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Editor's Note

Dear Reader,

Bennad Publishing introduced
the German Medical Journal at
the Arab Health 2007. The Arab
Health 2010 is supposed to be
the occasion for a brief review.
The medical journal, which has
been designed for international,
in particular Arab countries,
initially rather revoked lack

of understanding. Not in the
Arab countries - there the
German journal met with an
overwhelming response from
the very beginning - but in
Germany.

We did not need to explain

the purpose of the journal

to our Arabic readers. They
realised from the very
beginning that Germany

has created an important
means of communication for
one of the fastest growing
economic sectors with this
medium. They also know that
especially the Gulf States make
enormous efforts to shoot their
healthcare system to the top
on the international scale and
that they are thus among the
largest consumers of modern
medical devices also from
Germany. And they know just
as well that Germany really has
a say as regards to medicine/
medical education. On the
international scale, the country
holds a top position and

the work of in particular the
German university hospitals
wins great recognition and
acceptance everywhere.

For this reason, German
hospital doctors and hospital
teams gladly use the
possibilities of publishing their
scientific works and globalising
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their standing and the
reputation of their hospitals.

2008: Introduction of
German Medical Online

One year later the German
Medical Online Internet Portal
was presented at the Arab
Health. The portal represents
the second module of the
Bennad communication
system and with far more than
800,000 visitors per month
has developed to become the
most successful “who is who”
portal of the German Medical
field.

In 2008 the conversion of the
journal from printed to digital
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version also took place. As a
result, the third module could
be realised: since then, the
journal has been available
online as eBook and as PDF for
download. On the one hand,
the unique linking between
the journal and the portal could
be realised; on the other the
coverage could be increased
tenfold through the digital
version of the journal.
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2008: Cooperation with
Hospital Planning Alliance
2008 was also the year in
which we entered into a
strategic cooperation with the
Hospital Planning Alliance. We
regard hospital planning and
hospital building rather as long-
term projects, during which we
use the multiple contacts we
have gained through our first
three modules.

2008
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We design
the future

Hospital
Planning
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2009: German Doctors —

The job market

In the middle of the last year
the demand arose for a job
market for hospital doctors and
hospital personnel who would
like to sign on at hospitals

or medical centres in Arab
countries for an indefinite or
limited period of time. In this
case as well, we cooperate
with a partner from this region.

Hospital
Engineering
made in

Germany Following the

EU Guidelines

We promote this project and
are available as first contact

in Germany. As soon as the
website is active by the end

of February, the project will be
started officially (Already at this
point, we have 40 requests for
specialists and head nurses.
Interested persons may thus
contact us now already; we will
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Editor's Note

German Pavilion at the
Healthcare Travel Dubai 2009
Germany presented itself at
the Healthcare Travel in Dubai
under the motto “Germany

— your health in good hands”.
12 participants, among them
renowned university hospitals,
got together at a joint stand
and claimed the floor for

their contributions at the
subsequent, internationally
attended congress. The
German Medical Journal

took care of the organisation,
coordination and the stand
design.

Arab Health 2010:
Presentation of the
German Medical Council
As the consequence of our
previous activities, we have
been approached with a
highly interesting project:
the establishment of contact
offices in the Emirates, and
later on also in other Arab
countries, to attend to and
forward Arabic patients to
Germany.

At the Arab Health 2010 we
will introduce a cooperation
project under the name
German Medical Council,

in which renowned German
university and state hospitals
may participate.

The council offices are
supposed to take over the
task of fostering direct contact
with local Arabic hospitals,
physicians, patients and
official health authorities and
establishing direct contact
between Arab patients and
German partner clinics.

The first council office is
intended to be established
at the location Dubai.
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Medical Treatment in Germany

Germany takes a leading position in
medicine. German hospitals enjoy an
excellent reputation, and the continuously
rising number of patients, who come to
Germany to receive medical treatment and
support here, strongly confirms this fact.

German Medical Council organizes the

best medical treatment in renowned
German hospitals and clinics for you.

www.german-medical-council.de

Please stay on good terms
with us since: new ideas need
good friends.
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Enjoy your
German Medical Journal.

Nadine Baume
Managing Director
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The Department of Medicine 2 for Cardiology and Angiology
of the University Medical Centre of the Johannes Gutenberg
University Mainz is held in high repute nationally and inter-
nationally when it comes to the treatment of coronary heart
diseases, cardiac valve disorders, myocardial diseases,
electrophysiology, peripheral vascular diseases and internal
intensive medicine.

As the largest individual clinic of the University Medical
Centre, it has 120 beds on five wards and treats about 20,000
patients annually. About 80% of our foreign patients come
from Arab countries.

Under the direction of Prof. Thomas Miinzel MD, you can
expect excellent medical treatment, a pleasant atmosphere
as well as a friendly, humane care in our premises.

Department of Medicine
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Our main focuses include prevention, interventional treatment
of coronary heart diseases (CHD) and cardiac valve diseases,
diagnosis and interventional treatment of cardiac arrhythmia,
diagnosis and treatment of peripheral vascular diseases as
well as the training and promotion of our new generation of
scientists.

We offer excellent competences in the entire therapeutic
spectrum of cardiac catheter interventions (including per-
cutaneous cardiac valve replacement) and modern, non-
invasive imaging methods (3-D echocardiography, cardiac
NMR and cardiac CT) as well as PFO closure and closure of
atrial septal defects. We apply important methods such as the
measurement of the endothelial function, the capillary ' S
microscopy, the intravascular ultrasound (IVUS) and the \ W
determination of the fractional flow reserve by means of pres-

sure wire (FFR). Within the scope of our medical focus rhyth-

mology/electrophysiology (electrophysiological examination, uéb‘{; Tolalanll Tatlaadl LUl e Ly, Bslolaial (pacais
catheter ablation, pace-makers and the defibrillator therapy), - T T e N
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Department of Medicine

As university hospital, we practice interdisciplinary transla-
tional medicine of and use the latest scientific insights gained
from our activities in the field of science and research for our
patient care. A highlight of our clinic is the internationally
renowned Gutenberg Heart Study. It is one of the largest
prospective cohort studies worldwide, searching for new
starting points in the prevention and treatment of cardiovas-
cular diseases.

As the first and so far the only ones in Germany, scientists of
the Department of Medicine 2 have successfully tested the
new sensitive troponin test procedure (New England Journal
of Medicine 2009; 361: 868-877). As a result of this tremendous
success, we are able to diagnose and treat a cardiac infarc-

tion in our patients even earlier and more rapidly. ;)_
The Department of Medicine 2 for Cardiology and Angiology

of the University Medical Centre Mainz is located in the midst
of Germany and is only 30 km away from the international Slaliata ¥l suatall Lol Lallaall uylal prals it

airport Frankfurt. Our clinic is located in the new building 605. s P o .
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Prof. Thomas Miinzel MD
Director of the Department of Medicine 2
of the University Medical Centre Mainz
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SPECIALIST HOSPITAL
FOR PNEUMOLOGY AND
ALLERGOLOGY

@

Prof. Dr. Dieter Kohler

Specialist Hospital Kloster Grafschaft
Annostrasse 1

57392 Schmallenberg

Germany

Phone: 0049 - 29 72 - 791 - 25 01
www.krankenhaus-klostergrafschaft.de
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KLOSTER
GRAFSCHAFT

The hospital Kloster Grafschaft (Grafschaft
Abbey) is a special hospital of maximum care for
pulmonary and bronchial medicine, respiratory
medicine, sleep medicine and allergology. Our
extensive technical and personnel equipment on
university level allows for this comprehensive
diagnostics. In addition, the hospital exhibits two

state-of-the-art intensive care units with a total of
14 beds.

Weaning centre

One main focus of the hospital is the weaning of
long-term respirated patients from the respirator.
About 200 patients from intensive care units

in whole Germany and partially in European
countries are admitted to us usually via
helicopter. Our hospital is thus the largest and
most successful weaning centre in Germany.

Pneumology

In the field of general pneumology, diseases such
as bronchial asthma, chronic bronchitis, pulmo-
nary emphysema, pulmonary fibrosis of varying
causation, collagenosis with pulmonary involve-
ment, sarcoidosis, bronchial carcinomas, pleural
mesothelioma, tuberculosis and pneumonia are
diagnosed and treated.
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Sleep medicine

The department of sleep medicine specialises
in the diagnosis and treatment of sleep-related
nightly respiratory disturbances and over-
strained respiratory muscular system of varying
causation by means of different non-invasive
respiratory methods.

Early rehabilitation

A further main focus is the department for early
rehabilitation. Long-term respirated patients are
rehabilitated here by means of extensive medical
treatment, physical therapy, remedial gymnastics
and partially speech therapy to an extent that
most of them are able to live in their domestic
environment again without any help after they
have been discharged.

Occupational pulmonary diseases

A department for occupational pulmonary
diseases is also integrated in the hospital. This
includes the diagnosis and treatment of silicosis,
asbestosis and asbestos-related tumour diseases
of the lungs and the costal pleura (pleural
mesothelioma), chemical-irritant bronchial
asthma and chronic bronchitis. This department
also contains an extremely efficient medical
rehabilitation division.
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KLOSTER
GRAFSCHAFT

Allergology

Finally, the hospital has its own allergological
department. Allergic asthma, allergic rhinitis,
allergic rhinosinusitis, neurodermatitis, eczema,
allergic exanthema, urticaria, angioneurotic
oedema, contact allergy, intolerance to drugs,
drug hypersensitivity, nutritional allergy, insect
poison allergy, irritable bowel syndrome and
chronic diarrhoea are diagnosed and treated
here.

The special hospital Kloster Grafschaft is located
in beautiful surroundings in the midst of Schmal-
lenberg in the Sauerland. The rambling, calm
and well-kept park of the hospital contributes

to your recovery, in addition to the high-quality
medical care and treatment.
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Abstract

The world health organisation
(WHO) as well as the European
Union (EU) have announced
genetic and orphan diseases as
a major health challenge of the
future. Among those the more
than 500 inherited metabolic
diseases are especially impor-
tant because of their relatively
high frequency and because
successful rationale therapy is
already available or will become
so in the near future. As a
group, they account for approx.
1in 100 births worldwide.

In the Arabic populations the in-
cidences are two- to three-fold
higher due to genetic founder
effects and high consanguinity
rates.

Scientific and technological
advances can offer enormous
benefit to patients suffer-

ing from inherited metabolic
diseases often completely
preventing life-long burden and
suffering. Early diagnosis by
extended newborn population
screening with subsequent
early treatment is the most
successful approach.

Tandem mass spectrometry
has recently been imple-
mented in newborn screening

FEATURING THE BEST OF GERMAN MEDICINE

programs in a few countries
including Qatar allowing the
early recognition of up to 30
disorders. In Qatar more than
twice as many children could
be successfully identified by
the extended newborn screen-
ing program compared to
European countries.

If such programs could also

be implemented in other Arab
countries, death, handicap and
suffering would be prevented
from thousands of children and
their families. Although novel
diagnostic and therapeutic pos-
sibilities never come for free,
extended newborn screening
is far more cost-effective than
other medical advances. The
costs of a screening program is
outnumbered by the costs for
direct health and social costs
in childhood by a factor of 50.
If the total costs of treatment
over an estimated life span of
80 life years for each detected
individual were added to the
costs of screening, avoided
health and social costs were
still more than twice as high.

Huge progress has also
recently been achieved in
development rationale thera-

pies for patients with inherited
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PRINCIPLES AND PRACTICE
OF SCREENING FOR
DISEASE

J. M. G. WILSON

Principal Medical Officer, Ministry of Health,
London, England

metabolic diseases. Most ex-
citing are the development of
enzyme replacement therapy,
and successful attempts of
gene therapy by cell transplan-
tation. Hopefully, the scientific
progress already achieved and
to be expected to further
advance in the future will be
supported by the social, politi-
cal and economical advances
necessary for transforming the
full benefit of sciences to the
people.

G. JUNGNER

Chief, Clinical Chemistry Department, Sahigren’s Hospital,
Gothenburg, Sweden

Introduction

In 1999 the World Health
Organisation (WHOQO) declared
genetic and orphan diseases as
a major future health challenge

WORLD HEALTH ORGANIZATION

GENEVA

1968

followed by similar initiatives of

the European Union.

In 2006 the March of Dimes
Birth Defects Foundation
issued the first comprehensive
global report on all genetic birth
defects showing incidences

in the range of 82 to 39.7 per
1000 live births worldwide
(Christianson et al. 2006).

Fig. 1: Original publication of WHO screening guidelines. )
el WHO Zaallall daall Zaliie oloim g0 Lba ¥l Zaill - JSal)

Among the orphan diseases
the more than 500 inborn
errors of metabolism currently
known are especially impor-
tant because of their relatively
high frequency (about 1 in 100
births worldwide).

Moreover, rationale therapy
has already or will become
available for many of these
diseases in the foreseeable

Fig. 2: The pioneers of newborn screening: Horst Bickel (1918 — 2000, left)
and Robert Guthrie (1916 — 1995, right). With permission from Sarafoglou,
K, Hoffman, GF, Roth, KS, eds. Pediatric Endocrinology and Inborn Errors of
Metabolism. The McGraw-Hill Companies Medical, 2009.
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future. In terms of medical care
they have become a significant
challenge for the public health
system, particularly in coun-
tries where infectious diseases
and pathology related to the
inappropriate care in pregnancy
and around delivery care could
be greatly reduced.
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Until now almost all countries Gl s Aasly Al s
still lack an organized network
of metabolic centers, which
are capable of competent and
comprehensive diagnostic
and therapeutic services. For
example, it must be assumed
that up to 50% of patients with |

inherited metabolic diseases, Fig. 3: Technique of blood sampling in newborn screening. The heel-prick is . . i
which are diagnosable today, made on the inner or outer side of the heel (hatched area) and blood is applied  March of Dimes oLyl duuw e
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Resulting founder effects are
responsible for a much higher
prevalence of inherited diseas-
es in these countries.

Extended Newborn
Screening

Since most primary care
physicians and non-specialized
pediatricians are not familiar
with inherited metabolic
diseases, and since a good
outcome relies on early
recognition, timely diagnosis
and initiation of appropriate
treatment has always been

a critical step in the manage-
ment of such diseases. This
led to the concept of newborn
screening, an important diag-
nostic program of preventive
medicine.

It covers the whole newborn
population by searching by
adequate laboratory tests for
inherited metabolic diseases
that fulfill the criteria of rela-
tively high frequency, irrevers-
ible damage following delayed
clinical diagnosis, amenability
to treatment, and availability
of adequate laboratory test for
mass screening at acceptable
costs. These principles of early
disease detection, formulated

by Wilson and Jungner in 1968,

can be regarded as a guideline
whether a specific disease
should be included or excluded
from the panel of diseases of
a newborn screening program.

Detector

o
o
(N (——

Fig. 4: Elektospray ionisation tandem mass spectrometry.
I IS 5855 g8y (g sl il (ol elisd g o JSRI

The history of the newborn
screening is given in Table 1.

Recent technological advances
allow the extension of new-
born screening to detect more
than 30 inherited metabolic
diseases, Table 2 (Schulze et al.
2003). Tandem mass-spectrom-
etry (MS/MS), a method deve-
loped and introduced about

10 years ago in a few western
countries, is capable to analyze
40 - 60 different amino acids
and acylcarnitines in a 2-minute
run allowing early detection of
the maijority of fatty acid oxida-
tion defects, several organic
acidurias and most aminoaci-
dopathies.

Screening amino acid and acyl-
carnitine profiles by MS/MS
allows the additional detection
of several diseases which fulfill
the Wilson and Jungner criteria
only partially or not at all.

It becomes imperative to
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assess each condition which
might be found by MS/MS
screening for its impact as a
disease for population screen-
ing. Such an assessment of the
screening value has to be open
to change because the reason-
ing depends on facts, which
may be changing. With increas-
ing knowledge about the natu-
ral course of diseases and their
variants, new treatment op-
tions can change the outcome
in some diseases which were
classified as non-treatable
condition before. Thus, it may
be justified to screen for such
diseases, e.g. glutaric aciduria
type | (Kolker et al. 2007).

The policy of dealing with
these objectives is different
between screening programs
and countries and still on de-
bate. This discussion is current-
ly on its way in many countries
with very different to-date re-
sults. For example, while in the
United Kingdom only MCAD is
considered suitable for expand-
ed MS/MS screening; in the
US recent recommendations
of a task force of the American
College of Medical Genetics
commissioned by the Maternal
and Child Health Bureau of the
Health Resources recommend-
ed population screening for 29
conditions with an additional
25 disorders which clearly do
not meet the classical screen-
ing criteria, but should also be
reported (MCHB 2005).

Amino Acidemias

PKU

Tyrosinemia Type |

Nonketotic Hyperglycinemia
(NKH)

Maple Syrup Urine Disease
(MSUD)

Citrullinemia (ASS)
Argininosuccinate Lyase Def.
(ASL)

Homocystinuria (HCY)
HHH-Syndrome

Arginase Def.
Hyperornithinemia
Hyperprolindmie
Hyperhydroxyprolindmie
Glycine N-methyltransferase Def.
Hypermethioninemias other than
HCY

Fatty Acid Oxidation Disorders

Organic Acidurias

Propionic Aciduria (PA)
Methylmalonic Aciduria (MMA)
Cobalamine Disorders A,B,C,D,F (Cbl)
Isovaleric Aciduria (IVA)

Glutaric Aciduria - Type | (GA I)
3-Methylcrotonyl CoA Carboxylase
(3-MCC)

Holocarboxylase Synthetase
Biotinidase

HMG-CoA-Lyase

Methylglutaconic Aciduria

Multiple Acyl-CoA Dehydrogenase
(MAD, GAII) Def.

Isobutyryl-CoA Dehydrogenase Def.
2-Methylbutyryl-CoA Dehydrogenase
Def.

Ethylmalonic Encephalopathy
Medium-Chain 3-Ketoacyl-CoA
Thiolase (MCKAT) Def.
Succinyl-CoA Transferase (SCOT)
Def.

Beta-Ketothiolase (MAT) Def.
Malonic aciduria

Short-Chain Acyl-CoA Dehydrogenase (SCAD) Def.
Short-Chain 3-0H Acyl-CoA Dehydrogenase (SCHAD) Def.
Medium-Chain Acyl-CoA Dehydrogenase (VICAD) Def.
Very long-Chain Acyl-CoA Dehydrogenase (VLCAD) Def.
Long-Chain 3-0H Acyl-CoA Dehydrogenase (LCHAD) Def.
Mitochondrial Trifunctional Protein (mtTFP) Def.

