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Fatal PE Is The Leading Cause Of Death  

Postoperatively

WHY



1.

We Have Enough Data 

And The Algorithm To 

Prevent The Majority Of 

These Deaths 



V. V. KAKKAR, MD

Rt. Hon Professor the Lord Ajay Kakkar

Thrombosis Giants That Shaped The World Of Surgical Prophylaxis 

For The Past 50 Years



Prophylaxis Against Fatal PE 

with Low-dose UFH

Number of patients 

with fatal PE 
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Low-dose UFH saves 7 lives for every 1,000 operated patients. 

p < 0.005

Control

UFH

UFH = unfractionated heparin

Kakkar VV, et al. Lancet. 1975;2:45-51.



Death From PE But Not Death From 

Bleeding

Collins R, et al. N Engl J Med. 1988;318:1162-73.
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Evenly randomized trials of perioperative s.c. 

heparin in general, orthopaedic, and urological surgery

Fatal events

Non-fatal events

H C H C H C

PE
Fatal 

bleeds
“Other” 

deaths

Heparin (H), n = 6,386

Control (C), n = 6,246



Outcome LMWH (N = 11,542)

N    (%)

UFH (N = 11,536)

N    (%)

p

PE (at autopsy) 22  (0.191) 22  (0.191)

Fatal 17  (0.147) 18  (0.156) 0.87

Non-fatal 5  (0.043) 4  (0.035) 1

Fatal Pulmonary Embolism In 

Surgical Patients

• Randomized double-blind comparison of LMWH with UFH, 

involving 23,078 surgical patients

Haas S, et al. Thromb Haemost. 2005;94:814-9.

Anticoagulant prophylaxis reduces the risk of death to 0.15%

No deaths from anticoagulant bleeding 

occurred in this large series



Length of Anticoagulant Prophylaxis

• From 1975 to 2005 

• 43,000 patients (160 centers)

• Objective diagnostic endpoints 

• Anticoagulant prophylaxis for one week established 

efficacy 

Kakkar VV, et al. Lancet. 1975;2:45-51

Collins R, et al. N Engl J Med. 1988;318:1162-73

Haas S, et al. Thromb Haemost. 2005;94:814-9



2.

We Have A Robust And 

Validated Risk 

Assessment Tool



Individual Risk Assessment Vital to Provide 
Optimal Thrombosis Prophylaxis

The risk of thrombosis varies widely between individuals

Treating everyone with the same 

anticoagulant strategy does not make sense



Caprini Score

1. Thorough history and 

physical (40 elements)

2. Power of each risk factor 

graded regarding VTE 

incidence

3. Combination of number of 

risk factors and their relative 

weights results in a score

4. Non-linear increase in  

clinical VTE rate with 

increasing score

Number of Risk Factors
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Caprini Score Has Been Validated In About 5,000,000 Patients Including 

More Than 360 Publications Worldwide



High Risk 5+ 6% = VTE  No Longer Valid

General surgery
Plastic surgery

Head and neck

Set point for highest risk varies depending upon the population tested

6.51%

18.3%

11.3%

Vietnam 2,795,024 surgical 

patients 4.5%



Thrombosis Risk

Patient A

• Age 42 years =1 point

• BMI 29 = 1 point

• Birth control pills = 1 point

Caprini Score  3 Moderate Risk

Patient B

• Age 76 years = 3 points

• History of PE = 3 points

• Past cancer = 2 points

Caprini Score 8 High Risk

Although each patient has 3 risk factors, the combination of NUMBER of 

risk factors and their POWER result in a more accurate estimate of VTE 

risk compared to a simple list of risk factors alone.



Set Point For Highest Risk Is Specialty 

Specific Or Varies By Type Of Illness
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 ≥15

Mixed population* 0.2% 0.4% 0.7% 1.4% 2.0% 3.3%

Medical patients* 0.7% 0% 0.2% 0.4% 2.2%

COVID-19 

patients
0% 4.5% 7.4% 17.6% 28.0%

Cancer 0% 6.2% 12.9% 40.5%

Burns* 0.2% 0.7% 0.8% 3.7% 8.8%

Trauma and

orthopedics*
1.5% 5.3% 7.2% 14.6% 15.5% 47.1%

Urology and

gynecology*
0% 0.2% 0.4%

Vascular surgery* X 1.6% 5.6% 14.7%

General surgery 

and mixed surgery
0% 0.7% 1.0% 1.6% 15.9%

Head and neck

surgery
x 0% 0.4% 0.1% 0.7% 2.6% 15.6%

Thoracic surgery 0% 10.5% 38.6%

Plastic surgery 0.4% 0% 1.4% 2.3% 5.6%

Critically ill 

patients
3.5% 5.5% 6.1% 6.1% 6.9%

The Correlation Between Caprini Score And VTE Incidence 

Was Reported In 68 Studies That Enrolled 4,207,895 Patients 

From Different Specialties  (4562 References Screened)

