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History 

• Trendelenburg, 1908, 1st pulmonary embolectomy

• Ochsner & DeBakey, 1932, IVC ligation

• Gibbon, 1953, 1st successful operation with CPB

• Cooley, 1961, 1st successful surgical embolectomy using CPB

• 1984, 1st percutaneous IVC filter



Epidemiology

• 1.5 / 1000 person-year

• ∝ age

• Male ≒ Female

• Half idiopathic, 

– Trauma

– Surgery

– Immobilization

– Cancer

• Risk factors for PE

– Age, HT

– Obesity, DM, Dyslipidemia

– Cigarette smoking

– Hypercoagulability

• Antithrombin def

• Protein C, S def

• Antiphopholipid AB synd



Pathophysiology

• Hypercoagulable states

• RV dysfunction leading shock

• Hypoxemia





Clinical Presentation

• Symptoms
– Unexplained dyspnea

– Chest pain (pleuritic / atypical)

– Anxiety, Cough

• Signs
– Tachypnea

– Tachycardia

– Low-grade fever

– Hemoptysis, leg edema

– TR murmur



Diagnosis

• Lab : D-dimer, ABGA, pro-BNP…

• EKG : Tachycardia, RBBB, T-wave inversion, Afib…

• EchoCG

– McConnell sign : RV free wall hypokinesia

– D-shape LV

– TR, elevated PAP



Diagnosis - CT

• In suspected high-risk PE (Class I, LOE C)

• Size, location, and extent of thrombus

• Pulmonary artery enlargement 

• Age of thrombus

– Acute / Subacute / Chronic

• Location of thrombus

– PA, pelvic veins, DVT

• Right ventricular enlargement

– Contour of the interventricular septum





Classification of Acute PE

Classification Presentation Therapy

Massive PE Systolic BP <90

MOF plus main pulmonary 

artery clot

Thrombolysis or embolectomy

or 

IVC filter plus anticoagulation

Submassive PE Hemodynamic stable with RV 

dysfunction

Thrombolysis or embolectomy

or IVC filter controversial

Small to moderate 

PE

Normal hemodynamics and 

normal RV function

Anticoagulation



Tx - Anticoagulation

• Cornerstone for Tx (Class I, LOE A)

• UFH

• LMWH

– Enoxaparin

– Dalteparin

– Nadroparin

• WFR

• NOAC (I, B)



Tx – IVC filter

• Ix

– Major bleeding risk (precluding anticoagulation) (Class IIA, LOE C)

– Recurrent PE despite anticoagulation

– Routine use is not recommended (Class III, LOE A)

• After 80years RCTs,

– ↓risk of PE, ↑risk of DVT 

– ≒ long term survival
Celect (Cook), 2007 Gunther Tulip (Cook), 

2000

Titanium 

Greenfield (Boston 

Sci), 1989

OptEase (Cordis), 

2002



Tx - Thrombolysis

• Advantages

– Lessen thrombus burden

– Better hemodynamics

– Lessen the chance of CTEPH

• Disadvantages

– Risk of major bleeding : ICH, in women

– 13% major bleeding, 1.8% ICH



Outcomes of Thrombolysis

• In many RCTs,

– Embolic burden reduction & hemodynamic improvement

– 92% response (~till 2weeks)

• rTPA is slightly better than others

• Local direct infusion of rTPA≒ systemic infusion



Outcomes of Thrombolysis

Outcome Trials that included patients with massive 

PE

Trials that excluded patients with massive 

PE

Thrombolysis 

(n/N)

Heparin (n/N) OR Thrombolysi

s (n/N)

Heparin (n/N) OR

Recurrent 

PE or death

12/128 (9.4%) 24/126 

(19.0%)

0.45 (0.22–

0.92)

13/246 

(5.3%)

12/248 

(4.8%)

1.07 (0.50–

2.30)

