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Discoveries and developments in the field of DVT

First descriptions The Raoul story 
(Guillaume de Saint Pathus) 1271

Understanding DVT's 
physiopathology

Wiseman Alteration of blood 1676

Hunter Vein occlusion by blood clot 1793

Virchow Relationship between 
DVT and PE and its famous triad? 1856

Discovery and 
development of 
anticoagulants

Haycraft Hirudin 1884

Mclean and Howel
The true heparin

1916 
1937

Charles and Scott 
Pure heparin 1933

Link Dicoumarol /Warfarin 1941
1948

Modern
molecules

LMWH 19821

New oral anticoagulants 1996

1. J Clin Prev Cardiol2017;6:125-6.
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Rudolf Virchow 
(1821–1902) 

Courtesy of the National Library of Medicine.

Hypercoagulable State

Virchow’s triad
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Initiators of coagulation

5Noel C Chan et al  F1000Research 2020, 9(Faculty Rev):1206



When DVT BLOOD CLOT 
breaks off and travels 
from vein of the leg to 

lungs

BLOOD CLOT 
in the leg

Deep Vein Thrombosis 

VTE
A Major Disease 

Burden 

Wendelboe AM, Raskob GE Circ Res. 2016 Apr 29;118(9):1340-7.

Pulmonary Embolism 

Venous Thrombo Embolism : VTE
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1. Elderly hip fracture patients (N=300)
2. Treatments

1. Oral anticoagulation (n=150)
2. Controls (n=150)

3. Total mortality reduced 40%
1. Pulmonary embolism was the cause of death in

8% in the oral anticoagulant group vs 26% in the
control group

1959: First Study of Oral Anticoagulant in 
Hip Fracture Patients

Sevitt S and Gallagher NG. Lancet. 1959; ii: 981-989 7

The evidence indicates that
phenindione effectively prevents
thrombosis in veins and eliminates
the risk of pulmonary embolism in
patients under its influence provided
that the drug is given early, for
sufficient time, and under laboratory
control.



1. In 1970s DVT treated , more as a local disorder and treated as a 
Surgical problem !!

2. Now DVT is considered as a  Systemic disorder  !

3. Multidisciplinary approach : Clinical Hematologist / Cardiologist / 
Critical Care Spl / Vascular Surgeon

4. DVT Clinics

DVT/PE
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Asian 0.297

Beckman et al / Am J Prev Med 2010;38(4S):S495–S501 9

Hispanic 0.617 • VTE deaths 60,000-100,000

• DVT/PE recurrence in 10 years- 33%.

• Inherited thrombophilias- 5 - 8%

https://www.cdc.gov/ncbddd/dvt/data.html, February 7, 2020

Estimated incidence of venous thromboembolism by age, race, and gender



Trends in VTE: Prevalence to Double by 2050 

Deitelzweig SB, et al. American J Hematology. 2011 86:217-220. 10



Sandler DA et al, J Royal Soc Med.1989;82:203
O’Donnel J.Surg.Res.1977

1. Acute Complications
1. PE
2. Venous Gangrene

2. 30% DVT cases develop symptomatic PE
3. 50%-60% DVT cases develop asymptomatic PE

4. Chronic Complications
1. Recurrent VTE
2. Chronic Pulmonary Arterial Hypertension
3. Chronic Limb Venous Hypertension :Post Phlebitic Syndrome (PPS).
4. PPS varies from 20 to 35% 3 years; 49% at 5 years

Fatal Pulmonary Embolism is responsible for approx 10% of hospital deaths
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Acute DVT
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Stages of  DVT

Symptomatic Acute 
DVT

Venous Gangrene



Risk of recurrence after a first episode of unprovoked VTE

European Heart Journal (2018) 39, 4208–4218 13



1. 20-50% PTS  develops in DVT patients1

2. Reduces QOL & costly to Rx
3. What are the risk factors ?

1. Raised D-dimer after completion of OAC. 

2. Proximal > Distal DVT

3. Extensive illiofemoral DVT 

4. Recurrent ipsilateral DVT

5. Obesity & older age

6. No-impact of ‘heritable thrombophilia’

4. Early ambulation and continued physical activity reduces risk of propagation of DVT 
or PPS /PTS

14
14Circulation. 2014;130:1636-1661.
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ENDORSE :  WORLDWIDE 
(Lancet 2008; 371: 387-394)

Alexander T Cohen,  et al Lancet 2008; 371: 387-394 17

Venous thromboembolism risk and prophylaxis in the acute hospital care setting 
(ENDORSE study): a multinational cross-sectional study



Medical 55%Surgical 45 %

52% at risk for VTE

(50% receive ACCP
recommended prophylaxis)

64% at risk for VTE

59% receive ACCP 
recommended prophylaxis

42% at risk for VTE

40% receive ACCP 
recommended prophylaxis

Alexander T Cohen,  et al Lancet 2008; 371: 387-394

68,183 patients; 32 countries; 358 sites
First patient enrolled August 2, 2006;Last patient enrolled January 4, 2007



Indian Journal of Orthopaedics 2013, 47 (2) 161-167 

Conclusion
Extended thromboprophylaxis (for 4 weeks) was found to be more effective than short term thromboprophylaxis in 

minimizing the risk of postoperative VTE in patients who underwent THA/TKA.

