
 

* Handout not included in packet  3/21/2023 3:20 PM 

 
SVM Fellows Course Handouts Table of Contents 

Saturday, March 16, 2024 
 

 
ACUTE VENOUS DISEASE 
 
The Pregnant VTE, Gaurav Parmar, MD, MPH, RPVI, FSVM 
 
Calf Vein Thrombus or DVT? Raghu Kolluri, MD, RVT, MSVM 
 
Obesity and Thrombosis, Teresa Carman, MD, RPVI, MSVM 
 
Advanced Treatment of Acute PE, Who and How? Yulanka Castro Dominguez, MD, RPVI 
 
 
 
Chronic Venous & Lymphatic Disease 
 
Consultant Case Files: The Swollen Limb, Gaurav Parmar, MD, MPH, RPVI, FSVM 
 
Consultant Case Files: Lower Extremity Ulceration, Eri Fukaya, MD, FSVM 
 
Post-PE Impairment and CTEPH Patient, Kamal Gupta, MD, FSVM 
 
Balloon Pulmonary Angioplasty - What and When? Vivian Bishay, MD 
 
 

 
 
 
 
 
 
 
 
 



3/15/2024

1

The Pregnant VTE

Gaurav Parmar, MD, MPH, RPVI, FSVM, FACC

Instructor of Medicine, Harvard Medical School

Associate Program Director, Vascular Medicine Fellowship

Vascular Medicine Staff, Massachusetts General Hospital

GMParmar@mgh.harvard.edu |     @GParmar_MD

Disclosure

No financial or any other conflict of 
interest with regard to this presentation
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Incidence: 1.2 per 1,000 deliveries (5x to 10x)

Incidence: Antepartum (0.6) = Postpartum (0.6)

VTE in Pregnancy

Risk is Greatest in the first 6 weeks postpartum, and persists 
until 12 weeks
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Pathophysiology

TreatmentProphylaxis

Duration?

VTE in Pregnancy

32F | G1P0 | EGA 30w | L CFV DVT

a) Subcutaneous UFH

b) Rivaroxaban 10 mg/day

c) Apixaban 10 mg BID

d) LMWH 1mg/kg BID, with anti-Xa monitoring

e) LMWH 1mg/kg BID, without anti-Xa monitoring

Ambulatory | VSS | No Phlegmasia
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Comments
Crosses 
Placenta?

OK in 
Pregnancy?

Agent

 LMWH is preferred over UFH 
(? lower risk of HIT)

NoYESLMWH

 LMWH is preferred over UFHNoYESUFH

 Very limited clinical experience
Reported crosses 
in small amounts

Not preferredFondaparinux

 Potential for teratogenicity, pregnancy loss, fetal 
bleeding, neurodevelopmental deficits

YesNOWarfarin

 Reproductive effects in humans are unknownLikely YesNODTI (Dabigatran)

 Reproductive effects in humans are unknownLikely YesNO
Xai (Apixaban)
(Rivaroxaban)
(Edoxaban)

8

32F | G1P0 | EGA 34w | L CFV DVT

a) Await spontaneous labor, then stop LMWH

b) Schedule/Induce delivery, stop LMWH 24 hours prior

c) Schedule elective CS, stop LMWH 24 hours prior

d) Repeat VDUS and stop LMWH if no DVT

LMWH | EDD in 4w | Prefers Vaginal Delivery

Ambulatory | VSS | No Phlegmasia
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32F | G1P0| L CFV DVT

Which one should be avoided?

(a) Fondaparinux (b) Warfarin

(c) Rivaroxaban (e) LMWH

LMWH | EDD in 4w | Prefers Vaginal Delivery

Ambulatory | VSS | No Phlegmasia

Uncomplicated Delivery at 40w | Planning for Breast Feeding
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34F | G2P1| EGA 8w

(a) No prophylaxis needed

(b) Get a VDUS and Rx only if positive for DVT

(c) Antepartum prophylaxis only

(d) Postpartum prophylaxis only

(e) Antepartum and postpartum prophylaxis

What would you recommend?

Extremely concerned about getting another DVT 

14
These recommendations were made based on a VTE risk threshold of 2% 
antepartum and 1% postpartum for recommending LMWH prophylaxis

No current additional 
RF for VTE

1Hormonal RF
Pregnancy

Postpartum
Oral contraception

2Temporary RF
Surgery
Trauma

Immobilization

15

Antepartum risks of recurrent VTE

• Without prophylaxis: 4.2% (95% CI, 0.3% to 6.0%)

• With prophylaxis provided: 0.9% (95% CI, 0.5% to 1.8%) 

Postpartum risks of recurrent VTE 

• Without prophylaxis: 6.5% (95% CI, 4.3% to 9.7%)

• With prophylaxis provided: 1.8% (95% CI, 1.2% to 2.7%) 
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24F | G1P0 | EGA 30w

No Personal Hx of VTE | +Fam Hx of VTE

(a) No prophylaxis needed

(b) Get a VDUS and Rx only if positive for DVT

(c) Antepartum prophylaxis only

(d) Postpartum prophylaxis only

(e) Antepartum and postpartum prophylaxis

24F | G1P0 | EGA 30w

No Personal Hx of VTE | +Fam Hx of VTE

(a) No prophylaxis needed

(b) Get a VDUS and Rx only if positive for DVT

(c) Antepartum prophylaxis only

(d) Postpartum prophylaxis only

(e) Antepartum and postpartum prophylaxis

Patient has Heterozygous FVL

24F | G1P0 | EGA 30w

No Personal Hx of VTE | +Fam Hx of VTE

(a) No prophylaxis needed

(b) Get a VDUS and Rx only if positive for DVT

(c) Antepartum prophylaxis only

(d) Postpartum prophylaxis only

(e) Antepartum and postpartum prophylaxis

Patient has Protein C Deficiency

16
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24F | G1P0 | EGA 30w

No Personal Hx of VTE | +Fam Hx of VTE

(a) No prophylaxis needed

(b) Get a VDUS and Rx only if positive for DVT

(c) Antepartum prophylaxis only

(d) Postpartum prophylaxis only

(e) Antepartum and postpartum prophylaxis

Patient has Homozygous PTG mutation

20

24F | G1P0 | EGA 30w

No Personal Hx of VTE | +Fam Hx of VTE

Patient has Homozygous PTG mutation

a) Await spontaneous labor, then stop LMWH

b) Schedule/Induce delivery, stop LMWH 24 hours prior

c) Schedule elective CS, stop LMWH 24 hours prior

d) Repeat VDUS and stop LMWH if no DVT
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New This Year

22

23



3/11/2024

1

Calf Vein Thrombus or 
DVT?

