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Editor's Note

Dear Reader,

Cities are locked down,
schools, universities and muse-
ums are closed, trade fairs and
large events are postponed or
cancelled and cruise ships are
quarantined. Some companies
urge their employees to work
from home. The novel corona-
virus SARS-CoV-2 has reached
global epidemic proportions.

According to experts, the
virus is highly contagious. In
most people, the disease only
causes mild symptoms similar
to those of a common cold,
which is why infected people
usually do not seek medical
advice right away. However,
during the incubation period,
they can already infect others
who may develop more severe
symptoms. People who have
had contact with an infected
person or have spent time in
a designated high-risk area
should stay at home, contact
their family doctor by phone
and get tested to find out
whether they have also been
infected with the virus.

Virologists all over the world
are racing to explore the new
virus and develop an antidote,
an antiviral agent, as soon as
possible. A Swiss high-security
laboratory has already success-
fully created synthetic clones
of the virus. This serves to
better understand the way the
virus works in order to develop
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therapies and vaccines and
identify suitable disinfectants.

In our increasingly globalised
world, pathogens can spread
rapidly. Until researchers
develop a new medicine or
active ingredient, the countries
and people of this world need
to act responsibly and wisely
and take measures to prevent
transmissions and protect
themselves and others against
further spread of the disease
as effectively as possible.

Stay safe and healthy and
enjoy your
German Medical Journal.

Nadine Baume
Managing Director
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SARS-CoV-2

There is growing concern
about the coronavirus SARS-
CoV-2 on a global scale. More
than 500,000 people have
already been infected; about
22,000 of them died of the
consequences (as of 26 March
2020), especially in China,
where the first cases of infec-
tion with the novel virus were
reported in December 2019.
The novel coronavirus has

the official name “SARS-
CoV-2", the respiratory dis-
ease it causes is referred to
as "COVID-19". SARS stands
for “Severe Acute Respiratory
Syndrome”.

Apart from China, ltaly, USA,
Spain, Germany and Iran are
strongly affected. The Euro-
pean Union has raised the risk
level of coronavirus infection
from moderate to high.

The virus was first detected in
Wuhan, China. It is assumed
that the novel coronavirus
originated from bats and that
the first few people contracted
it at a market in Wuhan in the
Hubei province of China.
According to the information
provided by the WHO, 80 per-
cent of the cases are mild. The
first symptoms of a coronavi-
rus infection are cough, a runny
nose, sore throat and fever.
Further symptoms include
fatigue, headache and body

aches as well as chills. Some
people also experience diar-
rhoea. In some patients, espe-
cially older people and people
with existing health problems,
the disease can have severe,
potentially life-threatening con-
sequences, involving respira-
tory problems and pneumonia.
In isolated cases, no symp-
toms occur at all.

The virus is easily transmitted,
because, similar to influenza
viruses, it replicates not only
in the lungs, but also in the
mouth and the throat. Accord-
ing to the WHO, the average
incubation period is 5-6 days,
but it may also take up to

14 days until first symptoms
become apparent. During that
period, infected people who
have not yet developed symp-
toms can already transmit the
virus and infect others.

Scientists all over the world are
racing to develop a vaccine.
Various active ingredients are
being tested to alleviate the
symptoms. A specific therapy
for the novel coronavirus is not
yet available.

Routes of transmission

The highly infectious corona-
virus is transmitted from
humans to humans. Its routes
of transmission include droplet
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infection, where droplets
containing the virus enter the
mucous membranes of the
airways, the mouth, the nose
or the eyes, and smear infec-
tion, where the pathogens are
transmitted to the mucous
membranes by direct or indi-
rect contact.

How can you protect
yourself and others from
getting infected?

As is the case with influenza
and other respiratory diseases,
you should observe various
hygiene rules and take precau-
tions to protect yourself and
others from getting infected
with the coronavirus:

¢ \Wash your hands regularly
and thoroughly with water
and soap for at least 20 sec-
onds, especially after blow-
ing your nose, sneezing or
coughing.

Avoid touching your face as
far as possible to prevent any
pathogens from entering the
mucous membranes of the
eyes, nose or mouth. Gloves
can also make you more
mindful of not touching your
face.

¢ Keep your distance (about
1.5-2 metres) to people who
have cough, a runny nose or
a fever.

Avoid shaking hands and hug-
ging when greeting others.
Use your knuckles instead
of your fingertips to press lift
buttons or door open buttons.
Avoid crowded places and
events.

Keep the greatest possible
distance and turn away from
others when coughing or
sheezing. Use the crook of
your arm or a paper tissue
which you then dispose of
right away.

e |f possible, stay at home if
you are sick.

¢ |n the event of a suspected
coronavirus infection, such as
after having had contact with
an infected person or having
spent time in a designated
high-risk area: Avoid unnec-
essary contact with others
and stay at home, if possible.
Contact your family doctor by
phone and discuss the further
course of action before going
to a doctor’s surgery.
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Aortic Aneurysms

Dr. Christian-Alexander Behrendt, MD
Dr. Giuseppe Panuccio, MD

Prof. Dr. E. Sebastian Debus, MD
Dr. Franziska Heidemann, MD

Prof. Dr. Tilo Kélbel, MD

Keywords: Aneurysm; Endo-
vascular aortic repair (EVAR);
Complex aortic repair; Thoraco-
abdominal aortic aneurysm;
Dissection

Introduction

Aneurysms and dissections

of the thoraco-abdominal

aorta (TAAA) remain a central
disease for multidisciplinary
vascular specialists. During the
last decade, both the hospital
incidence (1) and treatment of
TAAA changed remarkably (2).
Besides infrarenal abdominal
aortic aneurysms (AAA) and an-
eurysms limited to the thoracic
aorta, TAAA involving the vis-
ceral segment are challenging
for vascular surgeons. TAAA
have been first described in
1955 by Stephen N. Etheredge
(3). According to the modified
Crawford classification, they
can be subdivided into five
types (modified by Safi) (Fig. 1).

Two distinctly different opera-
tive techniques are available to
treat patients with TAAA: com-
plex endovascular aortic repair
(EVAR) and open-surgical repair
(OSR). While fifteen years

ago most patients have been
treated by OSR, nowadays

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

more than 90% of the patients
are treated by EVAR. The global
widespread of endovascular
approaches was accompanied
by various innovative further
developments of endografts
including fenestrations and
branches to connect to target
vessels of the thoraco-abdom-
inal aorta using fenestrated or
branched stent-grafts (FB-
EVAR). Beside surgical and
interventional experience with
these complex procedures the
need for specialized intensive
care and surveillance remains
in order to minimize periopera-
tive complications.

Epidemiology

Among AAA (60% of all aortic
aneurysms)(27), 5% involve
one or both renal arteries. In
contrast, TAAA account for
only 5% to 10% of all aortic
aneurysms (6, 7). However,
valid population-based data to
estimate the prevalence are
rare. Various authors report

a prevalence of 6 to 15 per
100,000 European inhabitants
(8-10). The worldwide increase
of hospital incidences and
inpatient treatments of TAAA is
reflected in the German popu-

lation (Fig. 2) (11).
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Etiology

80% of TAAA are caused by
degenerative atherosclerotic
disease. Males are affected
more frequently when com-
pared to females (6:1)(28).
Common denominator is a
marked degeneration of the tu-
nica media, the loss of smooth
muscle cells, and the degrada-
tion of elastin in the vascular
wall.

In addition to that, approxi-
mately 20% of the TAAA deve-
lop due to chronic dissection.
These false lumen aneurysms
are characterized by a differ-
ence in spinal perfusion when
compared to primary degenera-
tive atherosclerotic aneurysms
(Fig. 3). Genetic aortic diseases

(e.g., Marfan syndrome, Loeys-
Dietz syndrome, vascular
Ehlers-Danlos syndrome),
mycotic aneurysms, and
secondary aneurysms due to
vascular procedures are much
less common.

Diagnosis of TAAA

Clinical symptoms of TAAA
are rare and often unspecific.
TAAA should be excluded if
any of the following symptoms
occur: new aortic valve insuf-
ficiency, cardiac murmur, peri-
cardial, pericardial tamponade,
aneurysms of the abdominal
aorta, peripheral aneurysms
(12). If the thoracic part of the
aneurysm involves the aortic
arch, hoarseness can be the
initial symptom. The first line
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Fig. 2: Number of inpatient treatments (procedure-related) between 2005 and 2015 according to the German Federal
Statistical Office (DeStatis). Approximately 7% of the thoraco-abdominal aortic aneurysms have been coded in Ham-

burg, Germany.
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diagnostic tests should include
a contrast-enhanced cross-
sectional imaging of the aorta,
where computed tomography
remains the modality of first
choice. In addition, transeso-
phageal echocardiography can
complement the diagnostic
workup (12).

The acute aortic syndrome due
to a TAAA can present with
searing breast or back pain, ab-
dominal pain, or signs of renal
or visceral ischemia. Rarely, an
upper or lower gastro intesti-
nal bleeding due to an aorto-
enteric fistula can be the first
manifestation of TAAA (13).