Carnitine-Transporter Defect (CTD)

Carnitine Palmitoyl-Transferase | (CPT I) Def.
Carnitine Palmitoyl-Transferase Il (CPT Il) Def.
Carnitine/Acylcarnitine Translocase (Translocase) Def.

Table 2: Inherited Metabolic Diseases Potentially Detectable By MS/MS

Screening.
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Qatar was the first and as yet
only Arab country to success-
fully implement extended

newborn screening nationwide.

In 2003 it started a program to
screen for metabolic and endo-
crine disorders thus replacing
the screening for congenital
hypothyroidism from cord
blood that had been in place
since 1996. At that time Qatar
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had no laboratory facilities

to implement this essential
preventive health service by
itself. The University Children’s
Hospital of Heidelberg was
identified as a partner in a

pilot project to investigate the
benefit of extended newborn
screening for an Arab popula-
tion for the first time (Lindner
et al. 2007). An effective and
efficient program was imple-
mented covering the complete
population within months.

All aspects of the screening
process had to be adapted

to the unique situation of the
laboratory being 6000 kilome-
tres away from the birthplace
of the newborns (Figure 7).
Within one year it became
apparent that this constellation
can work very efficiently and
that extended newborn screen-
ing is most beneficial for Arab
populations. The incidence of
detected diseases and conse-
quently the benefit was more
than twofold higher than in an
European population (Table 3).

The number of disorders to be
included in a newborn screen-
ing program depends on the
ethnic background, religion,
social characteristics, medical
environment and economic
status of the country.

For example, medium-chain
acyl-CoA dehydrogenase
deficiency, which is relatively
frequent in European countries

German
Memcal

Fig. 5: Girl suffering from glutaric aciduria type | born before extended
newborn screening was implemented in Germany. At 11 months of age the
hitherto healthy infant suffered a severe encephalopathic crisis which left her
severely handicapped. Brain imaging revealed complete destruction of the
basal ganglia. She died 2 years later. (With permission from Hoffmann GF. Glu-
tarazidurie Typ |. Deutsches Arzteblatt 94: A981—986, 1997)
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(~1:10,000 in Germany), is
extremely rare in Korea and
Japan. It is intriguing to note
that medium-chain acyl-CoA
dehydrogenase deficiency,
previously unrecognized, was
found by the screening pro-
gram to be even more frequent
in Qatar. By clinical evalua-
tion the incidence of classical
homocystinuria in Qatar was
found to be individually higher
than 1:3000, i.e. homocystinu-
ria is the most prevalent meta-
bolic disease with the highest
incidence in the world known
so far (EI-Said et al. 2006).
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Unfortunately, homocystinuria
is poorly detected by current
newborn screening strate-
gies using methionine as the
primary indicator. From the first
25,214 samples investigated
from Qatar “only” 2 patients
could be identified. Therefore
a new tandem MS method for
homocystinuria was devel-
oped and implemented from
July 2006. It combines a rapid
method to determine total
homocysteine in dried blood
spots by tandem-MS with the
genetic testing for the preva-
lent mutations in parallel (Gan-
Schreier et al. 2009).

Over a period of three years

a total of 14 cases of classical
homocystinuria were detected
from all newborns born in
Qatar (46,406) by the new
method. It could be shown that
determination of homocysteine
provides the first reliable
method for newborn screening
of homocystinuria.

Over the years of collaboration
all laboratory facilities were
installed at Hamad Medical
Corporation in Doha, Qatar,
and all laboratory and techni-
cal know-how was transferred
from the Heidelberg screening
center to the newborn screen-
ing center in Doha finally allow-
ing independent analysis in the
screening laboratory at Hamad
Medical Corporation.

FEATURING THE BEST OF GERMAN MEDICINE

MNewbom Screening

Blood sampling
Unit HMC
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| Metabalic team HMC
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Newbom screening — o Feport
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Fig. 6: Organisation of sampling, transport and reporting between Doha, State
of Qatar, and the University Children’s Hospital of Heidelberg, Germany
Abbreviations: UCH: University Chidren’s Hospital Heidelberg, Germany;
NICU: neonatal intensive care unit; FTP: File Transfer Protocol
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a) Newborn screening laboratory, Heidelberg 1999-2004, 601628 samples; Germany,
Qatar Dec 2003 to September 2009, 76206 samples; Newborn screening laboratory,
Heidelberg 2001-2005, 464934 samples

Table 3: Estimated Incidences of Disease Groups in Comparison between
Qatar and Germany
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Fig. 7: Two brothers with PKU. The older one (left) was born before newborn
screening was instituted and suffered severe brain injury, the younger one
(right) was identified and treated from birth (courtesy of the late Dr. Bickel)
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New Therapies

Advances in therapy are the
most critical aspect for affect-
ed patients and their families.
Until the mid-20th century,
treatment did not exist, so
destiny would take its course,
and genetic counselling about
recurrence risks was all that
could be offered. Phenylke-
tonuria was then shown by
Horst Bickel from the Chil-
dren’s Hospital, Heidelberg,
Germany, to be a treatable
“genetic” disease in which
early diagnosis and dietary
treatment prevented mental
retardation (Figure 8).
Subsequently, many other
inherited diseases became
manageable in a similar way,
i.e. with substrate deprivation
strategies: maple syrup urine
disease, galactosemia, fructos-
emia, tyrosinemia type 2, and
others. Pharmacological doses
of vitamins proved useful in de-
fects of cobalamine and biotin
metabolism, in distinct forms
of homocystinuria, and some
others. Avoiding of fasting
was recognized as the corner-
stone of successful therapy for
defects of fatty acid oxidation,
ketogenesis and glycogenoly-
sis (Blau et al. 2005). Progress
was initially slow but is begin-
ning to explode as current
progress in understanding the
molecular and pathophysiologi-
cal bases of inherited meta-
bolic diseases funnels into the

> (Substrate Deprivation)

> Supplementation with End Products

> Enzyme Replacement
> Chemical Chaperon

> Blockade of Biosynthetic Pathways

> Blockade of Degradation Pathways

> Blockade of Pathophysiological Signalling

> (Stem) Cell Therapy

> Gene Therapy

Table 4: New Treatment Strategies in Inherited Metabolic Diseases
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development of successful
rational therapies: new treat-
ment protocols - new therapeu-
tic agents (drugs and foods)

- improved tissue transplanta-
tion and enzyme replacement
by other means (Table 4).

Many inherited metabolic
diseases are still not or only
partially amenable to treat-
ment. Despite advances in
pharmacological therapy of
urea cycle disorders (UCDs),
the overall long-term prognosis
is poor, especially for neonatal
manifestations. Liver transplan-
tation for UCDs can transfer of
the missing enzyme and has an
excellent 5-year survival rate of
approximately 90%. However,
major neurological damage can
only be prevented, if the opera-
tion is performed during the
first months if life. Unfortunate-
ly, such early transplants have
a substantial risk for peri- and
postoperative complications,
mostly caused by a relatively
large liver graft. Liver cell trans-
plantation is much less invasive
and is now emerging as an ex-
perimental therapy. UCDs are

a model disease for liver cell
transplantation, because of the
poor prognosis, mainly hepatic
enzyme defects, and excellent
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outcome after transplantation.
So far ten children underwent
liver cell transplantation for
UCDs with very few technical
complications and encouraging
clinical results (Meyburg et al.
2009).

The first prospective study

on its use in severe neonatal
UCDs has recently started
(Contact: jochen.meyburg@
med.uni-heidelberg.de).

So far, three more patients
with neonatal UCD have been
successfully treated under
study conditions.

The possibility to overcome the
shortage of available donor liv-
ers makes liver cell transplanta-
tion one of the most fascinat-
ing techniques in the field of
transplantation at the present
time. In inherited metabolic
diseases, only 5-10 % of he-
patic enzyme activity is needed
to correct the genetic defect.
Thus, it is of no surprise that
such conditions have been

the primary target to consider
hepatocyte transplantation.

Another landmark progress has
been achieved by the develop-
ment of enzyme replacement
therapy, initially in patients
with visceral type of Gaucher
disease. Worldwide experience
with more than 5000 patients
has clearly demonstrated

its safety and effectiveness
(Desnick 2004). Today, enzyme
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Fig. 8: Preparation of liver cells from cadaver donors. (with permission from
Cytonet).
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Fig. 9: Long-term metabolic stability following liver cell transplantation in a girl

with citrullinemia
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replacement therapy has

also become reality for Fabry
disease, Pompe disease and
mucopolysaccharidoses (MPS)
I 'and VI. In MPS | efficacy is
limited because recombinant
enzymes do not cross the
blood-brain barrier. Clinical tri-
als are currently underway for
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enzyme replacement therapy in
MPS Il, with new approaches
being evaluated for targeting
directly to the central nerv-

ous system in MPS [, Il, and
potentially for MPS III. Strate-
gies for enzyme replacement
therapy are also under develop-
ment for MPS IV as well as for
Niemann-Pick disease.

Additional “new" options for
future therapy in patients with
lysosomal storage disorders,
but also other inborn errors of
metabolism, are inhibition of
substrate synthesis (currently
investigated for glycosphingoli-
pidoses), chaperon-mediated
enzyme enhancement, liver
repopulation, transplantation of
stem cells of various specificity
and gene therapy (Table 4).

All these are currently matters
of intensive research.

Metabolic Medicine

and Society

Scientific and technological ad-
vances described above have
offered much benefit to the pa-
tients suffering from inherited
metabolic diseases. To imple-
ment and utilize them properly,
much remains to be done.
Firstly, metabolic physicians
and scientists need to combine
their efforts concentrating on
well conducted international
studies and development of
knowledge based guidelines.

Nowadays, in the era of
computers, this process has
become easier by means of
numerous recommendations,
information and even projects
available on internet, perma-
nent professional e-mail round
tables, internet editions of
book and journals, free-access
databases (like McKusick’s

Fig. 10: Umbilical vein access for liver cell transplantation immediately after
birth (Meyburg, Transplantation Proceedings 40:936, 2008)

0¥l say 558 lie Lus LA § 50 (sl Jaadl e Jaaall o)+ JSaI

RN

Figure 11: Radiographic imaging of an umbilical vein access in a newborn for
liver cell transplantation
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Glioblastoma Therapy

Introduction

Glioblastomas represent

about 40% of all tumors of

the central nervous system
(CNS) and are among the

most lethal tumors. Of the
estimated 44,500 new cases
of primary brain tumors diag-
nosed in the United States in
2005, glioblastoma accounts
for approximately 20% of all
reported cases (Central Brain
Tumor Registry of the United
States, CBTRUS 2005). Recent
data suggest that glioblasto-
mas are maintained by cancer
stem cells that might be of
prognostic significance (Beier
et al., 2007). The most relevant
prognostic factors at this time
are age, Performance Score at
diagnosis, and methylation of
06-methylguanin-DNA-methyl-
transferase (MGMT). MGMT is
a specific resistance enzyme
modulating the response to
alkylating agents that has been
defined as a strong prognostic
and predictive marker in glio-
blastomas (Hegi et al., 2005).

Therapy comprising debulking
surgery, concomitant radio-
chemotherapy and adjuvant
chemotherapy with Temo-
zolomide (TMZ) prolongs the

FEATURING THE BEST OF GERMAN MEDICINE

Standard Therapy
of Glioblastoma
and Future
Directions

median overall survival after
initial diagnosis to only about
14 months at this time (Stupp
et al., 2005). The molecular
evaluation of this data has dis-
closed a subgroup of patients
with methylation of the MGMT
promoter, that has a more
favorable prognosis leading to
a survival rate of 46% at

2 years after diagnosis com-
pared to 13.8% in non-
methylated patients (Hegi et
al., 2005). The survival rate in
the methylated subgroup after
5 years is close to 15% (Stupp
et al., 2009). Importantly,
patients with a methylated
MGMT promoter and a WHO
Performance Score of 0 have a
66% probability of survival at

2 years (Gorlia et al., 2008); this
subgroup constitutes the group
of patients with the biggest
chance for significant further
prognostic improvement within
the next years.

A sufficient therapy of glioblas-
toma can only be performed
within a specialized center
comprising excellent coordina-
tion of all necessary diagnostic
and therapeutic tools. Several
clinical contributors (neuro-
surgery, radiotherapy, medical
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Fig. 1: MRI/PET Fusion: Multimodal imaging using mutual information algo-
rhythm for registration of CT and MRI (left panel) and CT and PET (second
panel). The consequential planning target volume (blue line) and boost volume
(red line) (second panel). IMRT using simultaneous integrated boost with dose
escalation from 60 Gy (blue shadow) to 80 Gy (yellow shadow) within the in
the high risk area defined by MRI and PET (right panel).

neurooncology) and diagnos-
tic partners (neuroradiology,
nuclear medicine, neuropatho-
logy) are strongly involved in
these processes. The therapy
of glioblastoma is critical con-
cerning time and content. Daily
clinical experience suggests
strongly that a fast and coordi-
nated approach with minimum
waiting times between the
treatment modalities and a
tight follow-up increases the
prognosis in these patients.
The Brain Tumor Center at the
University of Regensburg pio-
neers the described approach
and is a premium provider of
brain tumor care in Germany.

Standard Therapy

First-Line Therapy

Surgical intervention frequently
builds the starting point of the
multimodal treatment regimen
in patients with glioblastoma.
Treatment of glioblastoma
always mandates the estab-
lishment of a tissue-based
diagnoses, which in turn
requires surgical acquisition of
representative tissue samples.
In selected cases in which a
resection is not indicated, a
diagnostic biopsy should be
performed either using stereo-

tactic trajectories or a frame-
less approach utilizing com-
puter-based neuronavigation.
Both techniques have been
shown to provide excellent
diagnostic precision and low
surgical morbidity and mortal-
ity (Woodworth et al., 2005).
We prefer to perform biop-
sies rather than microsurgical
resection especially in elderly
patients presenting in poor
overall condition which does
not allow an extensive surgi-
cal procedure or in cases with
deep seated lesions infiltrating
midline structures such as the
corpus callosum or the anterior
comissure.

With the exeption of these cas-
es, there are a number of good
reasons to attempt a radical
resection of the tumor when-
ever possible. Mainly, mortality
and morbidity in glioblastoma
patients is caused by the mass
lesion compressing eloguent
structures of the normal brain.
Surgical resection of the tumor
burden can significantly reduce
intracranial pressure and
improve neurological perform-
ance. If patients present with
seizures, surgical evacuation
of the tumor may eradicate

Ag..u.m” {;.u_ﬂ‘

38 jitaall oo plaall pluatuly Lakis ¥l saie 5o peaill Giall go MRIPET 5pem 1\ S
ill) Uyl sy small Bl s gemill Jumas (o Uulaall (e T Lall mutual

(@m‘uml) PET,JJAJIMSJMwLu,J,Am}(JMw

o (Gan YT Laall) aeall ana s (3,31 lasll)

Lle Lalis yacd (Haca¥l JalI) Gy A o (duyn JEI) Gy N+ e las 3ul3ie Leyas

(a1 paill) PET s MRI (e 8uanally 35l

L3Vl st Ladlaall b sl
Al MJJY' P U0 (P

Laso ¥ a1 2allns s
st Gena il s Ll
o olbty iy el o
O s olie e Jgaall
FUWITER

Sl LA SV pany
B il L et
Jlataals Lol L3l elyal iy
stereo- axy (e da gall allanll
Ol allss JLaniil 4l tactic
als Lo sataally Lusaall

3l i Jantns s ol
T3y kil IS 5 gl
oladgy Ll ye Jare s Lamaalis
o) By us) Lals Ll a
cleyall Jlaatal Joass (Yoo
il alyall gl e S
Sl HLS sl b Lolag
dole dlay ooallasy Gudlly
Zalya shals cans ¥ 3y L
SLLaY eV byl 55

e 3Vl 5 s, 3l Taaall
u_‘_h.ﬂ ‘M..;.H Jis L.LHJ_\A-" Lall
eI Ll i

olaw¥ Gl YL dls Lt
sodall aladll &yl ".33 FRTEN
9525 gy Sy sl Ol ot

DBV 3 a3 e Jpeanll
AeolEl el gl IMA
NREEIENPRINR N
S ye b ks Ludall LAl
Buuli3 i3 3y peanads
Temanttl J5lu gl (sl 5
TaaMall S5l sy 2y 5,0l
rosasall S, Lall ye sae dlia
Zallaall dugeandl Zal,all)
Tabms Osuilas Y1 A Lail
pSOlie (5SS (Lrrmall el
Aallaall 335

ssinally m3yll alaial dlia
Al LA aly gl Zallas b

CAB Lo sall Ly puddl ol padl o)

o s oyl Tyl 5 s
5,5 sl g Ao Lag e (555
Zalia ol dallaall Zaksl ule
a3 syl nslis Sl
el Y ga sl Y

Lz Loall aly5¥1 Ladlas 350 (1S
S5 (o f e s Brals b
dsrey L,lEall sia hny B

5 Laall alysl Lliall wlosa
Ll s JyY

Apalalll dallaal
dallaall Js¥1 il
Bai ya alall Jalusll e,



German
Medical

aly I
Al

Journal Ly
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the seizure focus (Riva et al.,
2005). Resection of the hypox-
ic cell fraction and reduction

of the malignant cell pool will
provide an improved basis for
adjuvant treatment strategies
such as radiation or chemo-
therapy. Although it seems
intuitive that greater resec-
tion of glioblastoma improves
outcome, first class evidence
is lacking to confirm the benefit
of a gross total resection (GTR)
compared to subtotal resection
(STR). However, a careful revi-
sion of the study results from
a german 5-aminolevulinic acid
study designed to investigate
the impact of fluorescence-
guided resections on outcome,
revealed after stratification for
several confounding factors,
that survival was significantly
improved in patients with GTR
(16.7 months) compared to
STR (11.8 months; p=0.0001)
(Pichlmeier et al., 2008).