Primary outcome-incidence of VTE

19

Comparative study of extended versus short term
thromboprophylaxis in patients undergoing elective total
hip and knee arthroplasty in Indian population
Velu Nair, Ratheesh Kumar1, Bikram Kumar Singh2, Ajay Sharma3 Gururaj R Joshi4, Kamal
Pathak5

Odds Ratio = 0.15 (95% Confidence Interval = 0.03-0.86) P value; DVT = Deep vein 
thrombosis; PTE = Pulmonary thromboembolism; VTE Venous

0.5% Vs
3.27%P < 0.018



1. 62% reduction in fatal PE

2. 57% reduction in  nonfatal PE

3. 53% reduction in DVT 

Dentali F, et al. Ann Intern Med 2007; 146: 278-288 20
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1. Growing interest in VTE’s as a  public health threat (Covid incl)

2. Publicity increasing in health care professionals; Patient advocacy a 
reality

3. Known as the most preventable illness in hospitalized patients. 

4. Concept of ‘’DVT –FREE’’ hospitals born.

5. Most States have adopted months for “Thrombosis Awareness”

6. Medicare has declared certain DVTs or PEs as “Never Events” and will 
not reimburse !!
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Abstract

Introduction : Venous Thromboembolism is an important healthcare problem the world over, resulting in significant morbidity,
mortality and resource expenditure. The rationale for use of thromboprophylaxis is based on solid principles and scientific evidence.
Indian perspective on this topic is lacking due to the nonavailability of published Indian data. This document reviews the available
International and Indian data and discusses the relevance of recommendations for prevention and management of Venous
Thromboembolism (VTE) in the Indian context.
Materials and Methods : Meetings of various specialists from different Indian hospitals in the field of Gastrointestinal Surgery,
General and Vascular Surgery, Hematology, Intensive Care, Obstetrics and Gynecology, Oncology and Orthopedics were
held in the months of August 2005 to January 2006. The guidelines published by American College of Chest Physicians (ACCP),1 the
International Union of Angiology (IUA),2 and the Royal College of Obstetricians and Gynecologists (RCOG),3 were discussed during
these meetings. The relevance of these guidelines and the practical implications of following these in a developing country like India
were also discussed. Any published data from India was collected from database searches and the results, along with personal
experiences of the participating specialists were discussed. The experiences and impressions of the experts during these meetings
have been included in this document. Data from recent sources (International Union of Angiology4 and the National Comprehensive
C ancer Network (NCCN) Practice guidelines in Oncology on Venous thromboembolic disease5) was subsequently also included in
this document.
Results : The suggestions formulated in this document are practical, and would intend to serve as a useful practical reference.
Conclusions : A number of unanswered questions remain in the field of thromboprophylaxis, and carefully designed
research protocols may help answer some of these. Implementation of the suggestions outlined in the document remains to
be studied in the Indian context©.

JAPI  VOL. 55  JANUARY 2007

JAPI  VOL. 55  JANUARY 2007



1. National Hospital based Registry on Venous
Thromboembolic Disorders (i-RegVeD) aims to establish a
nationwide surveillance network through selected hospitals
and collect data for generating evidence on VTE prevalence
for planning response, and strengthening healthcare
facilities across different treatment settings.

2. This registry is based on standard reporting framework and
data capture using electronic information technology for
timely analytics of patterns of disease distribution,
treatment and outcomes of VTE patients. The data will be
used for relevant and appropriate research and innovation

23

Registered Patient

Total Enrolled Patients= 28



National Academy of Medical Sciences, India
VTE Task Force

1. National Academy of Medical Sciences, India (NAMS) formed a Taskforce to
draft a Whitepaper on VTE.

2. The taskforce will make recommendations to the Government of India for
prevention and control of Venous Thrombosis and Embolism in India at the
health policy and implementation levels

3. Composition of TF
1. Lt Gen (Dr) Velu Nair (Retd) - Chairperson
2. Col (Dr) MP Cariappa, (Retd) - Secretary
3. Dr Pankaj Malhotra
4. Dr Manisha Madkaikar
5. Dr Sonia Nityanand
6. Dr Sukesh Nair
7. Prof Mohammad Zahid Ashraf

24





26



27

PTP-Pretest probability



Diagnostic Management of Patients With Suspected DVT or PE

28

aWells score for suspected DVT and Wells score or revised
Geneva score for suspected PE.
bAge-adjusted D-dimer threshold, calculated as the patient’s 
age multiplied by 10 ng/mL (fibrinogen-equivalent units) for 
patients older than 50 years with suspected PE.
cRepeat compression ultrasonography 1 week after initially
normal finding in patients with high clinical probability and
positive D-dimer levels if initial imaging was not whole-leg
ultrasonography.