Invasive Treatment
Few international practice

guidelines are available con-
cerning the invasive repair

of TAAA (12). Invasive repair
of asymptomatic aneurysms
is recommended if the dia-
meter reaches 6,0cm (12,
14-16). Symptomatic TAAAs,
embolic complications, and
rapidly growing (more than
0,5cm in 6 months) TAAAs
should be evaluated immedia-
tely by a vascular surgeon.
The decision for OSR or EVAR
should be patient-centered
considering the individual
aspects in a structured way.
A SWOT analysis (Strengths,
Weaknesses, Opportunities,
Threats) might help the health
care professionals and patients
pondering the available options.
Multidisciplinary aortic confer-
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Fig. 3: 1 to 3: Degenerative atherosclerotic thoraco-abdominal aortic aneu-
rysm (Type I1). 3) Postoperative 3D-computed tomography after endovas-
cular implantation of a branched stentgraft. 4-6: Thoraco-abdominal false
lumen aneurysm (Type |l) due to chronic type b dissection. 6) Postoperative
3D-computed tomography after endovascular implantation of a fenestrated
stentgraft for visceral and supra aortic vessels and treatment of the false lu-
men. 4) *: Proximal entry of the dissection distal to the left subclavian artery.
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Fig. 4: a) lllustration of a stentgraft with fenestrations and a branch. b) Original picture of a stentgraft with four branches to connect the celiac trunc (1), the
superior mesenteric artery (2), both renal arteries (3, 4).
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ences should use evidence-
based recommendations from
available practice guidelines
that can also serve to reach an
informed consent (17). If the
aortic anatomy is appropriate
for endovascular repair, the
patient’s risk profile is unfa-
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vorable for open-surgical repair
("unfit patients”), or the patient
exhibited prior abdominal
surgery (“hostile abdomen”),
endovascular repair should be
the first line treatment. For
patients with genetic aortic
diseases, low risk profile, or re-
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Table 1: Complications following
complex endovascular aortic repair of
thoraco-abdominal aortic aneurysms

petitive endovascular attempts,
open-surgical repair and hybrid
approaches remain an im-
portant treatment option. To
date, experienced high-volume
centers such as the German
Aortic Center Hamburg treat
more than 90% of the patients
with TAAA by endovascular
approaches with fenestrated
or branched stent-grafts. Due
to the particular requirements
of these complex procedures,
centralization of TAAA to
high-volume centers has been
lately discussed by the vascular
community.

Endovascular Aortic Repair
Most commonly, the stent-
graft and its connecting
bridging covered stents can
be deployed through the
femoral arteries with help of a
steerable sheath. In selected
cases, the brachial arteries
also serve as access vessels
to catheterize the downward-
facing reno-visceral branches
for connection of the bridging
stents. The first description of
endovascular repair of a TAAA
was published in 2001 (18).
Two decades later, the suc-
cessful revascularization of the
visceral or supra aortic vessels

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Complications Following Complex Endovascular Aortic Repair of
Thoraco-Abdominal Aortic Aneurysms

m

In-hospital mortality 0% to 10%

Stroke

Acute coronary
syndrome and other
cardiac events

Acute kidney failure 1% to 1.4%
with dialysis

dependency

Oderich et al. 2017, Beach et al.
2018, Roselli et al. 2007, Greenberg
et al. 2010, Guillou et al. 2012,
Clough et al. 2012, Eagleton et al.
2016, Schanzer et al. 2017,
Mastracci et al. 2015, Grimme et al.
2014, Riess et al. 2018, Budtz-Lilly
etal. 2017

1.4% to 3.3%| Roselli et al. 2007, Fiorucci et al.
2017

Roselli et al. 2007

Roselli et al. 2007

Reintubation and 6.8% Roselli et al. 2007
prolonged ventilation

Spinal ischemia 2.7% to 8%

Roselli et al. 2007, lanfrancesco et
al. 2014, Reilly et al. 2012, Riess et
al. 2018, Heidemann et al. 2020 (29)

Re-Interventions 21.6% after | Verhoeven et al. 2015
3years
|

remains the main challenge.
For this, several stent-grafts
with branches, fenestrations
and scallops are commercially
available (Fig. 4). Depending
on the anatomy and urgency
of the repair, it can be cho-
sen between patient-specific
"custom-made” endo-graft
and patient-unspecific “off-
the-shelf” endografts with a
standardized size and position
of side branches.

Recently, a complete transfem-
oral access has been imple-
mented for branched endo-
grafts at our clinic (19). This led
to a reduction of stroke risk to
0% in the analysis of the first
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Fig. 5: Open-surgical repair of thoraco-abdominal aortic aneurysms. Upper left figure: Right iliac branch (Arrow 1). Upper right figure: Evoked potentials (Ar-
row 2). Bottom left: Lung (Arrow 3) beside the Dacron graft with visceral branches (Arrow 4 and 5). Arrow 6 illustrates the incision line. © Copyright 2017

C.-A. Behrendt
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b2 patients. The short-term
mortality has been reported to
be 4% to 10% in early series
and is steadily declining in
centers of expertise to below
5% (19-24). Besides relevant
rates of reinterventions, spinal
ischemia remains one of the
most feared complications (up
to 8% among all procedures).
A standardized intensive care

unit protocol, including meas-
ures such as a patient-blood-
management or cerebrospinal
fluid drainage, aims to improve
the outcomes following FB-
EVAR.

Open-Surgical Aortic Repair
Open-surgical repair consists
of the replacement of the af-
fected aorta using branched or
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Table 2: Complications following

complex open-surgical aortic repair of

thoraco-abdominal aortic aneurysms

modified vascular prostheses
(e.g., Dacron graft). The patient
is placed in a modified right
lateral decubitus position, with
the shoulders rotated to 60°
and the hips rotated to 30°
from horizontal. The patient’s
left arm is placed in an elevat-
ed position. A left thoracotomy
is made, using the fifth or

sixth intercostal space (Fig. 5).
The proximal clamp is placed
-if possible- distal to the left
subclavian artery. Although de-
velopments in modern vascular
surgery improved outcomes
significantly, this operation
remains a major effort for the
multidisciplinary team consist-
ing of vascular surgeons, anes-
thesiologists, intensive care
specialists, neurophysiologists,
and nurses. Various meas-
ures have been established

to improve the perioperative
outcomes of TAAA surgery. A
mild permissive hypothermia,
the partial left heart bypass,
selective visceral perfusion,
cold renal perfusion, cerebro-
spinal fluid drainage, and the
revascularization of segmental
arteries have been reported to
be protective (4). A neuromoni-
toring (e.g., evoked potentials)
should be performed during

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Complications Following Complex Open-Surgical Aortic Repair of
Thoraco-Abdominal Aortic Aneurysms

In-hospital mortality

Stroke

Acute coronary
syndrome and other
cardiac events

Acute kidney failure
with dialysis
dependency

the procedure (25). The in-
hospital mortality for elective
TAAA repair was reported up
to 10% (26) depending on the
case volume and specialization
of the center (Table 2).

Innovative Concept —

The German Aortic Center
Hamburg

A multidisciplinary and interpro-
fessional collaboration is the
most important fundament to
treat complex thoraco-abdom-
inal aortic diseases. In 2012,
the synergistic cooperation of
vascular surgery, angiology,
cardiology, and cardiac surgery
at the University Heart and
Vascular Center Hamburg led
to the implementation of the
German Aortic Center Ham-
burg. To date, the treatment
of all aortic diseases became

a main area in Hamburg (Fig.
7). As international reference

m

7.8% to 10%

Bensley et al. 2013, Kouchoukos
etal. 2013

Kouchoukos et al. 2013

2.7% 10 10.7%

Bensley et al. 2013, Coselli et al.
2007

23.1% Bensley et al. 2013
Reintubation and 13.8% Bensley et al. 2013 X ORI |
¢d_\.u..¢.“ |4.JC\,AJAA."S‘)|‘)A"2-A‘)J
Spinal ischemia 5.3% t0 6.3%

Kouchoukos et al. 2013, Coselli et
al. 2007
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Fig. 6: Development of endovascular (blue) and open-surgical (red) aortic repair at the German Aortic Center Hamburg between 2005 and 2015.
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center for aortic and complex
rare diseases, patients are
transferred to Hamburg from
various countries.

Conclusions

® Thoraco-abdominal aortic

aneurysms count for 5% to

10% of all aortic aneurysms

with increasing prevalence.

Approximately 5% to 7% of

all German-wide treatments

were performed in Hamburg

Contrast-enhanced computed

tomography remains the first

line diagnostic procedure. It

may be complemented by a

transesophageal echocardio-

graphy.

e For invasive repair, endo-
vascular and open-surgical
and hybrid approaches are
available. More than 90% of

the patients with thoraco-
abdominal aortic aneurysms
can be treated less invasively
with complex stent-grafts.
Genetic aortic diseases and
low risk profile can be rea-
sons to choose open-surgical
approaches.

e The main predictors of a
favorable outcomes are the
case volume and expertise of
the vascular center. A good
collaborative multidisciplinary
teamwork and excellent
infrastructure are needed to
assure patient safety.

* Major complications such
as spinal ischemia remain a
challenge for multidisciplinary
teams. Innovative treatment
and surveillance protocols
can help to lower the compli-
cations rates.
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Implementation of advanced
imaging techniques like
multiparametric magnetic
resonance imaging (mpMRI)
or Positron Emission Tomo-
graphy (PET) in planning of high
precision radiotherapy (RT) for
patients with primary prostate
cancer (PCa) demands several
preconditions: accurate stag-
ing of the extraprostatic and
intraprostatic tumor burden,
robust delineation of the
intraprostatic gross tumor vol-
ume (GTV) and a reproducible
characterization of the PCa'’s
biological properties.

In this article we summarize
the currently available imaging
techniques for primary PCa
patients and how their imple-
mentation helps in improving
high precision RT approaches
in terms of focal RT.

I. MpMR and PSMA PET
Imaging

In the last decade advanced
medical imaging techniques
have improved and mpMRI

as well as PET have been
implemented in diagnostics of
primary PCa and RT planning.
Current guidelines recommend
a risk-adapted imaging, tak-

ing into account the patient’s
wishes and comorbidities (1).

MpMRI consists of T1w,

T2w and additionally diffu-

sion weighted (DWI) MRI or
dynamic contrast enhanced
(DCE) sequences. Two meta-
analysis investigated sensitivity
and specify scores of mpMRI
to identify intraprostatic lesions
based on histopathologic stud-
ies. Reported scores ranged
from 74% to 89% and from
73% to 88% for a combina-
tion of T2w-, DCE- and DWI-
imaging (2, 3). MpMRI's shows
limitations in detecting small
PCa lesions (4), poor sensitiv-
ity in case of T-zone involve-
ment, as well as false posi-
tive rates in benign prostatic
hyperplasia (5). Furthermore, a
notable inter-reader variability
to identify intraprostatic tumor
volumes has been reported (6).
The recent update of the Pros-
tate Imaging Reporting System
(PI-RADSV2) (7) standardizes
the evaluation and reporting

of mpMRI and thus increases
robustness in detecting PCas
(8-10). Three studies examined
whether local recurrences of
PCa after primary RT occur at
the primary tumour side using
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pre and post treatment MRI.
All of them observed that local
recurrences after RT mostly
occurred at the side of the
primary MR-visible tumour
(11-13). Our group delineated
retrospectively the intrapros-
tatic GTV based on mpMRI in
patients with primary EBRT for
PCa. We could prove that the
dose distribution within the
imaging-defined GTV correlates
better with the biochemical
recurrent free survival than the
RT dose delivered to the rest
of the prostatic gland (14).
Lymph-node staging normally
involves T1w and T2w imag-
ing. A meta-analysis reported a
pooled sensitivity of 39% and
a pooled specificity of 82% for
mpMRI in lymph-node staging
(15), which can be improved by
usage of DWI sequences (16).

