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Editor's Note

Dear Reader,

med on the iPad

This is what we have been
waiting for so long: the iPad by
Apple is a big step towards the
future.

When we introduced the Ger-
man Medical Journal onto the
market some years ago, back
then printed on high-quality
paper, we were absolutely
aware of the fact that the tech-
nical development would not
come to a standstill and the
future would be dominated by
digital media. We anticipated
that the era of printed books,
newspapers and magazines
would come to an end and
replaced by digital evolution.
Consequently, we changed the
journal over to digital technol-
ogy at an early point; so early
that we sometimes met with
incomprehension, especially
here in Germany.

However, we had young,
well-educated medical profes-
sionals in the “young”, rapidly
developing countries in sight
and stood in the firm belief that
a change would come about,
more rapidly than it could

be seen to emerge at that
time. The success confirmed
our conviction. Due to the
digitalisation of the journal, the
number of our readers virtually
exploded from 40,000 to more
than 240,000.

About half of our readers are
from Arabic-speaking coun-
tries, for which we initially
designed the journal and with
which it all began. The second
half is distributed among read-
ers from nearly all countries in
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the world. These people read
the English part of the journal,
which was originally intended
to be a reference only.

The development inevitably

led to us being concerned with
other important countries and
languages, which also have a
great number of potential read-
ers. Therefore, the current is-
sue is published besides Arabic
also in Russian/English and the
next issue in Spanish/English in
addition.

We are convinced that the iPad
will revolutionise the world-
wide media. For us this means
already today: med on the iPad.
Latest news from the world

of medicine, whenever and
wherever you like:

Welcome to the
German Medical Journal.

Nadine Baume
Managing Director
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Introduction

The majority of periampul-
lary tumors originate from

the pancreas. The pancreatic
component that is responsible
for most of the tumors is the
duct-system [1]. Therefore, in-
vasive ductal adenocarcinoma
is the most common tumor of
the pancreas [2]. Nowadays,
pancreatic cancer has reached
the fourth leading cause of
cancer mortality in the USA
and western europe, indicating
the significance of commit-
ted efforts to fight this tumor
[3]. Complete resection of the
tumor, so called radical resec-
tion, remains the only potential
curative option for patients
confronted with the diagnosis
of pancreatic cancer.

Whether technical improve-
ments in pancreatic surgery
during the last 30 years signifi-
cantly decreased the periopera-
tive morbidity and mortality,
several surgical aspects are not
clear yet and still open for dis-
cussion. Especially, the role of
surgical approaches in the con-

text of new adjuvant treatment
options and effective interdisci-
plinary interactions are chal-
lenges to pancreatic surgeons.
The following manuscript tries
to give a short survey on the
spectrum of current surgical
standards, perspectives and
limits (Fig. 1).

Appropriate Preoperative
Diagnostic Work Up

Because most pancreatic
cancers arise in the right side
of the pancreatic gland, the
cardinal symptom is jaundice,
resulting from obstruction of
the intrapancreatic part of the
common bile duct. However,
due to the often delayed oc-
currence of clinical symptoms,
for the majority of patients
curative resection is not fea-
sible at the time of diagnosis
[4]. Especially in patients with
pancreatic cancer arising from
the left side of the pancreatic
gland, jaundice generally is
missing, Therefore, the disease
often is not diagnosed until the
tumor is locally advanced or
metastatic. Today, preopera-
tive clarification of localisation
and expansion of the tumor by
computed tomography is the
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Pancreatic Cancer

preferred imaging modality. In
this context it is important to
emphasize that assessment

of resectability should be only
performed via laparotomy.
Radiological (CT/MRI) signs

of local inoperability, such as
involvement of the mesenteric-
portal axis or visceral arteries
should not be interpreted in
general as contraindication for
surgical exploration. In such
cases surgical exploration may
indicated to confirm inoperabil-
ity. However, laparoscopic ex-
ploration only excludes poten-
tial peritoneal carcinomatosis
or liver metastasis, therefore
gives incomplete information
regarding the local resectability
and can not recommended to
clarify the local situation [5].

The role of endoscopic retro-
grade cholangiopancreatog-
raphy (ERCP), as a invasive
procedure, in patients with
clinical and radiological suspi-
cion of a pancreatic malignoma
is negligible nowadays. Precise
visualisation of the periampul-
lary region including ductal
structures should be per-
formed using MRI-imaging. In
selected cases, as in patients
with severe jaundice, preop-
erative biliary stenting prior to
pancreatic resection may be
reasonable . Malignant biliary
tract obstruction can cause
severe cholangitis leading to
cholangiosepsis [6].
Nevertheless preoperative
stenting is still under discus-
sion. On the one hand a cor-
relation between obstructive
jaundice and operative mor-
bidity and mortality could be
demonstrated [7]. On the other
hand recent studies showed
that short-term preoperative
billiary decompression does
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not improve surgical results
after pancreatic head resection
[8l.

Prospective trials have failed

to show neither significant
reduction of in-hospital time
nor decreasing morbidity after
preoperative drainage [9, 10].
Recent findings indicate that
preoperative stenting seems
to increase the rate of wound
infections and possibly contam-
inate bile after instrumentation
of the bile duct [9]. For that pr-
eoperative biliary stenting can
not be recommended generally
in jaundiced patients due to
malignant distal bile duct occlu-
sion, and therefore should only
be used very selectively.

Contraindications for
Pancreatic Resection

Because of the agressive
nature of the tumor and due to
early metastases in only 20%
of patients curative resection
is feasible at time of physician
first contact [4]. However, the
only curative intent is a radical
resection of the tumor.

A strong contraindication for
pancreaticoduodenectomy

is the presence of distant
metastasis including peritoneal
carcinomatosis. A metastatic
stage of the disease is known
as a significant predictor of
short expected survival. Fur-
ther contraindications for radi-
cal surgery are: Tumor invasion
of the mesenterical root and/or
invasion of visceral arteries (su-
perior mesenteric artery (SMA),
celiac axis or hepatic artery).
Nowadays, cancer invasion of
the superior mesenteric-portal
venous confluence (SMPCV)
should no longer be consid-
ered as a contraindication for
pancreatic resection [11]. Due
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Fig.1: Ductal adenocarcinoma of the pancreatic head. The tumor is clearly circumscribed and surrounded by soft, tan
lobulated pancreatic tissue without signs of pancreatitis.
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to the significant increased
mortality risk for patients with
concomitant severe disease
indication for pancreaticoduo-
denectomy should be carefully
evaluated in such patients.
Because of declining surgical
mortality rates after pancreatic
resection, the significance of
palliative resections has been
discussed more and more in
recent years. Especially, the
question whether a palliative
resection should be offered to
patients with hepatic metas-
tases is still unanswered.

Standard Surgical
Procedures

Today, the standard resection
procedure for periampullary
malignancies is the pylorus-

preserving pancreatoduoden-
ectomy (PPPD). In contrast to
the standard Kausch-Whipple
operation this technique
preserves the entire stomach,
including the pylorus, cutting
the duodenum usually about
2-3cm distal from the pyloric
ring. The discussion regarding
oncological radicality of the
pylorus-preserving technique
should belong to the past yet
[12,13]. The pylorus-preserving
pancreaticoduodenectomy is
a safe and radical operation
which, does not affect the
prognosis [14].

The surgical treatment of left
sided carcinomas (pancreatic
body or pancreatic tail) is the
so- called pancreatic left resec-
tion. Such resections should
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Pancreatic Cancer

be performed, also based on
the principles of surgical onco-
logy, as no-touch-techique and
standard en-bloc dissection of
the peripancreatic lymph nodes
and in general combined with
splenectomy. Depending on
the dimension of a left sided
carcinoma, the resection has
to be extended towards the
pancreatic head to reach tumor
free resection margins (subto-
tal left-sided pancreatectomy).

The pancreatico-enteric
anastomosis is the weak

point of pancreatic surgery.
Devastating clinical courses
after development of a pancre-
atic leak are a common feared
complication. The operative
resection of pancreatic cancer
includes cautious handling of
the pancreatic remnant [15].
One of the most commonly
employed techniques is a
pancreatico-jejunal anastomis.
However, to prevent a leakage
from the pancreatico-jejunal
anastomosis, different anasto-
motic techniques have been
published during recent years.
Which technique of pancreati-
cojejunal anastomosis, wheth-
er end-to-side or end-to-end,
and whether duct-to-mucosa,
does not seem to influence
the anstomotic leak incidence
significantly [16-18]. Several
strategies have been estab-
lished in the past to improve
the safety of the pancreatico-
enteric anastomosis. One alter-
native reconstruction technique
after pancreatic head resection
is the introduction of a pan-
creatogastrostomy [19]. Three
different principles to achieve
pancreatogastrostomy are in
use today: The implantation

of the pancreatic remnant into
the stomach, the implantation
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of only the pancreatic duct into
the stomach, or an anastomo-
sis between the pancreatic
duct and the gastric mucosa.
(Fig. 2, 3). A view through

the literature showes that the
surgical results after pancrea-
togastromstomy are similar to
those presented after pan-
creaticojejunostomy [20-22].
There is still the discussion that
long-term pancreatic secre-
tion into the stomach causes
alkaline juice, which affect the
gastric mucosa. To date there
is no substantial data show-
ing a correlation between an
increased risk of peptic ulcers
and pancreato-gastric anasto-
mosis [23]. In summery, rather
than the choice of the variant
used, however, the successful
management of the pancreatic
anastomosis depends more on
the surgeon’s concentration
on the meticulous execution
of the technique with he is
familiar [24].

In the past several strategies
for improvement of prognosis
have been established. One ap-
proach was the introduction of
total pancreaticoduodenectomy
[25]. The idea was that the
removal of the entire pancreas
can eliminate multifocal dis-
ease, achieve broad resection
margins and allows the avoid-
ance of as pancreatic leak-

age, pancreatitis or pancreatic
fistula. However, several stud-
ies showed that the median
survival for patients after total
pancreaticoduodenectomy was
significantly lower compared

to patients undergoing partial
pancreaticoduodenectomy [26].
The removal of the pancreatic
gland can cause severe meta-
bolic dysfunctions as a conse-
quence to the loss of pancre-
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Fig. 2: View into the opened stomach. The pancreatic stump has been placed through the dorsal gastric wall and su-
tured in mattress technique. Additionally, a short tube has been inserted into the pancreatic duct of the remnant.
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atic endocrine and exocrine
function. One consequence

is diabetes combined with
recurrent episodes of severe
hypoglycemia [27]. For that,
nowadays total pancreatecto-
my is no longer the treatment
of choice for carcinomas of the
pancreatic head. However, in
individual patient, e.g. in case
of multicentric carcinomas,
total pancreaticoduodenectomy
can be reasonable.

Lymph Node Dissection

Affection of lymph nodes are
reported to be found in more
than 70% of patients after
resection [28]. The standard
lymph node dissection is de-
fined as radical lymphadenec-
tomy along the hepatoduode-

nal ligament, the celiac trunk
and superior mesenteric artery,
the mesenteric vein and portal
vein.

The rationale for the so called
extended lymphadenectomy is,
that lymph node studies have
shown positive lymph nodes
beyond the bound of the stand-
ard dissection [29]. Nagakawa
et al. could demonstrate
metastatic lymph nodes of the
paraaortic region, between the
celiac trunk and the origin of
the inferior mesenteric artery
[30]. These findings led to the
suggestion, that these lymph
nodes should be removed en
bloc during radical resection.
The extended lymph node dis-
section therefore includes the
resection of bilateral paraaor-
tic lymphatic tissue from the
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Fig. 3: Pancreatic remnant after implantation into the stomach (a: Stomach, b: Pancreatic remnant, c: Portal vein,
d: Hepatic artery)
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diaphragm down to the inferior
mesenteric artery and laterally
to the hilum of the right kidney
[31]. Several recent studies
indicated a variability in results
regarding the influence of an
extended lymph node dissec-
tion. Nimura et al. compared
51 patients after standard
lymphadenectomy versus 50
patients after extended lymph
node dissection in a prospec-
tive randomized trail. No
differences could be detected
in overall survival, survival for
pNO/ pN1, tumor recurrence,
body weight, quality of live and
bowel movements [32, 33]. Ne-
optolemos et al. demonstrated
that metastatic involvement

of lymph node 8a (located at
the common hepatic artery)

is an independent prognostic

factor after pylorus-preserving
resection [34]. Two further
randomized studies from Balti-
more reported a similar overall
morbidity, although the study
indicated an increased rate of
delayed gastric emptying after
extended lymph node dis-
section [35, 36]. The current
standard of surgery for pancre-
atic head tumors therefore is a
pancreatic head resection with-
out extended lymphadenec-
tomy [37](Table1).

Vascular Resection

Tumor invasion of portal or
superior mesenteric vein has
always been a controversial
issue in pancreatic surgery.
Fuhrmann and colleagues
found that tumors adherent to
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the superior mesenteric vein-
portal vein trunk did not display
eminent aggressiv biology [38].
They concluded that venous
adherence was more a func-
tion of tumor localisation rather
than an indicator of aggressiv-

ness. Furthermore, pathological

assessments of resected veins
confirmed cancerous venous
invasion in about 20 - 70% of
resected specimens [39, 40].
This data indicates, that a sig-
nificant percentage of patients
with suspected venous tumor
invasion only show an inflam-
matory adherence. For that,
portal vein invasion should not
lead to an absolute contraindi-
cation for pancreatic resection.
New data indicate that the
need for portal resection does
not affect overall patient surviv-
al. Lygidakis et al. showed that
patients with portal-mesenteric
venous invasion had far better
5 - year survival compared with
patients who were randomized
to only palliative bypass [41].
Several surgical techniques

in case of venous involve-
ment are common: Tangential
resection and venous patch-
plastic, segmental resection
with splenic vein ligation and
primary anastomosis or splenic
vein ligation and graft interposi-
tion. Further techniques are
the segmental resection with
splenic vein preservation either
with primary anastomosis or
again with graft interposition
[42, 43](Table 2).

In a subgroup of patients cura-
tive resection is denied as a
result of the direct invasion of
major visceral arteries, often in
the absence of distant disease.
On the one hand the involve-
ment of major vessels, such as
the celiac axis, is a clear con-
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LN
Group Lokalisation

LN-positive Involved
patients % LN (mean) LN (median)

Involved

1 posterior pancreatico
duodenal

= 1
1

paraaortic

common hepatic artery

1 anterior pancreatico-

duodenal

K] 00 2,70 K]
16 i 00 3,40 2
14 superior mesenteric artery 47 0,80 ]

8 i 40 0,60 ]

7 40 0,60 ]

1 hepatoduodenal ligament 27 0,60 ]
7 0,10 ]

2
6 infrapyloric

Table 1

traindication to resection for
most surgeons. On the other
hand, radical vascular resec-
tion in such cases can poten-
tially implicate complete tumor
removal leading long-term
survival. The Appleby operation
proposed en-bloc resection of
the celiac trunk with distal pan-
createctomy a the treatment
of patients with locally invasive
carcinomas of the body and tail
of the pancreas. The anatomic
and physiological premises for
this approach is the presence
of collateral circulation be-
tween the superior mesenteric
artery (SMA) and the hepatobil-
jiary system by way of an intact
pancreaticoduodenal arcade
[44, 45]. However, such surgi-
cal approaches have not yet
been established as a standard
technique and therefore are
only indicated in highly select-
ed patients.

Significance of Extended
Pancreatectomy

In efforts to improve the long-
term results after pancreatic
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resection, attitudes toward sur-

gical treatment of pancreatic
cancer without spread outside
the pancreatic bed have be-
come more aggressive. In the
past, more extended surgical

treatment has increased the re-
sectability rates [46]. In the last

20 years there has been less

and more on its surroundings.
True to the maxim “more is
better” extended pancreat-
ectomy means the resection
of the entire pancreas, the
adjacent soft tissues, and the
primary lymphatic drainage of
the pancreas. Additional to an
en bloc total pancreaticoduo-
denectomy with subtotal distal
gastrectomy, the resection of
the transpancreatic portion of
the portal vein and ocassional
resection of the celiac axis,
superior mesenteric artery and
middle colic artery with vas-
cular reconstruction has to be
performed [47, 48]. However,
extended pancreatectomy
failed to improve the long-term
survival rate and carried a high
operative mortality [49]. In
summary, the role of extended
pancreatectomy for advanced
pancreatic adenocarcinoma is
negligible nowadays.

Palliative Pancreatic Head
Resection

The goal of palliative therapy is
to prolong life by relieving life
threatening biliary and duo-
denal obstruction to improve
quality of life by eliminating
local tumor associated prob-
lems. This does not mean,
that only surgery offers the
best possible palliation, but no
effective alternative therapies
are available and only resection
of the tumor offers a chance

Histological
portal vein

n invasion (%) (%)

Ishikawa et al.[56] 6
1
1

1-year 3-year 5-year Median
survival survival survival survival
(% %) (months)
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. 10
14

34
1
1

14
Taschiery et al. [59] 164 12

van Geenen et al.[60] 34 K] 55 6

Table 2

for long-term survival. For that,
the goal of modern pancreatic
cancer surgery should not be
the selection of patients with
the greatest chance for cure.
Contrariwise, the selection of
patients in whom resection
provides a chance for longer
survival and better quality of
life should be considerated for
pancreatic resection. Increas-
ing the rates of resection might
also include M1 resections

in selected patients. Further
arguments for extending the
resectability criteria are sup-
ported by the results of recent
multicenter trials in adjuvant
chemotherapy after RO and R1
resections for pancreatic head
carcinoma indicating that even
the patients with R1 resection
showed a benefit from postop-
erative adjuvant resection [50].
To date no prospective data
are available in which a pallia-
tive resection was investigated
in a randomized fashion. To
elucidate the role of pallia-

tive pancreatic head resection
we conducted a prospective
randomised study. We derived
a protocol in which patients
with carcinomas of the pan-
creatic head and synchronic
liver metastasis were rand-
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omized in two groups. One
group would receive standard
gemcitabine until the tumor
showes progression. Whereas
the other group would receive
a pancreatic head resection fol-
lowed by standard gemcitabine
treatment (ISRCTN20060588).
Therefore palliative pancreatic
head resections are not indi-
cated beyond accepted study
protocols.

