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Venöser Thromboembolismus
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in transit

CTEPH

International CTEPH Registry. Pepke-Zaba J Circulation 2011;124:1973–81.
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WHO Klassifikation
WHO group Description

Group 1 Pulmonary arterial hypertension (PAH)

Group 2 Pulmonary hypertension (PH) with left heart disease

Group 3 PH associated with lung diseases and/or hypoxemia

Group 4 Chronic thromboembolic PH (CTEPH) and other 

pulmonary vascular obstructions

Group 5 Unclear or multifactorial mechanisms

Galié N, Humbert M, et al, Eur Heart J. 2016 Jan 1;37(1):67-119.



Wird aus einer PE CTEPH?
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Associated condition Odds Ratios

VA shunt/infected leads 1, 2 13.00 [2.5-129] and 76.4 [7.67-10350.62]

Splenectomy 1, 2, 3 13.00 [2.7-127] and 17.87 [1.56-2438]

Recurrent VTE 1 14.4 [5.40-43.08]

Thyroid replacement therapy 1 6.1 [2.73-15.05]

Previous VTE 1 4.52 [2.35-9.12]

Antiphospholipid antibodies /LA 1 4.20 [1.56-12.21]

Survived cancer 1 3.76 [1.47-10.43]

Inflammatory bowel disease 1, 2 3.19 [0.74-16.03]

Blood groups non-0 1,4 2.09 [1.12-3.94]

Fibrinogen Aa Thr312Ala polymorphism 5 1.68 [ 1.13-2.49]

HLA-B*5201 (Japan) 6 2.14 [1.29-3.55]

HLA-DPB1*0202 (Japan) 6 3.41 [1.71-6.74]

1 Bonderman D and Lang IM, et al. Eur Respir J. 2009; 33: 325-3, 2 Bonderman D et al Thromb Haemost. 2005;93:512-516, 3 Jais et al Thorax. 2005;60:1031-1034, 4 
Bonderman D et al Thromb Haemost. 2003;90:372-376, 5 Suntharalingam J et al. Eur Respir J. 2008;31:736-741, 6 Tanabe N et al Eur Respir J. 2005;25:131-138.

Wer kriegt CTEPH?
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Ko-morbiditäten und Outcome
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CTEPH in Europa und Japan

Chausheva S, Seilichiro Sakao et al. J Thorac CardiovascSurg 2019
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CTEPH weltweit



Loci achieve genome wide significance

ABO

1457 Caucasian CTEPH patients were enrolled from 10 European and US Centers and compared to 1536 healthy Caucasian controls from the 
Wellcome Trust Case Control Consortium. 

Toshner M et al, Eur Respir J. 2019 Jan 17. pii: 1801805.



Blut Gruppen nicht-O und CTEPH

country FR GB DE PL AU BE

Blood 
Group

A 51.8 37.0 35.0 37.0 32.0 30.0 34.0

B 16.1 9.0 8.0 9.0 15.0 12.0 8.5

AB 8.2 3.0 3.0 4.0 7.0 6.0 4.1

0 24.0 36.0 37.4 35.0 31.0 33.0 38.0

Rhesus

pos 81.1 85.0 82.0 82.0 85.0 81.0 84.6

neg 19.9 15.0 17.0 15.0 15.0 19.0 15.3

Lang I et al. Thromb Haemost. 2013; 110: 83-91



Bonderman D et al. Thromb Haemost. 2003 Sep;90(3):372-6.
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surgery or with CTEPH type, i.e. the most proximal thrombus
localization by pulmonary angiography, which is an important
predictor of surgical success (18).  Therefore, FVIII is not by
itself a predictor of functional improvement after surgery.

Plasma FVIII,VWF:Ag and VWF multimers
after PTE
Twenty-five CTEPH patients who underwent successful PTE
were studied.  Mean FVIII (212±94IU/dl) and VWF:Ag
(213±81IU/dl) one year after surgery were statistically unchang-
ed in comparison with preoperative values (FVIII: 226±88IU/dl,
VWF:Ag: 271±162IU/dl, Table 2).  HMW multimers were pre-
served in pre- and postoperative CTEPH plasmas, and multimer-
ic distribution did not differ from healthy control samples assayed
in parallel (Fig. 2). VWF:CP activity that is responsible for multi-
meric distribution was within the normal range (117±48%) and
was unchanged after surgery (131±28%, p=0.39).

