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Editor's Note

Dear Reader,

The health care sector has
developed to become a key in-
dustry sector on an internation-
al scale. Today, countries offer-
ing first-rate medical care are
faced with global competition
and set high standards. This
applies to both medical tourism
and medical equipment, in ad-
dition to the establishment of
entire medical infrastructures
as well as the transfer of medi-
cal knowledge.

Medical tourism is the umbrella
term for patients who visit an-
other country to receive medi-
cal treatment. They do so for
various reasons, for example
because the treatment abroad
is better or more affordable or
because of the longer waiting
times in their home countries.

The number of patients
seeking medical treatment in
Germany continues to increase
steadily. The share of patients
from Russia and from the Gulf
States, who are expecting to
get better medical treatment

in Germany than at home, is
particularly high.

The confidence in the capabil-
ity of German medicine is very
high throughout the globe. For
a reason: Like no other country,
Germany has a dense network
of outstanding and committed
hospitals, university hospitals
and affiliated hospitals as well
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as privately run hospitals,
medical-scientific institutes,
research establishments and a
world-class health care system.
This is unique worldwide.

In the German Medical Jour-
nal, medical professionals

and medically interested and
motivated readers will find
interesting specialist articles
from all medical disciplines as
well as independent and up-to-
date information. To patients
who come to Germany for
medical treatment, the German
Medical Journal offers valuable
decision-making support and
guidance.

The German Medical Journal
represents German medicine
internationally, giving it a voice.

Enjoy your
German Medical Journal

Nadine Baume
Managing Director
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The German Centre for Paediatric and
Adolescent Rheumatology (DZKJR) at the
Paediatric Hospital Garmisch—Partenkirchen

Being Europe’s largest specialised centre for paediatric and
adolescent rheumatology, the DZKJR has devoted itself to its
specialty for 60 years. The treatment takes place on the basis

of the “Garmisch Treatment Concept”. This holistic concept
combines medical, nursing, physical and psychosocial aspects as
well as education at our hospital school. Our modern and inter-
disciplinary treatment concept enjoys an excellent international
reputation. Optimum treatment and alleviation of pain are carried
out using our range of interdisciplinary therapeutic services under
the direction of internationally renowned specialists.

We have our own swimming pool for physical therapy as well as
for swimming and playing in warm water.

We also have many years of experience in the treatment of
non-inflammatory diseases of the musculoskeletal system,

for example rare orthopaedic diseases and postoperative reha-
bilitation as well as chronic pain syndromes in childhood and
adolescence. In this respect, we closely collaborate with the

BG Unfallklinik Murnau (Trauma Centre), which is internationally
renowned. The paediatric hospital’s unique location in Garmisch-
Partenkirchen, situated at the foothills of the Bavarian mountains,
also deserves special mention.

Services offered by the DZKJR:

- Diagnosis and treatment of rheumatic diseases in children
based on the “Garmisch Treatment Concept”

- Inpatient and outpatient support

- Orthopaedic technicians

- Specialist consultants (ophthalmologist, orthopaedist, dentist,
orthodontist, dermatologist)

- Infrared saunas

- 3D gait analysis

- Naturopathy

- Swimming / Therapy pool

- Hospital school

- Experimental education and hippotherapy

- Accommodation for parents

- Online discussion forum

German Centre for Paediatric and Adolescent Rheumatology
Paediatric Hospital Garmisch-Partenkirchen
Gehfeldstr. 24, 82467 Garmisch-Partenkirchen, Germany

Phone: +49 —(0)8821 — 701-0
Fax:  +49-(0)8821 73916

www.rheuma-kinderklinik.de M Lehrkrankenbsus der LML Manchen
info@rheuma-kinderklink.de ——

Deutsches Zentrum fiir Kinder- & Jugendrheumatologie
Zentrum fiir Schmerztherapie junger Menschen
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Introduction

Pulmonary hypertension
remains a devastating disease
despite the advent of multiple
new medications in inhaled,
oral, and intravenous form.
Clinically, most patients suffer
from the sequelae of right
heart failure, which also is the
leading cause of death.

In some patients however, with
very reactive pulmonary vas-
cular disease, acute right heart
failure may present as syncope
and lead to a premature death
despite normally good right
heart function. The pathophysi-
ology of both forms - acute and
chronic decompensated forms
- include chronic venous con-
gestion and a lack of systemic
forward flow, due to inter-
rupted transcapillary forward
flow on the pulmonary capillary
level. Echocardiographically,
this becomes visible as a bulg-
ing of the right atrial septum
into the left, in the presence of
a huge, dilated right and small,
banana-shape left ventricle.

Historically, it has been ob-
served that patients with
an atrial septal defect (ASD)

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

show longer survival despite
comparable disease sever-

ity. The ASD offers several
circulatory advantages for the
pathophysiology of right heart
failure. First, as it allows right
to left shunt, it offloads the
large venous system from high
pressure, alleviating organs (i.e.
liver, abdomen) and reducing
the clinical symptoms of right
heart failure (aszites, edema,
etc.).

The same is also true in the for-
ward way, in that the ASD of-
floads the failing right ventricle
from high preload, therewith
allowing this ventricle to return
to the more favourable part of
the Frank Starling curve with
better economics of the single
heart beat, and consequential
myocardial recompensation.
Even more important are how-
ever the systemic effects, as
the right to left shunt feeds the
left ventricle and the systemic
blood volume. The augmented
blood volume leads to an
increased cardiac output and
thereby increased oxygen and
nutritient delivery, albeit it may
be somewhat desaturated, and
cachexia and acute systemic
hypotension in syncope are

effectively counteracted.
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Fig. 1: Details of the AFR®-device.
a: The frontal view from the left atrial side

PAFR 5lea Jualis 1\ 5, guall

shows the circular shape with the central 3 ila e g‘\‘“w el byl u'L" d
hole of the device. Sl Gy Slgadl (g Slall JSEll e 5y suuy Y
b: The oblique view from the right-atrial side il colall gpa JsLall laiall zyaayll U_lci IR
shows the connection hub to the delivery ~ ~ R o T
cable which is identical to the delivery set of Jaaill J“ts" JLasV 58 o b e (raa¥l Ga3Y)
Syl desana (S Jao il allal Jilaall

the Occlutech Flex II1® device family.
c: The lateral view delineates the flat profile ERON J_‘ui .= ©Occlutech Flex ||

of the device, here a device with 2 mm

thickness.

d: After implantation into a standard atrial
septum the fluoroscopy sows the flat profile
of a device with a 5 mm thickness (marked
“x1") between the disks and 6 mm fenes-
tration width

Based on this observation, bal-
loon atrioseptostomy has been
recognized since the early

80s as an effective means to
decompress the right hart and
to enable systemic blood flow.
However, the results usu-

ally have disappointed due to
early closure and uncontrolled
rupture of the atrial septum
with acute and detrimental hy-
poxemia. The overall success
rate by using blade/balloon
septostomy, stent placement,

Amplatzer fenestrated ASD
devices are however disap-
pointing; the re-occlusion rate
is high when fenestrations
are used with a diameter of 5
mm or less and when there is
a high amount of surrounding
material in place.

Balloon septostomy has
therefore fallen into disregard,
although it was able to pro-
long survival in patients with
pulmonary hypertension. In
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an attempt to address this
problem, interventionalists
have combined devices to
create a makeshift solution for
this problem, such as poking

a hole into an available ASD
occluding device, or to provide
a vent with the help of insert-
ing a coronary stent into it. The
results were mechanically not
very convincing, but demon-
strated the need for a proper
solution.

Similar pathophysiological
assumptions can be made

for severe left heart failure

— both with preserved ejec-
tion fraction (i.e. diastolic left
heart failure, HFpEF) and those
with reduced ejection fraction
(i.e systolic left heart failure,
HFrEF). In addition to the
reduced cardiac output, these
patients predominantly suf-

fer from left atrial congestion,
dilatation and secondary pul-
monary congestions, clinically
presenting as shortness of
breath and secondary pulmo-
nary edema in severe decom-
pensation. Pressure relief of
the congested left atrium by
mechanical measures (i.e. cre-
ating a defined, small ASD) has
been shown as a promising
therapeutic approach to reduce
the pulmonary venous conges-
tion, shortness of breath, pos-
sibly the need of loop diuretics
and increasing quality of life
and exercise performance. The

reduction of preload of the left
ventricle has to be targeted to
a small level to minimize the
reduction of cardiac output —
therefore a dedicated ASD of
about 8-10 mm is the manage-
ment of choice.

Recently, Occlutech (Sweden),
have developed a purpose built
and industrially made device
which consists of the basic
structure of their ASD occluder,
but consists - in contrary to

the ASD closure devices — of
only a fenestration of varying
diameters (6-10 mm) secured
by two discs (Fig 1). Here, we
will present 4 different patients
who have been provided with
this device on a compassionate
use basis for severe right and
left heart failure. The device is
currently off-label, but studies
to obtain European CE-marking
are underway beginning in
December 2016 under the
guidance of our department
here at the LMU, Munich.

Patients, Methods and
Results

Ethical advice was sought with
the local ethical committee,
and all patients received the
AFR-device as acute ultima
ratio compassionate treatment,
with informed and signed con-
sent obtained beforehand. The
following patients are reported
in consecutive order and
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Fig. 2: Patient with severe decompensated right
heart failure due to an operated ventricular septal
defect in childhood.

a: situation before BAS and AFR-implantation

(see text) with huge right atrium and ventricle, and
sgashed left atrium and ventricle.

b: situation post intervention with the AFR device
in place (RED ARROW), and better filling of the left
sided heart structures

represent well the spectrum of
diseases and age treated in our
division. All AFR devices had
been donated by OCCLUTECH
company, Helsingborg, Swe-
den.

Case 1

A 35-year-old adult male
patient presented in severe
right heart failure with due to
late postoperative pulmonary
hypertension. He had a ven-
tricular septal defect repaired
aged nine. He was in NYHA
functional class IV+, short of
breath at rest, with pronounced
venous congestion at his legs,
massive ascites, and renal
failure requiring daily dialysis.
Pulmonary vasodilating therapy
included 4 different agents us-
ing subcutaneous, inhaled and
oral administration. Echocardi-
ography demonstrated the typi-
cal features of decompensated

right heart architecture with
very low right ventricular and
low left ventricular contractility,
a huge and very trabeculated
right ventricle which squashed
the left ventricle to a banana
shape, with the ventricular sep-
tum in massive curvature into
the left ventricle, and a huge,

8 cm measuring right atrium,
and a left atrium where the
atrial septum touched the left
atrial free wall. There was se-
vere both tricuspid and pulmo-
nary valve regurgitation.
Cardiac catheterization con-
firmed very restricted circula-
tion. By pointing the Brocken-
brough needle from the middle
of the atrium into the direction
of the left atrial appendage,
where the left atrium showed
some remaining lumen, it was
possible to safely puncture the
atrial septum and very gradu-
ally perform a balloon atriosept-
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Fig. 3: Same patient as in Figure 2, demonstrating situation
before and after intervention, with the shunt through the AFR

device apparent in color Doppler imaging (right image) in the
long axis image. Note aortic regurgitation in the middle of the =¥ olaill Gald o Jyghall | gaall 5 e & (sraall 3y pall) o plall

picture, the AFR device directly under it with the right-to-left
shunt occurring through the device into the small left atrium.

ostomy. Postinterventionally,

a good right-to-left shunt was
present. The patient returned
to the ward in stable condition.
Unfortunately, over the course
of the next seven days, the
created atrial defect gradu-

ally closed down to merely a
Tmm opening. It was therefore
decided to repeat the BAS and
secure it with an AFR device.
Thus, a second cardiac cath-
eterization was performed.
After interventional preparation
by BAS as described, an AFR
device with 8 mm fenestration
was deployed and anchored
without problems. Postinter-
ventionally, a strong right-to-left
shunt could be demonstrated
through the fenestration (see
Fig. 2 and 3).

Over the course of the next
days and weeks, the patient
experienced a gradual stabiliza-
tion and even slight recovery.

Creatinin levels fell, indicating
improved renal function, and
renal dialysis could be reduced
and was eventually was with-
held entirely. The ascites also
improved, and overall clinical
status improved to NYHA

[I-Ill. Two months following
these interventions, he was
lung transplanted successfully.
During the operation, while he
was receiving a lung transplant,
there was intraoperative shunt
reversal through the device's
fenestration to be observed,
and the shunt device showed
a left to right shunt when the
transplantation operation had
been finished successfully.
When checked last time, now
more than 6 months after AFR-
device implantation, he was
very well indeed, in functional
class NYHA I, with his entire
intracardiac architecture having
recovered almost to normal.
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Fig. 4: Patient with Fontan anatomy. The angiography pictures (33,3 s e Lo sV pem aaind oL s3 Wlay (o ye £ B gl

are based on the typical extracardiac Fontan with a 20 mm [N . . e . o
extracardiac conduit (Fig. a: a.p. view, Fig. b: lateral view). el () 8peall) oo ¥+ alsle Lall (o 2o la SIS Gty 3 (2350

After the contrast material has been passing through the (gola i —gall el () el alall ALVl e laie —Lull
pulmonary circulation, the exact topographic location of the 1k salall (8 gl gua oy (X500 8,50l sae Galsill Jole gy aay
right sided pulmonary veins and the left atrium is visualized ‘“i . | Y 3l e ] Ll 5 Tt ol B oS Baal
(Fig. c: ap. View, Fig. d: lateral view). The round tip of the Jaul (=) 85 pall) o Fy ot 4‘~‘{"JJ 80,5 a3
pig-tail catheter inside the Fontan tunnel indicates the po- (ola Slie sopmanll Jaul (&) 85 peall wdlall LY ¢po Hlaie 1Ll
tential area for transseptal puncture, to be directed from the Akl I yates L3558 53 Jaks ju5iall Jud 8,08 jsatuall 3kl
systemic venous into the left atrial direction, ie. posterior and L T R
somewhat towards the left side. slails obeadl aasll o Ligaan o5 play Saladl e L5 Jaad Usiadll

a1 el I Glaady alall (o ua¥1 oY
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Case 2

An 8-year old school girl pre-
sented because of recurrent
syncope, increasing in frequen-
cy and severity, due to moder-
ate pulmonary hypertension

in intervals. She was in good
physical condition without the
signs of heart failure. However,
her exercise tolerance was
reduced with stopping to take
a short rest after one flight

of stairs. She was on a triple
combination of pulmonary
vasodilators including the fre-
quent inhalations with iloprost.
As she was very needle phobic
and already silently depressed,
any more invasive therapy was
out of the question for her.
Echocardiography showed
moderate pulmonary hyperten-
sion which was confirmed at
cardiac catheterization, without
overt signs of right heart func-
tion.

The BAS and AFR implantation
were performed in combined
fashion at the same cardiac
catheterization session and
proved to be unproblematic
and without complications. She
was discharged after 3 days in
accordance with our protocol
for uncomplicated interven-
tions.

During further follow-up, ie
more than 6 months, she

had not experienced a single
further syncope. It had been
possible to stop the inhaled
iloprost which had been a great

burden to her. However, she
also experienced an increase

in exercise performance, and
gained psychological robust-
ness and happiness which the
parents continued to praize

to us. She was able to run
upstairs four flights, with hardly
noticible desaturation.

Case 3

A young male adult of 25 years
presented with deteriorating
failing Fontan circulation. He
had Goldenhar syndrome and
severe scoliosis. He had the di-
agnosis of complex congenital
heart disease, where a series
of open heart operations had
established at 15 years of age
a Fontan type physiology of
his circulation, which is driven
by a single heart ventricle,
while the venous return flows
passively directly through the
lung. This physiology, in his
case, had chronically failed the
last 5 years despite maintained
good single ventricle function.
As a consequence of this, he
had protein losing enteropathy,
recurrent pleural and abdominal
effusions, and signs of chroni-
cally low blood circulation with
exercise tolerance of less than
200 m during the 6-minute
walking test, and was in func-
tional WHO class .

Previous cardiac catheter had

demonstrated venous and
pulmonary arterial pressure of
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24 mmHg and end-diastolic
ventricular pressure of 12
mmHg, resulting in a calculated
pulmonary vascular resist-
ance of 4-5 WU*m?2. He was
therefore on dual pulmonary
vasodilating treatment, without
clinical success. As the next
step would have been either
heart-lung transplantation or

a complex Fontan-take-down
operation, an attempt was
justified to provide a fenestra-
tion to the Fontan circuit which
is an accepted method both
immediately postoperatively
and in the later course.

The physiologic principle of
creating a fenestration in the
Fontan circuit is identical to
that of the BAS, by creation of
a defect from the right venous
side into the systemic atrial
side. Technically, this demand-
ed creating a connection from
the part of the superior caval
vein between its connection to
the extracardial Fontan conduit,
and its connection to the right
pulmonary artery, to the atrium
of the single ventricle.

In our case, delineation of the
exact anatomy required several
angiographies as transesopha-
geal echocardiography was

not helpful due to the severe
scoliosis, and enabled a clear
understanding of the right
pulmonary artery, the superior
caval vein, and the Fontan
conduit, and the left atrium

(see Figure 4 and 5). Then, a
puncture through the inferior
wall of the connecting superior
caval vein between the pul-
monary artery and the conduit
area into the left atrium was
achieved, secured with a stiff
wire, and gradually balloon-
dilated to a diameter of 8 mm,
eventually allowing the inser-
tion of a 12 F long sheath into
the left atrium. Then, the AFR
device was pushed through the
long sheath, letting the distal,
left disk of the device deploy
in the left atrium, which was
then pulled back against the
left atrial wall. Then the sheath
was retracted into the pulmo-
nary artery, thereby setting free
the proximal, right disk of the
AFR device. Further angiogra-
phies before and after final re-
lease of the AFR device proved
its correct position. A strong
right-to-left shunt was present
through its fenestration, and
the transpulmonary pressure
gradient decreased from 12
mm Hg to 6 mmHg.

During the weeks follow-

ing these interventions, the
patient’s ascites disappeared,
and pulmonary vasoactive
medication was reduced,
diuretics were stopped. When
last checked more than 6
months post implantation, the
AFR device remains in situ and
patent. The patient’s systemic
saturation was 91%, with a 6
min walk test of 480 m, and
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Fig. b: Schematic illustration of the AFR-device implantation any GLEsd Ula (ause (3 AFR Hla 53! plaabdl rad 5310 35 seal

in the Fontan patient. After exact delineation of the underly- . N . . R TP .

ing anatomy (Fig. a) a standard transseptal needle is inserted "A\A“‘"‘L Soad Jlasl o (1 el ol eap il el Lglossl
from the internal jugular vein and the puncture is directed to & sue ¥ ciladl M atll aaa o3 aly g Aalall oalashl a0l o (wlaall
the left side posteriorally to gain access to the left atrium (Fig. s dalac 6‘)93 i aay (o SRPWN) SRR S U sl calall

b). Thereafter a graded balloon dilatation is performed across R L% (- . .
the puncture side (Fig. c). The maximal balloon diameter is OLll Sl b ¥ sl a3 5 (o B geall) QB e pall Gl

chosen 2 mm larger than the diameter of the planned AFR AFR 5Lea ¢ 05 ake Jyaaly AFR jleal il il e FOR SN
device diameter. Finally the AFR-device of the desired size is osllall LulEall
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Fig. 6: Result after implantation of the AFR-device for a Fontan
fenestration. The device is in place and nicely aligned with a flat
profile on both sides (Fig. a). After contrast injection, there is clear
evidence of the resulting right-to-left shunt across the centre of

the device (Fig. b).

desaturation during exercise
to 80%. Overall, clinical status
had improved to WHO func-
tional class II.