Resection for Recurrent
Pancreatic Cancer

Although the significant
progress in pancreatic surgery
over the last 20 years the 5 -
year survival rate of resected
patients are still between 15
-20% [51]. One reason for
this phenomena is that, even
after curative resection, tumor
cells are detectable on the
edge of resected specimens
in up to 50% of cases [52]. A
further reason seems to be the
presence of systematic occult
disease at the time of diagno-
sis leading to liver metastasis
and peritoneal carcinomatosis
in up to 50% patients [53, 54].
In case of tumor recurrence,
there are no established surgi-
cal strategies. In other words:
The significance of re-resection
for pancreatic carcinoma is
completely unclear. In a recent
paper Kleef et al. reported

on the outcome of patients
re-operated for recurrent
pancreatic cancer. They found
an increased median survival
in patients undergoing resec-
tion compared with patients
undergoing exploration or
palliative bypass. Interest-
ingly, they found an increased
median survival for patients
with a prolonged interval from
resection to recurrence. Over
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all data show that resection for
recurrent adencarcinoma of the
pancreas does not significantly
increase survival [55]. The aim
of further studies should be to
identify subgroups of patients
potentially benefit from reop-
eration. For that, re-resection
for recurrent pancreatic cancer
cannot be recommended
outside randomized controlled
trials yet.

Summary

Today, surgical resection of
localized adenocarcinoma of
the pancreas still remains the
only potentially curative op-
tion for these patients. Ad-
vances in surgical techniques
and perioperative care have
improved significantly during
last twenty years, causing an
extension of indications for
surgical intervention. As a
standard resection procedure
for periampullary malignancies
the pylorus-preserving pan-
creatoduodenectomy (PPPD)
has been established in recent
years. Resections of advanced
tumors including portal vein
resections can be carried out
safely nowadays with low
perioperative mortality rates.
Although new diagnostic
techniques are established,
surgical exploration is still very
important for the final assess-
ment of resectability. However,
laparoscopic exploration only
gives incomplete information
regarding the local resectability
and can not be recommended
to clarify the local situation.
Contraindications for pancreatic
resection are distant metasta-
sis, peritoneal metastasis and
tumor infiltration of visceral
arteries. But, nowadays, cancer
invasion of the mesenteric-
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Pancreatic Cancer

portal venous confluence
should no longer be considered
as a contraindication. In regard
to lymph node dissection the
current standard resection

is defined as a radical lym-
phadenectomy along the hepa-
toduodenal ligament, the celiac
trunk and superior mesenteric
artery, the mesenteric vein and
portal vein without extended
lymph node dissection. Pallia-
tive pancreatic head resections
and re-resections for recurrent
pancreatic cancer are not indi-
cated to date beyond accepted
study protocols.
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New Treatment Option
that Opens Up New
Avenues in the Treatment
of Resistant Hypertension
- Renal Sympathetic

Denervation

Background

Hypertension is a major global
public health concern and wide-
spread disease number one.
Especially, in the industrialized
countries its prevalence will
increase in the years ahead.
Some 30-40% of the world’s
adult population suffer from
hypertension, and, of these,
10-15% suffer truly resistant
hypertension. Several hyper-
tensive patients are faced with
lifelong intake of medicines for
reducing their chances of suf-
fering from heart attacks, renal
insufficiency or stroke. Despite
the daily intake of many antihy-
pertensive drugs, nearly half of
these patients continue to have
inadequately controlled blood
pressure. Many patients do not
achieve adequate blood pres-
sure control despite the use of
multiple medications as well as
dietary and lifestyle modifica-
tions. Many pharmacological
therapies have been tried. But
still, when blood pressure is
not controlled, there is a very
high burden of stroke, heart
attack and cardiovascular
death. Mechanistically, hyper-
activity of the sympathetic
nervous system activates
norepinephrine release from

the kidneys and seems to be
an important contributor for
maintaining hypertension and
its progression [1]. In previous
studies in Homburg and Aus-
tralia patients were intensively
evaluated to exclude second-
ary forms of hypertension. In
particular, renal artery stenosis
was excluded.

The Procedure

The renal denervation proce-
dure itself involves endovas-
cular catheter base approach
to disrupt renal sympathetic
nerves using radiofrequency
(RF) ablation applied at an
electrode at the catheter tip
(Fig. 1).

The catheter is placed via the
femoral artery and the aorta

to the lumen of the main renal
artery. A guiding catheter is
used to insert the Symplicity
catheter (Adrian Inc., USA) in
the renal artery and is con-
nected to a RF generator. The
catheter tip is placed before
the first junction in the main
trunk of the renal artery.
Multiple RF treatments are
applied. The developed key is
controlled by the generator and
several points of RF application
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are chosen circumferentially
by pulling back the catheter tip
into the proximal renal artery.
Four to six treatments are
applied in each individual renal
artery in order to apply de-
nervation to the full circumfer-
ence of the vessel (Fig. 2). The
ablations are separated both
longitudinally and rotationally
with a spacing of >5 mm. Each
RF energy depletion takes
about 2 minutes.

The first results have shown
that blood pressure reduction
is pronounced mounting to 20-
35 mmHg systolic and 10-15
mmHg diastolic [2]. There is ev-
idence that the blood pressure
reflects stable over the avail-
able observation period, i.e. 24
months. Accordingly, there are
no evidences of re-innervation.
In addition to profound blood
pressure reduction and high
normalization rates in many
patients, patients subjectively
feel better, report better sleep
and experience less headaches
and symptoms of hypertension
and sympathetic overactivity.
Furthermore, Mahfoud et. al.
[3] recently reported a marked
improvement of metabolic
parameters of glucose me-
tabolism, improvement of
insulin resistance and diabetes
mellitus type 2. The later find-
ing is of particular importance
because resistant hypertension
is frequently associated with

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Electrode

/ Insulated Arch Wire

Fig. 1: Symplicity treatment catheter for interventional renal denervation.
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impaired glucose metabolism
and type 2 diabetes adding to
the cardiovascular risk which is
already imposed by hyperten-
sion.

This new catheter-based
interventional approach has
the potential to achieve blood
pressure control in many
patients who are not at levels
which optimally prevents the
occurrence of cardiovascular
death, stroke and heart at-
tack. Furthermore, there is a
chance that drug exposure in
the treated individuals can be
reduced avoiding side effects
like dizziness, orthostatic
symptoms, metabolic disorders
and erectile dysfunction. Long
term studies are planned in
order to assess how expressed
the reduction of cardiovascular
endpoints are.

Summary

Catheter-based renal denerva-
tion is a new and very promis-
ing therapy option for patients
with resistant hypertension.
During the minimally invasive
procedure, the tip of the cath-
eter is directed into the distal
renal artery and two minutes
of RF energy is applied. The tip
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is withdrawn, circumferentially
rotated within the artery, and a
further two minutes of energy
is applied, and so on all the
way back through the renal
artery. Prof. M. Béhm, Dr. F.
Mahfoud and their team treat-
ed most patients in Europe us-
ing the novel technique. Since
2008 the division is appointed
as a Hypertension Excellence
Centre of the European Society
of Hypertension (ESH). Prof.
Bohm works in a close coop-
eration with the Baker Insti-
tute in Melbourne, Australia.
“After denervation we see

an immediate and sustained
reduction in blood pressure of
30-35 mmHg, which sustained
over 12 months, without any
long-term adverse events» he
explained. The procedure only
takes about 30-45 minutes and
patients can be discharged
very early after the interven-
tion.

Interestingly, beside a dramatic
blood pressure reduction, renal
denervation influences also glu-
cose metabolism. The research
group from Homburg demon-

strated for the first time, that

interventional renal denervation
improves insulin sensitivity and
glucose metabolism in patients
with resistant hypertension [3].

If randomised controlled trials
confirm these initial findings,
catheter-based renal sympa-

Treatment site

Fig. 2: Placement of the catheter in the renal artery and treatment sites.
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thetic denervation might be

helpful in the management of

this public health issue and

could be important in reducing

the high cardiovascular morbid-

ity and mortality in patients

with resistant hypertension.
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Concept for the
Treatment of Pelvic
Ring Injuries in Elderly
Patients - a Challenge

Review based on the data provided by the Study Group Pel-
vis lll of the DGU (German Association for Trauma Surgery)
(2004 - 2009; 4532 cases with 3410 pelvic ring injuries)

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY
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Summary

Whereas pelvic injuries in pa-
tients during their 20's and 30's
are typically caused by high-
energy traumas, another group
suffering this type of injury are
elderly patients between the
age of seventy and eighty. Due
to osteoporosis and comorbid-
ity, particularly the female gen-
der is affected by low-energy
traumas.

After taking medical history,

a physical examination of the
pelvis is performed. If neces-
sary, this is followed by imag-
ing with X-ray and CT-scan with
3D reconstruction. If there are
concomitant injuries, additional
diagnostic measures are es-
sential (sonography, MRI, retro-
grade ureterography, cystogra-
phy, excretion urogram).

The standard AO/ATO classifi-
cation (Arbeitsgemeinschaft fur
Osteosynthesefragen / Asso-
ciation for the Study of Internal
Fixation) has proved well and
does not depend on the age
of the patient. A distinction is
made between three different
types of fractures (type A, B
and C). This classification in
combination with the descrip-
tion of the affected anatomi-

cal region (transsymphysis,
transpubic, etc.) is in daily
clinical practice sufficient to
decide in favour of the neces-
sary treatment.

There are frequent diagnostic
problems in elderly patients
(so-called differentiation of A-B
problem). At first a type A frac-
ture is diagnosed and treated
by non-surgical measures. In
case of persistent pain, the
imaging is repeated and an ad-
ditional (insufficiency-) fracture
is shown. The therapeutic re-
gime has to be changed using
this new information.

The reconstruction of the pel-
vic ring is of major significance
especially for elderly patients.
This reduces the pain and the
primary objective, the earliest
possible rehabilitation without
prolonged immobilisation, can
be achieved. In elderly patients,
the external fixation with su-
praacetabular screw positioning
is an effective procedure. As a
result, secondary insufficiency-
instability (mostly dorsal) can
be avoided. Whereas type A
fractures can almost exclu-
sively be treated by means of
non-surgical measures, type

B and C usually need surgery.
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Orthopedic Surgery

Like in young patients, B
fractures are stabilized ventrally
and C fractures dorsoventrally.
In case of emergency, the su-
praacetabular external fixation,
and where required, extraperi-
toneal tamponade have been
established in Germany as the
standard treatment methods
for elderly patients. For the
definite surgical management,
standard procedures are used
but they often have to be modi-
fied depending on the bone
structure.

Aetiology and Epidemiology
The incidence of pelvic ring
injuries amounts to 3% of all
fractures. A concomitant pelvic
ring injury is expected in 25%
of all patients with multiple
injuries or polytraumas. From
the epidemiologic point of
view, there are two peaks of
incidence: on the one hand, in
young, typically male patients
(25 — 35 years), on the other,

in elderly patients (80 years
and over), in this case predomi-
nantly in women. Whereas

in younger patients pelvic
injuries very often occur only in
combination with a high-energy
trauma, a pelvic ring fracture in
elderly patients can already be
expected through a significant-
ly lower energy impact (low-
energy trauma caused by do-
mestic accident). In this case,
fractures can be regarded as
the manifestation of a deficient
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bone structure. The sacroiliac
joint in elderly patients is often
ankylotic, which is the reason
why transiliac fractures or
direct sacrum fractures occur
with special frequency in this
group of patients (21% =171/
811 patients with type C injury
> 65 years (Figures obtained
from the data register of the
Study Group Pelvis Il of the
DGU/AQ, period 2004 — 2009
with altogether 4532 cases,
thereof 75% (3410) of pelvic
ring injuries)). Because of the
low energy impact during the
accident, however, the frac-
ture frequently does not tend
to significant dislocation and
can thus be easily overlooked
during conventional diagnos-
tics. Chipping of the transverse
processes of the lumbar verte-
bral body 5, clear persistence
of complaints in the posterior
pelvic ring region and “deep
back pain” lasting for more
than one week should thus
always be an indication for the
existence of a posterior pelvic
ring injury requiring treatment
and entail further diagnostic
measures (incl. CT).

Most of the patients of this
age group rarely survive pelvic
injuries caused by a massive
trauma. According to a study
of the Study Group Pelvis I
of the German Association for
Trauma Surgery, patients who
reach the clinic alive due to a
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Case study 1: Fig. 1a: Pat AMK 84 vy, f: Fall onto the right side; right-lateral
fracture only recognisable in the CT image.
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modern rescue network are
predicted to have a high risk of
yet not surviving this injury in
the long term because of their
age alone (comorbidity, sepsis,
multiple organ failure).
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Classification

Type A Fractures: These

are stable anterior pelvic ring
lesions without injury of the
osteoligamentous structures of
the biomechanically important
posterior pelvic ring. Accord-
ing to the investigations of

the Study Group Pelvis Il of

the DGU, these are with an ¥y
incidence of 42% of all frac-

tures still the most frequently

occurring group of pelvic ring B hai guwsll

fractures; in patients > 65 Al plody jguSllsda Suad
years, this type of fracture oc-

curs in 63% of all cases (comp: e *_,_\ 5 o - e i
in patients < 65 years, this @ el oot O (Sany ool
figure is 37%). £ gl ol all Gy Ll
S A, Lall o Llalyl
LU o (Al awdll 35t O
sacro- s all giaaall Jadal
Fig. 1b: Recognisable previous anterior dislocation; navigation-supported j (?L\;J\;H C)'JJJ-” c_,\_‘j) iliac
iliosacral screw-osteosynthesis in S1 and anterior external fixation. ) T i . B o
5 s abiall s caes i 2l ol sl olel Jus e et A b Jea 318 Saadd Ladalal Ll bl
, /< e Lo Ll il e SV b Dymmall Las i Zaliall (Aol )5l & L3l) sacralis
ment sections of the sacroiliac ) ) - L PR - il
joint are ruptured (external rota- 4 f oose

tional injury) or the ventral edge .(@l\,\,; ot \,_m) ol

Type B Fractures: These are
pelvic ring interruptions on the
vertical axis of the pelvis. They
may develop either through
external or internal rotational
movements. The ventral liga-
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Fig. 1c: After removing the fixation, an increasing ventral dislocation with
migration of the S1 screw becomes evident.
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of the ala sacralis is impressed
(internal rotational injury). The
dorsal pelvic ring structure is
thus interrupted (rotationally
unstable). This type of fracture
occurs in 34% of all pelvic ring
injuries (Study Group Pelvis
[1). In patients > 65 years, this
type of fracture occurs in 39%
of all cases. Caused by lateral
fall, the internal rotational injury
in patients > 65 years is the
most frequent cause for a type
B injury (74%); by comparison,
it only makes up 57% of the
type B injuries in patients < 65
years.

Type C Fractures: Due to a
corresponding trauma, exces-
sive rotation and concomitant
(mostly craniocaudal) transla-
tion of the pelvis occurs. Thus,
full translational and rotational
instability of the pelvis occurs;
the continuity of the dorsal
pelvic structures is completely
interrupted. In case of elderly
patients, a low energy impact
is sufficient for this type of
fracture to occur. Dorsal trans-
foraminal sacrum fractures are
frequently present (no poste-
rior sacroiliac ligament bridging
of the fracture in contrast to ala
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Fig. 1d: Another fall, this time onto the left side; new left-lateral type B
fracture.
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Fig. Te: Same procedure, this time left-laterally with iliosacral, navigation-sup-
ported screws and reapplication of a ventral external fixation. The somewhat
caudally located entrance points of the first fixation are still recognisable in the
clinical picture.
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sacralis fractures!). In the pel-
vic register of the Study Group
Pelvis Ill, these can be found
in only 5% of all patients > 65
years with type C injuries (171 /
811 type C fractures (21%). By
comparison, this figure is 79%
in patients < 65 years (707 /
811 cases). Transiliac fractures
or sacroiliac luxations occur
less frequently but are just as
unstable. If these fractures
take a semilunar path out of
the sacroiliac gap and run later-
ally into the iliac bone, these
are referred to as “crescent or
semilunar fractures”. This type
of fracture may easily be over-
looked during primary diagnos-
tics but constitutes a special
risk for a secondary dislocation
with painful pseudoarthroses
(so-called differentiation of B-C
problem).

Complex Pelvic Injuries: A
“complex pelvic injury” is
understood to be a pelvic ring
fracture with concomitant
peripelvic soft-tissue dam-
age, i.e. an additional injury
of nerves, vessels, muscles
or the pelvic viscerae [1].
Haemorrhages, an increased
sepsis rate (contamination

of extensive, retroperitoneal
haematomas and necroses
at large-scale decollements)
and the multiple organ failure
as a result of mostly long-
term depression of the blood
circulation make the complex
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pelvic injury a special problem.
The large majority of complex
pelvic injuries occurs within
the scope of a polytrauma and
is an indication for an extraor-
dinarily high energy impact.
Since elderly patients often

do not even survive this high
energy impact, this injury only
plays an overall subordinate
role in elderly patients. The
Study Group Pelvis Il found
complex traumas in 345 cases
(10%) of altogether 3410 pelvic
ring injuries (2004 - 2009). 44
patients with complex pelvic
trauma were older than 65
years (13%); thereof altogether
18 patients died (= 41% of
complex traumas > 65 years).
In 12 cases of patients > 65
years with complex trauma, a
severe soft-tissue injury as part
of the complex trauma could
be found (27%); thereof alone
8 patients died (67%). By com-
parison: From 301 patients <
65 years with complex trauma
(87 %), 74 patients suffered
severe soft-tissue damage and
only 9 patients died (12%). This
means that soft-tissue trauma
contributes to a significantly
increased mortality rate in
particular at older age. In doing
so, it must not be neglected
that a considerable portion of
patients over the age of 65
years frequently take anti-
coagulants (phenprocoumon,
clopidogrel) due to existing
underlying diseases. This may
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result in forced haemorrhage
in the muscular fascia regions
of the pelvis (gluteal or psoas
muscles) as well as a compart-
ment syndrome and soft-tissue
damage may develop even
without existing bone injuries.
It is important to take surgical
measures in due time, which
should already be carried out in
the first place in combination
with other surgical stabilisation
measures [26, 33.

