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D.T.*

• 70 yo man

• Chief complaint: dyspnea on exertion

*Identifying information was altered to comply with HIPPA requirements.



D.T. (continued)

Seven years ago (in New York)

• DVT and PE

– Saddle embolus

– No identified “provoking factor”

– Rx’d “thrombolytics and heparin”

• Long term Rx with warfarin



D.T. (continued)

Two years ago (after a flight to Russia)

• DVT “recurrence”

– CUS = “clot” in right femoral vein

– Rx’d enoxaparin



D.T. (continued)

Last year (in Florida)

• Chest pain

– Large “saddle embolus”

– “extensive thrombus in the left pulmonary arety 

and the right pulmonary artery”

– Rx’d tPA and heparin

– Discharged on enoxaparin



D.T. (continued)

Three months ago

• Continued, progressive dyspnea on exertion

• Referred to UCSD Medical Center



Evaluation at UCSD

• BP 90/64 HR 84 RR 16

• Well developed man

• Lungs clear

• Heart RRR

• Loud P2

• Pleural rub (right side)



CXR



V/Q scan

Anterior
Ventilation Scan

Anterior
Perfusion Scan



PAgram

Right pulmonary artery Left pulmonary artery



Pre-op and Post-op Q Scans

Pre-op

Post-op



Chronic Thrombo-embolic 

Pulmonary Hypertension



H&E of acute PE



Low power H&E of CTEPH pt 1000



Medium power H&E of CTEPH pt 1000



High power H&E of CTEPH pt 1000



Causes of Death > 1 month after Acute PE

White RH, Zhou H, Murin S. Death due to recurrent thromboembolism among younger healthier individuals hospitalized for idiopathic pulmonary embolism. 
Thromb Haemost. 2008;99(4):683-690.



CTEPH after Acute PE

Reference n Follow-up 

(months)

CTEPH 

Incidence

Pengo (2004) 223 94.3 3.8%

Miniati (2006) 320 25.2 1.3%

Becattini (2006) 259 46 0.8%

Klok (2010) 866 34 0.57%

Poli (2010) 239 36 0.4%

Surie (2010) 110 36 2.7%



CTEPH Diagnosis After Acute PE

Pengo, et al. N Engl J Med 2004;350:2257-64.



Risk factors for CTEPH

1. Klok FA, Dzikowska-Diduch O, Kostrubiec M, Vliegen HW, Pruszczyk P, Hasenfuss G, et al. Derivation of a clinical prediction 

score for chronic thromboembolic pulmonary hypertension after acute pulmonary embolism. J Thromb Haemost 2016;14(1):121-

128. 



CTEPH can be mistaken for Acute PE

Oct 2012

Mar 2014

Courtesy of William R. Auger, MD, University of California, San Diego

Web Pouch

Shrunken 

artery

Mosaic



Recovery of Perfusion after Acute PE



Improvement Relative to Initial 

Perfusion Defect
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Frequency of Residual Defects Post-PE

Sanchez O, Helley D, Couchon S, Roux A, Delaval A, Trinquart L, Collignon MA, Fischer AM, Meyer G. Perfusion defects after pulmonary embolism: risk 
factors and clinical significance. J Thromb Haemost. 2010;8(6):1248-55.



Clinical Consequences of Residual Q Defects

• More dyspnea

• Lower 6 min walk distance

• Higher PAP

• More CTEPH

1. Sanchez O, Helley D, Couchon S, Roux A, Delaval A, Trinquart L, Collignon MA, Fischer AM, Meyer G. Perfusion defects after pulmonary 
embolism: risk factors and clinical significance. J Thromb Haemost. 2010;8(6):1248-55.



Clinical points

• CTEPH may be present at the time of PE 

diagnosis.

• Many people do not recover lung perfusion 

after acute PE



Scintigraphic VQ scanning is useful

• After acute PE

• When CTEPH is suspected



PEDS Title page



VQ is as sensitive as CTPA for Acute PE

1. Anderson DR, Kahn SR, Rodger MA, Kovacs MJ, Morris TA, Hirsch A, et al. Computed tomographic pulmonary angiography vs 

ventilation-perfusion lung scanning in patients with suspected pulmonary embolism: a randomized controlled trial. JAMA : the 

journal of the American Medical Association 2007;298(23):2743-2753. 



