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Peri-operative DVT Prophylaxis 

• The Problem 

– DVT and PE are the most common preventable causes of in-

hospital death 

• The Sequelae of DVTs:  

– (Massive) Pulmonary Embolism 

– Post-Thrombotic Syndrome 

– Pulmonary Hypertension 



DVT Risk Factors 

• Surgical patients satisfy the Virchow’s Triad 

– Stasis (immobilization) 

– Endothelial injury (tissue trauma, central line access) 

– Hypercoagulable (Tissue Factor release, Malignancy, 

inlammatory states (sepsis), etc) 



DVT Risk Factors 

 

• Antiphospholipid, anticardiolipin antibodies  

• Antithrombin III deficiency  

• Protein C/S deficiency  

• Factor V Leiden  

• Prothrombin gene mutations  

• Blood group non-O  

• Dysfibrinogenemia  

• Dysplasminogenemia  

• Hyperhomocystinemia 

• Reduced heparin cofactor II activity  

• Elevated levels of clotting factors (XI, IX, VII, VIII, X, II)  

• Elevated levels of PAI-1  

 



DVT Risk Factors – Hematologic Syndromes 

 

• HITT 

• DIC 

• Anti-phospholipid antibody syndrome 

• TTP 

• HUS 

• Myeloproliferative Disorders 

 



DVT Prophylaxis in General Surgery 

 

• Fatal PE in General Surgery Patients ~0.1 – 0.8% without VTE 

prophylaxis  

 

• UFH reduces the risk of fatal PE by ~66%  

 

 

• LMWH reduces symptomatic VTE by 80% in patients undergoing 

abdominal surgery 

 

 



DVT Prophylaxis in General Surgery 

• VTE Prophylaxis 

– Early ambulation 

– Mechanical 

– Pharmacologic 

 

• Modality of depends on calculated VTE and risk of bleeding 

complication 

 

• VTE risk can be calculated from evidence-bases, validated scoring 

systems 

 

– Caprini 

– Rogers 

 

 



VTE Prophylaxis 

 

 



VTE Prophylaxis 

 

 



VTE Prophylaxis 

 

 

VTE Risk Bleeding Risk Prophylaxis 

<0.5%,  

Caprini 0 

“Very Low Risk” 

Any None 

<1.5%, 

Caprini 1-2 

“Low Risk” 

Any Mechanical 

<3.0%, 

Caprini 3  – 4 

“Moderate Risk” 

Low risk 

 

 

High risk 

Mechanical or 

LMWH 

 

Mechanical 

~6%,  

Caprini > 5 

“High Risk” 

Low Risk 

 

 

 

High Risk 

LMWH and 

Mechanical 

 

 

Mechanical 



VTE Prophylaxis 

 

 

 

• 2012 CHEST Guideines 

– “In general and abdomino-pelvic surgery patients, we suggest 

that ICV filter should not be used for primary prophylaxis” 



VTE Prophylaxis – BPIGS 

 

• Low Risk Patients = No VTE prophylaxis required 

– Outpatient surgery 

– Minor procedure (anorectal, inguinal hernia, elective lap chole, 

breast surgery 

– No additional VTE risk factors 

 

• All other patients 

– Enoxaparin or Fragmin 

– If high bleeding risk or contraindication: SCDs 



VTE Prophylaxis 
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VTE Prophylaxis 

 

 



VTE Prophylaxis Quiz 

 

• Case 1 

– 32yoF  (0 pts) 

– Biliary Colic 

– Overweight (BMI 29), Otherwise heathy (1 pt) 

– Meds: OCP (1 pt) 

– Lap Chole (1pt) 

 

– VTE Prophylaxis? 

• Caprini = 3 

• Mechanical or Pharmacologic 
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VTE Prophylaxis 

 

 



VTE Prophylaxis Quiz 

 

• Case 2 

– 25yoM (0 pts) 

– Acute appendicitis 

– Lap appendectomy (1 pt) 

– Otherwise heathy 

 

– VTE Prophylaxis? 

• Caprini = 1 

• Mechanical 
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VTE Prophylaxis 

 

 



VTE Prophylaxis Quiz 

 

• Case 3 

– 62yoM  (2 pts) 

– Ascending Colon AdenoCa (2pts) 

– Lap Rt Hemi (2 pts) 

– Otherwise heathy 

 

– VTE Prophylaxis? 