The second therapeutic step
consists of radiotherapy in
practically all patients with
glioblastomas and in part of
the patients with other high-
grade (WHO Grade Ill) and
low-grade (WHO Grade 1)
gliomas. Standard radiotherapy
of glioblastoma consists of a
fractionated regimen, deliver-
ing a total dose of 60 Gy in 6
weeks, in a once daily sched-
ule of 2 Gy per fraction for a
total of 30 fractions. Treatment
start target time is at day 15
after resection in our center.
The target volume definition is
based on image fusion (= co-
registration) of the postopera-
tive MRI scans that have been
registered latest 72 hours after
resection and a planning CT
scan. The Gross Tumor Volume
(GTV) is defined by the entire

FEATURING THE BEST OF GERMAN MEDICINE

region of high signal intensity
on FLAIR sequences plus the
region of enhancement on post
operative MRI if available. After
complete resection, no area

of enhancement can be seen
and the GTV is defined entirely
on the FLAIR abnormality. The
Clinical Target Volume (CTV) is
defined by a 1.5 - 2 cm volu-
metric expansion of the GTV.
The volume should be treated
by multiple field technique, all
fields treated at each fraction.
Radiotherapy is combined with
chemotherapy as a standard, at
least in patients below

70 years of age and in a good
performance status. Only a
few chemotherapeutic agents
have demonstrated activity
against glioblastoma. In the
late 1990's, Temozolomide
(TMZ) has been specifically
developed for the treatment
of malignant glioma. Based on
the results of a large EORTC/
NCI-C trial (EORTC26981/NCI-
C3.0), best possible resection
followed by TMZ concomitant
to radiotherapy and 6 cycles of
adjuvant TMZ after radiother-
apy is the approved standard
first-line regimen for patients
with glioblastoma (Stupp et al.,
2005). TMZ (75 mg per sgm
orally; daily including week-
ends) starts with day one of
radiotherapy (total dose 60

Gy; fractions of 2 Gy monday
to friday) within 4 weeks after
resection. After a 4-week
interval after radio-chemother-
apy, patients receive adjuvant
TMZ 150 to 200 mg per sgm
on day 1 to 5in 28 days until
tumor progression or up to at
least 6 cycles. A prophylactic
treatment with cotrimoxazole
against Pneumocystis jiroveci
pneumonia is performed in
most centers.
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Some centers use, as an
alternative to TMZ, alkylating
agents as BCNU, CCNU or
ACNU in their first-line therapy.
A randomized German study
with ACNU suggests similar
activity of classical alkylating
agents in comparison TMZ
(Weller et al., 2001). Close
follow-ups with magnetic
resonance imaging (MRI) every
8 to 12 weeks are mandatory
during chemotherapy. If no
MR is available, a computer-
ized tomography with contrast
agent should be performed.

Relapse

The primary treatment de-
scribed above should include at
least 2 cycles of adjuvant TMZ.
In the case of early progres-
sions within 4 months of adju-
vant chemotherapy, a so-called
pseudo-progression should

be considered that is probably
a self-limiting immunological
phenomenon combined with
an above average prognosis
(Brandes et al., 2008).

No standard workup of pro-
gression versus pseudo-pro-
gression is established at

this time; in doubt, advanced
positron emission tomography
methods as 18F-Fluorethylty-
rosin-PET (FET-PET) is possibly
of help.

In the case of relapse, re-resec-
tion and re-irradiation should
be evaluated. In our center, far
above 50% of patients receive
a second resection, based on
the assumption that debulking
enhances the chance for all
following treatments. Re-irra-
diation is reasonable only in a
small amount of patients with
relapse distant to the primary
site, small lesions amenable
to stereotactic methods and

FEATURING THE BEST OF GERMAN MEDICINE

patients after long disease-free
intervals. Given an adequate
performance status (normally
a self-sustaining state), relapse
chemotherapy can be indicated
in almost all patients. Alkylating
agents (CCNU with Procarba-
cine and Vincristine - PCV, or
ACNU with VM26) have shown
some evidence to improve
survival at relapse in non-rand-
omized studies (Schmidt et al.
2006). Further more, so-called
re-challenge strategies with
Temozolomide have been
reported to be effective using
different regimens (Wick et al.,
2009). In these re-challenges,
either increased doses of

TMZ (75mg/sgm day 1-21/28;
150mg/sgm day 1-7 and
15-21/28) or metronomic ap-
proaches (40mg/sgm daily) are
used. The latter ones aim at an
inhibition of neoangiogenesis
in these tumors. The recent
RESCUE study by Perry et al.
(Proceedings of the ASCO,
2009) suggests that a re-chal-
lenge with TMZ is promising

in late relapses of glioblastoma
after a TMZ-free interval.

Recently, the antiangiogenic
agent Bevacizumab gained
approval for relapse of glio-
blastoma in the US and is
therefore, and not only in the
US, the rising star in the treat-
ment of relapsed glioblastoma.
Bevacizumab is a humanized
antibody against VEGF-A (vas-
cular endothelial growth factor
A). Glioblastomas secrete an
increased level of VEGF-A
that binds at the VEGF-Re-
ceptor 2 of endothelial cells
and consecutively increases
neo-angiogenesis (Norden et
al. 2008). Major side effects
are thrombosis, bleedings and
hypertension. Several recent
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trials investigated Bevacizu-
mab in different settings and
within different combinations,
with the preliminary conclu-
sion that monotherapy with
Bevacizumab is similarily active
as combined approaches. The
standard regimen combines
Bevacizumab with Irinotecan
(Vredenburgh et al. 2007), but
several alternative regimens
using Bevacizumab as mono-
therapy (Cloughesy et al. 2009)
or combined with agents as
Temozolomide or nitrosoureas
exist. We use Bevacizumab as
a monotherapy in first relapse
of glioblastoma in our center.

Center Specific Activities
The Regensburg Center for
Brain Tumors compiles a
number of specialized treat-
ment options detailed in the
next sections.

Advanced Resection
Techniques

Since the first successful
resection of a primary brain
tumor 1884 by Rickman
Godlee, we have faced a dra-
matic improvement of surgical
technology in the last decades.
However, two major aspects
limit the attempt of complete
resection despite of high-tech
equipment in the operating
room. First, these tumors fre-
quently invade eloquent areas
of the brain such as the Broca
or Wernicke center, the primary
motor cortex or the angular
gyrus. Subcortical structures
like the internal capsule or the
uncinate fasciculus may be
affected as well. Radical resec-
tion in these areas may cause
significant morbidity and needs
to be avoided. Therefore, we
employ functional MRI-imaging
to preoperatively define elo-

quent cortex areas (Roessler et
al., 2005). In addition, diffu-
sion tensor imaging allows to
precisely depict the subcortical
structures and their topographi-
cal relationship to the tumor
(Essig et al., 2007). In selected
cases, awake craniotomy is
useful to test specific functions
(language, motor tasks) intra-
operatively to avoid damage to
eloquent areas during resec-
tion (Kim et al., 2009). In the
setting of awake craniotomy,
we also employ direct cortical
and subcortical stimulation to
further identify eloquent cent-
ers. However, this procedure
requires careful management
of the patient by a specially
trained team of neurosurgeons,
psychologists, and neuro-
anesthesiologists which is not
generally available. Second,
and most importantly, surgical
treatment of glioblastoma is
limited by the highly infiltrative
growth pattern of this tumor.
Several studies have demon-
strated the presence of tumor
cells far distant from the site of
primary growth, making a cura-
tive resection virtually impos-
sible. Although the extent of
resection has been improved
by intraoperative imaging using
ultrasound, MRI imaging and
most recently by the advent of
fluorecence guidance (Stum-
mer et al., 2006), a significant
fraction of tumor cells will
remain undetected leading in-
evitably to disease recurrence.
Thus, the best treatment of
patients with glioblastoma can
only be achieved in a multidis-
ciplinary setting, providing the
necessary cooperation of all
medical specialties.

IMRT
Intensity modulated radiation
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therapy (IMRT) is a special
type of 3-dimensional radiation
therapy that uses computer-
generated images to match
radiation to the size and shape
of a tumor. IMRT differs from
other forms of radiotherapy in
a number of important aspects
including localization of targets
and normal tissues, treat-
ment planning, optimization,
delivery and treatment verifica-
tion. In IMRT, more than 50
tiny radiation beamlets enter
the body from many angles
and intersect the tumor. The
clinical applications of this
approach are numerous, but
IMRT has the largest potential
to benefit patients where the
target volume surrounds or
partially surrounds an organ at
risk of radiation injury (chiasma,
brain stem, nervus opticus).
IMRT offers the possibility of a
simultaneous integrated boost,
meaning a significant dose
escalation within the tumor
and a currently non-significant
increase of dose to the normal
tissue. Thus, IMRT may offer
the possibility to achieve higher
tumor control and/or lower side
effects.

PET-guided Radiotherapy

In the past, radiotherapy plan-
ning, especially the definition
of the tumor, based on a ana-
tomical imaging (computed to-
mography, magnetic resonance
imaging). Today biological
imaging methods offer more
detailed information on biologi-
cal aspects of the tumor.

Positron emission tomography
(PET) has the potential to de-
tect abnormal metabolic rates
within the tumor, cellular pro-
liferation, and DNA synthesis
as well as abnormal microves-
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Fig. 2: Traktography: Integration of diffusion tensor tractography (blue), MRI
based imaging of the primary motor cortex (yellow) and the tumor (red) into
the neuronavigation system.
(Lal) ¢ Lol 58I MR g o agantlly jlaizn ¥l jlea Gl 45, La) Y J<i
vl 20l alss I (eI Laall) o511

sel density. New tracers, like
carbon 11 (11-C) methionine
(MET) or 18 F-labeled O-(2)
fluoroethyl-L-tyrosine, enable
to improve target volume defi-
nition in the radiation planning
of high-grade gliomas. Thus,
PET improves the ability to
identify target volumes at the
highest risk of local failure and
offers additional information to
assess responses to radio-
therapy by identifying residual
tumor mass and recurrence. In
summary, metabolic PET imag-
ing may significantly modify
radiation target volumes and
potentially allow for safe dose
escalation in efforts to improve
local control in glioblastoma.

Advanced Chemotherapy
TMZ combined with radio-
therapy was the first regimen
to significantly improve the
overall survival as compared to
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2005). Therefore, this regimen
is the standard arm in most
recent prospective randomized
clinical trials in patients with
glioblastoma, and the role of
MGMT-methylation is being
investigated as a major prog-
nostic factor in most trials.

However, even in the time of
advanced radio-chemotherapy,
the treatment of glioblastoma
is in no case curative. There-
fore, a number of innovative
targeted drugs have been
investigated within the last
few years. These modern ap-
proaches can be grouped into
—mabs (antibodies), -nibs (small
molecule inhibitors), different
kinds of oligonucleotides and
cellular drug. It is crucial to se-
lect suitable patients for each
approach on a molecular level,
as recent examples from clini-
cal trials demonstrate that only
few of these approaches had
broad clinical success in these
patients. The main reasons are
the multiple molecular changes
in the genome, proteome and
metabolome of tumor cells
that are difficult to approach

in parallel, and the propensity
of these molecular alterations
to replace each others (patho-
physiological) function. In addi-
tion, some of the recent trials
have approached inappropriate
targets.

A classical example of a non-
successful targeted approach
is Imatinib that had earlier
demonstrated good efficacy
in a certain type of leukemia
(chronic myeloid leukemia)
dependent of a bcr-abl trans-

companied by a range of other
molecular changes, so that
Imatinib was, despite promis-
ing small Phase ll-pilot trials
(Reardon et al., 2005), barely
negative in prospective studies
in glioblastoma (submitted for
publication).

Small molecular inhibitors can
target intra- and extracellular
structures. Some of them
specifically inhibit their target
structure (e.g.: Temsirolismus
against mTor), others are
multi-target inhibitors (e.g.:
Sorafenib against VEGF, PDGF,
Raf). The latter ones, though
called to be “dirty” drugs some
years ago, become an increas-
ingly important role out of the
discussed reasons: a multi-
targeted approach promises to
inhibit several of the relevant
molecules in parallel. However,
none of these modern agents
has been approved so far.

An alternative is to combine
targeted agents with classi-

cal cytostatic drugs. Some

of these approaches as the
combination of Cliengitide,

an Integrin inhibitor, with
Temozolomide (CENTRIC) are
currently under clinical investi-
gation. Cilengitide is a selective
inhibitor of integrins on endo-
thelial cells. It therefore has

an antiangiogenic and invasion
inhibiting effect. The substance
is under investigation within
several clinical protocols (eg:
EMD 121 974-011, EORTC
26071-22072). However, its
efficacy as a monotherapy
approach in relapse of glioblast-
oma is only moderate (Reardon
et al. 2008).
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Blockage of the pro-oncogenic
protein mTOR, that is involved
in the regulation of the cell
cycle, in a monotherapy ap-
proach or in combination with
other agents as EGFR-inhibi-
tors or the multi-targeted agent
Sorafenib has demonstrated
only marginal effects in pa-
tients with relapse of glioblas-
toma (Kreisl et al. 2009). Com-
binations of mTOR-inhibitors
with classical cytostatic agents
have not been investigated in
a prospective manner so far. A
prospective trial of the EORTC
will start soon.

Bevacizumab as the currently
most prominent inhibitor of an-
giogenesis has been described
above. Other agents target-
ing the tyrosine kinase of the
VEGF-receptor2 on endothelial
cells are Sorafenib, Sunitinib
and Cedarinib, all of them be-
ing in the clinical development
for glioblastomas.

Enzastaurin is an inhibitor of
protein kinase C R, involved in
cell cycle regulation and angio-
genesis, which is under investi-
gation in Phase Il clinical trials
after successful conclusion of
several Phase Il-pilot studies
(Kreisl et al. 2009). In the most
recent protocol, Enzastau-

rin replaces Temozolomide,
combined with radiotherapy, in
patients with a non-methylated
MGMT-promoter (Study H6Q-
MC-S039).

A different kind of therapeutic
approach is the modulation of
the local or systemic immune
system. Effector cells of the
immune system are inherently
ineffective based on the local
immunosuppression modulat-
ed by the tumor itself. Sev-

FEATURING THE BEST OF GERMAN MEDICINE

eral approaches have aimed

at improving immunological
therapies. Transforming growth
factor-beta (TGF-beta) is one of
the most potent immunosup-
pressive factors known.
TGF-beta is secreted by
high-grade glioma cells and
establishes a local immunosup-
pressive milieu. The phospho-
rothioate antisense oligonu-
cleotide AP12009 can bind to
RNA of TGF-beta2 and inhibits
protein synthesis in these cells.
AP12009 is directly microper-
fused into the tumor using a
technigue called convection
enhanced delivery (CED) with a
flow rate of 4 ul/hour. In Phase
I/ll-studies with AP12009,
some patients demonstrated
sustained long-term progres-
sion free survival with well
tolerable toxicity (Hau, Jachim-
czak et al., 2007). Even if a
subsequent Phase Ilb-trial was
not powered for efficacy, a
clear trend for better survival in
comparison to chemotherapy
could be shown (submitted for
publication).

Recently, a Phase llI-licens-

ing study comparing AP12009
vs. standard chemotherapy
(Temozolomide or BCNU) has
been started in patients with
recurrent anaplastic astrocyto-
mas (www.anticancer.de) (SAP-
PHIRE); a trial in glioblastoma
will follow soon.

Other possibilities to activate
the immune system are vac-
cinations against antigens

on tumor cells. A dendritic
cell-based vaccination with
autologous lysates from patient
tumor material reached a
median survival of 9.3 months
in relapse of glioblastoma (De
Vleeschouwer et al. 2008).
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seems even to improve the ef-
ficacy of this approach (Heim-
berger et al., 2008).

At this time, vaccination-based
approaches can only be per-
formed in dedicated centers
with adequate facilities.

Current Clinical Trials

At this time, the mentioned
trials with Cilengitide in a ran-
domized Phase lll-setting and
patients with newly diagnosed
glioblastoma with a methylated
MGMT-promoter (CENTRIC),
Bevacizumab in addition to Iri-
notecan in patients with newly
glioblastoma and a non-methyl-
ated MGMT, and TMZ rechal-
lenge in two different regimens
in patients with first relapse of
glioblastoma (DIRECTOR) are
active. Our center participates
in all of these trials.

Future Directions

Patients with favorable molecu-
lar and clinical factors are most
likely to become long-term sur-
vivors, a yet unmet goal in the
treatment of glioblastoma. We
hypothesize that an individual-
ized therapy using genomic
and proteomic information can
significantly enhance the prog-
nosis of the individual patient.
However, most of the targeted
approaches investigated in pa-
tients with malignant gliomas
have failed yet (Raymond et
al., 2008). The main reason
may be a dilution of effects

as patients with molecular
regulation of their targets are
treated together with patients
with no regulation, given that
no molecular evaluation was
performed in most protocols
prior to the respective interven-
tions. Adequate evaluation of
molecular markers is therefore
a prerequisite for new targe-

FEATURING THE BEST OF GERMAN MEDICINE

ted approaches (Kummar et

al., 2007). We postulate that
individually selected targeted
agents plus standard chemo-
therapy in combination with a
depletion of tumor stem cells
plus modulation of the local
immune system may enhance
the prognosis significantly. Our
goal is to transfer a subgroup
of patients with beneficial prog-
nostic factors (young age, good
performance score, complete
resection and a methylated
MGMT promoter) into long-
time survivors, making glio-
blastoma a chronic long-term
disease. In such a setting, a
toolbox of refined treatment
strategies from neurosurgery,
radiotherapy and medical neu-
rooncology has to be combined
in an individualized way under
close supervision with modern
imaging methods.
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Case Report

A 36 years old male patient
was referred to our surgical
department for ascites of un-
known etiology. He presented
in good physical conditions,
but described a weight gain
with increase of the abdominal
girth and unspecific abdominal
pain for about one year. Blood
samples revealed normal
results, there were no hints
for a cirrhosis of the liver and
in the cytology of the ascites
there were no malignant cells
present. On a MRI scan we de-
tected a wide spread peritoneal
carcinomatosis without any
visible primary tumor (Fig. 1).
Gastroscopy and colonoscopy
did not show any pathological
finding. We performed a lapa-
roscopy which confirmed the
presence of peritoneal carci-
nomatosis and the pathology
of a peritoneal biopsy showed
the infiltration of a mucinous
carcinoma. Suspecting a pseu-
domyxoma peritonei we de-
cided to perform a Sugarbaker
procedure [1]. After laparotomy
10 | of ascites were drained
and there was a widespread
carcinomatosis of the greater
omentum, often referred to as
“omental cake"” visible (Fig. 2).

