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The surgical treatment of pulmonary embolism was one of the turning points in the history 

of cardiac surgery. 

Severe pulmonary embolism: 
 surgical aspects
Oliver Reuthebuch

Clinic for Cardiac Surgery, University Hospital Basel, Switzerland

Summary

Severe pulmonary embolism is a life-threatening disease requiring a well-

balanced therapeutic approach. It is of upmost importance to differentiate 

between acute pulmonary embolism and chronic pulmonary embolism in 

this setting. The management of acute embolism is predominantly carried 

out by the internal specialist, whereas the therapy of chronic pulmonary em-

bolism is in the domain of the surgical community. 

Acute, untreated pulmonary embolism has a mortality of >30%, with two 

thirds of deaths occurring within the first 60 minutes. It is the most common 

cause of death without a prior clinical diagnosis because of its vague and 

nonspecific clinical symptoms and undefined laboratory parameters. 

The nature of chronic pulmonary embolism is different since it is based on 

recurrent pulmonary emboli without complete resolution. Five-year survival 

is pressure dependent, with a mere 10% survival rate in patients having a 

mean pulmonary arterial pressure of more than 50 mm Hg. It has an inci-

dence of up to 3.8% in survivors of acute pulmonary embolism, as well as 

an incidence of >10% in patients with recurrent embolism.

There are various treatment options for acute pulmonary embolism based 

on the haemodynamic stability or instability of the patient. If the patient is 

stable, anticoagulation is to be administered with a potential subsequent im-

plantation of an inferior vena cava filter. If the patient is unstable, thrombo-

lytic therapy has to be considered first. If this fails, mechanical embolectomy 

or even surgical embolectomy should be taken into account.

Patients with chronic pulmonary embolism should be treated surgically with 

a bilateral endarterectomy of the pulmonary arteries. This is the standard 

and recommended treatment. The role of the emerging percutaneous pul-

monary angioplasty is not yet defined and needs further evaluation. 

Patients suffering from acute or chronic pulmonary embolism should be 

transferred to a certified centre. There, specialists decide on the appropriate 

treatment with potential implantation of life-supporting systems (e.g., extra-

corporeal membrane oxygenation). 

Key words: pulmonary hypertension; pulmonary embolism; chronic thromboembolic pulmonary hyper-

tension; pulmonary embolectomy; pulmonary angioplasty
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Introduction

The surgical treatment of pulmonary embolism was 
one of the cornerstones in the history of cardiac sur-
gery. It was developed and advocated by Friedrich 
Trendelenburg in 1907, when he was director of the de-
partment for surgery at the university hospital in Leip-
zig, Germany [1]. Unfortunately, none of his few pa-
tients survived the “Trendelenburg operation” and it 
was 16 years later, in 1923, that Martin Kirschner per-
formed the first successful surgical embolectomy in 
Königsberg [2]. At that time, no extracorporeal circula-
tion (ECC) was available and thus procedural success 
was very unpredictable. In 1930, John Gibbon experi-
enced, in Princeton, USA, the death of a young lady due 
to pulmonary embolism, which made him start devel-
oping the heart-lung machine [3]. After 23 years of re-
search, in October 1953, an atrial septal defect was oper-
ated on with the first use of ECC. Another 8 years later, 
in 1961, Denton Cooley succeeded in performing a pul-
monary embolectomy on ECC [4]. Since then, the surgi-
cal technique became more feasible and safer. How-
ever, nowadays a great armamentarium of therapeutic 
options is available to replace the surgical primacy: 
 anticoagulation, thrombolytic therapy, catheter-based 
procedures with, for example, rotational, ultrasound 
or suction embolectomy. Independently of the treat-
ment, it is of utmost importance to improve the prog-
nosis by avoiding recurrent thrombo embolism, in 
 order to avoid the development of chronic thrombo-
embolic pulmonary hypertension (CTEPH), as well as 
avoiding death.
The aim of this article is to focus on surgical modalities 
with descriptions of technical aspects and the weight-
ing of surgery in specific clinical settings, as well as de-
scribing future development. 

Classification of pulmonary embolism

Pulmonary embolism is classified into two main cate-
gories: acute and chronic. Pathogenesis, course of dis-
ease and patient stability are different in each, which  
therefore require alternate therapeutic approaches.  
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Acute pulmonary embolism is defined as obstruction 
of the pulmonary arteries in potentially all segments 
by circulating material such as thrombi, tumorous or 
fat tissue, foreign bodies, bacteria or even air. The mor-
tality, if left untreated, exceeds 30%, with two out of 
three patients dying within 60 minutes after onset of 
symptoms. If the condition is treated, 30-day mortality 
reaches 4% and 1-year mortality 13%. However, clinical 
signs are very nonspecific, making this ailment the 
most common cause of death without definite diagno-
sis. Patients may complain of dyspnoea, tachycardia, 
chest pain or  hypotension. Laboratory test results may 
encompass elevation of D-dimer (in 90% of cases), ele-
vation of troponin and pro-brain-type natriuretic pep-
tide (pro-BNP) levels as well as signs of hypoxaemia. 
Diagnosis is based on chest X-ray (“Westermark” sign, 
with dilatation of central pulmonary arteries), multi-
slice computed tomography (CT) scan, magnetic reso-
nance imaging (MRI), pulmonary angiography or echo-
cardiography. The mainstay of the therapeutic 
approach is to maintain oxygenation and stabilise 
haemodynamic circulation [5]. 
Chronic pulmonary embolism is caused by single or 
multiple pulmonary emboli that are not resolved com-
pletely in the long run. There are two pathophysiologi-
cal pathways to be considered. Firstly, thromboem-
bolic lesions in arterial walls transform into fibrous 
and elastic structures. Subsequently, they endothelial-
ise and obliterate or narrow the lumen. Secondly, an 
 Eisenmenger-like reaction in overperfused vessels 
turns into vasoconstriction of small arteries, resulting 
in hypertrophy of the media and finally sclerosis. The 
incidence of chronic pulmonary embolism in survi-
vors of acute pulmoary embolism is between 0.57 and 
3.8%, whereas more than 10% of patients with recur-
rent acute pulmonary embolism will suffer from 
chronic pulmonary embolism. The overall incidence of 
surgical treatment in all patients with pulmonary em-
bolism is low, at 0.1%. Five-year survival is pressure de-
pendent: with a mean pulmonary artery pressure 
(mPAP) greater than 50 mm Hg it is less than 10%, with 
a mPAP >30 mm Hg it is 30% and with a mPAP 
<30 mm Hg it is 90%. The diagnostic work-up is based 
on echocardiography, perfusion-ventilation scintigra-
phy, right-heart catheterisation and bilateral pulmo-
nary angiography. CT and MRI complete the screening 
process. The aim of the therapeutic approach is to bilat-
erally remove all thrombotic material in order to re-
duce pulmonary vascular resistance as well as to im-
prove ventilatory impairment [6]. 