The Thresholds Of Caprini Score Associated With 

Increased Risk Of Venous Thromboembolism Across 

Different Specialties: A Systematic Review

Lobastov K, Urbanek T, Stepanov E, Lal B.K, Marangoni 

J, Cronin M, Krauss ES, Dengler N, Segal A, Welch H, 

Gianesini S, Chen X, Caprini J

Annals of Surgery Published Ahead of Print 

DOI:10.1097/SLA.0000000000005843 

VTE Risk For Individual Patients Increases 

Dramatically At A Threshold Caprini Score Of 7-11 

Colors indicate VTE incidence:              GREEN - <1.0%; 

  YELLOW – ≥1.0% and <5.0%;            ORANGE - ≥5% and <10%;  

  RED - ≥10% and <25%;                      DARK RED - ≥25%.



Caprini Scores in Patients Not Receiving 

Prophylaxis

Pannucci CJ, Swistun L, MacDonald JK, Henke PK, Brooke BS. Ann Surg. 2017 Jan 19. [Epub ahead of print]



Patient Friendly Risk Assessment Forms

• English

• Spanish

• Arabic

• Polish

• Thai

• Chinese

• Turkish

• Urdu South East Asia

The original Caprini Score Sheet is used in many countries and the number of 

translations is unknown





DOH VTE risk assessment tool (NHS) UK



Obstetrical History As A Marker For 

Thrombotic Events

• Recurrent unplanned abortions

• Stillbirths

• Premature birth with toxemia

• Growth-restricted infant

• Patients with any of these historical events may be 

carriers of one or more of the following abnormalities

– Lupus Anitcoagulant (LA) positive, single anticardiolipin antibody 

positive (aCL), or anti-b2glycoprotein-I antibody positive (ab2GPI) 

Persistent antiphospholipid antibody (aPL) in asymptomatic carriers as a risk factor for future thrombotic events- a nationwide prospective study: Mustonen P et al. Lupus, 2014; 23(14):1468-76 

STRONG PREDICTOR OF A THROMBOTIC  EVENT FOLLOWING SURGERY



Familial Risk of Venous 

Thromboembolism in Relatives*
• This study shows an increased VTE 

risk among not only first-degree 

relatives but also second- and third-

degree relatives and non-biologic 

relatives

– The genetic component of the 

familial clustering of VTE is 

strong

– Family history is potentially 

useful for clinical VTE risk 

assessment, even in second-

and third degree-relatives.

Thromb Haemost 2013;109(3)458-63

*(183,515 INDIVIDUALS)



• Family history is a risk indicator for a first venous 

thrombosis, regardless of the other risk factors 

identified

• In clinical practice, family history may be more 

useful for risk assessment than thrombophilia 

testing

Arch Intern Med. 2009;169(6):610-615

The Value Of Family History As A Risk 

Indicator For Venous Thrombosis



Caprini Score Descriptors

Bedrest Is A Well-known Risk Factor For Venous 

Thromboembolism

– Defined in the MEDANOX trial as those patients unable to walk at 

least 30 feet or more at one time

– The MEDANOX trial compared LMWH prophylaxis in hospitalized 

medical patients with a control group not receiving prophylaxis

• The rate of VTE for non-ambulatory patients in the control group was 

19.7% compared to 10.6% in those walking 30  feet*

• The rate of VTE  for non-ambulatory patients receiving LMWH 40 

mg/day was 9.0% compared to 3.3% for those able to walk 30 feet.

*Amin A. et al:Thromb Haemost 2010; 104: 955–961



Who Should Complete The Caprini Score

• Patients should be encouraged to complete the patient-

friendly risk form 

– The person responsible for the history & physical  (H&P) should 

check the form and finalize the initial score

• This individual is responsible to document that all questions have been 

asked.

– Scoring the patient by the floor nurse or in the preoperative area or 

even at the time of interview with the surgeon is not appropriate.