In the recent years PET-CT
has emerged as a promising
technique to identify prostate
cancer lesions. In diagnostic
of PCa, the role of PET trac-
ers usually used for oncologic
imaging like 2-desoxy-2(18F)
fluoro-D-glucose (FDG) or "'C
and "8F-labeled choline deri-
vates is controversial. A study
from Chang et al. postulated a
superiority of choline PET/CT
over mpMRI in detecting PCa
lesions (17), whereas more re-
cent studies with involvement
of our group in Freiburg could
demonstrate, that choline PET/
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CT fails to distinguish between
PCa and non-PCa tissue (18,
19). FDG-and "'C- and "8F-
PET/CT are also insufficient in
detection of PCa metastases
(20-23).

Development of new radioac-
tive tracers like Ga- or '8F-
PSMA, binding to the prostate-
specific-cmembrane antigen,
which is being overexpressed
in PCas cells (24), has gained
of interest in the last decade.
PSMA-PET/CT is already on the
verge of being established as
the gold standard for restaging
in recurrent PCa after surgery
(25, 26). However, its potential
to guide therapies in a first line
diagnostic setting needs to be
investigated more thoroughly.
Previously our group evaluated
PCa localization in primary PCa
patients using mpMRI, PSMA-
PET/CT and biopsy cores and
we observed highly discrep-
ant results between the three
modalities (27). To further
address which imaging modal-
ity performs better, correlation
studies with histology informa-
tion after surgery have been
warranted.

Several studies investigated
correlations between PSMA-
PET/CT and histopathology
after radical prostatectomy.
Sensitivity and specificity score
for detection of intraprostatic
lesions range from 49% to
92% and from 85% to 97 %,

Saaa (VW=VY) Ll
paa daal; dul)ya Lic sanae
Gl g pall Jauls Jlaa ¥l a1l
oIl e geatll pulad e
salaall saate pugloliall

1535 (il s yall s MPMRI
Loy LY e Lar ¥l dalladll
Ol s dallaa EBRT dua,la
e of Liay PCa Gliu 5l

posll paa s Zepall i3 o

seseaill Ul gy sanall Jlaa ¥l
L Janay Joddl JSiy bags 5
o el g panll SLeasH
Lo yamy adols )l o ST Ll
N 5lanall ae L) Zallaal
(VE) Bl gl 3 348,

siall s jall Caaill Blas,
e solutel JSi, 1 Laalll
Jo¥I railly éiﬂlwmm
S a3l el pall s peatlly
bl Jalaxtlly Ll & S5
VAR RIVATE FLCUR: W DI
ZAY Loy Talaa L sl
b Ll 20,10 5y el
il S pnlaall saais
{(V0) Lyglaalll agall la ,all
plaatals Lpbawas (e Al
(V1) c:.,m)myn =lllgis

@iio)ﬁ‘Sﬁsylal‘,LﬁJlgq
S Sl 5y sl
Bucly LS PETCT 3,505 s
Gl gyl sy T aun)
EEWRNRITSWINTEE I

KJCu.ujJ._\ﬂ uUaJ.w

Sl e l3 - bl bl
s LAS I 7VE wL@_‘;L_LAn
saill Lo ganal ZAA JZVY
ollgially Gl el Al yall
el ay 5350l LuSaoligall
ol (¥ oY) gl LasiYi,
b Ll 51U s pomtl] T
S &0 gana yulaall suats
Gl gl ol yue &l e
Ll Fraalaaally ((£) 5 uiall
LD Y Akl by Uls 3
LYl e Y aaal el T
Ls\_uu").s." LTSI RURILS]
abl cclls e 550e s (0) apanll
Ot dbgale 55558 9ay Oe
posll ana apand 3 wlel 3l
Eanill a g8y (V) Bliw gl Jals
BRWSPEL FL'H (IRTSURSY
(V)(PI-RADSV2) 5L g yull
£ ¥y puadill Slalae pd s
Ol sl Slasase e

MP- aslaall saxie  cuwalslisalal
a3 130 e ap3e JUIL MR
(V1 =A) BLL 5 e LU
plaainly alulys &8 e
Jad b lisall 00,10 5o st
DS S 131 Lo 2 Ml g
UL gyl (o sl ol
LY A Ll Eadlaall any
e
oSl o slal,all JS elaa Y
Lee LYl Lallaall any ol
posll Sla (8 LI 8 sua
Ol sge e (Foall (gl



Prostate Cancer

respectively (28-35). A slice

by slice comparison between
PSMA PET and histology
performed by the Freiburg
group reported a sensitivity
score of 75% and specificity
of 87% (34). A voxel-level PET/
histology correlation performed
also by our group could fur-
ther reconfirm the excellent
performance of PSMA PET in
intraprostatic GTV detection
(35).

Several groups supposed that
a combination of mpMRI and
PSMA-PET/CT imaging to
overcome each technique's
limitations might lead to
complementary information

in PCa detection (34). Using
hybrid PET/MR imaging Eiber
et al. postulated, that mpMRI
and 68Ga-PSMA PET may offer
complementary information in
PCa detection. The sensitiv-
ity increased up to 0.76 when
both imaging methods were
combined. The authors divided
each prostate into sextants
and observed that in 19% of
the sextants, PET imaging
detected PCa with a negative
result in mpMRI. Conversely,
mpMRI was positive with
negative PSMA PET findings
in 13% of the sextants (36).
The Freiburg group reported
an increase in sensitivity up to
0.82 when GTV-union (addi-
tion between GTV-PET and
GTV-MRI) was considered (34).
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Rhee et al. showed that not all
lesions in histopathology were
positive by both, PSMA PET
and mpMRI. If GTV-intersection
(intersection volume between
GTV-MRI and GTV-PET) was
used, the specificity even
increased up to 99 % (37).

The value of PSMA-PET/CT in
detection of lymph nodes me-
tastases in patients with prima-
ry PCa was analyzed in recent
studies (38, 39). Sensitivity
and specificity scores investi-
gated for 8Ga-PSMA-11 PET/
CT for lymph node detection
using histopathologic reference
range between 0.64 — 0.66 and
0.95 - 0.99 respectively and
thus performed better than
conventional cross sectional
imaging (40, 41). Furthermore
Maurer et al. could demon-
strate that PSMA-PET/CT can
detect lesions with 2mm size
(40). In a recent work from our
group, we could demonstrate
that radiomic features derived
from the primary intraprostatic
tumor lesion may even en-
hance the sensitivity of PSMA-
based lymph node detection to
85% (42).

Additionally, PSMA-PET/CT has
higher sensitivity and speci-
fity scores (0.99 and 0.88) for
detection of bone metastases
than standard bone scintigra-
phy (0.87 and 0.61) (43) and
detects on average double the
number of lesions (44).
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Fig. 1 exemplarily shows the dose distribution using focal dose escalation applied via external beam radiotherapy in axial, coronal and sagittal planes (top).
GTV-PET (using 30% SUV-max) and GTV-MRI were co-registered and the union of both GTVs + a margin of 4mms was used as boost volume. Organs at risk
shown are bladder (yellow) and rectum (brown). The corresponding dose volume histogram (bottom) shows dose distribution for bladder (yellow), rectum
(brown), whole prostate (pink) and the boost volume (purple). Please notice the prosthesis in the right femur which affects the RT planning process.
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Il. Focal Radiation Therapy:
Rationale and First Experi-
ences from Other Groups
The five-year rates for bio-
chemical relapse for localized
intermediate and high-risk PCa

after RT is approximately 35%
(45, 46) and local relapses after
primary RT mostly occur in ar-
eas of dominant intraprostatic
lesions (47, 48). Randomized
trials have demonstrated an
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improved biochemical disease-
free survival with RT dose
escalation on the entire pros-
tatic gland using external beam
radiotherapy (49-53). However,
further increase of RT dose to
the whole gland is not favora-
ble, as increased toxicity rates
have been reported with this
approach (54-56). To overcome
these issues the concept of
focal RT arose.

Focal RT is defined as ultra-
focal RT (treatment of the GTV
only) and localized RT (treat-
ment to the entire prostatic
gland and RT dose escalation
to the GTV). Dose escalation
can be delivered via external
beam radiotherapy and high-

dose-rate (HDR) brachytherapy.

A prospective phase Il study
reported promising results
regarding tolerance, toxicity
profiles, as well as biochemi-
cal and functional response,
applying a focal boost using
HDR brachytherapy with MRI-
transrectal ultrasound fusion
for image guidance (57).

There are three randomized
controlled trials currently
investigating the focal dose
escalation via external beam
radiation. The FLAME study,
performed in centers in the
Netherlands and Belgium,

is currently investigating the
delivery of an integrated boost
in external beam radiation to
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95 Gy. Besides the primary
endpoint, the 5 years rate of
progression free survival (PFS),
secondary endpoints such as
toxicity are collected (58). Two
years outcomes of toxicity
rates were published in 2018
and showed no significant
difference in grade 2-4 geni-
tourinary and gastrointestinal
toxicity rates between the
standard treatment and dose-
escalated treatment arm (59).
Furthermore the delivery of a
boost up to 95 Gy is feasible
and the dose constraints for
rectum and bladder did not dif-
fer between treatment group
arms (59).

The HEIGHT study performed
at the University of Miami is
investigating hypofractionated
targeted radiotherapy boost to
the dominant tumor lesion (60).
The PIVOTALBoost study, per-
formed in the UK, is analyzing
four different treatment arms
with radiotherapy of prostate
and pelvis versus prostate
alone with or without boost
61).