Raghu Kolluri, MD, MS, RVT, MSVM

System Medical Director – Vascular 
Medicine & Vascular Labs - OhioHealth 
Heart and Vascular 

President – Syntropic Core lab

Adjunct Clinical Professor of Medicine 
– Ohio University HCOM

Disclosures

• Consultant/Advisor/ DSMB/ CEC  -
• Abbott, Auxetics, Diachii Sankyo, Koya

Medical, Medtronic, NAMSA, Penumbra, 
Philips, PERC, Surmodics, USA Therm, VB 
Devices

• Board of Trustee
• The VIVA Foundation
• American Vein and Lymphatic Society
• Intersocietal Accreditation Council | 

Vascular Testing

• President 
• Syntropic Core Lab

Are all calf vein DVTs 
created equally?

27 year old female with an idiopathic DVT of the TP trunk 
extending into the distal popliteal vein vein

62 year old male with foam sclerotherapy induced thrombosis 
of the gastrocnemius vein 5 days after endovenous thermal 
ablation of the GSV and foam sclerotherapy of the tributary 
veins for C6 disease

42 year old woman undergoing chemotherapy for ovarian cancer 
presenting with bilateral calf DVTs in the PTVs. 

35-year-old with gastrocnemius DVT after a Ski accident 
and ACL tear. Calf is tender. 

55 yr old male 
2021 - Right peroneal and soleal DVT + Calf GSV SVT after hammer 

toe surgery+ 6 hour car ride
2022 – Idiopathic left PTV DVT and GSV calf SVT and perforator 

thrombosis 

69 year old male admitted to the ICU, on ventilator support, with 
anemia, thrombocytopenia, on enoxaparin 40mg/day now with 
PTV DVT

1

2

3



3/11/2024

2

Controversies
• Anatomical – Calf veins are DVT not superficial thrombosis!

• Only 17% of physicians correctly identified calf veins as deep veins 1

• Not Clinically relevant (“Calf vein DVT need not be treated”)
Propagation 2 VTE Recurrence 3

1 Zieler, et al. Vasc Endovasc Surg. 2002;36:367-75
2 Masuda EM, et al. J Vasc Surg. 2012;55:550.
3 Lagerstedt CI, et al. Lancet. 1985;2:515

3-Months Warfarin

No Anticoagulation

0

20

40

60

80

3-Month VTE 1-Year VTE

0 4.3

29

67.8

p < 0.01

p < 0.01

%

Clinical Post thrombotic Syndrome
• 58% of patients reported moderate symptoms
• 5% reported severe symptoms

• 23% had 1-2 physician visits for symptoms
• 23% had >2 visits for symptoms

• 34% had class C4-C6 (CEAP) changes (6-10y)

• Saarinen J. J Cardiovasc Surg. 2002;43:687-91
• Saarinen J. J Vasc Surg 2002;36:959-964

Pulmonary Embolism
• Vignette

• 53 yr old seen 2 weeks after 
ED visit for mild calf pain

• Noted small PTV DVT
• Recommended to see PCP in 

2-3 days
• 10+ hour trip from Myrtle 

Beach to Columbus
• “What about my SOB”?
• Calf clots don’t cause PE

• PE and tibial vessel DVT - 29%
Kistner, et al. Am J Surg. 1972;124:169-172

• CVT and resp Sx - 35% PE
Passman, et al. J Vasc Surg. 1997;25:39-45

• CVT with high probability V/Q -
56%

Kazmers, et al. Am Surg. 1999;65:1124-1128

• PE - isolated calf DVT 25.4%
• Soleal vein DVT was most common

Wei, et al. Int Angiol. 2013;32:465-70
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Meta-Analysis of Anticoagulation 
for Calf DVT

De Martino RR, et al. J Vasc Surg. 2013;56:228.

NNT= 8NNT= 24

NNT= 130

Risks From Anticoagulation
• Spencer, et al. J Thromb 

Thrombolysis. 2012;33:211-7

Contemporary Studies: 
CACTUS Trial
• Study Design: randomized, placebo-

controlled European trial comparing 6 
weeks of therapeutic-dose LMWH vs. 
placebo in 600 patients with a 
symptomatic isolated calf DVT.

• Primary Outcome: composite measure of 
extension of calf DVT to proximal veins, 
contralateral proximal DVT, and 
symptomatic pulmonary embolism at 42 
days.

• Safety Outcome: major or clinically 
relevant non-major bleeding at 42 days.

Righini M, et al. Lancet Haematol. 2016;3:e556.

Nadroparin (N = 122)

Placebo (N = 130)

0
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5

%
3

p = 0.54

5

4

0

p = 0.03
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Isolated Calf DVT: 2016 CHEST 
Guidelines
• In patients with acute isolated distal DVT of the leg and (i) 

without severe symptoms or risk factors for extension, we 
suggest serial imaging of the deep veins for 2 weeks over 
anticoagulation (Grade 2C) or (ii) with severe symptoms or risk 
factors for extension (see text), we suggest anticoagulation over 
serial imaging of the deep veins (Grade 2C).

Kearon C, et al. CHEST. 2016;149:315.

Isolated Calf DVT: 2016 CHEST 
Guidelines
• In patients with acute isolated distal DVT of the leg who are 

managed with anticoagulation, we recommend using the same 
anticoagulation as for patients with acute proximal DVT (Grade 
1B).

• In patients with acute isolated distal DVT of the leg who are 
managed with anticoagulation, we recommend using the same 
anticoagulation as for patients with acute proximal DVT (Grade 
1B).

Kearon C, et al. CHEST. 2016;149:315.

Practical Clinical Considerations
• Therapeutic anticoagulation for calf DVT could increase the risk 

of operative bleeding in surgical patients.
• 1 Hematoma or hemarthrosis after surgery

• “It’s difficult to get patients back in for another ultrasound.”
• It’s also difficult to get patients to take anticoagulation, especially 

injectable agents
• “Shouldn’t the novel oral anticoagulants make the argument for 

treatment easier?”
• May reduce but not eliminate the bleeding risk

1 Schneider T, et al. Am J Knee Surgery. 1998;11:95.

10
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Take-Home Points
• Anticoagulate if:

1.Patient is high risk for proximal DVT progression or PE AND/OR
2.Symptomatic AND
3.Low risk for bleeding

• Surveillance imaging for 2 weeks (unclear frequency) and treat 
if proximal extension

• Cost-effectiveness is unclear
1. If contraindications to AC
2. Patient resistance to AC
3. Asymptomatic, incidental finding

VTE in Cancer Anticoagulation Summary

Initial treatment
(within first week of 

diagnosis) 

Short-term 
treatment 

(3 to 6 mos. from 
diagnosis)

Long-term 
treatment

(> 6 mos. from 
diagnosis)

End of life

Recommendation 
20
DOAC or LMWH

Recommendation 
23
DOAC over LMWH

Recommendation 32, 
33
Long-term, indefinite 
anticoagulation rather 
than short-term 
treatment

Discontinue 
anticoagulant 
therapy

Blood Adv. 2021 Feb 23;5(4):927-974.