Open Pelvic Fractures: In case
of open pelvic ring fractures,
osseous perforations of the
outer skin or the hollow organs
of the pelvis occur with an
incidence of 0.9 - 4.8% of all
cases of pelvic fractures. Just
like complex pelvic injuries,
open pelvic fractures exhibit a
high degree of lethality of up
to 50% due to septic complica-
tions [9]. All in all, this type of
injury only plays a minor role in
elderly patients.

Diagnostics

Note: In case of elderly pa-
tients with severe pain in the
pelvic region, CT diagnostics
should be taken into considera-
tion in spite of the often normal
findings of the pelvis examina-
tion.

Treatment

The frequent concomitant
comorbidity of the patients
entails that a sufficient internal-
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medical (cardiopulmonary)
preparation of the patient prior
to the surgery is unavoidable in
most of the cases and there-
fore an early-secondary surgical
treatment is often carried out.
As a matter of principle, the
treatment should be compre-
hensively discussed with the
patient, his relatives or legal
representatives. In doing so,
the initiated treatment should
be aimed at the restoration

of the pelvic rind stability and
allow for early physical fitness
and mobilisation of the patient.
Whenever possible, con-
servative treatment methods
should be used. As a matter

of principle, this applies to all
type A fractures and type B
injuries with internal rotational
mechanisms which can also
be regarded as stable. In case
of type C injuries, a combined
ventrodorsal surgical treatment
is usually required.

The sufficient surgical treat-
ment of pelvic ring fractures

in elderly patients frequently
requires the use of fixed-angle
implants in addition to the com-
plete pelvic instrumentation, in
order to enable both a juxta-
articular compression screw
stabilisation and an abarticular
fixed-angle stabilisation.

The sufficient post-surgical su-
pervision in a well-equipped in-
tensive care unit should also be
provided for in order to ensure
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Case study 2: Fig. 2a: Pat MT 78y, f: Fall onto the buttocks with bilateral sacrum fracture and left-lateral anterior pelvic ring fracture; stabilisation with dor-
sally inserted plate-osteosynthesis.
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the sufficiently safe monitoring
and caring of the handicapped
patient after the surgery. This
means that complex recon-
structions of the pelvic ring
should usually be reserved to
special centres with experi-
ence in pelvic surgery.
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Treatment Concept in Case of
Type A Pelvic Injuries

As these are stable types of
fractures, conservative treat-
ment is sufficient in most of
the cases.

In particular in elderly patients
with type A pelvic ring injury,
a concomitant injury of the
posterior pelvic ring should be
paid attention to. In this case,
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Fig. 2d: Metal removal of the dorsal plate and 3D navigation-supported, iliosacral screw-osteosynthesis on the left side; after surgery, the patient can be
mobilised nearly painlessly. Also note the initial sinking of the screw in spite of the washer!
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In case the patient still exhibits
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attempt”, the cross bar of the
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ditional two weeks.
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Fig. 2c: Metal removal of the dorsal plate and 3D navigation-supported, iliosac- °~)~9L"° JL \““Y' < \”Lﬁ Su
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Case study 3: Fig. 3a: Pat HS 86 vy, f: Transsacral bilateral insufficiency fractures, no mobilisation because of severe pain, stabilisation with 7.3-mm transil-
iosacral traction screws on both sides + wire to stabilise the screws; after surgery, mobilisation using analgesia is possible.
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Treatment Concept in Case of
Type C Pelvic Injuries

In case of geriatric patients, all
reachable regions should pref-
erably be stabilised ventrally in
supine position of the patient.
A combined dorsoventral os-
teosynthesis should be carried
out for sufficient and secure
mobilisation (see also case
study 1 (Fig. 1).

Transiliac Instability
Depending on the path of the
fracture, the iliac crest is pro-
vided with traction screws and
an osteosynthesis with DC or
reconstruction plates, if possi-
ble with fixed angles, along the
iliopectineal line is carried out.

Sacroiliac Luxation

Since often only a slight
fracture dislocation occurs

in elderly patients due to the
low energy impact, percutane-
ous methods should be used
for all non-dislocated or only
slightly dislocated fractures
and/or possible closed fracture
reductions. This may be carried
out conventionally by means
of an image converter or with
the help of a navigation device.
Transiliosacral traction screws
(7.3-mm cannulised with
washer) are often inserted in
supine position of the patient.
In case an open reduction is re-
quired, the ventral plate-osteo-
synthesis with stabilisation by
two 3-hole 3.5-mm DC plates
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also in supine position has
established itself as the stand-
ard procedure. After the initial
anterolateral incision in the
iliac crest and shifting the iliac
muscle medially, the sacroiliac
joint is well visible. A further
advantage is the possibility of
simultaneously displaying the
symphysis and the sacroiliac
joint in supine position. This
method considerably facilitates
the necessary open reduction.

Sacrum Fractures

Due to unsatisfactory results
of conservative treatment
methods after sacrum frac-
tures with possible subse-
quent insufficiency fractures,
surgical stabilisation has been
continued to be recommended
during the last few years also
in case of geriatric patients.
There is rarely an indication
for open reductions in elderly
patients (nerve root compres-
sion). In case of often only
slight dislocation (< 5 mm) and
patients without accompany-
ing neurology, the percutane-
ous transiliosacral traction
screw-osteosynthesis in supine
position is preferably used as
modified procedure. Deviating
from the original technique ac-
cording to Matta [15], a lateral
image via the image converter
is now produced in addition to
the inlet and outlet projections
for the purpose of increasing
the safety, in order to secure
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the correct lateral entrance
point of the screw and thus
ensure the optimum screw
length [32]. In this respect, the
C-arm-based 3D navigation-
supported method is highly
recommended, which usually
provides sufficient image qual-
ity also in osteoporotic bones

(Fig. 1+2). In case of significant

osteoporosis, the longest pos-

sible screws (> 100 mm) reach-

ing up to over the medium line
of the sacrum should be used.
Because of the risk of second-
ary screw dislocation (“back-
twist of the screws”), there

is the general possibility of

additional screw reinforcement

by means of wire cerclages

as a modified procedure (see
Fig. 3). Additional stabilisation
of the ventral pelvic ring by
means of a supraacetabular
external fixation in terms of an
additional traction chord is also
required.

Besides the bilateral screw-os-
teosynthesis, further modifica-
tions of the described osteo-
synthesis techniques are used
to stabilise bilateral sacrum
fractures. The percutaneously
inserted plate-osteosynthesis

in prone position constitutes an
alternative or an addition to the

screw-osteosynthesis. A pre-
bent 5.0-mm 12-14-hole LCP
is inserted via two incisions

dorsally from the sacrum above

the iliac crests and initially
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Orthopedic Surgery

drawn towards the bone in
parallel to the sacroiliac joint
by means of 2 long cortical
screws. The definite fixation to
the iliac bone is subsequently
performed via fixed-angle
screws (Modification according
to the descriptions of Hockertz,
TJ.: Lecture Homburg Pelvic
Course 2009).

By modifying the dorsal verte-
bral column osteosynthesis,

a spinopelvic support of the
dorsal sacrum against L4/L5
has been described (unilateral
and bilateral) in order to ensure
the rapid mobilisation of the
patient [4]. Furthermore, first
results after percutaneous
cement injections are being
reported, although there are no
long-term results available yet.
In 2008 Frey et al. presented a
pilot study on the treatment of
osteoporotic sacrum fractures
by percutaneous injection of
bone cement (PMMA) into the
ala sacralis fractures via a 13-G
syringe [3]. A total number of
52 patients, among them 40
women, with an average age
of 75.9 years were treated in
the above-described manner.
The VAS showed significant
pain alleviation; in one specific
case, an S1 pseudoradiculitis
was found (completely regres-
sive after steroid injection).
The authors concluded that
the cement filling in case of
osteoporotic sacrum fractures
is an efficient and safe method
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to achieve rapid pain alleviation
and mobilisation of the pa-
tients.

Emergency treatment of
pelvic fractures in elderly
patients

In all patients with pelvic ring
fracture and pelvis-induced
massive haemorrhage, an
initial treatment according to
the pelvic trauma algorithm is
carried out after a brief target
and problem-oriented diagnosis
[10, 23, 24].

Complications

Elderly patients suffering from
injuries in the pelvic ring region
belong to the high-risk group
in particular for post-surgical,
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thromboembolic complications.
Sufficient prophylaxis with
low-molecular heparin including
the control of the coagulation
status (anti-XA level) and the
haemogram (thrombocytes)
should be aimed at [28]. Early
medical treatment and early
mobilisation additionally mini-
mise the risk of a deep pelvic-
crural thrombosis.

Complex traumas exhibit an in-
creased rate of local soft-tissue
complications and infections,
which is why the necessity of
multiple interventions has to be
planned in advance during the
management.

In most of the cases, neuro-
logical disorders and urological
damage are fatefully associ-
ated with the injury. An early
diagnosis allows for the im-
mediate initiation of a specific
treatment in cooperation with
other disciplines (e.g. urological
functional diagnostics, perma-
nent catheter treatments, etc.).
Due to reduced bone strength,
impossibility of retaining partial
loads or infections arising from
multiple underlying diseases,
osteosynthesis complications
can be found in elderly patients
in the entire pelvic region.
Whereas screw migrations or
extractions increasingly occur
in the posterior pelvic ring area,
pin infections or slackening in
the ventral pelvic ring region
occurs after mobilisation at

the increased use of external
fixations. These complications
should be reviewed in due
time, as otherwise pseudo-
arthroses may develop, which
may lead to protracted and
painful processes. In case of
pain aggravation in the course
of the treatment or sensations
of instability, the symptoms
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should be clarified by diagnos-
tic measures by means of a
CT examination of the pelvic
ring; in case of osteosynthesis
failure, a revision should be
aimed at.

Conclusion

The medical treatment of pel-
vic ring fractures in elderly pa-
tients confronts the treatment
management with entirely new
challenges. In addition, exist-
ing underlying diseases and
the often poor bone quality of
the geriatric patients make the
necessary surgical treatment
more difficult. The quality of
the achieved fracture reduction
and the sufficient stabilisation
of the pelvis are nevertheless
the most important criteria for
a good long-term result also in
elderly patients.

There is a great variety of
modified standard procedures
available, which help minimise
the secondary surgical trauma
also in case of elderly patients.
Due to the additional possibility
of using fixed-angle implants in
osteoporotic bones, improved
stabilisation and fixation of the
implants is expected; the cor-
responding verification for this,
however, is not yet available.
Within the scope of the pri-
mary treatment situation, the
rapid and correct estimation of
the severity of the injury and
the intensity of the haemor-
rhage are decisive prognostic
factors in particular in case of
elderly patients.

The necessity of surgical treat-
ment of unstable pelvic frac-
tures at old age is undisputed;
however, sound and age-adapt-
ed treatment strategies for the
various injured pelvic regions
and types of pelvic injuries still
need to be developed.
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PET/CT

Summary

PET/CT combines positron
emission tomography and
computer tomography in one
device and joins functional and
morphological information.
This procedure constitutes

a practicable examination
technique for the entire body.
The assessment of metabolic
processes by means of PET is
often the only way to detect

a disease at an early stage.
The glucose analogue FDG is
currently the most frequently
used PET tracer. The glucose
metabolism in malignantly
transformed tissue but also in
inflammatory altered tissue and
physiologically in the cardiac
muscle as well as in the brain
is significantly increased, so
that increased uptake of FDG
occurs. This forms the basis
for the detection of malignant
tumours and inflammations by
means of FDG-PET/CT as well
as the assessment of metabol-
ic alterations in the brain and
the cardiac muscle. Nowadays
PET/CT diagnostics is already
the preferred imaging method
for a great number of indica-
tions and exhibits the potential
of rising to a standard position
in oncologic diagnostics.
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Basic Principles

and Indications
of the PET/CT

PET/CT, which combines posi-
tron emission tomography and
computer tomography in one
device, has developed to be-
come an integral part of state-
of-the-art imaging diagnostics.
It does not only join functional
and morphological information
but it also constitutes a prac-
ticable examination technique
for the entire body (1, 2, 3). It
underlines the strong points
of nuclear-medical diagnostic
measures and combines them
with radiological domains.

The assessment of metabolic
processes is often the only
way to detect a disease at an
early state. The fundamental
novelty of the PET/CT is the
more accurate coordination

of metabolic processes (PET)
and anatomical structures (CT)
by means of image fusion (4).
Divergences between the PET
and CT findings on separate ex-
amination devices are consider-
ably reduced using the PET/CT
procedure (5, 6).

Basic Principles

Depending on the indication,
there are a great number of
radiopharmaceuticals avail-
able for the PET/CT procedure.
Most of the PET radiophar-
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PET/CT

maceuticals are cyclotron
products. The examination
substance is thus produced in
centres with installed cyclotron
and radiochemical equipment
and transported to the location
of the PET/CT. In doing so, the
comparably short half-life of
most of the PET radionuclides
(positron emitters) has to be
taken into account. Due to its
relatively long half-life of 109.8
minutes, the positron emit-
ter flour-18 (18-F) is the most
frequently used radionuclide

in PET diagnostics. During the
synthesis of a PET radiophar-
maceutical, 18F or another
positron emitter is combined
with a tracer, which takes part
in a certain metabolic proc-
ess of the body. The positron
emitted by the radionuclide hits
a tissue electron after only a
few minutes of flying distance
and the two particles eliminate
each other. During this proc-
ess, two gamma quanta of 511
keV each emitted in opposite
directions are generated, which
are detected by means of the
PET camera. This allows for
localising the decay within the
body. The locally increased
uptake of the radiopharmaceu-
tical leads to the local increase
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Fig. 1: Female patient status post 12th thoracic vertebral body fracture. An
infiltration treatment in the region of the fractured segment was carried out
to alleviate the pain. Thereupon the patient developed a sepsis with multiple
arthritides positive for staphylococcus aureus as well as pneunomia. The
primary focus of inflammation could not be localised by means of magnetic
resonance imaging, skeletal scintigraphy and contrast medium-enhanced CT.
The FDG-PET/CT conducted thereupon shows semicircular glucose metabo-
lism increase of the paravertebral soft tissues at the level of the 12th thoracic
vertebral body, which corresponds to the primary focus of inflammation.
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of the emission, which in turn
can be displayed by means of
PET in the form of a localised
increased enhancement.

The radiopharmaceutical 18F-
fluorodeoxyglucose (18F-FDG),
the glucose marked with the
positron emitter 18F, is the far
most frequently used radiop-
harmaceutical in PET and PET/
CT diagnostics and in addition
also the currently only gener-
ally approved one. Hence, we
confine ourselves to describing
PET/CT diagnostics with 18F-
FDG in the following sections.
18F-FDG is transported to the
cell via the selective glucose
transporter and analogi-

cally phosphorylated there to
normal glucose. In contrast

to phosphorylated glucose,
however, 18F-FDG cannot be
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PET/CT

Fig. 2: Male patient with left hilar lung carcinoma. The consolidation situated ventrally of the

hyperactive tumour exhibits a normal glucose metabolism and corresponds to an adjacent

atelectasis. In addition, three partly pathologically enlarged mediastinal lymphatic nodes are
shown at the same level; however, all of them exhibit a normal glucose metabolism in the PET.
A lymphogenic metastatic spread could thus be excluded on the basis of the PET/CT result.
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metabolised further and re-
mains captured in the cell. PET
imaging with 18F-FDG provides
a three-dimensional image of
the patient’s regional glucose
metabolism. The expression of
certain glucose transporters in
the cell membrane is signifi-
cantly enhanced in malignantly
transformed tissue but also in
inflammatory altered tissue,
the cardiac muscle and the
brain, so that increased uptake
of FDG occurs. This forms

the basis for the detection of
malignant tumours and inflam-
mations by means of FDG-PET/
CT as well as the assessment
of metabolic alterations in the
brain and the cardiac muscle
(7).

Indications for 18F-FDG-PET/
CT

Whereas oncologic problems
make up the largest portion of
indications for PET/CT, 18F-
FDG-PET/CT can also be used
to localise an unclear inflamma-
tory focus (Figure 1). Dedicated
PET examinations of the brain
e.g. in dementia or epilepsy
diagnostics and the myocardial
vitality diagnostics represent
further indications.

In oncology, most of the
malignant tumours as well as
their metastases exhibit an
enhanced glucose metabolism
and thus an increased 18F-FDG
uptake, in contrast to healthy
tissue. Exceptions from this
are hepatocellular carcinomas,
prostate carcinomas, renal cell
carcinomas and sometimes
also urothelial carcinomas

as well as some soft tissue
tumours, which exhibit no reli-
able increase in the 18F-FDG
uptake.

Malignant cerebral tumours
can also be assessed by
means of the glucose analogue
18F-FDG to a limited extent
only, as healthy brain tissue
already exhibits an extremely
enhanced glucose metabo-
lism and malignant areas thus
sometimes cannot be identi-
fied with sufficient certainty.
There are other PET tracers
available for verifying the exist-
ence of such tumours, these
are, however, not yet been
admitted for large-scale clinical
application (Table 1).