Prevalence of blood groups non-0 in CTEPH
Because blood group oligosaccharide structures on the VWF
molecule account for the clearance and plasma levels of the
FVIII/VWF complex (19), the blood group distribution among
CTEPH patients was analyzed.  Blood groups non-0 were more
prevalent in CTEPH patients (77%) than in non-CTEPH
patients (58%, p=0.003).

Discussion
Elevated FVIII is the first prothrombotic condition to be iden-
tified in a large proportion of CTEPH patients.  Apart from anti-
cardiolipin antibodies in approximately 20% of patients (2, 20),
no common thrombosis risk factor has been identified in
CTEPH patients so far.  Our detection of plasma FVIII
>230IU/dl in 41% of patients with CTEPH provides new evi-
dence for the role of FVIII in the pathogenesis of chronic throm-
boembolic disease and is at variance with the concept of pri-
mary pulmonary arteriopathy with secondary in situ thrombosis
as the origin of CTEPH (21).

Plasma FVIII and VWF elevation have been observed pre-
viously in patients with non-thromboembolic PAH (8).  Current
data suggest that high pulmonary shear stress in PAH leads to
increased production of endothelial VWF. Excess production is
associated with a biologically deficient molecule lacking high-
molecular weight forms (8, 22).  No difference in clearance rate

Figure 1: FVIII (panel a) and VWF:Ag plasma levels (panel b) 
in CTEPH patients and controls (Co), and in patients with 
nonthromboembolic pulmonary hypertension (PAH).
Star symbols indicate statistical significance. Numbers in 
parentheses represent means±standard deviations.

Figure 2: Plasma VWF multimers in 2 representative CTEPH
patients before and after successful PTE. Equal amounts of VWF
(60ng/lane) were loaded in each well. Normal plasma is shown
in lane 1. Lanes 2 and 4 contain preoperative samples, lanes 3
and 5 contain postoperative samples.

For personal or educational use only. No other uses without permission. All rights reserved.
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ADAMTS13 and VWF antigen concentration

• ADAMTS13 antigen levels were decreased in 
CTEPH patients (0.889 ± 0.397μg/mL; 
p<0.001) compared to healthy controls (1.15 
± 0.300μg/mL) 

• ADAMTS13 was also reduced in CTED (0.831 
± 0.224μg/ml, p<0.001) but levels were 
similar to CTEPH (p=0.205) 

• No difference in ADAMTS13 levels between 
IPAH (1.12 ± 0.413μg/mL; p=0.373) and 
healthy controls

Published range for healthy ADAMTS13 antigen 
levels: 0.740 – 1.420µg/ml with a median
of 1.080µg/ml!

Toshner M et al, Eur Respir J. 2019 Jan 17. pii: 1801805.



Morris TA et al, Am J Resp Crit Care Med 2006; 173: 1270-5.

CTEPH Fibrinogen ist lyse-resistent



Pathophysiologie
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Skoro N et al. J Heart Lung Transplant 2018

CRP, D-Dimer und CTEPH



Thrombolyse kann CTEPH nicht verhindern

Meyer G, […] Lankeit M et al., N Engl J Med 2014; 370:1402-1411
Konstantinides S, […] Lankeit M et al., J Am Coll Cardiol 2017; 69:1536-1544

long-term follow-up
(41.6±15.7 months)

Tenecteplase
(n=146)

Placebo
(n=149)

P value

confirmed CTEPH 4 (2.7%) 6 (4.0%) 0.541

ClinicalTrials.gov: 
NCT00639743

500

499506

474 (98.1%)486 (98.4%)

279 (83.3%)276 (83.1%)

506 Randomized 

ITT / safety 

180 day FU

24 month FU

149 (44.5%)146 (44.0%) 42 month FU

Fibrin from patients with CTEPH is resistant to 
plasmin-mediated lysis

delayed 

degradation of 

the intact α-, β-

and γ-chains of 

CTEPH fibrin



Inflammatory drivers of vascular fibrosis 

Sharma Smriti et al.  Thesis



CTEPH Diagnose

• Imaging criteria

• Invasively measured mean pulmonary artery pressure (mPAP) ≥25mmHg

• On V/Q at least one larger defect (at least~1/3 of a segment)