Surgical technique

Surgery for acute or chronic pulmonary embolism dif-
fers and thus will be described for each separately. 
Since there is a potential role for percutaneous pulmo-
nary balloon angioplasty, an emerging technique in-
volving surgical teams, this procedure will be ex-
plained as a bail-out strategy in inoperable patients.

Surgical technique for acute pulmonary embolism
In the supine position the chest is opened via a median 
sternotomy. The aorta and both caval veins are cannu-
lated after full heparinisation. Extra corporeal circula-
tion is kept normothermic, with the heart either ar-
rested or fibrillating. The pulmonary trunk is then  
incised longitudinally with respect to the pulmonary 
valve. The emboli are grasped with forceps and care-
fully removed. If the emboli are located in the segmen-
tal branches, further incisions can be of help. The use 
of endoscopes has been described [7]. Simultaneous 
ventilation or even manual massage of the lungs may 
 support mobilisation of the embolic material. After 
meticulous inspection of the arteries, the incisions are 
closed using 5/0 or 6/0 prolene sutures. In addition, the 
right atrium should be opened in order to carefully in-
spect the cavities and to close potential septal defects. 
Postoperatively, a CT scan or a Doppler echography of 
the  venous system is recommended to exclude further 
thrombotic material. Full heparinisation and sub-
sequent anticoagulation for 6 months is mandatory.

Surgical technique for chronic pulmonary embolism
The surgical technique for chronic pulmonary embo-
lism is far more complex since it is performed under 
hypothermic circulatory arrest. Otherwise, visibility 
in the peripheral subsegmental arteries would be com-
promised by back-bleeding of systemic to pulmonary 
shunts. 
In the supine position the chest is opened via a sternot-
omy. After institution of cardiopulmonary bypass the 
patient is cooled to about 20 °C. The aorta is clamped, 
the heart arrested with cardioplegia and extracorpor-
eal circulation stopped. The pulmonary artery at the 
level of the bifurcation or right pulmonary artery is in-
cised anteriorly and the correct plane for endarterec-
tomy in the dorsal aspect of the media defined. This is 
a pivotal step, since too deep a plane could cause arte-
rial perforation and a too superficial plane could result 
in an insufficient endarterectomy with remaining pul-
monary hypertension [8]. The endarterectomy is ac-
complished to the level of segmental or even subseg-
mental arteries and the material removed (fig. 1). 
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During closure of the incision the patient is reper-
fused. In  general this takes 15 minutes. In recent years, 
the use of endoscopic techniques to visualise the distal 
segments has become a supportive and beneficial ad-

junct. The same technique is adapted to the left side. In 
general, overall circulatory arrest does not exceed 
40 minutes. Finally, the heart is de-aired, the aorta un-
clamped and the patient rewarmed to 36°. During the 
rewarming additional procedures such as aortocoro-
nary bypass, valve surgery or even combined proce-
dures can be performed [9]. 

Percutaneous pulmonary angioplasty
Percutaneous pulmonary angioplasty (PPA), also 
known as percutaneous transluminal pulmonary an-
gioplasty (PTPA) or balloon pulmonary angioplasty 
(BPA), is an emerging technique and is so far indicated 
in patients who are not otherwise treatable. The proce-
dure was described first in 2001 and was re-established 
in 2012 in Japan after initial poor outcomes. It  involves 
repetitive (4–8, average 4.8) catheter laboratory treat-
ments to minimise the risk of procedure-related ef-
fects to the kidney (contrast dye) and lungs (reperfu-
sion injury). Preprocedural pulmonary arterial 
angiography is performed to determine target vessels. 
Over a guide-wire, a balloon is positioned in the re-
spective vessel and dilated. By using smaller balloons 
and limiting the inflations to one or two vascular seg-
ments, the risk for vessel rupture and reperfusion lung 
injury is reduced (fig. 2). Since this technique is also 

Figure 1: Thromboembolic material removed from the right and left pulmonary arteries 
during pulmonary endarterectomy. Reprinted with permission of the American Thoracic 
Society. Copy right © 2017 American Thoracic Society. From: Mayer E, Klepetko W. Tech-
niques and outcomes of pulmonary endarterectomy for chronic thromboembolic pulmo-
nary hypertension. Proc Am Thorac Soc. 2006;3:589–93. Proceedings of the  American 
Thoracic Society is an official journal of the  American Thoracic Society.