Case 4

A middle aged male adult of 56
years presented with symp-
toms of severe left heart failure
(FS < 10%, HFrEF) combined
with recurrent episodes of
decompensated right heart
failure. He was in functional
class NYHA IV. His diagnosis
was a non-compaction cardio-
myopathy of the left ventricle
and global impairment of heart
function. He admitted to be
listed for heart transplanta-
tion. He showed signs of both
left and right heart failure, and
remarkably so, severe recur-
rent ascites, which required
drainage of 4 to 8 L every 3 to
5 weeks. However, pulmonary
artery pressure were normal,
as was liver function. Echocar-

diography demonstrated the
features of non compacted left
ventricular myocardium, with a
fraction of shortening less than
10%, and an ejection fraction
of less than 20%. Cardiac cath-
eterization measured both pul-
monary wedge, left and right
atrial pressures to be 15 to 20
mmHg with normal pressures
in the pulmonary arteries.

A BAS was performed, follow-
ing which a 10 mm AFR device
was implanted. Both interven-
tional procedures were straight
forward and without complica-
tions. Following this procedure,
he was significantly clinically
better, and ascites drainage
was not necessary any more.
There is also mild recovery,
clinically he now is in NYHA
[I-I1l. As a result of his clinical
improvement, he accepted on
the transplant list, where he
remains when last checked.
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Discussion

These 4 patients are unified to
have one common clinical fea-
ture — i.e. severe atrial conges-
tion due interrupted or limited
transpulmonary blood flow
(right sided congestion) either

acutely, at times or periodically,

or chronically in the presence
of right heart failure — or signs
of right heart failure due to left
atrial congestion.

CASE 1 demonstrates the
potential of the BAS/AFR-
device implantation to bridge
to transplantation by stabilizing
the hemodynamically com-
promised patient and allow-
ing even for some limited
recovery, making them better
candidates for transplanta-
tion. The newly designed AFR
device presented here may
have a similar mechanism and
functions like the formerly
available Amplatzer fenes-
trated ASD device that was
used in patients to relief atrial

vent an early re-occlusion any
potentially decrease the risk
of rapid and excessive endo-
thelialisation.

CASE 2 points out the other
reason where the BAS/AFR-
device implantation is justified,
which is: a) acute (within sec-
onds or minutes) and transient
right heart failure, which may
typically occur in the begin-
ning of the disease. There is
still only moderate pulmonary
hypertension. The other reason
is b) combined global myocar-
dial depression with right heart
failure decompensating over
the course of days or weeks,
controllable only with more and
more pharmacologic support as
the heart disease progresses.
It is of important note that

the intervention not only take
away these effects of sudden
increases in venous pressure
by right heart decompensation
from the body. In addition the
increase in pulmonary vascular
resistance will lead to a repeti-
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unfavourable device/hole rela-
tion with relatively small holes
(4 mm) compared to the large
discs. The AFR device used
here shows a relatively large
hole and less remaining left
and right-sided discs and no
thrombogenic patch material
inside the discs; this may pre-

through the AFR fenestration.
Thus, both systemic body
recovery, and right ventricular
function recovery take place
and are the results of the BAS/
AFR interventions. As a result,
the patient does not only expe-
rience an absence of syncope
or heart decompensation, but
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Patients with AFR-Implantation

Agein Sex Abridged AFR Size Months Post
Implantation

Diagnosis  (mm)
s/p VSD
iPAH
Fontan
Non Com

M

F
M
M

Table: summarising patients with AFR-implanta-
tion. s/pVSD, post operation of ventricular septal
defect; iPAH, idiopathic pulmonary arterial hyper-

tension; Fontan, decompensation chronically fail-

ing Fontan-type Circulation (see text); Non Com,
non-compaction, sponge-like myocardiopathy

has a somewhat unexpected
added benefit of recovery of
heart function with increased
exercise tolerance and im-
proved clinical status as.

CASE 3 is different at first
glance. Fenestration of the
Fontan circuit, first described in
1990, decreases postoperative
morbidity and mortality rates
not only in high-risk patients.
The benefit of fenestration is
caused by an increased preload
and improved cardiac output
resulting from right-to-left
shunting. In addition, baffle
fenestration limits the postop-
erative increase in systemic
venous pressure that contrib-
utes to postoperative morbidity
(Lemler 2002); fenestration in
Fontan circulation even pro-
vided better cardiac output and
lower incidence of late tachyar-
rhythmias In a 20 year follow-
up, suggesting a benefit of
fenestration for late outcome
(Ono 2006). Creation of a fen-
estration between the venous
and arterial side in patients
with a failing Fontan circulation
caused by excessively high
central venous pressure has
been used by several authors
and for many years (Kreutzer

2011, Kreutzer 2007, Reinhard
2014; Rupp 2015);. The use of
the AFR device in these cases
allows a low-profile creation of
a fenestration with a defined
diameter and a permanent hole
allowing even left-sided atrial
catheterization for EPU studies
or pacemaker lead implanta-
tion.

CASE 4 is comparable to the
second case history, where
RV failure is more episodic and
connected with left heart fail-
ure (HFrEF). It is probably the
reason why clinical improve-
ment in this patient was more
withheld and less impressive
when compared with case 2
with syncope only. Neverthe-
less, this patient clinically
improved substantially.

In general, these patients
demonstrate not only the
benefits of a BAS / fenestra-
tion in different settings, which
are well known and have been
performed often. In addition,
we wish to stress the impact
of a protected BAS, as shown
here, by a device which is
easy to use, repositionable and
virtually without risk to im-
plant. It remains to be formally

Device Device Shunt
in situ  patent
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shown that the device con-
tinues to fulfill the other parts
of its promise, that is, reliable
anchoring in the atrial septum,
and most importantly, persis-
tent patency. However, results
so far in our institution, and
worldwide (20 devices implant-
ed at the time of writing) are
quite encouraging.

For this discussion here and
proper functioning of the AFR
device, we must assume that
the preceding BAS was cor-
rectly done, in terms of both
the indication and the techni-
calities. The technical side can
be very tricky and risky as il-
lustrated in our cases and must
remain in experienced hands.
If the indication is wrong, the
BAS will not help. Most likely,
it will also do no major harm,
but the risk of the intervention-
al BAS procedure is then not
met with a benefit for the pa-
tient, and is done in vain. Only
when there have been a past
or will be future episodes in
where right heart decompensa-
tion and right atrial congestion
was or will be very likely, then
a left-to-right shunt directly
after the BAS procedure does
not contredict future success
of it and hence positive clinical
value and impact.

However, in all situations
where the BAS is correctly
indicated and done, the AFR
device will be very beneficial
as derived from theoretical
considerations and current ex-
perience. The main advantages
and arguments for implanta-
tion are the similarity with the
technigue of the ASD device
by Occlutech company, with
which many have worked with
previously worldwide (Haas
2016). Those doctors will need

minimal training and will be
able to properly implant the
device almost instantly. The
AFR device is easy to use after
standard transseptal puncture
has been done. Prior balloon
dilatation of the achieved fen-
estration 2 — 4 mm larger than
the desired final diameter using
high pressure balloons. The fi-
nal shape of the device shows
a flat profile and allows an easy
passage up the hole with po-
tential of subsequent transatrial
interventions or placement of
catheter electrodes. Thus, the
ease and low risk with which
to implant the device is one
crucial argument for its use.
The remaining advantages

in the long term are espe-

cially important for children and
women, with endothelialisation
occurring within 3 months after
which a time of anticoagulation
becomes unnecessary.

While the BAS - intervention
carries a concrete risk and can
be very difficult in individual
cases, the AFR device implan-
tation is a very straight for-
ward, due to the just created
defect in the atrial septum, and
the guide wire which remains
in position and allows swift
positioning of the AFR implan-
tation gear. This is important to
mention as the additional risk
burden by the AFR intervention
to the entire combination of
(the two) interventions is mini-
mal, once the BAS has been
performed successfully, but
adds — and this is the impor-
tant part — significantly to the
overall success of this interven-
tion, while adding only minimal
risk to the patient. The overall
success is not only the secur-
ing of the mechanical interven-
tion, but also the consequential
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benefit of not needing to do

a repeat catheterization and
intervention, and being able to
avoid plasmatic anticoagula-
tion.

Severe lead of furthermore left
heart failure (HFrEF, HFpEF)
with left atrial and the pulmo-
nary congestion clinically lead-
ing to a shortness of breath

as well as the severe right
heart failure action with right
atrial and venous congestion,
clinically presenting as edema,
ascites, venous congestion and
low echocardiographic function
of the heart remain a medical
management challenge, while
safely creating a small field

but controlled, will ASD lead

to atrial decompression, and
relief of difficult symptoms and
composure, further improve
quality of life, and hence im-
provement.

We believe the AFR device
will become a very important
adjunct to the interventional
armamentarium for the man-
agement of both - left heart
failure (HFrEF and HFpEF)

and right heart failure, despite
pulmonary vascular therapy.
Open label, prospective studies
in patients with different forms
of pulmonary hypertension

and left heart failure are under
way. While we are prepared

to help with information at any
time (address corresponding
author), we hope this study
will roll swiftly so to enable any
health career to let patients
have access to this important
treatment modality at our
institution. The AFR device
does support the BAS so it
can produce a crucial change
in haemodynamics in severely
compromised patients, who,

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

when selected properly, will
profit significantly from it.

Conclusion

Protecting the result of a
correctly indicated and per-
formed BAS intervention by
using the new AFR device is

a safe procedure that is very
easy to perform. The AFR-
device provides a relatively flat
fenestration anatomy without
protrusion into the circulation
which reduces potential throm-
bus formation and untoward
closure of the fenestration
while providing a reliable and
defined fenestration diameter.
The use of this device may
ensure a permanent clinical
improvement of these patients.
We believe that this device is
not only a very helpful addition
in the armamentarium of inter-
ventional cardiologists treating
these complex patients, but
specifically, may allow the BAS
to re-emerge as the useful and
worthwile intervention it origi-
nally was conceived to be.
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Treatment of Juvenile
Idiopathic Arthritis

Biologics-Age

Abstract

Quality and results of treat-

ment in rheumatic and auto-

inflammatory diseases of
childhood and adolescent have
made substancial progress
within the last two decades.

This has been determined

through different factors:

- Medical treatment has
gained effectiveness by the
introduction of new drugs

- Provision of units specialized
on childhood rheumatol-
ogy has been substancially
improved

- Multidiszipline concepts of
treatment and educational
programms have been estab-
lished in specialized centers

- Functional treatment has
been further developed intro-
ducing even sports-therapy

This paper summarizes some
of the important developments
in pediatric rheumatology using
Juvenile idiopathic arthritis
(JIA) as an exemplification.

Keywords

Juvenile Idiopathic Arthritis,
pediatric and adolescent
rheumatology, multidisciplinary
therapy, biologics, vasculitis,
collagenosis, children

The field of pediatric rheuma-
tology includes a large num-
ber of different inflammatory
diseases affecting the mus-
culoscelettal system and/or
the connective tissue. While
in Juvenile idiopathic arthritis
(JIA) the main symptome is
inflammatory arthritis, other
diseases like vasculitis (e.qg.
M. Behcget, Purpura Henoch-
Schoenlein) and collagenoses
(e.g. Systemic lupus erythe-
matodes, Juvenile dermatomy-
ositis) may become manifest
even with multi-organ involve-
ment. Most of the diseases
within this group develop from
autoimmune pathogenesis,
engaging the adaptive immune
system in an autoaggressive
matter to attack autologous
structures. Additionally there
is a large number of mainly,
extremly rare autoinflammatory
diseases, namely the periodic
fever syndromes (e.g. familiar
mediteranean fever, cryopyrin
associated periodic syndrome)
resulting from hereditary de-
viations of the innate immune
system [1].

Diagnosis

Prior to treatment a correct di-
agnosis is mandatory. As many
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Pediatric Rheumatology

pediatric rheumatic diseases
are very rare, early symptoms
will frequently be missinterpre-
tated. Special examinations are
required concerning the overall
status of the patient (pediatric
rheumatologist, physiothera-
pist), organ involvement (e.g.
pdiatric cardiologist, ophthal-
monologist etc.), imaging
(x-ray, ultrasound, MRI), labora-
tory and more. This teamwork
of specialist is well established
in tertiary centers specialized in
pediatric rheumatology.

The majority of patients (=75%)
with a pediatric rheumatic
disorder suffers from Juvenile
idiopathic arthritis (JIA), a term
comprising 8 subtypes accord-
ing to the ILAR (international
league against rheumatism)
classification criteria [2]:

(i) Systemic JIA,

(i) persistent oligoarticular
JIA,

extended oligoarticular
JIA,

seronegative polyarticular
JIA,

seropositive polyarticular
JIA,

(vi) Enthesitis associated JIA,
(vii) Psoriasis-JIA,

(viii) undifferenciated JIA.

(iii)

(iv)

(v)
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These subtypes differ not only
according their presentation
(number of joints, joint pattern
etc.) but as well concerning
extra-articular manifestations
(uveitis, enthesitis, cutaneous
involvement, carditis, nephritis
etc.), course and prognosis.
The ILAR classification mainly
depends on the symptoms
presenting at the onset of

the disease. But it may need
several month to give a definite
diagnosis in JIA, as for exam-
ple oligoarticular JIA will need
a minimum of 6 month moni-
toring to decide wether the
child suffers from persisting
(maximum of 4 joints affected)
or extended (more than 4 af-
fected joints) oligoarticular JIA.
Initially undifferentiated forms
may may switch to a definit
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Oligoarticular JIA:
Intraarticular GC &
NSAID
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< 4 joints after 6 month
Persistent Oligo-JIA

> 4 joints after 6 month:

Extended Oligoarticular
JIA

Relapses rare:
repeat intraarticular GC

Frequent relapses:
& MTX

Uveitis

& intraoccular GC
Failed ?
& MTX

Functional treatment: physio-, ergo-, physical- and sportstherapy

Fig. 1: Stepwise escalation of treatment in oligoarticular JIA
NSAID (nonsteroidal antirheumatic drugs), GC (Glucocortikoid), MTX (Metho-

trexat), MoAb (monoclonal antibody)

subtype within the course [3].
Moreover a number of patients
may switch from one subtype
to another within their course
of disease [4]. Thus treatment
of JIA is not based on the
classification subtype but the
individual disease acitivity and
extra-articular manifestations
(see Fig. 1) [5-7]. Moreover the
age of the patient, co-morbidi-
ties and undesirable effects of
the medication or even intoler-
ance have to be considered.

Drug Therapies

There has been substancial
progress in the treatment with
antirheumatic drugs in children
and adolescents within the
past two decades. While non-
steroidal-antirheumatic-drugs
(NSAID) and steroids have
been used since the early six-
ties, disease-modifying-drugs
(DMARD) and biologics had

been the precursors for the
much favourable outcome in
JIA today (see Tab. 1, 2).

The introduction of the
DMARD methotrexate (MTX)
in the treatment of JIA initiated
by the center in Garmisch-
Partenkirchen has been the
signifincant step forward in

the 90-ties of the last century
[8]. Today arround 60% of the
patients suffering from polyar-
ticular JIA are receiving MTX
as their base drug (according
data from the German re-
search center for rheumatology
(DRFZ), Berlin). Coming up with
the 21st century biologic-drugs
set up the next step introduc-
ing treatment opions even in
severe cases of JIA, like the
systemic subtype (SoJlA) [9].

It is noteworthy that more than
50% of SoJIA patients did not
reach a sufficient controll of
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if still active after 6
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disease activity even after 10
years of treatment in the 80-
ties of the 20th century .Those
patients were prone for the
development of severe dam-
ages like systemic amyloidosis
and/or hip-arthrosis [10]. During
the multicenter studies for the
approval of Canakinumab (lla-
ris™) [11,12] and Tocilizumab
(ROACTEMRA™) [13] more
than 70% of the SoJIA patients
reached a pedACR70 within
one year.

In Germany around 22% of

all patients with are currently
treated with biologics, due to
their disease course. The high-
est rates of JIA patients on bio-
logics are found in the system-
ic-onset-, the polyarticular- and
the Psoriasis-JIA subgroups
[14]. The broadened spectrum
of effective drugs has led to
new alternatives tob e used in
order for a stepwise escalation
of treatment whereever indicat-
ed by the individual course of
disease [15]. There have been
set-up recommendations [5,16]
and evidence-based guidelines
[6] for different subtypes and
drugs.

The introduction of biologic
agents into childhood rheuma-
tology had been accompanied
by several phase Il and phase
[l studies proving efficacy
and safety of these drugs

in children (e.g. [11,13,17]).

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Moreover there have been
several independent registries
established to collect data on
long-term safety of these drugs
[18-20].

Despite many new drugs being
approved for a , labeled” treat-
ment in children with certain
rheumatic diseases there are
many patients still receiving

. Off-Label“-therapies [21,22].
This is due to the fact that: (i)
many diseases are too rare

to establish studies including
enough patients and (ii) that
patients suffering from very
severe COUrses or rare com-
plications will need sufficient
treatment immediately.

As drugs have become more
effective in suppressing im-
mune reactions, growing inter-
est has developed concerning
the prophylaxis of infectious
diseases in immunocomprised
patients. Special concepts
and recommendation accord-
ing vaccinations and medical
prophylaxis have been estab-
lished for pediatric patients
with rheumatic diseases
[23-26].

Surgical treatment with
synovectomies and/or endo-
prothesis of joints with severe
distructions are only exception-
ally required nowadays. This is
one oft he results from better
medical treatment within the
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last 20 years. Nevertheless
there are still some patients
with an overall well controlled
disease but a local inflamma-
tion inresponsive to treatment
just in one joints. Arthroscopy
with synovectomy might be

a helpfull approach in those
cases [27].

the affected joints, but in the
range of motion of the affected
extremities [31,32]. Moreover
the neuro-muscular develop-
ment of the children may be
disturbed significantly, espe-
cially in young children [33]. De-
spite sufficient drug treatment
JIA-patients need specialized
and continuing functional treat-
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Apart from the substancial
progress in drugs for pediatric
rheumatic diseases there have
been specialized structures and
provisions developed in many
countries. Starting with London
in 1947 and the German Center
for pediatric and adolescent
rheumatology in Garmisch-
Partenkirchen in 1952 centers
for pediatric rheumatology
have been founded all over the
world. Educational programms
for trainees, special sientific
working groups and national

as well as international col-
laborations [28,29] have been
set up. There is quite variabil-
ity comparing the structures
for pediatric rheumatology in
different countries [30], but
genral consense that children
and youngsters suffering from
rheumatic diseases should be
seen by an expert specially
educated in pediatric rheuma-
tology.

Arthritis in childhood leads to
significant changes not only in

involve physiotherapists, social
workers and others as well
(see Fig. 2) [6,34-39].