• Typical vascular changes on CT or conventional PA angiography

• At least 3 months of effective anticoagulation

Kim, N. et al. J Am Coll Cardiol 2013;62:D92–9. 
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Lungengefässerkrankungen



Symptoms
Type of symptom iPAH n=158 CTEPH n=436

n % n %
number of patients with available
data

158 100.0 436 100.0

Dyspnea 157 99.4 431 98.9

Edema 43 27.2 176 40.4

Fatigue 25 15.8 103 23.6

Dizziness 27 17.1 23 5.3

Chest pain 31 19.6 60 13.8

Hemoptysis 1 0.6 21 4.6

International CTEPH Registry. Pepke-Zaba J Circulation 2011;124:1973–81.
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Acute pulmonary embolism versus CTEPH



Diagnosis

28European Heart Journal (2014):doi:10.1093/eurheartj/ehu283
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`
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Galié N, Humbert M, et al, Eur Heart J. 2016 Jan 1;37(1):67-119.

Guidelines



The CTEPH TEAM



Diagnosis of CTEPH
Life-long Anticoagulation

Operability Assessment by multidisciplinary CTEPH Team

Technically Operable Technically Non-Operable

Persistent symptomatic
pulmonary hypertension

Pulmonary Endarterectomy

Consider lung 
transplantation

Acceptable surgical risk/benefit 
ratio

Targeted medical 
therapy

Consider BPA in an expert 
center

Unacceptable surgical risk/benefit 
ratio

Lang IM and Madani M.  Circulation. 2014 Aug 5;130(6):508-18.
Galiè N et al. Eur Heart J 2015:doi:10.1093/eurheart/ehv317.BPA, balloon pulmonary angioplasty. 

Persistent symptomatic
pulmonary hypertension



Der “operable” Patient

Lang IM and Madani M. Circulation 2014;130:508–18.



Pre-op Post-op

PEA

Pulmonale (Thrombo)-endarterektomie (PEA)

Illustration courtesy of Hotten, M. Thesis, Master Scientific Illustration, 2016., and Nick Kim, MD.



Chirurgische Klassifikation
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Kaplan–Meier survival estimates 
of operated and non-operated patients

!"#$%&'()&%$)*(+,-$./.#$01234*&'5$&'6+'5$0'+771'+-$.89#$01234*&'5$:&7%12&'$'+7)76&*%+;

<)34**+&1$=$!"#$%&#'(#)#*!+,-.#/.-"#/$.!#0!1#>?@A-@BCD/EAFE;

!"#$%&#'( )*+,*"#$%&#'(

./.$G33HIJ KB$G@CLB?J$ KE$G@KLB@J

!"$GMN3)*N3>J >;>$G?;OLC;?J >;A$G@;@LE;@J

.89$G(5*-7-%3LEJ C>B$GOCL>BB?J FCF$G@FEL>B??J

../
01/

02/
34./5

16/ 17/ .1/ 3.8/5

P0+'&6+($G*QK?KJ
R4*S40+'&6+($G*Q>CEJ

,QT?;???@$G24IS'&*U$6+76J

R13V+'$4W$0&6)+*67$&6$')7U$&6$6X+$+*($4W$6X+$6)3+$0+')4(D

P0+'&6+( K?K AB> ACK AFF AF@ AEE AAF >KK @EB F> A ?

R4*S40+'&6+( >CE >KF >>B >@K >?? @BB @FK @>? EB >? > ?

9*+&:;(<$*=('>%?+*;>;

)*+,-./0 12*324+52!"#$%&'(")* $!"#214-2"6"''789:%(8;<"5



The European CTEPH Registry
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Wenigstens 50% aller CTEPH Patienten werden nicht operiertA$



Lang IM and Madani M. Circulation 2014;130:508–18.

Der “nicht-operable” Patient
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Galié N, Humbert M, et al, Eur Heart J. 2016 Jan 1;37(1):67-119.