The area examined during the
PET/CT examination usually
reaches from the calvaria to
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the proximal femurs (8). If
necessary, the imaging area
can be extended to include
the entire body. This makes
sense for instance during stag-
ing of malignant melanomas,
where metastases in the distal
extremities are not unusual.
Depending on the indication
and the previously conducted
examinations, a native low-
dose CT or a full diagnostic CT
including intravenous contrast-
ing can be carried out within
the scope of PET/CT diagnos-
tics. In case of low-dose CT,
the CT data set during the
appraisal is merely used for
the anatomical allocation of the
PET findings (9).

During PET/CT using the low-
dose CT technique, the patient
is exposed to significantly less
radiation than during conven-
tional diagnostic multilayer CT
of the same examination area
(10).

As a matter of principle, PET/
CT whole-body examinations
may be conducted within the
scope of the primary staging
as well as the follow-up of pa-
tients with malignant diseases.
The additional metabolic infor-
mation provided by the PET fa-
cilitate the distinction between
malignant and benign lesions,
e.g. of a lymphatic node iden-
tifiable in the CT image (Figure
2). As a functional procedure,
PET/CT is capable of demon-
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Fig. 3: In case of this patient, the contrast medium-enhanced CT showed a
not clearly classifiable coin lesion in the right superior lobe of the lung as well
as a concomitant, partly locular intrapleural effusion. The 18F-FDG-PET/CT
showed a glucose metabolism of the coin lesion typical of malignant tumours.
In addition, pleural nodules were shown, which also exhibited a glucose
metabolism typical of malignant tumours. The diagnosis lung carcinoma with
pleural carcinosis could thus be made with the help of PET/CT.
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strating a response to a radio-
therapy or chemotherapy at an
early stage, so that for example
an ineffective chemotherapeu-
tic regime can be adapted as
early as possible (11). Fur-
thermore, PET/CT following a
chemotherapy or radiotherapy
is capable of identifying still
existing residual tumour tissue
and contributing to concentrate
the surgical intervention on still
active tumour portions. PET/
CT may also provide valuable
information for the assessment
of the operability of a specific
tumour. An additional field of
application of the PET/CT is the
radiotherapy planning for the
purpose of limiting the target
volume to still vital tumour por-
tions or metastases (12). In the
following sections we take a
closer look at the tumour enti-
ties that are most frequently
indicated for 18F-FDG-PET/CT
diagnostics:
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PET/CT

Lung Carcinomas

PET/CT is indicated for both
macrocellular and the less
frequent parvicellular lung car-
cinomas to determine the initial
tumour stadium as well as to
verify relapses and character-
ise unclear pulmonary masses
(Figure 3). Due to the verifica-
tion of previously unknown
distant metastases, PET/CT
can contribute to avoiding
unnecessary surgical interven-
tions (13).

In addition, the number of
mediascinoscopies can be
reduced as a result of the ac-
curate lymphatic node stag-
ing. PET/CT is also useful for
the definition of the biological
target volume in radiotherapy.
The superiority of PET/CT over
standard procedures can be
seen to emerge in the assess-
ment of the treatment re-
sponse and the prognosis.

Colorectal Carcinomas
Primary diagnostics is a domain
of endoscopic procedures;
however, PET/CT holds a solid
position in staging and relapse
diagnostics (14, 15). When
treating hepatic metastases,
PET/CT is perfectly suitable

for assessing the treatment
success both after surgical re-
sections and minimal-invasive
methods, such as the radio
frequency ablation or the selec-
tive internal radiotherapy.
Pancreas Carcinomas

The combined functional-mor-
phological information provided
by the PET/CT is particularly
useful during the verification

of relapses at known pancreas
carcinoma. PET/CE allows for
the differentiation between
malignant and benign tumours
in the primary situation to a
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limited extent only. The lo-
calisation of regional lymphatic
node metastases and distant
metastases represent further
indications.

Oesophageal Carcinomas
Since this tumour entity usu-
ally exhibits an extremely
enhanced glucose metabolism,
the PET/CT is principally suit-
able both for primary staging,

in particular for the assessment
of a lymphogenic metastatic
spread, and follow-up and re-
lapse diagnostics. Furthermore,
there is an interesting approach
of therapy monitoring during
ongoing treatment in order to
adapt an ineffective chemo-
therapy regime at an early
stage, if required.

Head and Neck Tumours

As a multimodal examination
method, PET/CT is perfectly
suitable for the assessment
of primary tumour extensions
as well as the detection of
lymphatic node and distant
metastases. In up to 50% of
the cases, the PET/CT result
may lead to the adaptation of
the treatment regime. PET/CT
is meanwhile also being used
for radiotherapy planning.

Mammary Carcinomas

In principle, PET/CT is capable
of verifying both the primary
tumour and lymphogenic and
haematogenic metastases,
although it only exhibits a low
sensitivity for small mammary
carcinomas. This procedure is
thus not suitable as screening
examination or for the assess-
ment of the primary tumour.
PET/CT is indicated for the
clarification of a lymphogenic
or haematogenic metastatic
spread, for the assessment of
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PET/CT

Fig. 4: Male patient status post malignant melanoma. The FDG-PET/CT was performed as
whole-body staging and detected a solitary osseous metastasis in the medullary cavity of
the left femoral shaft.
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the tumour extension at locally
advanced mammary carcino-
mas as well as for relapse
diagnostics.

Malignant Lymphomas
PET/CT is increasingly used to
assess the remission status
after the treatment in order to
distinguish a non-vital residual
tumour mass from still vital
tumour portions. Another indi-
cation is the therapy monitor-
ing during ongoing treatment
for the purpose of adapting an
ineffective therapeutic regime
at an early stage, if required.
In principle, PET/CT can also
be used for primary staging,
although it cannot replace the
invasive bone marrow biopsy.

Malignant Melanomas
Malignant melanomas usually
exhibit an extremely intensive
FDG uptake. PET/CT is cur-
rently used for lymphatic node
staging as well as the detec-
tion of distant metastases and

in relapse diagnostics (Figure
4). The existence of cerebral
metastases should, however,
be excluded by means of MRI.

Cancer of Unknown Primary
Syndrome

In one to two-third of the
cases, PET and/or PET/CT
leads to the localisation of the
primary tumour after adequate
but futile diagnostics including
previous radiological sectional
imaging. Moreover, the PET re-
sult leads to the adaptation of
the therapeutic regime in about
50% of the cases. In case of
suspected neuroendocrine
primary tumour, a somatostatin
analogue should be used as
tracer instead of 18F-FDG.

Testicular Tumours

Whereas the significance of
PET/CT in primary staging is
currently still disputed, the
assessment of residual tumour
tissue after chemotherapy of
seminal carcinomas constitutes
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PET/CT

a clear indication. By contrast,
non-seminomatous tumours,
in particular if they are small,
might not be detected by
means of PET.

Conclusion

In summary it may be said that
PET/CT diagnostics is already
the preferred imaging method
for a great number of indica-
tions and exhibits the potential
of rising to a standard position
in oncologic diagnostics (16).
PET/CT can be an extremely
useful diagnostic instrument
also in case of non-oncologic
problems, such as the localisa-
tion of the focus of inflamma-
tion, brain diagnostics as well
as the assessment of the heart
and vessels, e.g. vasculitides.
It can be assumed that due to
the wide range of new, very
specific PET radiopharmaceu-
ticals available, PET/CT diag-
nostics will continue to gain in
significance in the near future
and the already considerable
indication spectrum of this
procedure will be significantly
extended.
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Oncology
ceuticals

Standard radiopharma-

18F-fluorodesoxyglucose

NCIE G ERENES 18F-sodium fluoride

Prostate and urothelial

carcinomas

Neuroendocrine tumours

Epilepsy diagnostics

18F- or 11C-choline

Somatostatin receptor
ligands

18F-fluorodesoxyglucose

Neurology 18F-fluorodesoxyglucose

18F-fluoroethyltyrosine

Inflammatory

Diagnostics vasculitides, etc.

Cardiology

Myocardial perfusion

Table 1
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Introduction

Liver resection is the curative
treatment approache of choice
for patients with primary and
secondary liver tumors. Only

in selected cases of early HCC
in cirrhosis liver transplantation
might be considered as alterna-
tive curative strategy. Other
medical and interventional
strategies like chemotherapy,
chemoembolization, local
tumor ablation and radioem-
bolisation are not thought to be
of curative nature. Therefore,
liver resection has evolved as a
frequent and safe surgical pro-
cedure within the last decades.
Based on the promising long
term results of liver surgery
for cholangiocarcinomas [1],
hepatocellular carcinomas and
liver metastases, mainly of
colorectal origin the extent and
complexity of liver surgery has
markedly increased recently, to
offer even patients with large
or multifocal tumors a surgical
treatment option, if no extrahe-
patic tumor manifestations are

present. Consequently, small
residual livers remnants after
resection can be a significant
problem for postoperative liver
function as well as for effective
regeneration of the liver. Ac-
cordingly, residual liver volume
and moreover residual function
has evolved as the major deter-
minant for surgical resectabil-
ity. Whereas a totally normal
liver in young individuals can
regenerate, even if 75 to 80%
of the liver are removed at one
time (fig. 1), this critical liver
mass is significantly lower in
older patients and in patients
with preexisting liver damage.
Therefore, especially in critical
cases and extended liver resec-
tions, accurate measurement
of preoperative liver function
and thereby prediction of post-
operative residual liver func-
tion are the most challenging
tasks in preoperative patient
evaluation. Since postoperative
liver failure is a potentially life
threatening condition and a ma-
jor cause of mortality after liver
resection the risk-benefit ration
of an individual operation can
only be adaequately judged un-
der precise knowledge of the
postoperative liver function.
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Liver Surgery

Fig. 1: Future liver remnant (FLR)
after liver resection: the percentage
of the future liver remanant sufficient
(green), probably sufficient (orange)
or not sufficient (red) in an healthy
individual after one stage liver resec-
tion is shown on the left. In contrast
using modern techniques in liver
surgery the future liver remnant
(determined at initial diagnosis) might
be significantly lowered as discussed
in the text by several methods (right
column). Due to liver functional im-
pairment in some patients scheduled
for liver resection even markedly
lower percentages of future liver
remnant might be tolerated in mod-
ern medicine (see text).

This is especially true, since

on the one hand the limits of
liver surgery are continuously
pushed towards smaller liver
remnants using several meth-
ods of modern liver surgery
described below. On the other
hand the critical liver volume as
percantage of total liver volume
is potentially decreased in sev-
eral subgroups of patients with
preexisting impaired liver func-
tion (fig. 1). The latter is due to
several reasons. Many patients
undergoing liver surgery have
been treated by chemotherapy
previously and it is well known,
that chemotherapeutic agents
impair liver function for several
weeks [2] and in addition a
certain percentage of patients
will retain a chronic liver dam-
age like the sinusoidal obstruc-
tion syndrome after oxaliplatin
based chemotherapy (FOLFOX)
or chemotherapy associated
steatohepatitis (CASH) after
irinotecan based protocols
(FOLFIRI). Both of these
conditions are known to be
associated with an increased
rate of complications after liver
surgery, patients with mani-
festation of steatohepatitis
show additionally an increased
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postoperative mortality. Also
patients with severe steato-
sis of the liver, liver cirrhosis
and/or viral hepatitis have an
impaired functional and rgen-
erative reserve of the liver and
thereby a potentially increased
risk for postoperative compli-
cations. The same is true for
older patients over 70 years of
age, which still can undergo
liver resection at an accept-
able risk, but only if adaequate
patient selection is assured.

Preoperative Workup

Major aim of the preop-
erative diagnostic measures
is to exclude any condition
which contraindicates surgi-
cal resection, either form

the oncological point of view
(i.e. irresectable extrahepatic
disease) or from the surgical
point of view (i.e. insufficient
liver function for the planned
extent of liver resection). The
latter is obvious for patients
with planned extended liver
resections (removal of more
than 4 segments) but for the
reasons discussed above
equally important in patients
with minor liver resections or
standard hemihepatectomies.
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Liver Surgery

To minimize the risk of of the
planned surgical intervention is
fundamental, since liver failure
is still a major cause of mortal-
ity after hepatectomy.

Evaluation of liver function:
Predicting postoperative liver
function has been the Achilles’
heel of liver surgery for many
years. Until recently it was dif-
ficult to adaequately measure
liver function due to limita-
tions in liver function testing.
Conventional blood parameters
as surrogates for liver function,
e.g. serum albumin, bilirubin or
coagulation parameters (INR)
have been shown to be unreli-
able for the prediction of the
residual liver function, since
these parameters may remain
compensated, even under
presence of markedly impaired
liver function. Several dynamic
tests for the assessment of
liver function like the MEGX-
test and the ICG-clearance
have been developed, however
the specificity and the predic-
tive value of these test is still
unsatisfactory, and therefore
they are of limited value in
modern liver surgery. A novel
test protocol, termed LIMAX
(maximum liver function capac-
ity) test, has been developed
at the Department of General,
Visceral and Transplantation
Surgery at the Charité Hospital
in Berlin since 2003 to over-
come these limitations [3].
The LIMAX test measures the
metabolism of °C labelled
methacetin, which is metabo-
lized exclusively in the liver by
a hepatic cytochrome P450
1A2 isoenzyme, which is
ubiquitously active throughout
the liver but not found outside
the liver. After i.v. injection, the
labelled methacetin is instantly
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metabolized into acetami-
nophen and "#CO, which is
pulmonarily exhaled. The ratio
of the *CO, : ?CO, can be
determined online by a suit-
able device which is directly
connected to the patient (fig.
2a). Thereby, breath analysis

is performed automatically

and liver function capacity is
calculated from the kinetics of
the *CO, : 2CO, ratio over a
period of 60 min as described
in detail previously [4]. The
test has been established for
several years, and it has been
shown among others, that the
resection of a certain percent-
age of liver volume leads to

an equivalent decrease in the
LiIMAX value after surgery.
With it, the LIMAX test showed
a significantly higher correlation
(r=0.94; P <0.001, fig. 2b)
with remnant liver volume than
e.g. the ICG test [4]. Especially
in patients with obstructive
jaundice like hilar cholangiocar-
cinoma patients, the ICG dissa-
pearance might be unspecific
and misleading [4].

Liver imaging procedures: By
improvemts in the CT as well
as MRI technigue the detection
and differentiation of primary
and secondary liver tumors

has markedly improved over
the years. Thereby the entity
of a primary liver tumor can be
adaequately predicted based
on imaging procedures (CT,
MRI with liver specific contrast
media) without the need of an
additional liver biopsy in more
than 90% of cases [5]. Also the
diagnosis of liver metastases
has become more sensitive
both by introduction of contrast
enhanced triple-phase mul-
tislice detector CT-scans and
by introduction of liver new
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Liver Surgery

Fig. 2: Principle of the LiIMAX liver
function test (a) and correlation with
the volume of removed liver tissue
during liver living donation surgery (b)
(according to [3]).
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MRI contrast media. Correct
diagnosis of small HCCs in liver
cirrhosis is often a problem
using contrast enhanced mul-
tislice CT-scans, leading to a
delay of tumor diagnosis. Liver
specific MRI contrast media
like GA-EOB-DTPA have been
shown to significantly improve
the detection of small hepato-
cellular carcinomas in cirrhosis
compared to CT scans and
conventional MRI [6].

In addition, the exact total liver
volume as well as the volume
of the futur liver remnant
(FLR) can be determined by
CT-volumetry (fig. 3a). Combi-
nation of this virtual resection
with the LIMAX liver function
test enables the calculation

of residual postoperative liver
function expressed as LIMAx
value. This value predicts the
risk of liver failure and allows
the implementation of a deci-
sion tree in the preoperative
planning to avoid critical values
of postoperative liver function
[6]. If a critical postoperative
liver function is predicted, fur-
ther methods for conditioning
and growth of the future liver
remnant have to be undertaken
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(see below), or if impossible
non-surgical alternatives are to
be discussed to put the patient
not a risk to undergo a surgi-
cal operation with a very high
risk of severe postoperative
complications.

Tumor staging: Adaequate
preoperative tumor staging

is essential in primary and
secondary liver tumors. Extra-
hepatic manifestations of the
tumor have to be excluded for
primary liver tumors, and they
have to be known for colorectal
liver metastases, since for the
latter resection is only indicat-
ed, if the extrahepatic disease
is also resectable. Especially
for CRLM-patients with a high
risk of tumor recurrence, i.e.
patients with a high clinical risk
score (Fong score) preoperative
PET-CT [7] is recommended to
detect or exclude extrahepatic
tumor burden.

Methods to Increase the
Resectability of Liver Tumors
The early postoperative out-
come is determined by liver
function, liver volume, liver
regeneration and disruptive fac-
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Liver Surgery

tors like postoperative compli-
cations (infections [8], vascular
problems, bile leaks [9], etc).
Whereas the first two points
can nowadays be adaequately
predicted, the last point can be
avoided by adaequate surgical
technique and knowledge of
liver anatomy in most cases.
Therefore liver surgery is asso-
ciated with a low perioperative
mortality nowadays [10], de-
spite an increasing radicality of
the surgical procedures. Apart
from advances in surgical tech-
nique, this is partially based on
adaequate conditioning of the
future liver remnant in compli-
cated cases. However, a meta-
analysis estimated the overall
incidence of postoperative liver
failure after hepatectomy be-
tween 0.7% and 9.1% [11]. To
reduce the risk of liver failure,
extended procedures are only
feasible, if the remnant liver is
in optimal condition. Whereas
before extended procedures
with removal of 70 to 80% of
liver volume, all surgeons are
considering preoperative con-
ditioning of the liver remnant,
in less extensive procedures
an adaequate trigger for these
considerations was missing,
but is now available with the
predicted postoperative LIMAX
value.