Real Life 
Management

27 year old female with an idiopathic DVT of the TP trunk 
extending into the distal popliteal vein vein

62 year old male with foam sclerotherapy induced thrombosis 
of the gastrocnemius vein 5 days after endovenous thermal 
ablation of the GSV and foam sclerotherapy of the tributary 
veins for C6 disease

42 year old woman undergoing chemotherapy for ovarian cancer 
presenting with bilateral calf DVTs in the PTVs. 

35-year-old with gastrocnemius DVT after a Ski accident 
and ACL tear. Calf is tender. 

55 yr old male 
2021 - Right peroneal and soleal DVT + Calf GSV SVT after hammer 

toe surgery+ 6 hour car ride
2022 – Idiopathic left PTV DVT and GSV calf SVT and perforator 

thrombosis 

69 year old male admitted to the ICU, on ventilator support, with 
anemia, thrombocytopenia, on enoxaparin 40mg/day now with 
PTV DVT
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Conclusions 
Calf vein DVT represents a unique clinical setting and may be heterogenous

• They may represent the beginning of a process – with immediate and long-term consequences
• They may also represent what is left – from a proximal DVT
• They may be a final event for some patients
• They may be caused by propagation of SVT, via perforator thrombus (NOT STUDIED WELL)

Clinical complications may be long-term

Anticoagulation is well tolerated in an otherwise “healthy” population

Patients without appropriate follow-up represent a significant risk

NOT INDICATION FOR AN IVC FILTER

16
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Obesity and Thrombosis
Teresa L. Carman, MD, RPVI, MSVM

Director, Vascular Medicine

University Hospitals Harrington Heart & Vascular Institute

Cleveland, OH 

Objectives

• Identify the epidemiology of obesity and thrombosis

• Discuss management considerations

• Identify the impact of obesity on VTE management

Case

• 68 yo man presents for pre‐op eval. Has planned surgery for colon cancer at the hepatic 
flexure. Patient and CR surgeon are concerned about his VTE risk given h/o idiopathic 
right popliteal DVT 13 years ago. Treated with warfarin for many years then stopped bc
he was tired of the monitoring.

• PMH: HTN, OA, obesity (BMI 48; 150 Kg), DVT as noted

• FH: no VTE SH: nonsmoker, ret engineer

• OE: clinically well, CV reg, Lungs CTA, Ext 1+ edema RLE gaiter area with associated LDS 
and hemosiderin staining, DP 2+ bil

• How do you risk stratify him for VTE?

• What prophylaxis is recommended?

1
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Obesity and VTE Epidemiology

Thromb Haemost 2024;124:239‐249.

Cleveland, Ohio  |  5Thromb Haemost 2024;124:239‐249.

Sci Reports 2023;13:14597

4

5
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VTE Risk Assessment

Prophylaxis

• How do you risk stratify him for VTE?
• Both Caprini risk score and Padua risk score = high risk

• What prophylaxis is recommended? = pharmacomechanical prophylaxis

• Given the malignancy – this should be continued 28 days after surgery/dc

J Thromb Thrombolysis 2016;41:475‐481. 

Case

• + LMWH prophylaxis but SCDs compliance was poor.

• Didn’t have coverage for extended LMWH prophylaxis.

• 3 weeks post‐op developed right leg pain and swelling with DOE climbing a 
flight of stairs

• OE: BP 100/60; Tachypneic RR 24, 4L O2 requirement, CV rate 120, Ext 2+ 
edema with calf and ankle tenderness

• ED eval: right femoral, popliteal and PT DVT; CT with  bil segmental and 
subsegmental PE; RV:LV 1.5; troponin 356; BNP 760 and ECHO 
demonstrated flattening of the septum, RVSP 45 mmHg est, moderate RV 
dysfunction

• PESI: 148 = very high risk

7
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Case

• What initial therapy is indicated?   

• LMWH or UFH until stable

Circulation 2015;132:1856‐1859.

Case

• What therapy would you recommend at discharge?

Circulation 2015;132:1856‐1859.

10
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Obesity ‐ Newly Published Guidelines

J Thromb Haemost 2021;19:1874-1882.

• Data is insufficient to provide 
recommendations regarding dose 
reduction for secondary prophylaxis

Thromb Res 2024;233:165‐172. 

J Thromb Thrombolysis 2024;epub; doi.org/10.1007/s11239‐024‐02955‐6

13
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Case

• Cancer was early stage

• Complete surgical resection

• Treated with rivaroxaban – does well

• At 6 months follow up ‐?discussions regarding AC
• Can he/should he stop given the current situational event?

• If he continues – what dose?

J Thromb Haemost 2021;19:1874-1882.

Cleveland, Ohio  |  17

VTE Recurrence 

• Clinical features associated with 
increased risk for VTE and recurrence

• Age
• Gender
• Some thrombophilia

• Provoked events vs. idiopathic 
events

• Biomarkers

• Patient co‐morbidities – IBD, CTD, 
immobility, obesity, smoking, cancer

Prins, et al. Blood Adv 2018;2:788-796

Many recurrent risk predictions scores/models – HERDOO2, DASH, Vienna risk model, VTE‐Predict

VTE‐PREDICT

de Winter et al. Eur Heart J 2023;44:1231‐1244.

16
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www.vtepredict.com

Case

• Seen again in pre‐op eval for bariatric surgery

• Questions for the consult: does he need bridging? Should we use our 
regular prophylaxis strategy or does he need more? Shouldn’t he have 
testing for all these blood clots?

• 5‐years since his last DVT/PE

• Remains on rivaroxaban 20 mg daily

• Does he need bridging pre‐op?

• How long should you hold the rivaroxaban?

Case

• Should we use our regular prophylaxis strategy or does he need 
more? 

• Shouldn’t he have testing for all these blood clots?

• What will be the plan post‐op?

19

20
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J Thromb Haemost 2021;19:1874-1882.

• Site of absorption is variable for the available 
drugs

• Transit time and surface availability affects 
absorption

• Following GI surgery – most literature 
recommended LMWH/VKA use

• Rivaroxaban needs to pass through the 
stomach for adequate absorption

• Not for delivery by J‐tube

• Apixaban absorb mostly in stomach ‐ ? distal 
small bowel and proximal colon

• Edoxaban less well studied. Dissolves in the 
stomach, absorption in the proximal small 
bowel

• Dabigatran – likely should be avoided in 
patients with small bowel resection or 
bypass

Hakeam HA, et al. J Thromb Thrombolysis 2017;43:343‐351. Martin KA et al. Am J Med 2017;130:517-524.

GI Surgery Considerations

Martin KA et al. Am J Med 2017;130:517-524.