JAMA. 2018;320(15):1583-1594. doi:10.1001/jama.2018.14346



1. Am J Neuroradiol 31:527–35  Mar 2010 DOI 10.3174/ajnr.A1869 
2. Thromb Haemost . 1993 Sep 1;70(3):404-7.
3. Shahzad et al.; JPRI, 32(18): 1-5, 2020; Article no.JPRI.57641
4. Cardiovasc Ultrasound. 2008; 6: 53.
5. Eur Radiol. 2007 Jan;17(1):175-81.
6. Int J Lab Hem. 2017;39(Suppl. 1):98–103
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Test Sensitivity % Specificity %
Contrast Venography 97 96-99

Real time B-mode compression Ultrasonography2 100 100

Doppler Ultrasonography3 99 88
Duplex Ultrasonography 4

Symptomatic Proximal DVT 100 98
Symptomatic Distal DVT 94 75

MRI5 91.5 94.8
D-Dimer (ELISA)6 94 53
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Central laboratory D-dimer assays frequently used in 
VTE clinical trials

Johnson ED, Schell JC, Rodgers GM.The D-dimer assay.Am J Hematol. 2019;94:833–839.

DVT Sensitivity
96-100%

DVT Specificity 
40-48%
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Point-of-care D-dimer assays frequently used in VTE 
clinical trials

Johnson ED, Schell JC, Rodgers GM.The D-dimer assay.Am J Hematol. 2019;94:833–839.

DVT Sensitivity
94-100%

DVT Specificity 
40-62%

• Elisa  tests more sensitive than Latex & whole blood assays
• Sensitivity more for Proximal DVT
• Extrapolation not possible across methodology

32



Major Diagnostic Advances

• Introduction of age-adjusted D-dimer thresholds & Criteria for ruling out PE without
imaging low pre test probability scenarios.

• Emergency physician performed prompt compression ultrasonography of the proximal
veins has good overall diagnostic accuracy with the caveat of operator dependency.

• Magnetic resonance venography may have a role in specific populations such as
morbidly obese patients where compression ultrasonography is not feasible.

• V/Q single-photon emission computed tomography (CT) is an emerging technology
with potential diagnostic accuracy similar to CT angiogram in acute PE without using
intravenous contrast, but is not ready for routine clinical practice yet.

JAMA. 2018;320(15):1583-1594. doi:10.1001/jama.2018.14346
33

V/Q single-photon emission computed tomography (CT) 



Major Diagnostic Advances in Venous 
Thromboembolism

JAMA. 2018;320(15):1583-1594. doi:10.1001/jama.2018.14346



VTE 

&

Cancer Associated Thrombosis(CAT)
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Overview: Cancer Associated Thrombosis (CAT)

VTE: 2nd Leading Cause of Mortality 
in Cancer1

VTE is the 2nd most common preventable cause of death in patients with cancer.5

About 20% of all VTE Cases 
Occur in Cancer1

All patients with 
VTE and PE

 CAT is common complication in patients 
with malignancies.2

 CAT is independent risk for early 
mortality during first 4 cycles of 
chemotherapy.1

 Indian ARRIVE registry: 7% malignancy 
with VTE3

 Large Indian observational study 
(2021):4

10.3% malignancy with VTE. 
16.3% deaths in cancer patients with 

PE.