Portal vein embolisation: If
the predicted postoperative
liver volume and -function are
within a critical range, hypertro-
phy of the FLR can be achieved
by portal vein embolization of
the contralateral lobe (fig. 3).
Portal vein embolization can be
performed using either a per-
cutaneous transhepatic access
established ipsilaterally via CT-
fluoroscopy or if this is not pos-
sible (e.g. due to localization of
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the tumor) direct cannulation
of an ileocolic vein via mini-
laparotomy can be alternatively
performed. After insertion of

a pigtail catheter into the main
portal trunk, direct portogra-
phy is performed to visual-

ize the portal vein anatomy.
Afterwards, a microcatheter is
introduced into the branches
of the right portal vein and
embolization is performed
using increasing sizes of PVA
particles until peripheral stasis
in the embolized liver lobe (fig.
3). After 3 to 6 weeks imaging
and liver function procedures
are repeated, and surgery is
performed in case of sufficent
hypertrophy of the FLR. By
using portal vein embolization
a relative increase of the future
liver remnant of 20 to 40 %
can be achieved [12]. This is
the basis for safe performance
of extended liver resection
procedures like right trisec-
tionectomy for central bile duct
cancer. Also for patients with
impaired liver function due to
severe liver fibrosis or liver cir-
rhosis portal vein embolization
has been shown to be safe and
effective in inducing hypertor-
phy of the FLR and reducing
postoperative morbidity and
mortality without incluenc-

ing the long term oncological
outcome [13].

Two stage hepatectomy: In
case of bilateral liver metastas-
es it might not be possible to
remove all metastases during a
single operation. Therefore the
concept of two stage hepat-
ectomy has been develloped
mainly for patients with metas-
tases of colorectal origin. Dur-
ing the first operation one lobe
(mostly the left lobe) is freed of
all metastases and at the same
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Fig. 3: Principle of portal vein em-
bolization: (a) volumetry of the future

liver remnant (green) before and after

portal vein embolization (b) CT-guided
puncture of the portal vein and
embolization of the right lobe until no
portal perfusion is observed in the
periphery.

time a portal vein embolization
of the right liver lobe is per-
formed. Again, after a period of
recovery and liver hypertrophy
a right hemihepatectomy can
be performed. Using this ap-
proach, liver surgery is feasible
in cases with multiple bilateral
metastases, as long as two
segments are free or almost
free of tumor.

Conversion chemotherapy:
This concept of tumor down-
sizing is also mainly applied in
patients with colorectal liver
metastases, since chemo-
therapy is less effective in
other primary and secondary
liver tumors. If colorectal liver
metastases are irresectable at
the time of diagnosis, but an
experienced hepatobiliary sur-
geon assesses the tumors re-
sectable after potential down-
sizing, a so called “conversion
chemotherapy” should be
initiated. In contrast to a purely
palliative chemotherapy, con-
version protocols should aim at
a maximum tumor regression.
Therfore potent modern proto-
cols of triple therapy are mainly
used, e.g. FOLFOX or FOLFIRI
in combination with Cetuximab
in patients with k-ras wild-type
[14], or FOLFOXIRI, which has
a response rate of up to 70%
in patients with k-ras wild-type
and with k-ras mutations [15].
Depending on the pre-treat-
ment tumor extension, re-
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staging is performed approxi-
meteley every two months. In
case of tumor regression and
surgical resectability, opera-
tion is performed as soon as
possible, to limit hepatotoxic-
ity of the chemotherapy. In
case of tumor progression and
definitive irresectability chemo-
therapy is de-escalated to
palliative protocols. Using this
aggressive approch of conver-
sion chemotherapy more than
10% of initially irresectable
colorectal liver metastases can
undergo curative resection.

Combination of liver resec-
tion and local ablation: It has
been shown, that local tumor
ablation is superior to pallia-
tive chemotherapy in patients
with CRLM. Therfore liver
resection might be combined
with a method of local tumor
ablation, mainly radiofrequency
ablation, either intraoperatively
or later on by a percutaneous
approach. This proceeding is
suitable for patients, who have
resectable liver metastases,
but one small tumor is situ-
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Liver Surgery

ated very inconvinient and can
not be resected or only by a
marked increase of the periop-
erative risk.

Hepatocellular Carcinoma
(HCC)

In case of small hepatocellular
carcinoma in compensated cir-
rhoses, minimally invasive liver
resection has been shown to
be feasible and safe and might
even has advantages con-
cernig the rate of postoperative
complications, particularly in
HCC patients. First data sug-
gest, that especially the rate of
wound infections and post-
operative ascites associated
reversible complications, which
are often seen after surgery

in cirrhotic patients might be
reduced by laparsocopic liver
resection for HCC [16].

The problem of liver function
has been adressed in detail
above. Whereas in patients
without cirrhosis and in pa-
tients with good liver function,
even extended hemihepat-
ectomies are tolerated well
(fig. 4), liver function is one of
the major problems in HCC
patients with cirrhosis. Many
HCC patients have an impaired
function due to HCC specific
risk factors like chronic viral
hepatitis, NASH, alcoholic liver
cirrhosis and others. Therfore
during planning of the treat-
ment strategy risks of liver
resection have to be consid-
ered, and if the predicted
postoperative liver function is
not sufficient alternative treat-
ments are indicated. The alter-
native curative approach is liver
transplantation, which cures
the underlying liver cirrhosis
and the HCC at the same time.
However, liver transplantation
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is indicated only in patients
with eraly HCC within the so
called Milan criteria or maybe
up to seven criteria. The up to
seven criteria include tumors,
where the sum of the number
of tumor nodules and the maxi-
mum diameter of the largest
tumor in cm is 7 or less [17].

In case of more advanced
tumors, liver transplantation
might still be an option, since
not all of these patients experi-
ence tumor recurrence. Several
promising attempts to more
specifically predict the risk of
tumor recurrence for patients
outside the Milan criteria after
liver transplantation based

on pretransplant parameters
have been described. These
“tumor-biological” selection
criteria include for example
the DNA-index of an individual
tumor. It has been schown,
that in tumors with a DNA
index below 1.5 the risk of tu-
mor recurrence is below 20%,
even in tumors exceeding the
Milan criteria [18]. Accordingly,
patients with a good response
after preoperative transarte-
rial chemoembolization (TACE)
have been shown to be at low
risk for tumor recurrence after
liver transplantation, whereas
patients with progress after
TACE have a very high risk of
HCC recurrence [19].

After liver transplantation for
HCC, there is hope, that new
immunosuppressive agents
like sirolimus might reduce the
risk of tumor recurrence or at
least prolong the survival after
liver transplantation. However,
these data are so far based
only on retrospective analyses
[20], the results of a prospec-
tive randomzed trial answer-

iy S pazall L ye (sl
Sl alad eals Lo L8] (S
Lo giaun, (S Gl 52233 3y 5k e
(V) Lt Ll

Lagls y USiio L3lio o3 a3l

Lo b Jucmistily o<l

s palis G (a4l e
Al S &k g 93 s 5l
el ol sl Jlatin ¥ s asls
Ll g USius o € JSE) wan
20 (8 L) UShus o 0l
R TR PUVEN [ PYSIVIRILY
LIl Lo i) \S i 50
HCC & Lealall 5, shaall Jolge
(ol g el Il OLgall Je
Lfil\,gjl E;_;_,SJI ataill NASH
&

Loy Y habasll s el
SLae Yl Gaay 38 Y1 iy Zadlall
S0l %y ol 13lg s (a5, 5
Sy dalyall aale 0l 4oyl oy
Ayl Aalladl ol ol GBS
8Ll Aatlaall o) bt
953 g aIle o5 oo iyl
Lo siaa 1S5 poattlhl L I

oo sl Gudiy I LA
s Shatis 0l g 5 L el
Lo s, S g Gudll g yall
ol (8 Sl uasl LA
Joesll G ol 93es suslas
s aaly Al yuladl I
Gan aly s Lapuadl Halaall
alaely Lyo,5ll aBall sae ¢ gana
Lol 55lamy¥ g 5uSY ks
(VYY)

JOLe cpalio psg a2y Jla o
S sl s s a5
oSl e G ilay i sall Y 5a
JKin g waail ¥ glas Bae il

S dal e

9 T lanSI Zallaall Jlanid
e oo pals ol sl Ja
Gl galall dadll ol yal (Saal
Llanll dallaal olas) (Say
Adhlal &S 5355 (M sl
Souuall 43y bl s3a alastuly
Tallaally Jysatll Jlastuly
il eha] (e dnilall
LY LIl a3 galsall
cro 5SSV 15l y aaitaall (e

FURISTRIYAR

S adad (il S Latiall

(b gall il dadlaally

¥l Ealbae ol el ual

cro Jeadl oo 53l Lons sall

8 L5 las Aabalall Zadlaall
2SI 1la3 s ellal .CRLM s o
Tallaall 3ok g oLty o oS
Lalay Land gall 1,53 3,50
ia Loyl £ 1se ¥ Jlaaiuly

83 el pedsall Gl ol ¥
allia (KU ApusI &Y EDY pdas
oulio suf pud o 93 suiuo o)

O ot adlatinl (SayYs dalyall
dabadl anle 5,5ka 03 655
Al

HCC sl LAY La giaa yS
LMladl Lo ghau 1S wsms Jla (8
G gt e suhaall Lul
phdll shhal (Sa L8 (oo las
el L0 okl al,all
L L Bialy £ L ]
SR Jans 3laty Lays uSles
o laliy dalall unle

HOC LuasI Ly Madl Lo gigun , 1S
151 ol slaall cin ,38) ad)
cooall gleal Juss i lals
380,35 dalyall Joalo gl
PN ETRERWISTN L PN
Lalpallany Helas of oSa 3l



Liver Surgery

Fig. 4: Exemplary case of a large
HCC without liver cirrhosis, resected
by left trisectionectomy: Preopera-
tive MRI, intraoperative view before
and after resection and CT after an
uneventful postoperative course.

ing this question finally will

be available in the near future
[21]. Overall, the results of liver
transplantation for HCC already
have improved under modern
perioperative management
including neoadjuvant TACE,
adequate patient selection

and modern immunosuppres-
sive regimens; however the
individual impact of each of
these measures is diffcult to
differentiate.

Cholangiocarcinoma (CC)
Central bile duct tumors (hilar
cholangiocarcinomas, Klatskin
tumors) require extended liver
resections, with removal of

a majority of functional liver
parenchyma in most cases.
Therfore optimal condition-

ing of the liver remnant and
precise assessment of liver
function are absolute prereg-
uisite for safe performance of
these operations. Especially
the so called “hilar en bloc re-
section” described first in 1999
[1] requires a perioperative
multimodal treatment to not
set the patient at an exception-
al risk. However, if applied, this
procedure offers a maximum
oncological radicality, since the
bile duct cancer is operated

German
Medical

aly I
FPLN |

Journal L1

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

by a no touch technique with
preperation relatively far from
the tumor - in contrast to other
approches, where for example
the portal vein bifurcation is
completely dissected with a
substantial risk of tumor cell
dissemination and an subse-
quently assumed higher risk of
tumor recurrence [1].

In lymph node negative
patients with inoperable hilar
cholangiocarcinoma also liver
transplantation either with ex-
tensive neoadjuvant radioche-
motherapy as practiced by the
Mayo group [22], but poten-
tially also without neoadjuvant
therapy [23] can be considered
in carefully selected patients.
Adequate patient selection
implied, 5 year survival rates of
50 to 70% are achievable after
liver transplantation.

In the palliative setting, it has
been recently shown, that a
combination chemotherapy us-
ing gemcitabine plus cisplatin
significantly improves the me-
dian survival from 11.7 t0 8.2
months (p=0.002) compared
with gemcitabine monotherapy
in patients with biliary tract
cancers. If this combination
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is also helpful in the adjuvant
setting after surgical resection
remains to be investigated.

Colorectal Liver Metastases
(CRLM)

Nowadays, resectability of
colorectal liver metastases is
mainly defined by the ability to
resect all lesions while leaving
at least 30% of nontumoral
liver parenchyma. Older con-
traindications for liver resection
like more than 3 metastases,
maximum tumor dimater less
than 5 cm, bilobar metastases
etc. are not valid any more
[24]. It has been demonstrated
in several studies, that e.g.

the width of the safety mar-
gin is not relevant, the most
important issue is complete
resection of all metastases
[25], and even if this results in
a histologically R1, long term
survival has been reported.

It could be demonstrated
recently, that after R1 resection
and RO resection comparable
overall and disease-free sur-
vival rates could be achieved
(61% vs. 57%, and 28% vs.
17%, respectively [25]. This
means, that agressive surgical
approches are justified, even

if only a small safety margin is
achievable and provided the
postoperative complication rate
is low. It has also been shown,
that also in patients with more
than three metastases and
with tumors larger than 5 cm
long term survival and cure can
be achieved [26].

There is a ongoing discussion
about the benefit of neaoadju-
vant chemotherapy before liver
resection of resectable colorec-
tal liver metastases. Especially
the porspective randomized
study of Nordlinger et al. [27]
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has been extensively dis-
cussed. Although perioperative
chemotherapy could increase
the progression free survival in
this study, the main criticism
of that study was, that patients
in the control group did not
undergo any chemotherapy

at all. It has been generally
accepted, that many patients
with colorectal liver metatsas-
es may benefit from chemo-
therapy, however the ideal
timing of chemotherapy, i.e.
perioperative versus adjuvant
chemotherapy is still under
debate. Many surgeons tend
to adjuvant approaches, since
there are several known side
effect of chemotherapy. These
include the sinusoidal obstruc-
tion syndrome after oxaliplatin
based rotocols (FOLFOX) or
chemotherapy associated
steatohepatitis (CASH) after
irinotecan protocols (FOLFIRI).
Both of these conditions are
known to be associated with
an increased rate of complica-
tions after liver surgery [27],
patients with manifestation of
steatohepatitis show addition-
ally an increased postoperative
mortality [28]. However, data
with a high level of evidence
comparing perioperative versus
adjvant chemotherapy after
liver resection are still lack-
ing. A recent analysis based
on a multicenter database has
shown, that in patients with

a singular metachrounus liver
metastases larger than 5 cm in
diameter, adjuvant chemother-
apy is associated with a 5 year
overall survival of 65%, which
was significantly higher than

in patients without chemo-
therapy (5 year overall survival
55%, p< 0,01). In contrast

the groupo undergoing peri-
operative chemotherapy did
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Fig. b: Results after liver resection for
colorectal liver metastases during dif-
ferent time periods. (Charité Campus
Virchow according to [32])

not show a significantly higher
survival than the group without
chemotherapy. Preoperative
chemotherapy increased the
postoperative complication rate
significantly from 24% to 37%
[29]. Therefore neoadjuvant
chemotherapy in patients with
resectable liver metastases and
a low risk of tumor recurrence
should be considered cautious-
ly. Unguestionalble indications
for preoperative chemotherapy
are potentially resectable liver
metastases. This means a
tumor manifestation within the
liver, which might be curatively
resectable after down-sizing by
chemotherapy. This concept is
discussed above in the sec-
tion “Methods to increase the
resectability of liver tumors”.
Patients with synchronous
colorectal liver metastases
represent a distinct entity,
which have a high risk of tumor
recurrence even after cura-
tive resection of the primary
and the liver metastases. The
optimum treatment strategy in
this subgroup is still under de-
bate. It has been proposed by
Mentha et al. [30] that a liver
first apporach might improve
overall surival. This liver first
approach includes neoadjuvant
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liver resection for colorectal liver metastases
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years after liver resection

chemotherapy followed by
resection of the liver metas-
tases, afterwards neoadjuvant
radiotherapy of rectal cancer
and finally rectal resection. This
is in contrast to conventional
concepts with initial resection
of the primary and subsequent
liver resection. However these
assumptions of a survival bene-
fit only rely on retrospective,
non controlled data. These data
can not be discussed in detalil
here, but a not evidence based
practical proposal would be to
use a conventional approch

in case of few liver metas-
tases and a primary outside
the rectum, whereas in case of
multiple liver metastases and/
or a primary in the rectum the
liver first approach might be
beneficial in terms of patient
selection for liver resection and
early initiation of a systemic
chemotherapy in a group of
patients with high risk of tumor
dissemination.

Whereas in patients with pri-
mary liver malignancies (HCC,
cholangiocarcinoma) extra-
hepatic distant metastases
represent a contraindication
for liver resection, this is not
true for CRLM, as long as the
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extrahepatic tumor burden is
surgically resectable. Accord-
ingly, patients with resectable
pulmonary and liver metastas-
es haven been shown to have
acceptable survival rates after
curative resection [31].

Using modern diagnostics,
chemotherapy and surgical
treatment approaches, the
overall survival after liver resec-
tion for colorectal metastases
has significantly improved
recently (fig. 5). Despite a
higher number of complex
patients e.g. extensive preop-
erative chemotherapy, older
patients, patients with a higher
number of metastases, pa-
tients undergoing preoperative
portal vein embolisation and
patients undergoing repeated
hepatectomies the periopera-
tive mortality has not increased
and is still about 2% in our own
experience, as it was in the
eighties and early ninties in a
series of less complex cases
(fig. b). It has been shown

in a prospective multicentric
analysis, that nowadays, liver
resection for colorectal metas-
tases can be savely performed
even in selected patients older
than 70 years of age [10].
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Interventional Radiology has
undergone breathtaking devel-
opment during the last dec-
ades. Interventional techniques
have replenished or even re-
placed surgical procedures in a
wide variety of diseases. Com-
pared to open surgery interven-
tional radiology is less invasive
with a comparatively lower
morbidity and mortality rate. In
some cases it can be per-
formed as outpatients” proce-
dure, it is repeatable and cost-
effective. The two sections of
interventional radiology at the
Department of Clinical Radio-
logy in Munich (Grosshadern
and Downtown campus) cover
a broad spectrum of interven-
tional procedures (vascular as
well as non-vascular), which
are performed by highly expe-
rienced interventional radiology
experts. However, endovascu-
lar procedures have a nearly 50

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Interventional
Radiology
Important Aspects

years lasting tradition, starting
in the early 60ies of the last
century at the Munich Policlinic
downtown campus where the
German specialty of Angio-
logy was founded and the first
attempts of endovascular treat-
ment of PAD (peripheral arterial
disease) were taken. Today,

an interdisciplinary team of
experts is dealing with almost
all types of vascular diseases
at the ‘Centre for Vascular
Diseases’. The team consists
of interventional radiologists,
vascular surgeons and angi-
ologists. In the interventional
radiology suite all established
and newly developed endovas-
cular procedures are available
and used by a highly expe-
rienced team that has been
working together for years.