• Caprini = 6 

• Mechanical & Pharmacologic 
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VTE Prophylaxis 

 

 



VTE Prophylaxis Quiz 

 

• Case 4 

– 45yoM (1 pt) 

– Right Inguinal Hernia Repair (1 pt) 

– Otherwise heathy 

 

– VTE Prophylaxis? 

• Caprini = 2 

• Mechanical 
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VTE Prophylaxis – Extended Prophylaxis 

 

 

For high-VTE-risk patients undergoing abdominal or pelvic 

surgery for cancer who are not otherwise at high risk for major 

bleeding complications, we recommend extended-duration 

pharmacologic prophylaxis (4 weeks) with LMWH over limited-

duration prophylaxis (Grade 1B)  

 

 

Many VTE events occur after discharge, with rates of 15%-40% 

with a 91% risk reduction in postoperative VTE. 



VTE Prophylaxis Quiz 

 

• Case 5 

– 62yoM  (2 pts) 

– Ascending Colon AdenoCa (2pts) 

– Lap Rt Hemi (2 pts) 

– Otherwise heathy 

 

– VTE Prophylaxis? 

• Caprini = 6 

• Mechanical & Pharmacologic 

 

– When should VTE prophylaxis be discontinued? 

• 4 weeks after discharge 

 



VTE Prophylaxis – Bridging Anticoagulation 
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VTE Prophylaxis 

 

 



VTE Prophylaxis – Bridging Anticoagulation 

 

• Case 

– 65yoF  (2 pts) 

– Resection-rectopexy for rectal prolapse (2 pts) 

– HTN, Mitral stenosis (Rheumatic fever) (0 pts) 

– Afib, on Warfarin (0 pts) 

 

What anticoagulation bridging is required? 

 

• Caprini = 4 

• Low Risk for VTE 

• No bridging required 

 



VTE Prophylaxis – Perioperative Bridging 

 

• Patients at High risk for VTE 

– Caprini ≥ 5 

– In patients with a mechanical heart valve, atrial fibrillation, or 

VTE at high risk for thromboembolism, we suggest bridging 

anticoagulation during interruption of VKA therapy (Grade 2C) 

 

• Pt with low risk for VTE 

– Caprini < 5 

– In patients with a mechanical heart valve, atrial fibrillation, or 

VTE at low risk for thromboembolism, we suggest no bridging 

during interruption of VKA therapy (Grade 2C) 

 



VTE Prophylaxis – Perioperative Bridging 

 

• Bridging anticoagulation with therapeutic-dose IV UFH 

– stop 4 to 6 h before surgery 

 

• Bridging anticoagulation with therapeutic-dose SC LMWH 

– stop 24 h before surgery 

 

• Restart at 24 hours post-op, unless high bleeding risk 

 

• Patient not receiving pre-operative bridging (low VTE risk) should 

have full dose anticoagulation restarted at 24hrs post-op 



VTE Prophylaxis – Perioperative Bridging 



VTE Prophylaxis – Perioperative Bridging 

• Inclusion:  

– chronic afib/flutter 

– Warfarin > 3 months 

– CHADS score of 1 or more 

• Excluded 

– Mechanical valve 

– Stroke 

– Systemic embolism or TIA within previous 12 weeks 

– Major bleeding in previous 6 weeks 

– CrCl < 30 

– Plt < 100 

– Intracranial, spinal or cardiac surgery 

• 1884 patients 



VTE Prophylaxis – Perioperative Bridging 



VTE Prophylaxis – Perioperative Bridging 



IVC Filters 



IVC Filters 

 

• Indications for IVC Filters 

– Contraindication to AC 

– Complication of AC 

– Failure of AC 

 

 

– Very high VTE risk patient with a significant bleeding risk can be 

considered for temporary IVC filter 

– Little evidence for perioperative indications. 

– Must remember to remove filter when AC restarted. 

 

 



IVC Filters 

 

• IVC Filter in acute proximal leg DVT 

– 2012 CHEST Guideline 

• In acute, proximal DVT with contraindication to 

anticoagulation, recommend use of an IVC filter. (Grade 1B) 

 

 

• IVC Filter in PE 

– 2012 CHEST Guideline 

• In acute PE and contraindication to anticoagulation, we 

recommend the use of an IVC filter. (Grade 1B) 

 

 

 

 



Pulmonary Embolism 

• Acute ‘massive” PE an accepted indication for systemic 

thombolysis 

– “massive’ = persistent hypotension or shock 

• bBP <90 or >40mmHg drop 

• Compared to AC alone 

– Morality 9% vs 19% 

– Bleeding 21% vs 12% 

• Catheter directed Thrombolysis (CDT) 