1. ESMO Management Of Cancer Associated Thrombosis [Internet]. Available at: https://oncologypro.esmo.org/content/download/127803/2410452/1/E-Learning-Management-of-Cancer-Associated-Thrombosis.pdf. Accessed on 31 Oct 2020. 2. Streiff MB, Abutalib SA, Farge D, Murphy M, 
Connors JM, Piazza G. Update on Guidelines for the Management of Cancer-Associated Thrombosis. Oncologist. 2021 Jan;26(1):e24-e40. 3. Kamerkar DR, John MJ, Desai SC,. Arrive: A retrospective registry of Indian patients with venous thromboembolism. Indian J Crit Care Med 2016;20:150-
8. 4. Muralidharan TR, Ramesh S, Kumar BV, et al. Clinical profile and management of patients with acute pulmonary thromboembolism - a single centre, large observational study from India. Pulm Circ. 2021 Feb 16;11(1):2045894021992678. 5. Thrombosis and cancer [Internet]. Available at: 
https://cancerworld.net/e-grandround/thombosis-and-cancer/. Accessed on 31 Oct 2020.
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Overall VTE incidence  & VTE  by cancer types  

Incidence Rates of VTE by Cancer Types2Overall VTE Incidence Rates1

*p < .0001

All cancer types associated with significant higher VTE rate (p < 0.0001 for all 
comparisons vs. controls)

1. Khorana AA, Dalal M, Lin J, Connolly GC. Incidence and predictors of venous thromboembolism (VTE) among ambulatory high-risk cancer patients undergoing chemotherapy in the 
United States. Cancer. 2013 Feb 1;119(3):648-55. 2. Khorana A, Hahn D. Thrombosis and cancer: A major complication of cancer care [Internet]. Available at: 
http://www.pusulamedikal.com/assets/thrombosis-and-cancer-a-major-complication-of-cancer-car.pdf. Accessed on Jan 23, 2019.



Incidence of Venous Thromboembolism After Cancer Surgery
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Prevention : 
Thromboprophylaxis !!

20,762 patients undergoing major cancer surgery

Overall VTE rate 3.5% within 30 days of admission for 
major surgery



Cancer-Associated VTE 
Risk

Ay C et al, Thromb Haemost 2017;117:219–230

Risk Factors for Developing VTE in Cancer Patients

Patient-related
• Medical comorbidities (CCI ≥3 )
• Presence of varicose veins
• Prior VTE 
• Hereditary risk factors (e.g., factor V Leiden) 

Biomarkers
• Haematological biomarkers (e.g. platelet, haemoglobin, 

leukocyte counts)
• D-dimer, P-selectin, 
• Prothrombin fragment 1 + 2
• Thrombin generation potential
• MP-tissue factor activity
• C-reactive protein

Treatment-related
• Platinum-based and other chemotherapy 
• Anti-angiogenesis agents
• Hormonal therapy
• Surgery
• Radiotherapy
• Blood transfusion
• Central venous catheters
• Immobility and hospitalization

Tumour-related
• Site of cancer:

• Very high: stomach, pancreas, brain
• High: lung, haematological, gynaecological, renal, bladder

• Histological grade of a tumour
• Stage of cancer/metastases
• Time since cancer diagnosis

CRPs and D-dimer testing may 
not be as accurate or as useful in 
patients with cancer. 
Radiological means are better



Risk Assessment for VTE in cancer patients

Blood. 2010;116(24):5377-5382
Journal of Oncology Pharmacy Practice 27(4) 



Treatment of CAT : LMWH vs DOACs

Conclusion across all studies: 
Lower VTE recurrence with DOACs than LMWH

Higher bleeding risk (Major and CRNMB) in GI & GU cancers with DOACs

Ramcharitar et al. ACA 2020; https://www.acc.org/latest-in-cardiology/articles/2020/05/05/08/31/treatment-of-malignancy-associated-venous-thromboembolism

2020

MB : Drop in Hb > 2gm/dL, transfusion of > 2-unit RCC, critical site bleeds, fatal bleeds, bleeding necessitating surgery
CRNMB: Bleeding compromising hemodynamics, hematoma > 25 cm2, bleeding from venipuncture > 5 mins, epistaxis or 

gingival bleed requiring intervention, macroscopic hematuria, hemoptysis, per-rectal bleed

202020182018



CENTRAL VENOUS ACESS DEVICE (CVAD) 

CENTRAL VENOUS CATHETER (CVC)

CATHETER-RELATED THROMBOSIS (CRT)

42



1. Advent of HDC and BMT has led to increasing use of central catheters 

2. PE high in this group-15 to 33%

3. Classical Features of DVT are lacking

4. CUS not useful for centrally placed thrombosis (catheter induced)

5. Venography, CT and MR Angiography useful 

43



Pathophysiology of VTE in CVC use

1. CVCs  predispose to VTE  & impact each component of Virchow’s triad:  stasis, hypercoagulability, and 
endothelial injury. 

2. CVCs in the vessel lumen slows blood flow, leading to stasis. 

3. CVCs  likely activate coagulation 

4. Endothelial injury.
1. Insertion results in local vessel wall injury
2. Turbulent inflow and the toxic effects  of some medications promote endothelial injury. 