The results are encouraging
that an integrated boost will
increase the PFS rates without
an increment of toxicity rates.
Moreover, the implementation
of advanced imaging tech-
niques, especially with regard
to the promising results of
PSMA-PET/CT, have the capa-
bilities to improve treatment
even further.
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Fig. 2 exemplarily shows the dose distribution using focal dose escalations applied by HDR-brachytherapy (top left). Please notice the dose reduction in the
central area to spare the urethra. The corresponding Ga68-PSMA-PET/CT (right) shows the multilocular tumor lesions. The corresponding dose volume his-
togram (bottom left) shows the dose distribution for rectum (green), urethra (yellow) as well as the whole prostate (red) and the boosted GTV-union volume

(purple).
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lll. Focal Radiation Therapy
Based on Multimodal Imag-
ing: the Freiburg Experience
Since 2017, PSMA PET/CT
and 3 tesla mpMR imaging are
offered routinely to patients
suffering from primary PCa

for RT planning at our institu-
tion to ensure the highest
performance in intra- and
extraprostatic tumor definition.
Using modern RT techniques
like intensity modulated RT
(IMRT), image guided RT
(based on cone-beam CT scans
and implanted fudicials) and
adaptive RT we established a
workflow for localized RT on a
daily practice. Being part of the
Comprehensive Cancer Center
Freiburg (CCCF) therapies are

based on collaborations with
the departments of urology,
radiology and nuclear medicine
as well as recommendations
given by the interdisciplinary
tumorboard.

Localized focal RT was applied
by using external beam radio-
therapy (EBRT) or high-dose
rate (HDR) brachytherapy for
dose escalation. In the follow-
ing we would like to report our
initial results.

The EBRT group consisted of
31 patients with histologically
ascertained PCa. All under-
went insertion of intraprostatic
fiducial markers followed by
MRI imaging and a PSMA PET/
CT planning scan. Accord-

ing to NCCN guidelines 18
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respectively 13 patients have
been classified as intermedi-
ate and high risk. After image
fusion, target volumes were
contoured based on MRI (GTV-
MRI) and PET images. MRI
and PET GTVs were merged
(GTV-union) and the planning
target volume for dose escala-
tion (PTV-boost) was created
by isotropic expansion with 2-4
mm. The clinical target volume
(CTV) for the entire prostatic
gland and the seminal vesicles
was created according to the
ESTRO guidelines and expand-
ed isotropical with 6 mm to
create the respective PTV. RT
was performed using rapid-Arc
(IMRT) and image guided RT
(IGRT) (Fig. 1).

During RT the doses applied

to the target volumes and
organs at risk were adapted
considering cone beam CT
scans. 6 patients received
androgen deprivation therapy.
A focal dose escalation could
be realised in 21 patients
(68%). Impending reasons
were multifocal tumour lesions
(>3), prolonged rectum contact
and extensive tumour volume.
One patient had pelvic lymph
nodes in PET but not in MRI.
Median volumes of GTV-MRI,
GTV-PET and GTV-union were
2.1 ml (0-16,7 ml), 3.9 ml (O-
11.13 ml) and 5.5 ml (1-20.5
ml), respectively. Thereby
GTV-union showed to be sig-
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nificantly larger than GTV-MRI
(p<0.05). Patients undergo-
ing dose escalation received

a mean dose of 74Gy on the
whole prostate PTV and 80 Gy
on the boost volume, both in
40 fractions. Acute grade 2 GI-
toxicity occurred in 3 patients
and acute grade 2 GU-toxicity
in 4 patients, following CTCAE
5.0. One patient developed

an acute grade 3 GU-toxicity
most probably due to fiducial
insertion, which was resolved
completely. After a median
follow-up of 2 years no patient
had biochemical recurrent
disease and most patients had
PSA levels <1 ng/ml. Since
there is growing evidence
that RT dose escalation with
brachytherapy may increase
tumor control and may lead to
improved outcome (62, 63).
Compared to EBRT alone, we
also treated 5 other patients
with combined HDR-brachy-
therapy and EBRT. The patients
received EBRT (50 Gy in 2 Gy)
to the entire prostatic gland
and a HDR boost in 2 frac-
tion with 10 Gy to the entire
prostate. A simultaneous

HDR brachytherapy boost
was applied to GTV-union of
these patients with 11-12 Gy,
respectively (Figure 2). After a
median follow-up of 2 years,
again this treatment was very
well tolerated and no grade 3
toxicity (CTCAEvV5) as well as
no PSA relapse occurred.

Lol Lae a1 Ladlaall 355
ellae) a5l 358 ¢ Lasl Ly
g aiuly (Lis GTV laall o510
Bl gl 8ud gellay) s s
Tallaal Lo scliansy Lol
posll paa sl Gelai Y
fejall 0335 (GTV Jlaa ¥l
Eallaall 3y, oo aeLaatall
Lol Lojany LelaiaYl
Te,all Ll LiSI Aalladly

"~ (HDR)

s el Lslatin) Ll o o <3
Blaty Lass Suely sl dslall
iy Dpawlly (Jaailly

Ly el Lol Llasa Yl
S054l) 52593 padis kil slly
Llle LI Aallaall {aaal g
aum 3l o (HDR) Ze sl

b Biall 5,1y s sl
353 olagall ) seas dagouall

(OV) paiuaall e &3 guall

oaail NEPN oulald & elia
IMa e Ayl e pall nelins
2o Laa,Lall LasYI Loja
asal Sl FLAME Ll
Wby Il pa 8 5K 8

5 Lol Ko Tady gl clakluly
il Jead Lajlall g LYl Lo
;\j.glldwc.o;‘al_;.gsl)é a0
S5 O Llallslall s e
(PFS) &l i uas Baal [ yall
Dl Jio Ll GlLeall bLas
ALY Ll s ) BlaYy

KSCu.ujJ._\." uUaJ.w

il ola,uy PSMA-PET/CT
(+ AAs  A8) el Lue i

o ST Aabiall J5LEI e cansU)
LBl GLanll allaall yy gla3
5 i3S (£7) (105 +AY)
(£8) ola¥ sae o b sidll

iyl daslauk ¥ dadlaall Lals
oY Golailly glaiall (bl
gAY olesanall o

Sl Sl &Y e 3l
ol g s ssaall
s 5all PCa Uil gyl ¢y Us yaad
T giall HUa3a Y Jolge 53
Lpebai ¥l datlaall aay LI
(EV.£0) 7 Yo Jsa RT

Loas gall Ll KDY &aas
LY e laidl dallaal aay
oY Eble 3l s

A V) Bl g yadl Jaks Liaggeall
5,5a) o, lall easl (EA

oo Uituna 1508 3Uainal (Ll ge
s Ty ol L Lasl La Ll
Teya selias wic GalyeYl e
02 JolS e Lielaz ¥l Lalladll
Lallaall alassily Gl
—£4) ala Loy Tuclanl
desa 30l Ol elld ao (OF
LIS Basll 5 e laz) Aallaall
£ LY &3 s (Bliae iy
o Lrawdl ¥ ams 305 e
Jal s (01—08) 3y Laall

Lo oLyl sia e lasl)
Ll Luelasn ¥ Ladlaall o pgas



Prostate Cancer

These promising results are
the backbone for a multicentre,
prospective study which will be
shortly initiated by the Freiburg
group: the HypoFocal study.

The aim of this prospective,
non-randomized, multicenter
phase Il study is the indi-
vidualization of RT for patients
with primary PCa based on
modern imaging technigues.
The intraprostatic GTV will be
defined by combined mpMRI
and PSMA PET/CT information.
The entire prostatic gland will
receive a RT dose according
to the current guidelines and
a simultaneous dose escala-
tion to the GTV-union will be
performed either by moder-
ate hypofractionated external
beam RT (EBRT, Arm 1) or by
high-dose rate brachytherapy
(HDR-BT, Arm 2) under strict
adherence to the organs at
risks’ dose constraints.

Toxicities, patient reported
quality of life as well as
biochemical response will be
assessed. Based on the find-
ings of this study a prospective
phase Il will be initiated in
order to compare the dose es-
calation regimen with standard
RT schemes.
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Introduction

Although knee arthroplasty

is a very successful surgery,
which significantly improves
the quality of life of the patient
and the functionality of the
joint, up to 20% of patients are
dissatisfied with the postop-
erative outcome [1, 2]. Even
with experienced surgeons,
the results with conventional
technigues are not always
sufficient. Various mechanical
causes can contribute to this:
Incorrect Implant positioning
and leg alignment, insufficient
soft tissue balancing, approach-
related complications, but also
intraoperative deviations due
to femoral curvature, individual
angulation or the deviation of
the oscillating saw blade in
sclerotic bone [3-6]. In addition

to improvements in implant
design and instruments, the
robot-assisted implantation of
endoprostheses has gained in
attention and popularity.

Since the 1990s, robotics has
been used increasingly in the
operating room and especially
in orthopedics. In 1992, the
Robodoc (Curexo Technol-
ogy, Fremont, CA) was the
first available robot system for
total hip and knee arthroplasty.
However, the use of this
technology was limited due to
the technical complexity, the
significantly longer operation
time and the insufficient ver-
satility [7, 8]. In view of these
shortcomings, improved robot
systems have been developed
which are currently available
for clinical use. The probably
most frequently used surgi-
cal robot in orthopedics is the
Mako robotic-arm technology
by Stryker Orthopaedics.
Especially in knee arthroplasty
the advantages of robot-
assisted surgery are a great
opportunity. The major ad-
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Knee Arthroplasty

vantages of the robot-assisted
knee arthroplasty over the
conventional method are (1)
the preoperative individual 3D
planning and the possibility of
implanting the endoprosthesis
in kinematic alignment, which
demonstrably can improve the
clinical outcome [1-5], (2) to im-
plement this preoperative plan-
ning perfectly due to precisely
performed bone cuts and (3) to
provide the surgeon an objec-
tive, intraoperative feedback
that enables optimization of
the knee kinematics and soft
tissue balancing while protect-
ing important structures [1].