Hospital floor including ICU Preoperative holding area Interview with surgeon



The Operating Room



More Than 100 Years Ago The Famous Pathologist 

Rudolf Virchow Described A Triad Of Factors Associated 

With The Development Of Venous Thrombosis



Effects Of Anesthesia Replicate Virchow’s Triad

• Venous stasis due to calf muscle paralysis (1)

• Venous over-distension producing endothelial cracks (2)

• Hypercoagulability occurs secondary to surgical stress, 

retained metabolites, and underlying pathology (3)

• Time of anesthesia intensifies these effects

• IPC during surgery critical to minimize these changes

27

Definition Of Major Surgery As A 

Thrombosis Risk Factor



Endothelial Damage From Venous Distension

Due To Slow Blood Flow

Comerota, AC in Rutherford’s Textbook of Vascular Surgery, Fourth Edition (WB Saunders Co., Phila. 1995) Figure 134-4(B), page 1793.

Blood flow 

slows

Vein expands

 overfilling 

with blood

Endothelium 

cracks as vein 

expands 

exposing 

collagen

Clots form 



Endothelial Damage From Venous 

Distension Due To Slow Blood Flow

Comerota, AC in Rutherford’s Textbook of Vascular Surgery, Fourth Edition (WB Saunders Co., Phila. 1995) Figure 134-4(B), page 1793.
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Muscle relaxant      Venous stasis       Endothelial Disruption

A Nicolaides MD; personal communication





3.

Consistent And Mandatory

Compliance Of Evidence-

Based Pathways



“There is a disconnect 

between evidence and 

execution as it relates to 

VTE prevention

Reducing VTE deaths 

requires mandatory 

implementation of 

appropriate care 

pathways



I COUGH: August 
2010

Mandatory 

Algorithm

LMWH 7-10 days 

Score 5-8

Compliance  89%

LMWH 30 days 

Score 9+

Compliance 77%

LMWH supplied 

regardless of the 

ability of the 

patient to pay

POSTER CHILD 

FOR THE USA!

?



Decade Of Success Related To Physician Compliance To 
Partner With This Program

Post-operative VTE

Caprini 

Protocol



Courtesy Harry E. Fuentes, MD

Thrombosis Bleeding

For low scores the risk of 

bleeding outweighs the use of 

anticoagulant prophylaxis

High scores justify 

anticoagulant prophylaxis 

which if omitted may 

result in fatal pulmonary 

emboli



The Rate Of Bleeding Complications After 

Pharmacological DVT Prophylaxis
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Leonardi MJ, et al. Arch Surg. 2006;141:790-9.

33 RCTs in 33,000 patients

*Bleeding incidence not trivial

No Fatal Bleeding Events Were reported in This Series Of  Patients



The Rate Of Bleeding Complications After 

Pharmacological DVT Prophylaxis

• Understand the relative vs. absolute contraindications for using anticoagulant 

prophylaxis

– Start anticoagulation as soon as the bleeding risk decreases and continue 

therapy for an appropriate duration based on level of risk

– Maximize IPC use starting in the operating room and continuing 

throughout the postoperative period

– Employ vena cava filters only in extreme cases realizing the potential for 

thrombosis without Anticoagulant protection

– Fatal bleeding events from anticoagulant prophylaxis are exceeding rare

– Fatal PE events are a reality when omitted in the high-risk patient for fear 

of bleeding



CONCLUDING THOUGHTS

• The Caprini score set point for high and highest risk varies 

according to the population studied.

• Perform thrombosis risk assessment using the patient-friendly 

version assisted by your loved ones.

• The score is a DYNAMIC instrument and MUST be updated 

during hospitalization and at discharge.

• Extended prophylaxis following discharge imported for patients 

with high (9+) risk scores.

• Failure to track obstetrical complications and/or family history of 

thrombosis may result in a serious VTE event or fatal outcome.



Essential Elements To Reduce The 

Incidence Of Fatal Pulmonary Emboli

1. Utilizing robust data derived with hard endpoints collected over 4 

decades

2. Performing a thorough individual risk assessment

3. Mandatory implementation of evidence-based  algorithms with  

“opt-out” provisions to balance the risk of thrombosis vs. bleeding

4. Tracking 90-day outcomes and comparing the results to 

compliance with these algorithms

5. Sharing the results with physicians as a nudge to improve 

compliance



Performing a 

thorough 

history and 

physical gives 

you 

knowledge 

about your 

patient as if 

they were a 

good friend



Thank You For Your Attention

www.capriniriskscore.org

Youtube: Caprini venous resource center

Facebook: Joe Caprini

Twitter: @caprinijoseph

Instagram: venous resource center V-WIN APP
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