similarly LMWHs only have a marginal impact 
on thrombin. Dabigatran is a direct, selective inhibitor of thrombin, hence independent of AT activ-
ity. Rivaroxaban and apixaban are direct, highly selective, factor Xa inhibitors. Clot-based assays 
comprise the prothrombin time ( PT ), the activated partial thromboplastin time ( aPTT ), and the 
thrombin time ( TT ).  PT  is used to assess the extrinsic and common pathways of coagulation. 
Clotting is initiated by recalcifying citrated plasma in the presence of thromboplastin (a mixture of 
tissue factor and phospholipids). In order to promote standardization of the PT, the World Health 
Organization (WHO) developed an international reference thromboplastin and recommends that 
the PT ratio be expressed as the  International Normalized Ratio  or  INR  to evaluate the effect of 
anti-vitamin K anticoagulants.  aPTT  is used to assess the integrity of the intrinsic coagulation 
pathway (prekallikrein, high-molecular-weight kininogen, factors XII, XI, IX, VIII) and fi nal com-
mon pathway (factors II, V, X, and fi brinogen). It is performed by recalcifying citrated plasma in 
the presence of a thromboplastic material that does not have tissue factor activity (hence the term 
partial thromboplastin) and a negatively charged substance (i.e., celite, kaolin, or silica).  TT  mea-
sures the fi nal step of the clotting pathway, the conversion of fi brinogen to fi brin. The test is per-
formed by recalcifying citrated plasma in the presence of dilute bovine or human thrombin 
(Adapted with permission from EHM Swiss Medical Publishers Ltd. Gavillet and Angelillo-
Scherrer ( 2012 ))       
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fondaparinux monitoring is done by measuring the peak anti-Xa level reached 
3–5 h after the subcutaneous injection of the anticoagulant. The anticoagulation 
is considered to be well adapted if the peak anti-Xa level is within the target 
range. In the context of renal failure, it is useful to measure the trough level in 
order to verify that the LMWH level is low enough to perform surgery without 
an augmented risk of bleeding. To lower the risk of prosthetic valve thrombosis 
in pregnant women receiving LMWH, the trough and peak anti-Xa levels can be 
measured to guide dose adjustments. In this context, the trough can be more use-
ful than the peak anti- Xa level for determining an adequate baseline anticoagu-
lant effect.  

8.2.2.3     Reversal 
 Protamine sulfate is a basic protein that was originally extracted from salmon testi-
cles. It displaces AT and neutralizes heparin by forming a complex with it, and it has 
a partial antagonist effect on LMWH. In the absence of heparin, protamine sulfate 
shows an anticoagulant effect. It is routinely used after cardiopulmonary bypass, 
but rarely for bleeding resulting from heparin administration. The administration of 
protamine sulfate can be associated with hemodynamic changes ranging from mild 
systemic hypotension to severe pulmonary hypertension with hemodynamic col-
lapse. Several mechanisms can contribute to these effects: direct protamine- induced 
histamine release, anaphylactic reactions (IgE mediated), and anaphylactoid reac-
tions (IgG mediated). The immune-mediated reactions can be based on anti-prot-
amine antibodies or on anti-heparin-protamine complex antibodies. It is generally 
recommended to slowly administer protamine through a peripheral venous line, 
since central venous administration could exacerbate the adverse reactions. Three 
elements need to be specifi ed in order to calculate a correct dosage:
    1.    Route of heparin administration (subcutaneous half-life > intravenous half-life)   
   2.    Type of heparin (half-life of LMWH > half-life of UFH)   
   3.    Delay between heparin administration and protamine sulfate administration     

 Dosage is also based on the fact that 1 mg of protamine sulfate inactivates 100 IU 
of heparin or 100 IU anti-Xa of LMWH. 

 When the clinical setting requires the neutralization of LMWH’s anticoagulant 
effect, the following approach is proposed (Garcia et al.  2012 ):
•    If LMWH was administered within 8 h, protamine sulfate must be given at a dose 

of 1 mg per 100 IU of anti-Xa activity up to a maximum single dose of 50 mg 
(1 mg enoxaparin equals approximately 100 IU anti-Xa).  

•   A second dose of 0.5 mg protamine sulfate per 100 IU anti-Xa should be pro-
vided if bleeding persists.  