Kinematic Alignment

The optimal positioning of the
components and the restora-
tion of kinematics seems to
be one of the most important
factors for good postoperative
outcome in knee arthroplasty
[9]. Especially in the last years
a paradigm shift occurred
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regarding the biomechanics
and surgical technique. For a
long time the conviction was
to restore a neutral, straight
leg with a perpendicular joint
line (mechanical alignment) and
that a deviation of more than
three degrees from the me-
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Fig. 2: Osteoarthritis of the left knee: The Mako system creates a 3D-model of the patient’s anatomy based on preoperative CT images in order to precisely
determine the bone resection, the implant size and the implant positioning
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chanical axis induces increased
wear and leads to an early loos-
ening and shorter survival rate
of the implants [10]. Any type
of axis deviation was therefore
corrected during surgery and
the implant position was me-
chanically idealized. Recently

it is becoming more and more
clear that only about 15% of all
patients demonstrate a neutral,
straight leg axis before surgery
[11]. So, the orientation at the
mechanical axis is only a com-
promise and this is assumed to
be one reason for the limited
results.

In recent times, the concept
of the kinematic alignment
was developed, which aims

to restore the individual knee
anatomy and ligament tension,
to restore native knee kinema-
tics. For example patients with
bowed legs seems to benefit
from a slight varus alignment
of the prosthesis [12]. Using

this concept, the same amount
of cartilage and bone is re-
sected which is reconstructed
by the implant (true measured
resection technigue). In several
prospective studies improved
clinical results based on "Pa-
tient Reported Outcome Meas-
ures” (PROMs) and a higher
satisfaction of the patients has
been demonstrated compared
to mechanical alignment
[13-16]. Using a robotic arm
assisted surgery, based on the
3D model of the patient’s knee,
the implant can be adapted

to the individual kinematics.
Furthermore, the accuracy of
the bone cuts can improve the
position of the implants and
achieve optimal mechanical leg
axes. The implant positioning
with robot-assisted implanta-
tion allows therefore for an
individual alignment and more
precise and reproducible re-
sults and seems to offer better
functional results [17].
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Fig. 3: For bone registration during surgery optical markers are attached to the femur
and tibia for the duration of the surgery
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MAKO Robotic Arm
Technology

Mako or The Robotic Arm
Interactive Orthopedic System,
originally developed by MAKO
Surgical Corporation, which
was acquired by Stryker Or-
thopedics (Mahwah, NJ) 2013,
was approved in 2008 by the
FDA (Food and Drug Adminis-
tration) [18]. Mako technology
can be used for total knee re-
placement (bicondylar) with the
Triathlon knee system (Stryker
Orthopedics) or for partial
replacement (patella-femoral
and unicondylar) with Mako
Restoris implants (Stryker Or-
thopedics) [19]. It consists of a
camera system, a workstation
and a robotic arm that supports
the implantation through a hap-
tic interface with a feedback
system [20] (Figure 1). This
semi-active robot system only
allows the operator to perform
the bone resection within the
limits specified in the preopera-

tive plan. This improves the
surgeon’s ability to reproduce
the knee alignment and protect
essential soft tissue struc-
tures like the medial collateral
ligament, the posterior cruci-
ate ligament and the popliteal
artery [4, 22-25]. Internationally,
this technique was used in
more than 50,000 knee surge-
ries until 2016 [21]. Because
the Mako system is currently
the most used robot worldwide
for arthroplasty surgery, the
study situation is comparatively
broad: The previous literature
for the robot-assisted Mako
operation show improvements
in terms of accuracy, soft tis-
sue balancing and outcome. In
unicondylar knee replacement
the robot-assisted technique is
able to reconstruct the posteri-
or tibial slope and the coronary
alignment much more accu-
rately [26-28]. The pain and
functionality improved post-
operatively [29]. In addition,
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Knee Arthroplasty

hospitalization and the revision
rate [30] could be reduced

and patient satisfaction [21]
increased compared to conven-
tional procedures.

For total knee replacement,
Mako provides more precisely
bone cuts, which leads to
predictable and reproducible
implant positioning with signifi-
cantly less deviations from the
preoperative planning [2]. In a
prospective cohort study, post-
operative pain was reduced,
the postoperative rehabilitation
was improved and an earlier
discharge from the hospital
was achieved in patients with
robotic-assisted total knee
arthroplasty [5].

MAKO Operation Technique
In order to prepare for surgery
a CT Scan of the affected joint
and leg (with hip and ankle)

is first carried out in order to
create a virtual, patient-specific
3D model of the patient’s knee
anatomy including anatomical
landmarks such as the trans-
epicondylar axis, the posterior
condylar axis and the mechani-
cal axis [2, 4, 24]. This allows
for a precise planning of bone
resection, implant size and
implant positioning (Figure 2).
This usually happens about

1-2 weeks before surgery.
After the usual preparation for
surgery and the common ap-
proach to the knee joint, optical
markers are attached to the
femur and tibia for the duration
of the surgery (Figure 3). The
navigation system with infrared
camera uses these markers

to identify the position of the
bones and knee joint during
the surgery. The rotation center
of the hip and the ankle are
defined and a total of 80 points
on the articular surfaces of the
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femur and tibia are recorded
with a probe (Figure 4). This
entire process takes less than
5 minutes and produces a very
precise picture of the bone
anatomy by matching the 3D
model. The ligament tension

is determined in different joint
positions. The software virtu-
ally calculates continuously the
distance between the planned
components. Ligament balanc-
ing can now be included in

the planning process and the
implant position adapted to the
individual balancing situation
and anatomy of the knee joint.
Each individual parameter can
be changed three-dimension-
ally in 0.5 mm or 0.5° steps.
This allows for an optimal joint
stability over the entire range
of motion. When this virtual
planning has been optimized
and finalized the robotic arm is
moved to the operating table
and the calibration is checked
again with an error tolerance
of less than 0.5 mm. In case
of total knee replacement the
saw cuts are made with the
help of the robotic arm or in
case of partial knee arthroplas-
ty the prosthetic bed is milled.
The surgeon always guides the
instrument. The robot specifies
the correct and planned saw
plane and prevents the saw
from being set incorrectly. It
also prevents resection outside
the defined resection area by
automatically stopping the
device. After all saw cuts have
been made, the trial prosthesis
is inserted. The correct fit and
the correct ligament stability
are dynamically checked and
objectively evaluated again
(Figure b). Should deviations
occur, the system can correct
them at any time. Finally, the
original prosthesis could be
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Knee Arthroplasty

implanted (Figure 6).

If a partial replacement (uni-
condylar or patello-femoral) is
performed the transition zone
between healthy cartilage

and implant can be precisely
aligned for a smooth surface
(Figure 7). Therefore, the sur-
face of the healthy cartilage is
determined and the implant is
positioned flush to the surface
to create a smooth transition
from the femoral component to
the anterior edge of the femo-
ral condyle [32].

Own Experiences and
Conclusion

In our hospital, robot-assisted
surgery with the MAKO has
become firmly established in
primary knee arthroplasty. The
short- and midterm results are
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Fig. 6: Postoperative x-rays in a moderate varus knee
Uatas slag, L) aaall Talaadl aay Lol LaiY1 5 gen 1\ Y

very promising. We observe
faster pain relief and rapid
recovery in these patients and
an excellent function. So, in
our opinion, robot-assisted total
and partial knee replacement
with the MAKO system seems
to be a major improvement.
Further studies are needed to
investigate the long term out-
come and implant survival rate.
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Interdisciplinary
Management of

Venous Diseases

Management of diverse non-varicose venous
diseases and the need of an interdisciplinary
vascular medical (comprising open vascular-
surgical and image-guided) approach -

a representative selection of cases including
their challenging management

Keywords: Non-varicose
venous diseases, vascular
medical management, vascular
surgical intervention, image-
guided approach

Abstract

The aim of this representa-
tive and extraordinary case
series is the practice-relevant
demonstration of case-specific
characteristics, in particular, the
patho-anatomical, degenera-
tive, inflammatory and/or ma-
lignant profile of non-varicose
venous diseases with need of
a therapeutic approach using
interdisciplinary vascular medi-
cal management in a tertiary
center of vascular medicine.

Patients and Methods: In the
Division of Vascular Sur-

gery (Department of Gen-
eral, Abdominal, Vascular and
Transplant Surgery), selected
patients with specific non-
varicose venous disorders and

their patient- and finding-speci-
fic characteristics were regis-
tered, data and parameters of
the diagnostic and therapeutic
management were document-
ed, and both the short- (i.e.,
postoperative) and long-term
outcomes were assessed in
this prospective patient cohort
study (design).

Results (specific case descrip-
tions): 1) A b4-year old woman
experienced a mid-term, rela-
tively tumor-stable outcome (5
1/2 years) of a leiomyosarcoma
of the inferior vena cava (IVC)
with hepatic infiltration and
pulmonary metastases after
multimodal approach compris-
ing former successful surgical
intervention (segmental resec-
tion of the IVC), liver resection,
tumor thrombectomy within
the hepatic veins), re-operation,
local tumor ablation as well

as chemotherapy. 2) A 61-
year old woman with invasive
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Fig. 1 Relevant images related to Patient 1: a: Preoperative coronary CT scan of the abdomen showing tumor lesion obstructing lumen of the IVC; b: Intra-
operative situs: Hepatic metastasis; c: Intraoperative situs: Leiomyosarcoma of IVC; d: Intraoperative situs: Vascular reconstruction of IVC with Dacron
- PTFE-graft to reconstruct left renal vein
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adrenal carcinoma invading
the IVC underwent success-
ful resection of the tumour
mass and reconstruction of
IVC with tumor-free long-
term outcome of more than 7
years. 3) A 65-year old patient
underwent a palliative 2-side

hybrid approach (endovascular
image-guided and vascular
surgical intervention) because
of paraneoplastic thrombo-

sis of the superior vena cava
caused (SVC) by bronchogenic
carcinoma-induced compres-
sion, with open-surgery guided
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access to the left jugular vein
for thrombectomy and trans-
femoral placement of a stent
within the stenotic segment

of the (SVC) and left brachio-
cephalic vein. 4) A 50-years

old female was diagnosed

with a rare aneurysm of the
popliteal vein causing recurrent
episodes of pulmonary embo-
lism, which should be included
into differential diagnosis. Its
management may warrant a
hybrid vascular and endovascu-
lar approach.