– Minimal evidence, not standard of care 

– May be considered in the early post-operative period 

– ULTIMA Trial 

• CDT for sub-massive PE demonstrated no major bleeding 

complications 



Novel Anticoagulants 
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Novel Anticoagulants 

• Dabigatran – Pradaxa (factor IIa) 

– Afib 

– VTE Treatment in pts treated with another AC x 5-10 days 

• Rivaroxaban – Xarelto (factor Xa) 

– VTE prophylaxis TKA & THA 

– Afib 

– VTE Treatment 

• Apixaban – Eliquis (factor Xa) 

– Afib 

– VTE Treatment 

– Post-op Ortho prophylaxis 

 



Novel Anticoagulants 

• Rivaroxaban – Xarelto (factor Xa) 

– Einstein trial: non-inferior to Warfarin, no increased bleeding 

• Long term, no increased bleeding compared to placebo! 

• Apixaban – Eliquis (factor Xa) 

– Lowest bleeding risk compared to Warfarin 

 



Novel Anticoagulants – Monitoring 

 

• Dabigatran (factor IIa) 

– Hemoclot assay 

 

• Rivaroxaban (factor Xa) 

– Anti-Factor X level 

 

• Apixaban (factor Xa) 

– Anti-Factor X level 

 

• T1/2 ~ 12 hours for all NOACs 

 



Novel Anticoagulants – Reversal 

• Dabigatran (factor IIa) 

– Dialysis 

– Activated PCC (FIEBA, VIIa, IIa , Ixa and Xa – hemophilia tx) 

– Idarucizumab (aDabi-Fab) – ongoing human trials 

 

• Rivaroxaban (factor Xa) 

– 4 factor PCC (Octaplex) – no human evidence 

– Andexanet alfa – ongoing human trials 

 

• Apixaban (factor Xa) 

– 4 factor PCC (Octaplex) 

– Andexanet alfa – ongoing human trials 

 

 



Elective Surgery Following PCI 
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Elective Surgery Following PCI 



Elective Surgery Following PCI 



Elective Surgery Following PCI 

• Drug Eluting Stents (DES) 

– Optimally delay noncardiac surgery 365 days 

– May be considered at 180 days if high risk from delay in surgery 

• Dual antiplatelet therapy should be continued 

 

• Bare Metal Stent (BMS) 

– Elective noncardiac surgery should not be preformed within 30 

days 

– (2012 CHEST Guidelines support elective surgery being 

delayed 6 weeks following BMS insertion) 

 

 

 



Perioperative Arrythmia 



Perioperative Arrythmia 

 

• Case 

– You get this patient through surgery 

– POD2, 2am, called for a HR of 140. 



Perioperative Arrythmia 

• randomized clinical trials examining the use of these agents in the 

perioperative period are scarce. 

 



Perioperative Arrythmia 

• Anti-arrhythmics and Ion Channels 

 

• .All drugs modulating heart rhythm work through either 

– Adrenergic receptors 

– Second-messenger systems 

– Na, Ca, K channels 

 

• Drug effect on the EKG can be predicted from the effect of cardiac 

action potential 

 



Perioperative Arrythmia 



Perioperative Arrythmia 

• Phase 0 

– Initiation of action potential 

– Atrial and Ventricular myocytes: Na+ current 

• Na+ blockade: prolongs QRS 

– SA and AV node: Ca++ currents 

• Ca++ blockade: slows atrial rate, slows AV conduction 

• Slow ventricular response to atrial tachycardia 

• Phase 2 & 3 

– Refractory period maintained by Ca++ influx, terminated by K+ 

efflux 

• Ca++ blockade: shortens refractory period, shortens QT, 

negative inotrope 

• K+ blockade: prolongs action potential and QT interval 

 



Perioperative Arrythmia 



Perioperative Arrythmia 



Perioperative Arrythmia 

• Phase 4 

– Nodal cells spontaneously depolarize  

– Adenosine A1 receptors trigger K+ efflux, hyperpolarize the cell 

and oppose pacing. 

– Adenosine bolus 

• Slows SA rate 

• Blocks AV conduction (transient 3rd degree AV block) 

 



Perioperative Arrythmia 

• Supraventricular Tachycardia 

– Search for the etiology! 