•   Smaller doses of protamine sulfate can be administered if the time since LMWH 
administration is longer than 8 h.    
 It is important to accurately calculate the necessary protamine dose since it has 

an intrinsic anticoagulant effect, which may lead to increased bleeding in case of an 
overdose. Fondaparinux does not bind to protamine sulfate. If uncontrollable bleed-
ing occurs with fondaparinux, recombinant activated FVII may be effective 
(Bijsterveld et al.  2002 ).   
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8.2.3     Vitamin K Antagonists 

 Vitamin K antagonists (VKA) are classic oral anticoagulation drugs that generate the 
same effect as a vitamin K defi ciency. They include phenprocoumon, warfarin, and 
acenocoumarol. In elective perioperative settings, these drugs are replaced by UFH, 
LMWH, or fondaparinux, as these periods are associated with a thromboembolic risk 
of 0–2 % if VKA are interrupted (Mourelo et al.  2008 ) and a bleeding risk of 2–25 % 
if VKA are continued during surgery (Jaffer et al.  2010 ). There are several ways to 
reverse the anti-vitamin K effect. For elective surgery, the patient can simply stop 
taking VKA with overlapping treatment of LMWH. If surgery is more urgent, but not 
immediate, the patient can receive a vitamin K supplement, for example, 10 mg/day 
of intravenous vitamin K1. Finally, for same-day urgent surgery, prothrombin com-
plex concentrates (PCC) can be administered. For a 70 kg patient with an estimated 
plasma volume of 2,500 ml, the substitution dose is calculated as follows:

  
PTaimed PT measured% % / ,-( )éë ùû ´100 2 500    

  If the patient’s weight is signifi cantly different, the plasma volume can be esti-
mated according to the following formula:

  
Weight kg plasma volume ml( )´ = ( )40    

  For a durable reversible effect, vitamin K1 is associated with PCC. The duration 
of vitamin K1 administration depends on the VKA half-life.  

8.2.4     Novel Oral Anticoagulants 

8.2.4.1     Introduction 
 Novel oral anticoagulants (NOACs) specifi cally target either thrombin or FXa 
(Fig.  8.5 ). They have a rapid onset of action, few drug interactions, and predictable 
pharmacokinetics and pharmacodynamics, making routine coagulation monitoring 
unnecessary. However, there are situations in which assessment of the anticoagulant 
effect of OACs is important: these include hemorrhage or thrombosis occurring 
under anticoagulation, emergency surgery, polypharmacy, overdose, renal or liver 
failure, compliance monitoring, and extreme bodyweights. Moreover, NOACs 
affect routine coagulation tests (Table  8.5 ). 

 Management protocols of NOACs prior to elective surgery exist, but clinical 
experience is currently insuffi cient to provide solid guidelines on the management 
of emergencies including major bleeding in patients receiving NOACs. No specifi c 
antidotes are available at present.  

8.2.4.2     Pharmacology Review 
 Dabigatran is a selective, competitive, reversible, direct thrombin inhibitor. It is not 
absorbed by the intestine and therefore given as an absorbable prodrug, dabigatran 
etexilate (Pradaxa™) (Ageno et al.  2012 ). Its oral bioavailability is low 
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(approximately 6 %) (Stangier et al.  2007 ). Absorption of dabigatran etexilate is 
infl uenced by gastric pH; to optimize intestinal absorption, capsules contain tartaric 
acid (Connolly et al.  2009 ). The prodrug is converted into the active compound by 
plasma esterases. Peak plasma concentration is reached 1–2 h after intake. In healthy 
volunteers, the terminal half-life is ~9 h following a single dose and 12–17 h after 
repeated dosing (Stangier et al.  2007 ; Ageno et al.  2012 ). A steady-state level is 
reached in 2–3 days (Ageno et al.  2012 ). One-third of the circulating drug is bound 
to plasma proteins, and the drug is mainly cleared by the kidneys. Consequently, it 
is not recommended to administer the drug to patients with a creatinine clearance 
<30 ml/min. Similarly, the drug should not be prescribed to patients with severe 
liver failure and should be avoided in pregnant or lactating women. 