Recurrent 

PE

5/128 (3.9%) 9/126 (7.1%) 0.61 (0.23–

1.62)

5/246 (2.0%) 7/248 (2.8%) 0.76 (0.28–

2.08)

Death 8/128 (6.2%) 16/126 

(12.7%)

0.47 (0.20–

1.10)

8/246 (3.3%) 6/248 (2.4%) 1.16 (0.44–

3.05)

Major 

bleeding

28/128 (21.9%) 15/126 

(11.9%)

1.98 (1.00–

3.92)

6/246 (2.4%) 8/248 (3.2%) 0.67 (0.24–

1.86)

Wan S, et al. Thrombolysis compared with heparin for the initial treatment of 

pulmonary embolism: a meta-analysis of the randomized controlled trials, Circulation, 

Vol. 110, 744–749.



Indication of Thrombolysis

• 1st line therapy in high-risk PE with cardiogenic shock (Class I, 
LOE B)

• Absolute Contraindication of thrombolysis

– Haemorrhagic stroke at any time

– Ischaemic stroke in 6 months

– CNS damage or neoplasms

– Recent major trauma/surgery/head injury (within 3 weeks)

– GI bleeding within the last month



Catheter Embolectomy

• Mechanical fragmentation

• PA balloon dilatation and stenting

• + catheter directed thrombolysis

As an alternative to surgery in patients with high-risk PE if 

thrombolysis is absolutely contraindicated or has failed (Class 

IIA, LOE C)



Surgical Embolectomy

• Traditionally,

– Rare rescue operation : CPR, 

– CIx or failure of thrombolysis

– PFO / intracardiac thrombus

– High mortality approaching 30~40%

In patients with high-risk PE in whom thrombolysis is 

absolutely contraindicated or has failed (Class I, LOE C)



Surgical Embolectomy

• CPB

• Normothermic

• No ACC / 

Fibrillating



Operation Video : Acute PE



• October 1999 ~ October 2001

• 29 (17 men and 12 women)

• 11% 30-day mortality

• Brigham and Women’s Hospital



• 2709, 57.0±16.0 years

• Overall inpatient mortality 27.2%



• 45 (median age, 68 years; 62% female; 31% CPR, 29% 

ECMO)



• Surgical embolectomy is associated with lower 
cardiac mortality risk than thrombolysis

• First-line treatment option for acute massive 
PE for patients.



• Regardless of Tx for massive PE,

• Hemodynamic Instability is major risk factor for massive 

PE !!! 

• Use of ECMO is important !!!



VA ECMO in acute PE

• ECMO not in guidelines and no RCT

• But, most deaths occur in first 2.5hrs

• Major cause is shock (>30% mortality vs 5% without)

• Average survival in surgery is only 70%.

• Surgery not always immediately available.

• Thrombolysis takes time to be effective.



VA ECMO in acute PE

• As part of CPR

• To allow stabilization prior to surgery or 

intervention/thrombolysis

• For post embolectomy RV failure or reperfusion lung injury

• Acute PE might be self-limiting



Take Home Messages

• Low risk PE : D-dimer & Anticoagulation

• Submassive/Massive PE : CT/EchoCG & 

Thrombolysis/Op/Intervention

• High risk PE, hemodynamic status is most important factor for 

survival.

• ECMO support is mandatory for life-saving!!!

• Surgical embolectomy is not inferior to Thrombolysis Tx. 
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University of California SD

• UCSD, 1903 open

• 1966, medical school open

• 3rd of 10 UC 

• 59th in world university ranking

• 20 winners of Novel prize



TS of UCSD

• Specialized center for PEA

• 3 OR + 1 Hybrid OR

• Annual 500 cases of OHS

– ~250 PEA

– ~40 LVAD surgery

– ~150 CABG

– ~100 Valve

– ~50 TAVI



Diagnosis of CTEPH

• Pulmonary hypertension : mean PAP > 25mmHg (not all 

patients have PH)