Physiotherapy/

Physical Therapy

In patients with JIA re-gaining
the full range of motion and
function of the affected joints
is the main task of treatment
apart from stopping inflam-
mation. Functional treatment
with physical medicine and
physiotherapy are manda-

tory elements of a successfull
multidisciplinary treatment
approach. Active arthritis needs
minimal handling with only pas-
sive movements, pain releave
and protection of joints from
development of contractures.
When inflammation is under
controll and inactive disease is
archieved, there will be more
and more active exercises
integrated into treatment.
Finally having reached the state
of remission patients should

be adviced to return to normal
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Table 1: Drugs in childhood
rheumatology

physical activities including
sports [35]. This approach
adapted to disease activity and
the controll of inflammation
requires individualized train-
ing programms complided by
a team of experts including
physiotherapy, physical medi-
cine, massage, ergotherapy
and sports-physicians. There
have been several publications
demonstrating the benefit of
functional treatment in JIA
[32,40-42]. To date JIA-patients
in remission should no longer
be withdrawn from sport
acitivities but rather be adviced
to use the regenerative and
integrating functions of sports
activities.

Psychologic and Social
Services

Chronic diseases in childhood
and adolescents might not
have consequences only in the
present but furthermore in the
future of the patients. Thus
chronic disease is not only the
individual problem of the pa-
tient but sometimes the whole
family. This might even raise
the question of psycho-social
support to the family members
[43,44].

Especially in musculo-sceletal
diseases as JIA, pain and
physical limitations may hinder
age-based development and
integration. Moreover there
might be consequences con-

cerning school and professional
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Drugs in Childhood Rheumatology

Effects Undesirable Effects

Non-steroidal- Analgesic, anti- Nausea, abdominal
antirheumatic- inflammatory,  pain, loss of appetite,
drugs (NSAID) anti-pyretic diarrhea, obstipation,
cephalgia, fatigue,
lack of concentration,
behaviour modification
Immun- Slow onset of effects
modulation,

Disease-
modifying-

drugs (DMARD) -regulation

Varying side-effects
depending on the
substance used

Tight monitoring is
mandatory

Specific See Table 2
blockade of an
involved
signalling
pathway

Biologics

No data on long-term
side-effects

Mostly quick
response

Steroids

Rapid and good Metabolic side-

anti-inflamma-  effects, increase of

tory effects blood-pressure,
Cushing syndrome,
Osteoporosis

Systemic

Targeted
application

Local
application
(intra-articular,
eye-drops,
intra-ocular etc.)

Lipoid-necrosis
(intra-articular appl.),
glaucoma (eye-drops,
intra-ocular appl.)
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Drugs

Ibuprofen,
Diclofenac,
Naproxen,
Indomethacin,
Celecoxib,
Etoricoxib
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Chloroquine,
Sulfasalazine,
Methotrexate

Azathioprine,
Ciclosporin A,
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Prednisolone,
Methylpred-
nisolone, etc.

Triamcinolon
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Table 2: Biologic drugs currently used PO N .
in pediatrilc rhi'umalﬁogi e Biologic Drugs Currently Used in Pediatric Rheumatology - IJZ{; f“l ‘:ﬁ L‘:‘L;‘Jii‘
prleg, b (s
Drug Target Indications
(™)
Etanercept Poly-JIA
(Enbrel™) EO-JIA
PsA-JIA
ERA-JIA
Psoriasis
TRAPS
. o Infliximab IBD
education. But chronic disease (Remicade™) Poly-JIA lSoall ps Jolaill e e S

might be a challenge as well Uveitis

e LGy Al Caaasy Ll
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Conclusion . o "
. Poly-JIA (Polyarticular JIA), EO-JIA (Extended Oligoarticular JIA), ERA-JIA (Entesitis X S“ 3l a3 Y a3
Prognosis and results from associated JIA), PsJIA (Psoriasis-JIA), IBD (inflammatory bowel disease, SoJIA (Systemic oeledl Slse panas 349
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receptor associated periodic syndrome), IL (Interleukin), TNF (Tumor-necrosis-factor),

BLyS (B-Lymphocyte Stimulator), CD (Cluster of differentiation), CTLA (Cytotoxic
T-lymphocyte associated protein)
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eDiagnostics
ePlanning of treatment

Physician eMedical & invasive Therapy

ekeeping a situation suitable for
sick children

edeveloping strategies for daily
Nurses routine

*Physiotherapy, massage
eAdvisory service according sport
eDevices & vehicles

eAdvices for school and education

Social-workers eEducation of families

Psychologists

Fig. 2: Multidisciplinary concept developed in Garmisch-Partenkirchen:
Integration of different professionals (left side); Physiotherapy may be fun: Integrating ,boldering” (therapeutical climbing) into
treatment (right side)
08K, L= G la 3 5e (8 s shaall Boaaiall slaadill o ggie Y 5, guall
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diseases have substancially
improved due to the develop-
ment of strucured treatment
approaches, specialized physi-
cians and teams, improvement
in drug therapy and multidis-
ciplinary treatment including
functional aspects. Children
and adolescents suspected to
suffer from rheumatic diseases
should therefore be presented
to a center specialized in pedi-
atric rheumatology, in order to
determine the correct diagno-
sis and the required treatment
respectively. Early diagnosis
and treatment are essential to
archive remission and to enable
a physiological development to
the patients despite suffering
from a chronic disease. Spe-
cialized centers will not provide
multidisciplinary treatment pro-
gramms, but will additionally
enable a successfull treatment
close tot he patients residence
by educating patients and
families and providing helpfull
advice to their family doctor.
Thus on the basis of correct
diagnosis and an individualized
treatment even rare or compli-
cated pediatric rheumatic dis-
eases should be manageable.

German
Medical
Journal

al. I
gl
s 3Ll

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Dr. Renate Hafner (MD)
Dr. Manuela Krumrey-
Langkammerer (MD)

Dr. Caroline Siemer (MD)

Dr. Boris Hiigle (MD)
Prof. Dr. Johannes-Peter Haas (MD)

dailal

el LY oLl ougi aal
ol plise i
poslesy ué'gAL Omlaall
skl Jaiy S Luaas JLak Y
il dabliie Laadle 3,k
Onaadiall LY Halas,
Lamaial dubll 3,30,
BYCIVITINY ) L PPy wes i
Slawmaill soaais dallaally
1agdy datab ol il sl Lgas Lay
Oeadlally JULI (2 iy
o2l agialal (5 aniiall
pamdis S e e duoyilay,
dal e JELYI o 33Le g, b 3
el pasatsll M J s sl
(sl e o sllaall Ml
GroSaall 23l panaiall o)
ool 3las Baiatl oLy el
sle soall paall gaill (el
oAl Go ag3llas (o ag )
Laaaiall 5K pall ). cyoyall
Soaaie Lua Ve ol s auds o)

S L) colaasall

OSue Go Ligy3 aa b e
el 3,355 3y 5k e A sall
Slailly aans g3 a3 Wile
R PSRN R R RIS
gamall eyl ool e
OsSaud (L8 paadall = Madly
p3Lags ool yal 3500 oKadll (o
518,00 @ilS 5t 3a JLLY)

RSTE 5y

German Center for Pediatric and
Adolescent Rheumatology
Gehfeldstr. 24

82467 Garmisch-Partenkirchen
Germany

Phone: +49 - (0) 8821-701117

Fax:  +49-(0) 8821-701 201
huber.birgitt@rheuma-kinderklinik.de
www.rheuma-kinderklinik.de

JBLYS ayilag, wb

coald ale s Lad agliiins 3
Lo, bl USzall fyodyall o yall
LS dllall Lasl g sy ol
Wle a8y 03 18 o 3 Llial
a153Y pelata ¥l il aell
[eecev] atsta

oolyel b pala JSay lia ek
OY Al fLaall 5leal

& ol Jsgae Joolaall Ll
oSy Bl o sadlly al¥ly Slan Yl
el JolSally gaill 3 ga5 o
Al 5S35 a8 celly e 350
aalailly Lualyully Lalaie Ll se
el Gl o LS gl

o awanll Lasly g Laad S, o3
el g (3 Al ¥l il sall
ZaIL, 3lasy Logd L gt

Ol &aelaia ¥l 5. Ll uinlly
S gy o yally LY
el goal @Ml 1Y e
S s (2 5ally G solias JLak
Lago Mole 1ia ualy el asline
I L1 SaeLall ol ganal
& Opallaall ps ) iy
Saaly Sna daadls K s
AL sy

ST

LYy syl aalas o Cayats o)
ool Ja85 3adail 55,08 5ol
0553 a3 3l Lia Sl sl sl
0ol Hlue 5] (5 &, 00
ol (sl 2 Mle O

sle S9Me Buae ol sl Ladall
M us syl amy Glga] tell
iy & sbll G (5 Ls gumas

L Ml ol glaall JS E8lie ias
e Badatl Juanill Lea s
L8081 ] S, Laall ulaY1 <



Pediatric Rheumatology

Ref
1.

erences

Petty RE, Laxer RM, Lindsley CB,
Wedderburn L. Textbook of Pediatric
Rheumatology. 7th. Aufl. Oxford:
Elsevier Ltd; 2015

Petty RE, Southwood TR, Baum J,
Bhettay E, Glass DN, Manners P, Mal-
donado-Cocco J, Suarez-Almazor M,
Orozco-Alcala J, Prieur AM. Revision
of the proposed classification criteria
for juvenile idiopathic arthritis: Durban,
1997. The Journal of rheumatology
1998; 25: 1991-1994
Krumrey-Langkammerer M, Hafner

R. Evaluation of the ILAR criteria for
juvenile idiopathic arthritis. The Journal
of rheumatology 2001; 28: 2544-2547
Bertilsson L, Andersson-Gare B,

Fasth A, Petersson IF, Forsblad-D’elia
H. Disease course, outcome, and
predictors of outcome in a population-
based juvenile chronic arthritis cohort
followed for 17 years. The Journal of
rheumatology 2013; 40: 715-724
Beukelman T, Patkar NM, Saag KG,
Tolleson-Rinehart S, Cron RQ, DeWitt
EM, llowite NT, Kimura Y, Laxer RM,
Lovell DJ, Martini A, Rabinovich CE,
Ruperto N. 2011 American College of
Rheumatology recommendations for
the treatment of juvenile idiopathic ar-
thritis: initiation and safety monitoring
of therapeutic agents for the treatment
of arthritis and systemic features.
Arthritis care & research 2011; 63:
465-482

Dueckers G, Guellac N, Arbogast M,
Dannecker G, Foeldvari |, Frosch M,
Ganser G, Heiligenhaus A, Horneff

G, lllhardt A, Kopp |, Krauspe R,
Markus B, Michels H, Schneider M,
Singendonk W, Sitter H, Spamer M,
Wagner N, Niehues T. Evidence and
consensus based GKJR guidelines for
the treatment of juvenile idiopathic
arthritis. Clinical immunology 2012;
142:176-193

Ringold S, Weiss PF, Colbert RA,
DeWitt EM, Lee T, Onel K, Prahalad
S, Schneider R, Shenoi S, Vehe RK,
Kimura Y, Juvenile Idiopathic Arthritis
Research Committee of the Child-
hood A, Rheumatology Research A.
Childhood arthritis and rheumatology
research alliance consensus treatment
plans for new-onset polyarticular juve-
nile idiopathic arthritis. Arthritis care &
research 2014; 66: 1063-1072
Truckenbrodt H, Hafner R. Methotrex-
ate therapy in juvenile rheumatoid
arthritis: a retrospective study. Arthritis
and rheumatism 1986; 29: 801-807
Horneff G. [Biologics for treatment of
juvenile idiopathic arthritis. Consen-
sus statement of the 7th Worlitzer
Expertengesprache 2004 for the Ger-
man Arbeitsgemeinschaft Kinder- und
Jugendrheumatologiel. Zeitschrift fur
Rheumatologie 2006; 65: 152-156, 158

. Prieur AM, Bremard-Oury C, Griscelli

C, Mozziconacci P. [Prognosis of the
systemic forms of juvenile chronic
arthritis. Apropos of 100 cases].
Archives francaises de pediatrie 1984;
41:91-97

. Ruperto N, Brunner HI, Quartier P,

Constantin T, Wulffraat N, Horneff

G, Brik R, McCann L, Kasapcopur

O, Rutkowska-Sak L, Schneider R,
Berkun Y, Calvo |, Erguven M, Goffin
L, Hofer M, Kallinich T, Oliveira SK,
Uziel Y, Viola S, Nistala K, Wouters C,
Cimaz R, Ferrandiz MA, Flato B, Gamir
ML, Kone-Paut I, Grom A, Magnusson
B, Ozen S, Sztajnbok F, Lheritier K,
Abrams K, Kim D, Martini A, Lovell DJ,
Printo, Prcsg. Two randomized trials
of canakinumab in systemic juvenile
idiopathic arthritis. N Engl J Med 2012;
367: 2396-2406

. Ruperto N, Quartier P, Wulffraat N,

Woo P, Ravelli A, Mouy R, Bader-
Meunier B, Vastert SJ, Noseda E,
D’Ambrosio D, Lecot J, Chakraborty
A, Martini A, Chioato A, Paediatric
Rheumatology International Clinical
Trials O. A phase I, multicenter,

~

. Brunner HI, Ruperto N, Zuber Z,

. Sengler C, Klotsche J, Niewerth M,

. Guzman J, Oen K, Tucker LB, Huber

. Ringold S, Weiss PF, Beukelman T,

. De Benedetti F, Brunner HI, Ruperto

. Geikowski T, Becker |, Horneff G, Ger-

. Horneff G, Foeldvari I, Minden K,

. Horneff G, Klein A, Klotsche J, Minden

German
Medical

il Jl

PP ||

Journal =Ly

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

open-label study evaluating dosing
and preliminary safety and efficacy

of canakinumab in systemic juvenile
idiopathic arthritis with active systemic
features. Arthritis and rheumatism
2012; 64: 557-567

Keane C, Harari O, Kenwright A, Lu

P, Cuttica R, Keltsev V, Xavier RM,
Calvo I, Nikishina I, Rubio-Perez N,
Alexeeva E, Chasnyk V, Horneff G,
Opoka-Winiarska V, Quartier P, Silva
CA, Silverman E, Spindler A, Baildam
E, Gamir ML, Martin A, Rietschel C,
Siri D, Smolewska E, Lovell D, Martini
A, De Benedetti F, for the Paediatric
Rheumatology International Trials O,
the Pediatric Rheumatology Collabora-
tive Study G. Efficacy and safety of
tocilizumab in patients with polyartic-
ular-course juvenile idiopathic arthritis:
results from a phase 3, randomised,
double-blind withdrawal trial. Annals
of the rheumatic diseases 2014, DOI:
10.1136/annrheumdis-2014-205351

Liedmann |, Foll D, Heiligenhaus A,
Ganser G, Horneff G, Haas JP, Minden
K. The majority of newly diagnosed pa-
tients with juvenile idiopathic arthritis
reach an inactive disease state within
the first year of specialised care: data
from a German inception cohort. RMD
open 2015; 1: e000074

AM, Shiff N, Boire G, Scuccimarri

R, Berard R, Tse SM, Morishita K,
Stringer E, Johnson N, Levy DM,
Duffy KW, Cabral DA, Rosenberg

AM, Larche M, Dancey P, Petty RE,
Laxer RM, Silverman E, Miettunen P,
Chetaille AL, Haddad E, Houghton K,
Spiegel L, Turvey SE, Schmeling H,
Lang B, Ellsworth J, Ramsey S, Bruns
A, Campillo S, Benseler S, Chedeville
G, Schneider R, Yeung R, Duffy CM,
Re A-Oi. The outcomes of juvenile
idiopathic arthritis in children managed
with contemporary treatments: results
from the ReACCh-Out cohort. Annals
of the rheumatic diseases 2015; 74:
1854-1860

Dewitt EM, llowite NT, Kimura Y, Laxer
RM, Lovell DJ, Nigrovic PA, Robinson
AB, Vehe RK, American College of R.
2013 update of the 2011 American
College of Rheumatology recommen-
dations for the treatment of juvenile
idiopathic arthritis: recommendations
for the medical therapy of children
with systemic juvenile idiopathic arthri-
tis and tuberculosis screening among
children receiving biologic medica-
tions. Arthritis care & research 2013;
65: 1551-1563

N, Kenwright A, Wright S, Calvo |, Cut-
tica R, Ravelli A, Schneider R, Woo P,
Wouters C, Xavier R, Zemel L, Baildam
E, Burgos-Vargas R, Dolezalova P,
Garay SM, Merino R, Joos R, Grom A,
Woulffraat N, Zuber Z, Zulian F, Lovell
D, Martini A, Printo, Prcsg. Rand-
omized trial of tocilizumab in systemic
juvenile idiopathic arthritis. N Engl J
Med 2012; 367: 2385-2395

man BRCSG. Predictors of response
to etanercept in polyarticular-course
juvenile idiopathic arthritis. Rheumatol-
ogy 2014; 53: 1245-1249

Moebius D, Hospach T. Report on
malignancies in the German juvenile
idiopathic arthritis registry. Rheumatol-
ogy 2011; 50: 230-236

K, Huppertz HI, Weller-Heinemann

F. Kuemmerle-Deschner J, Haas JP,
Hospach A. Comparison of treatment
response, remission rate and drug
adherence in polyarticular juvenile idi-
opathic arthritis patients treated with
etanercept, adalimumab or tocilizum-
ab. Arthritis Res Ther 2016; 18: 272

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Rifkin LM, Birnbaum AD, Goldstein
DA. TNF inhibition for ophthalmic
indications: current status and outlook.
BioDrugs : clinical immunotherapeu-
tics, biopharmaceuticals and gene
therapy 2013; 27: 347-357

Jansson AF, Sengler C, Kuemmerle-
Deschner J, Gruhn B, Kranz AB, Leh-
mann H, Kleinert D, Pape L, Girschick
HJ, Foeldvari |, Haffner D, Haas JP,
Moebius D, Foell D, Peitz J, Grote

V. B cell depletion for autoimmune
diseases in paediatric patients. Clinical
rheumatology 2011; 30: 87-97

Groot N, Heijstek MW, Wulffraat NM.
Vaccinations in paediatric rheumatol-
ogy: an update on current develop-
ments. . Curr Rheumatol Rep 2015;
17:46

Heijstek MW, Ott de Bruin LM, Bijl M,
Borrow R, van der Klis F, Koné-Paut |,
Fasth A, Minden K, Ravelli A, Abinun
M, Pileggi GS, Borte M, Wulffraat
NM. EULAR recommendations for
vaccination in paediatric patients with
rheumatic diseases. ARD 2011; 70:
1704-1712

Speth F, Wellinghausen N, Haas JP.
[Screening investigations during inten-
sified immunosuppression in children
and adolescents. Part 1]. Zeitschrift fur
Rheumatologie 2013; 72: 814-821
Speth F, Wellinghausen N, Haas JP.
[Medicinal prophylaxis during intensi-
fied immunosuppression in children
and adolescents : part 2]. Zeitschrift
fur Rheumatologie 2013; 72: 896-909
Dell'Era L, Facchini R, Corona F. Knee
synovectomy in children with juvenile
idiopathic arthritis. Journal of pediatric
orthopedics Part B 2008; 17: 128-130
Ruperto N, Martini A. International
research networks in pediatric rheu-
matology: the PRINTO perspective.
Current opinion in rheumatology 2004;
16: 566-570

Lovell DJ. International trials in pae-
diatric rheumatology: current status.
Annals of medicine 1997; 29: 165-167
Hugle B, Haas JP, Benseler SM. Treat-
ment preferences in juvenile idiopathic
arthritis - a comparative analysis in two
health care systems. Pediatric rheuma-
tology online journal 2013; 11: 3
Merker J, Hartmann M, Kreuzpointner
F, Schwirtz A, Haas JP. Pathophysiol-
ogy of juvenile idiopathic arthritis
induced pes planovalgus in static and
walking condition: a functional view
using 3D gait analysis. Pediatric rheu-
matology online journal 2015; 13: 21
Hartmann M, Kreuzpointner F, Haefner
R, Michels H, Schwirtz A, Haas JP. Ef-
fects of juvenile idiopathic arthritis on
kinematics and kinetics of the lower
extremities call for consequences in
physical activities recommendations.
International journal of pediatrics 2010;
2010

Hafner R, Truckenbrodt H, Spamer M.
Rehabilitation in children with juvenile
chronic arthritis. Bailliere's clinical
rheumatology 1998; 12: 329-361
Hendry GJ, Watt GF, Brandon M, Friel
L, Turner DE, Lorgelly PK, Gardner-
Medwin J, Sturrock RD, Woodburn J.
The effectiveness of a multidisciplinary
foot care program for children and
adolescents with juvenile idiopathic
arthritis: an exploratory trial. Journal of
rehabilitation medicine 2013; 45: 467-
476

Spamer M, Georgi M, Hafner R, Han-
del H, Konig M, Haas JP. [Physiother-
apy for juvenile idiopathic arthritis].
Zeitschrift fur Rheumatologie 2012;
71: 387-395

Russo E, Trevisi E, Zulian F, Battaglia
MA, Viel D, Facchin D, Chiusso A,
Martinuzzi A. Psychological profile in
children and adolescents with severe
course Juvenile Idiopathic Arthritis.
TheScientificWorldJournal 2012; 2012:
841375

Taxter A, Foss KB, Melson P, Ford

KR, Shaffer M, Myer GD. Juvenile idi-

38.