Vascular Interventions
Peripheral Arterial Disease
(PAD)

PAD is defined as a partial or
complete obstruction of the
peripheral arteries including
the lower abdominal aorta. In
95% of all cases it is caused
by arteriosclerosis, one of the
most common and dangerous
pathologies worldwide re-
sponsible for about 50% of all
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deaths per year. The remaining
5% fall upon other reasons
(inflammation, genetic disposi-
tion, trauma) that statistically
decrease with increasing age.

PAD can be divided in 2 sub-
forms: Acute and chronic limb
ischemia (ALl and CLI, respec-
tively). ALI originates from

a sudden embolic / athero-
thrombotic vessel obstruc-
tion, whereas CLI is due to
progressive arteriosclerosis.
The established classifica-
tions (Fontaine, Rutherford)
distinguish different stages of
PAD depending on the clini-
cal symptoms (Table 1). The
risk of amputation grows with
the increasing stage of the
disease and is especially high
in stages Ill and IV (Fontaine)
and in stages 4-6 (Rutherford),
respectively. These late stages
are characterized by persistent
pain and, in some cases, skin
lesions.

The prevalence of PAD in
dedicated investigations ranges
from 3% to 10%. In a popu-
lation over 70 years of age,
prevalence rises up to 20%.
Since the populations of de-
veloped countries are showing
an increasing ageing, a further
rise of prevalence is expected.
Progressive symptoms are
presented by 25% of patients.
In the last decades, we wit-
nessed a continuous increase
of diabetic patients with symp-
tomatic PAD. These patients
have a very high risk of ampu-
tation (50% major amputations
after 1 year), since severe
pathologic alterations of the
arterial vessels are preferably
located in the periphery of the
extremities (with dominance
of the lower extremities). An

increase of vascular interven-
tions by 40 % is predicted for
the year 2020! In the last 10
years, endovascular approach-
es in the therapeutic manage-
ment of PAD have become
more and more important. In
comparison to surgical proce-
dures, they are less invasive,
in some cases they can be per-
formed on an outpatient basis,
they can be repeated without
major increased risks and

are cost-effective. Technical
improvements of the applied
materials now enable results of
treatment that are comparable
to those of vascular surgery. In
order to facilitate the decision
whether a patient with PAD is
appropriate for the endovas-
cular approach, periodically
updated guidelines, interna-
tional (Transatlantic intersociety
consensus 2 (TASC-2), Table
2) as well as national (AWMF
guidelines (in German lan-
guage)) have been published
and were updated recently.
The selection of patients for
endovascular approaches
thereby depends on localiza-
tion, morphology and extent of
the pathologic alterations.

Endovascular Treatment of
PAD

Endovascular treatment of
PAD encompasses established
“conventional” techniques,
such as balloon angioplasty
and stenting as well as recent
developments like drug eluting
balloons, drug eluting stents,
atherectomy devices or cutting
and scoring balloons. The aim
of all kinds of interventional
procedures is an improvement
of the peripheral blood flow

in the short, and a preserva-
tion of the affected limb in the
long term. Due to the recent
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Fig. 1: 73 y. old patient with filiform
stenoses of the right AIC, the left
AIC and the right AIE (arrows; 1a).
PTA and stenting with a balloon-ex-
pandable stent (right AIC; star) and a

self-expandable stent (right AIE; crux)

with protection of the right internal
iliac artery (1b,c). Treatment of the
left-sided stenosis was refused by
the patient.

introduction of smaller vascular |

access systems (4 French) and
compatible catheters, the risk
of bleeding at the access site
could be reduced as well as
the post-interventional im-
mobilization time. The lower
size also enables transbrachial
approaches no longer requir-
ing post-interventional im-
mobilization of the patients in
some well selected cases. At
our institution, 80% of periph-
eral endovascular procedures
(i.e. distal from the common
femoral artery (AFC)) can be
performed with 4-French-sys-
tems (own experience). Only
interventions of the abdominal
aorta / pelvic arteries continue
to require accession systems
ranging from 5 to 8 French.

Abdominal Aorta / Pelvic
Arteries -

Common lliac Artery (AIC) /
External lliac Artery (AIE)
Treatment of obstructions of
the infrarenal aorta and pelvic
arteries is mandatory in all
stages of PAD since this will
be an important inflow proce-
dure. According to the TASC-2
consensus, the endovascular
approach is preferred for short
or unifocal lesions (Fig. 1). Ad-
ditional stenting of the pelvic
arteries is recommended since
heavy calcifications are seen
quite frequent in these lesions.
At our institute, we achieve a
successful recanalization in at

least 95% of all cases with a
5 years patency rate of more
than 81%.

Superficial Femoral Artery
(AFS) / Popliteal Artery (AP)
Interventional therapy is
primarily recommended for
short distance obstructions
and stenoses not involving the
femoral bifurcation or the lower
leg’s trifurcation. In addition to
traditional balloon angioplasty
newly developed techniques
like directional atherectomy
with the Silverhawk and Tur-
bohawk catheter as well as all
kinds of drug eluting devices
are used if appropriate. These
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Fig. 2: 71 y. old patient with multiple
haemodynamic relevant stenoses of
the lower popliteal artery (2a; arrow)
and the proximal lower leg arteries
(2b; arrows). Satisfying result after
PTA (2¢,d), no stent implantation
necessary

new techniques have enlarged
the indications and possibilities
of endovascular treatment of
the femoro-popliteal vascula-
ture tremendously, preserving
such important therapeutic
options like bypass surgery for
the patient. Stenting is recom-
mended for residual stenoses
>50% and dissections compro-
mising the blood flow. Recently
developed longer and more
flexible stent systems now of-
fer the possibility to treat long-
er or more complex lesions like
TASC C and D lesions or even
chronic total occlusions (CTO).
Again, this type of procedure
should be applied only in well
selected cases and following
interdisciplinary consultation. In
particular this is an alternative
therapeutic strategy if surgical
treatment is not an option due
to comorbidities. Regarding
this new approach, data evalua-
tion is still in progress.

Lower Leg Arteries

Patients with infrapopliteal
lesions are different from
patients with iliac or femoro-
popliteal obstructions in many
respects. First, they normally
are in a later stage of the
disease, typically with criti-
cal limb ischemia and pain at
rest or even with ulceration.
More than 40% of these
patients are diabetics, with this
number still increasing. They
regularly suffer from several

complex lesions of all three
crural vessels, mostly with
long and calcified occlusions

of the tibial arteries and only a
patent but insufficient peroneal
artery (Fig. 2). Moreover, this
group of patients is espe-

cially challenging due to several
comorbidities, such as renal
insufficiency, coronary heart
disease, or polyneuropathy and
mediasclerosis. Unlike the iliac
and femoro-popliteal vessels,
the main goal of endovascular
treatment in this vessel region
is not long term patency of

the treated segment but limb
salvage and avoidance of major
amputation. Newly developed
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balloon catheters and stent
systems for these small ves-
sels have greatly enlarged

the armamentarium of inter-
ventional radiology. This led

to the recommendation of an
endovascular first strategy in
nearly all kinds of crural vascu-
lar obstructions. Conventional
balloon angioplasty - if neces-
sary in combination with not
self-expanding coronary stent
systems - yields a preservation
of the extremity in 75%-96%
of all cases and a sufficient
recanalization in 60%-75% of
all cases after 1 year. The re-
cent use of drug-eluting stents
improved the rate of extremity
preservation to more than 98%
of all cases after 1 year.

New Developments

Drug Eluting Stents

Drug eluting stents are coated
with cytostatics (e.g. paclitaxel)
in order to inhibit neointimal
proliferation after angioplasty
and to protect the results of
revascularization. The cytostat-
ics are adsorbed to polymers.
Although well established in
the coronary arteries, their use
in the peripheral vasculature
has not been recommended
for a long period of time since
several small trials failed to
show a benefit of the drug
coating in comparison to bare
metal stents. This effect was
mainly related to negative ac-
tions of the polymer coating.
Today, both, newly developed
polymers as well as polymer
free drug eluting stents are
available. The use of polymer
based Sirolimus eluting stents
in the infrapopliteal vasculature
shows a persistent sufficient
recanalization in 92% of all cas-
es 12 months after intervention
(1), and a persistent sufficient

recanalization in 95% of all
cases 24 months after inter-
vention, respectively (2). In the
femoro-popliteal vasculature
the recently introduced poly-
mer-free paclitaxel coated stent
systems also delivered promis-
ing results (Zilver PTX registry,
preliminary data). Using these
stents in order to treat a wide
range of lesion sizes (9,9 cm
+/- 8,2 cm) demonstrated
some significant advantages

in comparison to conventional
balloon angioplasty / bare metal
stents regarding event-free
survival, primary patency and
rate of restenosis (after 12
months). 40% of the included
patients showed TASC C/D
lesions, i.e. lesions primarily
treated by vascular surgery so
far. About 50% of the patients
were diabetics. However, there
is one serious drawback so

far: Like conventional systems,
drug eluting stents are perma-
nent implants with the risk of
fracture over the time.

Bioabsorbable drug eluting
stents may represent another
attractive approach. The deve-
lopment of bicabsorbable stent
systems is stimulated by the
concept that stent action is
only necessary for a short time,
and that persistent conven-
tional stent systems require
prolonged anticoagulation.
Moreover, persistent stent sys-
tems reduce / modulate future
therapeutic options and are

at risk of fracture. Presently,
different systems are being
tested in a preclinical setting
and no clinical data are avail-
able so far.

Drug Eluting Balloons
Drug eluting balloons (DEB's;
Fig. 3) provide an alternative
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Fig. 3: 20y. old patient with a short-

extended high-grade restenosis of a
distal origin femoro-tibial bypass (3a;
arrow). Long-term dilation with DEB
(3b). Sufficient recanalization (3c).

way to supply antiproliferative
drugs to the vessel wall. In
animal experiments this con-
cept could be confirmed and

it has been shown that drugs
applied in this way did not only
permeate into the vessel wall
but were also detectable there
for at least 28 days. The drug is
dissolved from the balloon dur-
ing PTA. DEB's have — in com-
parison to Drug eluting stents
— the advantage of a tem-
porary device, i.e. long term
complications like fractures /
dislocations can be avoided.
Also, potentially important side
branches / collateral vessels
are saved. Furthermore, in the
case of restenosis, the proce-
dure can be easily repeated.
First data addressing interven-
tions in the femoro-popliteal
vasculature (THUNDER trial,

2 years observation period)
show a significant reduction of
the rate of reinterventions in
patients treated with DEB's in
comparison to patients treated
with conventional balloons.
However, the use of DEB's is
limited in cases of long dis-
tance lesions / severe calcifica-
tions so far.

Nevertheless, no one would
doubt that drug eluting devices
already are an important part of
our endovascular arsenal and
will play an important role in
the near future since they have
the potential to substantially

improve the results of different
kinds of endovascular proce-
dures.

Directional Atherectomy
Atherectomy enables to
remove obstructive arterio-
sclerotic plagues by means of
mechanical excision (Fig. 4).
For this purpose, we use spe-
cialized catheters armed with
small rotating cutters that can
be selectively cored or ex-
posed (Silverhawk and Turbo-
hawk catheters). The debulking
is performed "step by step”,
i.e. generally repeated pas-
sages are needed in order to
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Fig. 4: 63 y. old patient with short-
extended calcified stenosis of the

popliteal artery (P2 segment; arrow in

4a). Satisfying result after repetitive
endovascular atherectomy using a
atherectomy catheter.

cover the whole circumference
/ the full length of the lesions.
Due to the avoidance of dila-
tion there is no barotrauma to
the vessel wall, reducing the
risk of dissection as well as
the risk of neointimal prolif-
eration. As yet, there are only
single centre experiences (3,4)
(TALON (Treating Peripherals
with SilverHawk: Outcomes
Collection) registry 2006).

In these reports, the rate of
primary patency ranges from
67% to 82% (after 12 months).
Between 60 and 82 patients
were included in the stud-

ies. Complication rate was <
3.2%. For further evaluation,
multi-centre studies including
higher numbers of patients are
required.

Even now, however, directional
atherectomy can be consid-
ered an important component
of our endovascular arsenal.

It plays a role for treatment of
classical “No-stent-regions”
such as the popliteal artery or
the femoral bifurcation since it
will reduce the risk for bail-

out stenting to a minimum by
keeping the option for popliteal
bypass anastomosis. In addi-
tion, it offers new possibilities
for treatment of severely calci-
fied lesions, usually not treat-
able without additional stent
placement. Though, presently
it is still an expert tool and only
at specialized centres available.

a

Non-Vascular Interventions
Embolization of aortic lesions
Minimal-invasive embolization
of aortic lesions is a brandnew
approach in order to reduce
morbidity and mortality of
selected patients requiring
surgical procedures so far.
We perform embolization

of penetrating aortic ulcers,
persistent endoleaks after
endovascular aneurysm repair
(EVAR; Fig. 5) and false aneu-
rysms that occasionally arise
from spine surgery. Thereby,
a microcatheter is introduced
percutaneously under fluoro-
scopic control addressing the
lesion and an occluding agent
is applied for sealing — in com-
bination with coils for further
stabilization. At our institution,
we use a mixture of ethylene
vinyl alcohol copolymers dis-
solved in dimethyl sulfoxide
(embolization) and tantalum
powder (visibility). Ethylene
vinyl alcohol copolymers show
the lowest recanalization rate
of all embolic materials known
so far. They are safe, easy to
use and show a fast precipita-
tion when exposed to aque-
ous solutions. This enables
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Fig. b: Type 2 endoleak after EVAR
of the infrarenal aorta (5a; arrow);
CT-guided puncture of the aneurysm
sac (bb); embolization with onyx, ad-
ditional application of coils (5c).

an immediate imaging-based
control of success. Important
drawbacks (in rare cases) com-
prise anaphylactoid symptoms,
respiratory disturbances up to
ARDS, angionecrosis, catheter
displacement and severe pain
syndrome. In order to avoid
severe complications, a careful
preinterventional exploration of
the patients and their continu-
ous monitoring during the pro-
cedure are indispensible. The
risk of angionecrosis, catheter
displacement and severe pain
syndrome can be minimized by
slow injection of the emboliza-
tion material.

Regarding the results, data
evaluation is still in progress.
Though we can only provide
our own experience, we
guess that minimal-invasive
embolization of aortic lesions
is an attractive approach that
should be further evaluated in
the future.

Radiofrequency Ablation
(RFA) of Malignant Intrahe-
patic Lesions

RFA is an interventional
procedure suited for physical
destruction of tumour masses
up to a diameter of 5 cm. RFA
is the most common applied
thermic procedure. This fact
is due to its comparably high
efficacy, easy performance
and low complication rate (less
than 2%(5). It can be adminis-
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tered to hepatic (primary and
metastatic), renal, pulmonary
and bone tumours. Thereby,
high-frequency alternating cur-
rent (450-750 kHz) is applied
under fluoroscopic control over
a probe introduced into the tis-
sue to be treated (Fig. 6). The
current stimulates ionic move-
ments with consecutive tissue
heating, inducing coagulation
necrosis. For real time control,
different imaging modalities
can be employed: Ultrasound
(US), Computed Tomography
(CT) or Magnetic Resonance
Imaging (MRI). At our institute,
we prefer the CT-guided con-
trol since images can be easily
and fast acquired. The rate of
artefacts is reduced in com-
parison to US or MRI. RFA of
intrahepatic malignancies can
be applied percutaneously as
well as intraoperatively. So far,
there is no obvious advantage
of intraoperative RFA regarding
overall survival (6).

In most cases, the percutane-
ous procedure can be per-
formed with analgosedation
and local anaesthesia without
the need of general anaesthe-
sia. The most important pre-
requisite is sufficient haemos-
tasis. The number of treated
intrahepatic lesions should not
be greater than 5. The duration
of the procedure depends on
tumour size, as does the rate
of recurrence (7,8). In addition
to the tumour, a 1 cm safety
margin of adjacent healthy tis-
sue should be ablated. During
the withdrawal of the probe at
the end of the treatment, abla-
tion should be maintained in
order to avoid tumour cell dis-
semination and to reduce the
risk of bleeding into the access
route of the probe. The efficacy

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

of RFA can be further improved
by combination with previous
embolization of feeder vessels
since the thermic convection is
reduced.

Minor complications without
the need for treatment com-
prise pleural effusions, small
subcapsular haematomas and
temporarily elevated tempera-
ture (9). More severe complica-
tions — requiring therapeutic in-
tervention — include infection /
sepsis, allergic reactions, large
fluid collections that should

be drained, and penetrations
of the stomach / bowel (only
described if US was used for
monitoring the procedure (10).

RFA of malignant intrahe-

patic lesions yields excellent
results if the prerequisites

are respected. Especially the
ablations’ results of solitary
hepatic metastases of color-
ectal cancer are comparable
with those of surgical resection
(mean survival time: 37 months
(RFA) compared to 41 months
(surgery))(11). RFA is minimal-
invasive, repeatable and cost-
effective (reduced retention
time of patients at hospital).