22
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Conclusions

• Obesity is increasing world wide
• The influence of obesity on VTE risk, peri‐operative prophylaxis and 
treatment strategies in VTE need to be recognized

• Obesity can and likely should influence many anticoagulation 
strategies

• There is increasing data and scientific recommendations for use of the 
DOACs (rivaroxaban and apixaban) in the obese population with BMI 
> 40

• After bariatric surgery (GI surgery) the impact on DOAC absorption 
should be recognized and VKA and LMWH may be preferred 

25
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Advanced Treatment of Acute PE 
– Who and How?

Yulanka Castro, MD

Clinical Assistant Professor of Medicine

University Hospitals Harrington Heart and Vascular Institute

Cleveland, OH

@YSCastroMD

Intermediate‐Risk PE

• Normotensive

• Right ventricular dysfunction is present

• Increased risk of adverse outcomes

• Mortality 15‐20%
• A subset may suddenly develop hypotension, 

shock, and sudden death

J. Clin. Med. 2022, 11(9), 2533

1
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Risk Stratification

Konstantinides SV. ESC Guidelines. Eur Heart J. 2020 Jan 21;41(4):543‐603. 

Risk Stratification

RV/LV ≥0.9 ratio is independent predictor of adverse outcomes

Piazza G. J Am Coll Cardiol. 2020 Nov 3;76(18):2117‐2127

4
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Echocardiographic Predictors of Risk in PE

PE Response Teams

Piazza G. J Am Coll Cardiol. 2020 Nov 3;76(18):2117‐2127

7
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Piazza G. J Am Coll Cardiol. 2020 Nov 3;76(18):2117‐2127

Strategies for Anticoagulation Treatment by Phase of VTE

Renner E, Barnes GD. J Am Coll Cardiol. 2020 Nov 3;76(18):2142‐2154

Case

• 51‐year‐old woman with history of knee replacement 3 weeks prior who was 
brought to the ER with complaints of fatigue, shortness of breath and multiple 
syncopal episodes at home

• PMHx: knee replacement 3 weeks prior, was placed on aspirin for prophylaxis 

• Non‐smoker

• No family history of VTE

10

11
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Vitals and Labs

• Appears lethargic and with cyanotic lips

• Vitals:
• HR: 120‐130s
• BP: 110/64 mmHg
• O2 Sat: 70%  required non‐rebreather 15L

• Labs:

• hsTrop: 636

• BNP: 1653

• Lactate: 3.5

• How would you risk stratify this patient?

• Which factors elevate her risk?

Risk Stratification

• Factors that reflect higher risk
• Syncope
• Altered mental status
• Tachycardia
• Oxygen requirement
• Elevated troponin and BNP
• Elevated lactate

• PESI Score: 125 points – Class V – very high risk 

• BOVA score: 5 points – stage III – high risk

13

14
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dsf

• RV:LV ratio of 1.2

Echo

Intervention

• Pre procedure:
• Requiring 15L NRB
• HR: 120 bpm
• PA: 67/27 (43) mmHg
• CO/CI: 2.0/1.0

• Post procedure:
• O2 sat: 96% on 2L NC
• HR: 88 bpm
• PA: 39/13 (23) mmHg
• CO/CI: 3/1.6

16
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• POD 1 Echocardiogram
• Improved RV size and function

• On 2L NC

• POD 3 discharged home on Apixaban
• Off oxygen

• 1 month follow up echo with normal RV size 
and function

Take Home Points

• Patients with intermediate‐ and high‐risk PE represent the populations at highest 
risk for early mortality

• Risk stratification tools, imaging, and multidisciplinary expertise are key in 
identifying best management approach in a case‐by‐case basis

• Selection of advanced therapies depends on assessment of the patient’s risk of 
adverse outcomes

19
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Consultant Case Files:
The Swollen Limb

Gaurav Parmar, MD, MPH, RPVI, FSVM, FACC

Instructor of Medicine, Harvard Medical School

Associate Program Director, Vascular Medicine Fellowship

Vascular Medicine Staff, Massachusetts General Hospital

GMParmar@mgh.harvard.edu |     @GParmar_MD

Disclosure

No financial or any other conflict of 
interest with regard to this presentation

Referral for Refractory Right Leg Edema (for 2 years)

1

2

3
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Five Cardinal Rules for the Mx of Leg Edema

1. Leg edema is mostly multifactorial

2. Let the Gravity do its job:
i. Assumption: Dependent ankle edema is the default state

ii. What mechanisms are at work to “overcome” the gravity?

3. Try to find (fix) the primary mechanism

4. Identify reversible from irreversible factors

5. Address as many factors as can be easily and 
practically addressed

4

Referral for Refractory Right Leg Edema (for 2 years)

Referral for Right (?) Leg Swelling

4

5

6
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History and Physical Examination

• Establish a correct diagnosis for the correct 
treatment approach

7

8

Correct Management requires Correct Diagnosis

Referral for Refractory Right Leg Edema (for 2 years)

• No Deep or Superficial Vein Reflux

• Echocardiogram Normal
• Normal Renal Function
• Normal Liver Function

• CBC: Normal (no anemia/thrombocytopenia)

• CMP: Normal 
– Albumin: Normal
– Electrolytes: Normal
– Normal Renal Function
– Normal Liver Function

DEPENDENT EDEMA

7

8

9
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Management

• Goal setting is extremely important
–Functional 

–Realistic

–Feasible

10

Factors Contributing to the Limb Swelling

1. Increased Hydrostatic Pressure: 

2. Reduced Oncotic Pressure: 

3. Reduced Osmotic Pressure: 
i. Electrolytes: Hyponatremia

ii. Cells: Pancytopenia, Anemia, 
Thrombocytopenia

iii. Osmoles: Hypoglycemia

4. Medical Co-morbidities:
11

Optimize BP Control

Protein

HF / CKD / Cirrhosis-NASH

Nutrition /  Salt / Glucose

Evidence for Leg Elevation

A systematic review and meta-analysis of randomized controlled trials, 
"Comparison of three interventions in the treatment of chronic venous 
insufficiency: Compression, Medication, and Exercise." 
Leg elevation, in combination with compression therapy, is effective in 
reducing limb edema in patients with chronic venous insufficiency

(J Vasc Surg. 2016 Mar;63(3):760-770)

"Clinical Efficacy and Patient Satisfaction with Different Moisturizing Ointments 
in the Prevention of Radiation Dermatitis," a randomized clinical trial. 
Leg elevation was effective in reducing lower limb edema in patients 
undergoing radiotherapy for breast cancer

(JAMA Dermatol. 2018 Aug 1;154(8):913-918)

10

11

12
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13

Let’s Solve Some Cases…

14

Ready?

15

July 19, 2023

Chronic lower back pain

L3 chordoma s/p XRT

Resection of Chordoma 
on July 24, 2023

13

14

15
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16

July 19, 2023 January 03, 2024

DEPENDENT EDEMA

What is the Diagnosis?

a) Chronic Venous Insufficiency

b) Lymphedema

c) Lipedema

d) Phlebolymphedema

e) Not enough information to 

make a diagnosis

Obvious? or Is It?