39.

40.

41.

42.

43.

44,

45,

46.

JBLYS ayilag, wb

opathic arthritis and athletic participa-
tion: are we adequately preparing for
sports integration? The Physician and
sportsmedicine 2012; 40: 49-54
Robertson LP, McDonagh JE, South-
wood TR, Shaw KL, British Society

of P, Adolescent R. Growing up and
moving on. A multicentre UK audit of
the transfer of adolescents with juve-
nile idiopathic arthritis from paediatric
to adult centred care. Annals of the
rheumatic diseases 2006; 65: 74-80
Shaw KL, Southwood TR, McDonagh
JE, British Paediatric Rheumatol-

ogy G. Developing a programme of
transitional care for adolescents with
juvenile idiopathic arthritis: results of a
postal survey. Rheumatology 2004; 43:
211-219

Takken T, Van Brussel M, Engelbert
RH, Van Der Net J, Kuis W, Helders
PJ. Exercise therapy in juvenile idi-
opathic arthritis: a Cochrane Review.
European journal of physical and reha-
bilitation medicine 2008; 44: 287-297
van der Net J, van der Torre P, Engel-
bert RH, Engelen V, van Zon F, Takken
T, Helders PJ. Motor performance and
functional ability in preschool- and ear-
ly school-aged children with Juvenile
Idiopathic Arthritis: a cross-sectional
study. Pediatric rheumatology online
journal 2008; 6: 2

Tarakci E, Yeldan |, Baydogan SN,
Olgar S, Kasapcopur O. Efficacy of a
land-based home exercise programme
for patients with juvenile idiopathic
arthritis: a randomized, controlled,
single-blind study. Journal of rehabilita-
tion medicine 2012; 44: 962-967
Andrews NR, Chaney JM, Mullins LL,
Wagner JL, Hommel KA, Jarvis JN.
The differential effect of child age on
the iliness intrusiveness—parent dis-
tress relationship in juvenile rheumatic
disease. Rehabilitation psychology
2009; 54: 45-50

Barlow JH, Ellard DR. The psychoso-
cial well-being of children with chronic
disease, their parents and siblings: an
overview of the research evidence
base. Child: care, health and develop-
ment 2006; 32: 19-31

Minden K, Niewerth M, Listing J,
Biedermann T, Bollow M, Schontube
M, Zink A. Long-term outcome in pa-
tients with juvenile idiopathic arthritis.
Arthritis and rheumatism 2002; 46:
2392-2401

Thon A, Ullrich G. Information needs
in parents of children with a rheumatic
disease. Child: care, health and devel-
opment 2009; 35: 41-47



Elbow Surgery

Introduction

Along with its bony compo-
nents, the muscles and the
joint capsule, the collateral
ligament complex represents
an essential element for elbow
joint stability.

The medial (ulnar) collateral
ligament complex (MCL; UCL)
is seperated into an anterior
and posterior bundle and plays
an important role in preserving
valgus stability (5). The lateral
collateral ligament complex
(LCL) stabilizes the elbow

joint against varus stress and
ensures the stabilization of

the humeroradial and proximal
radioulnar joint, especially dur-
ing stress load in supination
(2). The LCL is formed by the
lateral ulnar collateral ligament
(LUCL), the radial collateral
ligament (RCL), the accessory
lateral collateral ligament and
the annular ligament (AL)(12).
Injury of the MICL and/or LCL
often leads to severe functional
limitations of the elbow joint,
which cannot be compensated
by the shoulder or the wrist
and are likely to substantially
reduce the quality of life of any
affected patient. Correct diag-
nosis and treatment relies on a
detailed understanding of the
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Surgical Treatment
of Collateral
Ligament Injuries
in Chronic Elbow
Instability

elbow joint’s anatomy and the
underlying interrelated biome-
chanical processes.

Key words: Collateral ligament
injuries, chronic elbow insta-
bility, reconstruction, elbow
dislocation, box-loop

Etiology and Pathogenesis
Acute trauma to the collateral
ligament complex is regarded
as the most common cause

of chronic elbow instability.
According to literature, disloca-
tion of the elbow is the most
common pathomechanism
causing such condition (9,15).
However chronic elbow insta-
bilities have also been proven
to occur without acute trauma.
It is reported that the condition
can be caused by a cubitus
varus as a result of a distal
humerus fracture in childhood,
which leads to a chronic over-
load of the LCL and is likely to
develop into a posterolateral
rotatory instability (PLRI) over
time. Another often described
pathogenesis of chronic elbow
instability is repetitive valgus
stress, as this causes a MCL
insufficiency and hence is
especially common in overhead
athletes (11).
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Fig. 1: Lateral view of the left elbow during LUCL
reconstruction. A graft is pulled proximally into

the v-shaped drill tunnel using a FiberWire® and
shuttled in dorsal direction through the counter drill

hole.

Other factors worth mention-
ing in this context are iatro-
genic injuries for example

in cases of insufficient soft
tissue refixation in the course
of primary elbow surgery or
after repeated corticosteroid
infiltration in patients with an
epicondylitis, which can imply
insufficencies of the collateral
ligament complex.

Diagnostic Approach

Clinical Presentation/
Diagnosis

The condition of elbow joint
instability is accompanied by
elbow pain, which is often
experienced over prolonged
periods of time. Symptoms can
be quite similar to those of an
epicondylitis as the active stabi-
lization of the elbow joint leads
to an overuse of the forearm
muscles. In addition, irregular
joint blockage and hypermobil-
ity are common symptomatic

features, same as subjective
feelings of instability. A chronic
instability may also result in
elbow stiffness, which calls
for high attentiveness during
diagnosis of chronic instability
to avoid misinterpretation of
symptoms. Common causes
for elbow instability (such as
prior trauma or surgery) should
be investigated when estab-
lishing the patient’s medical
history. Different clinical tests
are available to screen for in-
stability of the elbow joint. Our
previous reports may be used
to gain more detailed informa-
tion on the subject 9. Symp-
toms are often experienced
unilaterally thus tests should
be performed on both sides
and analyzed for differences.

Imaging

Diagnosis of MCL or LCL injury
is established by clinical eximi-
nation and supporting imaging
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Elbow Surgery

procedures. Anterior-posterior,
lateral and axillary radiographs
of the elbow are assesed to
detect bony accompanying
injuries, capsule calcifications,
secondary osteophytes, nar-
rowing of the joint space, loose
bodies and deformities. Valgus
and varus stress radiographs
may be used to measure the
medial and lateral joint line
opening when being compared
to non-stress views. The so-
called ,drop sign” describes
the spontaneous opening in
the humeroulnar joint cavity,
pointing towards a distinct
PLRI after elbow disloca-

tion. Conventional magnetic
resonance imaging (MRI) is a
useful tool to assess soft tis-
sue injuries. In addition, joint
incongruity can be evaluated
as an indirect sign of instability
in MRI. Hackl et al. reported
that a posterior translation of
the radial head of more than 2
mm and an axial ulnohumeral
incongruity of more than T mm
is highly indicative for elbow
instability (10).

Therapeutic Approach

If the patient symptoms cannot
be managed by a conservative
treatment approach, diagnos-
tic elbow arthroscopy is used
to confirm or exclude chronic
elbow instability in our depart-
ment. Prior to performing

an open collateral ligament
reconstruction it is important to
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exclude other instability caus-
ing factors — especially such of
bony origin. In addition to that
bony deformities as well as
advanced degenerative osteo-
arthritis are considered to be at
least relative contra-indications.
If significant instability is
confirmed during arthroscopy,
open ligament reconstruction
can be performed.

Surgical Treatment of Lateral
Collateral Ligament Injuries

Biomechanical studies have
shown that a relevant PLRI oc-
curs after complete ruptures of
the RCL and the LUCL (4,13).
In lateral collateral ligament
reconstruction, a reconstruc-
tion of the LUCL is performed
as isometrically as possible,
while it does not reestablish
the natural anatomy. However,
according to biomechanical
studies the single strand tech-
nique for LUCL reconstruction
proved to be equally effective
when compared to double
strand techniques or simulta-
neous reconstruction of LUCL
and RCL (2,7).

Operative Technique

In our department a LUCL
reconstruction is commonly
applied by using an autologous
triceps tendon graft. After con-
firmation of PLRI by diagnostic
arthroscopy, we expose the
lateral elbow through Kocher's
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Fig. 2a,b: After exposure, drill tunnels are created
proximally in the rotation center of the distal humerus,
and distally from the sublime tubercle toward the
tubercle at the supinator crest.

intervall. Developing the
interval between the anconeus
and the extensor carpi ulnaris
and releasing these muscles
proximally off the humerus,
allows full access to expose
the origin of the LUCL at the
rotation center of the distal
humerus and the distal inser-
tion point of the LUCL at the
supinator crest. With exposure
of the LCL, its deficiency can
be identified and elbow laxity
can be confirmed by applying
varus stress or by posterior
translation of the radial head.
Thereafter two drill tunnels for
the LUCL reconstruction can
be established. The distal tun-
nel is created at the supinator
crest of the ulna and the proxi-
mal tunnel is established in a v-
shaped fashion at the isometric
point of the LCL origin at the
humerus. The triceps tendon
graft is harvested by epifascial
mobilisation. A transplant of
approx. 7 cm length and 4mm
width is detached from the
medial part of the triceps ten-
don aponeurosis, which then
gets closed with a continuous
suture. A modified Krakow
suture is performed at both
ends of the tendon graft (e.g.
with a #2 FiberLoop®, Arthrex

Inc., Naples, FL, USA) and thus
fixated distally at the supinator
crest by use of an intramedul-
lary button (e.g BicepsButton,
Arthrex Inc.).

The graft is pulled proximally
into the v-shaped drill tun-

nel using another FiberWire®
(Arthrex, Naples, FL, USA) and
consequently shuttled in dorsal
direction through the counter
drill hole (Figure 1). The joint
capsule is reconstructed below
the graft. The correct tension
of the graft is evaluated dy-
namically and humeral fixation
is achieved by use of a but-
ton or a tenodesis screw (e.qg.
4.75mm Swivelock, Arthrex
Inc.). Before applying a layered
wound closure, the LCL as well
as the common extensor origin
(CEOQ) have to be anatomically
restored by use of an anchor
thread. An elbow orthosis is
applied postoperatively for 6
weeks. Flexion is limited to 90°
and extension is initially limited
to under 40° and consequently
increased by 10° per week.
Contact sports should to be
avoided for 6 months.

Clinical Results and
Complications
Research on outcome of

g3 elall Ll Basal
.AJmaLdl 4.L¢a_|| ‘_4‘).:. ‘é_e u_y..;‘,ll
g.u‘a.l' LU e aasilyg

o 3l wyand (S ¢ ua sl

cro g oS Al oo ST g
e sl e siall slga] Baakas JNa
(oSl Gl alall Jaull By ke
ol (adas B85 Sy elld aay
1) olall LU, Jaals
ols 33 +Lai] aty LS tua
abiad Lnalyll Aesall Giye 3
sle anlio 385 Jac atyy wipll

Lo sluaio AhE) aic V Uiya JS&
ol LU Ll pulaall

piz sdall plie (3 ua ol
L3Nl Aaall (g 535 pabs Cilad
Baske e Laikall 2513 gl
pab g o) pl LAl 38 ey a3
Go o b pasey e V sk
a3y Blawd talall eall
BUS a0 L

ply el aay 8 yate dbliay

e Uaall G,SIS Tblia 1es
Jvw o) 535l aalall 3,0
O ¥ ad, baa alaaslly JU
& c_\.uAJ CFiberLoop ¢ s
LYl s ys18 GLU (S 53,1
ISty 5 (L oY1 Sl
O Uawlll Ueaall Gpe b any

Olrsa 55 5m (b Laa )3 BT L] aly i SI asy s dY S
Lganll g Bacliall Lyuall e Tasay g ¢ ponlall aaall alac
AL aall Gye 3

Jeals salel elyal aty (VY (£)
el g3l olall LU,
Lale g Untusall s B5La3 iy
rtlall gl sams ¥ il
LAl g\_wn,.u &3 55 cclld poy
Alyaadl 185 Lydlad iy 4y sual
LLU_H Juals “\.;;z s el
Ko hen gl il el
RN EIICPOS FRET
Selyiall Jealall solel 5l Za oyl
ol gl Lslall LUl
YoV seall ailall LU

daalyadl daaas

Jeals Sule] Babas oty Liawd 3
okl sl sl b
L3 dlaad (553 pabs plaaiuly
STl sy Lol 4313 gl
AL Sl Gl sall Jalas
g zall HUsiall Unul sy

DI e g oS Gila e 328
Ualall ulae) seluy S sS Alals
Uiaally 2,8 sl Ll
BMbLy gl Aol 5330
o oy Sk & Yuaall sia
JolSIl Jgm sl e caiall alie
oLl LU ol e cazgUl
Olaga S5 (8 a1V gl
gloadl Akl y Sl aiall alie



German  al.Jl
Medical =l
Journal =iy

Elbow surgery THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Fig. 2¢,d: A semitendinosus allograft is lopped through the 38110 Lol ans ilaall fe s i - N
ulnar tunnel. Sall ye L3l aale O e pads alay i VS

Fig. 2e: i
ig. 2e: The graft is shuttled through the humeral tunnel. g | 3501 e axlll 55 3y i Y JS



Elbow Surgery

reconstruction of the LCL is
limited and mostly based on
retrospective case series. Nev-
ertheless, in most instances,
clinical results are predict-
able and effective. One case
study reported satisfactory
postoperative outcomes as
the Mayo Elbow Performance
Score (MEPS) improved from
45 to 82 points and pain, as
measured by a visual analogue
scale, reduced from 7,5 to 2,2
points after a medium follow-
up of 19 months (3). Another
group reported that stabilty
was restored in about 90%
and excellent results were
achieved in 60% in a series of
42 patients (14). Consistent
with these results a systematic
review by Anakwenze et al.
reported of good or excellent
results after surgery in most
of the included 130 patients.
However, a complication rate
of 11% was measured, mainly
due to persistent instability
being the most common type
of complication at a rate of 8%
(1).

Surgical Treatment of Medial
Collateral Ligament Injuries

The MCL is separated into an
anterior bundle, originating

of the medial epicondyle and
inserting at the sublime tu-
bercle, and a posterior bundle
inserting more proximally. As
the anterior bundle is regarded
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as important stabilizer against
valgus stress, reconstruction
techniques of the MCL mostly
aim to restore the anterior bun-
dle by single or double strand
techniques (18).

Operative Technique

In our departement the anterior
bundle is reconstructed in a
double strand technique with

a palmaris longus- or a gracilis
autograft. Equivalent to the
LUCL reconstruction, a rou-
tine arthroscopic evaluation of
the elbow joint, prior to MCL
reconstruction, is done. After
confirmation of MCL deficien-
cy, a skin incision is centered
over the medial epicondyle and
extended 3-5cm both proximal-
ly and distally. Firstly the ulnar
nerve is identified through a
muscle-splitting approach by
incising the raphe of the flexor
carpi ulnaris. In cases of ac-
companying ulnar neuropathy,
which is present in 40% of the
patients suffering from medial
instability (18), an additional de-
compression of the ulnar nerve
is recommended. An elevator
is used to seperate the flexor
muscle mass to expose the
origin of the MCL at the motion
axis of the elbow at the distal
humerus. Thereafter the inser-
tion point of the anterior bundle
at the sublime tubercle of the
coronoid process is exposed.
Drill tunnels are created for
graft placement with constant
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Elbow Surgery

attention to protect the ulnar
nerve. The tunnels are placed
at the rotation center of the
distal humerus proximally

and anterior and posterior the
sublime tubercle in a v-shaped
fashion. In order to avoid perfo-
ration of the joint surface, the
tunnels can also be placed dis-
tal of the tubercle. The tendon
graft is looped through the ul-
nar tunnel. Thereafter the thus
created graft limbs are sutured
together with a FiberLoop®. Af-
ter dynamic verification of the
correct tension, the transplant
is fixated at the humeral drill
hole with a tenodesis screw
(e. g.4.75 mm Swivelock) and
the fascia overlying the flexor-
pronator mass is repaired. The
wound closure and aftercare
are performed analogous to the
LUCL reconstruction.

Clinical Results and
Complications

Studies have demonstrated
MCL reconstruction to be high-
ly effective in restoring valgus
stability in overhead athletes
(11,18). While MCL insufficien-
cy meant often a career ending
injury, advancements in opera-
tive technigues have improved
the return-to-play rates to 86%
(5). According to systematic
reviews, the most common
accompanying complication of
this operative technique is a
postoperative, often transient,
ulnar neuropathy, which is
reported in 6% of the cases
(17). Nevertheless, as surgical
techniques have progressed
from a flexor-mass reflecting
approach to the splitting tech-
nigue, the frequency of ulnar
neuropathy has decreased.
Other important complications
are persistent elbow instability
and avulsion fractures of the
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medial epicondyle near the
humeral drill tunnels (17).

Surgical Treatment of
Combined Medial and Lateral
Collateral Ligament Injuries:
The Box-Loop-Technique

The circumferential “box-loop”
technigue involves a simultane-
ous reconstruction of the MCL
and LCL with a single tendon
graft in cases where a gross
instability of the elbow requires
restoration of both ligaments
(6). A biomechanical study of
the reporting research group
showed, that the presented
method allows to regain elbow
stability in bilateral collateral
ligament insufficeny, while be-
ing equally effective compared
to conventional MCL and LUCL
reconstruction methods (8).