Guidelines



!"#$%"&!'( (#)"%&!'( * +$,)-.&/0)"%

Proximal to lesion
Distal to lesion

!"!#$%&'#()*+#,,-.
/0##12%#3&,45&㎡

!"!#67&18#(7)+#,,-.
/0##129#3&,45&㎡

8

%8

)88

!"
!
(,

,
-.

+

10203$.-4 5&")&0/6&78%$9,)"%:",)4$,6&;<=>&?"@&=<A=;B==CD"=E*F6&

Balloon Pulmonary Angioplasty (BPA)



Das Prinzip von BPA



Year
First author,

[ref.] Country
Patient
number Procedures

Complications
(%)

In-hospital 
death rate

(%)

Follow-up
Period

(months)

Mean PAP (mmHg)

Baseline Effect

2001 Feinstein [1] USA 18 48 61a 5.6 34 42.0±12.0 -9.0

2013 Andreasen [2] Norway 20 73 35.0 a 10.0 51 45.0±11.0 -12.0

2015 KURZYNA [3] Poland 20 37 10a 10 - 58±6.0 -17.0

2016 Roik [4] Poland 9 27 5.5a 0 5 40 -5.4

2017 Olsson [5] Germany 56 266 9.4a 1.8 24 40.0±12.0 -7.0

2017 Wiedenroth [6] Germany 36/123 195 13.8 0 6 43.0 ± 12.0 -9.0

2018 Wiedenroth [7] Germany 10 35 2.9 0 6 21.0 ± 2.0 -0

2018 Lang Austria 97 468 4.3 2 36 45.4�11.1 -19.0

Balloon Angioplastie der Pulmonalarterien in Europa

[1]: Circulation 2001; 103: 10–13. [2]: Heart 2013; 99: 1415–1420. [3]: Postepy Kardiol Interwencyjnej 2015; 11: 1–4.
[4]: Int J Cardiol 2016; 203: 228–235. [5]: Eur Respir J. 2017; 8;49(6). [6]: Pulm Circ. 2018 Jul-Sep;8(3):2045894018783996. [7]: Pulm Circ. 2018 Jan-
Mar;8(1):2045893217753122
a: Reperfuison pulmonary edema, b: Severe lung injury

2018 Okayama Japan 373 2163 4.5b 1.8 28.8 41.8±11.7 -20.7



Fall



DSA pulmonary angiography



1st BPA session: right A10



DSA pulmonary angiography after 3 BPAs



baseline after 3 BPAs

WHO FC II I

mPAP – mmHg 36 22

PVR – WU 5.4 2.3

6-MWD – m 500 697

Nt-proBNP – pg/mL 763.1 78.5

Summary



BPA-Komplikationen

Mizoguchi et al  Balloon Pulmonary Angioplasty for CTEPH  753

required supplemental oxygen, whereas 26 patients were able 
to discontinue oxygen inhalation.

Complications Related to BPA
Reperfusion pulmonary injury was the major complication 
after BPA. It was confirmed by 3 methods, in the order of 
severity: hemo sputum; chest radiographic opacity in dilated 
segments and worsening of hypoxemia; or increased density 
of the dilated segment as shown by a chest CT scan taken 4 
hours after BPA without any symptoms (Table 3). Patients 
were counted based on the methods by which pulmonary 
reperfusion injury was found and listed for only once. Chest-
CT-only patients had chest CT findings without any other 
symptoms. When a patient had hemo sputum and radiographic 
findings, the patient was counted in the hemo sputum group. 
Intratracheal intubation was required in 3 patients with hemo 
sputum and 1 patient with increased radiographic opacity in 
a chest X-ray. Therefore, the incidence of severe reperfusion 
pulmonary injury that required intratracheal intubation was 
6%. Among them, percutaneous cardiopulmonary support 
was required in 2 patients. One patient fully recovered and 
another patient died 28 days after BPA because of right-sided 
heart failure. None of the patients with reperfusion pulmonary 
injury detected only by chest CT required intratracheal intuba-
tion. Pulmonary artery perforation with a guide wire occurred 
in 5 patients, and 2 of them required emergent transcatheter 

coil embolization. The frequency of reperfusion pulmonary 
injury, particularly injury manifesting as hemo sputum, was 
significantly lower during the most recent half of our experi-
ence (127 procedures) than during the first half of our experi-
ence (128 procedures) (P<0.01, Table 3). Further details are 
provided in the online-only Data Supplement.