Figure 2: Pulmonary angiograms of right and middle lobe subsegment (A and B) and lower lobe segmental branches (C and D) 

before and immediately after balloon pulmonary angioplasty (From: Andreassen AK,Ragnarsson A, Gude E, Geiran O, 

 Andersen R. Balloon pulmonary angioplasty in patients with inoperable chronic thromboembolic pulmonary hypertension. 

Heart. 2013;99:1415–20, reprinted with  premission).
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used by surgeons in Europe, it is described in this arti-
cle [10].

Surgery in acute pulmonary embolism: 
indications and outcome

Patients suffering from acute pulmonary embolism 
may be in a life-threatening situation. The essence of 
therapy is to maintain oxygenation as well as haemo-
dynamic stabilisation. Therefore, starting possibly 
long-term anticoagulation is the mainstay of treat-
ment, especially in a haemodynamically stable pa-
tient. A more intensive process, with thrombolysis or 
even catheter-based  embolectomy or thrombus frag-
mentation, might be  required in the event of hemody-
namic instablility. This is when surgery may become a 
therapeutic option. According to the 2012 guidelines of 
the American College of Chest Physicians, surgery is a 
grade 2C  recommendation for patients with acute pul-
monary embolism and hypotension and (1) contraindi-
cations to thrombolysis, (2) failed thrombolysis or 
catheter-based embolectomy and (3) shock that is 
likely to cause death before thrombolysis can take ef-
fect [11]. However, the main prerequisite is surgical ex-
pertise and available resources. An addendum to the 
guidelines state that surgery has to be considered if 
any additional intracardiac thromboemboli, as well as 
a patent foramen ovale, have been diagnosed. 
Stein at al. systematically reviewed 41 out of a total of 
1167 reports concerning outcome of surgical therapy in 
patients with acute pulmonary embolism [12]. Data 
were acquired between 1961 and 2005. Reported mor-
tality ranged between 6 and 64% with an average of 
30%. With improvements of technique and expertise, 
mortality decreased from 32% (1961–1984) to 20% (1985–
2006), but remained high. Indication for surgery was 
haemodynamic instability in 74% of cases, previous 
cardiac arrest in 32% and contraindication for throm-
bolytic therapy in 19%. Mortality of pulmonary em-
bolectomy after suffering from cardiac arrest shows a 
loose but significant correlation. Meneveau at al. com-
pared in-hospital course after rescue surgical embolec-
tomy or repeat thrombolysis in 40 nonresponders to 
first-time fibrinolytic therapy [13]. In-hospital course 
was uneventful in 79% (11/14) of surgically treated pa-
tients, but in only 31% (8/26) with repeat fibrinolysis. A 
tendency towards lower mortality in the surgical 
group could be detected (p = 0.07). Thirty-five percent 
of the medically treated cases had recurrent pulmo-
nary embolism, whereas none were observed in the 
surgical group. All bleeding events in the repeat-
thrombolysis group were fatal. The authors concluded 
that transfer of patients with recurrent pulmonary 

embolism to a cardiac surgery centre should be consid-
ered. 

Surgery in chronic thromboembolic 
hypertension: indications and outcome

Other than in acute pulmonary embolism, surgery is 
so far the only definite therapeutic option for chronic 
thromboembolic pulmonary hypertension (CTEPH). 
The decision to go for a surgical procedure is based 
upon several aspects: (1) presence of  ventilatory im-
pairment with patients being in New York Heart Asso-
ciation (NYHA) functional class III to IV; (2) the preop-
erative pulmonary vascular resistance (PVR) should 
exceed 300 dyn·s–1·cm–5; (3) the thrombi need to be sur-
gically accessible in the main, lobar or segmental arter-
ies; (4) patients should not suffer from severe comor-
bidities such as obstructive or restrictive chronic lung 
disease or advanced secondary arteriopathy [14]. As 
previously mentioned, the diagnostic pathway encom-
passes the confirmed suspicion with echocardiogram 
and ventilation-perfusion scan, the confirmation of 
CTEPH with right heart catheterisation and pulmonary 
angiography (or, recently, CT pulmonary angiography  
or magnetic resonance angiography) and finally the 
risk assessment with evaluation of the haemodynamic 
situation and comorbidities, as well as the team expe-
rience.
Main postoperative complications in the intensive 
care unit comprise reperfusion oedema with an inci-
dence of 10–15%. In these cases, adequate ventilation 
with tidal volumes less than 8 ml/kg bodyweight, an 
inspiration: expiration ratio of 3:1 as well as a PiP (peak 
inspiratory pressure) of <18 cm  H2O is advantageous. 
Fluid restriction and avoidance of inotropes help stabi-
lise the situation. In cases of failed ventilation, the im-
plantation of an extra-corporeal membrane oxygena-
tion has to be considered. Furthermore, rupture of 
arteriotomy, nosocomial pneumonia, haemoptysis 
and intrapulmonary bleeding (0.5–1%), as well as rare 
rethrombosis, may have to be dealt with [15]. 
Operative mortality is highly dependent on preopera-
tive PVR: if PVR is lower than 900 dyn·s–1·cm–5 mortal-
ity rate is below 4%, if PVR is between 900 and 1200 
dyn·s–1·cm–5 mortality rate is about 10% and with PVR 
>1200 dyn·s–1·cm–5 20% of patients die (fig. 3). Postoper-
ative outcome is very much dependent on persistent 
high pulmonary hypertension with a mean pulmo-
nary arterial pressure of >25 mm Hg. This can be due to 
peripheral obstructions that were not amenable for 
surgical endarterectomy, or the secondary Eisen-
menger-like vasculopathy [9]. Both entities may lead to 
right ventricular dysfunction. However, according to 
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Cannon et al., overall 10-year survival is approximately 
75%, with even better results in patients operated on at 
a time with profounder surgical skills and modern 
techniques. These survival rates are better than after 
lung transplantation [16]. Freed et al. analysed haemo-
dynamic data pre- and 3 months postoperatively. He 
could show on the one hand a decrease of mPAP from 
48 ± 12 mm Hg to 26 ±10 mm Hg and a decrease of PVR 
from 805 ± 365 dyn·s–1·cm–5 to 301 ± 232 dyn·s–1·cm–5, and 
on the other hand an increase of cardiac index from 
2.0 ± 0.7 l·s–1·m–2 to 2.5 ± 0.5 l·s–1·m–2 as well as an in-
crease of six-minute walk distance from 269 ±119 m to 
367 ± 108 m [17]. 