Operative Technique

After confirmation of MCL

and LCL deficiency, a box-loop
reconstruction can be per-
formed by a universal poste-
rior approach or through two
separate medial and lateral
incisions. Mobilisation of the
full-thickness flaps and a de-
compression of the ulnar nerve
are performed to safely expose
the origin of the ligaments at
the distal humerus and their
insertion points at the proximal
ulna. After exposure, drill tun-
nels are created proximally in
the rotation center of the distal
humerus, and distally from the
sublime tubercle (origin of the
MCL) toward the tubercle at
the supinator crest (origin of
the LUCL) (Figure 2a/b). In our
department we use a semiten-
dinosus allograft, which is then
prepared using a FiberWire®

in Krakow stitch fashion on
each end and which is looped
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Fig. 2f: After joint positioning and
stability testing, the overlapping ends
of the tendon graft are knoted and
tied together at the medial side.
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Fig. 2g: Finally, the graft is sutured to
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Elbow Surgery

Fig. 2h,i: Postoperative radiographs
of the elbow (anterior-posterior and
lateral view).

through the humeral and ulnar
tunnel (Figure 2c-e). After

joint reduction and respective
stability testing, the overlap-
ping ends of the tendon graft
are knoted and tied together at
the medial aspect of the elbow
(Figure 2f). Finally, the graft

is sutured to the underlying
ligamentous tissues. In accord-
ance with the LUCL- and the
MCL reconstruction techniques
the extensor and flexor mus-
cles also need to be refixated
at the distal humerus in case
they have been detached. The
wound closure and aftercare
are performed analogous to the
LUCL reconstruction.

Clinical Results and
Complications

Data related to the box-loop
reconstruction is limited (6,16).
Van Riet et al. published a case
report of a thirteen year-old boy
with a multidirectional instabil-
ity of the elbow. Two years af-
ter operative treatement with a
circumferential gracilis tendon
graft, the patient’s elbow was
clinically stable without recur-
rent dislocation (16). Finkbone
and O'Driscoll reported a case
series of 14 patients treated
with the box-loop-technique
(6). After a medium-term
follow-up of 64 months, satis-
factory postoperative outcome
was reported. The mean MEPS
was measured with 88 points
and sufficient joint stability was
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restored in all patients. Compli-
cations occured in one patient,
who needed to be treated with
an anterior transposition of the
ulnar nerve due neuropathy (6).
The authors concluded that the
box-loop technique is a quicker,
simpler, and more preferable
way to reconstruct both the
MCL and LCL of the elbow in
comparison with a combina-
tion of various techniques for
individual reconstruction (6).

Conclusion

e Chronic instability of the
elbow joint most commonly
develops as a result of trau-
matic injury to the collateral
ligament complex but has
also been reported to occur
without acute trauma.

e Diagnostic procedures are
complex and derive from a
synopsis of clinical, radio-
graphic and arthroscopic find-
ings.

¢ Diagnosis is of clinical rel-
evance as elbow instability
poses a proven risk in the
development of cubital osteo-
arthritis.

® Reconstruction of the LUCL
and the MCL, or bilateral as
in the box-loop-reconstruction

ksl Jae PMa (o sl Tale

Opladio Jhuag el

LS Sl el ya3 43,k A3
canll e b all A1y elaldll
O Lol L3y ylay (a3l g3l
aaall sl 3 Tay, Y Jood

abe 3 Jlaayl bl ol
oL aly «BESI aay g lall il
abie g0 5Sre (b T8 Gl
Lpanll (e laaays o g LBl aiaal
solall Ll Lais) sacliall
e (b Lgpuall gal (oYl
LU Laa) el Zlisall
Soseall) (sl gl lall
POTRPRPC IR ROV J- X (W1
al Aol Ak daall o Jaaa
Oo el alaaiinly sulae] el uay
85,8 48,k CFiberWire ¢ o8
I3 alay g by JS G 8 SIS
3aully gaaall 3aill Hue askll
(=Y 5, gall) i)l

shhaly Juadall (alii) any
Ualaiall 5,350 ankall GBIk
lall (3 pany Lpaan, Ll
(Y 0all) g oS o ¥
Lt YU aalall Lala JSaaldy

Talyadl any L ail elpa) b oa ¥ <G

(e5las ala olal ylaia) p <0

anadill O slaad ) Zgitall

OSS Jare (2l al (e

& Lagall (A Yl s lac Lol
Lol g o< Jalss ) et
2 AL o Il Lagilll 5 0y
(V) Guasd 3L e

LU sbibsY alal st
i slly i) ol

40385 aludiuly (paaiaall
Sudally §gsiall

Baally §gaially 1085 g shis
Jualall sule) e Lbadll
o ¥l ol LU Galiiall
& anly s pakay sl
[P KGRI RYENERA/JOy (PN
S Joals sale] Lillass 3l
Ll 254l (V) Gab Lo,
olac de ganal Ly gunll LSl
L g yaall 43y L T Y
& e ol sulaiunly aws
(SN ol Lyl uns
Laaatall LUl G adll Gudiy
Jeals sule Y Luaalasll 3kl 3
Ll sl pilall BL
(A) un sl g3l ol

daalyadl daaasll

bl 5 sead oya oSTal uay
(e slly ¥ Gailal
1k Jaals sule] shial oS
LAla 8 sy @uially 3 gaially



Elbow Surgery

respectively, are viable treat-
ment options of the relevant
pathologies.
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Endoscopic Myotomy

Submucosal tunnelling is one
of the new and important
aspects of gastrointestinal en-
doscopic therapeutics. Unlike
other procedures of the natural
orifice trans-luminal endoscopic
surgery (NOTES), the proce-
dure of peroral endoscopic
myotomy (POEM) in special-
ized centres has become

a treatment alternative for
oesophageal motility disorders,
e.g. achalasia. Randomized
controlled trials comparing

the results of POEM with

the established treatments in
achalasia are on-going. Here,
we summarize evidence docu-
menting safety and efficiency
as well as current perspectives
for this innovative endoscopic
technique.

Key words: Submucosal en-
doscopy, endoscopic myotomy,
POEM, achalasia, submucosal
tumour, gastroparesis

Introduction

Per-oral endoscopic myotomy
(POEM) has been introduced
in 2010 (1) as a novel endo-
scopic modality for the treat-
ment of achalasia, a primary
oesophageal motor disorder of
unknown aetiology. A technical
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A Novel Endoscopic
Technique and
Treatment -

Peroral Endoscopic
Myotomy (POEM)

description in animals has been
published a few years ago

(2). Achalasia is suspected in
patients with tumour-excluded
dysphagia and confirmed by
EGD (esophagogastroduo-
denoscopy), radiography

and manometry. The current
gold standard for diagnosing
achalasia is the high-resolution
manometry of the oesopha-
gus, which allows distinguish-
ing between three different
subtypes of achalasia (3) (Fig.
1 a/b/c/d). While achalasia is a
chronic non-malignant disorder
the goals of treatment are: to
improve patients” symptoms
and quality of life, to improve
oesophageal emptying and to
prevent further oesophageal
dilatation. Up to now, estab-
lished treatment options with
good long-term results are
laparoscopic Heller myotomy
(LHM) and graded endoscopic
balloon dilatation with limited
re-dilatation (EBD) (4,5). The
role of POEM for clinical rou-
tine is not fully established yet
as long-term data and results
from randomised controlled
studies are lacking.

We initially started our POEM
programme in 2010 to examine
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Endoscopic Myotomy

safety and efficiency of the
procedure in 16 patients with
achalasia first (6). Since then
our centre has conducted more
than 350 procedures, most of
them under study or research
conditions (7-9).

Technique of per-oral endo-
scopic myotomy (POEM)
General anaesthesia with
endotracheal intubation and the
use of carbon dioxide (CO2)
gas insufflation are mandatory
for the POEM procedure in
order to reduce the frequency
and extent of air leakage lead-
ing to emphysema and free
abdominal air.

As described by Inoue et al. in
2010 a forward-viewing high-
definition upper endoscope
with an oblique transparent dis-
tal cap is used. Fig. 2 illustrates
the procedure. The oesopha-
geal level of the submucosal
access is determined 8-13

cm proximal to the gastroe-
sophageal junction. In spastic
disorders, a more proximal
submucosal access is selected,
depending on the length of

the high-pressure zone as
determined by high-resolution
manometry. The technique we
are currently using includes
injection of blue stained saline
into the submucosa on the
anterior lesser curvature side
of the mid-oesophagus, fol-
lowed by a 2-3 cm longitudinal
mucosal incision (Fig. 3a).

The gastroscope is then care-
fully inserted into the submu-
cosal space. Blue saline is
repetitively injected to direct
the submucosal tunnel, which
finally extends 2-3 cm into the
gastric cardia below the level of
the lower oesophageal sphinc-
ter (Fig. 3b). Different coagula-
tion modes can be applied to
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dissect the submucosal fibres.
Blood vessels are coagulated,
mainly prophylactically. Before
starting the myotomy 2 cm
below the mucosal entry site,
the overlying mucosa and the
adequate length of the tunnel
extension are checked intra-lu-
minally. We dissect the circular
muscle fibres through the end
of the submucosal tunnel until
longitudinal fibres are fully
exposed. A complete dissec-
tion, including the longitudinal
muscle layer, is recommended
at the level of the gastroesoph-
ageal junction and the gastric
cardia (Fig. 3c/d).

Tunnelling and myotomy have
to be performed with greater
caution at the level of the gas-
troesophageal junction, due to
its narrowed space, and below,
at the level of the gastric car-
dia, where larger blood vessels
occur with higher requirements
for prophylactic coagulation.
Finally, haemostasis is checked
and the submucosal access is
closed using haemostatic clips
(Fig. 3e).

During the POEM procedure,
gas-associated events, such as
subcutaneous emphysema and
pneumoperitoneum develop
regularly in consequence of the
trans-luminal technique, and re-
quire decompressive treatment
by trans-abdominal puncture

in 42% of the cases (9). Mean
procedure time and mean my-
otomy length amount to 100
minutes and 12 cm, respective-
ly. After the POEM procedure
patients are hospitalized for 3.6
days on average (9).

Results and Perspectives
for Per-oral Endoscopic
Myotomy (POEM)
Recent studies from well-
established centres across
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Endoscopic Myotomy

Fig. 3a: A 2-3 cm longitudinal
mucosal incision is made after
injection of blue stained saline into
the submucosa on the anterior lesser
curvature side of the mid-
oesophagus

Fig. 3b: Inside the submucosal tunnel
(muscularis propria on the right side)

the globe have documented
that POEM has an excellent
safe profile (10-12). Major
complications were reported
in less than 5% of the cases.
In our study concerning early
adverse events in 241 POEM
procedures, we observed
three major events leading
to further surgery or drainage
(n=1 Perforation at the gastric
cardia, n=1 delayed bleeding,
n=1 total pneumothorax; 9).
This corresponds to a com-
plication rate of 1.2%. Inoue
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et al (13) reported one case

of a total pneumothorax and
one case of severe bleeding
in the course of 500 POEM
procedures (complication rate
<1%). Initially reported rates
of serious adverse events or
complications from previous
studies conducted in China
mainly belonged to the use

of air insufflation instead of
carbon dioxide (CO2) gas insuf-
flation (14,15). Minor adverse
events (31.1%), such as intra-

procedural bleeding or defects
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Endoscopic Myotomy

of the mucosa overlying the
tunnel could be managed
conservatively and did not lead
to clinically relevant signs or
symptoms. But we also found
that patients with any adverse
event had a significantly pro-
longed hospital stay (38.7% >3
days versus 25.9% <3 days,
p=0.037) (9).

Objective results after POEM
support improvements of
oesophageal function. Verlaan
et al. (16) found the pressure of
the lower oesophageal sphinc-
ter in manometry as well as
the 5-minute barium column in
the timed barium oesophago-
gram — a special barium swal-
low X-ray - to be significantly
lowered after POEM. Even the
distensibility of the oesophago-
gastral junction, endoscopically
measured by Endoflip system,
increased significantly. An ex-
ample is seen in Fig. 4, where
we show the results of high-
resolution manometry before
and after POEM in the same
patient with significant relief of
complaints.

Much recent research docu-
ments excellent effects of
POEM procedure concerning
the treatment of achalasia and
other spastic oesophageal
disorders from centres in Asia,
Europe, America and Middle
East in short- term follow-up
studies. An early prospective
multicentre study from our
group including 70 patients
with achalasia showed suc-
cess rates of 97% after three
months post-POEM, 89% after
six moths and 82% after 12
months, respectively (7). In a
retrospective study from one
American and two European
centres including 80 patients
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with achalasia we observed an
overall recurrence rate of 18%
after a minimum follow-up of
24 months (8). These findings
indicate a long-lasting effect

of POEM for achalasia and are
accompanied by the slightly de-
creasing effects over the time
in the established treatments
options of LHM or EBD.

A retrospective single-centre
study from America (17) re-
vealed no significant difference
in clinical and objective results
after six months comparing
achalasia patients treated with
POEM (n=37) and with LHM
(n=101). Therefore, upcoming
results from multicentre pro-
spective randomised controlled
trials are of great interest in
order to propose the POEM
procedure as a recommended
treatment option for achalasia
in routine clinical care. We have
just completed the recruitment
for the international multicen-
tre randomised controlled trial
"POEM versus LHM"; first
results are expected in 2018.
Notably, however, this tech-
nigue requires higher endo-
scopic skills and achalasia is a
rare disease.

One important side effect of all
treatment options in achalasia
is the development of gas-
troesophageal reflux (GERD).
Following POEM subjective or
objective signs of mild GERD
occurred in up to one third of
patients and remained stable
at a follow up after two years
(8). This topic seems to be
important as we observed one
patient with peptic stricture 22
months post-POEM in our ret-
rospective multicentre study.
These findings show the
importance of antacid medica-
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Fig. 3c: Starting the myotomy 2 cm
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Fig. 4a: High resolution
manometry in a patient
with achalasia subtype
Il before POEM
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Fig. 4b: and after
POEM at the follow-up
three months
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tion and a solid endoscopic
aftercare in patients treated
with POEM.

POEM is also effective in other
spastic oesophageal disorders.
In a retrospective multi-centre
survey Khashab et al. reported
a clinical response in 93%
treated with long myotomy

of the thoracic oesophagus in
patients with type- lll achalasia,
diffuse oesophageal spasm

or hypercontractile (Jackham-
mer-) oesophagus after a mean
follow-up of 234 days (18).

Further interesting thera-
peutical fields for the POEM
procedure are the resection

of oesophageal submucosal
tumours (19-21) and the effec-
tiveness of peroral endoscopic
myotomy at the site of gastric
pylorus in patients with refrac-
tory gastroparesis (22,23).

Conclusion

Peroral endoscopic myotomy
(POEM) is an innovative and
important endoscopic tech-
nigue in the new era of sub-
mucosal endoscopy. Excellent
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short-term and very good mid-
term symptomatic relief can be
achieved by POEM in patients
suffering from achalasia.
Furthermore POEM provides

a treatment alternative for the
achalasia disease and other
spastic oesophageal disorders
in specialized centres. A closed
follow up is needed while
there is a dearth of long-term
outcomes data and follow-up
studies on consequences and
side effects of gastroesopha-
geal reflux. Future prospec-
tive randomized studies have
to explore the effectiveness

of POEM compared to es-
tablished treatments options
(LHM and EBD). Future studies
should also evaluate POEM as
a less invasive form of therapy
in other disorders.
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Orthopedic Surgery

Keywords: Knee, High tibial
osteotomy HTO, anterior cruci-
ate ligament ACL, Posterior
cruciate ligament PCL, Postero-
lateral corner PLC, tibial slope,
ACL revision

Introduction

High tibial osteotomy (HTO) is
a widely accepted procedure
to treat unicompartmental
osteoarthritis (1). It works by
changing the mechanical axis
shifting the load away from the
affected compartment decreas-
ing pain, improving function
and ultimately lowering the
progression toward osteoarthri-
tis and improving health related
quality of life (2,3). However,
HTO has recently gained popu-
larity in treating chronic knee
instabilities particularly in these
situations:

e Chronic ligament instabilities
with concomitant medial
compartment osteoarthritis
(OA).

e Chronic ligament instabili-
ties associated with varus
malalignment

e Chronic ligament instabili-
ties with increased posterior
tibial slope.
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The Role of High
Tibial Osteotomy
in Management
of Chronic Knee
Instabilities

The rationale for performing
HTO in such cases is mainly

to prevent further unilateral
compartment deterioration in a
knee that already shows signs
of articular cartilage wear, to
protect the reconstructed graft
from abnormal high stress gen-
erated by abnormal biomechan-
ics and to produce additional
knee stability in the sagittal
plane (4).

Biplanar HTO simultaneously
addresses alignment in the
coronal and the sagittal plane
which allow for (4):

e Changing the mechanical
axis and unloading the af-
fected compartment in varus
knees.

e Decreasing the tibial slope
in anterior cruciate liga-
ment (ACL) deficient knees
shifting the femur anteriorly
reducing the anterior tibial
translation.

¢ [ncreasing the tibial slope in
posterior cruciate ligament
(PCL) deficient knees im-
proving inherit bony stability.

High tibial osteotomy can

either be performed with
simultaneous ligament recon-
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Orthopedic Surgery

Fig. 1: Varus alignment with mechani-
cal axis passing medial to the tibial
spine

struction, or as a staged pro-
cedure with HTO first followed
by ligament reconstruction in
cases of persistent instability.

Chronic Ligament Instabili-
ties with Concomitant Medial
Compartment Osteoarthritis
(OA)

ACL deficiency alters knee
kinematics causing greater
tibial internal rotation and
posterior translation compared
to intact knees (5). Altered rota-
tional tibiofemoral joint motion
changes the cartilage loading
pattern and contribute to ac-
celerated degenerative chang-
es, particularly in the medial
compartment, with subsequent
loss or injury to the meniscus
or articular cartilage (6).

An isolated chronic PCL lesion
causes the tibia to translate
posteriorly and to rotate ex-
ternally about the femur. After
a PCL lesion, the pressure
increases by about 30% in the
medial compartment of the
knee leading to medial com-
partment OA (7).

Therefore, it is important in
chronic ligament injuries to
carefully look for signs and
symptoms of medial com-
partment (OA) by analysing
patient’s pain, joint space nar-
rowing as well as cartilage and
meniscus condition on MR
and consider doing HTO to
unload the diseased compart-
ment and stop OA progression.
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Fig. 2: Tibial slope measured using

the tibial anatomical axis as reference

showing a pathological excessive
slope (90-73.4= 16.6)

Chronic Ligament Instabili-
ties Associated with Varus
Malalignment

Varus malalignment has been
defined as an angle more than
3 degrees between the me-
chanical axes of the femur and
tibia (8), or where the weight-
bearing axis of the lower limb
passes medial to the tip of the
medial tibial spine (9,10)(Fig.1).

Varus alignment is considered
as a risk factor of initiation and
progression of medial com-
partment OA, ACL and lateral
structures injuries as well as
ACL reconstruction failure
since it creates a constant,
static adduction moment at
the knee resulting in increased
loads in the medial compart-
ment and tension on the lateral
structures during stance (11)
also increasing the loads and
tension in the ACL (12,13).
ACL deficiency accentuates
the unfavourable effects of
varus alignment adding further
negative changes on gait
biomechanics, including de-
creased knee flexion moments
(14,15) and increased external
knee adduction moments (16)
accelerating osteoarthritic
changes.