(a) Chronic 

Venous 

Insufficiency

(b) Lymphedema

(c) Phlebo-

Lymphedema 

(d) Lipedema

16

17
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Lymphedema

Skin Woody texture due to 

-Induration &

-Fibrosis

Pigskin

-Chronic lymphatic stasis

-Hyperkeratosis

-Lichenification

-Peau d’orange

-Papillomatosis

-Lipodermatosclerosis

-Elephantitis

Vesicles with

-Lymphorrhea or 

-Chylorrhea
Square toes 

Stemmer’s sign

Dorsal hump
Foot edema

20

What is the Diagnosis?

What is the Diagnosis?

19

20
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Obvious? or Is It?

a) Chronic Venous Insufficiency

b) Lymphedema

c) Lipedema

d) Phlebolymphedema

e) Obesity

Lipedema

- Symmetric

- Arms/Legs (Proximal) w/o involving hands/feet

- “Cuff” sign

- Negative Stemmer’s sign

- Non-pitting

- Increasing Pain over time

- Tender to Palpation

- Easy Bruising

- Hypermobile joints

- Skin Soft on touch

- Exclusively Women

22

23
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Lipedema vs. Lymphedema

Lipedema vs. Obesity

Lipedema vs Dercum’s disease

25

26

27
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Can you get this one correct?

a) Chronic Venous Insufficiency

b) Lymphedema

c) Lipedema

d) Phlebolymphedema

e) Lipolymphedema

f) Phlebolymphedema with Lipedema

29

What is the Diagnosis?

Causes and Contributors to 
Lower Extremity Swelling

28

29

30
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New This Year
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Consultant Case Files
-Lower Extremity Ulceration-

Eri Fukaya MD, PhD
Vascular Medicine, Division of Vascular Surgery

Stanford University School of Medicine

• Venous Leg ulcer (including lymphatic disease)

• Arterial ulcer (ischemic, thrombotic, embolic, vasospasm)

• Vasculitis

• Calcyphylaxis

• Mixed ulcer

• Diabetic foot ulcer (high prevalence of PAD)

Wounds with Vascular Etiology

What We See In Clinical Practice

1

2

3
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What We See In Clinical Practice

What We See In Clinical Practice

What We See In Clinical Practice

4

5

6
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What We See In Clinical Practice

What We See In Clinical Practice

↑ ambulatory venous pressure     

↑ inflammation within the vein wall

Extravasation of inflammatory cells/molecules

MMP activation,  extracellular matrix degradation

Varicose veins, skin changes, and VLU

Pathophysiology of chronic venous insufficiency

chronic venous disease

normal venous return

skin
changes

leukocyte adhesion

glycocalyx
Glycocalyx prevents in ammation and leukocyte 

adhesion but is injured and lost with in ammation

• low sheer stress
• stretch of endothelial cells 

by mechanical force

Infla

m

ma tory changes 
of the vein wall

Activation of:
•  E-selection
• ICAM-1
• MMPs
• Cytokines

(TGBβ-1, TNF-α, LL-1)

venous hypertension

• proteolitic activity
• extracellular matrix and 

collagan degradation

degrades 
to fib

r
in and 

hemosiderin RBC
extravasation

7

8
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Venous ulcer 
patient

How to Approach the Venous Ulcer Patient

Stanford VLU Study Summary of Findings

• Patient characteristics:
• <60: ↑ male, ↑ BMI, ↑ skin changes, ↑ diabetes
• >60: equal gender composition

• Wound characteristics:
• 50%  recurrent, 55% multiple, 45% cellulitis
• 40% due to trauma

• Care characteristics:
• Compression compliance is low 

• Ultrasound characteristics:
• Below knee GSV reflux is most common
• Calf perforator reflux is second most common

ESCHAR (2004)

Lancet 2004

10

11
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EVRA (2018)

NEJM 2018

c

63% 51.3%

Peri-ulcer Venous Network (PUVN)

Ulcer

• Veins surrounding and/or under ulcer 
• May be masked by swelling or lipodermatosclerosis
• Visualization may only be possible with ultrasound

Importance of IPVs

• Stuart (JVS 2001) found that in patients with:
• CEAP class 4      83% IPV
• CEAP classes 5 & 6 90% IPV

• Most IPVs are associated with superficial reflux

Stuart WP, et al. J Vasc Surg. 2001;34:774-8.
15
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14

15



3/11/2024

6

Medial Calf Posterior Tibial Perforator Veins

• Most pathologic perforators
• Connect GSV with the posterior tibial veins
• 2/3 with skin changes have IPV as well as 

superficial or deep reflux 
• 63% of recurrent varicose veins are 

associated with IPV

Glovicski P, et al. J Vasc Surg. 1996;125:1-7
Myers KA, et al. J Vasc Surg. 1995;21:605-12
Rutherford RB, et al. Eur J Vasc Surg. 2001:21:458-460

Incompetent Deep Veins

Danielsson et al J Vasc Surg. 2003 Dec;38(6):1336-41

Welch et al J Vasc Surg. 1996 Nov;24(5):755-762

Prevalence of Skin Changes/Ulcer and Reflux Patterns (%)

Class 0 asymptomatic
Class 1 mild to moderate (swelling, varicose veins)
Class 2 moderate (skin changes)
Class 3 severe (ulceration)

16

17
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Case: 64M Recurrent skin breakdown at the ankle
CEAP 6
Recurrent venous ulcer in PTS 
Proximal GSV reflux (minimal)
Axial deep reflux (CFV, FV, POPV)
Posterior tibial mid calf perforator reflux

Sclerotherapy

P1

P2

P3

x

x

x

x

x

x

Thrombosed 
GSV

Communicating tributary veins from calf perforators

Case: 46M VLU with recurrent cellulitis

GSV ablation

Case: 46M VLU with recurrent cellulitis

19

20
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Thank you!
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Post PE Impairment and CTEPH

Kamal Gupta, MD, FSVM
Delbert D. Neis, MD Professor of Cardiovascular Disease

Vice Chair (Academics)
Director, Interventional Cardiology Fellowship

Department of Cardiovascular Medicine
University of Kansas School of Medicine

Kansas City, KS

Chronic Thromboembolic Pulmonary HTN (CTEPH)

• Most well recognized, well studied 
and severest of all post PE 
syndromes 

• Clinically manifests as
• Dyspnea, Fatigue, Hypoxia
• Right heart failure
• Arrhythmias, Syncope
• Eventually fatal

Int. J. Mol. Sci. 2019, 20(3), 784;

CTEPH: Incidence

N Engl J Med 2004;350:2257-64 European Heart Journal (2022) 43, 3387–3398

1

2
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Spectrum of 
Lesions 

in CTEPH

Lancet Respir Med 2023; 11: 836–50

CTEPH: Hemodynamic Consequences

• Increased PVR
• Reduced PA 

compliance
• Hypoxia
• Increased PA pressure
• Increased RV afterload
• Eventual RV failure