 Rivaroxaban (Xarelto™) specifi cally and competitively binds to the active site of 
FXa and prevents its interaction with prothrombin. Its bioavailability is high (80–
100 %). Peak plasma concentrations are reached after 2–4 h after intake, and the 
terminal half-life is between 5 and 13 h (Kubitza et al.  2005 ; Weitz  2010 ; Ageno 
et al.  2012 ). Plasma protein binding is high (92–95 %). One-third of the drug is 
secreted unchanged by the kidneys, and two-thirds undergo hepatic metabolization 
into inactive metabolites by cytochrome P450 CYP3A4. Rivaroxaban is also a sub-
strate of the transporter protein P-glycoprotein. Therefore, competition with other 
drugs for either CYP3A4 or P-glycoprotein could lead to clinically signifi cant drug 
interactions. The drug should not be prescribed to patients with creatinine clearance 
<30 ml/min (Patel et al.  2011 ), to patients with severe liver dysfunction, or to preg-
nant or lactating women. 

 Apixaban (Eliquis™) is a selective, reversible, direct FXa inhibitor. This active 
drug has a mean bioavailability of 52 %. Plasma concentration peaks 3–4 h after 
intake and elimination half-life is 9–14 h (Kubitza et al.  2005 ; Weitz  2010 ; Ageno 
et al.  2012 ). Plasma protein binding is high (about 87 %). Apixaban is eliminated by 
oxidative metabolism and renal (27 %) and intestinal routes (Zhang et al.  2009 ). 
Similarly to rivaroxaban, any drug interfering with either CYP3A4 or P-glycoprotein 
could lead to a clinically signifi cant drug interaction. Apixaban should not be pre-
scribed to patients with severe renal (creatinine clearance <15 ml/min) or hepatic 
failure. It should be avoided in pregnant or lactating women.  

8.2.4.3     Reversal Prior to Elective Surgery 
 The reversal strategy for dabigatran should take into account renal function. 
Creatinine needs to be checked – and the creatinine clearance calculated – several 
days before elective surgery. The interruption protocol for dabigatran further takes 
into account bleeding risk and type of surgery (Table  8.6 ). Thrombin time should be 
measured 6–12 h before surgery in patients at high risk of bleeding or if major sur-
gery is planned (van Ryn et al.  2010 ). A normal result would exclude any residual 
anticoagulant effect of dabigatran. If the thrombin time is prolonged, specifi c tests 
should be performed to assess dabigatran concentration (Stangier et al.  2007 ). 
Hemodialysis might be considered in patients with severe renal impairment and 
persistently elevated dabigatran plasma concentrations (van Ryn et al.  2010 ).

   For the direct FXa inhibitors, considering their short half-life, cessation of medi-
cation may be suffi cient to reverse the anticoagulant effect. However, we suggest 
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checking renal function and slightly modify the reversal protocol in case of renal 
failure (Table  8.6 ). Reversal can be monitored by measuring anti-FXa activity (spe-
cifi c assays) (Barrett et al.  2010 ; Samama et al.  2012 ).  

8.2.4.4    Reversal in an Emergency 
 There is no evidence-based strategy for emergency reversal of NOACs (Pengo et al. 
 2011 ; Ageno et al.  2012 ). In case of major bleeding, general measures comprise the 
following: the discontinuation of the NOAC; the initiation of appropriate clinical 
support, including mechanical compression and local as well as surgical hemosta-
sis; blood product transfusion; volume substitution; inotropic drugs; and mainte-
nance of adequate diuresis (Table  8.7 ). Transfusion of platelet concentrates might 
be proposed if thrombocytopenia is present or in case antiplatelet drugs have been 
administered. If the initial support described above is insuffi cient, PCCs, recombi-
nant FVIIa, or FEIBA™ (factor eight inhibitor bypass activity) might be infused 
empirically in cases of life-threatening bleeding or emergency surgery (Table  8.7 ). 
The decision to administrate these products should be based upon the clinical 

    Table 8.6    Reversal of novel anticoagulants prior to elective surgery   

 Rivaroxaban/apixaban  Dabigatran 
 Invasive 
procedures 

  High thromboembolic risk    High thromboembolic risk  
 Consider bridging with UFH/
LMWH 

 Consider bridging with UFH/LMWH 

 Start with parenteral 
anticoagulation 

 Start with parenteral anticoagulation 

 12–24 h after the last dose of 
rivaroxaban/apixaban 

 12–24 h after the last dose of dabigatran 

  Low thromboembolic risk or 
high bleeding risk  a  

  Standard bleeding risk  b  

 CrCl ≥50 ml/min: last dose of 
rivaroxaban ≥24 h before the 
procedure 

 CrCL ≥80 ml/min: stop dabigatran 24 h before 
the procedure 

 CrCl <50 ml/min: stop 
rivaroxaban at least 24–48 h 
before the procedure 

 CrCL 50–79 ml/min: stop dabigatran 1–2 days 
before the procedure 
 CrCL 30–49 ml/min: stop dabigatran 2–3 days 
before the procedure 
  High bleeding risk/major surgery  b  
 CrCL ≥80 ml/min: stop dabigatran 2 days 
before the procedure 
 CrCL 50–79 ml/min: stop dabigatran 2–3 days 
before the procedure 
 CrCL 30–49 ml/min: stop dabigatran 4 days 
before the procedure 