Posterolateral corner (PLC)
injuries may be a result or

a cause of varus alignment.
Long standing varus align-
ment gradually stretches the
posterolateral structures and
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eventually causing their failure,
while patients with PLC injuries
losses the normal constraints
against varus and external rota-
tion and often present so-called
hyperextension varus thrust
gait, during the gait cycle the
knee tends to go into varus
and hyperextension with an
increase in adduction and a de-
crease in abduction moments.
The result is that the medial
compartment narrows and

the lateral compartment gaps
resulting in what is called triple
varus (17,18,19).
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Fig. 3: HTO correcting excessive tibial slope in a failed ACL reconstruction

According to Noyes et al. (20),
varus malalignment can be
classified into primary, double
and triple varus:

e Primary varus: 0Sseous
degenerative changes in the
medial knee compartment
causing narrowing of the
medial joint space.

e Double varus: osseous
degenerative changes in the
medial knee compartment
and widening of the lateral
knee compartment due to
deficiency of the lateral soft
tissues mainly lateral collat-

eral ligament (LCL).

e Triple varus: occurs with
more extensive posterolat-
eral tissue injury leading to
significant widening of the
lateral knee compartment
as well as increased exter-
nal tibial rotation and knee
hyperextension.

Recent studies showed poor
results with soft tissue recon-
struction alone in chronic knee
instabilities combined with
double and triple varus as the
reconstructed grafts usually
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Fig. 4: mediCAD. Blue line is the mechanical axis, mLPFA mechani-
cal lateral proximal femur angle, mLDFA mechanical lateral distal fe-
mur angle, JLCA joint line convergence angle, mMPTA (mechanical)
medial proximal tibia angle, mFA-mTA = mTFA mechanical tibiofemo-
ral angle, mLDTA mechanical distal tibia angle

work against huge stresses
due to mechanically unfavour-
able situation (9,21).

In these cases, HTO to correct
the mechanical axis before
soft tissue reconstruction must
be done in a single or staged
procedure.

Imhoff et al. (22) investigated
the results of 57 patients with
primary, double and triple varus
treated by simultaneous high
tibial osteotomy and cruciate

ligament reconstruction and
concluded that all patients
showed improvement of
preoperative pain and instabil-
ity and that performing both
operations in one procedure
facilitates early rehabilitation
and return of the patients back
to the activities of daily living
and sports.

In summary, we recommend
adding HTO to correct varus
malalignment in the following
settings:
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Fig. b: Target position of the mechanical axis
in relation to the transverse diameter of the

tibial plateau from medial to lateral depending
on specific indications, red area 50-55%, green &ibiall dslall o Llibiw¥l cuwa o5lall I oY)

area 55-60%, yellow area 60-65%.

e Chronic ACL injury with
symptomatic (pain) varus
alignment or lateral structure
laxity as a single or staged
procedure according to sur-
geon preference.

e Chronic PCL-PLC injuries
with double or triple varus
presenting with hyperexten-
sion varus thrust gait as a
staged procedure where HTO
is done as a first stage with
extra-articular reconstruction
of PLC followed by intra-artic-
ular reconstruction if instabil-
ity persists 3-6 month post

surgery.

HTO to Modify Posterior
Tibial Slope (PTS) in Chronic
Knee Instabilities

Chronic PCL and PLC
Deficiency

The tibial slope is defined as
the angle between a line per-

pendicular to the longitudinal
axis of the tibia and a tangential
line to the medial tibial plateau
on a lateral radiograph (23).
Various longitudinal tibial axis
may be used as a reference for
measurement, posterior tibial
slope has been described as
excessive when it is greater
than 13 degrees (24,25,26,27)
(Fig.2).

The sagittal plane of the knee
is of great importance regard-
ing joint stability and biome-
chanics, increasing the tibial
slope causes anterior transla-
tion of the tibia, stabilizes the
knee with posterior instability
and consequently improves
symptoms of PCL deficiency
(28). Furthermore, high tibial
flexion osteotomy decompress
the degenerated cartilage in
the posterior part of the tibial
plateau which is a common
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Fig. 6: Proximal and distal oriented sagittal osteotomy

finding in longstanding PCL
insufficiency with subsequent
improvement of pain and func-
tion (29).

Several studies reported im-
proved inherent bony stability
in patients with posterolateral
ligament deficiency after HTO
to the degree that they did not
require secondary ligament re-
construction procedures (9,30).
Giffin et al. (31) demonstrated
that after anterior opening
wedge HTO forces on PCL
decreased significantly with
the knee flexed at both 30 and
90 degrees; this shows that an
increase in posterior tibial slope
not only provide better bony
stability but decreases stress
forces on posterior structure
and protect the reconstructed
graft.

Noyes et al. (27) calculated the
effect of the opening wedge
angle of medial HTO on the
posterior tibial slope and stated
that, if the anteromedial gap

is half of the posteromedial
gap, the tibial slope does not
change. For each increase of 1
mm in the anterior gap, there is
an increase of 2 degrees in the
posterior tibial slope. El-Azab et

al. (32) reported that the poste-
rior tibial slope decreases after
closed-wedge and increases
after open-wedge high tibial
osteotomy.

Chronic ACL Deficiency and
Revision Surgeries
Biomechanical studies showed
that the tibial slope may affect
in situ forces of the ACL, a
higher tibial slope resulted in a
significantly greater amount of
anterior tibial translation in both
ACL-deficient and ACL-intact
knees raising the strain forces
acting on the ACL since it is
the primary restraint against
anterior translation of the tibia
(25,33,34).

Other MRI-based studies have
confirmed the relationship
between an excessive lateral
tibial slope and ACL injury.
They proposed that under axial
loading, the lateral femoral con-
dyle slides posteriorly along the
lateral tibial plateau, resulting
in a relative external rotation of
the femur and since external
rotation of the femur causes
increased strain on the ACL,

an excessive lateral tibial slope
may contribute to ACL injury
(35,36,37,38).

Recently it was described that
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an increased posterior tibial
slope is a risk factor of ACL
injuries (39) and also a con-
tributing factor for recurrent
instability after ACL reconstruc-
tion due to repetitive overload-
ing and subsequent elongation
of the graft during accelerated
rehabilitation with early weight
bearing (40).

A few clinical studies were
published reporting the out-
come of combined ACL recon-
struction and anterior closing
wedge osteotomy to treat
knees with chronic anterior
laxity and large posterior slope
where they noted improved
results in the patients in whom
both procedures were per-
formed and recommended the
combined procedure (40,41).

However, until now a lot of
controversies exists regarding
the role of the tibial slope in
sustaining and treating ACL
injuries and there are no defi-
nite indications when a slope-
decreasing osteotomy may be
added to treat sagittal plane
laxity in the ACL-insufficient
knee (42).

We believe that alteration of
posterior tibial slope is typically
not recommended in associa-
tion with primary ACL recon-
struction and that successful
revision ACL reconstruction
depends on identification and
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Fig. 7: Gradual opening of the oste-
otomy site by introducing sequential
osteotomes stopping 0.5-1 cm medial
to the lateral cortex

Fig. 8: If tibial slope is not intended to
be changed, the osteotomy spreader
should be placed as far posterior as
possible

treatment the reason for
failure of the primary recon-
struction especially technical
errors.

We recommend the addi-
tion of a HTO correcting the
tibial slope to a revision ACL
reconstruction surgery in
patients with a posterior tibial
slope greater than 13° associ-
ated with increased anterior
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tibial translation at least 10 mm
more than contralateral knee
on stress radiographs (Fig. 3).

HTO Surgical Technique
Medial opening wedge tech-
nigue has gained more popu-
larity over the lateral closing
wedge technique since it
avoids disrupting the proximal
tibiofibular joint and violation
of the anterior leg compart-
ment minimizing the potential
for anterior compartment
syndrome and also avoid injury
to the peroneal nerve, it also
preserves bone stock and theo-
retically tightens the capsulol-
igamentous structures around
the knee (43,44).

The biplanar osteotomy tech-
nique greatly improves stability
against sagittal angulation and
rotation and provides larger
surface area for better healing.
Therefore, biplanar medial
opening wedge osteotomy is
our preferred technique to cor-
rect both coronal and sagittal
plane proximal tibial deformi-
ties. Recent studies showed
that age does not influence
the clinical outcome after HTO
and that smoking and obesity
are risk factors of non union at
the osteotomy site advocating
patient to stop smoking and
reduce weight prior to surgery
(45,46).

Preoperative Assessment
The preoperative work-up
includes the standard history,
physical examination and imag-
ing work-up. Special attention
should be given to determining
that there is no bi-compart-
mental disease, fully evaluat-
ing the state of all ligaments
and menisci, obtaining stress
radiographs, and assessing the
degree of malalignment.
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Clinical evaluation

History: In chronic cases, a
patient should be questioned
what symptom seems to be
the major issue, instability or
pain? Pain may indicate further
intra-articular injury such as
meniscal, cartilage damage or
arthritic changes. Further pain
analysis is important regarding,
site of pain, pain free walking
distance and relation to activity,
sometimes temporary use of
an unloading valgus producing
knee brace may well predict
future outcome of HTO surgery
in terms of expectable postop-
erative pain relief (47).

Physical Examination

e The overall lower limb align-
ment is assessed for genu
varum or valgum. Sagittal
plane alignment is assessed
for any hyperextension, par-
ticularly asymmetry between
both sides. A gait analysis is
essential to detect abnormali-
ties such as a varus thrust.

e Active and passive range of
motion measurement.

e Palpation of joint line for
tenderness with special
attention to detect bi-com-
partment arthritis which is
contraindication for HTO.

e Specific ligament laxity test-
ing to identify the direction
and quantify the amount of
instability with special atten-
tion to rotational instability
which is easily missed.

Imaging

e X-rays of the knee in three
views (AP, lateral and skyline
view) to assess joint space
on AP views, the degree of
osteoarthritis in all compart-
ments (evidence of chronic
ACL deficiency may also

be noted with the presence
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Fig. 9: Intraoperative control using
grid plate

of increased posteromedial
wear), posterior tibial slope
and patellar height on the
lateral view

e Standing long-leg AP ra-
diographs to analyse the
deformity, including the me-
chanical axis, the anatomic
axis, the lateral distal femoral
articular angle, and the me-
dial proximal tibial angle and
plan the osteotomy.

e Stress radiographs (in valgus
and varus) with collateral liga-
ments laxity.

e MRI to evaluate the condi-
tion of the articular cartilage,
bone marrow signal, detect
concomitant ligamentous
and meniscal lesions

Planning (48)

Analysis of the deformity and
planning of the osteotomy
could be performed either
using appropriate computer
software (eg. mediCAD,
Hectec GMBH, Germany) or
conventional planning using
radiographs (Fig. 4).

On an anteroposterior full
length leg radiograph, the cent-
er of the femoral head (FHC),
the center of the ankle joint
(AJC) and the center of the
knee joint (KJC) are marked.
The line between the FHC

and the AJC represents the
mechanical axis of the lower
extremity (Mikulicz line). The
point where this line intersects
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Fig. 10: Final fixation using PEEKPower HTO plate, Ar-
threx. with distal oriented sagittal osteotomy 2 bicortical ~
screws is needed to fix the tibial tuberosity

the tibial plateau is expressed
as a percentage of total width
of the tibial plateau (medial
border = 0%, lateral border =
100 %).

The site of deformity is de-
termined through measuring
the mechanical lateral distal
femoral angle (mLDFA) and the
mechanical medial proximal
tibial angle (MMPTA) which
usually range from (85-90)
degrees with mean value 87
degrees and the maximum cor-
rection should not exceed 92
degrees.

The correction angle and the
height of the wedge base are
planned according to the de-
sired amount of correction (po-
sition of the Mikulicz line). The
new mechanical axis is planned

to be within a specific 5 % area

measured on the tibial plateau

diameter (Fig.5).

The planned correction target

means to establish a new

individualized leg axis. In our
own approach (49), the amount
of correction is related to the
underlying pathology as follow-
ing:

e Varus deformity with pain-
ful medial overload without
relevant cartilage damage,
the new mechanical axis
should lie within 50-55 % of
the tibial plateau diameter.

e Varus deformity with medial
Osteoarthritis grade 1 and
2, concomitant cartilage
therapy or chronic lateral or
posterolateral instability, the
new mechanical axis should
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lie within 55-60 % of the
tibial plateau diameter.

e Varus deformity with medial
osteoarthritis grade 3 and
4, the new mechanical axis
should lie within 60-65% of
the tibial plateau diameter.

Evaluation of posterior tibial

slope and planning tilt adjust-

ments:

® The angle between a line
perpendicular to the longitu-
dinal axis of the tibia and a
tangential line to the medial
tibial plateau is measured on
a lateral radiograph, normal
value is usually below 13
degrees

¢ |n cases of chronic posterior
and posterolateral instability
with hyperextension of the
knee increasing tibial slope
is planned not exceeding 13
degrees and keeping the pa-
tient with not more than 10
degrees of hyperextension
postoperative.

¢ |n cases of ACL reconstruc-
tion failure, an excessive
tibial slope should be re-
duced to normal values.

Timing of the Surgery
Chronic ACL cases with
symptomatic varus or medial
compartment OA could be
treated with single or staged
procedure depending on sur-
geon preference.

In chronic PCL and PLC injuries
with double and triple varus we
recommend a staged proce-
dure where HTO, meniscal,
cartilage therapy and extra-ar-
ticular reconstruction are done
first followed by intra-articular
ligament reconstruction if insta-
bility persists.

In revision ACL cases with
varus malaligment or excessive
tibial slope we recommend a
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staged procedure where HTO,
joint arthrolysis and bone graft-
ing of femoral and tibial tunnels
(if needed) are done as a first
stage followed by ACL recon-
struction 3-6 month later.

Surgical Technique (45)
e Positioning and Preparation
® Supine position
e A thigh tourniquet is applied
¢ Preparation of a measuring
instruments needed to check
the amount of correction
(e. g. electrocautery cable,
alignment rod, grid plate or
navigation).
Diagnostic arthroscopy is
performed via the anterolateral
portal to confirm the opera-
tive indication, the amount
of planned correction as well
as for assessment and treat-
ment of possible concomitant
lesions.

A 8-10 cm longitudinal antero-
medial skin incision is per-
formed, beginning just above
the level of the tibial tuberosity.
After subcutaneous dissection,
the pes anserinus is exposed
and the sartorius fascia with
the underlying periosteum are
incised with the electrocautery
device along the upper border
of the gracilis tendon until the
anterior fibers of the superficial
medial collateral ligament.

The semitendinosus and
gracilis tendons are carefully
mobilized using a periosteal
elevator. The long fibers of the
superficial medial collateral
ligaments lying distal to the
osteotomy are completely
mobilized, to avoid an increase
of their tension during subse-
quent opening of the oste-
otomy.

Our standard technique is to
perform the osteotomy in a bi-
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Fig. 11: Divergence of the proximal
screws away from the tibial tunnel

planar fashion that comprises
osteotomies in both the axial
and the frontal planes. The
frontal plane osteotomy could
be carried out either proximal
or distal to the tibial tuberosity.
The tibial tuberosity remains at-
tached to the distal bone block
with a proximally oriented
osteotomy, so that a possible
increase of the patellofemoral
contact pressure could oc-

cur after opening of the axial
osteotomy and distal displace-
ment of the patella. This variant
is technically easier and should
be only performed in cases
with unremarkable clinical, ra-
diological and arthroscopic find-
ings of the patellofemoral joint.
Otherwise we recommend a
distally directed osteotomy,

so that the tibial tuberosity re-
mains attached to the proximal
bone block without changing
the patellar height. The site of
the osteotomy is marked in the
frontal and axial planes using
an electrocautery (Fig. 6).
Rotation and slope are con-
trolled intraoperatively using
two Kirschner wires placed
parallel to each other’s in the
transverse and sagittal planes,
proximal and distal to the axial
osteotomy.

For the axial osteotomy, the
hamstring tendons are re-
tracted distally, and two parallel
wires are inserted under fluoro-
scopic control along the plane
of the osteotomy until reaching
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the lateral cortex.The wires are
inserted medially about 4-5 cm
distal to the medial tibial pla-
teau and extend laterally in an
obliquely upward direction to a
point approximately 2 cm distal
to the lateral tibial plateau.

The tibial tuberosity osteotomy
is done using an oscillating
saw. A complete osteotomy of
the opposite cortex must be
ensured, otherwise opening of
the axial osteotomy wouldn't
be possible. The axial oste-
otomy is then performed along
the already inserted wires us-
ing an oscillating saw and then
gradually opened by inserting
multiple osteotomes to about
0.5-1 cm from the lateral
cortex (Fig. 7), with protection
of the posterior neurovascular
structures by inserting a Hohm-
ann retractor directly posterior
to the tibia along the plane of
the axial osteotomy.

The osteotomy is done below
the inserted wires to mini-
mize the risk of fracture of the
lateral tibial plateau. The lateral
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Fig. 12: Most anterior screw may be
kept short to avoid tibial tunnel

cortex should be kept intact to
preserve a stable bony bridge
of the osteotomy. The length
of the osteotomy could be in-
directly determined in advance
by measuring the length of the
wires inserted into the bone.

A complete osteotomy of the
posterior cortex is very essen-
tial to avoid marked unintended
increase of the slope during
opening of the osteotomy.

The osteotomy is then gradu-
ally opened to the desired cor-
rection target using the oste-
otomy spreader that should be
placed as far posteriorly as pos-
sible. As a general rule and if
the slope is planned to remain
neutral after the osteotomy,
the height of the osteotomy
posteriorly must be twice the
height anteriorly (Fig. 8).

Tibial slope can be modified at
this stage depending on preop-
erative planning by reposition-
ing of the spreader, to increase
the slope the height of the os-
teotomy anteriorly is increased,
for each Tmm increase there
is 2 degrees increase in the
slope angle. On the other
hand, opening the osteotomy
markedly posteriorly and less
anteriorly decrease the tibial
slope angle.

The degree of correction is
then checked radiologically. In
our approach we recommend
the use of a grid plate placed
under the patient’s leg to check
the new mechanical axis (Fig.
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9). This could be performed us-
ing the electrocautery cable or
an alignment rod as an alterna-
tive. The Osteotomy is finally
fixed with a fixed angle plate
(e. g. PEEKPower HTO Plate,
Arthrex or TomoFix, Synthes),
as specified by the manufactur-
er (Fig.10). With distally aimed
frontal osteotomy, additional
fixation of the tuberosity frag-
ment with 2 bi-cortical screws
is needed.

Filling the osteotomy with
cancellous bone graft from the
iliac crest is recommended in
smokers, intraoperative rec-
ognized fracture of the lateral
cortex or when the length of
the base of the osteotomy is
more than 10 mm.

Special Consideration

with Concomitant ACL
Reconstruction

Proximal screw fixation of the
plate will have to be manipu-
lated to avoid interference with
the tibial tunnel. This can be
accomplished by placing the
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plate as posterior as possible,
directing the distal screws
posterolateral and diverging
the proximal screws (Fig.11)
or leaving the most anterior
screw hole of the proximal
aspect of the plate empty or
short (Fig.12). If a screw hole is
left empty, the surgeon must
ensure the plating system
allows for adequate fixation in
the proximal fragment.