Journal of the Intensive Care Society 2016, Vol. 17(2) 160–167
44Rajasekhar & Streiff, Blood (2017) 129 (20): 2727–2736



Commonly encountered CVCs

Journal of the Intensive Care Society 2016, Vol. 17(2) 160–167 45



Summary of recommendations by clinical guidelines on the 
prevention and treatment of CRT

Guideline Prevention

ACCP 2012, 2016 In outpatients with cancer and indwelling CVAD, suggest against routine prophylaxis with LMWH
or LDUH (grade 2B) or VKAs (grade 2C).

American Society of Clinical Oncology
2013

In cancer patients with CVADs:
Routine thromboprophylaxis is not recommended.
Routine CVAD flushing with saline is recommended.
Data are insufficient to recommend routine thrombolytics to prevent catheter occlusion.

European Society for Medical Oncology
2015

In cancer patients with CVADs:
Routine thromboprophylaxis is not recommended.
Prophylaxis with thrombolytic agents is not recommended (grade I, A).
Saline flushing is recommended (grade III, C).

International Guideline 2013 In cancer patients with CVADs:
Routine thromboprophylaxis is not recommended (grade 1A).
Catheters should be inserted on the right side, in the jugular vein, with catheter tip in the
junction of the SVC and the right atrium (grade 1A).

National Comprehensive Cancer
Network
2013

In cancer patients with CVADs:
Routine thromboprophylaxis is not recommended (grade 2A).

46Rajasekhar & Streiff, Blood (2017) 129 (20): 2727–2736



Marin A, Bull L, Kinzie M, et al. BMJ   Supportive & Palliative Care  2021;11:371–380. 47



Treatment Goals of  VTE

Aim of initial treatment

1. Assess bleeding risk & rule out any contraindications to use of anticoagulation

2. To prevent local extension of the thrombus 

3. To prevent embolisation

4. Relief of symptoms 

5. Reversal of vascular occlusion 

Long-term goal 

1. To prevent recurrent VTE

2. To prevent post-thrombotic syndrome (PTS)

3. To prevent Chronic pulmonary arterial hypertension (CPAH)

48



Bleeding risk assessment models

Klok et al. Blood. 2020;135:724-734 49



Why new oral anticoagulants ?

• Warfarin- sole oral anticoagulant for 60 
years.

• Limitations-
• Narrow therapeutic index
• Delayed onset & offset of action
• Mandatory lab monitoring
• Drug interactions

50

Warfarin Therapy

Bleeding

Clotting

• Novel Oral Anticoagulants



when starting a DOAC /NOAC

• Finances – Very Important in Indian Scenario !!!

• Baseline labs: CBC, creatinine, AST, ALT, T.Bil

• GFR > 30 ml/min and BMI

• Dosing of various DOACs

• Drug to Drug interactions

51



DOACs

Dabigatran Rivaroxaban Apixaban Edoxaban

Atrial Fibrillation FDA approved FDA approved FDA approved FDA approved

VTE Treatment FDA approved FDA approved FDA approved FDA approved

VTE Prevention, 
ortho surgery FDA approved FDA approved FDA approved Not approved???

[Last Updated: Jan 2022]

}52



DOACs : Drug to Drug Interactions  
CYP 3A4 P-gp

Inducers 
(may reduce NOAC 
plasma levels) 

• Chemotherapy: paclitaxel
• Targeted therapies: vemurafenib
• Hormonal therapies: enzalutamide
• Immune modulators: dexamethasone, prednisone 

• Chemotherapy: vinblastine, doxorubicin 
• Immunomodulators: dexamethasone

Inhibitors 
(may increase
NOAC plasma 
effect) 

•Chemotherapies: Several anti-mitotic agents, 
etoposide, doxorubicin, idarubicin, cyclophosphamide, 
ifosphamide, lomustine

•Targeted therapies: imatinib, crizotinib and other 
tyrosine kinase inhibitors 

•Hormonal therapies: tamoxifen, anastrozole, 
bicalutamide, abiraterone

•Immunomodulators: cyclosporine, sirolimus, 
temsirolimus & tacrolimus

•Supportive care: aprepitant, fosaprepitant, fentanyl, 
methadone, acetaminophen 

•Targeted therapies: imatinib, nilotinib, 
lapatinib, sunitinib, crizotinib, vandetanib

•Hormonal therapies: tamoxifen, 
enzalutamide, abiraterone

•Immunomodulators: cyclosporine, 
temsirolimus, tacrolimus

[Source adapted from: Short NJ et al. The Oncologist 2014: Lee AYY et al. Blood 2013] 53



Costs involved

Drug Brand Name Manufacturer MRP 

Dabigatran Pradexa Boehringer Ingelheim 110mg*10tabs ~ 718/-
Generic 8 companies 110mg*10tabs  ~ 240 to 300 /-

