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Abstract 

Venous thromboembolism has a high incidence in hospitalised patients. These patients may present for 

surgery. Type of anaesthesia may be considered, general or regional, based on the therapeutic or prophylactic 

anticoagulant treatment they are receiving and the type and urgency of surgery. Best informed decision 

regarding the type of anaesthesia can only be made if the anaesthesiologist is abreast with the latest 

developments in the management of venous thromboembolism. 
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1.Introduction 
Venous thromboembolism in the form of 

deep venous thrombosis or pulmonary embolism is 

one of the concerns mostly in the post operative 

period.[1]Anaesthesiologists may find themselves 

responsible for the diagnosis and management of this 

sometimes fatal disorder. Further, the ongoing 

surgical procedure may limit the initial management 

options. Prompt diagnosis and management, 

however, may reduce mortality and morbidity. 

 

1.1 Incidence 

A high incidence of DVT has been found in 

patients undergoing surgical procedures. Incidence is 

about 1.3% of DVT in hospitalised patients (2005 

report). Without thromboprophylaxis the incidence of 

DVT is about 14% in Gynecological surgery, 22% in 

neurosurgery, 26% in abdominal surgery and 45-60% 

in patients undergoing hip and knee surgery.[2] 

PE occurs in approximately 0.3-1.6% of the 

general surgical population.[3]-[6] Incidence of PE in  

Thoracic surgery 1.5%-2%[7][8], Abdominal 0.32%-

1.0%[9][10], Laparoscopic 0.06%-0.9%[11][12], 

Vascular 0.4%-0.7%[13][14], Head and neck 0.4%-

0.44%[15][16]Gynecologic 0.3%-4.1%[17] 

Orthopedic procedures:[18] THA 0.7%-30%, TKA 

1.8%-7%, hip fracture repair 4.3%-24%, 

Neurosurgical 0-4%DVT is 3 times more common 

than PE. 

 

1.2 Patient Risk Factors 

1) Hereditary: Antithrombin deficiency; Protein C 

deficiency; Protein S deficiency; Factor V Leiden; 

Prothrombin gene deficiency  

2) Acquired: Advanced age; Cancer; Reduced 

mobility; Acute medical illness (CHF, respiratory 

failure); Inflammatory bowel disease; Nephrotic 

syndrome; Pregnancy/postpartum period; Central 

venous catheterization; Trauma; Spinal cord injury; 

Obesity; Previous venous thromboembolism; 

Tobacco use 

3) Medications: Heparins; Hormone replacement 

therapy; Oral contraceptives; Chemotherapy ; 

Antipsychotics  

4) Surgery (Includes most open abdominal and 

thoracic procedures): Fracture (hip or leg); Hip or 

knee replacement; General anaesthesia (when 

compared with epidural/spinal for lower abdominal 

and lower extremity surgery) 

Patients with malignancy have increased 

risks associated with hypercoagulable state caused by 
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both hormones released from the tumor and certain 

chemotherapeutic agents. Cancer patients also have 

reduced mobility, frequent presence of indwelling 

catheters, as well as possible venous obstruction from 

tumors. 

A recent meta-analysis by Carrier et al 

showed that cancer patients have 30VTE events per 

100 patient years compared with 12.8 events per 100 

patient years in the general population.[19]
 

 

2. Pathophysiology 

Rudolph Virchow in 1856 described his now 

famous triad of risk factors for VTE: venous stasis; 

endothelial damage; hypercoagulable state.[20]
 

In the lower extremity DVT may arise in the 

calf veins or in the proximal veins. In the upper 

extremity DVT may arise due to indwelling CVC and 

insertion of permanent pacemakers and internal 

cardiac defibrillators. 

Atrial fibrillation may lead to thrombus 

formation in the right side of the heart.PE occurs in 

50% of patients with proximal DVT[21], while 

asymptomatic thrombosis of leg veins has been 

observed in 70% of patients with PE[22].
 