Once the plate is secured to
the bone, the ACL reconstruc-
tion is resumed including graft
preparation and the drilling

of both the femoral and tibial
tunnels. The tunnel should exit
the anterior tibial cortex at the
proximal aspect of the oste-
otomy site.

Follow-up Management
Partial weight bearing with

20 kg in first 2 postopera-

tive weeks with free range of
motion. Gradually increased
weight bearing from the 3rd
week to reach full weight bear-
ing within the next 4 weeks.
Follow up x-ray is performed
after 6 weeks. Resumption of
the high physically demanding
activities after about 3 months.
Post-operative protocol is
modified according to con-
comitant surgeries regarding
range of motion and weight
bearing particularly with ACL
reconstruction and meniscal
surgeries.
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PET/CT and PET/
MRI in Cutting
Edge Management
of Thyroid Cancer

Abstract

This paper gives a comprehen-
sive overview about the differ-
ent types of thyroid cancer and
their specific treatment. State
of the art diagnostic tools for
whole body imaging providing
optimal results in staging and
restaging are presented. For
each kind of thyroid cancer
PET in combination with CT or
MRI (PET/CT, PET/MRI) gives
best results. However, the best
suited radiotracer or a com-
bination of radiotracers must
be chosen for each individual
case. This requires a nuclear
medicine department both
specialized in thyroid cancer
as well as hybrid imaging with
thyroid specific radiotracers.
New developments introduce
PET/CT or PET/MRI dosimetry
prior to radionuclide therapy
(e.g. radioiodine therapy) al-
lowing for therapy optimization
and individualization. Moreo-
ver, medical treatment with
tyrosine kinase inhibitors are
mentioned, which are shown
to prolong life in the (pre-)final
stage.

There are essentially three
different kinds of tumor enti-
ties subsumed under the term

. Thyroid Cancer “: medullary
thyroid cancer (MTC), which
originates from the C-cells
located in the thyroid, anaplas-
tic thyroid cancer (ATC) and
differentiated thyroid cancer
(DTC) originating from the
thyroid follicle cells. Recently
DTC was separated according
to histopathologic findings into
well-differentiated, still named
DTC, and poorly differentiated
(PDTC).

Overall, thyroid cancer is a rare
malignancy but nevertheless
the most common endocrine
malignant neoplasm. The inci-
dence is worldwide increasing
and current estimates put the
overall thyroid cancer incidence
at app. 1 per 30.000 inhabitants
in Europe (RARECARENet pro-
ject. http://www.rarecarenet.
eu/rarecarenet/). DTC is the
most common subgroup with
about 80%, followed by MTC
(10%) and ATC (5 - 10%), re-
spectively. Whereas MTC and
DTC are in most cases associ-
ated with a good prognosis,
ATC is extremely aggressive
with dismal outcomes. Charac-
teristics:

MTC: Genetic testing is es-
sential as MTC is familial in
around one third of cases and
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o.n.l‘ Ols yau 8,l0)

sesaill 5I PET/ CT 5y guailly
LIl £ Yl J43 PET/ MR
(pisall 05l 2 Dl Jio) pisall
400G Ml pnty ran Les
e 350 Tu,all DA Cuaa
el alaaiil <3 s Yeelld
LS G g5 wllayiay bl
SLaadl Lo 5 Lasl o sl u_m
Ll (Ja3) Uayall 3
£ 1531 55 ua g5 Lyl Ly
el Lainall aly 51 oo Aalin,
eyl 3l s yn pellasas
TR SC R AU
Ladladt ¢y Laiy a1 (MTC)
A3l 3aall 5 Supa gall «Cn
(ATC) oIl 233,50 Us ey
(DTC) selaiall a8 pull ¢Us g
&8 Ramall LA e p ol
e a3 A 50y .3l Badl
Lk Selatall 43,00l ¢ Us
ol olisws ale Sl
M (25t s3L sTangll) T ¥l
Liay g salatll saa ol s
OUs s s (DTC) sty an YL,
(PDTC) olaihl ¢ 5,
28l e s £l gac
Y1 5,0l Laggall aly oY1 (e

Jare wiy Adnall slaall saadl

d

Saa ¥l abial 5y guatl
seseaill J(PET) g yias sl
J(PET) 5 (CT) cowsaall salaiiall
b lidall 50,1L s gt
551l callud &aad 3 (MRI)
285l Buadl sy

oaalall

ali Lole 3,0 JUaall 13a lany
Ol sl dalis Al &IJ_}% Oe
Loalall o ladadly 3.8, sasll
Saad JUaall i Jslas LS L
puaall o gl Lpmpnziill oo oYl
& L Juasl aay Lay oIS
aad Sulel g Jalyall (i
rhiall peaill aay Jal sl
et ao SRl Hlas YL
sasaill 5l G gaall galaiall
PET/CT.) gunsbolisiall oyl
US o sl ol (PET /MR
A8l Baadl s yuu Gyo g 65

o paall anaall HLasal e oSy
Y Laid) o Liatidl &e yana
o 1 Gallaty A58 Ula IS
oo IS (B paadie 5555 b
syl (35 G, Basdl o Us
Lazuall o Lataall alasiuly Cangll
paaiudy Ay pall saally Lalall
elesall Golis Ligaall ol gl



German
Medical

aly I
EPRLN |

Journal =Ly

Thyroid Cancer

Fig. 1: 18F-FDG-PET/CT: Patient
with local advanced and pulmonary
metastatic ATC.

allows identification of family
members at risk. The type of
genetic disorder determines
the lifetime risk for developing
MTC. In these cases, prophy-
lactic thyroidectomy may be
recommended, and the pre-
ferred age depends on the kind
of mutation. The only curative
approach for MTC is surgery at
an early stage. Surgery usu-
ally includes thyroidectomy

as well as resection of local
lymph node metastases. Local
recurrence may be cured by a
second surgery. Beyond this
scenario cure is unlikely. How-
ever, the course of disease is
very slow and the patient may
survive even in a distant meta-
static stage for multiple dec-
ades. During that time different
treatment strategies may be
necessary and are available.
These include surgery, external
beam radiation, nuclear medi-
cine treatments e.g. with Y
or "’Lu labelled DOTATOC or
DOTATATE. Since a few years
also treatment with tyrosine
kinase inhibitors (TKI) is widely
available.

ATC: ATC develops spontane-
ously. It is extremely aggres-
sive. The treatment of choice
is thyroidectomy followed by
chemoradiotherapy. Yet, cure
is relatively rare and the time
of survival is in the order of
one year. Recently TKI were
introduced for the treatment of

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

ATC patients and were shown
to prolong survival.

DTC: The majority of DTC are
well differentiated and are dis-
criminated into papillary (PTC)
and follicular (FTC) thyroid
cancer. The remaining poorly
differentiated DTC are grouped
as PDTC. The prognosis is
depending on the histologi-

cal subgroup. It is expected
that in the future PDTC will
stand out as a separate histo-
logic group apart from DTC. In
contrast to PDTC, most well
differentiated DTC have a good
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Fig. 2: Patient with recurrent DTC on
%Ga-DOTATOC-PET/CT.

prognosis because of inaction
and due to their trait to accu-
mulate iodine. Thus radioiodine
therapy completes surgery

and may even result in cure in
a distant metastatic situation.
TKI may be used in case of
local extended and progressive
metastases that are radioiodine
refractory prolonging survival.
All DTC undergo radioiodine
therapy after thyroidectomy,
except when they are charac-
terized as very low risk tumors.
Usually a standard activity of
131-iodine (**'l) is applied. The
amount may be fractionated in
2 or three steps depending on
the severity of the diagnosis.

In the following, we will dis-
cuss state of the art diagnos-
tics and treatment of MTC and
DTC using cutting edge nuclear
medicine tools optimizedal for
these kinds of cancer.

Diagnostic Tools

Computed tomography (CT)
and Magnetic Resonance Im-
aging (MRI) are widely spread
and need no further expla-
nation. In contrast, nuclear
medicine diagnostics, that is
functional imaging - scintig-
raphy or positron emission
tomography (PET) - are not
commonly known in detail.
The PET device generates
three-dimensional images of
radiotracers which are labelled
with positron emitters. The
modality is very sensitive and

German
Medical

il
EPRLN |

Journal =Ly

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

has a good spatial resolution.
The radiotracer is a radioac-
tive molecule that participates
in the cellular turn over and in
consequence visualizes that
specific aspect. Moreover, the
turn over may be quantified.
For assessment of tracer ac-
cumulation, usually the stand-
ardized uptake value (SUV) is
calculated.

A variety of different radiotrac-
ers are currently available.
These tracers are often highly
specific. In the case of DTC, '
may be used, which is highly
selective for thyroid tissue and
follicular cell-derived carcino-
mas. As MTC may overexpress
somatostatin receptors, they
may be detected by (68-Gal-
lium) 88Ga-DOTATOC, which

is a somatostatin receptor
analogue. Besides these spe-
cific tracers, a more universal
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Fig. 3: "?4I-PET/CT: Patient with
iodine-avid bone metastases before
(a) and after (b) radioiodine therapy.

characteristic of malignant
tumors may be used for
PET-diagnostics. Since about
one century, it is known from
laboratory experiments, that
most malignant tumors have

a significant consumption of
glucose. Simply speaking, their
energy need is increased and
it is a clinical experience that
the glucose consumption cor-
relates with malignancy. Thus
Positron Emission Tomography
(PET) employing radioactive
fluorodesoxyglucose (labelled
with 18-fluor, '8F) (FDG) has
become a wide spread modal-
ity for (re-)staging in malignant
diseases.

Since 2001, integrated PET and
CT devices are clinically avail-
able (PET/CT). They enable hy-
brid imaging, which combines
morphological information of
CT and functional informa-

tion of PET in one image. In
consequence, the sensitively
detected pathology by PET
imaging can be assigned to the
underlying anatomical struc-
ture. It is well known, that the
soft tissue contrast of MRl is
significantly higher than that of
CT. Therefore, the next step of
development was the inte-
grated PET/MRI system, which
became available for whole
body diagnostics in 2010.

Both, %¥Ga-DOTATOC as well as
24| are only available in special-
ized centers, which are quite
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rare worldwide. As '?*| needs
to be individually produced in a
specialized cyclotron, its avail-
ability is very restricted. Our
department started to produce
it app. 20 years ago (1). For the
last 15 years we have been
using it intensely in a clinical
setting along with scientific
applications. We could reliably
demonstrate the superiority of
directed radioiodine therapy
based on '?*| dosimetry (2-5).
As PET offers the precise
measurement of activity
concentrations in the tumor,
we can predict the achievable
radiation dose in consecu-

tive radioiodine therapy. We
improved this procedure and
used the dosimetric approach
in more than 1.000 patients
with great success.

The combination of '#|-PET/CT
and 18F-FDG-PET/CT detects
metastases with the highest
accuracy and allows an indi-

vidualized concept for radioio-

oo Ea3lill s Lls yaully Zu3ull
Ol e Ol aa g L sl LA
JEPEIS NI JENTIE S

O B 950 guadl & Madiiual b y80
o Mitudl sia Bl (Kass
(Gallium="A) Uawal s

Alse 545 FGa—DOTATOC
Ol 630s guall @ YaSTiual
atnal o Latadl sia ils I
Lo plodiul (Ko tdae il

o Lpall a3 Le satu S
sl Lapaiall il gl
-@J&ba-r-“a‘-\-f?\—s il
oolaill o e L y85 (58 i
Lnall ply Y1 alias o &y sl
SoSslall € ANl s
Lo baal o Aol 13a Jagy
Sl o ity el Tlall
55Sslall &gl & Ly yual
ighy ol ¥ Lliay lai
rball 5y peatll alaaiul maol
el Jolall 355505500 Jlan I,
39Ssla (gu a5l

B ull (s yuu

oo ol ya gt Lyl ¥ S
o ye (P-PET/CT) puall i3aal
iak Lyalie Lol J5L8L Olas

el 352l Ml () s (1) a3 o sl

o £l sig) Liaall Ly g5l
Gl sl

Lnasanill olga¥l

(CT) sl gabaial sl
b Ll 55,10 5 sl
fls 33 le yLeasin, (MRI)
ol e wade (M Ol ling Y
Jilasl 1l (o a8l e
¢! =gl Skl duayaiall
sl — Bl gl 5y uatll
il geatll ol ALl
—(PET) usiadsll Jlaa YL
U Jaa il 835 520 e
o3 gL PET Sla a8y ple
dadell o laangall ol Y1 LM
sl olyacat slawall
Ko Sl Al 1 0
10l L8y Buyaidl Luwluwally
éggf);‘g.h piuall 38all5 Baaa
ol Jsaill 5 o)Ly pdie
Slall Iy 5y peaty a5l o3 (o
OSas felld e 35 e ouaall
aS13 anail Jgaill lafe spuns
Load s Bole fpall a3aall
(SUV) 2, Luaall aliataYl
258 Jlall sl s
iAo de site de gana
055 Llle 5 2aliaall Lasall
ey Ll o lLuasiall sia
Ol Ula 3. Llle 4a 0
alasiil ooy Galatall 3,0l
ety il (T ptall Sanaall
s MU Ll L En YL



Thyroid Cancer

dine therapy (6, 7). As MRl is
superior to CT in the head and
neck region and as CT must be
performed without iodinated
contrast agents prior to radioio-
dine therapy, '/I-PET/MRI has
been proven to be the most
reliable modality to perform an
optimized radioiodine therapy
(8-10).

Diagnostics Using PET/CT

or PET/MRI and Internal
Radiation Therapy

This chapter describes the
diagnostic situation after
thyroidectomy, initial staging,
re-staging during follow-up or
when recurrence is diagnosed.
ATC is a very aggressive tumor
and presents high glucose
consumption resulting in very
high SUV (Figure 1). Conse-
qguently, 18F-FDG-PET is in the
position to detect recurrence or
persistent ATC at a very early
stage. Although the aggres-
siveness of DTC is relatively
low, these tumors often show
relatively high SUV on 18F-FDG
PET as well. The reason for
the high glucose consumption
is unknown but may be due to
the hormone production poten-
tial. 18F-FDG uptake in MTC is
varying and correlates with the
aggressiveness of the tumor.
For MTC the detection rate is
limited in all imaging modali-
ties. Therefore a combination
of imaging tools is required.
Using both a morphological
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based (CT or MRI) and a func-
tional based (PET) imaging mo-
dality appears to be advisable.
In case of advanced or aggres-
sive MTC (high CEA/calcitonin
ratio), 18F-FDG-PET/CT is the
method of choice. That also ap-
plies in case of even extended
tumor spread prior to an inter-
vention, as 18F-FDG has the
potential to identify the most
aggressive lesions. In contrast,
well differentiated and thus
less aggressive MTC are more
likely to be detected by 68Ga-
labelled somatostatin ligands
(DOTATOC, DOTANOC and
DOTATATE). These radiotracers
have a high affinity to somato-
statin receptors, which may be
highly overexpressed in MTC.
Moreover, DOTATOC, DO-
TANOC or DOTATATE labelled
with 177Lu or 90Y can be used
for systemic peptide receptor
radionuclide therapy (PRRT),
which has little side effects.
Thus PET using somatostatin
receptor affine radiotracers not
only detects MTC metastases
but also allows identification of
tumors qualifying for radionu-
clide therapy. Furthermore,
somatostatin receptor imaging
may be an option also in DTC,
especially if radioiodine and
18F-FDG imaging fail to detect
tumor recurrence (11-13) (Fig-
ure 2).

Diagnostic and therapeutic
management are much easier
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for well differentiated DTC.
DTC and its metastases are
often able to highly concen-
trate iodine similar but not

as intense as the healthy
thyroid. Most of the time the
concentration of ¥l radioio-
dine applied in a radioiodine
therapy is sufficient to gener-
ate radiation doses that wipe
out the metastasis. Therefore
radioiodine therapy using
empirical standard activities are
established since app. 70 years
to complement surgery in an
adjuvant approach (14-16). In
this approach, lymph node me-
tastases may be diagnostically
missed even when success-
fully treated, as '*'l has a poor
imaging quality. Therefore, the
initial staging might be incor-
rect. Even more importantly,
these standard activities may
result in an over- or undertreat-
ment.

Especially in the latter, the
chance to cure may be missed
— with fatal consequences. In
contrast, a dosimetric approach
using 24| PET/CT allows for
estimating the tumor lesion
dose and can individualize the
therapy concept (Figure 3). On
the other end of the spectrum,
dosimetry before radioiodine
therapy may show, that the
achievable doses are insuf-
ficient for relevant therapeutic
effect. In consequence (at least
high dose) therapy is revoked
(2-5).
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Summary

In conclusion, there are quite
a variety of different Thyroid
Cancers, with prognosis rang-
ing from very good to very bad.
In consequence the treatment
must be selected according

to the individual findings. This
is not at last due to excellent
diagnostic and therapeutic
nuclear medicine procedures:
Optimal staging and restag-
ing employs - besides cervical
sonography - PET/CT or PET/
MRI with radiotracers specific
for the disease. In most cases,
there are successful nuclear
medicine therapies available,
that have no or little side ef-
fects. However, these modali-
ties are not widely spread but
only available in specialized
centers.
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Varicosis
and Possible
Treatment
Modalities

Anatomy

Varicose veins are enlarged

or expanded (dilated) veins
that result from defects in

the structure and function of
venous valves. They can be
classified as primary or sec-
ondary. Primary varicose veins
originate in veins that are close
to the skin's surface (superfi-
cial). Secondary varicose veins
originate in deep veins, causing
enlargement of veins close to
the skin’s surface. When blood
is pumped out of the heart via
the largest artery (called the
aorta), it supplies oxygen to or-
gans and tissues by a network
of arteries.

The arteries in this network
get smaller until they become
capillaries, which deliver the
oxygen to the cells. As the
blood leaves the capillaries,

it enters the venous system
which transports the blood
from the periphery back to the
heart (1).

Blood in the veins is much
darker in color than arterial
blood because it has lost most
of its oxygen. The veins start
out small, but increase in size
as they get closer to the heart,
ending in the largest vein
(called the vena cava) (2).

Pathology

There are two venous systems
in the legs: the superficial
veins, through which blood
flows at low pressure, and the
deep veins, through which
blood flows at higher pressure
(but less so than through the
arteries). The normal blood
flow through these systems

is from the superficial venous
system to the deep venous
system and then upwards
towards the heart. The venous
system has one-way valves
that allow blood to flow only

in one direction, towards the
heart. Without these valves,
blood would pool in the lower
body because of gravity. To
help overcome the effects of
gravity, the body relies on the
leg muscles to pump the blood
back to the heart. When this
flow is reversed, varicose veins
form in the superficial venous
system. This reversed blood
flow often occurs as a result
of a failure in the small veins
that connect the two systems
(called perforators), or due to

a failure of the valves to close
sufficiently (2). Varicose veins
are distinguished from reticular
veins (blue veins) and telangi-
ectasias (spider veins), which
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Fig. 1: Different types of vein varicosis

also involve valvular insuffi-
ciency, by the size and location
of the veins. Many patients
who suffer from varicose veins
seek out the assistance of
physicians who specialize in
vein care or peripheral vascu-
lar disease. These physicians
include vascular surgeons and
phlebologists.