Dabigatran Pradexa Boehringer Ingelheim 150mg*10Tabs ~ 718/-
Generic 14 companies 150mg*10Tabs ~ 280/- to 439/-

Rivoroxaban
Xarelto Bayer Zydus 10mg*7 tabs ~ 885/-
Generic 20 companies 10mg*7 tabs ~ 70/ to 279/-

Apixaban
Eliquis Pfizer 5mg*10tabs – 638/-
Generic 2 companies 5mg*10tabs – 185/- to 755/-

Enoxaparin
Clexane Sanofi Aventis Clexane 40mg (0.4ml) Injection ~ 489
Generic 8 companies Clexane 40mg (0.4ml) Injection ~ 319/- to 510/-

Edoxaban Edoxaban Edoxaban Edoxaban 30mg

54



N Engl J Med 2017; 377:431-441
N Engl J Med 2016; 375:1131-1141

DOACs Reversal

55

Drug Dose DOAC’s Effects 

Idarucizumab
(Monoclonal antibody fragment) Idarucizumab 5mg Dabigatran Reversal

Andexanet
(Recombinant modified human 

factor Xa decoy protein)

Andexanet Bolus dose - 400mg; 
Infusion dose - 480mg

For patients who had taken 
apixaban or rivaroxaban more than 

7 hours

Andexanet Bolus dose - 800mg;
Infusion dose - 960mg

For patients who had taken 
enoxaparin, edoxaban, or 

rivaroxaban 7 hours or less before 
the administration of the bolus 

dose or at an unknown time



DVT  treatment phases

European Heart Journal (2018) 39, 4208–4218 56



Major Therapeutic Advances

1. Graduated compression stockings are no longer recommended for PTS

2. Non cancer-provoked VTE, anticoagulation is recommended for 3 months. In patients with cancer-
associated VTE, anticoagulation may be given until the cancer is cured. DOACs, are non inferior to
LMWH in cancer patients.

3. DOACs are also non inferior to VKAs for prevention of recurrent VTE. VKAs are, however, preferred
inpatients with severe renal impairment or when significant drug-drug interactions exist with DOACs.

4. The 2016 ACCP guidelines suggest that ultrasound surveillance only is preferred over anticoagulation
in isolated “ Distal DVT” patients to monitor for thrombus extension.

JAMA. 2018;320(15):1583-1594. doi:10.1001/jama.2018.14346
57



1. The ATTRACT trial suggested no benefit of CDT over anticoagulation alone in initial treatment of acute
proximal DVT. CDT is currently only recommended in patients with threatened limb loss.

1. Currently, IVC filters may only be used in proximal DVT and PE patients with an absolute
contraindication to anticoagulation.

2. There is currently insufficient evidence to support the use of DOACs in patients with antiphospholipid
syndrome, heparin-induced thrombocytopenia, or venous thrombosis at unusual sites, such as
splanchnic vein thrombosis.

3. Lack of prospectively validated bleeding risk score is another current knowledge gap.

Major Therapeutic Advances

JAMA. 2018;320(15):1583-1594. doi:10.1001/jama.2018.14346
58
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High Altitude 
&

Thrombosis

Thrombosis at High Altitude 
The Plot Behind The Clot !



1. Despite a thorough screening, at sea level, VTE still occurs

2. Thrombosis at unusual sites

3. Sparse data, as it is very labour and capital intensive!

4. Impacts our Operational capability!

5. Young healthy subjects afflicted

6. Highland natives rarely affected

Peculiarities of thrombosis at HA



EXISTING DATA ON HIGH ALTITUDE THROMBOSIS





SUMMARY 

We present a 34-year-old man who developed disseminated intra-arterial and venous
thrombosis following exposure to extreme high altitude. On evaluation, the patient was
found to have thrombosis involving the aorta, bilateral iliac arteries and middle cerebral
artery. On detailed evaluation for the cause of recurrent seizures, he was also found to have
cerebral venous thrombosis of the superior sagittal sinus. The patient underwent amputation
of 3 limbs due to gangrene. Procoagulant work up revealed increased plasminogen activator
inhibitor-1 activity with 4G/4G polymorphism. This case highlights the life-threatening and
limb-threatening thrombosis secondary to a rare inherited thrombophilia on exposure to
extreme high altitude.

Nair V, et al. BMJ Case Rep 2016. doi:10.1136/bcr-2016-217361
63



A 35-year-old healthy male with no history of any past medical illness developed
severe headache, vomiting and drowsiness while at high altitude (4,572 m) in the
eastern Himalayan ranges. He was evacuated to a tertiary-care hospital where he was
diagnosed to have cerebral sinus venous thrombosis (CSVT) on magnetic resonance
imaging, with deep vein thrombosis (DVT) of his right popliteo-femoral vein on color
Doppler study. Investigation for thrombophilia revealed protein S (PS) deficiency in this
patient. Family screening was positive.