5) A 66-year old man showed
venous aneurysmatic malfor-
mation of the thoracic wall as
rare cause of pulmonary embo-
lism (native manifestation of an
aneurysmatic venous bundle
at the proximal segments of
the right brachial, axillary and
subclavian veins), which was
approach by i) transfemoral
image-guided embolization and
ii) ligation of the aneurysmatic
neck.

6) A 64-years old male patient
had rare horseshoe kidney

and doubled right kidney who
underwent initially an R2 resec-
tion of renal cell carcinoma
(regional hospital) with tumor
thrombus within IVC followed
by a multimodal protocol
including organ-extending RO
resection at the former R2
resection site, extirpation of
the tumor thrombus and recon-
struction of IVS using xenoge-
neic patch plasty.

Conclusion: The complex cases
demonstrate impressively

the challenge, which need
competent interdisciplinary
management in diagnostics,
decision-making and therapeu-
tic splitting not rarely planned
as hybrid procedure and mostly
performed within a center of
vascular medicine recommmend-
able for a favorable outcome.

Introduction

Non-varicose venous diseases
with need for vascular surgical
therapy is — though rarely oc-
curring — a fascinating group of
specific diagnoses, for which
there is a lack of extensive
management experiences with
regard to diagnostic work-up
and therapeutic approaches
due to its low incidence.

However, these findings can
occur and be diagnosed in daily
clinical/vascular medical prac-
tice sooner or later and may,
thus, become of great impor-
tance, in particular, if they have
to be appropriately managed

in an emergency setting. The
objective of this article is to
review representative but rare
profile of pathological non-vari-
cose venous conditions based
on selected references from
the literature and the experi-
ences obtained in the partially
complex diagnostic and thera-
peutic management of the
mostly challenging diseases.
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Fig. 2: Images relevant for case 2: a: CT scan: Tumor infiltration of the VCI up to the right atrium (blue arrow); b: Extirpated tumor thrombus from IVC as ex-
situ sopecimen; c: Intraoperative situs: Lateral venorrhaphy of IVC after cavotomy for removal of tumor thrombus
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Patients and Methods

In the Division of Vascular
Surgery (Department of Gen-
eral, Abdominal, Vascular and
Transplant Surgery), selected
patients with specific non-
varicose venous disorders and
their patient- and finding-specif-
ic characteristics were regis-
tered, data and parameters of
the diagnostic and therapeutic
management were document-
ed, and both the short- (i.e.,
postoperative) and long-term
outcomes were assessed in
this prospective patient cohort
study (design).

Statement

Study was performed accord-
ing to the guidelines of the
Declaration of Helsinki for Bio-
medical Research from 1964
and its further amendments as
well as the poldyic and further
regulations of the Institutional
Review Board. Patients’ care
was subject of Good Research
Practice — their data were
evaluated and presented ac-
cording to the requirements of
Good Research Practice.

All patients signed consent
form after adequate talk on the
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image-guided/surgical interven-
tion and the frequency, severity
and profile of its complications

as appropriate.

Results (case presentations)
Case 1:

Primary leiomyosarcoma of the
inferior vena cava (IVC) was
diagnosed in a 54-year-old slim
sporty female who was admit-
ted to Magdeburg's University
Hospital and had been com-
plaining on vague epigastric
discomfort of four-weeks dura-
tion, nausea, and deterioration
of the general condition. Medi-
cal history was not significant
for previous surgery or major
illness. Routine blood and urine
examinations were normal.
Contrast-enhanced computed
tomography of abdomen and
thorax revealed surprisingly a
huge hepatic lesion adherent to
IVC (Figure 1a) (1) with multiple
lesions in the liver in segments
1, 4 and, 7 measuring about 2
cm, 4 cm and 6 cm in diameter,
respectively. The patient un-
derwent percutaneous biopsy
of the mass, which revealed a
smooth-muscle tumor. In ad-
dition, a retroperitoneal tumor
mass was found, and surgical
exploration was advised by the
interdisciplinary tumor board.
Tumor lesion was completely
resected en-bloc including the
hepatic metastases (Figure 1b
and c) (1). The defect in the
IVC was reconstructed using

PTFE graft (Figure 1d) (1). The
histopathological investigation
confirmed the diagnosis of leio-
myosarcoma metastatic to the
liver with RO resection status
at the hepatic tumor resection
site.

Postoperatively, the patient
developed chylous ascites

and lymphocele, which was
managed conservatively by an
initial attempt of middle-chain
triglyceride (MCT) diet. After

3 years, the patient suffered
from increasing ascites-related
symptoms. Abdominal CT scan
revealed recurrence of meta-
static tumor growth within

the liver as well as pulmonary
metastasis (resembling military
lung appearance). Tumor board
decision focused onto surgical
re-exploration for symptomatic
relief of lymphocele follow-

ing by postoperative adjuvant
radio-chemo therapy. Intraop-
eratively, the lymphocele has
been marsipulized. Hepatic
metastasis using open he-
patic resection followed by
postoperative brachytherapy
with 15 Gray. For the pulmo-
nary metastases, the patient
received chemotherapy using
Ixoten and Doxorubicin/DTIC.
Several months later cerebral
metastasis was detected by CT
scan. The patient underwent
craniotomy with resection of
cerebral tumor lesion.

Patient died from recurrent and
extensive tumor growth locally
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and various metastatic sites
after a survival time of approxi-
mately 5 1/2 years.

Case 2:

A 61-year-old female patient
was admitted for a recent
onset of effort-associated dys-
pnea, exhaustion and abdomi-
nal discomfort in the upper
right quadrant. The clinical ex-
amination revealed ascites and
abdominal tenderness. CT scan
displayed a right adrenal mass
with a thrombus extending into
the IVC (Figure 2a). Labora-
tory values for plasma-free
metanephrines, aldosterone,
potassium, and testosterone
were all within normal range.
The histological examination

of a biopsy confirmed the
diagnosis of a non-functioning
adrenal neoplasm. Since the
symptoms of the patient had
worsened, the patient under-
went urgent adrenalectomy
including thrombectomy of the
ICV and tangential removal of
involved venous wall with sub-
sequent lateral venorrhaphy of
the IVC-wall. Surgery required
collaboration of general and
vascular surgery (Figures 2b
and c). The procedure was
completed without compli-
cations. The postoperative
course was uneventful, and the
patient was discharged without
any morbidity or complaints.
Histopathology confirmed the
diagnosis of a non-functioning

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

adrenal carcinoma of stage Il
with tumor thrombosis of IVC.
The patient received adjuvant
mitotane therapy post-opera-
tively. (4-b) Furthermore, the
patient received anticoagula-
tion therapy with Vitamin-K
antagonist for 6 months and
additionally hormonal replace-
ment therapy with cortisone
und Thyroxin. Over a follow-up
time period of 7 years using CT
and MR, the patient remained
free of local/systemic recur-
rence.

Case 3:

Here, a case study of a

65-years-old male patient is

presented who had originally

adeno-squamous adenocarci-

noma in the upper lobe of the

right lung and who developed

a symptomatic superior vena

cava syndrome (SVCS). The

patient complained of increas-

ing fatigue with dizziness and

headache. Review of systems

is positive for

- neck swelling noted in the
morning,

- hoarseness of voice during
the past period,

- purplish discoloration across
his chest,

- increased dyspnea on exer-
tion,

- difficulty of swallowing, and

- a dry cough.

Pertinent physical findings

showed

- diffuse edema in the neck,
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Fig. 3: Radiological imaging in case 3:

Figure 3.1: Pre-interventional DSA: Thrombotic
obstruction of left brachiocephalic vein: (upper
left: a) After transjugular open thrombectomy
with balloon inserted in the venous confluence;
(upper right: b) Post-interventional control im-
ages with placement of a Gianturco stent in the
brachiocephalic vein; (lower left: ¢) and SVC;
(lower right: d);

Figure 3.2: Correct positioning of the stent
within left brachiocephalic (red arrow) and SVC
(blue arrow).
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- dilated engorged blood ves-
sels on the upper right chest
wall and under the tongue,

as well as

- edema in the left arm and
hand.

Because these symptoms are

suggestive of SVCS, he was

immediately admitted to the
hospital. A Duplex-ultrasono-
graphy and digital subtraction
angiography identified the
source of the SVCS to be the
formerly diagnosed malignan-
cy. The diagnostic measures
showed an almost complete
obstruction of SVC with simul-
taneous thrombosis of brachio-
cephalic veins bilaterally and of
the left subclavian vein (Figure

3.1a and b).

According to the consensus of

the vascular medical board de-

cision, the patient was sched-
uled for image-guided radiologi-
cal intervention, a transjugular
aspiration thrombectomy to
recanalize the SVC. Unfortu-
nately, it was not successful.

Therefore, the patient under-

went hybrid procedure com-

prising of

i) open vascular surgical

thrombectomy of left bra-

chiocephalic vein via access
to the left internal jugular

vein followed by endovascu-

lar placement of a Gianturco

stent (@: 20 mm; Cook, Inc.,

Bloomington, IN/USA) into the

left brachiocephalic vein and

a Gianturco stent (@: 30 mm)

into the SVC (Figure 3), and

i) control by precordially placed
balloon to prevent thrombo-
embolism with transcutaneous
access via common femoral
vein. The patient tolerated the
intervention well, post-inter-
ventional clinical course was
not significant for any compli-
cation.

Case 4:

A female patient, 50 years old,
had undergone a right crossec-
tomy with stripping of greater
saphenous vein because of
symptomatic varicose veins

4 years ago. The patient com-
plained of non-specific inter-
mittent discomfort in the right
popliteal fossa such as slight
unspecific pain with changing
severity. Physical examina-
tion showed reticular varicose
veins with perimalleolar edema
of the right leg. Duplex-ultra-
sonography revealed a popliteal
venous aneurysm with mar-
ginal thrombosis (Janeurysm:
2 cm). Phlebography confirmed
the diagnosis of popliteal ve-
nous aneurysm just proximally
to the confluence of peroneal
vein in the popliteal fossa.