Venous disorders are among
the most frequent disease pat-
terns in the Western World. Up
to 40% of females and 20% of
males suffer from typical symp-
toms, indicating a venous in-
sufficiency, such as heaviness,
pain and swelling of the legs
or even increased occurrence
of spider veins around the
ankle (3,4). The development
of varicose veins is a result of
a high venous filling pressure,
which induces changes in the
wall cells and muscle cells of
the vessel. These pathological
changes promote a weaken-
ing of the vessel’s architecture
with loss of elasticity and valve
dysfunction, evoking blood
reflux in the opposite direction
in the veins and blood accumu-
lation in the lower legs. This
pooling of blood explains the
clinical appearance of swollen,

bulged varicose veins with an
appearance of a knotted or
twisted rope under the skin.

Risk Factors

Considering factors, contrib-
uting to the development

of varicose veins or chronic
venous disease, there are
multiple parameters affecting
the onset or the progression of
the disease. One of the most
relevant risk factors promoting
venous diseases appears to be
obesity or an increased body
mass index, as it is associated
with a higher incidence. A posi-
tive family history points to a
possible genetic predisposition
to develop varicose veins. It
has been postulated that, spe-
cific life style factors correlate
with a higher frequency of both
diseases. These factors include
prolonged standing, number of
given births, extensive sitting
type of work, obesity or low
physical activity (4). Interest-
ingly, most of the factors lead
to a rise of the pressure in the
veins, triggering the chain reac-
tion, we have already described
above. Female sex, hormonal
status as well as older age

also seem to be associated
with the development of the
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Fig. 2: Mechanism of varicose veins

disease. About 50 percent of
people over the age of 50 have
varicose veins (3,4).

Signs and Symptoms

The signs and symptoms of
varicose veins include large
veins, which you can see just
under the surface of your skin,
mild swelling of your ankles
and feet, heaviness of the legs,
cramping, itchy legs, especially
on the lower leg and ankle,
discolored skin in the area
around the varicose vein (5).
Signs of spider veins are red
or blue veins in a web or tree
branch pattern. Often, these
veins appear on the lower

legs and ankles. As possible
complication of the chronic in-

creased pressure in the veins,
an inflammation of the skin can
appear as redness or as itchy
rash. If the skin is scratched

or irritated in these areas, it
could lead to a bleeding or a
skin ulcer. Varicose veins could
also be a positive factor for

a condition called superficial
thrombophlebitis, which is
accompanied by a blood clot in
a superficial vein (5). This may
cause pain and other problems
in the affected area. A transfer
of the blood clot to the deep
veins through perforating veins
is rare but possible.

Diagnosis

Diagnosis of varicose veins
involves physical examination.
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Fig. 3: Inflammation of the skin

Visual changes in the veins

and skin of the legs are usually
quite apparent. However, in
order to determine the cause
and develop the best treatment
plan, diagnostic tests often are
performed.

The most common test per-
formed is a Duplex ultrasound
with color flow or with doppler
function. This test uses the
reflection and transmission of
sound waves to form images
of structures under the skin.
The color flow aspect can be
used to determine the direc-
tion of the blood flow. Doppler
ultrasound uses sound waves
to create pictures of the flow
or movement of the blood
through the veins (6). This
allows the examiner to test, if
the venous blood is flowing as
it should towards the heart or
is flowing in the opposite direc-
tion due to incompetent valves
(refluxing). Ultrasound can also
detect origin of the probem.
Ultrasound cannot always visu-
alize veins located in the pelvis
or in the deep venous system
of the legs. In these cases,
magnetic resonance angiog-
raphy may be used (6). His-
torically, phlebography with a

alal Sl ¥ J<a

contrast agent injected into the
vein via a catheter, has been
used for the diagnosis of deep
vein thrombosis. However, this
invasive test has widely been
replaced by Duplex ultrasound
with color flow.

Treatment

Varicose veins are treated with
lifestyle changes and medical
procedures depending on the
findings and the symptoms.
The goals of treatment are to
relieve symptoms, prevent
complications and improve ap-
pearance.

Lifestyle changes can prevent
a deterioration of the disease
and relieve symptoms, such
as pain or cramping (7). These
include:

e Avoid standing or sitting for
long periods without taking a
break

e Do physical activities to
improve muscle tone

¢ |f you are overweight or
obese, try to lose weight.
This will improve blood flow
and ease the pressure on
your veins.

e Avoid wearing tight clothes

* Avoid wearing high heels for

long periods. Lower heeled

Fig. 4: Superficial thrombophlebitis
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shoes can help tone your calf
muscles

e \Wearing compression stock-
ings all day is often the first
approach before moving on
to other treatments. They
steadily squeeze your legs,
helping veins and leg mus-
cles move blood more effi-
ciently. Prescription-strength
stockings, which will be
fitted for you by a specialist,
are recommended.

There are different treatment
modalities:

Sclerotherapy

In this procedure, your doctor
injects small- and medium-
sized varicose veins with a
solution that scars and closes
those veins. In a few weeks,
treated varicose veins should
fade. The same vein may need
to be injected more than once,
but no anesthesia is required.

A newer technique is the use
of a foam solution for the treat-
ment of larger veins. Possible
side effects are: headaches,
changes to skin color, tempo-
rary vision problems and in rare
cases blood clots in other leg
veins (8).
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Fig. 5: Compression stockings
aclis o ylsa 0 il

Fig. 6: Sclerotherapy for reticular veins
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Catheter-Assisted Procedures
Using Radiofrequency or
Laser Energy

In these treatments, your doc-
tor makes a tiny cut in your
skin and then inserts a thin
tube (catheter) into an enlarged
vein. A device heats the tip

of the catheter using either
radiofrequency or laser energy
(9,10).

As the catheter is pulled out,
the heat closes the vein. This
procedure is the preferred
treatment for larger varicose

o ey 3,5 Y aelusy allanily
8oy aall JB e gala
ol plaainly e S
el Lasany il Lyghall e Ll

{daliaa daade Jilwg sagd

oalailly dallaall

Oy ol a8y ela Yl lia 3
anall Uau gially 3 uiall 50,591
233 dslaas Jsulls Lyl

Lislall oh,a Y b

oale Yy plnll L calias
a3 ) g adl Cugas
olaelaall gisy oalye Yl
el anly

Lol wluis 1 o oS
A8AT g (2 sall jsaas Shaadl
alatall 5 ¥ Jio yale Y

(e Lo oyl sia Jazsy (V)

Sl 3a) Guglall 5l 350l iaS @

Aaly e ik

Oean) Aoy Aaiil dulas @
o aall y3g3

Dlagll ol Liawl Ula 3 0
138 sebinw by pal®] Jla
Caadass aall 3503 Guuald e
3a,5Y1 e Laall

Aall Gudall elas,l Caas e
ol3 LaaY el ) Lias e
A ob ol yaal Ll ClacY
Lanais LaaY sl o Say
i 393 Graad e SlacY
S

oolsall elusyl oS L o
o sll 5o o sall JIsb ddaclall
S JEBYI S Y sl
i gAY Laa Ml S5l sl
Oalaoll e binas ol sall



Dermatology

veins. You'll be awake during
this procedure, but your doc-
tor will numb the area around
the vein. Your physician uses
high-frequency ultrasound dur-
ing the procedure to visualize
the anatomical relationships
between the vein structures.
You usually can go home the
same day.

Cyanoacrylat-Glue

A new procedure based on the
use of a cyanoacrylat-glue seal-
ing system, which combines
the catheter-assisted tech-
nigue with an efficient ablation
method. This technique elimi-
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nates the necessity of anesthe-
sia in comparison to thermal
(laser, radiofrequency) ablation
methods. Furthermore, wear-
ing compression stockings is
not necessary after this kind of
procedure (11).

High Ligation and Vein
Stripping

This procedure involves tying
off a vein before it joins a deep
vein and removing the vein
through small incisions (12).
This is mostly an outpatient
procedure. The recovery time
from this procedure is longer,
between 1 and 4 weeks.

quency and laser energy

Fig. 7: Catheter-assisted ablation with radiofre-
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Fig. 8: Catheter-assisted cyanoacrylat-glue sealing
system

Ambulatory Phlebectomy
Your doctor removes smaller
varicose veins through a series
of tiny skin punctures/inci-
sions (12). Only the parts of
your leg that are being pricked
are numbed in this outpatient
procedure. Scarring is generally
minimal. This procedure usually
is done to remove the varicose
veins closest to the surface of
your skin.

Side effects for these operative
techniques are pain, bruising,
bleeding, hyperpigmentation

or temporary numbness. The
risk of a deep vein thrombosis
is higher after more invasive
surgical procedures such as
high ligation and stripping.

Conclusion

Varicose veins are a common
condition. They often cause
few signs and symptoms.

If your signs and symptoms
are minor, your doctor may
simply suggest making lifestyle
changes. If your condition is
more severe, for example, if
you have pain, blood clots, or
skin ulcers (sores), your doctor
may recommend one or more
medical procedures. Many
treatments for varicose veins

are quick and easy and don’t
require a long time of recovery.
It would be advisable to be
referred to a vein specialist, so
that the diagnostic tests can be
conducted for the identification
of your vein disease and for the
selection of the best treatment
according to your findings.
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Fig. 9: Vein Stripping
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Abstract

Myocarditis is an important
cause for sudden cardiac
death. Strenuous exercise may
favour cardiac manifestation

in viral infection. Therefore
exercise should be paused
during acute infection of the
respiratory tract infection or
diarrhoea as these infections
may be caused by cardiotropic
viruses such as adenovirus or
Coxsackie virus. Symptoms

of (peri-)myocarditis are often
mild and include chest pain,
palpitations, exertional dysp-
noea or fatigue, but may also
be severe presenting with
acute cardiac decompensation.
Diagnostic work-up should in-
clude ECG, echocardiography,
blood testing, but certainty will
only be reached by cardiac MRI
and endomyocardial biopsy.

Therapy is mostly unspecific
but may include cortisone
specific in giant cell myocardi-
tis or anti-viral therapy, but the
latter is still exploratory. Sports
participation should be stopped

Myocarditis in
Leisure Time
Sportsmen and
Elite Athletes

for at least 3 months in per-
imyocarditis and 6 months in
myocarditis and should only be
started after normal findings in
cardiac work-up.

Pathophysiology

Acute and subacute myocar-
ditis and perimyocarditis are
the cause of sudden cardiac
death in 5-25% of athletes
(1-4). The disease is generally
common and account for up to
10% of autopsies in the gen-
eral population (5,6) (Figure 1).
Clinically symptoms range from
asymptomatic state to clinically
manifest severe heart failure or
sudden death.

Pathogens of myocarditis
(Table 1) are mainly cardiotropic
viruses such as adenoviruses,
enteroviruses (Coxsackie virus
B3, Hepatitis C or Human Im-
munodeficiency Virus), Parvo-
virus B19 or Human Herpes
Virus 6 (7).

These viral infections may
damage myocardial fibres,
subsequently inducing necrosis
and impairment of left ventricu-
lar function of the heart. If only
the pericardium is also, the dis-
ease is termed peri-myocarditis
(Table 2).
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HCM (36%)

Unexplained increased
muscle mass (10%)

“Normal” (2%)

Sarcoidosis (0,5%)

LQTS
(0,5%)

MVP (2%)
Arteriosclerosis (2%)
Congenital disease (1,5%)

Coronary abnormalities (6%)

DCM (3%)
ARVC (3%)

Aberrant Coronary artery (13%)

Ruptured aortic aneurysm (56%)

LAD Muscle bridge (5%)

Aortic stenosis (4%)

Myocarditis (3%)

Myocardial scar (3%)

Fig. 1: Causes of sudden cardiac death in athletes
younger than 35 years (13)

Clinical Presentation
Mpyocardial manifestation of
virus infection in athletes and
active leisure-time sportsmen
may particularly be suspected
during or after upper respira-
tory tract infection (adenovirus)
or in gastroenteritis (Coxsackie
virus)(7). Myocardial involve-
ment during viral infection is
estimated to be approximately
5%, but the majority will main-
tain subclinical. As exercise,
particularly when performed
with strenuous intensity and
prolonged duration, may induce
immunological incompetence,
the locally confined transient
infection may spread, causing
more severe disease states.

Typical symptoms that are
more straightforward for
diagnosing myocarditis are
chest pain particularly present

in supine left side position in
pericardial involvement. Palpita-
tions may be caused by atrial
as well as ventricular arrhyth-
mias. In general atrial fibrilla-
tion in young athletes is rare.
Therefore, cardiac diagnostics
including cardiac MR should be
performed to exclude per-
imyocarditis. Episodes in these
cases are mostly self-limited,
however indicating perimyo-
carditis by involving the area of
the left atrium. The diagnosis is
clear, when pericardial effusion
is present in echocardiography.

Diagnostics in Myocarditis
Diagnostic work-up follows

a specific strategy (Table 3).
Laboratory analysis for the di-
agnosis of myocarditis include
inflammatory markers such as
CRP, cardiac biomarkers such
as myoglobin, troponin I/T and
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Table 1: Causes of myocarditis (14) - Ve) olill dlae CLgal Glaad i\ Jgasdl
Causes of Myocarditis (14) (V) 2l b oz

Viral (Adenovirus, Coxsackie virus B3, Hepatitis C or Human
Immunodeficiency Virus, Parvovirus B19 or Human Herpes Virus 6)

CK/CK-MB as well as virus se-
rology. However, cardiac mark-
ers may also be physiologically
elevated after an intensive
training session or strenuous
competition (8) and are only
elevated in 25% of myocarditis
(9,10). Virus serology is often
not conclusive, as serology and
endomyocardial biopsy (EMB)
overlap in only 10% of the
cases.

Characteristic ECG abnormali-
ties (Figure 2) in myocarditis
are tachycardia, atrial fibril-
lation, AV-block, low voltage

as in pericardial effusion,
ST-elevation in leads of differ-
ent regions (lateral, inferior,
posterior, anterior), T-wave
inversions, and ventricular
ectopy. Atrial fibrillation or atrial
ectopic beats, pericardial effu-
sion and ST-elevation are more
typical for pericarditis, whereas
conduction abnormalities or
ventricular ectopy are more
often seen in myocarditis.
Echocardiography is an impor-
tant diagnostic tool in the clini-
cal diagnosis for myocarditis,
revealing pericardial effusion or
impairment of left ventricular
ejection fraction. In addition,

a close evaluation of all four
valves is mandatory to exclude

Bacterial (Mycobacteria, Streptococcal species, Mycoplasma

pneumoniae, Treponema pallidum)

Fungal (Aspergillus, Candida, Coccidiodes, Cryptococcus,

Histoplasma)

Protozoal (Trypanosoma cruzi),

Parasitic (Schistosomiasis, Larva migrans)

Toxic (Anthracyclines, Cocaine, Interleukin-2)

Medication (Sulfonamides, Cephalosporins, Diuretics, Digoxin,
Tricyclic antidepressants, Dobutamine)

Immunologic (Churg-Strauss, Inflammatory bowel disease, Giant
cell myocarditis, Diabetes mellitus, Sarcoidosis, Systemic lupus
erythematosus, Thyrotoxicosis, Takayasu’s arteritis, Wegener's

granulomatosis)

a bacterial endocarditis.
Cardiac MR (CMR) is the gold
standard for assessing myocar-
ditis, because of its ability to
assess myocardial oedema in
the acute phase (T2-weighted
images) and scarring (late
gadolinium enhancement; LGE)
in the chronic phase. This has a
typical subepicardial or patchy
pattern distributed within the
myocardium. Nonetheless it
cannot replace myocardial biop-
sy for differentiating between
different forms of myocarditis
e.g. giant cell myocarditis and
others. However, this should
be performed in patients with
severely impaired left ventricu-
lar function.

Therapy

Therapy of myocarditis fo-
cusses on the basic guideline
treatment of heart failure (11).

Medication is aimed at blocking
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neurohormone activation and
antiphlogistic treatment with
non-steroidal anti-inflammatory
drugs (NSAIDs) should be re-
stricted. Colchicine has shown
positive effects in chronic as
well as acute forms. Immu-
nosuppressive treatment by
prednisolone or azathioprine,
immunoglobulins, immunoad-
sorption or anti-viral treatment
is still evaluated in scientific
settings. Evidence is present
for giant cell myocarditis,
which should be treated by
prednisolone and azathioprine.
In addition, exercise should

be strictly avoided during the
acute as well as active-chronic
phase.

Special Recommendations
As myocardial manifestation

of adenovirus and enterovirus
infection may particularly be
suspected during or after upper
respiratory tract infection orin
gastroenteritis, exercise should
somehow be restricted, par-
ticularly when peripheral mus-
cle soreness are experienced
which may indicate muscular
unspecific viral involvement,
often accompanied by a gen-
eral fatigue. If this is present or
even accompanied by subfe-
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Table 2: Viral myocarditis — Summary . -
Viral Myocarditis — Summary

e Pericarditis and myocarditis have to be differentiated, as pericarditis
will not affect the myocardium and will therefore have fewer

complications.

* Myocardial involvement during viral infection is 5%.

* Today, viral myocarditis is primarily caused by Parvovirus B19 or
Human Herpes Virus 6. Other major viruses are adenovirus and
enterovirus such as Coxsackie virus B3.

¢ Preceding symptoms of Coxsackie virus infection is gastroenteritis;
preceding symptoms of adenoviruses is upper respiratory tract
infection; preceding symptoms of Parvovirus B19 is angina

* Susceptibility for peri-/myocarditis is increased after strenuous

exercise/competition.

*50% of acute myocarditis resolve spontaneously.

e A detailed history taking including travel to countries outside Europe

is mandatory.

brile temperatures, exercise
should clearly be avoided.
Afterwards 3-5 days without
symptoms should be awaited
before exercise of moderate
intensity may be started again.
After fever this should be ex-
tended to 7-10 days.

In proven myocarditis exercise
should not be started before

6 months of recovery (2,12).
Then exercise may slowly

be started, but with low to
moderate exercise intensity
(2). Before, everyone has to be
thoroughly reevaluated includ-
ing ECG, echocardiography,
exercise testing and 24h-Holter
ECG. A CMR for follow-up is
not mandatory. In perimyo-
carditis only, exercise may be
started after 3 months, but this
has to be judged by clinical
symptoms and objective find-
ings.
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Sports Medicine

Table 3: Clinical and diagnostic
work-up in athletes suspected for

myocarditis
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Clinical and Diagnostic Work-up in Athletes Suspected for Myocarditis

* Myocarditis, pericarditis or perimyocarditis should be clearly

differentiated.

* Serology has a low sensitivity and is generally not recommended.

e Cardiac MR should be performed in ALL patients/athletes with

suspected myocarditis.

* 90% of acute myocarditis reveal late enhancement in MR

(subepicardial).

* Endomyocardial biopsy should be performed in those with clinically
unstable condition and reduced ejection fraction. CMR aids to guide

the region of biopsy.

* Patients without LGE and EF>60% have a good prognosis.

* Patients with positive LGE should be followed closely. Repeated full
cardiological work-up (ECG, Echo, ergometry, clinical chemistry,
24h-Holter) including a CMR should be performed for reevaluation

after 6 months.

* Athletes with myocarditis may be eligible after 6 months, whereas
athletes with pericarditis may be eligible for competitive sports after

3 months.
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Fig. 2: ECG of acute
perimyocarditis in an
athlete with ST eleva-
ion in most leads
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