64

Case vignette- 2



Jun 2001 Dec 2001
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Summary
Background Previous literature suggests that thrombosis is more common in lowlanders sojourning at high altitude (HA) compared to near-sea-level. Though the pathophysiology is partly understood, little
is known of its epidemiology. To elucidate this, an observational prospective longitudinal study was conducted in healthy soldiers sojourning for months at HA.

Methods A total of 960 healthy male subjects were screened in the plains, of which 750 ascended, to altitudes above 15,000ft (4,472m). Clinical examination, haemogram, coagulogram, markers of
inflammation and endothelial dysfunction, were studied at three time points during ascent and descent. The diagnosis of thrombosis was confirmed radiologically in all cases where a thrombotic event was
suspected clinically. Subjects developing thrombosis at HA were labelled as Index Cases (ICs) and compared to a nested cohort of the healthy subjects (comparison group,(CG)) matched for altitude of stay.

Findings Twelve and three subjects, developed venous (incidence: 5,926/105 person-years) and arterial (incidence: 1,482/105 person-years) thrombosis at HA, respectively. The ICs had enhanced
coagulation (FVIIa: p<0.001; FXa: p<0.001) and decreased levels of natural anticoagulants (thrombomodulin, p=0.016; tissue factor pathway inhibitor[TFPI]: p<0.001) and a trend to dampened fibrinolysis
(tissue plasminogen activator tPA; p=0.078) compared to CG. ICs also exhibited statistically significant increase in the levels of endothelial dysfunction and inflammation markers (vascular cell adhesion
molecule-1[VCAM-1], intercellular adhesion molecule-1 [ICAM-1], vascular endothelial growth factor receptor 3 [VEGFR-3], P-Selectin, CD40 ligand, soluble C-reactive protein and myeloperoxidase:
p<0.001).

Interpretation The incidence of thrombosis in healthy subjects at HA was higher than that reported in literature at
near sea-level. This was associatedwith inflammation, endothelial dysfunction, aprothrombotic state and dampened fibrinolysis.
Funding Research grants from the Armed Forces Medical Research Committee, Office of the Director General of Armed Forces Medical Services (DGAFMS) & Defence Research and Development
Organization (DRDO), Ministry of Defence, India.

Conclusion The ICs were noted to have a prothrombotic state with suppressed naturally occurring anticoagulants, dampened fibrinolysis, endothelial activation,
platelet activation and raised proinflammatory markers. The incidence of clinically manifest thrombotic events, venous more than arterial, at HA2 (altitudes >15,000ft/
4,572m) among the healthy subjects of this study was markedly higher than that reported at near sea level. Altitude >15,000ft (4,572m) may be an independent risk
factor for thrombosis, even in healthy subjects.
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Summary of Results

1. 15 Healthy subjects developed thrombosis (Venous=12, Arterial=3)
2. Cases had prothrombotic state VIIa and Xa (p<0.001)
3. Decreased levels of natural anticoagulants (TM, p=0.016; TFPI< 0.001)
4. Trend to dampened fibrinolysis (TPA, p=0.078)
5. Significant increase (P<0.001) in endothelial dysfunction         and               

pro-inflammatory markers (VCAM-1, ICAM-1, VEGFR-3, P-selectin, 
CD40, CRP and MPO)
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In conclusion, this challenging study
improves our understanding on the
mechanisms that might underly high altitude
induced thrombosis.

In this issue of The Lancet Regional Health Southeast
Asia, Velu Nair and colleagues8 report the results of a
challenging, large prospective longitudinal study that
investigated thrombotic events in a cohort of 960
acclimatized lowlanders at high altitude

Editorial 
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1. Common after continuous infusion of UFH  
2. Diagnosis:

1. High index of clinical suspicion 
2. Clinically, appearance of ecchymotic patches, DVT, venous gangrene
3. Thrombocytopenia 
4. Four T’s:  

1. Thrombocytopenia, Timing (5-10 days post heparin), Thrombosis,
2. No other  cause of  Thrombocytopenia 

3. Lab tests 
1. Antigenic immuno- assays: Easier to perform, sensitive but lacks specificity 

(IgG, IgM, IgA)
2. Functional assays: HIPA and SRA. More specific 
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Risk factors for HIT

Typical appearance of a heparin induced skin necrosis



Features that favor a diagnosis of HIT



NON-HEPARIN ANTICOAGULANTS FOR TREATMENT OF ACUTE HIT

Based on the 2018 American Society of Hematology (ASH) Clinical Practice Guidelines for Management of VTE: HIT



VTE & Covid

74



How to approach 
Thrombosis and COVID-19 ?