• Persistent perfusion defect despite therapeutic anticoagulation



Natural Hx of CTEPH

Acute PE CTEPH

Prothrombotic tendency

Medical Condition (infection and inflammation)

Genetic

Recurrent TE events/In-situ thrombosis

Small Vessel ChangesResolution 

(96~99%)



Natural Course of CTEPH

• Riedel M et al. Chest 1982;81:151-8



Incidence & Prevalence

• More prevalent than recognized

– Acute PE : Estimated 1 in 1,000 population

– About 1~5% risk of CTEPH from acute PE

– Estimated 3,000~15,000 new cases annually in the U.S

– Perhaps about ~250-300 endarterectomy performed

– Where are these patients ?



Clinical Presentation

• Symptoms

– Progressive dyspnea

– Chest pain, hemoptysis, recurrent thrombophlebitis, chronic non-

productive cough, palpitation

• Sign

– Signs of RHF and severe PHT

– Bruit over lung field 



CTE Disease and CTEPH

• High index of suspicion in patients who have unexplained 

exertional dyspnea

• Absence of a known history of DVT does not exclude CTEPH

• DDx : COPD, Asthma, Deconditioning… 

• Dx of PH should be considered in all patients with unexplained 

dyspnea… and CTEPH in all patients with PH



Diagnostic Evaluation : SCAR

• Suspect 
– Echo : Assess for PH

– V/Q scan : detect of vascular occlusion

• Confirm
– Right Heart Cath : Assess for PH

– Pulmonary Angiography (CT or MRI, invasive) : detect of vascular 
occlusion

• Assess Risk
– Hemodynamics, comorbidities, suegeon/CTEPH team experience



TTE

• Hemodynamics

– Indirect PA pr

– RV function

– TR grading

• Structural Assess

– D shaped LV

– Intracardiac shunt : ASD/PFO…

– R/O Left heart problem causing PH



VQ scan

• High sensitivity >96% (CTPA 51%)

• Normnal VQ scan can R/O CTEPH



D/D of VQ scan



CT findings

• Eccentric thrombus

• Lining thrombus

• Enlarged PA

• Recanalization



CT findings

• Mosaic perfusion

• Bronchial artery 

collaterals



Pulmonary Angiography

• ‘Gold Standard’

• Essential to establish operability for more distal CTE 
disease

– Single injection : Rt and Left

– Biplane study : PA and Lateral

– ‘Pouch’ defects

– Webs and bands

– Intimal irregularity

– Abrupt vascular narrowing

– Complete obstruction at main. Lobar or segmental levels













Pulmonary Angiography : Rt Ht Cath

• Hemodynamic 

assessment : PCWP, 

sPAP, RVP, PVR…

• Complete assessment 

process for surgical 

candidacy



Surgical Classification of CTEPH

Type 1 Fresh thrombus in main-lobar PA

Type 2 Intimal thickening and fibrosis proximal to segmental arteries

Type 3 Disease within distal segmental arteries

Type 4 Distal arteriolar vasculopathy without thromboembolic disease

20% 60%

20% <5%



Treatment Algorithm for CTEPH

CTEPH Diagonosis

Continue lifelong Anticoagulation

Operability Assessment by CTEPH team

Operable Inoperable

Pulmonary Endarterectomy
Recommend 2nd opinion by 

experienced center

Persistent symptomatic PH

Targeted Medical Tx

Lung 

Transplantation

Balloon Pulmonary 

Angioplasty ?



Operable vs Inoperable CTEPH

• Is there CTED that matches PH ?

– PA angiography

– What is the PVR ?

• Is there microvascular disease(inoperable) ?

– Type IV

– Expert opinion

• Surgical expertise

• Co-morbidities





Surgical Considerations

• Median sternotomy

• CPB with DHCA under 18~20 °C

• LV venting

• Circulatory arrest

• Complete bilateral endarterectomy, NOT embolectomy

• Identification of the plane : media

• Too superficial : risk of persistent pulmonary hypertension

• Too deep : risk of vessel wall perforation that difficult to repair

• Functional TR : no correction!