No other procedural complications were experienced dur-
ing BPA. There was no acute kidney injury caused by contrast 
medium. Interstitial pneumonitis in 1 patient and interstitial 
nephritis in 2 patients occurred after BPA. Non-steroidal 
anti-inflammatory drugs and radio-contrast medium were 
suspected to be the cause of these complications. All patients 
recovered after steroid pulse therapy.

Discussion
We found that our refined and comprehensive BPA strategy 
improved hemodynamics and clinical status of symptomatic 
patients with minimal serious adverse events. This is the first 
clinical trial to document that refined BPA can be a therapeutic 
option in inoperable patients with CTEPH who have no other 
treatment options.

The prognosis of CTEPH has been reported to be poor 
when mean pulmonary arterial pressure is >30 mm Hg,13,14 
and therefore, previously reported pulmonary arterial pressure 
after BPA >30 mm Hg should be insufficient.7 To achieve 
a sufficient decrease in mean pulmonary arterial pressure 
without increasing the risk of reperfusion pulmonary injury, 
pulmonary artery rupture, and perforation, it is necessary to 
achieve adequate dilation by selecting the appropriate size of 
balloons. In previous reports, balloon size was determined 
according to angiographic findings.6,7 In our study, we 
evaluated pulmonary artery diameters by using IVUS, which 
provides information regarding the true size of the pulmonary 
artery lumen and wall thickness.15 Furthermore, we selected 
a target artery by a soft-tipped 6F guiding catheter, which 
enabled us to select the smaller branches of pulmonary 
arteries with a reduced risk of causing dissection of arteries 
compared with a 7F custom made catheter used in a previous 
report.7 We also used a thinner wire (0.014-inch) and a low 
profile balloon catheter, which potentiated the opening of 
completely obstructed lesions, with a lower risk of perforation. 
In a previous report,7 a 7F pigtail catheter was modified by 
removing most of the curled tip. Our procedure requires 
only commercially available devices, and this procedure can 
be performed anywhere. We repeated these procedures until 

Before
(epoprostenol 5 ng/kg/min)

After
(epoprostenol 5 ng/kg/min)

Follow
(epoprostenol free)

A B C Figure 5. Representative pul-
monary angiograms before 
balloon pulmonary angioplasty 
(BPA), after BPA, and at follow-
up. Pulmonary angiograms 
before BPA (A), immediately 
after BPA (B), and at 1.5 years 
after the final BPA (C) are 
shown. The dose of epopros-
tenol was 5 ng/kg/min before 
and immediately after BPA. At 
follow-up, pulmonary arteries 
were dilated despite epopros-
tenol being discontinued.

Table 3. Complications Related to BPA

Diagnositic 
Criteria Total

First 128 
Sessions

Most Recent 
127 Sessions

P 
Value

Reperfusion 
pulmonary 
injury

Hemo 
sputum

40 27 13

Chest 
X-ray or 
desaturation

36 19 17

Chest CT 
only

145 82 63

Total 221 128 93 <0.01

Pulmonary 
artery 
perforation

5 4 1 1.00

Data indicate the number of sessions. The incidence of complications was 
compared between the first 128 sessions (performed between November 2004 
and October 2010) and the most recent 127 sessions (performed between 
November 2010 and September 2011).

CT indicates computed tomography.
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• CTEPH ist eine thromboembolische Erkankung
• Das Link zwischen akuter Pulmonalembolie und CTEPH ist

Entzündung
• CTEPH Phänotypen sind

• Thrombotic versus Inflammatory 
• Proximal versus Distal
• Western versus Eastern

ØLebenslange Antikoagulation mit VKA ist Standard, die Rolle der 
NOACS ist ungesichert

ØAls Therapien stehen zu Verfügung
ØPulmonale Endarterektomie
ØBallonangioplastie der Lungenarterien
ØMedikamentöse Therapie mit Riociguat

ØRiociguat erhöht den CO um 20% des Ausgangswerts
ØBPA senkt den Mitteldruck um 20% des Ausgangswerts

Von Thrombose zu Fibrose



Danke!