Percutaneous pulmonary angioplasty in 
chronic thromboembolic hypertension: 
indications and outcome

So far, BPA (balloon pulmonary angioplasty) is a bail-
out or supplemental strategy for patients with anat-
omy unsuitable for surgery, as well as for elderly, high-
risk and frail patients. Beside that, nonresponders to 
surgical endarterectomy with remaining devastating 
pulmonary hypertension may benefit from this ther-
apy. Owing to the significant side effects of this inter-
ventional procedure, other therapeutic options should 
have been considered first. Restricted data from clini-
cal studies indicate that palliation is likely and cure 

possible [10]. Mizoguchi et al. performed BPA in 68 pa-
tients with inoperable CTEPH. With a range of two to 
eight procedures per patient they could reduce the risk 
of ballooning as well as the risk of reperfusion injury 
to the lung. Mean pulmonary arterial pressure de-
creased from 45.4 ± 9.6 to 24 ± 6.4 mm Hg (p <0.001). 
NYHA class improved from III to II [18]. In 2013, 
 Andreassen et al. published an observational cohort 
study including 20 consecutive CTEPH patients. Each 
patient had a mean of 18.6 ± 6.1 BPAs performed with 
an average of 3.7 ± 2.1 procedures. Seven patients suf-
fered from reperfusion injury. Mean pulmonary arte-
rial pressure decreased from 45 ± 11 mm Hg to 33 ± 
10 mm Hg (p <0.001), cardiac output increased from 
4.9 ± 1.6l/min to 5.4 ± 1.9l/min (p = 0.011). NYHA classifi-
cation improved from 3.0 ± 0.5 to 2.0 ± 0.5 (p <0.001). A 
total of 85% of patients (17/20) were alive after 
51 ± 30 months. The authors concluded that BPA may 
be an adjunct or  alternative procedure to surgical en-
darterectomy in distinctive cases [19].
BPA is en emerging technique with yet comparative 
trials lacking and so far not fully established outside 
 Japan. Long-term data need to be published and com-
pared with existing and accepted treatment [10]. 

Conclusion

The weight of surgery as a therapeutic option in pul-
monary embolism with potentially subsequent pul-
monary hypertension is mainly dependent on the on-
set of symptoms and stability of the patient. Acute 
pulmonary embolism is a key indication for anticoagu-
lation, thrombolytic therapy or interventional em-
bolectomy. Surgery is suggested only when thrombo-
lysis is contraindicated, has failed or the patient is in a 
shock situation. If additional intracardiac (floating) 
thromboembolisms or patent foramen ovale is de-
tected, surgery may as well be considered. 
In chronic pulmonary embolism with CTEPH, surgical 
pulmonary endarterectomy is the standard and rec-
ommended treatment. Though potential complica-
tions are severe, they have become rare as a result of 
improvement of surgical and instrumental techniques 
as well as experience in dedicated centers. The availa-
bility of ECMO technology should be guaranteed. 
The role of percutaneous pulmonary angioplasty needs 
further evaluation and improvement and so far cannot 
replace pulmonary endarterectomy. However it may be 
considered as  alternative therapy in otherwise untreat-
able patients or in cases with recurrent CTEPH.
According to the heart team approach, the CTEPH team 
should assess operability of patients as well as alterna-
tive therapeutic options. 
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Figure 3: Operative mortality according to preoperative PVR in patients with CTEPH under-

going pulmonary endartercectomy. Reprinted with permission of the American Thoracic 

Society. Copy right © 2017 American Thoracic Society. From: Mayer E, Klepetko W. Tech-

niques and outcomes of pulmonary endarterectomy for chronic thromboembolic pulmo-

nary hypertension. Proc Am Thorac Soc. 2006;3:589–93. Proceedings of the American 

Thoracic Society is an official journal of the American Thoracic Society.
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Alternative route to the right cardiac chambers in a patient with an interrupted inferior vena cava

Remotely navigated ablation  
of RVOT tachycardia
Florian Spies, Sven Knecht, Tobias Reichlin, Michael Kühne, Christian Sticherling

Cardiology/Electrophysiology, University Hospital Basel and CRIB – Cardiovascular Research Institute Basel, University of Basel, Switzerland 