The deep venous system and
arterial system were normal
(Figure 4 (1-6)).

Surgical exploration was
performed through a posterior
approach to the right popliteal
fossa. A tangential aneurys-
matic resection with lateral

L seall Lue s¥I o i3y olEaal —
¥l jaall sl slaall (e
MLV Glualll el

aally Sa¥ g LAl 5 Ledy —
Sle Jus oaleYlsia oY
NETIN | FE PR RV P 955 N
sha hauall 3l e S35
355 2o sally Laes Yl s
(USalyull) e Laall 5 gaall
23 Il Lae g Y1 g sty
Cea VW ay sl Lo Mie Haias
posll af s &a SVCS (g slall
Ll dmpnis o3 il el
s Tremaa 231 alusll o yqlal
bl a1l JalS 4
Luall 33,,Y0 Salil L
sl LA el Ll
¥ 853,30 e

(oo T¥,y Jga)

st ol 13 ¢ Laa Y L
se yo wpun3 oy soull Lo s MU
el Jausll eha ¥ () 5l
Jhatiul sy o sally 4l
ol s sl sae Lasdly 5 sl
Ssa Y, sl 33 s Bule ¥
a3 ol daall g gl g (g 0l
oaasall maa il Lyleall
pedy (aa el a Y

dalyadl Last, 5,54 Jlatial (i
gl a5l dasisall dasle ol
dom sl Gasle e a1l
s ¥ Gl ool g, 50t )
Jals Loleall ps 5y L6 5150
$Sostla Leleu dysle ol

£ ke Lay yall il celly e
Oeelind slaaliag yiasll pils
LAYl yeil Vsud K Gl<
Ll Lale L Ll )
BD T PR TR ST L
Sl V oyl daylis 3,38
(ks Lisall (525,00 5 guailly
oSl (e daglis Ly jall ndy
@olgally s sl

A [BN]

ol Ula dly Lia Lyl
lag Ble 10 jaall ¢y alyy S5
Lt Bl yu (o Jua ¥l 3
15,0 g plall padll b Lydtya
Lo)ae cysb lly Sadl

Ly sl s slall 3sa ¥l a5l
oaasall (S35l (SVCS) yal,els
dagall pe il slhull e
ans Laalye o ekl g laally
sl Lo Lolan] 3362 Yl
L il sl e, 05 -
(Cl_yA."

3,580 A ol day —
FAN |

e ¥ N oslll Jass —
t&JM

gl die Luaitll Gas 3oy —
3 bl Lprn —

Sla Jlas —

Gadll Gandll olyga go o ebl s
(ol Lo

a3 ke dady —



Vascular Surgery

venorrhaphy of the popliteal
vein was performed (Figure
4a-c). First, antithrombotic
therapy with low molecular
weight (LMW) heparin, then
Vitamin-K antagonist (cuma-
rine derivative) was initiated
and continued for 6 months in
combination with compression
therapy using elastic bandages
(compression class Il according
to the German standard). There
were no complications after

6 months of follow-up.

Case 5:

A 66-year-old man was ad-
mitted for investigation of
recurrent acute dyspnea with
hypotension but without
tachycardia. The patient had
severe antrum gastritis and
tubulo-villous adenomas of the
colon with low-grade dysplasia.
Previously, he had undergone
open vascular surgery such

as desobliteration of iliac and
femoral arteries because of
peripheral arterial occlusion
disease stage |V (according to
Fontaine’s classification) of the
right foot. The patient received
anticoagulation medication with
Vitamin-K antagonist because
of thrombophilia (in particular,
antiphospholipid syndrome).
Blood analysis, including a
white blood cell differential
count, creatinine kinase, D-
dimer, troponin-T and myoglo-
bin were slightly abnormal.

An electrocardiogram yielded
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normal results without signs of
cardiac overload or right-sided
hypertrophy. CO, diffusion
capacity was normal. Bronchial
(methacholine) challenge test
did not show bronchial hyper-
reactivity. Chest X-ray revealed
calcified structures on the
right-sided thoracic wall (Figure
5a). Computed tomographic
(CT) scanning confirmed the
presence of multiple calcified
structures adjacent to the right-
sided thoracic wall (Figure 5b).
To plan an appropriate therapy,
diagnostic phlebography was
performed, which revealed a
huge venous aneurysm of the
right-sided thoracic wall

(Figure 5c).

The patient was scheduled for
hybrid procedure comprising
of i) image-guided radiological
intervention and ii) an open
vascular surgical approach. The
venous malformation was ini-
tially embolized with 40 mL of
ethanol (concentration, 95 %)
using selective catheterization
of aneurysmatic sack through
the right femoral vein with
simultaneous blocking of the
aneurysmatic neck using an
inflated intravascular balloon to
prevent systemic spread of the
used thrombogenic material.
After successful partial throm-
bosis of the giant aneurysm,
the patient underwent open
vascular-surgical treatment
during the same interventional
session. The aneurysmatic
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intraoperative
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popliteal vein
aneurysm

proximal

and

distal control
of venous flow

popliteal vein

after

tangentiomal

resection of
venous
aneurysm
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direct venous

suture

Fig. 4. Comparison of preoperative imaging und intraoperative findings in case 4: Preoperative phlebography in various projections (1-6) and intraoperative
situs (a-c) of popliteal vein aneurysm (yellow arrow in b) with lateral venorrhaphy of popliteal vein (“direct venous suture” - yellow arrow in c).
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neck was easily dissected

free from the surrounding tis-
sue, securing the aneurysmal
neck with a balloon to prevent
extension of the intralesional
thrombosis and distant pulmo-
nary embolization, and subse-
quently the aneurysmatic neck
was ligated. The patient had
an uneventful postoperative

course and was discharged a
few days after the operation.

He was followed up at the
outpatient clinic of the vascular
surgery division for 16 post-
operative months, continuing
the oral anticoagulation a with
Vitamin-K antagonist, with no
signs of recurrence.
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Case 6:

A 64-years-old man was trans-
ferred after right transabdomi-
nal tumor nephrectomy in a
regional hospital 15 days ago.
Patient’s medical history was
unremarkable except arterial
hypertension for years and
bilateral inguinal hernia after
former herniotomy on the right
side.

Diagnostic work-up had re-
vealed a rare horseshoe kidney
with simultaneous doubled
right organ and ureter duplica-
tion (Figure 6.1) and also a
renal cell carcinoma (RCC) of
the right kidney. In particular,
initial CT scan revealed the
tumor lesion of the right kidney
(diameter, 11 cm) suspicious
for infiltration of the right
psoas muscle. It also showed
enlarged lymph nodes at the
para-aortic site (also increased
in number).

On admission, clinical examina-
tion revealed a patient in good
physical condition with no
abdominal wound complication
after former surgical interven-
tion. Histopathological inves-
tigation had revealed a clear
cell carcinoma up to 11 cm in
diameter (tumor stage, pT3a
pNx pMx LO V1 G2).

In addition, there was an
incomplete RCC resection
status indicated by R1 at the
parenchymal transection site
and R2 at the stump of the

left renal vein, with remaining
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tumor manifestation (endovas-

cular thrombus) extending to

and within the IVC as well as
lymph node metastases within
the former resection area, in
particular, assessed by a post-
operative control CT scan of
the abdomen provided by the
transferring regional hospital.

Prostate was enlarged with no

further pathological finding. For

planning of a surgical re-inter-
vention and to

- achieve an appropriate re-
staging of the current tumor
manifestations,

- assess the vascular involve-
ment (and)

- estimate short-term follow-up
with regard to residual left
kidney and residual tumor
lesions as well as its lymph
nodes,

an abdominal angiographic

multi-slice CT scan was per-

formed. It showed

- a necrosis at the renal paren-
chyma resection area,

- retroperitoneal and inter-aor-
tocaval lymphadenopathy,

- precise tumor site of the IVC
thrombus—namely, proximal-
ly to the former confluence of
the right renal vein up to the
pancreas,

- no tumor detection at the
confluence of the hepatic
veins (as well as)

- no hepatic or pulmonary
metastases (Figure 6.2).

The patient underwent an

interdisciplinary approach
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Fig. 5: Chest radiography in case 5: a: Chest X-ray (left panel: anteroposterior, right panel: mediolateral) showing multiple calcified structures (light blue ar-
rows); b: CT scan showing 2 different slices with multiple calcified structures adjacent to right-sided thoracic wall (light blue arrows); c: Phlebography study
revealed a huge venous aneurysm of the right-sided thoracic wall 2 minutes after injection of contrast-medium).

Soanis LalSia 3 5ela3 (Gaals Sola t el Ea gl e Alall olo¥1 jlaiall (g uall La 5l11) Laipaall 222 Y0 Hacall 5550 110 Tl 3 Hacal anuyam 20 J<all
Tolyo i€ a (a3l o830 alguall) (ras¥l gl landl 5 5las Soaais LulSie i (uialing Cuiay i yelas Luabaall Lai YUy senill o (LaLall 5,30 aguY)
(cralaill 3ols 3 (o (0880 any e Y1 jaall jlany Lasall Ly il pall ol sa g e 30,5Y1 s sems

comprising

- a complete urological resec-
tion of residual RCC tumor
lesion at the former transec-
tion site, with right adrenal-
ectomy and extended radical
lymphadenectomy, including

- vascular-surgical cavotomy at
the renal pedicle IVC seg-
ment under total clamping
below the hepatic confluence,
removal of tumor thrombus
plus tangential resection of
IVC wall and xenogenic patch
plasty (Vascu-Guard, Vas-

cutek, Hamburg, Germany;

length, 6 cm) using success-

fully the interdisciplinary

cooperation of urologists and

vascular surgeons

(Figure 6.3).
Histopathological examination
revealed vital and necrotic parts
of clear cell RCC at the former
renal isthmus with infiltration
of the adherent surrounding
connective-tissue but tumor-
free lateral resection margins.
In addition, a thrombosis of the
right renal vein stump with initi-
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ated fibrotic transformation and
small infiltrations of the RCC
in the wall of the vein were
found (panel b of Figure 6.4).
The IVC thrombus was classi-
fied as tumor thrombus of the
clear cell RCC (Figure 6.4.c/d).
Resection margins of IVC

and interaortocaval as well as
sub-hepatic lymph nodes were
tumor-free (Figure 6.4). Final
tumor stage was assessed as
follows: pT3b pNO cMO LO V1
RO G2. Postoperative hospital
stay was uneventful.

