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EPIDEMIOLGY:  CTEPH   
Up to 2/3 of CTEPH patients have no 

history of clinically overt acute 
pulmonary embolism.

Diagnosis of unsuspected CTEPH will be 
“stumbled upon” during workup for 
pulmonary hypertension.  

Associated with antiphospholipid 
antibodies but not other thrombophilias 
such as Leiden.

(Hoeper et al. Circulation 2006; 113: 2011-2020)



INCIDENCE:  CTEPH  (N=223) 
after Acute PE

• 1.0% at 6 months
• 3.1% at 1 year
• 3.8% at 2 years

Risk factors: prior PE, young age, 
large perfusion defect, idiopathic

(Pengo V.  NEJM 2004; 350: 2257-2264)



PATHOPHYSIOLGY:  CTEPH   

Elevated pulmonary vascular resistance—
due to a combination of:  
1) extent of proximal occlusion of 
pulmonary arteries, and 
2) secondary small-vessel arteriopathy

(Hoeper MM.  Circulation 2006; 113: 2011-2020)



IPAH  MUSCULAR  ARTERY
Medial  Hypertrophy (white arrow)
Intimal Proliferation (black arrow)

(Lancet 1998;  352: 719)



OBSTRUCTED  MUSCULAR  ARTERY

Plexiform  Lesion

(Lancet 1998;  352: 719)



DIFFERENTIAL  DIAGNOSIS:  
CTEPH   

• In situ pulmonary arterial 
thrombosis

• Pulmonary artery neoplasms 
(especially sarcoma)

• Large vessel vasculitis
• Pulmonary veno-occlusive disease
• Fibrosing mediastinitis



DIAGNOSIS:  CTEPH  (N=223) 

• Chest CT with contrast
• Echocardiography
• Perfusion lung scanning (a normal 

scan rules out CTEPH)
• Right heart catheterization
• Invasive pulmonary angiography



CTEPH  TYPES 

• Type I: Central thrombus
• Type II: thickened intima, fibrous 

webs, and bands
• Type III: occlusions in segmental 

and subsegmental branches
• Type IV: very distal thrombi

(Bonderman D. Circulation 2007; 115: 2153-8)



PROGNOSIS:  CTEPH

•Heterogeneous patients.
•Most who present with persistent 
pulmonary hypertension after PE 
will have progressive disease, 
despite adequate anticoagulation.
•These patients have a high risk
of dying from right heart failure 
if left untreated.

(Hoeper MM. Circulation 2006; 113: 2011-20)



PREDICTORS  OF  FAVORABLE 
PROGNOSIS

• Successful pulmonary endarterectomy
• Absence of associated medical conditions

(Bonderman D. Circulation 2007; 115: 2153-8)



INDICATIONS:  
THROMBOENDARTERECTOMY

• PVR > 300 dynes/second/cm-5

(Most PVRs are 800-1000)
• Symptomatic
• Accessible (central thrombus)
• Ventilatory impairment at rest or 

with exercise
• Lack of insurmountable comorbid 

conditions



PULMONARY 
THROMBOENDARTERECTOMY

Surgical Technique
1) Median sternotomy
2) CPB with hypothermic 

circulatory arrest
3) True endarterectomy 

(not embolectomy)
4) Exploration of interatrial septum







Aspirating 
Dissector

Patent lumen

Obstructed lumen

Thromboembolic 
material being removed 

with forceps

(Fedullo; NEJM 2001; 345: 1465)
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Preoperative (A) and postoperative (B) MR tomograph y



SPECIAL  POSTOP  PROBLEMS

1) Pulmonary artery “steal”

2) Reperfusion pulmonary edema



•“The UCSD PTE Program has performed 
nearly 2,500 PTE procedures, and has 
experienced less than a 4.5% mortality 
rate—the lowest worldwide.
•PTE is an 8-hour procedure.  The patient 
is attached to a heart-lung bypass 
machine.  The body is cooled to about 68 
degrees Fahrenheit.  While no blood is 
being pumped through the arteries, the 
clots—often more than 10 inches long-are 
loosened and removed slowly, one by 
one.” –UCSD Website



BALLOON  PULMONARY 
ANGIOPLASTY

Potential alternative to
pulmonary thromboendarterectomy
in patients with:

1) Surgically inaccessible, distal disease

2) Severe comorbid illness
(Circulation 2001; 103: 10-13)





MEDICAL  THERAPY  FOR  CTEPH

• Conventional Rx: anticoagulation, 
diuretics, digitalis, oxygen

• Novel Rx: prostacyclin analogs, 
endothelin receptor antagonists, 
sildenafil—alone or in combination

• Microvascular disease may require 
medical therapy.  Distal vasculopathy 
includes plexiform lesions.  May 
present clinically after pulmonary 
endarterectomy.

(Proc Am Thorac Soc 2006; 3: 571-576 and 594-600)



CTEPH  MANAGEMENT

Conservative

Surgery/ PCI Medical Rx
(e.g., sildenafil)

Combo

Full Workup

Aggressive

Functional Capacity; Quality of Life



PRACTICAL “TAKE HOME”
POINTS 

1. Make sure every acute PE patient has an 
ECHO by 6 weeks that shows normal 
estimated pulmonary artery pressures.

2. If PA hypertension persists, CTEPH is the 
diagnosis.

3. Assess functional severity of CTEPH with 
bicycle exercise testing for MVO2 and 
oximetry.  Serial testing is valuable.

4. CTEPH patients require exceptional 
emotional support.  Be prepared to set 
aside extra time for them and their 
families.



PRACTICAL “TAKE HOME”
POINTS 

5. Pulmonary hypertension support groups 
have high quality scientific sessions and are 
therapeutic.  They allow CTEPH patients to 
“network.”

6. Convey a sense of optimism to patients.  
Let them know of the major strides and 
progress in therapy.

7. Refer to centers specializing in CTEPH for 
invasive pulmonary angiography, clinical 
trials with drug therapy, and capability for 
PCI or pulmonary thromboendarterectomy.



CONCLUSIONS 
1. CTPEH is more common than 

previously thought.
2. Workup includes right heart 

catheterization and invasive 
pulmonary angiography

3. Thromboendarterectomy is the 
mainstay of therapy.  PCI is possible.

4. Medical therapy is gaining a foothold.
5. Combo approaches are evolving.