A 51-year-old female was referred for radiofrequency 
ablation of symptomatic frequent premature ventricu-
lar contraction (PVCs) originating from the right ven-
tricular outflow tract (RVOT) (PVC burden 20%). Be-
cause of a congenital interruption of the inferior vena 
cava (IVC) between the renal and hepatic veins, the 
right jugular vein was chosen for  access to the right 
ventricle via the superior vena cava. For optimal steer-
ability of the catheter, we used the  Niobe remote mag-
netic navigation system (Stereotaxis Inc, St Louis, MO, 

CARDIOVASCULAR MEDICINE – KARDIOVASKULÄRE MEDIZIN – MÉDECINE CARDIOVASCULAIRE 2017;20(6):160–161

Summary

Ablation of tachycardia and premature ventricular contractions originating 

from the right ventricular outflow tract can safely be performed in patients 

with normal anatomy via the femoral approach. We present a case of cathe-

ter ablation in the right ventricular outflow tract in a patient with a venous 

malformation of the inferior vena cava by means of remote magnetic navi-

gation via the internal jugular vein.

Key words: premature ventricular contractions; PVC; right ventricular outflow tract; RVOT; internal jug-

ular vein; interrupted inferior vena cava; remote magnetic navigation

USA). The right jugular vein was punctured under 
echocardiographic sonographic guidance and a 3.5 mm 
open irrigated-tip ablation catheter (Navistar RMT TC, 
Biosense Webster) was advanced into the right atrium 
over an 8 Fr introducer. For remote advancement of the 
catheter via the tri cuspid valve into the right ventricle, 
the catheter  advancer system (Cardiodrive unit, Stere-
otaxis Inc, USA) was placed alongside the head of the 
patient (fig. 1A). A fast anatomical map was created by 
remote navigation with the CARTO 3 RMT system (Bio-
sense Webster, Diamond Bar, CA, USA). Despite isopro-
terenol infusion, only very few PVCs were documented 
at the beginning of the intervention. Therefore, pace 
mapping was performed to localise the origin of the 
extrasystoles. A pace map with 12 out of 12 matching 
electrocardiogram leads (fig. 2A and B) was found in 
the anterolateral segment of the RVOT. Ablation was 
performed for 618 seconds and with a power of 35 watts 
(fig. 2C). Total procedure duration was 111 minutes with 
a fluoroscopy time of 0.8 minutes. After a waiting pe-
riod of 20 minutes and isoproterenol infusion, no PVCs 
could be documented. Twenty-four-hour Holter moni-
toring 1 month after the ablation showed no recur-
rence of the PVCs. 

Discussion

Vascular access via the internal jugular vein
In patients without congenital malformations, the 
RVOT is usually accessed via the femoral vein and the 
IVC. In our patient without an IVC connection between 
the renal and hepatic vein, this standard approach was 
precluded. Jugular vein access was favoured over a 
femoral vein puncture and then access to the right 
atrium via the azygos vein because the latter may be 
more challenging for anatomical reasons. To enable 
optimal performance, we used the right internal jugu-
lar vein and not the subclavian vein to allow straight 
access of the catheter via the catheter advancer system 
and the 8 Fr introducer (fig. 1A) without additional 
bending of the catheter. Puncture of the vein, fixation 
of the catheter advancer system and of the catheter 
(fig. 1A) could safely be performed.

Figure 1: (A) Clinical setting with the catheter advancer system (CAS) alongside the 

head of the patient and the access of the ablation catheter over an 8 Fr introducer via the 

internal jugular vein. (B) Fluoroscopic image in anterior-posterior projection of the cath-

eter position during electroanatomical mapping of the right ventricular outflow tract. 
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Figure 2: (A) Twelve-lead surface ECG of the spontaneous premature ventricular contraction and the pace-map (B) with 12 out 

of 12 matching leads. (C) Screenshot of the Niobe system. The left window shows the mapped right ventricular outflow tact 

tract geometry from the Carto3 system. The asterisk indicates the pacing site for the pace-map of panel B. The graded red area 

on the grey right ventricular ouflow tract (RVOT) map represents the delivered energy distribution during radiofrequency abla-

tion on the static Carto map. The right upper window shows an overlay of the RVOT map and the fluoroscopic image in ante-

rior-posterior projection and the lower window shows the Niobe model of the right ventricle with the RVOT encircled by the 

dashed line.

Remote magnetic navigation
Electroanatomical mapping and ablation of PVCs origi-
nating from the RVOT with conventional ablation cath-
eters via the internal jugular vein may be challenging 
because of the unfamiliar orientation for the operator. 
Remote magnetic navigation allows performing the 
procedure from the control room with maximal flexi-
bility of catheter manoeuvrability [1]. The Niobe sys-
tem also enables positioning of the catheter in small 
increments and high position stability due to its con-
stant magnetic field [2, 3]. Owing to the lower catheter 
contact force of remote magnetic navigation in com-
parison with conventional ablation, we increased the 
ablation power by 5 watt. Because of the floppy nature 
of the catheter, we observed, on both fluoroscopy and 
the Carto3 system, striking catheter movement with 
breathing. This pattern is reflected by the colour-coded 
energy distribution of the Niobe software on the static 
Carto3 map (fig. 2C). However, this did not have an 
 impact on either the outcome or safety of the interven-
tion. 

Conclusion 

We showed that access to the right cardiac chambers 
via the internal jugular vein with use of remote mag-
netic navigation is feasible in patients without the pos-
sibility for standard femoral access through the IVC as 
a result of venous malformation
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A sign of coronary artery disease?