The Damage to the venous valves leads to 

the development of post-thrombotic syndrome in 

25% patients causing chronic venous congestion.[23]
 

 

Changes in pulmonary function and gas exchange 

The most common gas exchange 

abnormalities are hypoxemia and an increased 

alveolar-arterial oxygen tension gradient. Anatomic 

dead space increases because breathed gas does not 

enter gas exchange units of lung. Physiologic dead 

space increases because ventilation to gas exchange 

units exceeds venous blood flow through the 

pulmonary capillaries. Other abnormalities include- 

 Increased PVR due to vascular obstruction or 

platelet secretion of 

vasoconstrictingneurohormonal agents such as 

serotonin. These produce V/Q mismatch. 

 Impaired gas exchange due to increased alveolar 

dead space from vascular obstruction, hypoxemia 

from alveolar hypoventilation relative to perfusion 

in the non-obstructed lung, right to left shunting 

and impaired DLCO. 

 Alveolar hyperventilation due to reflex 

stimulation of irritant receptors. 

 Increased airway resistance due to constriction of 

airways distal to bronchi. 

 Decreased pulmonary compliance due to lung 

edema, lung hemorrhage or loss of surfactant. 

 

 

Changes in the circulatory system 

Progressive right heart failure is the usual 

cause of death from PE. Obstruction to blood flow 

caused by emboli in the pulmonary vasculature and 

pulmonary outflow tract leads to an increased RV 

impedance. It is also increased by: 

a) Pre-existing pulmonary disease 

b) Neural reflexes 

c) Release of pulmonary vasoconstrictors in the 

circulation e.g. serotonin and platelet activating 

factor from the emboli, activated complement 

factors 3 & 5 from the plasma and histamine from 

mast cells. Because of its structure, RV is much 

more sensitive to pressure than to volume loads. 

However, increased RV load leads to RV 

dilatation and subsequent leftward shift in the 

interventricular septum, limiting left ventricular 

filling. Prolonged increase in RV load and pressure 

ultimately leads to RVF and cardiac output begins to 

decrease as LV preload decreases. 

 

Laplace’s law, Wall stress =  

(pressure*radius)(2*wall thickness)
-1 

 

Increased wall stress, coupled with systemic 

hypotension and decreased coronary perfusion 

pressure, may precipitate RV ischemia and even 

infarction. 

 

3. Diagnosis 

Clinical features of DVT  

Upper extremity thrombosis may present 

with asymmetry in the supraclavicular fossa or in the 

circumference of upper arms. A prominent superficial 

venous pattern may be evident on the anterior chest 

wall. 

Lower extremity DVT may present with : 

 Palpatory discomfort in the lower calf 

 Thigh swelling 

 Marked tenderness in the inguinal area/ femoral 

vein 

 Difficulty or inability in walking 

 

Clinical features of PE 

It presents most frequently with dyspnoea. 

Syncope, hypotension, cyanosis are suggestive of 

massive PE. Pleuritic pain,cough, hemoptysis are 

suggestive of small emboli. 

Point score methods are useful for 

estimating the clinical likelyhood of DVT & PE[24] 
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Low Clinical Likelihood of DVT if Point Score Is 

Zero or Less; Moderate-Likelihood Score Is 1 to 2; 

High-Likelihood Score Is 3 or Greater 

Clinical Variable Score 

Active cancer 1 

Paralysis, paresis, or recent cast 1 

Bedridden for >3 days; major surgery <12 

weeks 

1 

Tenderness along distribution of deep veins 1 

Entire leg swelling 1 

Unilateral calf swelling >3 cm 1 

Pitting edema 1 

Collateral superficial nonvaricose veins 1 

Alternative diagnosis at least as likely as DVT –2 

High Clinical Likelihood of PE if Point Score 

Exceeds 4  

Clinical Variable Score 

Signs and symptoms of DVT 3.0 

Alternative diagnosis less likely than PE 3.0 

Heart rate >100/min 1.5 

Immobilization >3 days; surgery within 4 

weeks 

1.5 

Prior PE or DVT 1.5 

Hemoptysis 1.0 

Cancer 1.0 

Differential diagnosis: 