– May precede a life-threatening condition being identified 

– Majority remain hemodynamically stable 

 



Perioperative Arrythmia 

• SVT Reversible Causes 

– Hypoxemia 

– Hypercarbia 

– Acidosis 

– Hypotensions 

– Lytes 

– Mechanical (Chest tube, Swan-Ganz) 

– Hypothermia 

– Cardiac Ischemia 

– Adrenergic stimulation (pain, peritonitis) 

 

– Post-operative leak 



Perioperative Arrythmia 

• Approach to SVT 

– Immediate DC Cardioversion if hemodynamically unstable 

– Assess for etiology 

– Ventricular rate control 

• Beta blockers 

– Caution with LV dysfunction 

• CCB 

– Diltiazem*  - caution in LV dysfunction 

• Amiodarone  

• Unresolved predisposing factor increases likelihood of failed DC 

cardioversion 

• 24 hour spontaneous sinus rate conversion ~60% 

 

 



Sepsis 
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Some History… 

• 2001 – Emanuel Rivers 

 



EGDT 



EGDT 



EGDT 



ProCESS Trial 



• 31 academic EDs in US 

– Septic shock 

• By SIRS criteria 

  and 

• Lactate >4, or Refractory hypotension  

– (sBP< 90 or vasopressors) after 20cc/kg fluid challenge 

over 30min (changed mid-study to >1L over 30 minutes) 

• 1341 patients 

• Comparisons 

– EGDT Protocol-based care (modified from Rivers, 2001) 

– Protocol-based Standard Care 

– Usual care (provider directed) 

• Outcome: 60 day mortality 

 

 

ProCESS Trial 





• Protocol-based Standard Therapy 

– Central line only for access. ScvO2 and CVP discouraged during 

first 6 hours 

– Only isotonic fluids 

– Fluid replete is based on clinical exam (venous distension, rales, 

decreased oxygenation, etc). All fluids held if identified. 

– Hypoperfusion based on BP, MAP, Lactate, Oliguria, Altered 

LOC, etc 

 

ProCESS Trial 



ProCESS Trial 



ProCESS Trial 



ProCESS Trial 



ARISE Trial 



• 51 tertiary / non-tertiary, urban/rural ER 

• Australia / Finland / Hing King / Ireland / New Zealand 

• Septic shock 

– By SIRS criteria 

  and 

– Lactate >4, or Refractory hypotension  

• sBP<90 or MAP < 65 after 1L over 60min, or lactate > 4 

• 1600 patients 

• Comparisons 

– EGDT Protocol-based care (as per Rivers, 2001) 

– Usual care (provider directed) 

• No protocol prompts 

• ScvO2 not permitted 

• Outcome: 90 day mortality 

 

 

ARISE Trial 



ARISE Trial 



ARISE Trial 



ARISE Trial 



ProMISe Trial 



ProMISe Trial 

 

• 56 hospitals in England 

– Hospitals did not routinely use EGDT that included ScvO2 

• Sepsis 

– At least 2/4 SIRS 

– Hypotension (sBP<90 or MAP<65) despite 1L crystalloid or

 lactate > 4 

• 1260 patients 

• Comparisons 

– 6 hr EGDT Resuscittion protocol  

– Provider directed “usual care” 

• Outcome: all cause 90 day mortality 

 



ProMISe Trial 



ProMISe Trial 



Take away thoughts… 

• Source Control and Early Antibiotics – The Cornerstone of Sepsis 

management!!! 

 

• Not all septic patients need a central line 

• Don’t put too much emphasis on CVP 

• Don’t start Dobutamine based on ScvO2 alone 

• Keep the blood for the anemic patients 



Antibiotic Prophylaxis 



http://www.polleverywhere.com/app
http://www.polleverywhere.com/app/help
https://www.polleverywhere.com/multiple_choice_polls/6IS67sJiLORel3U?preview=true


http://www.polleverywhere.com/app
http://www.polleverywhere.com/app/help
https://www.polleverywhere.com/multiple_choice_polls/2cRwZjkG0Xd5Znd?preview=true


http://www.polleverywhere.com/app
http://www.polleverywhere.com/app/help
https://www.polleverywhere.com/multiple_choice_polls/Y0Pu3zD6psfv5DS?preview=true


http://www.polleverywhere.com/app
http://www.polleverywhere.com/app/help
https://www.polleverywhere.com/multiple_choice_polls/MApwm5hdaZ8UoE9?preview=true


Antibiotic Prophylaxis 



Antibiotic Prophylaxis 

 

• Optimal time for administration of preoperative doses is within 60 

minutes before surgical incision 

 

• Vancomycin infusion should start 120 minutes before incision 

 