Franck’s sign
Florian Rey, Ulysse Voirol, Georgios Giannakopoulos

Division of Cardiology, Geneva University Hospitals, Geneva, Switzerland

Case description

A 61-year-old obese female with Parkinson’s disease 
 reported recurrent chest pain and exertional dyspnoea 
in the previous 24 hours. Clinical examination was 
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normal, but careful inspection of both ear lobes 
showed bilateral oblique creases extending backwards 
from the intertragic notch to the edge of the lobule 
(fig. 1, panels A–B). The electrocardiogram was unre-
markable; however, cardiac troponin was mildly 

Figure 1: Panel A–B: Right and left ears with Franck’s sign or ear lobe crease. Panel C: Proximal right  coronary  artery subocclu-

sion. Panel D: Mid left anterior descending artery subocclusion. The patient gave her consent for the publication of the images.  

Pee r   re v ie w ed  a
rt

ic
le



IMAGES IN CARDIOVASCULAR MEDICINE 163

CARDIOVASCULAR MEDICINE – KARDIOVASKULÄRE MEDIZIN – MÉDECINE CARDIOVASCULAIRE 2017;20(6):162–163

 elevated. A coronary angiogram showed two-vessel 
coronary  artery disease, which was successfully 
treated with drug-eluting stents (fig. 1, panel C–D). The 
subsequent course was uneventful and the patient was 
discharged on dual antiplatelet therapy and a statin 
and counselled for intensive cardiovascular risk factor 
management including cardiac rehabilitation. 
Ear lobe crease, commonly referred as “Franck’s sign”, 
was initially described more than forty years ago by 
Sanders T. Franck, as a cutaneous sign of coronary 
 artery disease. Several pathophysiological explana-
tions have been proposed, including loss of elastic fi-
bres due to increased free radical oxidative stress and 
diminished blood supply in the absence of collateral 
vessels in the ear lobe. A substantial number of studies 

have evaluated the diagnostic performance of ear lobe 
crease as a marker of coronary artery disease. In a 
 recent meta-analysis including more than 31 000 
 patients, Franck’s sign was associated with a 3.3-fold 
 increase in the risk of coronary artery disease. The sign 
itself had sensitivity of 62% and specificity of 67%. 
The finding of Franck’s sign should thus prompt fur-
ther questioning for conventional cardiovascular risk 
factors and family history of coronary artery disease.
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News
Cardiovascular Roundtable, CARTA 
2016: Gesundheitswesen zwischen  
Regulierung und freiem Markt

Ruth Amsteina, Sabine Bosshardtb und Thomas 
F. Lüscher a (aZurich Heart House, Stiftung für 
Herz- und Kreislaufforschung, Zürich; 
bZenhäusern & Partner AG, Zürich)

Der «Cardiovascular Roundtable» (CARTA) am 
UniversitätsSpital Zürich will den Dialog zwi-
schen den verschiedenen Partnern im Ge-
sundheitswesen, das gegenseitige Verständ-
nis und die konstruktive Zusammenarbeit 
fördern. Zu den Teilnehmenden zählen je-
weils Vertreter der Ärzteschaft, der Pharma- 
und Medizinaltechnikindustrie sowie der Ge-
sundheits- und Bildungspolitik. CARTA 2016 
wurde im Oktober unter der Leitung von Prof. 
Thomas F. Lüscher und der Moderation von 
FDP Nationalrätin Doris Fiala und Alt-Stände-
rat Prof. Felix Gutzwiller bereits zum 12. Mal 
durchgeführt. Thematisch drehte sich der An-
lass, in wenigen Worten zusammengefasst, 
um weniger Ideologie und Kommerzialisie-
rung und mehr (monistische) Veränderungen 
im Gesundheitswesen.

Fehlanreize führen zu zusätzlichen 
Kosten
CVP-Regierungsrat Dr. Lukas Engelberger, 
Vorsteher des Gesundheitsdepartements des 
Kantons Basel-Stadt, präsentierte Überlegun-
gen zum Finanzierungssystem des Gesund-
heitswesens aus kantonaler Sicht. Durch das 
Versicherungsobligatorium und den Ver-
tragszwang im KVG bestünden starke Anreize 
für erhöhten Leistungskonsum. Demgegen-
über hätten die Kantone nur sehr einge-
schränkte Möglichkeiten der Steuerung, und 
für die Versicherten sei es ebenfalls nicht 
leicht, wirksam Eigenverantwortung wahrzu-
nehmen. Als Problem nannte Engelberger sta-
tionäre Leistungen, die auch ambulant und 
somit kostengünstiger erbracht werden könn-
ten. Engelberger plädierte daher für den Mo-
nismus, also die einheitliche Finanzierung 
von stationären und ambulanten Leistungen. 
Zudem regte er die Stärkung der Grundversor-
gung an, denn darin liege ein wichtiger 
Schlüssel sowohl zur Förderung der Patien-
tenkompetenz als auch für die Steuerung der 
Leistungserbringung. 

Abbildung 1: Lukas Engelberger (links) und Tho-

mas Lüscher diskutieren die Überversorgung im 

Gesundheitswesen.

Abbildung 2: Pascal Strupler macht sich für ein 

ausgewogenes Gesundheitswesen mit Markt 

und Staat stark.