DVT – 

 Ruptured baker’s cyst,  

 Cellulitis,  

 Post phlebitic syndrome, 

 Venous insufficiency 

PE –  

 Pneumonia 

 COPD 

 CHF 

 Pericarditis 

 Pleurisy 

 ACS 

 Anxiety 

Diagnostic modalities of DVT: 

i. Compression/duplex ultrasonography of femoral 

and popliteal veins has both sensitivity and 

specificity of 97% in detecting DVT in a 

symptomatic patient. 

ii. Impedance plethysmography has sensitivity of 

96%, 50% and 38% for the diagnosis of acute 

DVT of the proximal, popliteal and distal veins, 

respectively. 

iii. Contrast venography remains the gold standard 

for the diagnosis of DVT. 

iv. Radionuclide ascending venography has 

sensitivity of 90% and specificity of 92% in 

detecting DVT in the proximal leg veins. 

v. A negative D-dimer result can exclude DVT and 

PE in a patient with suspected VTE[25][26] 

Diagnostic modalities of PE: 

 ECG - Geibel et al found sinus tacycardia and 

atrial arrhythmias in 83% patients with a confirmed 

diagnosis of PE. Non specific ST changes, ST 

elevation and depression or T wave inversion in 

~50% patients. 

Other findings seen are Right axis deviation, 

complete or incomplete RBBB, SIQIIITIII pattern, P 

pulmonale. 

ABG – usual changes found in 

spontaneously breathing patients are 

hypoxemia,respiratory alkalosis, hypocapnoea. PaO2 

≤ 80 mmHg may be present in 26% patients.[27][28] 

Physiologic dead space – In a small study of 12 

surgical patients with PE, Anderson et al found that 

dead space showed 100% sensitivity and 89% 

specificity in predicting the diagnosis.[29]It is 

calculated using Bohr equation : 

VDPhys = VT[(PaCO2 – PeCO2)/PaCO2] 

X-ray chest – atelectasis or pulmonary parenchymal 

abnormality may occur in 68% patients. An elevated 

hemidiaphragm, pleural effusion or pulmonary 

edema may be present.[30] 

V/Q scan – interpretation of V/Q scan using[31]-[36] 

PIOPED criteria showed high results probability in 

87% patients. A normal VQ scan can essentially 

exclude PE. 

Pulmonary angiography is gold standard to detect PE. 

CT/MRI/spiral CT angiography – high specificity for 

the identification of main and lobar emboli and can 

exclude other pulmonary diseases. 

Laboratory studies – 

 D-dimer and ELISA are sensitive (96-98%) but 

very non specific 

 Serum troponinI and troponin T are elevated in 

less than 50% patients with an acute, moderate to 

large PE 

 The levels of BNP may be elevated in PE, likely 

caused by RV dilatation. 

Echocardiographic findings associated with PE – 

 RV/LV end diastolic diameter ratio >0.7 

 RV/LV area ratio >0.66 

 RV end diastolic diameter >27mm 

 McConell sign 

 Septal shift 

 Tricuspid regurgitation >270cm/sec[37] 

4. Prophylaxis of VTE  

4.1 Pharmacologic: The 2008 guidelines for the 

prevention of VTE by the American college of Chest 

physicians recommend that patients undergoing 

major general surgery receive thromboprophylaxis in 

the form of either LMWH, low dose unfractionated 

heparin or fondaparinux. 

Unfractionated heparin – For moderate-risk patients, 

UFH subcutaneous (s.c.) 5000 IU bid; and for high-

risk patients, s.c. 5000 IU tid or 7500 IU bid, with the 

first dose given 2 hours preoperatively. APTT >1.5 

times the control value provides adequate 

thromboprophylaxis. 
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Low–molecular weight heparins – drugs of choice for 

thromboprophylaxis. Their therapeutic effect is seen 

within 2 hours and peak plasma levels within 4 hours. 