Diagnosis of CTEPH

Non resolved Thrombi on Imaging
Elevated RVSP (Mean PAP > 20 mmHg)
Normal PCWP (< 15 mmHg)
Elevated PVR (> 2 WU)

CTEPH
Diagnostic Algorithm 

CHEST 2023; 164(2):490-502

4

5
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Lifelong therapeutic anticoagulation with Warfarin
CHEST 2023; 164(2):490-502 

55-year-old woman with Acute PE

• Active, CICU RN
• Provoked after left hip surgery
• Right popliteal DVT
• Cardiac markers negative
• Hemodynamics stable 
• Echo: RV mild dilated, Normal 

systolic function, Normal PASP 
• Managed with Therapeutic DOACS

Is not feeling great
Certainly not even close to baseline

SOB on walking 1 flight of stairs

Fatigued, barely keeps up at work
No leg edema
Physical exam and ECG normal

55-year-old woman with PE: 6 Month F/U

Chest X ray: Normal
Echocardiogram

Normal RV/ LV
Normal PASP at 24 mmHg

VQ scan: Normal
Exercise ECG: Normal with limited effort 

capacity. Stopped at 6 minutes due to 
dyspnea and fatigue
CTA: Normal RV, No residual PE

What is going on? 

7

8

9
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Beyond CTEPH

• 20-50% have abnormal VQ scans/ 
Residual Thrombus 3-6 months post PE

• <10% of these eventually have CTEPH 
(2-4 % incidence)

• Not all patients with residual thrombus 
have symptoms

• 40-60% of post PE patients have 
dyspnea and effort intolerance

• A variable percentage had residual 
Thrombus

Blood Rev 2014; 28:221–226.

Post PE Impairment Syndromes

Definition: New or progressive dyspnea, effort intolerance or impaired 
functional (or mental) capacity after ≥ 3 months of anticoagulation after PE

1. Evidence of residual thrombus on imaging and exercise abnormal hemodynamics

 CTEPH: Resting mPAP > 20mmHg
 CTEPD: Resting mPAP ≤ 20 mmHg

2. Normal exercise hemodynamics with or without residual thrombus on imaging

 Functional Post PE limitation Syndrome

Chronic thromboembolic pulmonary disease (CTEPD)

Diagnostic Criterion:
Residual thrombus in pulmonary vasculature

Normal resting mPAP and normal 
PCWP

Effort intolerance related to abnormal 
hemodynamics

Abnormal  cardiopulmonary exercise test 
(CPET)

May have:

Incomplete echocardiographic RV recovery 
 Dilatation
 Systolic/ Diastolic dysfunction

Same anatomic and 
mechanistic changes in the 
pulmonary vasculature as 
CTEPH but less severe and 
perhaps less progressive? 

A normal resting Echo does 
not exclude CTEPD

10

11
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CTEPD: Hemodynamics

Key feature is increased RV afterload with effort 
as determined by

PA compliance 
 Loss PA compliance can occur early even with normal 

resting PVR and mPAP
 Results in increased exercise PAP (> 30. mmHg)
• Disproportionate rise in mPAP compared to rise in CO

• High mPAP/ CO slope on RHC (> 3) 

 Increased PVR (Static overlaod): mPAP-mRAP/ CO

Rev Esp Cardiol. 2024;77(2):158–166 

Rev Esp Cardiol. 2024;77(2):158–166 

CTEPD:  Cardiopulmonary exercise test (CPET)

CPET studies the integrative 
response to exercise and helps assess 
the cause of effort intolerance

Cardiovascular
Pulmonary
Musculoskeletal
Hematopoietic
Neuropsychological

13

14
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• CPET findings in CTEPD
• Max V02 < 80%
• Inefficient gas exchange due to 

worsening dead space ventilation on 
exercise

• Poor cardiac reserve due to RV 
dysfunction due to PA compliance 
issues

CTEPD:  Cardiopulmonary exercise test (CPET)

 Max V02
 Anaerobic threshold
 Disturbances in gas exchange due to dead space ventilation etc.
 Low stroke volume reserve with exercise 

• CPET findings in Deconditioning
• Max V02 < 80%
• Normal gas exchange
• Normal cardiac reserve

Back to our case of 55-year-old RN, 6 months post PE 

Is not feeling great

Certainly not even close to baseline

SOB on walking 1 flight of stairs

Fatigued, barely keeps up at work

No leg edema

Physical exam and ECG normal

Chest X ray: Normal
Echocardiogram

Normal RV/ LV
Normal PASP at 24 mmHg

VQ scan: Normal
Exercise ECG: Normal with limited effort 

capacity. Stopped at 6 minutes due to 
dyspnea and fatigue
CTA: Normal RV, No residual PE

How would you investigate? 

We need to assess for:
Reduced V02 Max
Inefficient pulmonary gas exchange

 Dead space ventilation

Abnormal cardiac reserve due to 
altered PA compliance/ RV 
dysfunction on exercise

 Increased PAP 
 Increased PA/ CO slope

Back to our case of 55-year-old RN, 6 months post PE 

CPET
Reduced V02 Max 60%

No evidence of dead space ventilation

Normal exercise Right heart cath

Normal hemodynamics without residual thrombus on 
imaging: Post PE functional limitation

16

17
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Management of Post PE Impairment Syndromes

CTED
Not much data

No defined role of vasodilators or 
Pulmonary endarterectomy*

Perhaps cardiopulmonary rehab?

Referral to a specialized center 
and a multispecialty team

Functional Post PE Impairment
Assess for secondary causes

Psychological counselling

Rehabilitation programs 

* Small single arms studies of PEA have shown improved hemodynamics and excellent 5-year survival 

Eur Resp J 2014;44:1635-1645, J Heart Lung Transplant 2019;38(suppl):S130

Normal

Persistent dyspnea > 3 months after PE on anticoagulation

Transthoracic Echocardiogram

Intermediate/ High Probability of PHLow Probability of PH

Ventilation Perfusion Scan

Abnormal

RHC  +/- Pulmonary Angiography

W/U for other 
causes/ CPET

Consider CPET
V02 Max < 80%
No ventilatory abnormality

Post PE Functional Disorder Consider CTEPD

CETPH

V02 Max < 80%   +
ventilatory abnormality

Exercise RHC

Optional/ confirmatory

VQ scan

ESC/ ERS recommend dedicated screening programs in post PE patients with 
symptoms to detect CTED/ CTEPH

EHJ 2022;43: 183-189 Resp Pract Thromb Haemost 2020;4:958-968

19
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Dalen JE, Alpert JS. Natural history of pulmonary embolism. Prog Cardiovasc Dis 1975;17:257–70.