FEATURING THE BEST OF GERMAN MEDICINE

Management of
Peritoneal Surface
Malignancies

Indications, Technique
and Outcome

Origin of the peritoneal carci-
nomatosis was a perforated
mucinous adenocarcinoma of
the appendix (Fig. 3) which
caused a peritoneal dissemina-
tion in all four quadrants of the
abdomen, including the lower
ileum, the rectum, the right dia-
phragm and the spleen. During
a 12-hours-surgery we per-
formed the anterior resection
of the recto-sigmoid colon with
colostomy, resection of the
lower ileum and right colon,
splenectomy, omentectomy,
parial resection of the right dia-
phragm and complete removal
of the peritoneum (peritonec-
tomy) in all four quadrants and
the pelvis.

Fig. 4 shows the intraoperative
situs after extensive periton-
ectomy. The cytoreductive
surgery was followed by an
intraoperative hyperthermic
chemotherapy (HIPEC) (Fig. 5).
During the operation and the
early postoperative period no
complications occurred. The
patient could be discharged
after 14 days of hospitalization
and at follow-up after 6 months
he presented in good physi-
cal conditions and without any
signs of recurrence on the CT
scan (Fig. 6).
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Fig.1: Preoperative MRI scan of

a patient, showing a disseminated
peritoneal carcinomatosis and
ascites.

Peritoneal Malignancies and
Indication for Surgery
Peritoneal carcinomatosis

of any origin has long been
considered as the final stage of
cancer disease with no pos-
sibility of curation. Since up

to 10% of patients diagnosed
with colorectal cancer [2], up
to 50% of patients with gastric
cancer [3] and up to 75% of
patients with ovarian cancer
[http://seer.cancer.gov/] present
with a peritoneal dissemina-
tion at surgical exploration new
treatment strategies were at
need. Due to the establish-
ment of peritonectomy proce-
dures by Sugarbaker and his
group [4] and the development
of methods to deliver intraop-
erative intraperitoneal chemo-
therapy to prevent the progres-
sion of microscopic residual
disease [5] today, the surgical
treatment of patients with peri-
toneal surface malignancies is
considered a therapeutic option
and developed further into clini-
cal routine in some centers.

The “classic” indication for
cytoreductive surgery (CRS)
and hyperthermic intraopera-
tive peritoneal chemotherapy
(HIPEC) used to be the pseu-
domyxoma peritonei (PMP), a
rare condition, mostly originat-
ing from ruptured low-grade
appendiceal tumors [6]. PMP
is characterized by mucinous
ascites and peritoneal muci-

nous implants [7]. Although the
majority of PMP is non aggres-
sive and rarely cause lymphatic
or hematogenous metastases
there might be a transition to a
more aggressive histopatholo-
gic type over time [8]. CRS and
HIPEC are therefore consid-
ered standards of care for this
tumor.

The combination of extensive
surgery and intraoperative
intraabdominal chemotherapy
has as well been proven to
result in a significantly in-
creased progression-free and
overall survival in patients
with peritoneal carcinomatosis
from ovarian cancer [9] and

a phase Ill trial by Verwaal et
al confirmed the efficacy of
CRS + HIPEC in the treatment
of peritoneal dissemination of
colorectal cancer [10]. Espe-
cially in patients with mucinous
colorectal cancer and in stage
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Peritoneal Malignancies

T3 or T4 with perforation the
Sugarbaker procedure should
be considered necessary and
important.

Other rare entities which might
present with peritoneal carci-
nomatosis are the peritoneal
mesothelioma and sarcomas.
Although there are only few
protocols comparing CRS ind
HIPEC to traditional therapies,
surgery in combination with
intraperitoneal chemotherapy
should be considered a thera-
peutic option because mortality
is high in conventionally treated
patients. In GIST there are
established medical therapies
[11] and CRS in combination

with local therapy has therefore |

to be seen as investigational.

All tumors in which CRS and
HIPEC might be considered a
therapeutic option with good
evidence based results are
summarized in Table 1.

Preoperative Staging

and Eligability

All patients with known peri-
toneal carcinomatosis from

the above mentioned tumor
entities should be considered
for CRS + HIPEC. Due to the
potential risks of the procedure
and the enormous consump-
tion of resources, however, this
procedure has to be limited

to patients in which a benefit
might be achieved. Therefore
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Fig. 2: Intraoperative presentation of peritoneal carcinomatosis of the omen-
tum majus (omental cake).
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Fig. 3: Perforated mucinous adenocarcinoma of the appendix
(Pseudomyxoma peritonei).
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a careful preoperative assess-
ment is indispensible.

The clinical presentation of
patients with PMP was mostly
suspected appendicitis, in-
creasing abdominal distension
or a new onset hernia [12].
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In patients with other tumor
entities peritoneal carcinomato-
sis was in most cases detected
during primary or redo-laparo-
tomy.

When suspecting peritoneal
carcinomatosis preoperatively
a contrast enhanced computed
tomography is useful to predict
the probability of an adequate
cytoreduction [13]. Especially
the tumor volume in small
bowel mesentery, proximal
jejunum, proximal and distal
ileum, the mesentery configu-
ration and the obstruction of
bowel segments correlate with
the completeness of cyto-
reduction [14]. MRl and PET
seem to be less acurate than
the CT [15] but can be selec-
tively considered in high-risk
patients.

Laparoscopy is a safe and
efficent method for staging.
Valle et al did not observe any
mortality or trochar port site
metastases [16]. Still precau-
tions have to be taken thatin a
primary exporation the trochars
should be placed in mid-line
and the surrounding tissue
should be resected at the time
of cytoreduction [17].

Although the tumor markers
CEA, CA 125 and CA 19-9
were related to the achieve-
ment of optimal CRS and recur-
rence-free interval in ovarian

FEATURING THE BEST OF GERMAN MEDICINE

Fig. 4: Intraoperative situs after extensive peritonectomy
(Sugarbaker Operation).
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cancer [18] and pseudomyxo-
ma peritonei [19] they are not
regarded as valid parameters
of exclusion or confirmation

of a diagnosis due to their low
specificity and sensitivity [15].
Gastroscopy and colonoscopy
are mandatory in all patients to
exclude an involvement of the
gastrointestinal tract.

After completion of the staging
as well as during surgery the
size of tumor nodules and the
localization of the nodules on
the peritoneal surface should
be described using the perito-
neal cancer index (PCI) [20]. In
colorectal cancer a PCl > 20 is
associated with a significantly
worse outcome [21] and those
patients should therefore be
excluded from surgery.

A worse outcome has also
been shown for lymph node
positive tumors [22] and in
patients with more than 3 liver
metastases [23].
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Fig. 5: Intraoperative hyperthermic
chemotherapy / open procedure
(HIPEC).

The variables associated with
a high probability of complete
cytoreduction, according to the
consensus statement [24], are
summarized in Table 2. They
should be considered obliga-
tory requirements for CRS and
HIPEC.

Intraoperative Approach

A mid-line laparotomy from the
xiphoid process to the symphy-
sis is performed. The extent of
peritonectomy depends on the
dissemination of tumor nod-
ules and ranges from a partial
peritonectomy to an extensive
multivisceral resection with
complete parietal and visceral
peritonectomy. It is mandatory
to achieve a complete cyto-
reduction, because the correla-
tion of completeness of cyto-
reduction with the survival of
the patients has been demon-
strated in several studies [25].
When bowel anastomoses are
performed, there is a higher
incidence of complications

due to a decreased wound
strength, especially of colonic
anastomoses compared to the
situation without chemothera-
py [26].

The indication for ostomies
therefore is common in all pa-
tients undergoing distal colonic
or rectal resections. After CRS
the intraoperative chemothera-
py is performed.

In the closed technique, which
is performed more commonly

today, four drains are placed
and the abdomen is closed.
The drains are connected to
the thermic exchanger, that

is circulating about 3 liters of
liquid containing the chemo-
therapeutic agent. Carrier
solutions are mostly isotonic
salt solutions and dextrose
solutions. Of the chemothera-
peutic agents Mitomycin C and
platinum containing substances
(oxaliplatin, cisplatin) are the
most commonly used. Due to
the low absorption no serious
adverse events during chemo-
therapy have been reported.
Perfusion time is reported to
be between 30 and 90 minutes
depending on the temperature.
Different regimen from 40 to
45°C [27, 28] are reported.

A careful anaesthetic manage-
ment is needed, compensat-
ing the fluid and blood loss,
maintaining normothermia in
the patients and assuring and
adaequat pain management,
mostly including epidural
analgesia [29]. Mean operation
time ranges from 4 to 10.9
hours [30, 31].
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Fig. 6: The CT scan after 6 months of

follow-up without signs of pathology.

We perform the intraoperative
chemotherapy with a specifi-
cally for this indication de-
signed hyperthermic perfusion
pump (Rand; Performer LRT)
which controls and monitors
and saves inflow, outflow and
intraabdominal temperature
throughout the procedure.

Complications and Outcome
CRS and HIPEC are major
interventions and are associ-
ated with increased morbidity
and mortality rates. Intra- and
postoperative complications
include both toxicity and surgi-
cal complications. Mortality
rates range from 0,9% [32] to
11% [33] and morbidity rates
of 12% [32] to 69% [34] are
described. In our series of
resected patients we so far
have a mortality rate of 0%.
Morbidity is mainly attributed
to wound infections, fistulas,
perforation of anastomoses or
the urinary tract, toxicity of the
chemotherapy or infectious
complications.

Nevertheless, overall outcome
after CRS and HIPEC is signifi-
cantly better in most tumors
than standard palliative treat-
ment. In patients with a pseu-
domyxoma peritonei 5-year
survival rates between 52%
and 96% can be achieved [35].
For patients with peritoneal
carcinomatosis from colorectal
cancer mean survival time was

21.9 months, ranging from 5
months in severely affected
patients with incomplete
cytoreduction to 42.9 months,
when a complete macroscopic
cytoreduction was be achieved
[36]. A significantly longer long-
term survival than in standard
therapy are also described for
mesothelioma, sarcoma and
ovarian cancer. For gastric
cancer Yan et al performed a
meta-analysis, demonstrating
that HIPEC in combination with
CRS yields a significantly better
outcome than surgery alone
[37]. However, results concern-
ing complication rate and long-
term survival in gastric cancer,
are the worst of all tumor
entities.

Disease-free survival in all
tumor patients is clearly lower
than overall survival (23.6% in
patients with colorectal cancer)
[23]. Once tumor progression
is diagnosed, patients can be
evaluated for redo-surgery. The
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eligibility criteria are the same
as for primary surgery and
again the results are depending
on the achievement of com-
plete cytoreduction.

When considering the quality
of life, over 90% of patients
are satisfied with the result of
the procedure. After an initial
reduction in health and well-
being, a return to baseline and
even an improvement can be
seen after 3 to 6 months [38].

Conclusions

Today cytoreductive surgery
and HIPEC are established pro-
cedures with reasonable com-
plications rates, that should

be considered in all patients
with peritoneal dissemination
of pseudomyxoma peritonei,
colorectal cancer, ovarian
cancer, mesothelioma, sar-
coma and gastric cancer. When
patients are carefully evaluated
preoperatively and complete
cytoreduction can be achieved,
the intervention is associ-

ated with a significantly better
long-term outcome and quality
of life than in patients treated
with best medical care or pal-
liative treatment. Standards in
operative treatment as well as
in apperative and periopera-
tive treatment modalities (ICU,
anesthesia) are essential for
low morbidity and mortality in
association with high efficacy
of the procedure.

FEATURING THE BEST OF GERMAN MEDICINE

Appendiceal mucinous neoplasms
(Pseudomyxoma peritonei and appendix carcinoma)

Colo-rectal cancer
Ovarian cancer

Gastric cancer
Peritoneal mesothelioma
Abdominal sarcoma

Table 1: Indication for CRS and HIPEC in tumors with peritoneal carcino-
matosis.

5l Lo sy 1S ol gl o alys¥1 3 HIPEC 5 CRS wliliatul 1Y Jgual

ECOG performance status 2 or less

No evidence of extra-abdominal disease

Up to 3 small, resectable parenchymal hepatic metastases
No evidence of biliary obstruction

No evidence of ureteral obstruction

No evidence of intestinal obstruction at more than one site

Small bowel invelvement: No evidence of gross disease in the
mesentery with several segmental sites of partial obstruction

Small volume of disease in the gastro-hepatic ligament
PCI <20 in colorectal cancer

Table 2: Patient selection criteria for CRS and HIPEC
[modified according to 24]
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The Arthroscopic
Double Band Anatomic
Reconstruction of
Acute Acromio-clavi-
cular Joint Injuries

Incidence

Acromioclavicular joint (AC-J)
separation is a typical sports
injury following blunt trauma to
the shoulder and considered as
the most common reason that
athletes seek medical advice
following an acute shoulder
injury (1), it comprises approxi-
mately 9% of all injuries to the
shoulder girdle (2). Men in their
second through fourth dec-
ades of life have the greatest
frequency of AC-J injuries than
women in a ratio of 5:1 (2).

How does the Injury occur?
Commonly seen after bicycle
wrecks, contact sports, car ac-

cidents or fall directly onto the
acromion, with the arm adduct-
ed against the body. However,
multiple indirect forces can
result in an AC-J injury, as a fall
onto an outstretched hand with
an upward force on the upper
extremity has been implicated
in AC-J injuries.

Functional Anatomy

The AC-J is made up of 2
bones (the clavicle and the
acromion), stabilized with sev-
eral ligaments, and a meniscus
inside the joint.

The stabilizing ligaments are di-
vided into 2 groups. One group

forming the AC-ligaments,
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which are thickening of the
joint capsule and give stability
mostly in the horizontal plane.
The other group, which is very
important, is the coracocla-
vicular (CC) ligaments. CC-
ligaments are found medial to
the AC-J and extend from the
coracoid process to undersur-
face of the clavicle and stabilize
the AC-J mainly in the vertical
plane (3). The CC ligaments,
namely conoid and trapezoid
are considered the prime

Jals J3Lell i uaall I3l
E3atall Bay, Y1 il Jumial
USES Lo gana (e gans uJ'

s shall g3 SV e 3t
Lalglly 6_,;‘}” i ganally Lé_u')!l
i o1 T
siay (CC) ysh il Lua VI
e w.;in L;l aa g5 Loy, Y
A G a3y AC Juaia
55,3l s a3 I o s Y
JSiy AC o w035

suspensory ligaments of the Fig. 1: Anatomy of the AC-J, AC ligaments and CC ligaments (conoid and ( ) LSJJ—“"-" s siudll Lr"" u"“""J
AC-J (4), each ligament has a ~ trapezodligaments). N S N . g-‘“‘-““ J<iny CC 4.L.»_,‘>I|_)_\_u_.
different role in providing AC-J ol LUl CC Ayl AC Aoyl s 53all popa Y1 domiiall g3 2 S sl Ll conoid
stability in response to various {omiall i B,

Syaall aain LU trape20|d\,
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loading conditions, in particular

superior and posterior transla-

tion forces (5). (Fig. 1)

Detection of Acromioclavicu-

lar Joint Injuries A

AC-J injury should be consid- Fig. 2: Swelling and elevated lateral end of the clavicle. 0) calally Lr\.:.)U U:QS.\A.“ 354!l
ered in any patient complaining B8l Lk sl Lghll p Ll 3 Y Sl (v e

of pain over the upper part of
the shoulder following sports
injury.
Upper shoulder pain, tender-
ness and swelling over the
AC-J and prominent lateral
clavicle, which may be associ-
ated with abrasions, are the
main manifestations (6).
Depending on the severity of
AC disruption, the clinical signs
\C/ferxi/,virf)rom'lr']ent Iatgral C|aYI- ! ‘,H o‘%;\‘;l oia i
positive Clavier typing
phenomenon occurs with ma- Jeatall e M'J ol
jor AC-J injury beyond type Fig. 3: A-P radiograph showing complete AC separation. sbawdl s gl adlly AC-
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beyond 90°, and positive cross
body test (7, 8).

84i Cuun g Abrasions olasws
oYl a3 Jeaiall 350
X-Ray (A-P view) and MRI can = > o

easily illustrate an AC-J separa- _ _ _ _ sl M"C)\S 1305 & 5 el
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Treatment of Acromioclavicu-
lar Joint Separation
The treatment of AC-J injuries

depends on the severity of - e —— . éf A dnlanlda,0 80 e JiSI e,
separation, which is divided (Ae V) Slatall wuall ,L3al
gccordin? t(|)~ F;ockwood. (7) into duclaidl s I ol (,i “Sas

types. In light separation, as Lis s ‘. 91 3aalal
in types |, and Il a conservative Fig. 5: Tight Rope™ flip button device. J | u‘—’)—“-"dl “-..“L‘?“ = I
treatment is usually sufficient JauYI e Lo g yall g o gatiall Jaadly by, Slea s0 S gso-“bl" g‘vi\!' Jatadll
for ligament healing, whereas (& ¥U<s)

types IV till VI an operative
treatment found to be man-
datory to restore the AC-J
stability. Grade lll indicated for
surgical stabilization with heavy
laborer or active athletes (9).
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A variety of static and dynamic
stabilizers secure the AC-J,
which could be addressed by
different procedures to reduce
a separation and restore the
AC stability. However, plate
fixation, wire, suture or screw
fixation and CC ligament trans-
fer do not result in an anatomic
reconstruction and mostly

do not provide the stability

required to withstand common ol ua\Am“ ‘-‘:"‘;@b.&"
loads until biologic healing has Ol g YLES o glany
occurred, and therefore are not cliie dlia (1) Guallaall

sufficient to restore the initial

35 LSl 4l 38 5a s Lo yite
structure and function of the f 3

joint complex, and lead to dif- Lga2a8s Sy g AC-J Junio eyl
ferent unsatisfying results (10). ool daliag JSlay IUA e
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pain, malfunction, or deform-
ity are frequently reported
problems associated with this
traditional AC-joint surgery (11).

O ell o s 58l o Yl
Laadl bl Eaioally el
By, VI S5y i I cpitll

PENRTA F SN S g;f,ﬂ CC
Recently AC-J reconstruction O PR S (PN u.‘.n' Y
techniques have focused on
anatomic restoration of the CC
ligaments. Such techniques in-
volve creating bone tunnels in
the distal clavicle and coracoid.
Since each CC ligament has a
separate function, each must
be considered in reconstructive
procedures (4).