VQ is the best CTEPH screening test

Courtesy of Timothy Fernandes, MD, University of California, San Diego



General Diagnostic Approach

1. Hoeper MM, Barbera JA, Channick RN, Hassoun PM, Lang IM, Manes A, et al. Diagnosis, assessment, and treatment of non-

pulmonary arterial hypertension pulmonary hypertension. Journal of the American College of Cardiology 2009;54(1 Suppl):S85-96.



VQ vs CTPA for CTEPH

1. Tunariu N, Gibbs SJ, Win Z, Gin-Sing W, Graham A, Gishen P, et al. Ventilation-perfusion scintigraphy is more sensitive than 

multidetector CTPA in detecting chronic thromboembolic pulmonary disease as a treatable cause of pulmonary hypertension. 

Journal of nuclear medicine : official publication, Society of Nuclear Medicine 2007;48(5):680-684. 



VQ is less and less common

Trowbridge RL, Araoz PA, Gotway MB, Bailey RA, Auerbach AD. The effect of helical computed tomography on diagnostic and treatment strategies in 
patients with suspected pulmonary embolism. Am J Med 2004;116:84-90.



Feedback about VQ scans 

from cardiologist and pulmonologist

• “Nuclear medicine lung scans are not 

available in my hospital.”

– During nights and weekends

– Any time

• “Lung scans are too hard to read.”

• “Not enough experience in lung scans.”



Why is scintigraphy such a 

challenge for lung perfusion?



Experimental “segmental defect”

Morrell NW, Roberts CM, Jones BE, Nijran KS, Biggs T, Seed WA. The anatomy of radioisotope lung scanning. J Nucl Med 1992;33:676-83.



Occlusion in entire Left Upper Lobe

Morrell NW, Roberts CM, Jones BE, Nijran KS, Biggs T, Seed WA. The anatomy of radioisotope lung scanning. J Nucl Med 1992;33:676-83.



Occlusion in lat basalar seg Left 

Lower Lobe

Morrell NW, Roberts CM, Jones BE, Nijran KS, Biggs T, Seed WA. The anatomy of radioisotope lung scanning. J Nucl Med 1992;33:676-83.



Occlusion in post basalar seg Right 

Lower Lobe

Morrell NW, Roberts CM, Jones BE, Nijran KS, Biggs T, Seed WA. The anatomy of radioisotope lung scanning. J Nucl Med 1992;33:676-83.



Occlusion in med basalar seg Right 

Lower Lobe

Morrell NW, Roberts CM, Jones BE, Nijran KS, Biggs T, Seed WA. The anatomy of radioisotope lung scanning. J Nucl Med 1992;33:676-83.



Views that 

demonstrated 

defects

Morrell NW, Roberts CM, Jones BE, Nijran KS, Biggs T, Seed WA. The anatomy of radioisotope lung scanning. J Nucl Med 1992;33:676-83.



Planar Perfusion Scan
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SPECT Data



SPECT “Voxel” Dataset

http://tomo3d-ea.gforge.inria.fr/tomo3d-ea.html



Where are the defects?

Bajc M, Bitzen U, Olsson B, Perez de Sa V, Palmer J, Jonson B. Lung ventilation/perfusion SPECT in the artificially embolized pig. J Nucl Med 2002;43:640-7.

Planar Q scan

SPECT Q scan  (coronal slices)

Emboli (coronal slices, front to back)



SPECT V/Q for Acute PE

SPECT V/Q scan

planar V/Q scan

Contrast CT scan

Reinartz P, Wildberger JE, Schaefer W, Nowak B, Mahnken AH, Buell U. Tomographic imaging in the diagnosis of pulmonary embolism: a 

comparison between V/Q lung scintigraphy in SPECT technique and multislice spiral CT. J Nucl Med. 2004;45(9):1501-8.



1. Soler X, Hoh CK, Test VJ, Kerr KM, Marsh JJ, Morris TA. Single photon emission computed tomography in chronic 

thromboembolic pulmonary hypertension. Respirology 2011;16(1):131-137. 

SPECT vs Planar VQ in CTEPH



SPECT vs Planar VQ for CTEPH

1. Soler X, Hoh CK, Test VJ, Kerr KM, Marsh JJ, Morris TA. Single photon emission computed tomography in chronic 

thromboembolic pulmonary hypertension. Respirology 2011;16(1):131-137. 