Chronic Pulmonary Arterial Disease: 
When to suspect, options for treatment

Vivian Bishay, MD
Associate Professor, Vascular and Interventional Radiology

Icahn School of Medicine at Mount Sinai

PE Mortality

Dalen JE, Alpert JS. Natural history of pulmonary embolism. Prog Cardiovasc Dis 1975;17:257–70.

Disclosures

• No relevant disclosures
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Post PE Syndrome
Spectrum of disease from Acute to Chronic 

Klok et al.  Blood Reviews 2014; 28:221

Post-PE Syndrome

• RV Dysfunction: 18.1%
• Functional Impairment: 11.3% NYHA III-IV
• 6-MWT: 415m (5th percentile)
• SF-36:  PCS 44.8 (40th Percentile)

Sista AK, Vasc Med, 2017

Post-PE syndrome and CTEPH

• Post- PE syndrome: a phenomenon of permanent functional 
limitations after PE occurring in 46.5% of patients

• Persistent deconditioning, anxiety, and/or ventilator or circulatory 
impairment as a result of acute PE

• Chronic thromboembolic pulmonary hypertension is a type of post-
PE syndrome

• At least 1 persistent lobar or segmental, unmatched perfusion defect on 
ventilation/perfusion (V/Q) imaging despite > 3 months of therapeutic 
anticoagulation 

• Evidence of pulmonary hypertension on right heart catheterization (RHC): 
mPAP >20mmHg, PCWP <15mmHg, and PVR >3WU

Kahn SR, et al. Quality of Life, Dyspnea, and Functional Exercise Capacity Following a First Episode of Pulmonary Embolism: 
Results of the ELOPE Cohort Study. Am J Med. 2017;130(8):990.e9-990.e21.

Boon GJAM, et al. Essential aspects of the follow-up after acute pulmonary embolism: An illustrated review. Res Pract Thromb
Haemost. 2020 Aug 2;4(6):958-968. doi: 10.1002/rth2.12404. 

4

5

6



3/11/2024

3

CTEPH

• The prevalence of CTEPH after PE ranges between 
0.1% and 9.1%

• Meta-analysis of 16 studies:

Ende-Verhaar YM, et al. Incidence of chronic thromboembolic pulmonary hypertension after acute pulmonary 
embolism: a contemporary view of the published literature. Eur Respir J. 2017 Feb 23;49(2):1601792. 

CTEPH

• 3-5% post acute PE
• Prospective study of 223 with PE documented
• 1% (6m), 3.1% (12m), 3.8% (24m)

• Rarely are cases identified after 2 years
• 2500 US/yr

Tapson et al Proc Am Thor Soc 2006, Bonderman et al Eur Respir J 2009, Pepke-Zaba et al
Circulation 2011, Meignan Arch Intern Med 2000, Pendgo et al NEJM 2004

CTEPH

• Resting mPAP > 20mmHg
• Mismatched perf defects on V/Q

• Sensitivity of V/Q scintigraphy for CTEPH is 96-
97% vs 51% for CTPA

• V/Q scintigraphy also has a negative predictive 
value approaching 100% 

• PH on echo
• >3m of therapeutic AC

N Engl J Med 2004; 350:2257-2264
Proc Am Thorac Soc. 2006 Sep;3(7):564-7.

7

8
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Risk Factors

Related to DVT/PE
• Multiple episodes of PE

• Larger perfusion defects

• Degree of elevation of PA pressures at PE dx
• RVSP > 50 mmHg  3 – 5 x greater increase in persistently 

elevated pressures (ref 17,18)
• mPAP > 30 mmHg (ref 19)

• Fibrinogen variants resistant to lysis

• Presence of APL-Ab / LAC

• Increased levels of factor VII

• H/o malignancy

Unrelated to DVT/PE
• Younger age 

• Thyroid replacement

• Ventriculo-atrial shunt

• Infected pacemaker

• H/o splenectomy

• IBD

• Chronic osteomyelitis

• Infected tunneled catheters

• HLA polymorphisms
• Non O blood groups

Ribeiro et al Circ 1999, Thomas et al Thorax 2012, Riedel et al Chest 1982

Marshall Kerr Auger, Clinics in Chest Medicine Dec 2013

Chronic Medical
Conditions

• Infected VA shunts
• Infected pacer leads
• Splenectomy
• Chronic inflammatory 

disorders
• Thyroid disease
• Malignancy 

Recurrent
PE/DVT

? In-Situ
Thrombosis

Thrombotic Risk Factors
• LAC/ACL
• Increased levels of F VIII
• Dysfibrinogenemia

Genetic Risk Factors
• Non-O ABO blood 

groups
• HLA polymorphisms
• Abnormal endogeneous

fibrinolysis

Vascular Occlusion/Shear 
Stress

Small Vesselarteriopathy

Elevated PVR

Failure to
Resolve Thrombus

Thrombotic Event / Predisposition

Acute PE / Silent PE

“Inflammatory Mediators”
“Deficient angiogenesis”
? Adnormal Fibrinogen

Goals of post- PE follow-up

• Monitor clinical course after PE diagnosis
• Ensure adequate choice, duration and dose of anticoagulation
• Address risk factors for recurrence
• Ensure appropriate management of IVC filters
• Monitor for complications: bleeding and recurrent VTE
• Monitor for development of the post-PE syndrome, including but 

not limited to chronic thromboembolic pulmonary hypertension 
(CTEPH)

10

11
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Clinical practice patterns after PE

• Large practice variation and low level of evidence
• 2019 PERT Consortium Consensus Practice and 2019 ESC 

Guidelines for PE have published guidelines on post-PE 
follow-up

• No clear guidelines on the diagnosis, treatment or prevention of the 
post-PE syndrome exist

Clinical practice patterns after PE

Rivera-Lebron B, et al. Diagnosis, Treatment and Follow Up of Acute Pulmonary Embolism: Consensus Practice from the 
PERT Consortium. Clin Appl Thromb Hemost. 25:1076029619853037-1076029619853037

Post-PE Syndrome

• RV Dysfunction: 18.1%
• Functional Impairment: 11.3% NYHA III-IV
• 6-MWT: 415m (5th percentile)
• SF-36:  PCS 44.8 (40th Percentile)

Sista AK, Vasc Med, 2017
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CTEPH

Klok FA, Dzikowska-Diduch O, Kostrubiec M, Vliegen HW, Pruszczyk P, Hasenfuß G, Huisman MV, Konstantinides 
S, Lankeit M. Derivation of a clinical prediction score for chronic thromboembolic pulmonary hypertension after acute 
pulmonary embolism. J Thromb Haemost. 2016 Jan;14(1):121-8. doi: 10.1111/jth.13175. Epub 2015 Dec 29. PMID: 
26509468.