 Dental 
procedures 

 Most dental procedures can be performed without interrupting anticoagulation. 
However, the decision needs to be personalized for each patient 

  Be aware of drug-drug interactions that could infl uence the elimination of anticoagulants 
  UFH  unfractionated heparin,  LMWH  low-molecular-weight heparin,  CrCl  creatinine clearance 
  a From Ref. Pengo et al. ( 2011 ), Ageno et al. ( 2012 ) 
  b From Ref. Stangier et al. ( 2007 ), Gavillet and Angelillo-Scherrer ( 2012 )  
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situation and not on laboratory tests. It is important to realize that these products 
are highly prothrombotic and that their administration might be complicated by 
thrombotic events. Their use should therefore be limited to life-threatening situa-
tions. For dabigatran, reversal can be monitored by measuring the thrombin time 
(see Sect.  8.2.4.3 ). However, because this test is highly sensitive to dabigatran, an 
assessment of its concentration by specifi c tests would be more accurate (Stangier 
et al.  2007 ). For anti-Xa drugs, reversal can be monitored by measuring anti-Xa 
activity (Barrett et al.  2010 ; Samama et al.  2012 ). Hemodialysis could complete the 
reversal strategy for dabigatran (Warkentin et al.  2012 ).

8.2.5         Vena Cava Filters 

 The use of inferior vena cava fi lter is recommended in patients with acute proximal 
deep vein thrombosis and/or pulmonary embolism who have a contraindication to 
anticoagulants, i.e., an unacceptable risk of bleeding (Garcia et al.  2012 ). If the 
contraindication to anticoagulation is temporary (e.g., during active bleeding), it is 
possible to insert a temporary retrievable fi lter and remove it when anticoagulation 
treatment can be safely restarted. However, it is worth noting that most retrievable 
fi lters are not removed (Mismetti et al.  2007 ; Dabbagh et al.  2010 ; Jaff et al.  2011 ; 
Garcia et al.  2012 ). Furthermore, retrievable fi lters that do not get removed might 
display a higher complication rate than permanent fi lters (Mismetti et al.  2007 , 
p 223; Dabbagh et al.  2010 , p 493; Nicholson et al.  2010 , p 1827). 

    Table 8.7    Reversal of novel anticoagulants in emergency   

 Bleeding severity  Recommendations 
 Low  Delay the next dose of NOAC or stop the treatment 
 Moderate  Appropriate treatment of symptoms 

  Mechanical compression 
  Surgical hemostasis 
   Volume substitution, inotropic drugs, maintenance of an 

adequate diuresis 
  Blood product transfusion 

 Severe or failure of 
symptomatic treatments 

 1. Prothrombin complex concentrates (PCCs) 25–50 IU/kg IV 
 2.  Factor Eight Inhibitor Bypassing Activity (FEIBA™) 30–50 IU/

kg IV 
 3. Recombinant activated factor VII (NovoSeven™) 
 4.  Overdose: activated charcoal to reduce absorption (ingestion 

<8 h before) 
 5. Consider hemodialysis for dabigatran 
 6. Consider plasmapheresis for rivaroxaban or apixaban 

  Refs. Pharma ( 2009 ), Eerenberg et al. ( 2011 ), Pengo et al. ( 2011 ), Ageno et al. ( 2012 ), Warkentin 
et al. ( 2012 ) 
  Nota bene : The effi cacy of the abovementioned treatments is not evidence based  
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 Insertion of an inferior vena cava fi lter does not eliminate the risk of pulmonary 
embolism and does increase the risk of deep vein thrombosis. Consequently, it is 
suggested that patients who have an inferior vena cava fi lter inserted should receive 
a conventional course of anticoagulants when the contraindication to anticoagula-
tion is withdrawn (Garcia et al.  2012 ). Venous thrombosis at the site of fi lter inser-
tion occurs in about 10 % of patients (Streiff  2000 ).      
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