Percutaneous Vertebroplasty
(PV)

PV is a minimal-invasive proce-
dure developed for the stabili-
zation of aetiologically different
symptomatic vertebral frac-
tures (e.g. osteoporosis, vari-
ous malignancies (metastases,
myeloma, lymphoma)) as well
as for the management of
drug-resistant pain syndrome
as a result of vertebral fracture
in order to avoid especially
neurologic complications and
to improve the patients’ quality
of life. PV can be performed
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Fig. 6: Hypervascularized hepatocel-
lular carcinoma in segment 8 (6a;
arrow). Percutaneous RFA (6b,c).
Enlarged hypodense area after the
intervention (6d; arrow) indicating
coagulation necrosis.
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under local as well as under
general anaesthesia. Thereby,
a canula is introduced under
fluoroscopic control (usually
CT, because of the fast image
acquisition and the excellent
visibility of the applied bone
cement) into the median por-
tion of the anterior third of

the affected vertebral body.
The access depends on the
anatomical region. Whereas
the posterior access (primary
over the pedicles, alternatively
extrapedicular posterolateral
approach) is established for
the thoracic and lumbar spine,
vertebroplasties of the cervical
spine require a ventral access
in order to protect the vertebral
arteries. After image-controlled
correct positioning of the can-
ula, the image-guided injection
of bone cement is performed.
Intravertebral cement deposi-
tion is considered to be suf-
ficient if the anterior two thirds
of the vertebral body are filled
with cement and if the cement
is distributed homogenously
to both of its sides (Gangi et
al. CIRSE quality improve-
ment guidelines). Stabilization
is achieved if partial replace-
ment of the bone destruction
and shoring of the remaining
trabecula could be accom-
plished (Fig. 7). Pain reduction
is caused by physical neurotox-
icity of the cement. In cases
of neoplastic destruction, the
rate of recurrence is reduced
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Fig. 7: 62 y. old patient suffering
from multiple myeloma with large
painful osteolytic formation of the
fourth lumbar vertebral body (7a-c).
PV was performed applying 3 ml
bone cement. The result is depicted
in Fig. 7d-f.

after applying PV. This phenom-

enon has been ascribed to the
cytotoxic character of the bone
cement.

PV is applied with patients
suffering from persistent pain
syndrome despite optimized
therapy with analgesics /
patients that have acquired
severe side effects (e.g.
sedation, confusion) under
analgesics (12). PV should not
be performed to treat asymp-
tomatic vertebral fractures,
patients with osteomyelitis /
spondylodiscitis, haemorrhagic
diathesis / uncorrected coagu-
lopathy, radicular symptoms

or tumoural invasions of the
spinal canal. Pain syndromes
based on the compression of
nerve roots or the spinal cord
cannot be improved by PV. The
procedure should be executed
very carefully if there are partial
/ complete destructions of the
posterior edges of the respec-
tive vertebral bodies orin
patients with previous severe
allergic reactions. The “one-
time treatment” of more than
3 vertebral bodies should be
avoided (12).

Complications comprise ce-
ment leakage into the epidural
veins, the spinal canal or the
intervertebral foramina, infec-
tion and pneumothorax (as-
sociated with interventions at
the thoracic spine). The risk for

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

leakage is especially elevated
if there are partial / complete
destructions of the posterior
edges. It can be reduced by
increasing the viscosity of the
cement. The usefulness of
preinterventional contrast-en-
hanced CT of the epidural veins
is discussed controversially
since there may be difficulties
to differentiate between bone
cement and residual contrast
medium (12).

The most important endpoint
in evaluating the therapeutic
success of PV is pain reduc-
tion. This can be achieved in

a sufficient manner in 90% of
all cases. PV should also aim
at preventing collapse of the
vertebral body by more than
33%. If a major collapse of the
respective vertebral body is
present, kyphoplasty instead
of PV should be considered.
Kyphoplasty combines PV with
preceding balloon dilation in or-
der to re-establish the affected
vertebral body height.

Selective Interventional
Radiotherapy (SIRT)

SIRT is a relatively new method
for the treatment of advanced
primary and secondary liver tu-
mors not or no longer respond-
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Fig. 8: Patient with metastasis from
colorectal cancer in segment 2 of
the liver before (8a; arrow) and 9
months after SIRT (8c). Substantial
decrease of FDG uptake in Fig. 8c.
Fig. 8b shows an angiogram of the
left hepatic artery after catheteriza-
tion. The gastroduodenal artery was
coiled (arrow).

ing to established therapeutic
regimens (e.g. systemic /
intraarterial chemo- or im-
munotherapy, surgery, RFA,
transarterial chemoemboliza-
tion (TACE))(13). Small radio-
active resin- or glass-based
microspheres containing the
beta emitter Yttrium-90 are in-
jected slowly (30-60 min) in the
hepatic arterial system after
selective catheterization of the
hepatic artery’s main branches
inducing a high-dose interstitial
radiotherapy and an arterial mi-
croembolization in the fields of
interest. This method is based
on the dual vascular supply of
the liver: hepatic tumours have
a predominant arterial supply
— in contrast to normal hepatic
tissue which is mainly supplied
by the portal veins. Following
intraarterial injection the radio-
active microspheres are accu-
mulated in the capillary system
of the tumours. Superselective
hepatic branch cannulation and
embolization of side branches
is mandatory in order to pre-
vent for deposition of micro-
spheres in other organs, e.g.

the stomach. Yttrium-90 shows

an average radiation distance
of 2.5 mm. This enables selec-
tive destruction of neoplastic

tissue whereas the normal liver

tissue is not affected (Fig. 8).

Before applying SIRT, extra-
hepatic metastases have to
be excluded with diagnostic
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imaging (PET-CT/MRI, conven-
tional angiography with %mTc
— macroaggregated albumine).
Hepatic / renal function should
not be severely impaired.

An obstruction of the portal
vein restrains the administra-
tion of SIRT since in these
cases the arterial perfusion is
also essential for the normal
hepatic tissue, and the aimed
selective enrichment of the
microspheres in the tumours
is aggravated. The percentage
of hepato-pulmonary shunt-
ing should not exceed 20%.
Reported side effects comprise
abdominal pain, nausea, fever
and (in rare cases) peptic ul-
ceration, gastrointestinal bleed-
ing, mild pancreatitis, radiation
pneumonitis and radiation
hepatitis (14).

First data on limited cohorts
of selected patients suggest a
benefit of SIRT even in patients
not / no longer responding to
any established alternative
therapies. Van Hazel et al.(15)
as well as Sharma et al.(16)
could demonstrate a superior-
ity of the combination of SIRT
/ systemic chemotherapy in
patients with metastasized
colorectal cancer in comparison
to patients receiving systemic
chemotherapy alone regard-
ing overall survival and time

to progression, respectively.
Similar observations were
made by Cosimelli et al.(17)
and Ricke et al.(18) in patients
not / no longer responding to
any established alternative
therapies. In patients suffering
from advanced hepatocellular
carcinoma, an increase of the
median survival rate after ap-
plying SIRT could be observed
as well (19), even in very few
selected patients with partial

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Asymptomatic PAD n Asymptomatic PAD

Chronic intermittent
limb ischemia

- Stage lla: Pain-free
interval > 200 m

Il | Continuous pain
syndr

- Stage lIb: Pain-free
I CIEIRA )

Slight chronic intermittent limb
ischemia (Doppler > 50 mmHg)

2 Moderate chronic intermittent
limb ischemia

Severe chronic intermittent limb
ischemia (Doppler < 50 mmHg)

Continuous pain syndrome

IV | Necrosis/Gangrene Distal atrophic lesion with acral
IEHONE

Ascending lesion (superior to
the metatarsal bones)

Table 1: Staging of PAD. Comparison of the established classification sys-

tems.

S pall Gl Lalisl po &,Lalls PAD Jalya Y Juall

/ complete obstruction of the
portal vein. However, since the
evaluation of long-term results
is still in progress so far, a ter-
minal evaluation of the method
cannot be performed. It has

to be emphasized that SIRT

is no curative approach but

a potential new low-invasive
palliative method dedicated to
the treatment of patients with
advanced therapy-refractory
neoplastic disease of the liver.
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the popliteal artery

obstruction <5 cm

popliteal artery

- Circumscribed stenosis

Multiple haemodynamic
relevant stenoses /complete
obstructions, each <5 cm, not
involving the P3 segment of

Multiple stenoses / complete
obstructions, total length

> 15 cm, with or without
extended calcifications
Restenoses / Re-Obstructions
requiring therapy after

2 endovascular interventions

Chronic complete AFC/ AFS
obstruction (> 20 ¢m), in
addition alterations of the

Primary endovascular
procedure

Primary endovascular
procedure

- Severe calcified complete

Primary operation
(if there are no
outstanding risk
factors)

Primary operation

- Chronic complete obstruction
of the popliteal artery /
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emoral artery; AFS = Superficial femoral artery
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Influence of Dental

Implant Su

rface

Modifications on

Osseo- and
Integration

Keywords: surface modifica-
tion, cytokines, osseointegra-
tion, bone implant contact
ratio, periointegration

Abstract

An increasing trend towards
implantation in complex

cases is beginning to emerge
in dental implantology. As a
result of advances in surgical
techniques, implants today
can be inserted with primary
stability even where there is an
extensive lack of hard and soft
tissue. The long-term stabil-
ity of the implants inserted is,
however, influenced consider-
ably by the osseointegration
and periointegration process.
Faced with this, numerous
current research efforts aim at
modifying the implant surfaces
by ablative and additive proce-
dures in order to optimise the
healing processes.

Introduction

The use of endosseous, dental
implants is a firmly estab-
lished procedure today for the
masticatory functional reha-
bilitation of patients following
tooth loss [22]. Success rates
of more than 95% have been
described for observation pe-

Perio-

riods of more than 5 years [4].
A trend towards implantation

in complex cases is beginning
to emerge because of the
increasing average age of the
population with a concomitant
increase in multi-morbidity in
dental implantology. As a result
of the concurrently increas-

ing demand for quality of life
there is an increased need

for aesthetically attractive,
implant-supported restorations.
The locoregional hard and soft
tissue conditions are equally
significant for the successful
insertion of implants.

A sufficient vertical and trans-
verse amount of bone (vertical:
maxilla > 10 mm, mandible =
7 — 10 mm; transverse maxilla
and mandible =4 -6 mm) is a
basic requirement for anchor-
ing an implant so that it has
primary stability in the local
available bone [9]. Bone struc-
ture augmentation concepts,
such as sinus floor elevation
[28] or augmentation and graft-
ing osteoplasty [33], however,
enable implants to be provided
where there is an extensive
lack of bone. A particularly
difficult situation here is the
severely atrophic maxilla. With
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Fig. 1: Management of extensive lack of bone in the maxilla following explantation. To improve the vertical and horizontal amount of
bone the patient received a sinus floor elevation as well as onlay grafting of autogenous, avascular bone grafts from the iliac crest bilat-
erally. Insertion of 8 dental implants (BEGO Semados RI; diameter 3.75 mm, length 15 mm) was performed after a time interval of 14
weeks. Implants were uncovered 6 months after implant insertion using the vestibuloplasty with free gingival grafts from the hard pal-
ate (a, b, c). Following prosthodontic rehabilitation using an implant retained zirconia bridge harmonization of the profile from treatment
start (d) until end of treatment (e) was achieved. Furthermore, a significant improvement in the en face (f) and intraoral esthetics (g) was

achieved.
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augmentation osteoplasty with
autologous, monocortical bone
transplants of the anterior illac
crest, however, a sufficient
amount of bone can normally
be made to anchor endosseous
implants so that they have
primary stability (Fig. 1, 2).

As far as soft tissue is con-
cerned, a sufficient amount
of keratinised gingiva is an
essential determining factor
for a successful implant [12].
According to Berglundh and
Lindhe's recommendations,
this should not be less than
a minimum width of 3 mm
around the implant [2]. With
long-standing edentulism in
particular, there is normally only

a narrow band of keratinised
gingiva persisting the alveolar
ridge area. A sufficiently wide
"attached gingiva” can be
made by the free graft of a mu-
cosa transplant from the hard
palate. In this case, the palatal
donor site normally heals with-
out any complications [11].

Regardless of surgical manage-
ment, the surface composition
of the implant, however, influ-
ences osseointegration and
peri-implant soft tissue heal-
ing. The following article gives
an overview of the impact of
modifications to the implant
surface on osseointegration
and peri-implant soft tissue
healing.
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Surface Characterization

The characteristics of an
implant surface are largely
determined by their topography
and their chemical composi-
tion [31]. The most important
surface topographical param-
eter in dental implantology

is that described by the S,
value, roughness. According to
Albrektsson and Wennerberg,
implant surfaces can be divided
into 4 groups according to their
roughness: 1) smooth surfaces
(S, < 0.5 um), 2) slightly rough
surfaces (S, = 0.5 -1 pm), 3)
moderately rough surfaces

(S, =1-2upm)and 4) rough
surfaces (S, > 2 pm), [1]. Each
surface modification changes
both the topography and the
composition [13].

Osseointegration

The surgical trauma caused

by inserting implants triggers
complex, biological interactions
at cellular and molecular level.
The healing of the cancellous
bone takes place here in 3
partially overlapping phases: 1)
osteoconduction, 2) new bone
formation and 3) remodelling
[5].

Osteoconduction, the recruit-
ing of osteogenic stem cells
for the implant surface is

the most important phase of
endosseous bone healing [15].
The implant surface adsorbs
fibrinogen which acts as an
“adapter” for the adhesion of
thrombocytes [3]. For their part
the thrombocytes are activated
on the implant surface and
release various osteogenic
growth factors. Fibrinogen is
cleaved proteolytically into fi-
brin, which forms a temporary,
three dimensional network
around the implant. As a result
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of the activated growth factors
secreted by the thrombocytes,
osteogenic stem cells move
along the fibrin scaffold to the
implant surface. This migra-
tion causes a retraction of the
temporary fibrin matrix [25].

The new bone formation phase
that follows this is character-
ised by the progressive deg-
radation of the organic bone
matrix by osteogenic cells
starting on the implant surface
and continuing towards the pe-
riphery. Then the mineralisation
of the matrix takes place as a
result of calcium phosphate
being deposited.

When the first two phases of
osseous healing are complete,
a firm biological bond between
the implant and the bones is
formed and osseointegration is
complete. In the subsequent
remodelling phase a higher
organisation of the peri-implant
bone is achieved by resorptive
processes [6].

Influence of Surface Modifi-
cations on Osseointegration
The influence of the roughness
of the surface on osseointegra-
tion was thoroughly investi-
gated. It was established that
the roughness influenced the
osteoconduction process in
particular (Fig. 3). As the rough-
ness increased, an enlarge-
ment of the implant surface
occurred with a subsequent
increase in the fibrinogen ad-
sorption capacity and activation
rate of the thrombocytes. In
addition, the fibrin scaffold is
more firmly anchored to rough
surfaces [24].

There is general agreement
that implants with smooth (S_
< 0.5 pym) and slightly rough
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Fig. 2: Management of extensive lack of bone in young patients. Pre-operatively the patient presented with an extensive oligodon-
tia (a) with vertical atrophy of both jaws (b) and concomitant reduction of the height of the lower third of the face (c) as a result, ec-
todermal dysplasia. After augmentation of the bony bed, inserting endosseous implants and providing implant-supported bridges

and single crowns (d, e) harmonisation of the profile (f) and the perioral area (g) was achieved.

”A,,;..n,i(b)besm)LSJ‘_SJ}A;J,M';(a)ﬁésgAJa:.;,m;u,a_\l,_;u@ﬂﬂ|memu@ﬁgﬂws@mwlﬁﬁ:r Ja
I aliadl aalall st ¢ galiall s pull ppans any AU asa¥T (5 auialill jaue & gaa el Tayii (C) aam sl Lol &lill ¢ Las,Y Caliadll
(9) pall Jsalo alis (f) Jolsgsall crnls 3315311 (d, €) wam g g palall Laelull ) uundl 0p033

surfaces (S, =0.5-1 pm)
display worse osseointegra-
tion than implants with mod-
erately rough (S, =1-2 um)
and rough surfaces (S_ > 2
pum). Furthermore, better bone
apposition was exhibited on
moderately rough surfaces
than on rough surfaces [31].
As, however, each roughening
of the surface also leads to a
change in its chemical compo-
sition, it is not clear whether
the effects observed are due
to a change in the roughness
or the concomitant change in
composition [13].

Various organic and inorganic
coatings were developed in
order to optimise the chemi-
cal composition of the implant
surface. The coating of im-
plants with extracellular matrix

peptides (e.g., collagen) was
evaluated several times in
animal experiments with the
aim of improving osteocon-
duction (Fig. 3). In accordance
with a current European As-
sociation of Osseointegration
(EAQ) agreement, no basic
improvement in osseointegra-
tion is, however, assumed as
a result of coating the surface
with peptide sequences of the
extracellular matrix [13]. Bio-
activation by growth factors,
such as Bone Morphogenic
Protein (BMP)-2, is probably
likewise ineffective. As BMP-2
also causes bone loss, such

a coating may even reduce
osseointegration [13]. Implants
with a thin calcium phosphate
(CaP) coating were introduced
in order to improve bone
mineralisation in the new bone
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formation phase (Fig. 3) [8].
In animal experiments, such
implants show improved os-
seointegration compared with
uncoated controls. However,
there are still no confirmatory
clinical studies [13].

Peri-Implant Soft Tissue
Healing — Periointegration

As for osseous healing, soft
tissue healing is also divided
into 3 overlapping phases: 1)
Inflammatory phase, 2) Prolifer-
ative phase and 3) Remodelling
phase [26]. In the inflammatory
phase the wound is repopu-
lated by macrophages and
polymorphonuclear leukocytes.
This phagocytic cell debris pro-
tects against microbial contam-
ination and secretes growth
factors. These stimulate the
proliferation of fibroblasts, the
formation of a new epithelial
cover and the generation of
vessels in the area of the
wound. The proliferative phase
of wound healing gives way to
the remodelling phase. In this
phase, apoptosis of the major-
ity of the fibroblasts occurs and
a fibre-rich, peri-implant scar
tissue is formed at the implant
emergence profile [27].