Fig. 7*: Portals for arthroscopy and landmarks on the shoulder of a patient. = éml Jaall Jassl ‘fJJ"“‘“n
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- il Bole Y LIS a3 ¥ alldl
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of minimally invasive anatomic Fig. 8: 3cm skin incision over the clavicle for reduction of the AC-J and canal i L5 e “ 31l AC
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arthroscopically assisted stabili- management. o
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Tight Rope™ System

The Tight Rope™ system (Fig.
5), consisting of one round cla-
vicular titanium button and one
long coracoid button connected
by non-absorbable sutures.

Surgical Procedure (13)

The injured shoulder is pre-
pared and the patient is held
in beach chair position (Fig. 6).
Initial diagnostic gleno-
humeral arthroscopy is per-
formed through the standard
posterior portal Nr.1 (Fig. 7).

Tight Rope™ System
Two antero-lateral portals (Nr.2, 9 P y

3) are performed in order to 3 guauall J-.‘A"}Lg%
prOVide_ working access to the Fig. 9: Demonstration on saw bone for the procedure with ACTR guide. o (o ‘JS:") Sleallia llsy
coracoid undersurface. ACTR a3z 55 en Lalaadl Jal o alaall jLaiall yelay 4 J<aI dcgiims 898 yill Bualy ddla
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The coracoid undersurface is
prepared circumferentially.
3 cm vertical skin incision is

bk soals poalinll e
JB et by U g g0 080

performed over the clavicle oalais
(Fig. 8), which is then reduced
to an anatomic position. daalyadl a3y ylall

Lol a3l daks .-
With ACTR drill guide (Arthrex) )

under arthroscopic control (Fig.
9,10,11), optimal placement

of the conoid and trapezoid
coracoidal tunnels should be
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: Fig. 10*: Demonstration for the medial drill through the clavicle and coracoid & : s > Jase s o
performed, leaving a bony .
. process for the conoid canal. . . .(V <z )NH
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Through a suture loop the Tight
Rope™ is pulled through the
tunnel until the lower buttons
can be completely visualized at
the coracoid undersurface (Fig.
14). Under arthroscopic and
fluoroscopic control the clavicle
is held in reduction (Fig. 14,15)
and the clavicular buttons are
tightened and secured by alter-
nating knots (13)(Fig. 16).
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Minimally invasive (Fig. 17), Fig. 11: Intraoperative picture showing placement of the ACTR guide under (\ i) ?_L‘ \ o J.’éé(l U_L:

. . e throscopic control.
immediate two-plane stability, ) ) . . . - L.
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proach, which allows for a gold = 5—‘-‘1' JUa Ge g gaiuall Jaall
standard diagnostic evaluation el Lolas alaull Ll jglas
of the associated injures while (voore Jsu) w.;;“ L

avoiding the potential complica-
tions associated with traditional
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placement at the coracoid (17).
In the acute setting, no graft is
needed and no implant removal
is required.

Disadvantage is that technically
demanding and may be per-
formed preferably by a skillful
arthroscopist (13).
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Postoperative Rehabilitation
The arm is placed in a sling in
an adducted and internally ro-
tated position for 6 weeks (Fig.
18). Limited range of motion is

Fig. 12*: Passage of the medial Tight Rope™ through the conoidal canal.
Al goaall BLAN M o Y10 aiall uall 5550 VY SR &,:dlj._J&LSJIJSLH\,‘uBJeUAS\,
allowed out of the sling under poA MW oyl s ol aSass

physiotherapy instruction.
Exercises to regain strength
are initiated once the patient
has pain-free range of motion,
not before the 7th week post-
operatively (13). Return to con-
tact sports activities is allowed
6 months after the procedure.
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Discussion

The surgical technique pre-
sented here offers a minimally
invasive approach to reduce an
acutely separated AC joint in an
anatomic position by replacing
each one of the CC ligaments
separately. The outcome data
support this technique to
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restore function, relieves pain Fig. 13*: Demonstration of the end result of 2 Tight Ropes™ in the anatomical AGAJ iﬁ‘ v *J:Ld CJ
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(19), V\{h”e maintaining a ?table Fig. 14*: Arthroscopic picture show- Fig. 15: Postoperative radiograph daaliall
reduction of the AC-J during ing the position of the lower buttons ~ showing the reduced AC-J and the = Laalyall Ly yhall o uss
healing. on the coracoid undersurface. 2 Tight Rope™ devices. = N . £
slaball Hulaiill jue 355V E JSI Talyal any Taelai 5y V0 Uil clld g 3 olaadl &1,18 33, 5l Lalisas
We assume that the healing of b a3 ol bl pdse 4l w9l gl eVl dmte 56l fiazall sladl Jlats V) o lasY
the Iiggments apd the corre- . oYl Opagatuall Galiall 53 5k ars 59 AC s 58,80 ooy Yl
sponding soft-tissues are suffi- _ el Tyl L 51

cient to restore lasting stability
to the AC joint.

To ensure the local CC liga-
ment healing, this procedure

is recommended within 3-4
weeks following the injury, as a
sufficient healing potential still
exists in surrounding the soft-
tissues. In cases of chronic

AC joint separations usage of
graft material is justified and
required (20). It can be coupled
with a flip button device as
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described by Scheibel (21) to : : . e B35las Loy (V4) clazll
. . Fig. 16: Tightening of the FiberWire sutures under visual control of the AC-J .
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Our Own Results support the
standard use of this technique.
This novel technigue of ana-
tomic arthroscopically-assisted
two-bundle reduction of an
acute AC joint separation pro-
vides an immediate two-plane
stability and potentially allows
healing of the CC ligaments.
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Fig. 17: Direct postoperative picture showing the shoulder after the minimally |agall &_“}A_" Jl PR Jia g_g
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Intraoperative
Radiotherapy (IORT)
during Kyphoplasty
for Spinal Metastases
First Experiences

Metastatic tumors are the
most common malignancy of
bone, affecting 10% - 30%

of all cancer patients [1, 2].
Tumors which often metasta-
size to the bone are: prostate,
breast, lung, kidney and thyroid
cancers, which represent 80%
of skeletal metastases [2, 3,

4]. The vertebral column is

the most prevalent location of
bone metastases [3].

Spinal metastases are esti-
mated to be present in 5%

- 33% of all cancer patients at
some time during their disease
[5, 6]. In about 70% - 90% of
cases, the patients will develop
severe axial pain caused by the
metastases to the spine [7, 8].
In another 10%, there will be
compression of the spinal cord
or nerve roots, which interferes
with mobility and patients’
overall function [9]. Although
most patients with pain-

ful bone metastases have a
limited median overall survival
of 7-9 months [10, 11, 12], by
definition, half the patients live
longer than this.

As survival times of patients
with advanced cancer increase,
it is necessary to optimise the
interdisciplinary treatment of
patients with bone metastases.

Today surgery and external
beam radiation therapy are the
keystones of the treatment of
spinal metastases.

Effects on pain and neurologic
deficits of surgical treatment
like laminectomy or nowadays
new approaches like verte-
broplasty or kyphoplasty are
already well known. Analgetic
effects of x-rays on painful
bone metastases are also well
established [13, 14]. The major
advantage of surgical treat-
ments compared with radio-
therapy alone is the immediate
positive contribution to spinal
stability. However it is clearly
stated that surgery alone did
not have any effect on survival
[15, 16, 17]. On the contrary
external beam radiation on
spinal column metastases
results in a significant increase
in overall survival [18].

Therefore in the past, various
studies compared the efficacy
of surgery followed by radio-
therapy with radiotherapy alone
[19, 20]. Significantly more
patients were able to walk
after surgery followed by radio-
therapy than after radiotherapy
alone, in addition, maintenance

daslaill dadlaall

(IORT) ai,al) Jand
P VPe WIES TR EN
daaldatl o YLEaS

e alall of a LYl s3a iy
il oYU Lallaal

Zaslyll yaa Laa Ll

sanll I =YD Y dallad
Tallaall wlyuils of sl
laminectomy Jis daal,all

Jto oYl i sasaall 3okl
I TR P PR
S 3asLall o (VYN E)

oo 855 L8e Lualyall Zallaall

b o) LaeLatll Tallaall

e 8,m Ll Loyl ¥1 daaluall
Al o S tull Sl 35l
Zalyall 5L el e 3L
Seall s le J353Y Laaa !
oL il (YoNaY)

beam da,lall LielLaiull Lallall
gsandl oYL e radiation

o Msade 3ol N gus gl
(VA) 3Lall Juns

8 olalusae @i, dlil

Ko pate dalyall Tullas Ll
Zallaall ol Luelazll 2allaally
(VAY ) Laua g Fue Latall

Gro saal 5 b pale S
Sl e 0B 1518 ok yall
Lallaalls e gotall Zalyall aay
Zallaall oo L3S0 e Laiall

Q“ﬁi‘ C.’:b..\é."

ST LIEBYI o,V jata

e st Lnall Lualiall ol ¥1
2 WA ISl RRUEEL JUNEN
alos¥s (Vo) Sl sl s o
(ot plladl M sule Jauis 3l
O PPN RS IR AT
Jiazy . Boall (b yau g &I
gyl SiSTy (Yo¥08) Lualanll
58 Laaliall SYGDYI 3 Le g
o b (601 g ,8ll 5 ganll
L.j\,.l.u tQY‘A.“L.).OZK’—V'
sose all paasall sal skt
oYL Ve 3y (VAA) g,88
$Sotull Jaall hliasly jallass
Jalass Silly colac ¥l ia
ol Ak gy a yall 48
Slel ol e a2 1L (9) ple JSi
Lalyo Lualie & YLEDL sl
-V Jd9daa EL_\A g.ln.mJ ‘xq_._mj
Grg a3l (V- AV Y) gl
O S8 b yall Chend oSS
2o dallbas gosnall Ge 435
oL Tadaall Lol pull & YGEY
ololaia¥lsaaais dallaall ats
il



German al.Jl
Medical =Ll
Journal =L

Radiation Therapy

FEATURING THE BEST OF GERMAN MEDICINE

daslaill dadlaall

of walking ability was longer. In
the surgery plus radiotherapy
group, patients used less daily
dexamethasone, and used
fewer daily morphine equiva-
lents.

Disadvantages of this com-
bined therapy are long treat-
ment periods, typically with
duration of 2 and 4 weeks.
This long treatment time is
often a mental and physical
strain. Furthermore the pro-
longed time until beginning of
the postoperative radiation ena-
bles the metastasis potentially
to progress. In addition various
patients present progressive
visceral metastases and painful
and instable bone metastases
simultaneously and require
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Inflation was stopped when
the pressure raised over 400
psi, the KyphX Xpander® bal-
loon contacted the cortical wall
of the vertebra or the maximal
inflation volume of the balloon
was reached. The balloon was
then deflated, which leaves a
void between the vertebral end
plates, which were filled with
2 x4 ml PMMA cement. The
guiding sleeves were removed
and the wound was closed as
usual (fig. 2).

Intraoperative Radiotherapy:
To realise the intraoperative
radiotherapy a miniature X-ray
generator (INTRABEAM®, Carl
Zeiss) was used. The INTRA-
BEAM® system consists of

a user terminal (the graphical
interface between user and
control console), a control
console, the b0kV X-ray source
(XRS 4) and a quality assur-
ance (QA) equipment. The XRS
4 is connected with a carrier
system of transmission. This
system itself consists of a sta-
ble balanced base and a stand
with six degrees of freedom
providing various treatment
positions. The soft X-ray source
consists of an electron gun,
which emits electrons and an
accelerator unit to accelerate
the electrons as well as a drift
tube. The electron beam trav-
els down the evacuated

10 cm long drift tube guided by
two pairs of bending magnet,
hits a thin gold target and
bremsstrahlung is emitted
from the needle tip in a spheri-
cally symmetric pattern with
precise control of the depth of
penetration. To use this system
for the intraoperative treat-
ment during kyphoplasty a new
applicator was designed. This
sterile applicator consists of a

FEATURING THE BEST OF GERMAN MEDICINE

plastic head, which is needed
to adapt it to the X-ray source
and a stainless steel tube. To
minimize the absorption the
tip of the applicator is made of
plastic (fig. 3).

The steel tube of the applicator
protects the sensitive probe
from bending. To prepare the
patient for the IORT specially
designed metallic sleeves (b
mm diameter, 6 cm length)
were inserted in one of the
working channel to guide the
drift tube (4, T mm diameter) of
the miniature X-ray generator.
Subsequent to the verification
of the correct sleeves position
using biplanar X-rays (fig. 4) the
applicator including the drift
tube of the source was guided
through the metallic sleeves in
the vertebral body (fig. 5 a + b).

A single radiation dose of 8 Gy
was delivered during about 2
minutes to the middle of the
metastasis. Due to the sharp
dose fall-off there is less risk
of damage to critical structures
outside the target area (such as
spinal cord) and the treatment
can be performed in unmodi-
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fied operation rooms without
particular radiation protec-
tion measures. After IORT
the INTRABEAM® system
was removed and the kypho-
plasty was accomplished as
aforementioned. The whole
procedure lasted less than 90
minutes.

Patient population: Since Au-
gust, 2009 four patients were
treated with this new treat-
ment approach. All patients
were older than 18 years, with
documented painful spinal me-

tastases and an intact posterior

vertebral wall. The primary
histological diagnoses included
breast cancer (two cases),
rectum cancer (one case) and
hepatocellular carcinoma (one
case). Preoperative CT scan-
ning or MR imaging was per-
formed to assess the location
and extent of the osteolytic

lesion. Thoracic vertebrae were

treated in three patients and
lumbar vertebrae in one. All
patients were free of pain on
the first postoperative day and
there was no visible radiation
induced skin reaction.

Conclusion

Due to a worldwide increase
of cancer incidence and to

a longer life expectancy of
patients with cancer, a rise in
incidence of bone metastases
is observed.

Kyphoplasty is a widespread
treatment option for patients
with painful and instable
metastases to the vertebral
column [21, 22, 23, 24, 25].
An immediate stability and
analgesia of the affected
vertebral body is achieved by
this surgical treatment. Now
it is possible to combine the
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kyphoplasty with the delivery
of a high dose of intraoperative
radiotherapy (IORT) providing
immediate stability, pain relief
and sterilization of the me-
tastases. Analgetic effects of
percutaneous radiotherapy are
already well known [26, 27].

Nevertheless external beam
radiation even when combined
with bisphophonates does
provide improved structural
stability only after a prolonged
period of time. A recent study
describes the use of intraspi-
nal brachytherapy with SM-
EDTMP during kyphoplasty
with improved pain scores [28].
By the use of our X-ray based
approach the risks of handling
of open radionuclides are
avoided.

As survival times of patients
with many types of advanced
cancer increase, the demand
for this novel approach will po-
tentially increase in the future.
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Fig. 1: The esophagus is Jocated in
the posterior mediastinym with close
approximation to the tra¢heo-
bronchial tree.
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Esophageal Cancer

Cancer

Introduction (Fig.1)

In the past esophageal cancer
was characterized by an ag-
gressive course with moderate
long-term survival and limited
treatment options. This has
changed by improvements

in the understanding of its
pathogenesis and individualized
therapeutic approaches. These
improvements led to a change
in the overall survival rate

after diagnosis. However, late
presentation and early spread
of the disease are the major
reasons for the still unsatisfac-
tory prognosis.

Esophageal cancer is the sev-
enth leading cause of cancer
death worldwide. It is generally
more common in men than in
women and occurs predomi-
nantly during the sixth and sev-
enth decades of life. Over the
last decades there has been

a shift within the awareness

of esophageal cancer towards
the adenocarcinoma subtype.
This is because of the dramatic
increase in incidence of this
tumor type during the past

3 decades. Adenocarcinoma
now has surpassed squamous
cell cancer as the predominant
cancer cell type. In Asia how-
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Individualized
Treatment
for Esophageal

ever esophageal cancers are
predominately squamous cell
carcinomas. There are marked
differences in the epidemio-
logy and the patient population
characteristics between these
two tumor types. These differ-
ences have practical impact on
treatment strategies.

Squamous Cell Carcinoma
The etiology of squamous cell
carcinoma of the esophagus is
related to exposure of the
esophageal mucosa to noxious
or toxic stimuli, such as ciga-
rette smoking and chronic alco-
hol exposure. Deficiencies of
nutrition and vitamins are also
thought to be related. Addition-
ally human papillomavirus in-
fection has been recognized as
a contributing factor. Other risk
factors include Achalasia and
Plummer-Vinson Syndrome, Ty-
losis, Howel-Evans Syndrome
and Radiation Therapy.

In most cases esophageal
squamous cell cancer is
diagnosed at a late stage
because symptoms usually do
not appear in early stages of
the disease. The most com-
mon symptom of the growing
cancer is dysphagia initially
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Esophageal Cancer

experienced for solids and
progressed for liquids. Pain-
ful swallowing (odynophagia)
may also be present. Weight
loss, bleeding caused by fragile
tumor surface, epigastric or
retrosternal pain even occur.
Hoarseness or a persisting
cough caused by invasion of
the recurrent laryngeal nerve,
respiratory symptoms caused
by aspiration of undigested
food or by direct invasion of
the tracheobronchial tree by
the tumor, are mostly signs of
an advanced disease.

Adenocarcinoma

In the last 3 decades adeno-
carcinoma of the esophagus
has achieved major attention
because this tumor entity has
shown a dramatic increase in
incidence which surpasses the
increase of every other solid tu-
mor. It is believed that chronic
gastro-esophageal reflux is

the predisposing factor for the
development of esophageal
adenocarcinoma. A subset of
about 5-10% of chronic reflux
patients will develop intestinal
metaplasia (Barrett esophagus)
in the distal esophagus, which
is the major precursor lesion of
this tumor entity. About 1-5%
of all reflux patients ultimately
develop an invasive cancer
through the sequence reflux-
metaplasia-neoplasia. There-
fore, it is absolutely necessary
to recommend upper endos-
copy in patients complaining of
chronic reflux symptoms such
as heartburn or regurgitation

in order to detect lesions in an
early curable stage.

