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Epidemiology



Epidemiology: 폐색전증의빈도가증가

Eur Heart J 2019



국내폐색전증의빈도

PLoS One. 2018;13(1):e0191897.
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PE Risk Factors

Provoked

Patient with an antecedent (within 3 

months) and transient major clinical

risk factor for venous

thromboembolism (VTE)

•Surgery, trauma, significant

immobility, pregnancy or

puerperium

•Hormonal therapy (oral

contraceptive or hormone

replacement therapy)

Unprovoked

• No antecedent major clinical risk factor 
for VTE

• Active cancer, thrombophilia or a family 
history of VTE, because these are 
underlying risks that remain constant in 
the patient



Conceptual framework for provoked and unprovoked 

venous thromboembolism

Journal of Thrombosis and Haemostasis, 14: 1480–1483



Categorization of risk factors for venous thromboembolism based on 

the risk of recurrence over the long-term

Eur Heart J 2019



Infection

Lancet 2006; 367: 1075–79



Ann Rheum 

Dis. 2013 

Jul;72(7):1182-7.

https://www.ncbi.nlm.nih.gov/pubmed/?term=The+risk+of+pulmonary+embolism+and+deep+vein+thrombosis+in+rheumatoid+arthritis%3A+a+UK+population-based+outpatient+cohort+study


Meta‐analysis: the risk of venous thromboembolism 

in patients with inflammatory bowel disease

Aliment Pharmacol Ther. 2013 May;37(10):953-62.

https://www.ncbi.nlm.nih.gov/pubmed/23550660


Categorization of risk factors for venous thromboembolism based 

on the risk of recurrence over the long-term

Eur Heart J 2019



Diagnosis of Pulmonary Embolism 

Update



PIOPED II Protocol

Multi-slice CTA/CTV

High Probablity

V/Q Scan

PA Gram

Indeterminant or

Low Prob V/Q Scan

and Indeterminant

Clinical Prob

Normal

V/Q Scan or

Low Prob V/Q

+ Low Clin Prob

Ultrasound

Negative

Ultrasound Positive

STOP

Clinical assessment, V/Q Scan

CTA/CTV

Duplex Ultrasound of Legs

STOP

N Engl J Med 2006; 354:2317-2327



CTA %    CTA/V %

Sensitivity(test/truth) 83           90

Specificity(test/truth) 96          95

PPV(truth/test) 86          85

NPV(truth/test) 95          97

CHEST CTA vs CTA/V          

PIOPED II, N Engl J Med,, June, 2006

Do not perform CT venography as an adjunct to CTPA. 

Class III, ESC 2019



PIOPED II demonstrated the previously 

unrecognized problem that 14%(25/175) of CTA 

read as positive for PE were in truth negative!

1. Unnecessary anticoagulation with bleeding risk.

2. Lifelong stigma of having a PE 

3. A major public health cost

N Engl J Med 2006; 354:2317-2327



Clinical Assessment for PE (Christopher, NEJM)

3306

Likely Unlikely

1100 2206

D-Dimer

CTA Abnormal Normal

1149 1057

+ PE - PE F/U

674 1575 5 PE(0.5%)

7 PE(0.5%)



Age-adjusted D-dimer cut-off in suspected PE

Derivation set

N=1721

Prevalence of PE:24%

Age-adjusted

Cut-off value:

Agex 20(㎍/L FEU)

Above 50 years

(1 FEU=2 x DDU)
Fig1) Optimal cut-off values for D-dimer test for pulmonary 

embolism by age in patients with an unlikely clinical 

probability of pulmonary embolism(sensitivity set at 100%) 

BMJ 2010; 340: c1475



ADJUST PE: Study Design and Results

JAMA 2014;311:117



Lancet 2017; 390: 289–97 



N Engl J Med 2019;381:2125-34



D-dimer



D-dimer <1000 ng/ml Clinical Low probability

Well’s score < 2

Clinical intermediate 

probability

Well’s score  2-6

D-dimer <500 ng/ml 

Ruled out PE without further testing

N Engl J Med 2019;381:2125-34.





Diagnosis of Acute PE in 

Hemodynamically Unstable

 Lower extremity compression USG

 does not diagnose PE, it is sufficient for the diagnosis of deep 

venous thrombosis (DVT), which is sufficient to initiate treatment.