Barriers to diagnosis of CTEPH

• Early diagnosis of CTEPH remains a challenge
• Mean diagnostic delay of 14 months demonstrated in the 

European CTEPH registry
• Median time from last acute PE to CTEPH dx was 12.5 months
• At diagnosis, the majority of patients were NYHA functional class 

III or IV
• Patients with a longer delay had higher pulmonary pressures at 

diagnosis
• Longer delay was associated with a higher risk of mortality
• Recurrent VTE and obesity associated with longer diagnostic 

delay
• Factors leading to delay:

• Non- specific clinical presentation
• Validated, cost-effect screening tools unavailable
• Diagnostic misclassification as acute PE

Pepke-Zaba J, et al. Chronic thromboembolic pulmonary hypertension (CTEPH): results from an international prospective registry. Circulation. 
2011 Nov 1;124(18):1973-81. 
Klok FA, et al. Determinants of diagnostic delay in chronic thromboembolic pulmonary hypertension: results from the European CTEPH
Registry. Eur Respir J. 2018 Dec 6;52(6):1801687. 

Barriers to diagnosis of CTEPH

• Healthcare system barriers
• Only 61% of patients symptomatic with post-PE 

syndrome are referred for further testing for CTEPH 
evaluation

• Before CTEPH is diagnosed, patients consulted a 
median of 4 different physicians for a median of 13 
consultations

• Abnormal test results not recognized by providers, 
therefore not triggering further workup

• Cumbersome diagnostic algorithm involving multiple 
healthcare providers 
Tapson VF, et al. Monitoring for Pulmonary Hypertension Following Pulmonary Embolism: The INFORM Study. Am J Med. 2016 
Sep;129(9):978-985.e2. 
Ende-Verhaar YM, et al. Healthcare utilization in chronic thromboembolic pulmonary hypertension after acute pulmonary embolism. J Thromb
Haemost. 2018 Nov;16(11):2168-2174. 

16
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Post-PE Clinic

• 1st visit: 2-8 weeks after hospital discharge
• If RV dysfunction present on TTE during acute PE, repeat TTE done 6-8 weeks 

after discharge to ensure RV recovery
• Anticoagulation check: duration, compliance, tolerance and refill supply
• IVC filter removal
• Age appropriate cancer screening +/- thrombophilia w/u

• 2nd visit: 3-6 months after hospital discharge
• If persistent respiratory symptoms: repeat TTE and/or V/Q scan, 6MWD, +/-

CPET
• Anticoagulation: confirm duration assessment

• If pt had a DVT with episode of acute PE, eval for residual or chronic DVT to help determine 
duration of anticoagulation

Clinical practice patterns after PE

Konstantinides SV, et al. 2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolism developed 
in collaboration with the European Respiratory Society (ERS): The Task Force for the diagnosis and management of acute 
pulmonary embolism of the European Society of Cardiology (ESC). Eur Heart J. August 2019.

Clinical practice patterns after PE

Boon GJAM, Ende-Verhaar YM, Bavalia R, El Bouazzaoui LH, Delcroix M, Dzikowska-Diduch O, Huisman MV, Kurnicka 
K, Mairuhu ATA, Middeldorp S, Pruszczyk P, Ruigrok D, Verhamme P, Vliegen HW, Vonk Noordegraaf A, Vriend JWJ, 
Klok FA. Accurate and Efficient Non-Invasive Strategy for Early Identification of Chronic Thromboembolic Pulmonary 
Hypertension after Acute Pulmonary Embolism (InShape II Study) [abstract]. Res Pract Thromb Haemost. 2020; 4 (Suppl 
1).
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Post-PE Clinic
• CTEPH evaluation pathway

• Abnormal TTE with or without persistent 
pulmonary symptoms  V/Q scan (8 
views, including lateral view) if 
abnormal, proceed with RHC + pulmonary 
angiogram discussion at 
multidisciplinary CTEPH meeting 
(Pulmonary, IR, CT surgery teams)

Diagnosis of CTEPH

Kim NH, Delcroix M, Jenkins DP. et al. Chronic Thromboembolic Pulmonary 
Hypertension. J Amer Coll Card, 2013; 62(25)(Suppl. D):D92-D99  

Suspect
Echocardiogram
VQ Scan

Suspect
Echocardiogram
VQ Scan

Confirm
Right Heart Catheterization
Pulmonary Angiogram 
(or CTPA, MRA)

Confirm
Right Heart Catheterization
Pulmonary Angiogram 
(or CTPA, MRA)

Assess Risk
Hemodynamics
Comorbidities
Surgeon/CTEPH Team Experience

Assess Risk
Hemodynamics
Comorbidities
Surgeon/CTEPH Team Experience

Mortality after dx of CTEPH
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Mortality after dx of CTEPH: PEA

PEA = pulmonary thrombendarterectomy
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Reidel et al Chest 1982, Corsico et al AJRCCM 2008, Lewczuk et al Chest 2001

Pulmonary thromboendarterectomy

PEA

• Survival:
• 5yrs 82%, 10yrs 75%

• Peri-op mortality 2.2 – 5.2%
• >30% pts inoperable
• Residual PH between 5 and 35%
• Access issues
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BPA: indications

• Unsuitable for PEA
• Residual or recurrent PH
• Pts who decline PEA and consent to BPA after understanding risks and 

benefits of both 

• ? Renal dysfunction
• eGFR 47 to 51 post BPA

Lesion selection

• Segmental & subsegmental
• Distal Reconstruction
• Tapered (vs flush segmental occlusions)
• Upper vs Lower
• Tech success

• <50% pouching defects
• 90-100% ring-like stenoses, webs, and abrupt vascular narrowings

• Kawakami classification
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Pulm Angiography

University of Virginia: 
PA anatomy
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TA

A1

A3

A3

A2

Technique

• Full anticoagulation
• Moderate sedation
• CFV approach
• 8Fr 65cm destination
• Mach 1 Guide catheter
• Cross w wire (.014”)
• Predilate w 2mm (Coyote 2mm x 20mm)
• <6mm for 30sec inflation
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Staged Approach

• 6-8 sessions per pts, 6 wks apart
• Single Lobe
• 60mins fluoro, 250cc contrast
• mPAP

• >50: 1-2 lesions
• 40-50: 3-5 lesions
• <40: 5-8 lesions

Complications

• 5-10%
• Reperfusion pulmonary edema

• Cough, hemoptysis, hypoxia
• Vascular Injury

• German experience 226 sessions; 1.8% mortality
• Kawakami: 1.6% ring stenosis, 43% tortuous lesions
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40
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Outcomes

• 6 min walk distance: +33m
• NYHA/WHO improvement
• mPAP 10-21mmHg drop (mean 18%)
• Home O2: 54% vs 79%
• Survival: 

• 68pts: 97% @ 2.2yrs
• 20pts: 85% @ 4.3 yrs
• 12 pts: 100% @ 1yr
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Summary

• PE not just an acute disease
• Post PE syndrome common
• CTEPH morbid and high associated mortality
• BPA

• Challenging technically
• Complications expected
• Pt and lesion selection vital
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