Influence of Surface Modifi-
cations on Periointegration
While a large number of animal
experiment and clinical studies
investigate the impact of modi-
fications on osseointegration,
up till now there has only been
scanty data on the importance
of the implant surface for
healing and consolidating the
mucosa in the implant emer-
gence profile.

In a study using animal ex-
periments, we investigated the
impact of the surface rough-
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remadelling
new bone formation
anarganic coating,
e.g. calcium
osseocanduction phosphate [CaP)

ofganis coating with afgankc coating with
extracellular mabrix growth factors
proteins

| roughness l

Fig. 3: Summary of the impact of surface topography and composition on the
partial stages of osseointegration. Surface roughness and coating with organic
factors such as extracellular matrix proteins or BMP-2 affect the osteoconduc-
tion processes whereas inorganic coatings help new bone to form.
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ness of the implant shoulder
on peri-implant inflammation
parameters with transmucosal
healing implants. After a period
of 12 weeks, a mild inflam-
matory reaction was evident
histologically in the area of the
mucosal emergence profile of
the smooth shoulder, however,
a severe inflammatory reaction
was evident in the emergence
area of the moderately rough
surface (Fig.4).

Moreover, the effect of a bio-
activation of the transmucosal
implant area on soft tissue
healing was investigated.
Faced with the central role

of the glycoprotein laminin

5 within the scope of the
adhesion process of the oral
mucous membrane epithelium
to the implant surface, Werner
et al. combined a laminin 5
derivative with titanium. In
vitro experiments with human
oral epithelial cells showed an
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Fig. 4: Histological representation of inflammation reactions in the peri-implant mucosa. 12 months after implantation
and transmucosal healing, mild inflammation was evident around emergence profile of the smooth implant shoulder (a),
whereas there was a strong indication of inflammation of the peri-implant tissue in the area of the moderately rough

shoulder (b). HE stain, original magnification: 400x.
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increased proliferation in the
functionalised group compared
with the control. These results
were confirmed by the data

in a pilot study on dogs [32].
As well as epithelial adhesion,
neovascularisation also has

a significant importance for
adequate soft tissue heal-

ing. The vascular endothelial
growth factor (VEGF), a heparin
binding glycoprotein, is one

of the most important media-
tors for angiogenesis in wound
healing [23]. As a result of its
short half life of 9 hours in the
tissue, a topical application

in protein form is inefficient
[29]. A possible system for

the delayed release of VEGF is
the extracorporeal transfection
of autologous fibroblasts and
their re-plantation in the area of
the wound as part of an invivo
tissue engineering approach.
For this technique, an improve-
ment in the new vessel forma-
tion rate [19] without detect-
able local or systemic side
effects [18] has already been
found in the rat model.

Conclusions

Using the available data from
animal experiments and clinical
studies, currently no “ideal”
implant surface in relation to a
functionally and aesthetically
satisfying, long-term result

can be defined. As far as the
surface topography is con-
cerned, however, moderately
rough surfaces (S, =1 -2 ym)
in the area of the bone contact
are preferable whereas smooth
surfaces (S, < 0.5 um) in the
area of the emergence pro-
file should be favoured. With
regard to the composition, no
practical recommendation can
be derived from recent litera-
ture.
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State of the Art

Testing

of Mental
Retardation

Summary

Novel technologies in ge-
netic diagnostics led to a very
reliable, sensitive and more
efficient detection of genetic
causes of mental retardation
(MR). Basic diagnostic of MR
such as chromosome analysis
is already obsolete as array
technology detects genetic
alterations such as duplications
or deletions of chromosomal
regions at much higher reso-
lution. Whereas microscopic
inspection usually detects
deletions as large as 5 mega-
bases (5 Mio base pairs) array
technologies visualizes dele-
tions and duplications even
smaller than 100 kb (100 thou-
sand base pairs). Using this
approach genomic aberrations
are detected in up to 15% of
patients with MR with normal
conventional karyograms. How-
ever, the vast majority of MR is
thought to be monogenic with
single base pair alterations or
very small deletions or dupli-
cations. Today, more than 90
genes on the X chromosome
are known causing MR most
frequently in males. Using
sophisticated next generation
sequencing technology most
of the X-linked syndromic and

non-syndromic MR cases are
now being deciphered. Subse-
quently, this technology allows
also identifying genetic causes
of autosomal recessive MR
and malformation, in particular
in consanguine families, or of
de novo originated MR giving
the chance for prenatal diagno-
sis in subsequent pregnancies.

Introduction

Mental retardation (MR) as
defined by an 1Q below 70
affects approximately 2% of
the general population. More
severe forms with an 1Q < 50
has a frequency of about 0.5%
(reviewed in Ropers and Hamel
2005, Nature Reviews Genet-
ics 6:46-57).

Until today, chromosome
analysis detecting additional
chromosomes such as triso-
mies or partial chromosome
alterations is a basis diagnostic
in defining the genetic causes
of MR. Indeed, trisomie 21,
also called Down syndrome, is
the most frequent form of MR.
Besides these alterations one
also finds structural changes
such as inversions, unbalanced
or balanced translocations,

all with an increased familial
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Fig. 1: Schematic representation

of molecular karyotyping: DNA of

the patient which is isolated from
whole blood will be fragmentated by
restriction enzymes such as Styl and/
or Nspl. Subsequently, specific DNA
sequences (adaptors) are merged

to the DNA fragments allowing its
widespread amplification and label-
ling. Labelled DNA fragments are
then hybridized onto millions of short
oligonucleotides covering known
polymorphisms in the genome which
will be scanned allowing detection of
missing (deleted) or duplicated DNA
fragments.

recurrence risk of unbalanced
aberrations in future pregnan-
cies. Using conventional karyo-
typing one usually reaches a
resolution of about 5 - 10 mil-
lion base pairs leaving smaller
aberrations undetected. Due
to the development of fluores-
cent in situ hybridisation (FISH)
and subsequently of multiplex
ligation-dependent probe ampli-
fication (MLPA) small deletions
or duplications are detected
particularly analysing telomeric
regions (Flint and Knight 2003)
in about 5-10% of unexplained
MR.

If these routine screening
methods do not detect chro-
mosomal aberrations and if the
physical characteristics of one
patient do not allow a specific
differential diagnosis and thus
directed genetic testing, one
usually has to rule out inborn
error of metabolisms which
will not be the scope of this re-
view. Even then, the underlying
cause of MR remains unknown
in more than 65% (Rauch et

al. 2006). Here we will concen-
trate on novel genetic screen-
ing technologies allowing the
identification of the genetic
causes in the fast majority of
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patients with syndromal and
non-syndromal MR for which
environmental or toxic causes
have been ruled out. One
recent technigue which is al-
ready fundamental as a routine
diagnostic tool, is the so-called
chip or microarray technology,
also known as molecular karyo-
typing, to identify deletions or
duplications usually of an entire
or several genes. This ap-
proach led to the definition of
novel microdeletion / -duplica-
tion syndromes.

However, even with this
technology, the great majority
of genetic causes of patients
with MR is not being deci-
phered. Here will give first
insights into the transition of
the most recent new genera-
tion sequencing technology

to track down single base pair
changes causing MR even
without knowing the respec-
tive candidate gene or region.
In combination both technolo-
gies will allow the detection of
nearly all genetic causes of MR
changing the routine of clinical
syndromology and allowing
more accurate family planning
in future pregnancies or for
close relatives.
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SNP Microarrays to detect de
novo duplications / deletions
in patients with MR

Recent developments using
array technology now allows
scanning of the entire genome
for microdeletions / duplica-
tions (Fig. 1).

Any variation in the copy
number is called copy number
variant (CNV). Most of the
CNVs are benign (Buysse et al.
2009), have no obvious causa-
tive influence on the disease
and may be inherited by one
of the parents. However, there
is a scientific debate whether
these benign CNVs contrib-
ute to common multifactorial
diseases (Zhang et al. 2009)

as the level of expression of
genes within or adjacent to the
genomic interval may be af-
fected. Nevertheless, in a child
with MR most of the de novo
CNVs which are not present in
the parents and do not overlap
with known CNVs are causa-
tive for the disease.

Caution needs to be taken if
the deleted / duplicated chro-
mosomal region does not con-
tain any known genes or if the
gene involved is not expressed
in the brain or totally unknown
in MR. In our diagnostic experi-
ence we found several exam-
ples of deleted genes which
were unknown to be a benign
CNV at the time of analysis or,
for genes on the X chromo-
some which was transmitted
by the mother, also be present
in the unaffected uncle of the
child with MR. Despite cau-
tion is needed if interpreting
undescribed CNVs, the sensi-
tivity of the microarray analysis
is thought to have a 100 times
higher resolution than conven-
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tional karyotyping and thus
superior in deciphering genetic
causes of MR (Fig. 2).

Most importantly, all previ-
ously known microdeletion
syndromes are also detected
using microarrays (McMullan
et al. 2009). Furthermore, even
low-level chromosomal mosai-
cisms and uniparental disomies
(UPDs) can be detected using
this technology (McMullan

et al. 2009, Altug-Teber et al.
2005). We strongly encourage
applying molecular karyotyping
only after genetic counselling
as some microdeletions may
reveal risks cancer, and several
inherited microduplications indi-
cate a risk of epilepsy (Heinzen
et al. 2010) or psychiatric dis-
orders such as schizophrenia
(Need et al. 2009, Stefansson
et al. 2008).

Summarizing a large propor-
tion of publications on the use
of microarrays in about 22,000
patients with MR Miller and
colleagues came to the conclu-
sion that chromosomal micro-
arrays should be the first-tier
genetic diagnostic test (Miller
et al. 2010). Even considering
costs for the genetic analysis,
microarray testing for chromo-
somal imbalances is supe-

rior to conventional strategies
(karyotyping and subtelomere
analysis) in MR (Regier et al.
2010). Currently, molecular
karyotyping should be per-
formed as basic test in patients
with autism, developmental de-
lay, mental retardation, and/or
multiple congenital anomalies.
However, despite its high reso-
lution, deletions / duplications
smaller than 100 kb or even at
a single base pair level are not
detectable even with the most
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Fig. 2: lllustration of a 5.4 Mb dele-
tion in 2936.1-36.3 with the 500K
Affymetrix SNP Array in a severely
mentally retarded girl. a) Image of the
parents-patient trio analysis, showing
the de novo occurrence of the dele-
tion (red arrow) and mapping of the
deleted region according to Ensembl
release 60 - Nov 2010. b) Selected
GTG-banded chromosome 2 pair of
the patient. The der(2) (red arrow)
and the normal chromosome 2 can
not be distinguished unequivocally at
the 550 band level.

dense high resolution microar-
rays. Thus, for this diagnostic
area a new technology which
is called next generation se-
quencing has been developed
basically allowing the sequence
analysis of the entire genome
or at least of nearly all coding
genes of an individual which
is now being transferred from
research into the clinic.

Next Generation Sequencing
Using very sophisticated novel
technology, known as next
generation sequencing (NGS),
we are now able to reliably
sequence entire individual ge-
nomes at reasonable costs and
time (Ng et al. 2009). Actually,
the generation of sequencing
data of individual genomes is
not the greatest challenge any-
more but rather the bioinfor-
matical analysis and evaluation
of the clinical relevance of the
received data. Recent applica-
tion of this technology onto
the identification of genetically
unknown syndromes revealed
the genetic causes even in
single families. Despite initial
doubts whether one would be
able to identify a single disease
causing mutation due to the
complexity of the data and the
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large number of polymorphic
DNA changes in one individual
in general (two individuals dif-
fer each other at 2 to 3 Mio
positions!) as well autosomal
dominant (Hoischen et al.
2010) as autosomal recessive
traits (Bilgtvar et al. 2010) and
de novo mutations (Vissers et
al. 2010) were solved through
NGS. Even individual risk
predictions for cardiac diseases
and early sudden death seem
to become possible (Ashley et
al. 2010). In the field of MR we
clearly have now two options:
sequencing of a large number
of genes known to be mu-
tated in patients with MR, and
unbiased sequencing of entire
genomes in individual patients.

Due to the complexity of

the data sequencing whole
genomes, one currently uses
the strategy to sequence

only regions of which are
being transcribed into RNA,
the called exons. The entire
number of exons is also called
"exome", the strategy to se-
quence virtually all exons “all-
exome-sequencing”. For this,
the exones have to be enriched
by hybridization capturing, a
method, which has not yet to-
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Fig. 3: Diagnostic work flow for
clinical genetic testing implement-
ing next-generation technologies to
decipher the causes of MR.

tally been explored for diagnos-
tic purposes. Thus and as the
great majority of all MR genes
has been localized on the X
chromosome, we are currently
sequencing the “X-ome”, in
particular in males with MR

or in affected females with
non-random X-chromosome
inactivation. It is anticipated
that mutations in more than
1000 genes may be associated
with MR, making it difficult to
predict the functional relevance
of all sequence changes identi-
fied right now. However, build-
ing up resources in network
structures like the German
network for mental retardation
(MRNET) will optimize diagnos-
tic decisions much faster. As
“next generation sequencing”
will become even cheaper,
faster and more reliable, data
received will undoubtedly lead
to a major breakthrough in
diagnostics of MR.

Implementing the very recent
technologies does already
change our diagnostic work up
these days (Fig. 3). First step
chromosomal analysis is being
displaced by molecular karyo-

typing with higher sensitiv-

ity to visualize aberrations as
small as 100 kb. Clearly, if the
clinical geneticist does have a
syndromal suspected diagnosis
such as Angelman syndrome,
testing of specific genes is
indicated before unselected
screening approaches. Also,
relatively frequent genetic
causes of MR such as Fragile X
syndrome or myotonic dystro-
phy need always to be con-
sidered, in particular as large
repeat expansions underlying
MR are not being detected

by next generation sequenc-
ing. However, in particular for
affected males we propose
sequencing of the X-ome
analysing the great majority of
known MR genes and most im-
portantly also of non-syndromal
manifestation in one test.
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for your success.

German Medical Journal German Medical Online,

Digital Edition Arabic/English, the ground-breaking Online Platform
the Special Interest Journal for the International Community.
about German medicine. www.german-medical-online.com
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Baden-Baden

World Spa & Event Resort
in the Black Forest

Beautifully located in the sun
drenched southwest corner

of Germany at the foothills of
the Black Forest, Baden-Baden
is an elegant, world-famous
thermal spa and climatic health
resort, wellness and event
paradise and cultural metropo-
lis.

Today Baden-Baden is the
perfect mix of Belle Epoque
ambiance and innovative 21st
century wellness. Its famous
healing thermal water, flowing
from 12 springs, is not only
used for well-tried therapies
but also for modern and inno-
vative treatments. Today the up
to 68° degrees hot and health-
ful water pampers guests from
all over the world in the two
thermal baths — the modern
Caracalla Spa and the historic
Roman-Irish “Friedrichsbad”.
Furthermore many spa-hotels
are particularly conducive to

relaxation, offering unique well-
ness opportunities as well as
individual health and wellness
treatments.

Eight highly qualified clinics
with different focuses and
medical specialists with high
reputation offer individual med-
ical Check-ups, subject-specific
consultation, comprehensive
prevention and rehabilita-

tion methods to the point of
medical necessary operations.
Individual and culture-related
wishes of the guests will be
considered at any time.

For more than 350 years the
three kilometre splendiferous
parks and gardens “Lichten-
taler Allee” has been Baden-
Baden's green and blooming
visiting card. The masterpiece
made of trees, fountains and
flowers invites not only for
healthy walks in crystal Black
Forest air but also fascinates
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German Impressions

as a stylish mile for art and cul-
ture with the historic “Trinkha-
lle” (Pump Room), the world-
famous “Kurhaus” - the social
meeting place of the city — the
Casino, the neo-baroque thea-
tre as well as the Museum of
Modern Art Frieder Burda de-
signed by star architect Richard
Meier. Europe’s second largest
opera and concert hall, the
“Festspielhaus”, guarantees
cultural pleasure at the highest
level and offers over 300 top
class events yearly.

During the whole year Baden-
Baden is setting for outstand-
ing and sophisticated events:
Three times a year the Inter-
national Horse Races, the
International Vintage Car
Meeting mid of July, outstand-
ing concerts at the parks and
gardens “Lichtentaler Allee”
and at the romantic courtyard
of “Castle Neuweier” as well
as international artists and
performances at the “Fest-
spielhaus”.

In the picturesque streets and
the small lanes of the neo-
baroque old town of Baden-
Baden, numerous exclusive
boutiques invite you to first-
class shopping. Everyone who
searches for brand products,
international labels and indi-
vidual antiques, jewellery and
presents will find himself in the
right spot.

Besides well-known starred
restaurants, cosy little tav-
erns with local colour and fine
Baden cuisine, bistros and
countless street cafés in the
centre, there is also Baden-
Baden’s “Rebland”, one of the
most popular Riesling growing
districts in Germany and an

insider tip for the gourmet and
connoisseur of good wines.
Germany'’s oldest and accord-
ing to Marlene Dietrich “the
most beautiful casino in the
world” rounds off a perfect day
in a playful manner and entices
guests from all over the world
to try their luck at the roulette
table.

Baden-Baden Kur &

Tourismus GmbH

Solmsstrasse 1

76530 Baden-Baden / Germany

Phone: +49 (0) 7221 275 266
Fax: +49 (0) 7221 275 260
bbt@baden-baden.com
www.baden-baden.com
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Germany is
only seconds
away.

Get informed
about German
clinics,
hospitals,
medtech,
hotels

and more.
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For more information
about hospital planning
scan this QR Code with
your sma rtphone.

Hospital Planning Alliance Ltd.
Germany - U.A.E.

*

Hospital

Hospital Planning, Building and Managing
Made in Germany

Project Development  Consultancy  Design
Architecture  Engineering Management Structures
Quality Management  Hospital Certification
State-of-the-Art Solutions

www.hospital-planning.com
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