• For MRSA colonized patient, reasonable to add Vancomycin to 

recommended agent 

 

• Patients receiving therapeutic antimicrobials for an infection 

before surgery should be given additional prophylaxis before 

surgery 

 

 



Antibiotic Prophylaxis 

Antiobiotic Adult Dose Redosing Interval 

Cefazolin 2g (3g if >120kg) 4 hours 

Ceftriaxone 2g n/a 

Clindamycin 900mg 6 hours 

Gentamycin 5mg/kg n/a 

Tobramycin 1.5mg/kg n/a 

Pip-Tazo 3.375g 2 hours 

Vancomycin 15mg/kg n/a 



Beta-lactam Allergy 

 

• Cross reaction between penicillins, cephalosporins, and 

carbapenems are uncommon, but avoid in Type I (IgE mediated) 

– Anaphylaxis, 

– Urticaria 

– Bronchospasm 

– (Stevens-Johnson Syndrome) 

 

 

• Cephalosporins and carbapenems can safely be used in patients 

with an allergic reaction to penicillins that is not an IgE mediated 

reaction 

 



Antibiotic Prophylaxis – Gastroduodenal 

Procedure Recommended 

Antibiotic 

Alternative for beta-lactam 

allergy 

Gastroduodenal  

(with entry into lumen) 

 

Cefazolin 

Vancomycin + Gent/Tobra 

 

Clindamycin + Gent/Tobra 

Gastroduodenal  

(without entry into lumen, 

low risk) 

 

NONE 

 

NONE 

Gastroduodenal  

(without or entry into 

lumen, high risk) 

 

Cefazolin 

Vancomycin + Gent/Tobra 

 

Clindamycin + Gent/Tobra 



Antibiotic Prophylaxis – Biliary 

Procedure Recommended 

Antibiotic 

Alternative for beta-lactam 

allergy 

Laparoscopic Biliary 

Tract  

(elective, low risk) 

 

NONE* 

 

NONE* 

 

Laparoscopic Biliary 

Tract  

(elective, high risk) 

Cefazolin 

 

Ceftriaxone 

(infectious indication, 

e.g. acute chole) 

Vanco + Gent/Tobra 

 

Clindamycin + Gent/Tobra 

 

Flagyl + Gent/Tobra 

Open Biliary Tract Cefazolin, 

Ceftriaxone 

(infectious indication) 

Vanco + Gent/Tobra 

 

Clindamycin + Gent/Tobra 

 

Flagyl + Gent/Tobra 



Laparoscopic Cholecystectomy 

• Risk factors include  

– emergency procedures 

– diabetes 

– anticipated procedure duration exceeding 120 minutes 

– risk of intraoperative gallbladder rupture 

– age of >70  

– open cholecystectomy, risk of conversion to open  

– ASA classification of ≥3,  

– episode of biliary colic within 30 days before the procedure, 

– Repeat intervention in less than a month for noninfectious 

complications of prior biliary operation, acute cholecystitis, 

– Jaundice 

– pregnancy, 

– immunosuppression.  

 



Laparoscopic Cholecystectomy 

 

• Some of these risk factors cannot be determined before the surgical 

intervention,  

• Reasonable to give a single dose of antimicrobial prophylaxis to all 

patients undergoing laparoscopic cholecystectomy. 

 



Antibiotic Prophylaxis – Breast 

Procedure Recommended 

Antibiotic 

Alternative for beta-lactam 

allergy 

Breast 

(clean) 

None None 

 

Breast 

(cancer, clean-

contaminated) 

Cefazolin Vancomycin 

 

Clindamycin 



Antibiotic Prophylaxis 

Procedure Recommended 

Antibiotic 

Alternative for beta-lactam 

allergy 

Uncomplicated 

Appendicitis 

Cefazolin + Flagyl Clindamycin + Gent/Tobra 

 

Flagyl + Gent/Tobra 

Hernia Repair  

(mesh or non-mesh) 

Cefazolin Clindmycin 

 

Vancomycin 

Colorectal Cefazolin + Flagyl Clindamycin + Gent/Tobra 

 

Flagyl + Gent/Tobra 

Small Bowel,  

non-obstrcuted 

Cefazolin Clindamycin + Gent/Tobra 

 

Small Bowel,  

obstrcuted 

 

Cefazolin + Flagyl Flagyl + Gent/Tobra 

 



Antibiotic Prophylaxis – BPIGS 



Antibiotic Prophylaxis – BPIGS 