By 6 months postoperatively,
control CT scan did not re-
veal any suspicion for tumor
recurrence. Currently, after a
postoperative follow-up time
period of 8 months, there are
no further health problems.

Discussion

There are several venous non-
varicose diseases the spectrum
of which is highlighted by the
presented top six diagnoses
(beside trauma lesions, arterio-
venous fistula, postoperative/
-interventional alterations

etc.) such as vein-associated
malignancies, endovascular
tumor thrombus associated
with RCC, aneurysm of the
popliteal vein, venous malfor-
mations, and venous alteration
from outside. These include
unusually accompanying dis-
eases, diagnostic / therapeutic
approaches (favoring inter-
disciplinary [vascular-medical]
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decision-making, surgical
interventions and/or hybrid
procedures) and clinical and/or
post-interventional/-operative
courses, as well as outcome
aspects as reported in the well
selected and representative
case presentations.

Two basic questions arise
regarding the treatment of
patients with non-varicose
venous diseases. Is there a
role of endovascular therapy to
treat these disorders appropri-
ately and to provide minimal
invasiveness as possible in
these specific patients and,

in addition, which is the most
suitable treatment in these
particular cases to achieve the
lowest peri-procedural and
perioperative risk?

In recent years, improvements
made in endovascular interven-
tions allow in the majority of
cases a safe approach, which
can be combined with open
therapy and vascular recon-
struction. The hybrid vascular
therapy seems to reduce
perioperative mortality when
compared to open surgery
alone since it uses conseguent-
ly the advantages of various
procedures at the same time
by a reasonable combination
of the procedures with regard
to type and sequence of each
single measure.

Even after reviewing the litera-
ture, the evidence situation for
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establishing the indication for a
hybrid procedure and selecting
the suitable treatment modality
for rare non-varicose venous
disorders remains modest due
to the presence of selection
bias and rarity of those indica-
tions and cannot be improved
by the results reported here.
The aim of this study was to
present an overview of the

such as open tumor ablation,
chemotherapy, craniotomy and
tumor-extirpation to approach
tumor re-manifestations at the
liver, lung and brain. Today's
technical and surgical capabili-
ties allow for the successful
resection of such tumor mani-
festations. However, the inter-
ventions require experienced
abdominal, vascular and cardiac
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with the very specific and rare
diagnosis, non-varicose venous
diseases with therapeutic need
at a specialized vascular-surgi-
cal medical center, in which the
two treatment modalities as
open vascular and endovascu-
lar approaches are available on
the basis of an interdisciplinary
consensus (“Vascular-medical
Board"”) and used in a comple-
mentary manner.

Case 1:

Leiomyosarcoma originating in
IVC is a rare, malignant, slowly
growing tumor lesion with
poor prognosis (2). Here, we
report on a case of success-
ful excision of an advanced
leiomyosarcoma arising from
the suprarenal part of the IVC
with more the 3 years of partial
remission period with accept-
able quality of life despite a
persisting lymphatic complica-
tion and repeated need for nu-
merous multimodal measures

leiomyosarcoma, the surgeon
should be prepared to perform
and achieve a complete surgi-
cal resection and follow up
carefully since a radical surgical
resection of the tumor is the
only curative option associated
with improved survival (survival
rate, 49.4 % and 29.5 %)(3).

Case 2:

Complete surgical resection
with negative margin ‘RO
Resection’ remains the most
effective treatment in adreno-
cortical carcinoma (ACC) and,
along with an early staging, is
among the strongest predictors
of overall survival (4).

Despite direct invasion or
extension of tumor thrombus
into the IVC (or both), complete
(RO) resection can be achieved.
Thus, this scenario should not
preclude attempted curative re-
section in patients with adrenal
cancer.
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Fig. 6: Various illustrative images in case 6: 1. Preoperative ureteropyelography with doubled right renal pelvis and ureter duplication in a horseshoe kidney;
2. CT - coronary (2a left panel) and transversal scan (2b right panel): Residual horseshoe kidney after right nephrectomy with a necrotic area at the isthmus
region and inferior vena cava; 3. Intraoperative situs after cavotomy showing endocaval tumor lesion (a) and removal of the tumor thrombus, partial wall
resection and xenogenic patch plasty (b) (Vascu-Guard®, Vascutek, Hamburg, Germany);
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Case 3:

Another clinical picture, which
usually demands the coopera-
tion between interdisciplinary
specialties is the SVCS. The
goal of management is pallia-
tion of symptoms of venous
obstruction. In this specific
case, a hybrid approach
through transjugular open
thrombectomy and endovas-

cular placement of stents

into central veins was used.
An adequate follow-up using
duplex-ultrasonography and an
appropriate anticoagulation are
advised.

Case 4:

Primary venous aneurysms are
uncommon and in most cases
of little clinical significance,
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Fig. 6: Various illustrative images in case 6: 4. Photo documentation of tumor specimen'’s pathological investigation: Macroscopic appearance of the
resected inferior vena cava wall (*) with tumor thrombus (a). Histology of the tumor thrombus of the right renal vein stump (b) (H&E stain; magnification).
Histology of the tumor thrombus of the IVC showing tumor cells of the renal cell carcinoma embedded in fibrin (c) (H&E stain; magnification) and partial
fibrous organization of the thrombus (d) (Elastica van Gieson stain; magnification).
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whereas popliteal venous
aneurysms are a form of
potentially life-threatening dis-
ease because they have been
recognized to be a source of
recurrent pulmonary emboli.
In patients with popliteal
venous aneurysms, tangential
aneurysmectomy with lateral
venorrhaphy is the procedure
most commonly performed at

present. (6) Besides tangential
aneurysmectomy, graft inter-
position or venous patch plasty
has also often been performed
in popliteal venous aneurysm
(7).

The long-term patency of re-
constructed popliteal veins has
so far been poorly documented
in previous reports, and the
need and effects of postopera-
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tive anticoagulation therapy are
not completely clear.

Case 5:

Venous aneurysms are gener-
ally asymptomatic and easily
misdiagnosed as soft tissue
tumors (8-12). Here, a case
with a venous aneurysm aris-
ing from lateral thoracic wall
causing recurrent pulmonary
emboli is reported. The venous
malformation was excised suc-
cessfully via a hybrid endovas-
cular and surgical approach.
Vascular Doppler-ultrasono-
graphy studies can differenti-
ate venous aneurysms from
artery aneurysms or arterial
venous malformations. Imaging
studies such as CT scanning or
magnetic resonance imaging
can also provide clues to the
diagnosis, which is best con-
firmed by venography study.
The available limited experi-
ence suggests that a venous
aneurysm of the lateral thoracic
wall can be excised easily with-
out a great risk of complication
or recurrence.

Thus, the authors think that if
the venous aneurysm is symp-
tomatic, associated with any
complication, enlargement, or
ambiguous etiology, it should
be excluded, e.g., by ligation
of the aneurysmatic neck as
performed, and all feeder veins
ligated or as a hybrid approach
using intraoperative endovas-
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cular embolization, which alone
may be sufficient if the whole
aneurysmal sac could be em-
bolized as done almost in this
manner.

Case 6:

A case of RCC combined with
IVC tumor thrombus in a horse-
shoe kidney and doubled right
kidney experienced successful
interdisciplinary cooperation of
urologist and vascular surgeons
in a complex and advanced
tumor disease. In spite of ad-
vances in systemic treatment
of RCC, primary complete tu-
mor resection with tumor-free
resection margins is the only
curative treatment in the T1/T2
stage. IVC tumor thrombus of
the advanced T3 RCC, requir-
ing partial wall resection of IVC
and patch-plasty, was classi-
fied as stage Il by STAEHLER
characterized by IVC tumor
thrombus site below the influx
segment of hepatic veins (13).
A complete tumor resection in
those complex renal tumors as-
sociated with IVC thrombosis
comprising nephrectomy and
resection of tumor-infiltrated
parts or segments of the IVC or
[VC-associated tumor throm-
bus has to be the basic aim

of surgical treatment, if there
are no distant metastases. In
addition, such complex and
advanced findings are manage-
able by modern (vascular) sur-
gical techniques and materials.
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(14-15) A secondary adjuvant or
alternative medication with ty-
rosine kinase inhibitors can be
considered a further therapeu-
tic option according to novel
and recent reports.

In summary, a diagnostically
complete and conclusive pre-
operative imaging is essential
for the assessment of tumor
extension, surgical options and
planning the specific approach
as well as prognosis. Prefer-
ably in advanced, complex and
complicated tumor manifesta-
tions, diagnostic and primary
treatment should be performed
in a center of excellence to
achieve an optimal outcome
by interdisciplinary cooperation
of operative disciplines and an
adequate perioperative inten-
sive care.

Conclusion

The interdisciplinary team ap-
proach to diverse rare venous
disorders is beneficial for pa-
tients and required for achiev-
ing optimal management and
prevention of complications.
We emphasize on the role of
interdisciplinary management
across a variety of diagnostic
modalities. Interdisciplinary
team work is a complex
process, which means that
different types of staff work
together to share expertise,
knowledge, and skills to influ-
ence patient care.

Take Home Message

e This is the first report in
literature to discuss the com-
plexity of non-varicose vein
disorders including malignan-
cies and how to manage
them substantially based on
the interdisciplinary team
work of vascular surgeon and
other specialties including
interventional radiologists.

e Collaboration amongst spe-
cialists should be focused
onto further systematic col-
lection of experiences in di-
agnostic, peri-interventional/
-operative and therapeutic
management including a
competent follow-up to
finally be able to create and
further optimize consensus
documents and structured
educational programs that
emphasize the interdiscipli-
nary care of these selected
patients with complex non-
varicose venous diseases.
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