Weniger Ideologie, mehr  
Pragmatismus
Pascal Strupler, Direktor des Bundesamtes für 
Gesundheit, machte sich dafür stark, dass auf 
dem politischen Parkett weniger ideologisch 
debattiert werden solle nach der immer glei-
chen Frage «Mehr Markt oder mehr Staat». 
Denn wenn jemand erkranke oder verunfalle, 
zähle für ihn, dass er schnell und in bester 
Qualität behandelt werde, egal, ob dies dank 
Wettbewerb oder staatlicher Steuerung gut 
laufe. Für Strupler stehen der Schutz und die 
Förderung der öffentlichen Gesundheit im 
Vordergrund. «So ganz daneben liegen wir 
wohl nicht damit, was Umfragen zur Zufrie-
denheit über das Gesundheitswesen immer 
wieder zeigen», sagte er, und für ihn  
ist klar: Es braucht Markt und Staat. Denn  
in einem Gesundheitswesen, das nur auf  
den Wettbewerb setzen würde, würde alles 
nicht mehr gemacht, was sich betriebswirt-
schaftlich nicht rechnen würde. So gäbe es bei-
spielsweise keine Prävention und keine Pande-
mievorsorge mehr, Krankenkassen würden 
nur noch junge Gesunde versichern und die 
Medikamentenpreise explodieren ohne ge-
setzlich vorgegebene solidarische Versorgung. 
Andererseits stünde bei einem staatlich kont-
rollierten Gesundheitswesen die Einheitskasse 
im Vordergrund, was ebenfalls nicht wün-
schenswert ist. Um das «sowohl als auch» und 
ein finanzierbares Gesundheitswesen voran-
zubringen, engagiert sich Strupler für mehr 
Transparenz bei der Behandlungsqualität, eine 
Stärkung der Prävention, die konsequentere 
Senkung der Medikamentenpreise, die ver-
mehrte Prüfung der Wirtschaftlichkeit und die 
Verbesserung der Qualität, wozu das BAG der-
zeit für mögliche Lösungsansätze unter ande-
rem das deutsche und holländische Gesund-
heitssystem analysiert.

Abbildung 3: Austausch über die Spitalstruktu-

ren von morgen zwischen Gregor Zünd und  

Doris Fiala.

Exzellenz durch Kooperation
Prof. Gregor Zünd, Vorsitzender der Spitaldi-
rektion des UniversitätsSpitals Zürich, prog-
nostizierte, dass sich die universitäre Medizin 
in den kommenden Jahren stark verändern 
werde und mit der Verkürzung der Aufent-
haltsdauer bei Spitalbehandlungen grosses 
Sparpotenzial aufweise. Zudem solle der Fo-
kus nicht primär auf einem möglichst langen 
Leben liegen, sondern darauf, so lange wie 
möglich eine hohe Lebensqualität zu bewah-
ren. Zünd präsentierte vier Thesen zur univer-
sitären Medizin der Zukunft:
– «Digitalisierung»: Digitalisierung und Da-

tenanalytik werden zu einer zentralen Res-
source, welche gezieltere und bessere Dia-
gnosen ermöglicht.

– «Medizinische Kooperationen»: Subspezi-
alitäten werden krankheitsbezogen und 
mit flachen Hierarchien zusammenarbei-
ten.

– «Umgestaltung Infrastruktur»: Die räum-
liche Nähe von Forschung, Lehre, Diagnos-
tik und Therapie zu einem medizinischen 
Thema fördert Innovation, Translation 
und Qualität der Medizin. Dazu wird auch 
gehören, stationäre und ambulante Berei-
che mehr voneinander zu trennen.
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– «Optimierte Versorgungsstrukturen»: Die 
patientenorientierte Medizin erfordert 
eine Versorgung, welche die Patienten dort 
erreicht, wo sie leben und arbeiten, z.B. am 
Bahnhof oder in Flughafennähe.

Finanzierung kostenintensiver 
 Medikamente: Yes, we can!
Prof. Beat Thürlimann, Chefarzt und Leiter 
des Brustzentrums im Kantonsspital St. Gal-
len, widmete sich der Thematik «Können wir 
uns kostenintensive Medikamente noch leis-
ten und wer soll sie bezahlen?». Diese Frage 
lässt sich je nach Standpunkt unterschiedlich 
beantworten. Beispiel Brustkrebs: Die wirk-
samste chirurgische Behandlung für Patien-
tinnen wäre die Brustentfernung, aber sie ist 
nicht die angemessenste Behandlung, weil sie 
keine gute Lebensqualität bringt.  Ärzte 
wünschten sich für ihre Patienten den gerech-
ten Zugang zu angemessenen Behandlungen. 
Die Onkologie hat hierbei bei der Preisent-
wicklung eine besondere Verantwortung, 
weil die dort eingesetzten Medikamente als 
Preistreiber gelten. Es bräuchte aber nicht 
 immer die neueste und teuerste Behandlung. 
Bei der Kostendiskussion dürfe man aber 
auch die Verhältnismässigkeit nicht aus den 
Augen verlieren: Krebsmedikamente machen 
lediglich ein Prozent der gesamten Gesund-
heitskosten aus. Das Sparpotenzial ist also 
 limitiert verglichen mit anderen Sparmög-
lichkeiten im Gesundheitswesen.

Selbstverantwortung der Patienten 
stärken
Immer wieder wird propagiert, dass auch der 
Patient seinen Anteil zu einem finanzierbaren 
Gesundheitswesen beitragen solle. Felix 
Schneuwly, Krankenversicherungsexperte 
beim Internetvergleichsdienst Comparis, 
nannte die wichtigsten Kriterien, welche aus 
seiner Sicht die Selbstverantwortung von Pa-
tienten stärken: 
– Die Mindestfranchise bei der Krankenkas-

senprämie soll dem Kostenanstieg ange-
passt werden.

– Der Spielraum für die Prämiendifferenzie-
rung zwischen alternativen Versicherungs-
modellen und der Standard-Grundversi-
cherung soll erhöht werden.