Diagnosis

The central element of the
diagnostic work-up is the
esophago-gastro-duodenos-
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copy (EGD). It provides know-
ledge of the location of the
tumor combined with the
ability to take biopsies in order
to histologically classify the
tumor. The precise location of
the tumor growth with ac-
companying precursor lesions
is very important to determine
the further therapy strategy.
Additionally, endoscopic ultra-
sound (EUS) helps to stage the
tumor more precisely, meaning
the depth of the esophageal
wall infiltration and local lymph
node involvement.

This is important because
further therapy decision
depends largely on the T-cat-
egory. CT-scan is an obligatory
part of the diagnostic chain. It
helps clarifying the local tumor
surroundings and excludes
distant organ metastases. It
should always be done with
oral contrast as well as with
intravenous contrast. Depend-
ing on the primary tumor loca-
tion additionally examinations
such as bronchoscopy and ENT
might be necessary. Recently
the introduction of FDG-PET-
scan has been widely used
mainly in the context of study
protocols. It has the potential
to identify metastatic disease
and has been used to assess
response early in the course
of neoadjuvant (preoperative)
treatment regimens.

The general condition of the
patient plays a major role in
planning the individual therapy
protocol. Pulmonary and car-
diac function as well as liver
and kidney function together
with an evaluation of the
overall performance (Karnofsky
index) determine the strategy
of potential treatment.
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Fig. 2: Limited resection with jejunal interposition for early cancer (Merendino operation)
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Individualized Therapy

The treatment approach is
determined by the cellular
type of the carcinoma (adeno-
carcinoma or squamous cell
cancer), the localization of the
primary lesion, the stage of
the disease, and the general
condition (risk assessment) of
the patient.

Radical complete resection is
the primary goal of the treat-
ment of esophageal cancer.
With this a good long-term
survival in a curative intention
can be achieved.

Early Esophageal Cancer

As of now there are no clear
guidelines for the treatment

of early esophageal cancer.
This is probably due to the fact
that early tumor stages have
been seen infrequently in the
past. However, due to the
overall increase in adenocarci-
noma of the esophagus and an
increased awareness of early
lesions by endoscopists these
early tumor stages are seen
more frequently and concepts

are necessary in order to cure
these patients.

Currently early esophageal
lesions are treated with a wide
variety of therapeutic options
ranging from extended resec-
tion and lymphadenectomy to
photodynamic therapy, laser
ablation, mucosal destruction
by argon beamer or electro-
cautery and more and more by
endoscopic (tumour) mucosal
resection. The prevalence and
pattern of lymphatic spread in
early esophageal squamous
cell cancer has been reported
in large Japanese series.
These studies show that in

up to 10% of patients with
mucosal cancer and up to 50%
of patients with submucosal
cancer lymph node metas-
tases can be found. This was
confirmed by a large german
study where in 113 cases of
early squamous cell cancer of
the esophagus 8% of patients
with mucosal involvement had
already lymph node metas-
tases and 37% of patients with
submucosal cancer.
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Esophageal Cancer

In the Japanese experience, a
subdivision of the mucosal and
submucosal layer into m1 m2,
m3, sm1, sm2, sm3 categories
provides further discrimination
with potential impact on the
therapeutic procedure. Ac-
cording to these publications,
lymphatic spread occurs only
after infiltration of the m3 layer
with a marked increase in the
prevalence of lymph node
metastases from sm1 to sm3
categories. Therefore only pa-
tients with m1 or m2 appear to
be good candidates for endo-
scopic treatment procedures.

In order to make a precise di-
agnosis pre-treatment accurate
diagnostic tools are necessary.
In Japanese series by using
high resolution endosonogra-
phy the accuracy in distinguish-
ing m1/m2 from m3, sm1-sm3
lesions is high. This could not
be shown for western series
where in 50% of the cases a
wrong infiltration depth was
diagnosed by means of high
resolution endoscopy or high
resolution endoscopic ultra-
sound. The assessment of lym-
phatic spread is very important
since this together with a com-
plete resection (RO resection)
is an independent prognostic
factor for long term survival.
However, due to the fact that
hardly any patients in the west-
ern world present with a m1 or
m?2 early squamous cell cancer
and the described problems in
proper staging, surgical resec-
tion with lymphadenectomy is
still the recommended pillar of
therapy for these early lesions.

In contrast to squamous cell
cancer, specific predisposing
factors such as chronic reflux
and the precancerous lesion
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SCC: squamous cell carcinoma; Adeno: adenocarcinoma; CDDP: cisplatin;
5-FU: 5-fluorouracil; T/A: transthoracic and abdominal approach; Th: transhiatal

approach; n: Number of patients

Table 1: Studies in favour of neoadjuvant therapy

Barrett's esophagus have

been identified for esophageal
adenocarcinoma. It is important
to distinguish adenocarcinoma
of the distal esophagus (AEG
type I) from cancer of the
cardia or subcardial carcinomas
(AEG Il and Ill), because the
latter 2 types differ in origin,
pathogenesis, and lymphatic
vessel invasion.

This classification has been
established over the years in
the Department of Surgery,
Klinikum rechts der Isar by
Prof. Siewert and colleagues.
Many centres have established
endoscopic surveillance pro-
grams for patients who have
known Barrett's esophagus.

These programs have resulted
in a marked increase of the
diagnosis of esophageal adeno-
carcinoma at an early, curable
stage.
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Although radical esophagec-
tomy and extended lympha-
denectomy still are considered
the treatment of choice for
early esophageal adenocar-
cinoma at any centres, less
invasive and organ-preserv-
ing surgical and endoscopic
approaches are increasingly
popular. Endoscopic mucosal
resection is not only an excel-
lent diagnostic tool for these
patients, it is furthermore the
definitive therapeutic tool for
circumscript lesions limited to
the mucosa (m1, m2). Unfortu-
nately, multicentric growth and
multiple foci with high-grade
intraepithelial neoplasia in the
area of intestinal metaplasia
are common in these patients.

Therefore, removal of the
entire segment of Barrett's
esophagus must be considered
mandatory to avoid recurrent
disease. Incomplete ablation or
incomplete removal results in a
high rate of local recurrences.
Another important consid-
eration affecting options for
limited treatment is the spread
of lymph node metastases.

In patients who have early
adenocarcinoma, more than
85% of all positive nodes are
located in the close proximity
to the primary tumor. This is
the rationale for a limited surgi-
cal resection which has been
pioneered. It includes resec-
tion of the distal esophagus
with all Barrett's tissue, the
esophagogastric junction, and
proximal stomach.

All local lymph nodes are re-
moved as well. The reconstruc-
tion is performed by interposi-
tion of a pedicled isoperistaltic
jejunal segment of about 10

to 15 cm in length providing
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Fig. 3: Cervical limited resection with jejunal interposition with micro vessel

anastomosis.
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radical resection as well as
an antireflux reconstruction
(Fig.2).

Advanced Esophageal
Carcinoma

In most of the cases the tumor
has already invaded the entire
wall of the esophagus at the
time of clinical presentation,
meaning T3 stage. In this
case a multimodal approach
has shown to be effective

in regards of overall survival.
Different concepts have been
proposed, such as neoadju-
vant radiochemotherapy or
chemotherapy followed by
radical resection as well as
adjuvant radiochemotherapy
or chemotherapy. Published
meta-analysis demonstrate a
slight advantage in favour of a
neoadjuvant concept (Table 1).
The goal of either radiochemo-
therapy or chemotherapy prior
to resection is to decrease local
tumor size with an increase in
complete resection, decrease
the rate of local recurrence,
and increase overall survival.
Depending on the tumor type
there are several chemothera-
peutic agents for the neoadju-
vant treatment, mostly used
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Esophageal Cancer

are 5-FU (fluorouracil) in combi-
nation with cisplatin, oxaliplatin
or carboplatin. After a recovery
period of about 2 to 4 weeks
resection is performed. These
chemotherapy regimens can
also be combined with radia-
tion.

Surgical Approach

Before planning the surgery

an extensive evaluation of the
functional condition is neces-
sary in order to assess the
potential risk for each individual
patient. If the risk-score is too
high, patients are excluded
from the operation and alterna-
tive treatment options based
on chemo and radiation are of-
fered. Surgery for esophageal
cancer is complex and should
only be done in high case load
centers. Based on advances of
the patient-evaluation, surgical
techniques as well as a better
pre- and postoperative sup-
portive care, including modern
interdisciplinary approach
(anaesthesiology, oncology, ra-
diology, nursing) mortality rates
have been reduced dramati-
cally in hospitals or medical
centres whose surgeons are
highly experienced in the differ-
ent procedures.

In the rare case of a limited
squamous cell cancer of the
cervical esophagus a solely
limited cervical resection with
local lymphadenectomy can
be offered. The reconstruc-
tion is performed by a jejunal
interposition with micro vessel
anastomosis (Fig. 3).

Carcinomas of the esophagus
above the tracheobronchial
tree have a high chance of
close contact to adjacent
structures such as the trachea
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or the bronchus. Therefore,
almost all these cases are
treated initially by neoadjuvant
radiochemotherapy. Resec-
tion includes removal of the
entire esophagus and radical
lymphadenectomy followed by
a gastric tube reconstruction
or a colon interposition. The
anastomosis is performed at
the neck through a left cervical
incision (Fig. 4).

In the case of risky co morbidi-
ties a two-stage procedure can
be performed. The first step
includes transthoracic resec-
tion and a cervical fistula. After
recovery the reconstruction is
done retrosternally with a cervi-
cal anastomosis (gastric tube
or colon interposition). This
procedure has been pioneered
and advanced in the surgical
department of the Klinikum
rechts der Isar and has led to a
significant drop in the mortality
rate after introduction from app
10% to less than 5%.

In the case of a locally ad-
vanced esophageal adenocarci-
noma the operative therapy of
choice is an abdomino-thoracic
resection with lymphadenec-
tomy with gastric pull-up and
intrathoracic anastomosis. This
provides adequate radicality by
excellent functional preserva-
tion of as much as possible
esophageal length. This can

be done laparoscopically and
thoracoscopically as well.

By providing the above men-
tioned broad spectrum of
diagnostic and therapeutic
options esophageal cancer can
be treated by individual tumour
and patient adapted approach-
es with good results. An inter-
disciplinary approach (Surgery,
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Esophageal Cancer

Gastroenterology, Oncology,
Pathology, Radiooncology,
Radiology, Nuclear Medicine
etc.) with excellent surgi-

cal experience in this field is
required to fulfil the demands
for an individualized therapy of
esophageal carcinoma.
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Fig. 4: Reconstruction either with a gastric pull-up or with colon interposition

for abdomino thoracal resection
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Abstract

Major depression is the most
common of all psychiatric
disorders. It is known today
that depression has a brain
neurobiological background. It
can severely impair the quality
of life and may leads to death
by suicide. The lifetime risk of
suicide among patients with
affective disorders ranges from
6% to 15%. A considerable
number of depressive patients
do not respond to or tolerate
classical therapies like medica-
tion or psychotherapy resulting
in an increasing interest in non-
pharmacological strategies.

In this context brain stimulation
technigues are of special inter-
est since these are capable of
specifically targeting known
dysfunctional brain networks.
This novel therapeutic field
moves depression treatment in
the field of modern neuro-
science and already holds con-
siderable promise.

Introduction

By 2020 depression will be the
second most cause of disabil-
ity worldwide [1]. Beside this
exceptionally high prevalence,
high mortality rates and high
individual suffering are major

FEATURING THE BEST OF GERMAN MEDICINE

Brain Stimulation
Techniques to
Treat Depression

reasons to develop accepted
and efficacious therapies. With
the existing classical therapies
(antidepressants, psycho-
therapy) up to 30% of depres-
sive patients do not respond
sufficiently [2, 3]. It is for that
reason why nowadays novel
therapeutical approaches are
investigated. These antidepres-
sant stimulation techniques
comprise convulsive therapies
(electroconvulsive and magne-
tic seizure therapy), non-inva-
sive interventions (transcranial
magnetic and direct current
stimulation) as well as neu-
rosurgical approaches (vagus
nerve stimulation and deep
brain stimulation).

Electroconvulsive Therapy
(ECT)

Electroconvulsive therapy (ECT)
is the oldest, most established
and — to date - most effective
intervention to treat depres-
sion. An experienced medical
team comprising a psychiatrist,
an anesthesiologist and two
nurse staff is necessary to
induce a controlled therapeuti-
cal seizure. The procedure is
safe for the patients since he
is completely narcotized and
under muscle relaxation. The
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Depression Therapy

procedure — lasting less than
15 minutes - has proven to be
highly effective as a treatment
for severe chronic and treat-
ment resistant depression [4,5]
with up to 80% of patients
responding [6, 7]. If performed

according to modern standards, :

adverse effects (most often:
reversible memory alterations)
are often mild. Usually, ECT is
administered three times per
week for approximately 12 to
18 sessions. It is noteworthy,
that ECT can be treatment

of choice in severe forms of
depression without waiting for
treatment resistance to other
treatments.

The suggested mechanism of
action of ECT is the modulation
of multiple neurotransmitters
in the cortical network like the
y-aminobutyric-acid (GABA)[8]
and the serotonergic receptor
function [9, 10]. Moreover, ECT
selectively modulates brain ar-
eas like the brainstem, striatum
and cingulate gyrus which are
known to be involved in the
pathophysiology of depression.

Magnetic Seizure Therapy
(MST)

Magnetic seizure therapy is a
second and recently developed
convulsive therapy. It repre-
sents an interesting alterna-
tive to ECT that it promises to
minimize post-seizure adverse
effects through the induction
of more «focal» seizure activ-
ity. The use of an electrical
stimulus to induce seizures

is a fundamental constraint in
refining convulsive therapy.
MST is a potent form of merely
magnetic stimulation using
rapidly alternating magnetic
fields to induce a generalized
seizure activity [11]. The electri-
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cal field induced by MST is
capable of neural depolarization
at a depth extending to about

2 cm below the scalp, so direct
effects are limited to the cortex
[12]. MST was associated with
a decreased requirement for
muscle relaxants, reduced
variability in the electroen-
cephalographic (EEG) bispectral
index (BIS) values after seizure
induction, and a more rapid
recovery of orientation and
cognitive function compared
with ECT [13]. This is sug-
gesting an advantage to ECT
which is associated with higher
incidence of short-term cogni-
tive side-effects. Two studies
on depressive patients were
performed earlier showed the
superiority of MST over ECT
concerning the cognitive side-
effects profile [14,15].

Repetitive Transcranial
Magnetic Stimulation (rTMS)
Repetitive TMS is one of
currently two available non-
invasive antidepressant brain
stimulation techniques. It does
not need anesthesia or neuro-
surgery and [16-18] and might
provide an alternative to some
patients with mild to moderate
depression. rTMS works with
intense, magnetic pulses that
pass unimpeded through the
scalp and skull to induce focal
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secondary electrical stimulation
of targeted cortical regions that
activates the axons of cortical
neurons and subcortical white
matter. rTMS is applied for the
treatment of depression five
days a week for a period of

at least four weeks. It can be
given on an outpatient basis.
Most subsequent studies ap-
plied rTMS to the left dorsola-
teral prefrontal cortex (DLPFC),
based on evidence that this
region appeared to be function-
ally involved in mood regulation
and depression [19-20]. Most
studies have shown effects
superior to placebo with ex-
ceptional mild adverse effects
including scalp discomfort and
pain. rTMS does not appear

to cause cognitive impair-
ment [21].r'TMS mechanism

is through modulating cortical
excitability as well as neuro-
transmitter release [22-23].
rTMS seems to cause after-
effects and changes in the
brain that outlast the stimula-
tion period and these changes
have been reported to relate to
the processes of synaptic plas-
ticity such long-term depres-
sion and potentiation [24-25].
Functional imaging showed
relevant changes in cortical
metabolism and stimulation
dose dependent changes in
regional blood flow in response
to rTMS [26-29].

Current research investigates
pathways to increase efficacy
of this technique by increasing
treatment duration, treatment
intensity and the use of mod-
ern neuro-navigated technigues
(Fig. 1).

Transcranial Direct Current
Stimulation (tDCS)

The second non-invasive
technique is transcranial direct
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current stimulation (tDCS),

a method that gained more
attention in recent years [30].
The application of tDCS is sim-
ple and stimulation involves the
application of two surface elec-
trodes on scalp and electrical
currents are applied constantly
over a constant period of time
(Fig. 2). Stimulation is usually
applied for a few minutes up to
30 min [31]. Mild headache and
itching due to the sensor might
occur [32]. In a treatment study
with (tDCS) on depressive
patients no cognitive adverse
effects have been observed
[33]. It provides the ability of
regulating cortical excitability.
tDCS seems to modulate the
spontaneous (resting) firing
rate of neurons by acting on
polarity specific shifts at the
cell's membrane potential [34],
which provide the short lasting
effects of tDCS. This is seen
as a major difference of tDCS,
as compared to other stimula-
tion techniques like i.e. ECT or
rTMS, those latter excite neu-
rons directly. Long lasting after
effects seem as well depends
on N-methyl D-aspartate recep-
tor efficacy [35].

Vagus Nerve Stimulation
(VNS)

Two neurosurgical interven-
tions are currently in use to
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Depression Therapy

treat depression. The first is
vagal nerve stimulation, a tech-
nique that has been approved
by the American Food and
Drug Administration in 2005 to
treat therapy resistant depres-
sion. It has also been investi-
gated as an option in treatment
for depression [36-37] based
on mood improvement report-
ed in epilepsy patients receiv-
ing VNS [38-41]. VNS appeared
to be more effective in patients
with low to moderate antide-
pressant treatment resistance.
Efficacy might increase over
time with long-term illness im-
provement with lesser relapse
rates [42-47].

In VNS administration, a
battery-powered generator
implanted in the chest wall
connects to a wire wrapped
around the left vagus nerve in
the neck, and sends intermit-
tent pulses of electricity along
the nerve directly into the brain
(Fig. 3). Various stimulation pa-
rameters such current intensi-
ty; pulse width; frequency and
duration of the ‘on’ and 'off’
period can all be easily varied
and adjusted externally.

The most common adverse
events reported are voice
hoarseness, neck pain and
coughing [48-51]. There was no
evidence of adverse cognitive
effects found [42].There is con-
siderable evidence from neu-
rochemical and neuroimaging
studies, that the vagus nerve
and its stimulation influences
limbic and higher cortical brain
regions implicated in mood
disorders, providing a rationale
for its possible role in the treat-
ment of Depression [562-55].