Prophylactic regimens of LMWH are – 

 Prophylaxis started 12 hours before surgery 

(followed in European countries).  

 Prophylaxis started 12-24 hours after surgery 

(followed in North America).  

 Prophylaxis is started more than 12 hours before 

or 12 hours after surgery (followed by physicians 

who do not follow above regimens). 

Since LMWH is cleared by the kidney, it is 

recommended that UFH be used instead of LMWH in 

patients with creatinine clearance <300ml/min. 

Fondaparinux – It binds anti-thrombin III, increases 

its activity and inhibits Factor Xa but has no direct 

effect against thrombin. Rapidly absorbed, has near 

100% bioavailability and a half life of 15 hours that 

renders it for once daily dosing.[38] 

Vitamin K antagonist- Warfarin sulfate or 

nicoumalone (acitrom) is started on the day of 

surgery, either preoperatively; or postoperatively in 

the evening. It is monitored by prothrombin time 

(PT) (target INR, 2.5; range, 2-3). 

Antiplatelet drugs (Aspirin)[39] - it should be used as 

an adjunct to either UFH or LMWH. 

4.2 Mechanical: It is generally efficacious than 

pharmacologic means of prophylaxis.[40]It reduces 

the incidence of VTE by as much as 60%when 

compared with no prophylaxis.[41] It is a method of 

choice in patients with high risk of bleeding. 

a. Vena caval filters – some studies suggest that 

filters reduced the incidence of PE[42], no 

reduction in mortality has been shown and 

presence of vena caval filters increase the risk of 

recurrent DVT by as much as 9%[43][44]. 

b. Early ambulation should be encouraged in the post-

operative period. 

c. Graduated compression stockings apply pressure of 

varying degree to the leg and thigh, pressure being 

greatest at the ankle and decreasing proximally. 

The pressure gradient is able to prevent stasis. 

d. Intermittent pneumatic compressionis applied to 

the legs. These cuffs inflate and deflate alternately 

to prevent venous stasis. 

e. Mechanical foot pumps help in intermittent plantar 

compression (IPC) in each foot and augment blood 

flow in the leg veins. 

 

5. Anaesthetic management 

5.1 Preoperative preparation 

i. History of associated co-morbid conditions, with 

special reference to the risk factors should be 

noted. 

ii.  A thorough physical examination is mandatory.  

iii. Details of anticoagulant drugs-name, type, 

dosage, duration of treatment, timing of the last 

dose and duration of discontinuation of the drug-

should be noted. 

iv.  Risk/ benefit of discontinuation of anticoagulants 

should be explained to the patient.  

v. An informed consent stating the risks involved in 

the perioperative period should be taken. 

vi. Investigations – 1. Bleeding time, platelet count, 

PT and APTT may be performed on the day of 

surgery. 2. Assessment of anti-Xa level3. 

Thromboelastography  

5.2 Intra-operative management : 

Monitoring – 

 Pulse, Non-invasive blood pressure (NIBP), 

SpO2, EtCO2, ECG and ST analysis 

 In high-risk patients, Central venous pressure 

(CVP) and arterial BP may be considered. 

 ABG analysis and transoesophageal 

echocardiography may be helpful in suspected 

cases of PE. 

Type of anaesthesia – the decision is to be made 

based on the type of surgery, urgency of surgery and 

degree of anticoagulation. 

General anaesthesia features significant in a case of 

VTE – 

 There is a hypercoagulable and hypofibrinolytic 

state post operatively in patients receiving general 

anaesthesia.[45][45] 

 It has been demonstrated by increased levels of 

thrombin-anti thrombin complexes and 

fibrinopeptide A 

 Surgical factors which promote VTE are the type 

and duration of procedure. 

 Other factors favouring VTE are 

immobility,concurrent infections, drugs, 

hypothermia, acidosis, colloids etc. 

Regional anaesthesia.[47][47]
 

 The American Society of Regional 

Anaesthesia guidelines on regional anaesthesia in 

patients on various anticoagulant agents may be 

followed if regional anaesthesia is planned. 