 Echocardiography

 the presence of new right ventricular strain or direct visualization 

of thrombus within the heart



Deep Venous Thrombosis: Ultrasound

 Positive Exam

 Vein enlarged

 Hypo-echoic

 Non-compressible

 Negative Exam

 Vein collapses

 If artery collapses,

too much pressure

TRANSDUCER

A V

TRANSDUCER

A V
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Assessment of pulmonary 

embolism severity and the risk of 

early death



 Class I, <66

 Class II, 66-85 

 Class III, 86-105

 Class IV, 106-125

 Class V, >125

Pulmonary Embolism Severity Index



Class I, <66

Class II, 66-85 

Class III, 86-105

Class IV, 106-125

Class V, >125

Pulmonary Embolism Severity Index

Safely treatment in an outpatient clinic



RV function assessment in low-risk 

patients

 In the 2019 ESC guideline, the selection of low-

risk patients with PE who qualify for home 

treatment is based on the Pulmonary Embolism 

Severity Index (PESI) score or its simplified version 

(sPESI), combined with the mandatory absence 

of RV dysfunction on transthoracic 

echocardiography or CTPA

Eur Heart J 2019



Is it necessary right ventricular (RV) dysfunction 

measurement in normotensive patients with PE to 

identify low-risk patients eligible for home treatment?

AJRCCM 2020; 202:138-141



Assessment of pulmonary embolism 

severity and the risk of early death



PEITHO – inclusion criteria

N Engl J Med 2014; 370:1402-1411



PEITHO – inclusion criteria

N Engl J Med 2014; 370:1402-1411



NO

ESC 2019



Anticoagulation



Anticoagulation Initiation

 In patients with high or intermediate 

clinical probability of PE anticoagulation 

should be initiated while awaiting the 

results of diagnostic tests.

 LMWH, UFH, DOACs



Rivaroxaban/Apixaban for treatment of PE

Phases of the disease

Intermediate 

Acute

Long term 

Rivaroxaban/Apixaban treatment for PE

Acute

Intermediate and Long term 

Acute/Intermediate/Long term treatment as a single drug with reduced dose



DOACs for treatment of PE

 Cochrane meta-analysis of 11 randomized trials-major bleeds are fewer in DVT:

-Thrombin inhibitors: odds ratio 0.68; 95% CI, 0.47-0.98

-Xa inhibitors: adds ratio 0.57;95% Cl,0.43- 0.76

 No difference in PE for recurrence, mortality or major bleeds

 Rivaroxaban alone1

 Apixaban alone2

 ESC 2019 and ACCP 2016  suggest DOACs rather than VKA

1N Engl J Med. 2012;366(14):1287-1297.
2N Engl J Med. 2013;369(9):799-808.



First, PE

Anticoagulation for at 

least 3 months

Indefinite duration of 

anticoagulation

Stop anticoagulation

Second episode of VTE,

At least one unprovoked 

episode

Indefinite duration of 

anticoagulation

• Clinical decision in patients with 

first PE based on recurrence risk 

(>3%/year)
• Patient preference

Kim YK and Choi WI. Clin Exp Thromb Hemost. 2018;4(1):1-6.
ESC 2019

Duration of 

Anticoagulation



ESC 2019

Duration of Anticoagulation



Percutaneous catheter-directed 

treatment





Circulation. 2014;129:479–486





Cathterization and Cardiovascular Interventions 89:754-760 (2017)





Inferior Vena Cava Filter







 IVC filter placementwas associated with a significantly increased 

hazard ratio of 30-day mortality (1.18; 95%CI, 1.13-1.22; P < .001).

 When the propensity score was included in the Cox model, IVC filter 

placement remained associated with an increased hazard ratio of 

30-day mortality (1.18; 95%CI, 1.13-1.22; P < .001).

JAMA Network Open. 2018;1(3):e180452



ESC 2019



Long-term sequelae of

pulmonary embolism



ESC 2019



Chronic thromboembolic pulmonary 

hypertension management

Eur Respir Rev 2017; 26: 170105



Summary
 Epidemiology

 Increasing incidence of PE

 5-Yr recurrence rate of VTE after PE was about 21% in Korea

 Classification of the Risk Factors

 Re-classified PE risk factors based on the recurrence rate 

 Diagnosis of Pulmonary Embolism

 Adjusted D-dimer and clinical probability may reduce CTPA exam

 V/Q SPECT 

 Assessment of Pulmonary Embolism Severity and the Risk of Early Death

 RV evaluation by TTE

 Intermediate low risk of early death

 Intermediate high: both RV dysfunction and positive troponin → close observation 

and consider reperfusion, if deterioration



Summary

 Anticoagulation

 Extended anticoagulation except major transient/reversible risk 
factors

 Percutaneous Catheter-directed Treatment

 Growing area in intermediate-high risk PE patients

 High-risk PE, thrombolysis is contraindicated or failed

 Inferior Vena Cava Filter

 Conflicts results

 The rooms for filter indication is going to reduced

 Long-term Sequelae of Pulmonary Embolism

 PEA/BPA/Medical therapy
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