In general, VNS appears to be
well-tolerated. There is evi-
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dence that VNS has long term
effects whereas acute effects
are still under debate.

Deep Brain Stimulation (DBS)
The second neurosurgical
intervention is deep brain
stimulation, which initially has
been used in the treatment

of movement disorders for

two decades, and been clearly
associated with significant
mood changes in patients with
Parkinson'’s disease [56-58].

In DBS, small electrical elec-
trodes are stereotaxic implant-
ed unilateral or bilateral under
either local or general anesthe-
sia into a defined brain location,
often a subcortical area, and
connected to a programmable
pulse neurostimulator that
implanted either in the infracla-
vicular area or lower abdominal
area and provides continuous
stimulation of circumscribed
brain tissue. This stimulation
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has effects on mood in some
patients and ability to directly
modulate function of subcor-
tical structures, as showed
recent studies, where elec-
trodes were implanted in the
white matter fibers connecting
to Brodman area [59].
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The converging evidence
about mechanism implicates

a combination of local and
remote chemical effects and
electrophysiological excitatory
and inhibitory effects [59-60].
Side effects of DBS surgery
and treatment can include tran-
sient lightheadedness, muscle
contractures, dysarthria, and
movement disorders, mental
slowness, intracranial hemor-
rhage, delirium, mood changes | 4!
(including depression and
mania, rarely a postoperative
seizure) [61-62]. [5]
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[3] Rush AJ, Trivedi MH, Wisniewski
SR, et al. Acute and longer-term
outcomes in depressed outpa-
tients requiring one or several
treatment steps: a STAR*D re-
port. Am J Psychiatry 2006; 163:
1905-17.

Efficacy and safety of electro-
convulsive therapy in depressive
disorders: a systematic review
and meta-analysis. Lancet 2003;
361: 799-808.

Prudic J, Haskett RF, Mulsant B,
et al. Resistance to antidepres-
sant medications and short-term
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Weiner RD, Sackeim HA. Titrated

moderately suprathreshold vs

fixed high-dose right unilateral
electroconvulsive therapy: acute
antidepressant and cognitive ef-

fects. Arch Gen Psychiatry 2000;

57: 438-44.

Sackeim HA, Prudic J, Devanand

DP, et al. A prospective, rand-

omized, double-blind comparison

of bilateral and right unilateral
electroconvulsive therapy at dif-
ferent stimulus intensities. Arch

Gen Psychiatry 2000; 57: 425-34.

Sanacora G, Mason GF, Roth-

man DL, et al. Increased

cortical GABA concentrations

in depressed patients receiving

ECT. Am J Psychiatry 2003; 160:

577-9.

[9] Hayakawa H, Shimizu M, Nishida
A, Motohashi N, Yamawaki S. In-
crease in serotonin 1A receptors
in the dentate gyrus as revealed
by autoradiographic analysis
following repeated electrocon-
vulsive shock but not imipramine
treatment. Neuropsychobiology
1994, 30: 53-6.

[10] Nowak G, Dulinski J. Effect
of repeated treatment with
electroconvulsive shock (ECS) on
serotonin receptor density and
turnover in the rat cerebral cor-
tex. Pharmacol Biochem Behav
1991; 38: 691-4.

offer an exciting new approach
to the treatment of depression,
and may improve our under-
standing of the basic neuro-
biology of depression and [7]
antidepressant treatments.
To date, great challenges
remain for researchers and
clinicians to design controlled g
studies to better understand
the physiological mechanism
underlying the disease and the
newer treatment options.
However, these techniques
already offer patients with
depression necessary and
needed alternative to improve
mood and quality of life.
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Reconstructive Surgery

In the late 1980s and 90s the
term Biological Osteosyn-
thesis had a major influence
on the operative treatment of
fractures. Procedures such as
locked intramedullary nailing
and distraction osteogenesis
fall under this heading as do
biocompatible materials. The
long-established practice of
open reduction and internal
fixation by plate osteosynthesis
with exact anatomical reposi-
tioning of fractures was largely
deserted in favour of so-called
biological osteosynthetic
procedures. These involve the
minimally invasive implantation
of specially designed fixation
tools (such as locked intramed-
ullary nails and anatomical
shaped plates) using closed
operating techniques without
further compromising the frac-
ture area. Early functional fol-
low-up treatment is then pos-
sible, in many cases even with
full load-bearing by the injured
extremity. Using these fixation
techniques it was possible to
achieve healing of the fracture
considerably more effectively
and often more quickly than
with the usual techniques. This
applies particularly to fractures
with large areas of damage.
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Locked Plating —Jsaiall rsiail
The New Standard
for Internal Fixation

On the basis of these discover-
ies dramatic innovations have
been made in recent years in
implantation techniques and in
the implants themselves.

This paper gives the reader an
update describing the value

of this progress for everyday
practice. It is intended to serve
as an aid for the treatment of
potential “problem fractures”.

The innovations mentioned
here have made a major con-
tribution to the improvement
of operative fracture treatment
and are therefore receiving
increasing attention.

“Biological” Plate
Osteosynthesis

Experimental and clinical stud-
ies have shown that preserving
blood circulation in the fracture
area accelerates callus forma-
tion and thus also leads to
improved mechanical fracture
healing. This has been known
since “closed” medullary nail-
ing began to be used routinely
for diaphyseal fractures. Exact
anatomical repositioning of

all the fracture fragments, by
contrast, damages local blood
flow because of the need to
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expose the fracture area and fit
in the bone fragments. Preser-
vation of the fracture area dur-
ing osteosynthesis (no touch
technique) is one of the basic
preconditions for “biological”
osteosynthesis [1, 2].

"“Biological osteosynthesis”
describes a strategy taking
account of both the stability of
the fracture region and main-
tenance of the vitality of soft
tissue that has already been
compromised as a result of the
fracture event. Wherever pos-
sible the fracture area should
not be surgically opened and
compromised during the pro-
cess [3]. This ensures that no
further soft tissue damage
occurs in the fracture area,
reduces the risk of infection of
the damaged tissue and main-
tains the fracture haematoma
which has a decisive influence
on fracture healing [1, 4, 5].

The plates now used for inter-
nal fixation are not just simple
pieces of metal with holes
but complex systems that are
designed to fit the anatomical
region in question [6, 7].

It is crucial that these plates
do not lie immediately on the
bone surface and compro-
mise the periostial circulation.
Rather, they act as longitudinal

supports and are thus mechani-  dgasdl i< all 5l sl el Lptay s oplEts Ly aosall ol Ui s

cally and biologically similar to

the radial column and one for the ulnar column, for the operative treatment of
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Fig. 1: Preformed implant for the distal humerus, consisting of one plate for

complex supracondylar humerus fractures.
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Fig. 2: The proximal humerus plate (PHP) is a fixed angle implant. The screws
are angled to fit the shape of the humerus head. Some are convergent, some
divergent. This gives good pull-out stability.
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Reconstructive Surgery

an external fixator. For this rea-
son they are also called internal
fixators [8].

These plate systems possess
improved mechanical proper-
ties and include newly de-
signed screws to anchor the
plate system firmly in the bone
while at the same time exert-
ing compression.

Preformed Implants

The new plate systems are
anatomically preformed for
their particular indication (Fig.
1) on the basis of CT data and
anatomical studies. Individual
deviations can be compen-
sated during the operation with
the help of screw systems.
This means that it is no longer
necessary to shape the plates
intraoperatively, a procedure
which has both biological and
mechanical disadvantages
(preformed predetermined
breaking point)[9]. The indus-
trial production of anatomically
preformed plates occurs under
controlled conditions but is
nevertheless technically very
complex. Special manufactur-
ing processes are used such as
casting and heat treatment be-
fore, during and after bending.
These methods and shaping
techniques such as drop-forg-
ing, now make it possible to
produce anatomically shaped
plate systems with improved
fatigue properties. Stability is
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a

b

Fig. 3: a, b: The metaphyseal plate is
anatomically preformed. It becomes
thinner towards its distal end to
prevent protrusion over the medial
malleolus of the tibia which is only
thinly covered by soft tissue (b). c:
Inserted plate to illustrate minimally
invasive implantation technique.
Either fixed angle or conventional
screws can be inserted in the combi-
holes via stab incisions.
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further improved both by the
design of the plates and by
the orientation of the screws,
which can be adjusted to fit the
anatomical properties of the
bone. For example the screws
attaching the proximal humer-
us (Philos Plate) to the head
of the humerus are inserted
so that some are convergent
and some divergent (Fig. 2).
Today's surgeons have at
their disposal a huge range of
implants for very varied indica-
tions and locations (Fig. 3).

Angular Stability

The newer plate systems make
use of the internal fixator prin-
ciple. This means that the plate
is fixed in the bone at a stable
angle without direct contact
between the plate and cortical
bone (Fig. 4). Technically the
angular stability is achieved

by means of an entirely new
screw and plate design. The
screws have a smaller pitch
and consequently a higher
core diameter and are firmly
fixed in the plate. This fixation
in the plate is achieved with

a conical thread on the screw
head and a corresponding
conical threaded hole in the
plate. When locked in this way
the screw is axially and later-
ally secured without pressing
the plate onto the bone in the
process. In contrast to previous
conventional systems the sta-
bility of the bone fixation is not

FERRERERREE
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Fig. 4: Fixed angle plate system
consisting of a screw with a conically
shaped threaded head and a cor-
responding thread in the plate hole
(a). In fixed angle fixation the stability
is not achieved by pressing the plate
against the bone and interfering with
periostal circulation (b) but instead
makes use of the internal fixator
principle (c).
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achieved by pulling the frag-
ments towards the plate. The
periosteum is thus protected
because the new systems are
no longer pressed against the
bone cortex [10-12].
Particularly where bone quality
is reduced, as is often the case
in the increasing older popula-
tion, fractures which appear
simple can become “problem
fractures”. Fixed angle plate
systems can be a great help to
the surgeon in some complex
cases [13]. The increased
stability of the plated fractures
for example in the distal radius,
now makes it possible to
provide plaster-free treatment
with early recovery of function.
The use of fixed angle implants
can reduce or prevent compli-
cations such as contraction or
joint stiffening that can result
from immobilization [12].
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However, since the intro-
duction of fixed angle plate
systems there has been an
increase in complications that
may be linked to these new
procedures. For example, the
fixed angle screw must be
inserted exactly orthogonal to
the thread in the plate hole.
Special targeting devices

are used for this in individual
cases. If the angle is not
correct the screw head does
not become locked in the

plate which means that the
principle of angular stability is
not fulfilled. In addition, the
surgeon receives no feedback
in respect to the bone quality,
because it is not possible to
detect the torque while insert-
ing the screw. With conven-
tional techniques this was an
indicator of the firmness of the
osteosynthesis. Correct placing
of the screw is only possible
by means of definite “feel-
ing” of the screw channel and
then screwing-in of the screw
in exactly the same direction.
The screw channel must be
cautiously explored before im-
plantation of the screw. When
in doubt an intraoperative X ray
should be performed to avoid
incorrect positioning of screws
or inappropriate length. Screws
should only be inserted with
“torque control” to prevent
cold welding of the screw
head in the plate (Fig. 5). Other
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disadvantages result from the
drilling direction which is dic-
tated by the implant. It is thus
absolutely essential that the
implant is precisely positioned
because, once a preformed
implant has been inserted, sub-
sequent correction is not possi-
ble without further drilling. The
correct plate position should
therefore be ensured using
image guidance before fixed
angle screws are inserted.

A further factor for considera-
tion is the price of the implants.
This is considerably higher

for fixed angle plate systems
than for conventional systems.
The locking head screws, in
particular, force up the price.
Cost-conscious use of locking
head screw systems can help
to keep the overall implant
price down. For example distal
fractures of the radius (A3) can
be securely treated using met-
aphyseal fixation with 3 of the

Fig. 5: Removal of implanted distal
titanium radius plate. The screw had
become cold-welded. It could not be
unscrewed (a) and had to be drilled
out (b). This spread shavings over the
surrounding tissue which subse-
quently had to be debrided (c).
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5 possible fixed angle screws
(Fig. 6). It is not yet known to
what extent these systems
pay for themselves with better
clinical outcome and reduced
subsequent costs because the
relevant studies have not been
carried out.

Combi-hole

Combi-hole plate systems
combine the properties of
Dynamic Compression plates
with the principles of angular
stability. Depending on the
morphology of the fracture the
operating surgeon can decide
what combination of conven-
tional screws and fixed angle
screws to use (Fig. 7). Frac-
tures in the area of the humer-
us shaft which are treated with
a 4.5 mm Locked Compression
Plate (LCP) are a classic case.
In the systems presented up to
now, the locking head screws
can only be inserted orthogonal
to the plate. However, when
conventional screws are used
the drilling angle can be chosen
freely, as in traditional plate
osteosynthesis. This enables
the operating surgeon to fix in-
dividual fracture fragments and
to exert additional interfrag-
mentary compression on them.
The advantages of the “internal
fixator” are lost when normal
screws are used. To reduce
the area of contact between
the plate and the periosteum,
the design of the LCP uses
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Fig. 6: Metaphyseal fixation of a radius fracture: options

a and b: Fixed angle, 2.4 mm titanium radius plate. For many fractures it is
sufficient to place screws in 3 of the 5 metaphyseal screw holes. Either fixed
angle or standard screws can be used in the diaphyseal screw holes. ¢ and
d: Polyaxial plate system. The metaphyseal screws can be inserted in 2 rows
and can be angled by up to 30°. e: 23C3 injury of the dista | radius (AO clas-
sification). f: Postoperative X-ray check after open repositioning and internal
fixation using the polyaxial plate system. g: Intraoperative site after plating. h:
After refixation of the pronator quadratus muscle.
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the principle employed by the
Limited Contact Dynamic Com-
pression Plate (LCDCP). This
reduces the cortical contact
area by 50%.

It is not yet entirely clear
whether fixed angle screws
should be fixed monocorti-
cally or bicortically. Bicortical
drilling automatically creates a
weak point which becomes a
potential predetermined stress
rizer causing later fractures in
the bone. With monocortical
fixation, by contrast, there is
an increased risk of pull-out. In
shaft fractures of the forearm,
the traditional method of treat-
ment by plate osteosynthesis
using 3 screws proximal and 3
distal to the fracture is associ-
ated with a considerable risk
of refracture following implant
removal. By reducing the
number of screws with the aid
of fixed angle or monocortical
screws, this fracture risk could
be reduced.

Polyaxial Angular Stability
Principle

A disadvantage of the “first
generation of fixed angle sys-
tems” is the predefined angle
of the drilled channel. Polyaxial
systems represent one poten-
tial solution. Angulation of up
to 30° remains possible in their
case because of the special
shape of the plate thread and
the screw head. The angula-
tion is achieved in various
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Fig. 7: The combi-hole. It allows the operating surgeon to choose whether to
use a conventional screw, for example to achieve interfragmentary compres-
sion, or a fixed angle screw.
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different ways. In the principle
employed by the “No Contact
Bridging Plate” (NCB®) the
screw only achieves angular
stability after insertion of an ad-
ditional locking cap (Fig. 8)[14,
18].

In other plate systems for the
distal radius, angular stability is
achieved by means of a special
three-sided screw head design
which fixes the screw firmly

in the hole on tightening (see
Fig. 6¢). The three-sided screw
head design reduces the area
of contact between screw

and plate by comparison with
a round screw head. This is
intended to avoid the problem
of cold welding.

Angular stability can also be
achieved by using materials

of differing hardnesses. For
example where harder screws
are used with a softer plate
each screw taps its own thread
in the plate when it is screwed
in. At present it is impossible
to say to what extent polyaxial
systems are less stable than
monoaxial systems because
sufficient investigations have
not yet been performed. These
systems are nevertheless al-
ready available for clinical use.
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Less Invasive Stabilization
System (LISS)

Not only modern plate systems
have been optimized in biome-
chanical terms, they have also
been adjusted so that they can
be inserted much more gently
at the time of the operation.
Because of the predefined
plate shape and the position

of the screw holes, the locking
head screws (Fig. 4) can be in-
serted using a targeting device.
This can be a targeting block
(proximal humerus plate, NCB
Humerus) or, for the LISS (Less
Invasive Stabilization System)
an insertion guide which is
connected to the plate at the
end nearest to the joint, in the
metaphyseal area [16].

The holes in the insertion guide
match those in the plate so
that the locking head screws
can be guided without direct
visual contact and inserted
through the plate into the
bone. With the help of this tar-
geting device the LISS can be
implanted through a relatively
small operative incision [17].
This MIPO - (Minimally Invasive
Plate Osteosynthesis) tech-
nigue was already used with
standard compression plates.
With anatomically preformed
plates and improved screw
fixation methods (locking head
screws) it now has a broader
range of clinical applications
and is simpler to use.
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Fig. 8: a-d: Like the, the Non Contact Bridging Plate for the distal femur can

be implanted using a minimally invasive procedure. It also offers the option of
polyaxial screwing. The screws can be angled by up to 30° (b). Angular stabil-
ity is achieved by means of a locking cap after the screw has been inserted (b

and c).
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It is generally recommended to
use the longest possible plate
system and to fix it in the shaft
area under digital control, plac-
ing it exactly centrally in the
cortex. If this is not done the
operating surgeon risks miss-
ing the bone completely using
the predetermined drilling
direction and fixing the plate
into the soft tissue (Fig. 9c).
Before it is fixed permanently
the plate’s position must be
precisely verified intraopera-
tively using image guidance
(Fig. 9b).

The concept of splinting and
bridging fractures, restoring the
long axis and rotation without
exact anatomical reposition,
can thus be applied to plate os-
teosynthesis as well. Manipula-
tion and anatomical reposition
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of the individual fragments are
not performed [3]. The aim of
reposition should instead be
the correct restoration of the
axis, length and rotation.

The process involves so-called
bridging osteosynthesis, a
method placing entirely new
demands in terms of the shape
of the implants and the mate-
rial from which they are made.
Longer plate systems have
now been developed with the
aim of bridging the fracture and
protecting the fracture area.
These are fixed only to the
proximal and distal main frag-
ment using few screws and
avoiding the fracture region
itself[18]. While an anatomi-
cally reduced fracture can bear
some force, it is the implant
itself which takes over the ma-
jority of the active load when

a fracture has been bridged.
The plates must therefore be
sufficiently elastic to absorb
these increased forces. The
new generation of long plates
fulfils this purpose. They are
screwed only at the ends and
have a middle section that is
sufficiently elastic [6].