1. Ensure all patients are risk assessed for VTE as well as bleeding risk

2. Ensure those at risk receive appropriate thromboprophylaxis adjusted
for weight and renal function

3. Have a high index of clinical suspicion for VTE
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WHO Coronavirus disease (COVID-19): Vaccines
As of 12 January 2022, the following vaccines have obtained EUL

1. The Pfizer/BioNTech Comirnaty vaccine, 31 December 2020.
2. The SII/COVISHIELD and AstraZeneca/AZD1222 vaccines, 16 February 2021.
3. The Janssen/Ad26.COV 2.S vaccine developed by Johnson & Johnson, 12 March 2021.
4. The Moderna COVID-19 vaccine (mRNA 1273), 30 April 2021.
5. The Sinopharm COVID-19 vaccine, 7 May 2021.
6. The Sinovac-CoronaVac vaccine, 1 June 2021.
7. The Bharat Biotech BBV152 COVAXIN vaccine, 3 November 2021.
8. The Covovax (NVX-CoV2373) vaccine, 17 December 2021.
9. The Nuvaxovid (NVX-CoV2373) vaccine, 20 December 2021
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Case definition criteria for VITT
Vaccine induced Immune Thrombotic Thrombocytopenia 
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Likelihood of VITT Clinical and laboratory features Recommended management

1 Onset of symptoms 5-30 days post COVID-19 vaccine (or up to 42 days if isolated DVT/PE)
Documented thrombosis or severe and persistent headache
Thrombocytopenia (platelet count <150 000/μL)
D-dimer >4000 FEU (and >8x ULN)
Positive anti-PF4/heparin IgG ELISA assay

2 Definite VITT Meets all five criteria Anticoagulation, IVIG
3 Probable VITT D-dimer > 4000 FEU (and >8x ULN), but one criteria not fulfilled (timing, thrombosis, 

Anticoagulation, IVIG thrombocytopenia, anti-PF4/heparin antibodies)
or D-dimer unknown or 2000-4000 FEU (4-8 x ULN) with all other criteria present

Anticoagulation, IVIG

4 Possible VITT D-dimer unknown or 2000-4000 FEU (4-8 x ULN) with one other criteria not fulfilled or two 
criteria not fulfilled (timing, thrombosis, thrombocytopenia, anti-PF4/heparin antibodies)

Anticoagulation, close clinical 
monitoring,

5 Unlikely Platelet count <150 000/μL without thromboses, D-dimer <2000 FEU (<4x ULN), regardless 
of anti-PF4/heparin antibody result, and/or alternative diagnosis more likely

Anticoagulation only if thrombosis 
is present. 
Consider if ITP treatment is needed



Fundamentals of Management of VITT

1. Anticoagulation - started in all patients with probable or definite VITT.
2. Less than 5% VITT patients present with severe headache ,without overt

thrombosis&negative neuroimaging studies 5 days after vaccination,
should be managed like VITT with anticoagulant (microvascular
thrombosis);repeat imaging done a week later.

3. Heparin does not appear to be dangerous in the vast majority of VITT
patients. 5% of VITT patients have antibodies that cross-react with
PF4/heparin complexes.

4. The hesitancy to use heparin likely stems from the fact that rapid
exclusion of heparin cross-reactivity is usually not possible. Hence, it is
recommended to use a non-heparin anticoagulant for initial treatment.

78GREINACHER et al. J Thromb Haemost. 2021;00:1–8.



1. Dampening of the immune response- High-dose IVIG, 1-2 g/kg of
actual body weight should be given.

2. Thrombocytopenia is not a contraindication to therapeutic dose 
anticoagulation in VITT.

3. The optimal duration of anticoagulation is 3–6  months 
4. Antibodies persist for at least 5 months.
5. An increase in D-dimer without other explanation indicates ongoing 

clotting 
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Fundamentals of Management of VITT



1. Needs extensive edn of all Health Care providers and  Public at 
large !  

2. VTE  Incidence needs close audit
3. Special situations eg HA , Travel
4. Preventable condition
5. Health Economics
6. Newer ,safer and cheaper  Anticoagulants !
7. Aim for DVT Free Hospitals !!
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1. Every hospital should develop a prevention program.

2. Grade 1A evidence for pharmacological DVT prophylaxis in patients with 

VTE risk factors.

3. Perioperative prophylaxis given +/-24 hr from surgery. 

4. Evaluate each patient upon admission, and regularly thereafter, for the risk 

of developing DVT/VTE
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