– Versicherte sollen die Option erhalten, auf 
Pflichtleistungen verzichten zu können, 
zum Beispiel auf die Komplementärmedi-
zin.

– Schliesslich braucht es mehr Transparenz 
bei den Leistungserbringern, damit Pati-
enten wirklich von der freien Arzt- und 
Spitalwahl profitieren können. Analog der 
Qualitätsindikatoren für stationäre Leis-
tungen braucht es gemäss KVG auch solche 
für ambulante Leistungen.

«Versöhnung von Medizin und 
 Ökonomie»
Als weitere mögliche Zauberformel für das 
Schweizer Gesundheitswesen wurde das Kon-
zept der Value Based Healthcare besprochen, 
das eine stärkere Werteorientierung ansto-
ssen will. Gesundheitsökonom Dr. Heinz Lo-
cher umschrieb den Begriff als eine Art «Ver-
söhnung zwischen Medizin und Ökonomie». 
Value Based Healthcare basiere auf der Kritik 
an der herrschenden Versorgungskultur, wel-
che zu fragmentiert und bevölkerungsfern sei 
und sich durch erhebliche Effizienzdefizite 
charakterisiere. Bei Value Based Healthcare 
gehe es um die Orientierung an Outcome und 
Kosten. Niemand verhalte sich bewusst un-
ökonomisch, aber es gelte zu unterscheiden 
zwischen Ökonomisierung und Kommerziali-
sierung der Medizin. Auch Locher plädierte 
dafür, die Einführung des Monismus zeitnah 
zu thematisieren. 

Austausch in der Expertenrunde
In der anschliessenden prominent besetzten 
Expertenrunde wurden unter der Leitung von 
Karl Ehrenbaum die einzelnen Themen zwi-
schen den Partnern im Gesundheitswesen in-
tensiv diskutiert. Dr. med. Josef E. Branden-
berg, Facharzt für Orthopädische Chirurgie, 
nahm zu Qualitätsanforderungen bei chirur-
gischen Eingriffen im Zusammenhang mit 
minimalen Fallzahlen Stellung. Zur Kostenex-
plosion im Gesundheitswesen und bei den 
Krankenkassenprämien äusserten sich CVP-
Nationalrätin Ruth Humbel und die Direkto-
rin von Santé Suisse, Verena Nold, mit ent-
sprechenden Voten für Sparmassnahmen. Dr. 
Jacques-Henri Weidmann von der Firma Sa-
nofi hob die Bedeutung medizinischer Inno-
vationen der forschenden Industrie am Bei-
spiel der PCSK-9 Hemmer hervor, die ihren 
Preis haben.

ETH als neuer Partner im Gesundheits
wesen
Im abschliessenden Gastreferat warf Prof. 
Lino Guzzella, Präsident der ETH Zürich, ein 
Schlaglicht auf die herausragende Bedeutung 
der ETH Zürich und den strategischen Schwer-
punkt Gesundheitswissenschaften. Dazu ge-
hören die Entwicklung von Robotern für die 
Rehabilitation, neue Möglichkeiten in der 
MRI Technologie und das Projekt «Zurich 
Heart» mit der Entwicklung einer Herz-
pumpe. Mit grossem Interesse wird der Pilot-
versuch der ETH verfolgt, ein Medizinstu-
dium mit Bachelor-Abschluss zu etablieren, 
das ab Herbst 2017 für 100 Studierende ange-
boten wird mit den Schwerpunkten Drug 
 Discovery, Personalisierte Medizin, Medizin-
technik, Medizinische Bildgebung, Medizin-
informatik sowie Public Health.
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Dr. Ruth Amstein 
Zurich Heart House 
Stiftung für Herz- und Kreislaufforschung 
Moussonstrasse 4 
CH-8091 Zürich 
ruth.amstein[at]usz.ch

Abbildung 4: Felix Gutzwiller moderiert die  

engagiert geführte Diskussion.

Abbildung 5: Verena Nold (links) und Ruth  

Humbel nehmen Stellung zur Kostenexplosion.
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Paul-Morawitz-Preis 2017
Prof. Dr. Thomas F. Lüscher, Zürich, wurde 
 anlässlich der Jahrestagung der Deutschen 
Gesellschaft für Kardiologie mit dem pres-
tigeträchtigen Paul-Morawitz-Preis 2017 
ausgezeichnet. Die Laudatio des Präsidenten 
der Deutschen Gesellschaft für Kardiologie 
Prof. Hugo Katus aus Heidelberg lautete: Herr 
Prof. Thomas F. Lüscher ist ein Clinical Scien-
tist par excellence, der Translation aus dem 
Forschungslabor an das Krankenbett und zu-
rück erfolgreich umgesetzt hat. Sein Weg zu 
den weltbesten Zentren der Herz- und Kreis-
laufforschung hat ihn national und internati-
onal zu den bedeutendsten Internisten und 

Tagungspräsident Prof. Dr. Martin Borggrefe, 

Prof. Dr. Thomas F. Lüscher und DGK-Präsident 

Prof. Dr. Hugo A. Katus (v.l.n.r.).

Kardiologen geführt. Zu den klinischen Erfol-
gen, einer beispiellosen Publikationsliste und 
entscheidenden grundlagenwissenschaftli-
chen Erkenntnissen kommt seine herausra-
gende Leistung als Editor-in-Chief des «Euro-
pean Heart Journal» hinzu. Zu diesem 
Hintergrund verleiht die DGK Herrn Prof. Dr. 
med. Thomas F. Lüscher den Paul-Morawitz-
Preis 2017.