For transverse fractures and
very short diagonal fractures
the method of bridging os-
teosynthesis is not generally
appropriate. In these types of
fracture, unlike fractures with

a large area of damage, too
much elasticity and movement
in the fracture cleft can lead

to pseudoarthosis and even to
plate breakage.

With the LISS, plate treatment
of intra- and extra-articular frac-
tures of the distal femur and
proximal tibia is largely percu-
taneous. The system employs
a combination of a plate and an
insertion guide (Fig. 9a) and is
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easily result.

Fig. 9: The Lis System. The plate can be inserted percutane-
ously. Fixed angle screws can be inserted in the screw holes
using an insertion guide. In this way even complex fractures
(e.g. of the distal femur) can be treated in a minimally invasive
operation. Intraoperative image intensifier control of the cor-
rect plate position on the femoral shaft. \Where image guidance
or digital control is not used, misplacement of the plate can

il st (San calall e Taghuall oy a3y iLISS alls 4 J<al

T ll s ol i 2 el G5 VA o RN Tl 43
Ts3e J3Y Lalall Ty lally e o Sy Sutaall gl 3 3
e il LS Eabiall dy (S Bauw T pSa il Jlaxiualyy
Gl gl aSatll ol daelasll Ldlall Jlaniuol oty ol 1305 dnill puea
A gy Al pid g0 5u3%, o S Uty

fixed monocortically with self-
drilling and self-tapping screws.

At first monocortical screw
fixation was most commonly
used but the tendency has
now transferred to bicortical
drilling and screwing.

Only in periprosthetic frac-
tures can special monocortical
screws be used (Fig. 9).

The particular feature of
these systems is the ante-
rior curvature, fitted to that of
the femur [6]. This principle,
using anatomically preformed
plate systems, has now been
adopted by many manufactur-
ers. However, in contrast to
conventional plate osteosyn-
thesis, a complete rethink of
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the operating principles was
necessary. The implant can no
longer be used to aid reduc-
tion. Before the preformed
system is assembled the frac-
ture must be correctly reduced.

The plate system then provides

stable retention. This makes
the implantation more difficult
and is partially responsible for
the considerable learning curve
and, in some cases, long X-ray
times. As with intramedullary
procedures, malalignments can
easily result if the closed re-
duction techniques mentioned
above are not used.

NCB - Non Contact Bridging
Plate

The NCB® is a plate system
compatible to the LIS system
in which the screws can be
fixed polyaxially. It is possible
to select the angle at which
fixed angle screws are inserted
within a range of up to 30°
(Figure 8h).

As with the system for the
distal radius mentioned above
(Figure 6¢) this allows the oper-
ating surgeon to avoid certain
areas or to insert screws at an
appropriate angle. In this way
it is possible to avoid insert-
ing individual screws into the
joint cavity. This method also
allows individual fragments to
be fixed. However the NCB
has a greater volume than the
LISS and can therefore pro-
trude noticeably in areas with
a thin soft tissue covering (ilio
— tibial tractus). This is due to
the method used to lock the
screw head (Fig. 8).

To what extent the thicker
NCB also gives greater primary
stability, which is desirable par-
ticularly when bridging larger
bone defects in the femoral
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Fig. 10: Upside-down implantation of a fixed angle LISS in a case of infec-
tion following gamma nailing. The proximal fracture of the left femur has
been treated using a plate for the right femur implanted using an antegrade
approach.
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shaft area, is currently being
investigated in biomechanical
tests [14].

The option of polyaxial screw-
ing appears to be particu-

larly useful in the treatment

of periprosthetic fractures.

In contrast to the LISS, the
screws in this system can be
placed monocortically but the
option is also available of fixing
them bicortically, bypassing the
stem of the prosthesis.

For the femur the maximum
length of both the LISS and the
NCB is 32 cm. For some types
of fracture and bone problems
this can be too short to allow
for adequate screwing of the
proximal parts of the fracture.
In such cases it is possible

to use both systems “upside
down”. In this technique a left-
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side plate is used for the right
femur and a right-side plate for
the left femur (Fig. 10).

A wide range of new plate sys-
tems is now available for many
different indications. The prin-
ciples of angular stability and
polyaxial angular stability have
now been extended to almost
all bones, including long bones
such as the femur (LISS, NCB
and 4.5 and 3.5 mm plates
with combi-holes), distal radius
(2.4 mm radius plate) and small
fragment and mini-fragment
systems.

Outlook

“QOrthobiology” — Bioactive
Implants

In spite of improved operat-
ing techniques and optimised
implants, complications con-
tinue to occur in osteoporosis
and complex fractures. These
range from delayed healing of
the fracture to pull-out of the
implant and bone infections.

Improving the fixation of
implants in bone is a topic

of constant research. The
design of the screw thread
has been steadily improved.
Experimental and clinical trials
are currently in progress with
hydroxyapatite-coated screws
whose thread actively “grows
into” the bone. The fixation of
the screw is thus biologically
optimised.

As well as the improvements
described above in implant
design, fixation methods and
insertion techniques, implants
can also be rendered biologi-
cally active by incorporating
drugs into coating materials.
Once the implant is in position
the drug is released from the
coating in a local and control-

German
Medical
Journal

Al
agulsll
agL Iyl

FEATURING THE BEST OF GERMAN MEDICINE

led manner offering an ideal
means of promoting healing
locally.

Gentamicin-Coated Implants
for the Prevention of Implant-
Associated Infections
Gentamicin-coated implants,
currently undergoing clinical
trials, represent a first step in
this direction.

Gentamicin can be incorpo-
rated into a bioabsorbable
coating which is continously
released, after an initial peak,
over a period of 6 weeks.

This method allows high local
concentrations of the active
agent to be produced without
subjecting the whole organ-
ism to high systemic doses.
This may make it possible to
prevent bacterial contamina-
tion of the implant surface and
implant-associated osteitis. The
incorporation of gentamicin
can be seen as the first step in
a new dimension of modula-
tion of fracture healing. Other
active agents such as growth
factors, locally acting short-
chain peptides or local “non-vi-
ral” gene transfer are currently
under investigations.

Summary

Three factors have made a

major contribution to improving

operative fracture treatment:

« Stability according to the
internal fixator principle — us-
ing fixed angle fixation of the
screw elements in the plate
system.

» Consideration and under-
standing of the biology of
bone healing using minimally
invasive closed operating
techniques.

« Consideration of anatomy of
the bone — using preformed
implants.
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Treating fractures with metal
implants will continue to be the
gold standard for the foresee-
able future and will not be
replaced by “fracture healing
from the syringe”. The new
osteosynthetic procedures

are based on an understand-
ing of the biological processes
involved in fracture healing and
the importance of the soft tis-
sues. Osteoporosis constitutes
an additional challenge and will
require innovative ideas for the
fixation of weakened bones.
Solutions involving bioactive
implants will be used not only
in the treatment of fractures
with metal implants but also

in bone replacement materials
and in endoprosthetics.

The authors aknowledge the
kind assistance of Mrs. Ste-
fanie Dickmanken for assist-
ance in preparing this manu-
script.
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Dusseldorf

The Elegant
German Metropolis

As far as its urban style and
its cultural flair are concerned,
Disseldorf is among the large
German cities with cosmopoli-
tan atmosphere.

The metropolis on the Rhine
is a main fashion city, home of
the largest fashion fair world-
wide and one of the most
elegant metropolises.

The Konigsallee

(King's Avenue)

The Koénigsallee, also referred
to as «Ko», belongs to the
internationally known streets
which are rightly called av-
enues with their numerous
fashion, jeweller’s and designer
shops. In the stylish pavement
cafés, to see and to be seen is
on the agenda.

Historical and Modern -

Old Town and Media Harbour
This is where the heart of

the city beats. The Old Town
around the Bolker Street is
popular with night owls be-
cause of its manifold restau-
rants, bars and discos. It owes
its name «the longest bar in
the world» to more than 250
possibilities of going out.

The former harbour has ex-
perienced a dramatic change:
the place where the skyline
was formerly characterised by
storehouses, buildings erected
by internationally renowned ar-
chitects stand today. The lean-
ing Gehry buildings are very fa-
mous. The new Media Harbour
owes its special charm to the

3,99 geu g

dsladYl &A@La:“

Fig Ll gl Ligsall
ase Yl Jilugy &y yanlly
Al QB8 GAG aa Lia
Sy gl Jsa Eagadll Lyl
pelhall sing aa olSe sa,
ool e llal 13l usasall
SULally (ad )l (S Ly . Ll
Lla S aul Lpale cilla] il
0+ o LIS dlia dm allall 3
asdall gy all i<

1535 Balall £ Lisall s¢s

Lo siall @5lS Eaa ‘\ﬂh
_,Jl,\_aJ ‘dm o e Uyl
PETEURVEY PIE ETERRY
el 1 LaSs wi5Le AlLall
UL (5 p0ad les 3 LayiSTy
oola s wpuall Lagliyse dllia,

Yo o y
Ay
Oo Bl g9 Ay 5ulas
Sl ‘5)L.A;.|| C“U'“'“ LNEN
uLAJ\JI uJA.“J.tS‘ Oad (yo
g aa yiad Jeull Ll ol3
Lgae (bl 40 Ao danlall
,51 Do s Aol oL N
‘,..S| ._t;b L\A.‘LC. ;LUYL.AJM
RERS RPN

King’s Av:anue ellall ¢ 5L
525 55 Blaal aale Bk, il
Bl lal 3oy alle g L
Aliay cim pu¥ 138 aule
ol A gaa Bagae ;b_j SNaa
Al ‘;\_J:)i ‘a:uuf: o)laa;,
5555 &) oy L3 Y Las Y
ot il Bl Jyua e



German  al.Jl
Medical a..li
Journal =i

German Impressions

mixture of «new and old»: the
old quay walls and railway sid-
ings are still well-preserved and
are listed today. Between them
there is a multitude of bars,
clubs and restaurants, which
are predominantly frequented
by the creatives of the media
scene domiciled here.

The Rhine

The Rhine is Germany'’s largest
river and imparted Disseldorf
its significance as early as
several hundred years ago. A
sightseeing tour on the Rhine
guides you along the Old Town
of Disseldorf up to the new
Media Harbour within one hour.
From the Rhine Tower, you
have a breath-taking view onto
the Rhine and the sights of the
city.

Green and Romantic -
Castles and Gardens
The Baroque Castle Benrath
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accommodates the Museum
for European Garden Art. In the
large-scale castle grounds with
mirror pond, English landscape
park and French Baroque
garden, you can take a stroll
amongst old trees, sculptures,
flowers and herb gardens.

The moated castle Dyck looks
back on a history of 900 years.
Today the castle and the mar-
vellous English landscape park
are not only inviting to people
interested in culture and gar-
den lovers.

The high rope course and
mountain-climbing garden in
the castle grounds offer exten-
sive terrain for people keen on
mountain climbing.

Art city — Arts and Culture
Internationally renowned
artists learned and taught at
the world-famous Disseldorf
Academy of Arts. Besides the
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academy and a varied museum
landscape, more than 100 arts
galleries and arts places char-
acterise the city.
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The Arts Gallery and the Art
Collection North-Rhine West-
phalia K20, one of the leading
museums for arts of the 20th
century, are especially worth a
visit.

The K21 Art Collection in

the house of the estates is
forward-looking and exhibits
international contemporary arts
of the 21st century.
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fashion scene. Numerous
show rooms of internationally
established fashion and young
designers such as Peter Krell
and Steffen Schraut or the
Academy for Fashion & Design
are domiciled here.

The great international design-
ers such as Armani, Bulgari,
Gucci, Jil Sander, Prada or
Versace present themselves on =&
the luxury shopping boulevard
Kénigsallee.

You can find funny and trendy
things during a shopping tour
through the Old Town. In the
narrow streets unconventional
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Visitors are able to experience
about 450 animal species

in aquariums and landscape
terrariums on a total of 6,800
square metres.
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German Opera on the Rhine
It belongs to the most impor-
tant opera houses in Germany
and also offers a ballet besides

operas and operettas/musicals.

The opera in Diisseldorf also
organises performances espe-
cially for children and young-
sters.

Jever Indoor Ski Slope
Sports-crazy people are able
to ski and snowboard over
the whole year in Germany's
largest indoor winter sports
hall. Two drag lifts and a four-
seat lift ensure the convenient
ascent to the “top station” at
the end of the ski run of 300
metres length and 60 metres
width.
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Neanderthal Museum

This is where the Neanderthal
man has been discovered.

In 1856 workers discovered
bones in the Valley of Dussel,
which were identified as
skeleton remainders of a glacial
human - the Neanderthal man.
He lived within the period of
about 160,000 to 30,000 years
ago. The museum and its
exhibition have been awarded
several national and inter-
national prizes.

Phantasialand (Fantasy Land)
With its more than 100 attrac-

tions and internationally award-
ed shows, the Fantasy Land is
one of the most popular theme
parks in Germany.

© DUSSELDORF MARKETING & TOURISMUS GMBH

WWW.DUESSELDORF-TOURISMUS.DE
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www.german-medical-online.com
The worldwide presence of German medicine.
Germany is only seconds away.

Via QR-Code - the latest cell
phone technology - to the direct
Information on your cell phone.
Give it a try.

How it works

Get the reader for your cell phone for free:
http://reader.kaywa.com

Take a picture from the QR-Code and jump
to the detailed information.

. Hospitals Clinics Inf
Medical Centers nio
Competence Center for the Diagnostic and Therapy :*Z)* *
of Chronic Pruritus x &
ssssssrmr=ris Specialists from several Departments of the University offer a complete '
check-up to identify the origin and best treatment for chronic pruritus.
Department of Obstetrics and Gynecology, University **23 *
. . *
4‘} "l Hospital of Tuebingen ot
Excellence centre for General Gynecology, Gynecological '
Oncology, Obstetrics, Urogynecology
i - i R
; Heidelberg University Hospital i Z) *
: : &
@; 0 One of Europe’s leading medical centers. World-renowned experts provide <

comprehensive care in all medical specialties.


http://www.german-medical-online.com/Category/Hospitals/

. Hospitals Clinics ' Inf
Medical Centers nro

f’; :N;’W’ Department Dermatology and Allergy TUM

" r1” _.na.r:-.,_

ﬁ“’:&.ﬁ&““ Department of Dermatology and Allergy Biederstein,
i Technical University Munich

4 myp At

Department of Ophthalmology, Klinikum rechts der

Isar, TUM
diabetic retinopathy, retinal detachment, cataract, corneal

transplants, lasik and epilasik and more

-r-:,:""‘-- Klinikum rechts der Isar

% v Department of Orthopaedic Sports Medicine,
7 knee shoulder and foot surgery, arthroscopy cartilage cell
q

and bone cartilage transplantation

Department of Pediatric Surgery, University Medical
kunkum - Center Mainz, Germany
m.!rrt_ .

Neurosurgical Clinic, Ludwig-Maximilians-
University Munich-Grosshadern
Treatment of multimodal and brain tumours, vascular

malformations, paediatric, spine, neurosurgery.

Pro Vita out-of-Hospital Intensive Care

mm Intensive Patients Care in a non-hospital setting for adults,

babies and children

KLOSTER

crarscuapr  Specialist Hospital Kloster Grafschaft

= Specialist Hospital for Pneumology and Allergology
SPECIALIST HOSPITAL
FOR PXEUMOLOGY AND
ALLERGOLOGY

University Hospital for General, Visceral and
4 Transplantation Surgery
41 |-_|!( Experienced excellence center for abdominal organ
~ transplantation and surgical oncology.


http://www.german-medical-online.com/Category/Hospitals/

Hospitals Clinics
" Medical Centers

University Hospital Muenster /

ﬁ(M Universitatsklinikum Miinster

The University Hospital of Miinster is one of the largest hospital
unversititskinikom — complexes for specialised medical care in northern Germany.

Miinster

XCell-Center for Stem Cell Therapy

O
{ | ell-Center
g

In the Eduardus Hospital

BG-Trauma Hospital Tuebingen

=) : : :
\ -4 traumatology, endoprosthesis, plastic surgery, cranio-
maxillo-facial-surgery, paraplegia, reha

Department Obstet. Gynecology, University Hospital
LMU Munich
Women Health, Cancer, Prenatal Care, Infertility

Department of Nephrology and Endocrinology,

. Charite, Campus Benjamin Franklin
@H ARITE treatment of all kidney problems including renal

transplantation and hypertension

. Practices
Medical Doctors

Dr. Schlotmann & Partner PraxisKlinik

-

D Schlotmann

We are a clinic specializing in Dental Implantology, Dental
Aesthetics, procedures under narcosis.

Orthopédie Bavariapark

Orthopadie
=LV EE RS Center for Arthroscopic Surgery and Minimal Invasive

Joint Replacement

* %
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Medical Equipment
MedTech Instruments

proxomed Medizintechnik GmbH

prnxnmed Professional Training Systems for Active Therapy.

Future Rehab and health Concepts

3B Scientific

...going one step further

Dieringer GmbH

#am DIERINGER o _ i

s orthopaedic shoes, orthopaedic inlays for sport shoes,
for business shoes, for rheumatism patients

Patient and Travel El%'% ’f| f )
Services Hotels ?' ] —
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, German Medical Council
German

Medical ==
Souncil (@

German Medical Council organizes the best medical treatment
in renowned German hospitals and clinics for you.

ADAC ADAC Service GmbH

When it comes to safety, the ADAC-Ambulance Service is
the ideal partner for all holiday and business travellers.

Reuschel & Co. Privathankiers

— e

Reuschel & Co. Privatbankiers is one of Germany's leading
private banks

1
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*Hospital
Planning

following the EU guidelines

* 5k

ISO standards and/or KTQ certification Hospltal

ing and development of hospitals, Engineering
health centres and medical practices .
% hospital furnishings and made In
infrastructure Germany

www.hospitalplanning.eu

% CT and MRI diagnosis equipment

% operating rooms and furnishings

% management structure, medical structure

% information design, interior design ’

% hospital and practice marketing

% presentation and appearance in public
(public relations) Hospital

% internal presentation and appearance =
(human relations) P|anl1lng
% development of the corporate identity (Cl) A"lance

* website optimization, screen design Berlin  Munich
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