Heparin – 

 Epidural needle/catheter placement/removal may 

be performed 2 to 4 hours after the last heparin 

dose if APTT is<1.5 times the normal value.  

 Heparin administration should be delayed for 1 

hour after the placement of epidural needle or 

catheter. 

LMWH – 

 Epidural needle/catheter placement/removal may 

be performed 10 to 12 hours after the last 
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thromboprophylactic dose and 24 hours after the 

last therapeutic dose of LMWH. 

 Avoid neuraxial techniques if patient has received 

LMWH dose 2 hours preoperatively as this 

coincides with peak anticoagulant activity. 

Vitamin K antagonist – 

 Discontinue VKA 4-5 days before neuraxial block 

(INR should be<1.2)[49][49] 

  In high-risk patients, ―no anticoagulation period‖ 

should be kept as short as possible. After 

discontinuation of these drugs, a highrisk patient 

may be switched over to heparin or LMWH. 

Thrombolytic drugs - Avoid central neuraxial block 

after thrombolytic therapy with streptokinase, 

urokinase and recombinant tissue plasminogen 

activator. 

Direct thrombin inhibitors or anti-Xa drugs  

 Fondaparinux (Arixtra) — avoid central neuraxial 

block. 

 Melagatran, Ximelagatran — should be stopped 

12 hours before surgery. 

Antiplatelet drugs – 

 Low-dose aspirin (up to 75 mg) does not pose an 

added risk when performing a neuraxial block and 

can be continued till the day of surgery.  

 Discontinue clopidogrel for 7 days and ticlopidine 

for 14 days before neuraxial block. 

 Epidural needle/catheter placement/removal can 

be performed 1 to 2 days after the last dose of 

platelet GP IIb/IIIa inhibitors (abciximab, 

eptifibatide, tirofiban). 

5.3 Post-operative management 

Monitoring for signs and symptoms of 

spinal cord compression as a result of spinal cord 

hematoma. Decompression laminectomy should be 

performed as soon as the diagnosis is confirmed, 

preferably within 8 hours.It is adviable to restart the 

anti-coagulants after surgery. 

 

6. Emerging methods of DVT prophylaxis 

An ideal anticoagulant should be easy to 

administer (preferably oral), should be effective and 

safe with minimal possible complications or adverse 

effects, has a rapid onset, has a therapeutic half-life, 

and requires minimal or no monitoring. The action of 

the anticoagulant should be predictable with few drug 

or dietary interactions, and it should be reversible. 

The drug should also be inexpensive. 

1. Tissue factor pathway inhibitors (TFPIs) and 

nematode anticoagulant peptide (NAPc2). These 

drugs act through inhibition of the factor 

VIIa/tissue factor complex. 

2. Hirudin was isolated from leech salivary gland 

tissue. The new drugs include bivalirudin 

(Angiomax) and lepirudin. 

3. Argatroban, which is a carboxylic acid derivative 

that has been approved for use in the treatment of 

HIT. 

4. Ximelagatran (Exanta; AstraZeneca), a direct 

thrombin inhibitor consisting of an oral prodrug of 

melagatran, was first reported in 2003. This agent 

is rapidly absorbed through the GI tract, where it is 

converted to its active form, melagatran. It does not 

require monitoring, as it has a rapid onset of action, 

a predictable dose-response, and a therapeutic half-

life. Also, like the other direct thrombin inhibitors, 

it does not affect the aPTT or PT. 

5. Dabigatran (Pradaxa) is a thrombin inhibitor. It is 

not approved in the United States for prophylaxis 

of VTE following hip or knee arthroplasty, but is 

approved in other countries (eg, Canada). 

 

7. Conclusion 

The most effective treatment protocol for a 

patient with VTE must be determined taking into 

account for the risk benefit ratio in each situation. 

Correct diagnosis and prompt management of 

thromboembolic events in the perioperative period 

reduces mortality in such patients. Anaesthesiologists 

must update their knowledge regarding the drugs and 

methods used in the prevention and management of 

VTE. 
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