Planar VQ vs CT for CTEPH

Planar VQ CT

1. Soler X, Kerr KM, Marsh JJ, Renner JW, Hoh CK, Test VJ, et al. Pilot study comparing SPECT perfusion scintigraphy with CT 

pulmonary angiography in chronic thromboembolic pulmonary hypertension. Respirology 2012;17(1):180-184. 



SPECT vs CT for CTEPH

SPECT CT

1. Soler X, Kerr KM, Marsh JJ, Renner JW, Hoh CK, Test VJ, et al. Pilot study comparing SPECT perfusion scintigraphy with CT 

pulmonary angiography in chronic thromboembolic pulmonary hypertension. Respirology 2012;17(1):180-184. 



SPECT VQ vs CT for CTEPH

1. Soler X, Kerr KM, Marsh JJ, Renner JW, Hoh CK, Test VJ, et al. Pilot study comparing SPECT perfusion scintigraphy with CT 

pulmonary angiography in chronic thromboembolic pulmonary hypertension. Respirology 2012;17(1):180-184. 



General Diagnostic Approach

1. Hoeper MM, Barbera JA, Channick RN, Hassoun PM, Lang IM, Manes A, et al. Diagnosis, assessment, and treatment of non-

pulmonary arterial hypertension pulmonary hypertension. Journal of the American College of Cardiology 2009;54(1 Suppl):S85-96.

SPECT



Echocardiogram

Courtesy of Victor Test, MD, Duke University Medical Center



Pulmonary Angiogram: Gold Standard

Courtesy of Timothy Fernandes, MD, University of California, San Diego



CTEPH diagnosis by angiogram

Courtesy of William R. Auger, MD, University of California, San Diego



Pulmonary Angiogram: Mapping

PA LAT

Courtesy of William R. Auger, MD, University of California, San Diego



Courtesy of William R. Auger, MD, University of California, San Diego



• Hemodynamic assessment at time of procedure

• Complete assessment process for surgical 

candidacy

CTEPH and Pulmonary Angiography

Courtesy of William R. Auger, MD, University of California, San Diego



CTEPH Treatment Guidelines

Kim NH, Delcroix M, Jenkins DP, et al. Chronic Thromboembolic 

Pulmonary Hypertension. Journal of the American College of Cardiology 2013;62.

BPA



PTE: Tools and Technique

Courtesy of Timothy Fernandes, MD, University of California, San Diego



PTE Operability Assessment

Courtesy of Timothy Fernandes, MD, University of California, San Diego



CTEPH: Pulmonary endarterectomy

Courtesy of Timothy Fernandes, MD, University of California, San Diego



Even small perfusion defects can 

be important

Courtesy of William R. Auger, MD, University of California, San Diego



CTEPH specimen in “small defect” 

patient

POSTOP: CVP 7  PAp 37/12 (21) CO 5.3 l/min  PVR 211

Courtesy of William R. Auger, MD, University of California, San Diego



Hemodynamic Outcomes: 

Segmental level resection

Courtesy of William R. Auger, MD, University of California, San Diego



CTEPH Treatment Guidelines

Kim NH, Delcroix M, Jenkins DP, et al. Chronic Thromboembolic 

Pulmonary Hypertension. Journal of the American College of Cardiology 2013;62.

BPA



Ghofrani H-A et al. N Engl J Med 2013;369:319-329

CHEST-1: Mean Change from Baseline in the 6-

Minute Walk Distance with Riociguat



New nuclear medicine 

techinques for CTEPH?



Planar V/Q Q-SPECT/CT

1. Lu Y, Lorenzoni A, Fox JJ, Rademaker J, Vander Els N, Grewal RK, et al. Noncontrast perfusion single-photon emission CT/CT 

scanning: a new test for the expedited, high-accuracy diagnosis of acute pulmonary embolism. Chest 2014;145(5):1079-1088.

Perfusion

Ventilation



Feedback about VQ scans 

from cardiologist and pulmonologist

• “Nuclear medicine lung scans are not 

available in my hospital.”

– During nights and weekends

– Any time

• “Lung scans are too hard to read.”

• “Not enough experience in lung scans.”



• CTEPH should be considered in

– “Acute PE” with signs of pulmonary hypertension

– Post-PE dyspnea

– Unexplained dyspnea.

• VQ scan is the best screening study for CTEPH

– Respect small defects!

• SPECT may improve sensitivity

• Pulmonary angiography is the best definitive test

• Centers with expertise in CTEPH should assist in 

operability assessment 

Conclusions