Collateral flow 



Profound Hypothermia and TCA

• Excellent visibility and a bloodless field are required.

– To define an adequate endarterectomy plane

– To follow the pulmonary endarterectomy specimen deep into the subsegmental vessels

– To stop copious bronchial blood flow from aortic perfusion

• “Complete” endarterectomy is possible only with transient TCA.

• TCA periods are limited to 20 min, with restoration of flow between each arrest: intermittent 

TCA

• The endarterectomy usually can be performed with a single period of circulatory arrest on 

each side.



• Jamieson sucker tip

• Double action long forcep



Operation Video : Type II CTEPH



Operation Video : Type I Subacute on CTEPH



Operation Video : redo Type II CTEPH



Operation Video : Type III CTEPH



Postoperative Care

• Early extubation

• AC ASAP

• Diuresis

• Persistent PH

• Reperfusion injury

• “Steal” phenomenon

• Re-exploration for bleeding

• Neurological deficits



Postop. Serious Complications

• “Reperfusion Response”

– Localized pulmonary edema

– Definition: Radiologic opacitiy seen in the lungs within 72 hours of pulmonary endarterectomy

– True reperfusion injury : up to 10% of pts.

– Symptoms & signs

• Profound desaturation

• Edema-like fluid (bloody tinge) is suctioned from the endotracheal tube.

– Management

• Minimize the development of pulmonary edema with diuresis

• Maintenance of Hct levels

• Early use of peak end-expiratory pressure

• Careful management of ventilation and fluid balance

• Inhaled NO at 20~40ppm can improve the gas exchange



Causes of Death

• Residual PH and RV failure

– Inoperable case selection, PAH/type 4 disease

• Reperfusion lung injury

• Multi-organ failure

• Intra-operative hemorrhage from technical error



Causes of Death

• Residual PH and RV failure

– Inoperable case selection, PAH/type 4 disease

• Reperfusion lung injury

• Multi-organ failure

• Intra-operative hemorrhage from technical error



Results : UCSD

• Over 3400 cases at UCSD medical center

– Mean age 53 (7 to 88)

– One third had at least one additional cardiac 

procedure…

– Average operation time : about 7 hours

– Mean CPB time : 218 ± 41 min

– Mean ACC time : 88 ± 25 min

– Mean TCA time : 37 ± 12 min



Pre & Post hemodynamics

• PVR : 897 → 245 (dynes/sec/cm-5)

• Mean PAP : 45.9 → 26 (mmHg)

• SPAP : 79 → 45 (mmHg)

• C.O : 3.6 → 5.8 (L/min)



Reduction of PVR is Key

• 500 patients Oct 2006 ~Dec 2010

• Postop PVR > 500 dsc-5

– 10.3% mortality

• Postop PVR < 500 dsc-5

– 0.9% mortality

Madani MM Ann Thorac Surg 2012



Overall Mortality by Era

• Before 1990 : 17%

• 1990~1998 : 8%

• 1998~2006 : 4.1%

• 2006~2010 :2.2%

• 2010~2014 : 1%



High volume center (>33 cases per year) showed better early and 

long term survival. 



Hybrid Approach : PEA+BPA



Hybrid Approach : PEA+BPA



Hybrid Approach : PEA+BPA



Conclusions

• PEA remains the definitive and curative Tx for CTEPH.

• Successful PEA requires precise identification and dissection of 

organized thrombus plane under hypothermic circulatory arrest.

• Complete bilateral endarterectomy and avoiding residual PH 

are key to optimizing postoperative hemodynamics.



Conclusions

• Hybrid strategy (PEA+BPA) is optimal Tx for high risky 

patients.

• Surgical success depends on experience and multidisciplinary 

evaluation.



Any Questions ?


